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A. Scientific background
A.1 Microvascular dysfunction (MVD)
The arterioles (<300 μm in diameter) are considered the primary site of blood pressure regulation. Their ability to constrict or dilate in response to changing metabolic demands is essential for vascular homeostasis1-3. Endothelial cells (ECs), which form a single layer lining the microvasculature, integrate and respond to various signals: mechanical stimuli, such as pressure and shear stress, and chemical stimuli, such as hormones and locally secreted substances4. These results in the production and secretion of various metabolites that govern a plethora of molecular pathways that are essential for angiogenesis, arteriolar differentiation, hemodynamics, and barrier function of the microvasculature.
Accordingly, microvascular endothelial dysfunction has multiple consequences, including increased vascular tone, increased permeability of the blood-brain barrier, the promotion of thrombosis, vascular remodeling, and increased production of inflammatory factors in different organs. These forms of microvascular dysfunction contribute to various clinical pathophysiologic conditions such as stroke and cognitive dysfunction5, chronic kidney disease6, diabetes, retinopathy7, and pulmonary hypertension (PH)8. 
A.2 Mechanisms underlying vascular dysfunction in PAH
Pulmonary Hypertension (PH) is a life-threatening condition encompassing a wide range of etiologies and is frequently associated with chronic lung and heart diseases. It is characterized by elevated mean pulmonary artery pressure (mPAP) and increased pulmonary vascular resistance (PVR), which often leads to secondary right ventricular (RV) dysfunction and failure. PH is defined by an mPAP greater than 20 mmHg and a PVR exceeding 2 Wood units. The condition affects approximately 1% of the global population, up to 10% of individuals over 65, and at least 50% of patients with heart failure8. PH arises from a complex interplay of vasoconstriction, vascular remodeling, in situ thrombosis, and perivascular inflammation. The vascular remodeling process affects all three layers of the pulmonary arteries, ultimately leading to vessel lumen narrowing, thickened and stiffer vessel walls, and increased resistance to blood flow. Over time, this heightened vascular resistance causes RV hypertrophy, dilation, and eventually failure9. 
These physiological modifications are originally mediated by cellular dysfunction. A common feature among endothelial cells (EC), smooth muscle cells (SMC), and adventitial fibroblasts (AdFb) in PH is mitochondrial dysfunction, which shifts glucose metabolism from oxidative phosphorylation to glycolysis. Beyond this shared trait, each cell type undergoes specific functional changes that contribute to the transition from a healthy to a diseased state, ultimately disrupting vascular homeostasis. In PH, endothelial dysfunction is marked by an imbalance between vasoconstrictors (such as endothelin-1 and thromboxane A2) and vasodilators (such as nitric [image: ]oxide and prostacyclin), favoring vasoconstriction and increasing PVR. These abnormalities were the bases for the current pharmacologic therapy for PAH, including endothelin receptor agonists, PDE5 inhibitors, soluble guanylate cyclase (sGC) stimulators, and prostacyclin therapies, often used in combination (Figure 1)10, 11. Although the approved treatments for PAH have improved survival, treatments that reverse vascular remodeling have not yet been established, and many patients do not achieve treatment goals. Figure 1: Current pulmonary arterial hypertension therapeutic targets. cAMP, cyclic adenosine monophosphate; (c)GMP, (cyclic) guanosine monophosphate; GTP, guanosine-5′-triphosphate; IP receptor, prostacyclin I2 receptor; NO, nitric oxide; PDE5, phosphodiesterase 5; sGC, soluble guanylate cyclase.

Endothelial dysfunction also leads to a shift in the balance between prothrombotic and antithrombotic activities, promoting a prothrombotic state. Dysfunctional EC  expresses adhesion molecules and secrete pro-inflammatory factors, contributing to shifts in immune cell composition. Signaling pathways that promote inflammation frequently also facilitate angiogenesis by inducing endothelial cell proliferation and migration. Reduced oxygen levels in the lungs, a common feature of PH, were found to trigger angiogenesis and to promote key regulators in this process, such as Hypoxia-inducible factors (HIFs), growth factors and cytokines like vascular endothelial growth factor (VEGF) and its receptors, fibroblast growth factors (FGFs), platelet-derived growth factor (PDGF), and transforming growth factor-beta (TGF-β), that are involved in stimulating angiogenesis. In addition, VEGF, VEGF receptor-2, and angiopoetin2 have been found in the endothelial cells within plexiform lesions of PH and were suggested as biomarkers 12.
Altered EC secretion profiles influence SMC behavior, promoting their expansion. SMC dysfunction in PH is characterized by reduced expression of contractile proteins and increased production of extracellular matrix components, indicating a phenotypic shift. Part of these changes in SMC can be induced by neighboring AdFb, which, like EC, adopts a pro-inflammatory state. Diseased AdFb also recruits immune cells, such as T lymphocytes, and triggers their proinflammatory polarization. This altered immune cell composition, combined with elevated local levels of cytokines IL-1, IL-6, and TNF-α, creates a positive feedback loop that exacerbates the dysfunction of resident cells, further driving the progression of PH13.
While changes in cellular behavior in pulmonary hypertension (PH) are well documented, the precise molecular mechanisms that drive and sustain these dysfunctional states remain less understood. In certain PH patients with underlying genetic predispositions, such as mutations in KCNK3, a potassium channel that maintains the resting membrane potential in SMC and promotes vasorelaxation, the pathomechanism of PH development appears more straightforward. However, in other cases, such as with the loss of BMPR2 function, the mechanisms are more complex. Although mutations in BMPR2, a receptor tyrosine kinase, are present in only a subset of PH patients, reduced BMPR2 expression is a common observation. This reduction causes a signaling imbalance, leading to pathway rewiring that shifts towards growth-promoting processes. BMPR2 signaling involves the canonical SMAD transcriptional regulators and crosstalk with peroxisome proliferator-activated receptor gamma (PPARγ), forming a protective signaling axis in both EC and SMC. Activation of PPARγ by exogenous ligands has been shown to rescue key phenotypic features of PH resulting from BMPR2 loss, including cell proliferation, mitochondrial dysfunction, inflammation, and extracellular matrix (ECM) deposition14. 
PPARγ ligands also interact with other signaling partners, including the free fatty acid G-protein coupled receptor 40 (GPR40). Silencing GPR40 negates the positive effects of the PPARγ ligand rosiglitazone on human pulmonary artery endothelial cells (PAEC)15. Additionally, a synthetic fatty acid analog, PBI-4050, which acts as a GPR40 agonist, has been shown to improve PH, lung fibrosis, and right ventricular (RV) function in a rodent model of PH secondary to heart disease16. Importantly, GPR40 and PPARy share a common set of endogenous activators – polyunsaturated fatty acids, and their oxidation metabolites are effective agonists for both receptors at physiological concentrations17-19. Collectively, these findings suggest a pathophysiologically significant axis involving a class of fatty acid metabolites that activate GPR40 on the cell surface, ultimately orchestrating changes in cellular phenotype through downstream PPARγ signaling.	
[image: ]A.4 Bioactive metabolites derived from long-chain polyunsaturated fatty acids. The ω-3 long-chain polyunsaturated fatty acids (LCPUFAs) eicosapentaenoic acid (EPA) and docosahexaenoic acid (DHA), like the ω-6 PUFA, can be metabolized by the CYP450-epoxygenase pathway20-22 to epoxyeicosatetraenoic acid (EEQ) and epoxydocosapentaenoic acid (EDP) metabolites, respectively (Figure 2)23. The ω-3 double bond that distinguishes EPA and DHA from the ω-6 PUFAs has been shown to provide a preferred epoxidation site for specific CYP family members24; most CYP isoforms metabolize EPA and DHA with significantly higher catalytic efficiency than AA. Consequently, EPA and DHA are uniquely susceptible to variations in lipid availability21, 25, 26. The epoxide isomers are further hydrolyzed by the soluble epoxide hydrolase (sEH) to di-hydroxy metabolites, which are less active. Figure 2: CYP/sEH-dependent ω-3/ω-6 metabolism

The epoxy metabolites of all three PUFAs share vasodilatory properties27, 28, and some of their derivatives have been reported to possess unique functions, which can suppress tissue remodeling29-31. For example, the AA-epoxy derivative 14,15-EET was found to inhibit the activation of murine fibroblasts by blocking the TGF-β1-Smad2/3 signaling in a PPARγ-dependent manner32.  A recent study found that omega-3 epoxides 17,18-EpETE and 19,20-EpDPE were produced from mast cells in the lung to suppress abnormal activation of adventitial fibroblasts, and exhibited therapeutic effects on PH even when administered externally. In addition, pathogenic mutations of platelet-activating factor acetylhydrolase PAF-AH2, an ω-3 epoxide-producing enzyme from membrane phospholipids, were found in PAH patients who were insufficiently responsive to current therapeutics33. Mechanistically, the anti-inflammatory effect of 17,18-EpETE was found to rely on calcium release-mediated endothelial nitric oxide synthase (eNOS) activation, which is abolished upon inhibition of S1PR1 or Gq signaling34.
A.5 PUFA- lactone oxylipins characteristics and function- Prior research
Our research interest in elucidating the signaling pathways in microvascular dysfunction led us to investigate the bioactivity of lactone oxylipins generated in the CYP450 epoxygenase metabolism pathway of PUFAs. We found that these stable lactone oxylipins are generated from 5,6-EET (AA-derived lactone, AA-L) and 5,6-EEQ (EPA-derived lactone, EPA-L)35, 36. They are chemically stable and evade the enzymatic hydrolysis by the sEH. We showed that these PUFA-derived lactones (PUFA-L) mediate vasodilation in isolated human microvessels from normotensive and hypertensive patients. The dilation was endothelial-dependent, while the signaling pathway was not dependent on nitric oxide37. In vivo administration of EPA-L to hypertensive (5/6 nephrectomy) rats significantly reduced blood pressure and heart rate without affecting kidney function. In addition, vascular reactivity measurements showed that EPA-L administration restored the microvessel relaxation and their response to acetylcholine38. In a pulmonary hypertension rat model, administering EPA-L (3mg/kg, i.v.) for 5 days after three weeks of monocrotaline insult significantly improved the hemodynamic outcomes of mean pulmonary artery pressure, pulmonary artery acceleration time,  and vessels’ wall thickness (preliminary results, Figure 3). In addition, the hematological analyses revealed that the EPA-L treatment significantly reduced blood hypoxic parameters that were increased in the PAH rats (preliminary results, Figure 3).
Our recent signaling pathway study in human endothelial cells revealed that the EPA-L induced hyperpolarization by mediating intracellular calcium increase, which further activates IK and SK channels, producing potassium efflux37. The upstream cellular pathway was suggested to involve PLC-IP3 signaling39. Data from GPCR40-overexpressing cells and patch clamp analyses supported the involvement of G-protein coupled receptor 40 in the EPA-L-induced hyperpolarization (preliminary results, Figure 4).
[bookmark: _Hlk142062039]B. Research objectives and expected significance.
B.1. Research objectives- Our previous results suggest that stable PUFA-derived lactone-structure oxylipins significantly affect MVD in vivo and have a beneficial activity profile beyond acute vasodilatation effects, which could potentially rebalance the cellular dysfunction characteristic of PH. Mechanistically the PUFA-L induces endothelial hyperpolarization through the GPR-PLC-IP3 signaling pathways. We thus postulate that the chronic and valuable functions of PUFA-L are mediated by the activation of the GPR40-PPARy axis. However, the regulation of the vascular remodeling and endothelial dysfunction processes by the PUFA-Ls and their contribution to the physiological outcome are still unknown. In addition, the cellular signaling pathways that affect cellular dysfunction and communication that characterize PAH are yet to be discovered. Thus, the proposed research aims to elucidate the regulatory roles of PUFA-Ls in cellular dysfunction by investigating the mechanism of action, signaling pathways, and contribution to phenotypic shift in pulmonary hypertension.
Specific aims:
1- [bookmark: _Hlk149137804]Decipher the signaling pathways of PUFA-L mediated by GPCR40 and downstream transcription factors. This part will investigate the molecular signaling activation by PUFA-L in pulmonary artery endothelial cells (PAECs) through the GPR40 and downstream transcriptional changes such as PPARy. PAECs will be investigated for the molecular effects of PUFA-L treatment using a differential gene expression approach and protein activation to reveal transcription factor activation and crosstalk with known pathways in PAH. In addition, pharmacological inhibition and silencing experiments (silencing of GPR40, PPARy, and other novel targets) will be used to validate the resulting novel signaling pathways. 
2- Delineate the effect of PUFA-L on cellular dysfunction in PAH. A series of functional experiments will be performed using various cellular setups to explore the phenotypic characteristics of EC dysfunction that are improved by PUFA-L. These include bioenergetics, cell turnover (EdU incorporation, caspase 3/7 activity assay), redox status (CellRox reagent, ThiolTracker Violet reagent), and secretory function using molecular biology (multiplex Luminex-based quantification of secreted proteins), ion and metabolite fluxes (Ca/K flux, ATP content, NAD/NADH ratio), and mitochondrial function in PH-induced monoculture models. In addition, to further understand how PUFA-L modulates neighboring cellular dysfunction that arises from indirect, secondary effects of PUFA-L in the disease progression, precision-cut lung slices (PCLS) isolated from the PAH animal model will be used to detect cellular viability and phenotypic transition markers that are clinically relevant to lung pathology. 	Comment by Andrea Sapir: Add to the method
3- Validate the PUFA-L mechanism of action and therapeutic benefits in advanced in vivo models. This part of the proposal will validate the resulting molecular mechanisms and phenotypic activity of PUFA-L using in vivo models. Two different animal models will be used: 1- To verify the effect of PUFA-L on artery remodeling in PAH, Sugen/hypoxia (Su/Hx) rat model will be generated in rats, and the in-vivo physiological effect will be assessed by hemodynamic measurements (mPAP, echocardiography), lungs and hearts histology and immunohistochemistry to measure fibrosis, intimal–medial thickening of the arteries, inflammatory biomarkers, and macrophage infiltration. 2- The dependency of PUFA-L on the presence of GPR40 to mediate the beneficial effects will be evaluated using an inducible, specific GPCR40 knock-out murine model. Commercially available C57BL/6-Ffar1tm1.1Mrl mouse line (Taconic Biosciences) will induce PH by hypoxia or normoxia following PUFA-L treatment and will undergo a non-invasive echocardiographic and invasive hemodynamic assessment of right ventricular systolic and diastolic function parameters, including immunohistology of the lungs.

B.2. Expected significance- A significant body of information supports the concept of MVD as a systemic and multi-organ pathologic process. Within MVD, the endothelium plays an essential role in regulating vascular function by calcium-dependent production of vasodilator signals such as NO and prostaglandins. However, under endothelial dysfunction, alternative pathways compensate for the loss of NO-mediated endothelial dilation, and various metabolites that govern a plethora of molecular pathways responsible for homeostasis are produced. Elucidating the changes in such mechanisms throughout microvascular-related diseases such as pulmonary hypertension is the basis of preventative medicine. Although extensive research showed that CYP450-derived eicosanoids are endothelial-derived hyperpolarizing factors that can elicit vascular dilation, to our knowledge, no studies have focused on the lactone oxylipins generated from PUFAs. By revealing the unique mechanism of these PUFA-L in regulating endothelial function and vascular remodeling at the expression level and the physiological outcome, we expect our findings to shed light on the involvement of novel lipid mediators in regulating MVD. The expected results may prompt the exploration of mechanisms crucial for vascular health and disease management.
C. Detailed description of the proposed research
C.1. Working hypothesis- We found that PUFA-L improves hemodynamic parameters and decreases blood pressure in hypertensive rats by increasing microvessel dilation. In human hypertensive peripheral arterioles, the dilation was mediated by endothelial-dependent mechanisms that were not dependent on the NO-signaling pathway. In ECs, PUFA-L-mediated PLC-IP3-calcium-dependent potassium efflux was mediated by possible interactions with GPCR40. Accordingly, we hypothesize that the PUFA-lactone oxylipins, which are chemically and enzymatically stable, could potentially ameliorate cellular dysfunction and rebalance of the microvessels in PH through activation of the GPR40-PPAR axis.  We, thus, suggest that PUFA-L represents new lipid mediators that have a unique mechanism and significant role in the dilation and remodeling of the microvessels by affecting endothelial dysfunction as well as inflammatory processes that characterize MVD in pulmonary hypertension.
C.2. Research design and methods.
C.2.1 Aim 1: Decipher the signaling pathways of PUFA-L mediated by GPCR40 and downstream transcription factors. 
Our preliminary results have demonstrated GPR40 activation by PUFA-L in endothelial cells. This part of the proposal will dissect further molecular changes following PUFA-L stimulation and assess the capacity of PUFA-L to induce phenotypic changes in pulmonary artery vascular cells. Since activation of GPR40 was linked to intracellular Ca2+ increase and activation of the KCa potassium channels, the first set of experiments will focus on delineating signaling pathways activated by PUFA-L stimulation. 
A time course assessment of PUFA-L-induced gene expression changes will be measured in human Pulmonary artery ECs (PAEC, LONZA) using RNA sequencing. A gene set enrichment analysis will be performed on significantly regulated genes upon PUFA-L exposure to identify relevant pathways and cellular processes affected by PUFA-L exposure. Genes showing the highest regulation upon PUFA-L stimulation will be validated using quantitative reverse transcription PCR. In particular, the expression profile of genes coding for secreted proteins and extracellular matrix protein will be particularly interesting in assessing the PUFA-L effect on PAEC secretome, inflammatory mediators, and ECM deposition/degradation profile. The involvement of GPR40 in mediating the PUFA-L gene expression changes will be tested by measuring the expression of PUFA-L responsive genes with concomitant application of GPR40 antagonist compound (GW-1100) and in GPR40 silenced cells. 
The role of GPR40 in this process will be validated by the addition of a specific antagonist (GW-1100, Sigma-Aldrich) and performing in parallel Ca2+ measurements on cells with silenced GRP40 (ON-Target Plus FFAR1 siRNA, Dharmacon). Activation of GPR40 in human PAEC will be monitored through changes in intracellular calcium flux using the Fluo-4 fluorescent calcium indicator (Fluo-4 Calcium Imaging Kit, Life Technologies). Fluorescence changes will be measured by a multimodal microplate reader (Synergy H1, Agilent / Infinite M Plex, Tecan) at 530 nm every 15 ms over the course of 10 min. The intracellular potassium efflux will be measured using the FLIPR Membrane Potential Assay Kit (Molecular Devices, R8042) and detected using the WiScan® Hermes imaging system (IDEA Bio-Medical, Israel) available at MIGAL.
In addition, the activation of 37 different intracellular kinases will be measured simultaneously using a Proteome Profiler Human Phospho-Kinase Array Kit (Biotechne). The kit is a membrane-based sandwich immunoassay and uses a multiplex antibody array to detect multiple phosphorylations in a single sample. Captured proteins are detected with biotinylated detection antibodies and then visualized using chemiluminescent detection reagents. The signal produced is proportional to the amount of phosphorylation in the bound analyte. The experiment will be performed in a time-course manner following incubation with PUFA-L of PAEC (n=4 biological replicates). Positive hits will be validated using Western blot analysis, and the phosphorylation profile of selected kinases will be additionally tested upon application of the GPR40 antagonist in GPR40-silenced cells. 
Finally, the capacity of PUFA-L to activate GPR40 will be measured using a cell-based assay (GPR40 Reporter Assay Kit,  Cayman Chemical). Kit includes a plate coated with a transfection complex containing DNA constructs for FFAR1, an engineered G protein that directs Gαq activation signals to the Gαs pathway, and a cAMP response element-regulated secreted alkaline phosphatase (SEAP) reporter (FFAR1 reverse transfection strip plate). The binding of agonists to FFAR1 initiates a signal transduction cascade resulting in the expression of SEAP, which is secreted into the cell culture medium. SEAP activity is measured following the addition of a luminescence-based alkaline phosphatase substrate provided in the kit. A known FFAR1 agonist, GW 9508, is used as a positive control. Potential transactivation of PPARγ will be monitored using the PPARγ Transcription Factor Assay Kit (Cayman Chemical). Kit detects PPARγ binding activity in nuclear extracts using a 96-well enzyme-linked immunosorbent assay (ELISA) format. A specific double-stranded DNA (dsDNA) sequence containing the peroxisome proliferator response element (PPRE) is immobilized onto the wells of a 96-well plate. PPARs contained in a nuclear extract bind to the PPRE, and PPARγ is selectively detected using a specific primary antibody. A secondary antibody conjugated to HRP is added to provide a sensitive colorimetric readout at 450 nm.
C.2.2 Aim 2: Delineate the effect of PUFA-L on cellular and vascular dysfunction in PAH. 
This aim will investigate the consequences of PUFA-L stimulation on EC function and phenotype characterization and on the PUFA-L actions on vascular remodeling that arise from indirect, secondary effects of PUFA-L in PH. These experiments will be based on PH-in vitro and ex-vivo platforms to both understand the transformative cellular modifications during PH and to identify and validate the PUFA-L recovery effects, based on our preliminary data and previous publications.
The in-vitro cellular model will be based on PAECs stimulated with a PH cocktail consisting of vasoconstrictor (Endothelin-1), inflammation (TNFα), and pro-fibrotic molecules (PDGF-BB and TGFβ) primarily secreted by endothelial cells, that contribute to the EC transition to mesenchymal-like cell, activation of myofibroblasts and the over-production of ECM proteins in PH40. Induced-PH PAECs with or without PUFA-L incubation will be measured for their viability (XTT assay), cellular turnover using an image-based profiling approach (thymidine analog EdU incorporation assay, Life Technologies), apoptosis (caspase 3/7 activity assay, Life Technologies), mitochondrial reactive oxygen species (MitoSOX, Life Technologies), cAMP and ATP production and metabolic substrate usage assays from glycolytic and mitochondrial systems. 
Ex-vivo PH-induced model using precision lung slices (PCLS) emerged as a promising new ex vivo model to study the mechanistic processes of lung fibrogenesis. PCLS- thin, viable sections of lung tissue retain the full cellular diversity in their native three-dimensional (3D) architecture, enabling functional characterization of the cells within their native tissue niches and closely replicates the microenvironment of the lung41. Thus, enables a physiologically relevant environment to reveal the extent to which PUFA-L exposure can rebalance perturbed pathways associated with PH and normalize cellular phenotypes by shifting from pro-inflammatory, fibrotic, apoptosis-resistant cell states towards a vascular homeostasis-associated cell expression profile. PCLS extracted from the PH-rat model (Sugen/hypoxia) will be incubated with PUFA-L for immunofluorescence and morphometric analysis to provide information on potential structural and relative cellular composition changes in the vascular compartment upon PUFA-L treatment, indicative of reverse remodeling potential. 
Lungs will be filled with a 3% (w/v) low melting agarose preparation media (Sigma, A9414-100G), via a catheter inserted through one or several identified bronchi. Fresh extracted lung tissue will then be cut in 500 µm thick PCLS using a vibration microtome (Compresstome® VF-510-0Z, Precisionary), and cultured in 1% serum DMEM-F12 (PAN Biotech, Cat. P30-3702) media containing 1% penicillin and streptomycin (Life Technologies), and EdU (5-ethynyl 2´-deoxyuridine, a thymidine analog that is incorporated into DNA during active DNA synthesis) labeled with click chemistry (Click-iT EdU, molecular probes) to further detect cells proliferation. PCLS will be incubated under 37°C, 5% CO2, and 95% humidity for up to 7 days, as previously done (preliminary results). PCLS induced with PH-cocktail will be collected from a time series of PUFA-L treatments (12h, 24h, 48h, and 7d) and will be evaluated for their cell viability by double staining with Hoechst 3342 (480nm, all cells) and Sytox orange (530nm, dead cells) (preliminary data). Thereafter, PCLS will be fixed with 4% paraformaldehyde (PFA) for further analysis. PFA-fixed and permeabilized PCLS will be stained against aSMA, vWF, and collagen-1, and the rate of proliferation and apoptosis in PAEC/PASMC will be determined using EdU and cleaved caspase-3 fluorescent staining followed by whole-mount high-resolution imaging of PCLS (LSM980, ZEISS). Coverage of PA by SMC, ECM deposition, as well as the percentage of proliferating and apoptotic PASMC in serially cut PCLS treated with PUFA-L, will be evaluated using 3D image reconstruction and analysis software.
In addition, an unbiased assessment of metabolic fingerprint upon PUFA-L stimulation will be performed, as previously done, by untargeted metabolomics that will be performed at the MIGAL Galilee Research Institute, Israel, and Tel Hai College, Israel42 (please find the collaboration letter from Prof. Khatib). PCLS samples stored at −80° C will be homogenized and extracted using 70% methanol. The collected supernatant will be filtered and injected into the LC-MS/MS instrument. A pooled matrix prepared by mixing a small volume (20 µl) of each experimental sample will be used as a quality control (QC) for batch normalization and compound identification. The samples will be injected into UHPLC connected to a photodiode array detector (Dionex Ultimate 3000, Thermo Fisher Scientific, Sunnyvale, CA, USA), with a reverse-phase column (ZORBAX Eclipse Plus C18; Agilent, Santa Clara, CA, USA; 100*3.0 mm; 1.8 μm). LC-MS/MS analysis will be performed with a Heated Electrospray ionization (HESI-II) source connected to a Q Exactive™ Plus Hybrid Quadrupole-Orbitrap™ Mass Spectrometer, Thermo Scientific™, Germany. The mass spectra (m/z 100–1500) will be acquired using positive and negative ion modes. Analysis and data processing will be performed with the Thermo Scientific™ Compound Discoverer™ program, version 3.1.0.305. Databases ChemSpider, MzCloud, and KEGG will be used for metabolite identification. Metabolomic profiles of the PCLS exposed to PUFA-L will provide in-depth insights into how PUFA-L modulates metabolic changes and alterations in metabolic pathways, including glycolysis, lipid metabolism, energy metabolism, inflammation, and vascular remodeling in PH lungs.  
C.2.3 Aim 3: Validate PUFA-L molecular mechanism in disease-relevant PH preclinical models. 
For conducting this aim, two animal models will be used: 
	Group
	Induction of PAH
	Treatment

	A
	Saline+ Normoxia
	Vehicle

	B
	20 mg/Kg SU5416+Hypoxia
	Vehicle

	C
	20 mg/Kg SU5416+Hypoxia
	0.03 mg/Kg EPA-L

	D
	20 mg/Kg SU5416+Hypoxia
	0.3 mg/Kg EPA-L

	E
	20 mg/Kg SU5416+Hypoxia
	3 mg/Kg EPA-L

	F
	20 mg/Kg SU5416+Hypoxia
	Prostacyclin analog


1- The PAH rat model will be generated with the administration of the vascular endothelial growth factor receptor inhibitor Sugen 5416 combined with three weeks of hypoxia, which is characterized by severe progressive PAH and the development of neointimal and angio-proliferative (plexiform) lesions that closely resemble those of human PAH43. Rats will be housed at a constant temperature (23.5 ± 1.9◦C) and relative humidity (50.2 ± 10.6%) under a 12:12 light/dark schedule and fed a standard chow diet and water ad libitum. Su/Hx rat model will be generated according to previous reports44. In brief, rats (Sprague-Dawley) will be subcutaneously injected with 20 mg/kg of the VEGF inhibitor SU5416 and placed in a hypoxia chamber (10% O2) for 3 weeks. Two weeks after hypoxic exposure initiation, rats will be divided randomly into 6 experimental groups (7 rats/group) and treated (i.v.) daily with vehicle or three concentrations of 5,6-δ-DiHETE lactone (EPA-L) or clinically approved vasodilatory drugs for PAH based on prostacylic analogs (i.e., epoprostenol, treprostinil, or iloprost), as described in Table 1. Body weight will be recorded on days 1, 14, and 21. Table 1: PAH rat model experiment groups

Animal studies were designed according to the PREPARE guidelines, including ethical considerations and approval. A total number of 42 rats will be used (7 rats per group). Sample size calculations are based on mPAP measurements from a pilot study testing EPA-L treatment in the MCT model (preliminary results) to achieve a power of 0.8, an alpha error of 0.05, and a 10% drop-out rate. An online tool will be used to randomly assign the animals to the treatment groups (https://www.graphpad.com/quickcalcs/randomize1/). All studies will follow the National Institutes of Health Guidelines for the Care and Use of Laboratory Animals. 
The EPA-L physiological effect will measured after 5 days of administration by the evaluation of the right ventricle hypertrophy, Fulton's index (RV/LV+S), Lung index, hemodynamic readouts, and blood hypoxic biomarkers.  For right ventricular systolic pressure (RVSP) measurements, a catheter connected via a 21G needle to a Blood-pressure transducer (Cwe, Inc Ardmore, PA,  U.S.A.) and to a TA-100 amplifier will be inserted into the pulmonary artery and will record directly the pulmonary artery pressure. Data will be recorded and displayed by the PowerLab System and LabChart8 software (ADInstruments, Colorado Springs, USA). For echocardiography, rats will be lightly sedated by an intra-muscular (I.M.) injection of 29 mg/kg ketamine and 4.3 mg/kg xylazine. After sedation, the rats will be placed in a left decubitus position and scanned via a commercially available echo-scanner (Vivid i, GE, Israel) using a 10S phased array pediatric transducer with a cardiac application. Acquisition and analyses of continuous wave (C.W.) Doppler scans will be used to portray characteristic pulmonary artery flow velocity profiles, from which both peak flow velocity and time to peak (TTP) parameters will be calculated to characterize PAH [13]. Blood will be withdrawn from the heart and sent to complete blood count (CBC) and biochemical analyses. The experiment will be terminated by anesthesia overdose, and KCl to stop the heart at diastole. Tissues will be kept for histochemistry analyses.
The lung tissue sections will be stained with hematoxylin and eosin (H&E) for morphological analysis, wall thickness percentage calculation of pulmonary arteries, and with Picro-serious red staining for collagen deposition as we previously did (preliminary results). The evaluation of pulmonary vascular remodeling will be measured as the difference in the muscularization level of pulmonary vessels – determined by double immunohistological staining against von Willebrand factor (Dako, A0082)  for endothelial cells and alpha-smooth muscle actin (aSMA, Sigma) for SMC. Post-incubation, the tissue slides will be washed with PBST and treated with a secondary antibody (HRP conjugate). The tissue slides will be re-washed and incubated with DAB (3,3' diaminobenzidine) chromogen and counterstained with 0.05% Methylgreen for nuclei staining. The stained tissue slides will be mounted with a coverslip, and images will be taken using an Olympus IX73 microscope under a bright field (10x 0r 20x). Likewise, other inflammatory markers of interest will be detected for inflammation such as CD68 antibody (Santa Cruz) for infiltrating macrophages (CD68), SMAD3 (Santa Cruz), and iNOS antibody. The localization of macrophages will be quantified using ImageJ software Version 1.54D. 
2- To validate the role of  GPR40 in mediating the PUFA-L effect in PH, commercially available GPCR40 knockout mice (C57BL/6-Ffar1tm1.1Mrl, Taconic Biosciences) will be exposed to 4 weeks normobaric hypoxia (FiO2=0.1) to induce PH or normoxia (FiO2=0.21). EPA-L will be administered every day after two weeks of hypoxic exposure by intraperitoneal injection. At the end of the experiment, mice will undergo non-invasive echocardiographic and invasive hemodynamic assessment (Millar catheter) of right ventricular systolic and diastolic function parameters. Additionally, fresh murine PAEC will be isolated by dissecting the main pulmonary artery branch (n=5 for each condition) and enzymatically digesting to obtain a single-cell suspension to evaluate endothelial phenotypic readouts. The effect of GPR40 knockout on cellular phenotypic change upon chronic hypoxia exposure will be determined by RNA-sequencing followed by GSEA of differentially regulated genes, and phenotypic readouts. 
Statistical analyses  —  will be performed using GraphPad Prism version 8.0 (GraphPad Software Inc. San Diego, CA). Two experimental groups will be compared using the nonparametric Mann-Whitney U test (for two independent groups) or the Wilcoxon Mann-Whitney test (for two dependent groups). Three or more groups will be compared using nonparametric one-way ANOVA (Friedman test) and two-way ANOVA with Bonferroni post-test. In the case of comparing measurements before and after the treatment, matched analyses will be performed. p < 0.05 will be considered significant. 
C.3. Preliminary results


EPA-L potentially induced hyperpolarization by GPCR40- To determine whether GPCR40 mediates EPA-L-stimulated hyperpolarization, ECs were treated with EPA-L or GW9508 (a GPCR40 and GPCR120 agonist 45) in the presence or absence of a selective GPCR40 antagonist (GW1100). A significant reduction (p<0.05) in the EPA-L-triggered potassium efflux was measured in the presence of the GPCR40-selective antagonist (Figure 3A). When compared to vehicles, EPA-L was also found to increase the whole-cell K+ currents. The increase was significantly attenuated by GW1100 (Figure 3B-C), indicating that GPCR40 mediates the ability of EPA-L to increase potassium currents in ECs. GPCR40-overexpressing cells show that calcium flux mediated by EPA-L was significantly increased and inhibited by the specific antagonist (Figure 3D). These results demonstrate the role of GPCR40 in EPA-L-mediated EC's hyperpolarization. 
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, for nonspecific inhibition). (B) Whole-cell K+ currents in ECs treated with 5 µM EPA-L, with or without 10 µM GW1100. Acetylcholine (10µM, positive control for GPCR-mediated potassium flux
(
. (C) Relative currents (pA/pF) 
were 
detected at +50mV from n=6
.
 D- EPA-L and GW9508 effect on [Ca+2]i in GPCR40 over-expressed HEK cells 
with/out
 GW1100 antagonist. mean ± S.E. for n =3. 
*p<0.05 **p < 0.01 using Two-way ANOVA.
)



EPA-L improves hemodynamic outcomes and artery remodeling in vivo- Preliminary results obtained from a PAH rat model showed that in vivo administration of EPA-L (5 days 3mg/Kg, i.v.) three weeks after monocrotaline (MCT) insult significantly reduced invasively measured mean pulmonary arterial pressure (mPAP), echocardiographic pulmonary artery acceleration time (PAAT, "time-to-peak") and wall thickness and wall/lumen ratio in compare to MCT-induced rats (Figure 4).A
B
C
Fig. 4. EPA-L effect on MCT-induced PH rat model. A mean pulmonary arterial pressure (mPAP), B-Echocardiography, calculated time to peak (TTP) and Pmax, and C- H/E staining of lung tissues and measured wall thickness and wall/lumen ratio measured in rats treated with saline, MCT + saline or MCT+EPA-L in two concentrations (0.3mg/Kg, 3mg/Kg). n=3-5, *p<0.05 using nonparametric One-way ANOVA with Kruskal-Wallis multiple comparisons test.


[image: ]EPA-L reduced hypoxic hematological parameters- Chemistry blood count parameters related to red blood cell size, hemoglobin concentration, mean capsular hemoglobin concentration, mean capsular volume, and total proteins in the whole blood were measured after in vivo administration of saline, or EPA-L (5 days 0.3mg/Kg or 3mg/Kg, i.v.) three weeks after monocrotaline (MCT) insult. The data showed a significant change in hypoxia level in the circulation upon EPA-L administration in compare to the MCT-induced rat blood analyses (Figure 5).Fig.5. EPA-L reduced hypoxic hematological parameters. Red blood cells (RBC) countm, hemoglobin (HGB), mean corpuscular hemoglobin (MCV) concentration, and mean corpuscular volume (MCHC) measured after MCT-induced PH with/out treatment with EPA-L. n=4; One-way ANOVA, with Tukey post-test.*p<0.05; **p<0.01; ***p<0.001, ****p<0.0001.

Cellular viability and gene expression in an ex-vivo 3D PH-induced PCLS model - a recent PCLS set-up model was optimized in collaboration with Dr. Slaven Crnkovnic at the BLI, Graz, Austria. PCLS were generated from human lungs and incubated with either control media (DMEM-12, 1% L-Glut, 1% P/S, 0.1% FCS) or PH-induced Cocktail (TGFβ (5ng/ml), PDGFβ (10ng/ml), TNFα (10ng/ml), ET-1(100nM)) for up to 144h. Thereafter, PCLS were stained with Hoechst (blue, all cells) and Sytox-orange (Red, dead cells), imaged, and analyzed for cellular viability by the percentage of living cells among total cells. BMPR2 expression in the PCLS was determined by qPCR and normalized to housekeeping genes (B2M and PBDG). This ex-vivo 3-D model of PH will be used in the PH-rat model to evaluate the PUFA-L rebalance effect on perturbed pathways associated with PH and cellular phenotypes.A
B
Fig 6: PH-induced human PCLS viability and expression. hPCLS were incubated with either control media (DMEM-12, 1% L-Glut, 1% P/S, 0.1% FCS) or PH-induced Cocktail (TGFβ (5ng/ml), PDGFβ (10ng/ml), TNFα (10ng/ml), ET-1(100nM)) for up to 144h. Thereafter, PCLS were stained with Hoechst (blue, all cells) and Sytox-orange (Red, dead cells) (A), and Imaged for viability determination (B). BMPR2 expression was determined by qPCR and normalized to housekeeping genes (B2M and PBDG) (C).


C.5. Facilities available to the researcher
The Laboratory of Vascular Signaling at MIGAL-Galilee Research Institute is fully equipped with all the facilities for the proposed experiments: Multi Myograph Chamber - model 620M (DMT) for vascular reactivity experiments, WiScan® Hermes imaging system (IDEA Bio-Medical, Israel) for cellular fluorescence-based analyses, Synergy H1 multimode microplate reader with monochromator-based optics (Agilent), Port-a-Patch (miniaturized patch clamp) system (Nanion, Germany), spectrophotometers, centrifuges, chemical and biological hoods, refrigerators, freezers, and accessories for tissue culture, gel electrophoresis, real-time PCR, ELISA, immunoblotting, and protein staining. MIGAL hosts all the facilities necessary for conducting mass spectra analyses and chemical analyses. MIGAL also holds a genomic center which is fully equipped with all the necessary instruments to complete a genomic study, including analysis support. The principal investigator has accumulated extensive experience in various cell culture and microvessel functional assays that will be applied to characterizing and identifying the PUFA-L mechanism of action. She has established collaboration for in vivo studies, genomic analyses, and access to human materials (please find the collaboration letter). 
C.6. Expected results and possible pitfalls.
C.6.1 Expected results
Vascular function is a fundamental pillar of homeostasis, and its dysfunction results in systemic consequences for the organism. Understanding the molecular mechanisms underlying microvascular physiology and metabolism holds the promise to improve diagnosis, prognosis, and treatment options for a myriad of vascular malfunctions. In this study, we expect to explore and characterize the molecular role of PUFA-lactone oxylipins in microvascular dysfunction in pulmonary hypertension, and to show that PUFA-L exerts a unique mechanism of action in endothelial dysfunction, which results in vascular dilation and remodeling. We expect to reveal the genes affected by PUFA-L and their consequence phenotypic and metabolic pathways in the cells, which are further responsive to the  PUFA-L remodeling repair of the vessels in the lungs. In the PH rat model, we will determine the in vivo pathophysiological outcomes underlying the mechanisms of restoring pulmonary vascular health in response to PUFA-L. These data may provide new avenues for preventing and reducing morbidity associated with microvascular dysfunction.
C.6.2 Pitfalls
1. Cell-loss of phenotype and Co-factors interference- A problem with all cultured cell experiments is the potential for loss of phenotype with passage and culture conditions. Thus, as previously described, we will use endothelial cells for up to five passages to test basic signaling responses. Human primary cells from donors will be used to link our findings to clinically relevant diseases. However, when using primary isolated cells, the presence of other pathological factors, such as inflammation or co-existing diseases, and variance between patients can interfere with the interpretation of results, making it difficult to attribute observed effects solely to microvascular dysfunction. To overcome this pitfall, we will carefully select and stratify study participants to control for age, sex, genetic predispositions, and comorbidities. 
2. Choice of animal models- The MCT-induced animal model, which we utilized in our preliminary study, is a well-established system for researching PAH. This model induces a syndrome featuring PH, pulmonary mononuclear vasculitis, and right ventricular hypertrophy46. Despite its usefulness in demonstrating EC dysfunction on multiple levels, the precise toxicological pathways through which MCT triggers lung damage are not fully understood. On the other hand, the Sugen/hypoxia (Su/Hx) model is known for its severe and progressive form of PH, along with the development of neointimal and plexiform lesions that closely mimic human PAH pathology. While most clinically approved PAH treatments have shown efficacy in the Su/Hx model, it remains uncertain whether the mechanisms underlying Su/Hx-induced PH align with those seen in human disease, leaving the optimal model for study open to debate. Thus, in this study, to enhance the translational relevance of findings, we will use the Su/Hx model that will add to our previous preliminary data in the MCT model. This dual approach is aimed to increase the potential for further clinical success. 
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