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Resubmission Letter
Dear Committee, 
The current proposal resubmits grant application No. 3037/24.
I wish to thank the reviewers for their detailed review and constructive comments. I appreciate their efforts and am grateful that they considered the idea of PUFA-lactone oxylipins as potentially new mediators in microvascular dysfunction "novel and innovative." 
Since the former submission, we have continued working on this project, delineating the cellular pathways through which EPA-L promotes vascular dilation. Our recently published data showed that EPA-L mediates endothelium-dependent vasodilation in hypertensive individuals' microvessels, while the signaling pathway was not dependent on NO. In human endothelial cells, we found that the hyperpolarization mediated by EPA-L relies on G-protein-coupled receptor (GPR)-phospholipase C (PLC)-IP3 signaling that further activates calcium-dependent potassium flux. The pathway was confirmed using a range of inhibitors and cells overexpressing GPR40, showing that the GPR40-PLC-IP3 pathway is a key mediator in the EPA-L-triggered vasodilation of arterioles (Asulin et al. BBRC, 2024). Moreover, preliminary results from in vivo administration of EPA-L to pulmonary hypertensive (PH) rats showed a significant decrease in the hemodynamic measurements (mPAP, echocardiography), vascular thickness, and hypoxic blood markers. Suggests 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.
Thus, based on the reviewers' comments and our recent results, the aims of the current proposal were re-phrased to enhance the clarity of our objectives and to address the key concerns raised during the review process. 
Below is a point-by-point response to the reviewer’s comments and concerns.          
Reviewer No. 1
“The proposal does not consider using both genders in their studies. The reasoning behind only choosing females to study the impact of PUFA-L in MCT models should be noted.”
We thank the insightful comment regarding the consideration of both genders in the study. We appreciate the importance of assessing gender differences in preclinical research and acknowledge the implications this may have for future applications.
In the resubmitted proposal, we have revised the aims of the study to focus specifically on the signaling pathways and mechanisms by which PUFA-L impacts MVD in pulmonary hypertension. While the current experimental design did not emphasize gender differences and included only rat males, we recognize that understanding these differences is crucial for the translational potential of PUFA-L as a therapeutic agent. We fully anticipate that future studies aimed at developing PUFA-L as a potential drug will need to incorporate a thorough evaluation of sex-specific responses to ensure comprehensive efficacy and safety assessments.
It is less promising that the scRNAseq data presented in Figure 3 does not distinguish cells from different treatments, making comparing different groups impossible. Figure 4 only showed the DEGs in ‘Endothelial cluster 2’. What about other clusters? This preliminary data cannot support the statement ‘EPA-L treatment could reduce the genetic differences due to hypertension’. There is no preliminary data on genetic changes in MCT models with and without EPA-L treatment.
We appreciate the reviewer’s thorough evaluation and agree with the observations. In response to these comments, we have made significant revisions to our proposal to address the limitations noted in the preliminary scRNA-seq data. Specifically, we acknowledge that the data presented, which does not distinguish cells by treatment group limited the strength of our conclusions regarding the impact of EPA-L treatment on genetic differences due to PH. Thus, we have refined our objectives to focus on a targeted, hypothesis-driven research approach supported by our recently published data indicating that the PUFA-L signaling pathway activates through the GPR40-PLC-IP3 pathway. This focused approach emphasizes the GPR40 pathway and will be accompanied by RNA sequencing of pulmonary artery endothelial cells and PH-lungs to further decipher the signaling pathways mediated by GPCR40 and downstream transcription factors to provide a comprehensive view of how PUFA-L modulates key genetic and cellular mechanisms in PAH. 
In addition, we have incorporated a series of functional experiments into the proposal that will be conducted using various cellular setups and 3D ex-vivo model of the lung. These experiments will explore which phenotypic characteristics of dysfunctional cells are improved by PUFA-L treatment. By adding functional outcomes to the gene expression changes, we aim to delineate the effects of PUFA-L through both a phenotypic and mechanistic approach. This will provide a deeper understanding of how PUFA-L influences EC dysfunction in the context of PAH and support the translational potential of our findings
-Aim 2 is dependent on Aim 1 in nature. The experiments designed by Aim 2 can only be performed with specific results obtained in Aim 1.
We thank the reviewer for this feedback regarding the structure of our aims and the potential dependency of Aim 2 on Aim 1 and, therefore, have revised our proposal to clarify this relationship.
In the revised proposal, Aim 1 will investigate the GPR40-PLC-IP3 downstream gene modifications to identify transcription factors and explore potential unidentified pathways responsible for the effects of PUFA-L, while Aim 2 has been designed to function independently. Specifically, Aim 2 will focus on examining the mechanistic and functional outcomes of PUFA-L treatment on endothelial cell (EC) dysfunction and the secondary effects on neighboring cells. This aim will assess how PUFA-L influences disease progression and mechanisms that are relevant to PH pathology, providing an evaluation that does not rely on the findings from Aim 1 to proceed.
To strengthen Aim 2 further, we have expanded the methods and added an ex-vivo 3D lung model to our experimental setup. This model will allow us to assess how PUFA-L impacts secondary, indirect effects on neighboring cells and to evaluate the broader implications of PUFA-L on disease progression and lung pathology in a more physiologically relevant context. This addition ensures that Aim 2 can independently yield significant insights into the functional effects of PUFA-L and its potential impact on lung health.
Although the results of Aim 1 may inform and add context to Aim 2 by providing a deeper understanding of the underlying pathways, the experiments and objectives of Aim 2 are not contingent on the outcomes of Aim 1. This approach ensures that each aim can stand alone, contributing unique and valuable insights to our understanding of PUFA-L's role in pulmonary hypertension.
We believe this clarification and enhancement improve the overall structure and robustness of our proposal. Your feedback has been instrumental in refining our aims, and we appreciate your contribution to strengthening the proposal.
 Reviewer No. 2
This study investigates the potential of PUFA-lactone oxylipins (PUFA-L) as potentially new mediators in microvascular dysfunction (MVD). PUFA-L are lipid mediators recently shown by Prof. Szuchman Sapir's research group to improve blood flow in hypertensive microvessels, but the mechanisms are unknown. Here lies the novelty and innovation of this research, compared to many others in the field. By studying PUFA-L's effects on gene expression and signaling pathways in different vascular cells, the researchers aim to uncover entirely new cellular pathways promoting MVD development and progression.
The importance of this study lies in its potential to reveal fresh therapeutic targets for MVD, a condition that contributes to various prevalent diseases. Understanding PUFA- L's mechanism of action could lead to the development of novel drugs or therapies to improve blood flow and potentially treat MVD-related illnesses. This research has the potential to make a significant contribution to the field by expanding our knowledge of MVD regulation and offering new therapeutic avenues, and while doing so it will also contribute and broaden our basic scientific knowledge and understanding for the role of this new family of lipids in vascular biology.
Prof. Szuchman Sapir has demonstrated to be a full expert in the subject as evident by her publications and by her very rigorous and elegant research proposal. The research design is adequate to the aims in terms of methodology and experimental plan. The study does acknowledge the possible challenges that may arise when working with patient samples due to interference from other pathological phenotypes in the background, and the possible loss of phenotype when patient's cells are cultured in vitro. The researcher also acknowledges the fact the mouse studies are usually non-translatable to humans and require further confirmation. However, the suggested alternative plans and the awareness to these issues should promise a successful outcome of this study.
We thank the reviewer for his thoughtful and positive feedback on our proposal. We greatly appreciate the recognition of the novelty and innovation of our research, particularly in the context of exploring PUFA-L's effects on gene expression and signaling pathways in different vascular cells. This encouraging comment reinforces the importance and potential impact of our work.
 Reviewer No. 3
For a grant proposal that aims to decipher the molecular mechanism of EPA-L function I would expect a more detailed hypothesis of potential mechanisms. It seems that they are going to do several omics experiments with the hope of finding some relevant mechanisms. However, there is no good rationalization for using sc-RNAseq for example. Why would the differential gene expression be likely to reveal a potential mechanism? The affected genes and cell types can be a downstream result of the endothelial cells remodeling and will not necessarily reveal a potential mechanism.
We agree with the reviewer's assessment for highlighting the need for a clearer hypothesis and rationale for the mechanistic exploration in our proposal. In response, we have made significant changes to the revised proposal. Specifically, we have shifted from an exploratory, broad omics-based approach to a more focused, hypothesis-driven investigation. This change is based on our recently published data (PMID: 38290177), which suggests that the PUFA-L signaling pathway activates the GPR40-PLC-IP3 axis. Accordingly, we have refined Aim 1 to investigate the downstream gene modifications mediated by GPR40-PLC-IP3, with an emphasis on identifying specific transcription factors that drive the PUFA-L effect. This targeted approach will provide a deeper understanding of how PUFA-L exerts its effects on vascular cells, avoiding the limitations of an exploratory strategy. Additionally, while we acknowledge the concern regarding the use of sc-RNAseq and its potential to highlight downstream effects rather than direct mechanisms, we have revised the experimental plan to use RNA sequencing in a more strategic manner. This will ensure that data obtained are contextualized within the signaling pathways identified in Aim 1, rather than solely as an open-ended search for mechanisms. The use of sc-RNAseq has been retained with specific, rationalized objectives to complement these focused analyses by verifying changes in cell-specific gene expression linked to the hypothesis.
Accordingly, the second aim, while potentially very important, is completely dependent on aim 1.
Thank you for the feedback regarding the dependency between Aim 1 and Aim 2 in our proposal. We agree with the assessment and have made adjustments to clarify the structure and relationship between the aims.
In response to the comment, we revised the aims to ensure that while Aim 1 and Aim 2 are related, they are not interdependent. Aim 1 now focuses on investigating the GPR40-PLC-IP3 downstream gene modifications to identify transcription factors responsible for the PUFA-L effect and to explore any potential, previously unidentified pathways. This detailed molecular analysis will be accompanied by measuring intracellular kinase activity which will be further validated using Western blot analysis and additionally tested upon application of the GPR40 antagonist in GPR40-silenced cells to provide a comprehensive understanding of the transcriptional regulation associated with PUFA-L.
Aim 2, on the other hand, has been restructured to investigate the mechanistic and functional effects of PUFA-L treatment on endothelial cell (EC) dysfunction and the secondary, indirect effects on neighboring tissue cells. To enhance this part of the study, we have additionally incorporated an ex-vivo 3D lung model (PCLS), which will allow us to assess how PUFA-L modulates cell-to-cell interactions and broader tissue-level effects. This model provides a physiologically relevant context to study cellular responses and pathology independent of the specific gene expression findings from Aim 1. While Aim 1 may provide insights that logically complement Aim 2, the latter is not dependent on the former. The revised design ensures that Aim 2 can stand alone, contributing important insights into how PUFA-L functions at the cellular and tissue levels and its broader effects on pathological outcomes of pulmonary hypertension. 
Moreover, why perform a GPCR screen if the authors already suspect GPCR40? Why not focus on this one and its contribution to the EPA-L-mediated effect?
In response to this comment and supported by our recent publication (PMID: 38290177), we have refined our approach to focus specifically on the GPR40-dependent pathway. This shift moves away from a broader screening strategy to a more targeted investigation. In Aim 1, we will now concentrate on deciphering the signaling pathways mediated by PUFA-L through GPR40 and identifying downstream transcription factors. This will be supported by pharmacological inhibition and silencing experiments targeting GPR40, PPARγ, and other novel components identified in our analysis, to validate the key signaling mechanisms. Furthermore, to robustly evaluate the contribution of GPR40 to the observed effects of PUFA-L, Aim 3 has been designed to include an in vivo experiment in an inducible, specific GPCR40 knock-out murine model. This will allow us to directly assess the dependency of PUFA-L's beneficial effects on the presence of GPR40, thereby solidifying the mechanistic link between PUFA-L action and GPR40 signaling.

In summary, we would like to express our sincere gratitude to the reviewers for their effort and valuable comments, which have guided our corrections and improvements in the revised proposal. In response to their feedback, we have made significant revisions to enhance the proposal's clarity, focus, and impact. We have shifted from an exploratory, broad omics approach to a targeted, hypothesis-driven investigation centered on the GPR40-PLC-IP3 signaling pathway, supported by our recent publication (PMID: 38290177). Aim 1 now focuses on deciphering the downstream gene modifications and transcription factors mediated by PUFA-L, using GPR40 pharmacological inhibition and silencing experiments to validate the hypothesized pathways. We clarified that while Aim 2 logically builds on Aim 1, it is designed to be independent, assessing PUFA-L's mechanisms and functional effects on endothelial cells and neighboring cell dysfunction with the addition of an ex-vivo 3D lung model. Furthermore, Aim 3 now incorporates an inducible, specific GPR40 knock-out murine model to evaluate the dependency of PUFA-L effects on GPR40. These revisions ensure a more streamlined and robust proposal that addresses key concerns and aligns with our hypothesis.
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