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A.	Personal Statement
    I am a physician scientist, who trained as a medical doctor in internal medicine and cardiovascular disease and as a translational investigator in atherosclerosis and angiogenesis.  During my postdoctoral training with Dr Chris Glass, I conducted research in molecular biology and macrophage gene regulation that modifies atherosclerosis and angiogenesis.  I have worked extensively with atherosclerosis-prone mouse strains as a model for atherosclerosis and angiogenesis. My project was part of the Specialized Center of Research on Atherosclerosis at UCSD.   Following my cardiovascular clinical training, I initiated a novel project to define the function and regulation of plaque-associated neovascularization. I was the first to demonstrate advanced plaques of atherosclerosis-susceptible mice develop plaque angiogenesis.  I defined the diet and time conditions the will induced plaque neovascularization. I use confocal imaging methods to quantify plaque neovascularization in whole-mount murine arteries.  Using mouse models of angiogenesis, my lab identified endogenous factors that regulate plaque angiogenesis and inhibition. Pubmed search terms for angiogenesis AND atherosclerosis keywords yielded only 13 papers published in 1998. Subsequently, the number of papers published on this topic exceeds 1000.  
In vivo OCT imaging of human coronary arteries detects dramatic remodeling of vasa vasorum in early stages of atherosclerosis and increased abundant in human coronaries with acute ischemic complications. At the University of Colorado Anschutz Medical Campus, I established a repository for human coronary arteries from the Cardiology Division Heart Tissue Biobank. Our samples include coronary and aorta samples from nonfailing, healthy and atherosclerotic human hearts that are available for translational research.  
For this proposal, we performed single-cell sequencing of human coronary artery adventitia cells and defined the cell subtypes in the adventitia micro-environment. This data led to our identification and validation of specific and unique cell-surface markers for human vascular progenitor cells that are homologous to murine AdvSca1-SM progenitors.  The human vascular progenitors survive cryopreservation, in vitro cell passaging and share similar differentiation responses as the murine AdvSca1-SM cells.  The human CA AdvVP cells express CD34, ACKR1, SCARA5 and the CD248 cell surface markers, similar to the murine AdvSca1-SM, identified by Majesky and member of our group.   This proposal will focus on the human AdvVP cells and will compare the human progenitors relative to the murine AdvSca1-SM counterparts, which may reveal and validate any homologies or variable phenotypes.   
Human tissues have broad genetic diversity compared to inbred mouse strains, therefore, we are continuing to collect and preserve  AdvVP cells from human CA-with and without atherosclerosis involvement.  Atheroclerotic plaques are often localized and non-adjacent human CA segments will be collected from the same individual.   Spacial transcriptomics will further enable us to detect differential gene expression in the AdvVP that are associated with atherosclerotic or healthy coronary segments.   
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	b. Ambardekar AV, Weiser-Evans MC, Li N, Purohit SN, Aftab M, Reece TB, Moulton KS, Coronary Artery Remodeling and Fibrosis with Continuous-Flow Left Ventricular Assist Device Support. Circulation Heart Failure.  2018: 11(5);e004491. PMC5941935
	c. Lu S, Jolly JA, Strand KA, Dubner AM, Mutryn M, Moulton KS, Nemenoff R, Majesky MW, Weiser-Evans MC. Smooth muscle-derived progenitor cell myofibroblast differentiation through KLF4 downregulation promotes arterial remodeling and fibrosis. JCI Insight.  2020 Dec 3;5(23):e139445. PMC7714399
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2016			Cardiology B Panel Reviewer, Veterans Affairs, Office of Research and Development
2015-present	Associate Professor of Medicine, Cardiology Div., UCD, Anschutz Medical Campus
2013			Ad hoc reviewer, European Research Council Peer Reviewer, “Ideas” Program, Brussels
2013-			AHA, Southwest Affiliate, regional contact for Undergraduate Summer Research Scholars
2011- 			PhD Thesis committees: UCD Bioengineering and Colorado School of Mines. 
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2004-07		Asst. Professor of Surgery, Vascular Biology Program, Children’s Hospital Boston, MA
1997-04		Instructor of Medicine, Harvard Medical School, Brigham and Women’s Hospital, Boston, MA
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2003          Merit award for Young Investigators, American Heart Assoc. ATVB Council
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1985 		Alpha Omega Alpha Honors Medical Society, elected junior year
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C.	Contributions to Science

1.  Atherosclerosis. My initial studies investigated the molecular mechanisms for macrophage specific expression of the macrophage scavenger receptor A (SR-A) that is a receptor that internalizes modified lipoproteins and contributes to foam cell formation.  Our approach identified the promoter elements and major transcriptional factors that mediated cell-specific expression for SR-A in macrophages. Interestingly, the central roles of these transcription factors in shaping macrophage differentiation and responses to tissue conditions continue to be elaborated and confirmed in more advanced genome-wide studies (e.g. Heinz S et al. Mol. Cell. 2010;38(4):576–89. PMC2898526).  Our work gave rise to a transgenic approach for targeting gene expression to macrophages in atherosclerotic lesions (e.g. Cozen AE et al. Circulation. 2004;109(17):2129–35).
	a.	Moulton K, Wu H, Barnett J, Parthasarathy S, Glass CK. Regulated expression of the acetylated LDL receptor gene and isolation of promoter sequences. Proc. Natl Acad. Sci. USA 1992;89:8102-8106.PMC49864
	b. 	Wu H, Moulton K, Horvai A, Parik S, Glass CK.  Combinatorial interactions between AP-1 and ets domain proteins contribute to the developmental regulation of the macrophage scavenger receptor gene.  Mol. Cell Biology 1994;14:2129-2139. PMC358573
	c. 	Moulton K, Semple K, Wu H, Glass CK. Cell-specific expression of the macrophage scavenger receptor gene is dependent on PU.1 and a composite AP-1/ets motif. Mol. Cell Biology 1994;14:4408-4418 PMC358812
 	d. 	Horvai A, Palinski W, Wu H, Moulton KS, Kalla K, Glass CK. Scavenger receptor A gene regulatory elements target gene expression to macrophages and to foam cells of atherosclerotic lesions. Proc. of the Natl Acad. Sci. USA. 1995 Jun 6;92(12):5391–5395. PMC41700.

2. Function of Plaque Neovascularization and lymphatics. My laboratory is one of a few that investigate the regulation of angiogenesis in atherosclerotic arteries and vascular inflammation.  We were the first to demonstrate that neovascularization develops in atheromas of atherosclerosis-prone mice, which has been confirmed with multiple imaging modalities including electron microscope, 3D confocal rendering, microCT and intravital microscopy. We showed initially that inhibitors of angiogenesis significantly reduce plaque neovascularization, inflammation and plaque growth. The influences of various angiogenesis stimulators and inhibitors to enhance or inhibit atherosclerosis, respectively, have been confirmed in large and small animals and reported in over 15 publications from independent laboratories.  Intravital microscopy studies by others have directly shown that plaque neovascularization is an efficient conduit for the exchange of immune cells in atherosclerotic plaques (e.g. Eriksson EE. Circulation. 2011 Nov 8;124(19):2129–38.) In addition, we showed lymphatic vessels grow in plaques, predominantly near lesions that also contain plaque neovascularization,  and reported that mice with impaired lymphatics develop increased atherosclerosis, which suggests a role of lymphatics vessels for resolving atherosclerosis. 
	a.	Moulton KS, Heller E, Konerding MA, Flynn E, Palinski W, Folkman J. Angiogenesis inhibitors endostatin or TNP-470 reduce intimal neovascularization and plaque growth in apolipoprotein E-deficient mice. Circulation. 1999 Apr 6;99(13):1726–32. PMID: 10190883
	b.	Moulton KS, Vakili K, Zurakowski D, Soliman M, Butterfield C, Sylvin E, Lo K-M, Gillies S, Javaherian K, Folkman J. Inhibition of plaque neovascularization reduces macrophage accumulation and progression of advanced atherosclerosis. Proc. of the Natl Acad. Sci USA. 2003 Apr 15;100(8):4736-41. PMCID: PMC153625
	c. 	Moulton KS, Olsen BR, Sonn S, Fukai N, Zurakowski D, Zeng X. Loss of collagen XVIII enhances neovascularization and vascular permeability in atherosclerosis. Circulation. 2004 Sep 7;110(10):1330–6. PMID: 15313955.	
	d. 	Vuorio T, Nurmi H, Moulton K, Kurkipuro J, Robciuc MR, Ohman M, Heinonen SE, Samaranayake H, Heikura T, Alitalo K, Ylä-Herttuala S. Lymphatic vessel insufficiency in hypercholesterolemic mice alters lipoprotein levels and promotes atherogenesis. Arteriosclerosis, Thrombosis, and Vascular Biology. 2014 Jun;34(6):1162–70.  PMC4031366

3. Translational studies of human coronary artery disease and aorta. We perform translational vascular studies in human coronaries that relate to mechanisms of pathologies in mouse models of atherosclerosis and fibrosis.  Manuscripts have supported roles for tumor suppressor phosphatase and tensin homolog (PTEN) regulation of SMC differentiation in human coronary artery disease that are consistent the function of PTEN in SMC dedifferentiation and differentiation in mice that lack or over-express PTEN.  We are also involved in mouse atherosclerosis and vascular injury studies that determine the fate and contribution of lineage-marked, smooth muscle cells-derived adventitia progenitor cells (AdvSca1-SM) to atherosclerosis and plaque neovascularization.  	
	a. Moulton KS, Li M, Strand K, Burgett S, McClatchey P, Tucker R, Furgeson SB, Lu S, Kirkpatrick B, Cleveland JC, Nemenoff RA, Ambardekar AV, Weiser-Evans MC. PTEN deficiency promotes pathological vascular remodeling of human coronary arteries. JCI Insight. 2018;3 (4). PMC5916252
	b. Ambardekar AV, Weiser-Evans MC, Li N, Purohit SN, Aftab M, Reece TB, Moulton KS, Coronary Artery Remodeling and Fibrosis with Continuous-Flow Left Ventricular Assist Device Support. Circulation Heart Failure.  2018: 11(5);e004491. PMC5941935
	c. Lu S, Jolly JA, Strand KA, Dubner AM, Mutryn M, Moulton KS, Nemenoff R, Majesky MW, Weiser-Evans MC. Smooth muscle-derived progenitor cell myofibroblast differentiation through KLF4 downregulation promotes arterial remodeling and fibrosis. JCI Insight.  2020 Dec 3;5(23):e139445. PMC7714399
	d. Ambardekar AV, Stratton MS, Dobrinskikh E, Hunter KS, Tatman PD, Lemieux ME, Cleveland JC, Tuder RM, Weiser-Evans MCM, Moulton KS, McKinsey TA. Matrix-Degrading Enzyme Expression and Aortic Fibrosis During Continuous-Flow Left Ventricular Mechanical Support. J Am Coll Cardiol. 2021;78:1782–1795.
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