CAREER DEVELOPMENT/TRAINING ACTIVITIES

My long-range goal is to become an NIH competitive independent scientist pursuing research in thrombosis and cardiovascular disease, with a focus on the role of thromboinflammation. With the support of a K23 award over the next five years, my primary career development goal will be to obtain skills fundamental to the conduct of independent investigations and clinical trials.  This will be achieved through mentored research training, manuscript and grant writing, didactic coursework, and completion of a Master’s in Clinical and Translational Research, with a goal of gaining the skills needed to be competitive for R01 funding. 

CANDIDATE’S BACKGROUND

Introduction: I grew up in a small rural town in North Carolina, which had a median household income just above the poverty line and a high school graduation rate of 49%. I was the first person in my family to attend college. As my family was poor, I started in a college transfer program at a local community college. I paid my way through college by working as a nursing assistant on a cardiac unit. It was through this experience that I was first exposed to cardiovascular disease and its impact. During this time, I cared for my first patient admitted with a heart attack, and began to appreciate the limitations of available treatment options. My transition to college life was facilitated by an extraordinary chemistry professor, Dr. Anthony Hayford, who took it upon himself to introduce me to research and provided my first opportunity to work in a lab. While working in his laboratory as a research assistant, I learned about the scientific method and the chemistry of biological processes, which opened up a new way of seeing the world for me. These experiences shaped my goal to become a physician-scientist, dedicated to reducing the burden of cardiovascular disease by using innovative research techniques.

Education: After graduating from East Carolina University with bachelor degrees in chemistry and biochemistry, I obtained my medical degree from the University of North Carolina at Chapel Hill. I performed internal medicine residency at Johns Hopkins and cardiology fellowship training at Vanderbilt University.  During my fellowship training, I was a T32 trainee in Dr. MacRae Linton’s laboratory, where I studied lipoprotein biology. During this time, I completed coursework in clinical epidemiology, biostatistics, drug and device design, and clinical trial design, and received training in database design and management. 

Research Experiences:  Since my formative research experiences in college, I have actively sought research opportunities at every step of my subsequent training.  My interests have revolved around thrombosis and vascular biology.    
· Medical School: Response to anti-platelet therapy (Susan Smyth, MD PhD, Mentor): As a medical student, I investigated aspirin resistance and the occurrence of thrombotic events in patients with stable coronary artery disease and evaluated the effect of high dose of aspirin on platelet reactivity in a cohort of patients who demonstrated high on-treatment platelet reactivity to arachidonic acid.  The results were published in The Annals of Pharmacotherapy.2  As my first experience with biomedical research, I learned how to craft a hypothesis, write an IRB protocol, develop a standard operating procedure, isolate platelets from whole blood, perform platelet aggregometry, analyze data using standard statistical methods, and present results.
· Medical School: Impact of polyvascular disease on risk of vascular events (Souvik Sen, MD, Mentor). I evaluated the prognostic valve of asymptomatic peripheral artery disease (PAD) on the risk of vascular events following ischemic stroke. I played an active role in the design of the study, drafting an IRB along with response to additional questions, design of data collection instrument, database design, and analysis of data using survival and regression methods. We demonstrated asymptomatic PAD among 26% of ischemic stroke patients. Importantly, we discovered an association of asymptomatic PAD with an increased incidence of vascular events at a median follow-up of 2.1 years. This result gained national attention and was published in 2009 in Stroke3. 
· Residency: Post-translation modification of cyclo-oxygenase 1 (Marlene Williams, MD, and Jenny Van Eyk PhD, Mentors): During my residency, I studied the efficacy of aspirin in acetylating cyclo-oxygenase 1 (COX1) in patients with coronary artery disease. I developed a multiple reaction monitoring (MRM) mass spectrometry technique to measure COX1 acetylation. This experience taught me a number of laboratory techniques, including Western blot, ELISA, differential gel electrophoresis, immunoprecipitation, enzyme digestion, and mass spectrometry analysis.
· Fellowship: Lipoprotein metabolism and the pathophysiology of macrophages in atherosclerosis (MacRae Linton, MD, Mentor): As a T32 postdoctoral fellow, I studied the relationship between high-density lipoprotein (HDL) dysfunction and atherothrombosis in patients with familial hypercholesterolemia (FH). I generated a biorepository of plasma samples from 250 FH patients, established cell-based assays to measure anti-inflammatory, anti-oxidant, and cholesterol efflux capacity of isolated HDL, and learned to analyze proteomic and genomic data. The biorepository was crucial for the success of a subsequent Program Project Grant (HL116263) investigating HDL dysfunction in patients of FH, rheumatoid arthritis and chronic kidney disease. I demonstrated that HDL dysfunctionality among FH patients was in part due to dynamic changes in HDL’s proteome and miRNA cargo. This was further validated in a cohort of FH patients undergoing low-density lipoprotein (LDL) apheresis, a procedure that removes LDL cholesterol. The posters summarizing this work were presented at the American College of Cardiology and Atherosclerosis, Thrombosis and Vascular Biology national conferences.

Clinical Specialty and Interest: My current appointment is as Assistant Professor of Medicine in the Division of Cardiovascular Health and Disease at the University of Cincinnati, and my clinical subspecialty focus is interventional and structural cardiology. I was trained in interventional cardiology at Stanford and completed an advanced structural heart disease fellowship at Henry Ford Hospital under the guidance of Drs. William O’Neill and Adam Greenbaum, who performed the first transcatheter aortic valve replacement in the U.S. My particular interest is in the prevention and management of bleeding and thrombotic events following cardiac procedures. The occurrence of thrombotic events complicates care and has been associated with worse clinical outcomes, including increased mortality4-8, longer hospital stays9, repeat hospitalizations10, and exponential health care cost increases.11 The overarching goal of my research is to provide a better understanding of the pathophysiologic mechanisms underlying these events and to develop therapies that can prevent or reduce their occurrence. 

Individual Development Plan: In the first 2 years of my current position, 90% of my time was devoted to helping with several clinical initiatives, including helping to build a structural heart program. I was hired as the Director of Vascular Medicine; in this capacity, I built a program to management patients with thrombotic disorders and vascular abnormalities. I have met these challenges, and now my department has given me support to build a research career. I have benefited from great mentors, all of whom are senior investigators with success in obtaining NIH-funded research grants and mentoring early investigators. As I enter the next phase of my academic career, which will be focused on development of my research program, the Department of Internal Medicine has committed to support that includes $300k in funds, 300 square feet of laboratory research space, a full-time research assistant, and 50% protected research time for the next 5 years with a plan to increase to 75% protected research time. I have also established working relationships with multiple R01 funded researchers in experimental hematology and immunology at Cincinnati Children's Hospital Medical Center (CCHMC). I was also accepted to the NHLBI-funded Programs to Increase Diversity Among Individuals Engaged in Health-Related Research in Functional and Translational Genomics of Blood Disorders (PRIDE-FTG), which provides training for junior-level faculty in clinical/translational research skills, along with providing structured mentorship over 2 years. I have supplied a letter of support from Dr. Betty Pace who directs the PRIDE-FTG program. I have submitted two first-author manuscripts over the last month; the first evaluates cerebral embolic protection among our cohort of patients undergoing TAVR and the second describes the role of soluble ST2 on thromboinflammatory changes following TAVR. I also had an abstract accepted describing the enhanced thromboinflammatory response following TAVR, which will be presented at the Joint Meeting on Vascular Biology, Inflammation and Thrombosis. The K23 award is vital to the development of my research career, and will provide 75% protected research needed to complete additional aspects of research training to achieve my goal of becoming an R01 funded investigator. My academic and research objectives during the proposed funding period include:
· Understand the role of inflammation on platelet behavior at the level of platelet activation, turnover, and reactivity (Aim 1). I will address this goal through dedicated mentoring by Drs. Palumbo and Smyth, complemented by additional training through the CCHMC flow cytometry core.  
· Define the role of the hemostatic factors in regulating inflammation (Aim 2). The techniques obtained through this goal will be applicable to address other aspects of thromboinflammation as newer coagulation factor based agents become available. This goal will be achieved by mentorship from Dr. Palumbo along with attendance and presentation at the Experimental Hematology and Immunology seminars held at CCHMC. 
· Expand skillset in clinical proteomics and bioinformatics (Aim 3). This will be a critical skillset that I will utilize for future studies evaluating MRM based assays to evaluate disease progression in patients with cardiovascular disease. Achievement of this goal will serve as a launchpad to demonstrate clinical utility of an MRM based assay to investigate thromboinflammatory proteomic markers in other disease conditions. This goal will be achieved through research rotation with Dr. Jenny Van Eyk, my long-term mentor and director of the Advanced Clinical BioSystems Research Institute at Cedars Sinai.
· Leadership and communication faculty development training. I want to learn to become an effective communicator and listener, along with learning conflict resolution techniques, in preparation to become a better leader. To accomplish this, I will participate in workshops offered by the Center for Clinical and Translational Science and Training (CCTST, local CTSA) in Spring of 2020 that address creating and assembling teams, team effectiveness, and team leadership.
· Translational Research of Blood Disorders. I have been accepted to the NHLBI funded PRIDE-FTG program, which teaches early career investigators clinical/translational research skills related to blood disorders, including platelet disease. The program also includes didactic and bench training in molecular biology and proteomic techniques. There are also workshops that teach scientific writing skills necessary for manuscript and grant writing (see attached letter of support from Dr. Pace).

CAREER GOALS AND OBJECTIVES

The short-term goals of this Career Development Proposal are to study the role of transcatheter valve replacement on platelet behavior, inflammation, and interaction with the coagulation system. While this proposal specifically investigates the interaction of platelets with transcatheter valves, I envision this work to serve as a framework for understanding the interplay of intracardiac devices, valvular hemodynamics, hemostasis, and thrombosis. This novel approach to the personalization of therapy has important implications for patients with indications for antithrombotic therapy. My career goals during this period include: 1) establishment of a collaborative network of researchers at UC, CCHMC, and other institutional platelet groups by presenting at institutional meetings and nationally; 2) increase scientific productivity by publishing results of this work in peer-reviewed journals along with submitting grants in the future. These activities will be facilitated through support from the UC/CCHMC K scholars program; and 3) development of a strong foundation in experimental hematology, immunology, and proteomics.  My long-term objectives are: (1) to be an internationally recognized physician-scientist directing an NIH-funded research program, (2) to apply results of my work to optimize design of transcatheter devices, and (3) to translate pre-clinical research to new guidelines for antithrombotic therapy among patients with valvular heart disease. 

CAREER DEVELOPMENT/TRAINING ACTIVITIES:

Primary Mentor, Advisory Committee, and Mentoring Plan: 
To achieve the scientific and career-development goals noted previously, I have assembled a strong team of mentors (Table 1).  My Primary mentor is Dr. Joseph Palumbo, Professor of Pediatrics and Director of Hemostasis and Thrombosis Laboratory within the Division of Hematology CCHMC. Dr. Palumbo is an expert in management of patients with disorders of the hemostatic system, particularly in regards to thrombophilia and platelet dysfunction. Dr. Palumbo has a particular interest in management of thrombotic disorders associated with complex pediatric heart disease including that associated with cardiac circulatory devices. He has 17 years of continuous NIH funding including two active R01s exploring coagulation factors as modifiers of the microenvironment and pathogenesis of cancer. My co-mentor is Dr. Susan Smyth, Jeff Gill Professor of Cardiology at the University of Kentucky and an expert on the interplay between inflammation and thrombosis.   Conveniently, UK is only an hour and a half drive, so I am able to meet with her on a regular basis. My Advisory Committee consists of NIH funded scientists with expertise in an array of fields related to my research interest and career development: Dr. Phil Owens (role of tissue factor in atherosclerosis and abdominal aortic aneurysms formation), Dr. Richard Becker (clinical trial design, expertise in studies of platelet function, coagulation, and antithrombotic agents), Dr. Jennifer Van Eyk (advanced data-dependent and data-independent mass spectrometry techniques), and Dr. David Hui (expertise in evaluation of cellular mediators of inflammation). Additional significant contributors include Dr. Roman Jandarov who will provide biostatistician support (please see letter of support) and Dr. Betty Pace who will served as an external mentor as part of the NHLBI PRIDE-FTG program which I will participate in over the next 2 years. 
My mentors and I have formulated a detailed mentoring plan with the following activities:
· Weekly one-on-one meetings with Drs. Palumbo and biweekly meeting with Dr. Smyth at UK or using GoToMeeting.
· Attend bi-weekly meetings of the Hemostasis and Thrombosis laboratory and Experimental Hematology groups and present my work at least twice yearly
· Report progress quarterly to the Advisory Committee; meet with individual committee members as needed.  
· Formal quarterly meetings with Advisory Committee to review results and discuss issues. Meetings with be conducted using GoToMeeting.
· Submit two meeting abstracts per year starting Year 1, Submit 1-2 manuscripts per year starting Year 1.
· Submit one grant proposal per year starting Year 3, with the goal of submitting a R01 application by the end of Year 3
.
Table 1: Mentors and Advisory Committee Members (Including Collaborators and Consultants)
	
	Frequency of meetings
	Contribution to Career Development

	Sponsor

	Joseph Palumbo, MD
Professor, UC Department of Pediatrics
Director, Comprehensive Thrombophilia Center (CCHMC)
	Weekly
	· Optimization of assays for measurement of intrinsic and extrinsic factors
· Evaluation of the impact of inflammation on hemostatic factors
· Analysis and interpretation of platelet and coagulation factor data
· Planning of subsequent studies and grant applications to evaluate FXII and FXI inhibitors

	Co-Mentor

	Susan Smyth, MD, PhD
Chief, Division of Cardiovascular Medicine (University of Kentucky)
Medical Director, Gill Heart Institute Director, MD/PhD Program 
	Bi-Weekly
	· Training in clinical trial planning and management addressing issues in subject recruitment, and compliance
· Evaluation of platelet activation and cell surface receptors using flow cytometry
· Evaluation of the interplay of inflammation and platelet function
· Planning of future studies and grant submission during Year 3

	Advisory Committee

	David Hui, PhD
Professor, Vice-Chair of Research, Department of Pathology and Laboratory Medicine
	Quarterly
	· Assist with measurement and characterization of monocyte and macrophage function along with inflammatory capacity
· Evaluation of the impact of inflammation on global hemostasis
· Address issues in research as they arise and help in putting together R01 

	Richard C. Becker, MD, MS
Director, Division of Cardiovascular Health and Disease
Director, Heart, Lung and Vascular Institute (UC)
	Quarterly

	· Clinical trial design and conduct, monitoring of subjects during trial, addressing issues in recruitment or retention, and ethics
· Consideration of patient specific factors in interpretation of platelet and coagulation results
· Mentor the applicant in the conduct of clinical research

	Jennifer Van Eyk, PhD
Director, Advanced Clinical Biosystems Institute in the Department of Biomedical Sciences, Cedars Sinai Medical Canter
Director, Basic Science Research in the Women's Heart Center
	Quarterly
	· Development of high throughput LC-MS-/MS platform for reproducible and quantitative analysis of plasma biomarkers of inflammation, coagulation, and platelet function
· Development of expertise necessary to leverage mass spectrometry-based techniques to decipher the precise role that protein expression profiles and modifications play in thromboinflammation

	Phillip Owens, PhD
Assistant Professor, Division of Cardiovascular Health and Disease (UC)
	Quarterly
	· Assist with measurement of tissue factor, thrombin generation, and NETs from collected samples
· Address issues in research as they arise for both the platelet and coagulation assays



Development of Research Skills and Knowledge: I will develop research skills and knowledge through a combination of hands-on research investigations, formal and informal scientific exchanges (e.g., group meetings, seminars and conferences), and didactic research training. My overall structured training activities are summarized in Table 2. As part of my career development plan, I will obtain a Masters in Clinical and Translational Research at UC. 

Proteomics Research Training: As part of my goal to strengthen my education in clinical proteomic assay development along with analysis of complex MRM/SRM data; I propose to spend 1 month each year during my K23 working with Dr. Jenny Van Eyk at Cedars Sinai learning the use of high throughput mass spectrometry assays for measuring clinical biomarkers in a large pool of clinical samples using my stored plasma and platelet samples. Dr. Van Eyk is a world leader in clinical proteomics and has led the way in development of methods for sample preparation for mass spectrometry along with bioinformatics workflow for streamlining complex proteomic data. Important for Aim 3, I will learn methods for evaluation of assay accuracy, reproducibility, linearity, analytical sensitivity and specificity, and scalability/flexibility to large numbers of samples (with quality control and system suitability measures). Based on my experience during this time, I will develop standard operating procedures and training requirements to decrease barriers for transfer of methodology to other mass spectrometry labs (i.e. UC)

Table 2. Proposed Training Activities
	
	Year 1: 2020
	Year 2: 2021
	Year 3: 2022
	Year 4: 2023
	Year 5: 2024

	Courses
	25%
	25%
	25%
	15%
	10%

	
	Study Design and Analysis (BE869)
	Experimental Hematology
	Statistical Analysis in Proteomics
	Foundations of Immunology (IMM8088)
	Advanced Topics in Immunology (IMM8090)

	
	Ethics in Research (GTND7003)
	Grant Writing Seminar Series 
	Proteomic Bioinformatics
	Molecular and Cellular Biology (GNTD7001)
	

	

Research and Related Activities  
	50%
	50%
	50%
	60%
	65%

	
	
	Drafting R01 
	Submitting R01
(#1)
	Resubmit R01
(#1)
	Submit R01 (#2)

	
	Study planning
Research protocol
Begin recruitment
Trial design publication
	Continue subject recruitment, data analysis, manuscript preparation based on initial results for Aims 1 and 2
	Complete recruitment, data analysis, submit 2 manuscripts based on complete results from Aims 1 and 2.
	Proteomic experiments using stored samples, analysis of proteomics data, submit manuscript describing initial finding  
	Future research planning, submit manuscript of proteomics findings

	Clinical/Teaching
	25%
	25%
	25%
	25%
	25%

	
	Outpatient: 1 day per week at clinics at the University of Cincinnati
Teaching: 2 hours per week supervising Cardiology fellows and teaching valvular heart disease didactics



The Division of Cardiovascular Health & Disease offers multiple excellent seminar series that I will take advantage of (Table 3). In addition, I will attend and present at national cardiology conferences during the course of award (Table 3). I will also continue to be an active member of the Structural Heart Team at UC. 
	 
Table 3. Candidate’s Conference - Based Training Activities

	
	Schedule
	Settings for further educational activities and presentation of the applicant’s research

	Dean’s Distinguished Cardiovascular Lecture Series
	Weekly
	· Review of ongoing studies within the division

	Cardiovascular Disease Divisional Grand Rounds
	Weekly
	· Forum for presentations of major topics in cardiovascular disease by faculty, fellows and invited speakers 

	UC Heart, Lung, and Vascular Institute Seminar Series
	Monthly
	· Presentations of ongoing research by NIH funded senior and early career investigators from outside the University of Cincinnati.

	Center for Clinical and Translational Research K-Club
	Monthly
	· Monthly seminar for K recipients and applicants which includes discussions related to grant writing, research ethics, team building, manuscript writing, and other resources 

	American College of Cardiology Scientific Sessions
	Annually
	· Review of latest clinical trials in valvular heart disease 
· Presentation of ongoing research studies
· Interaction with key faculty members on the applicant’s advisory panel & other cardiologists.

	Atherosclerosis, Thrombosis, and Vascular Biology Scientific Sessions
	Annually
	· Presentation of ongoing research studies
· Interaction with key faculty members from the applicant’s advisory panel.

	American Heart Association Scientific Sessions
	Annually
	· Review of latest basic research in valvular heart disease and transcatheter therapies
· Presentation of ongoing research studies.
· Interaction with key faculty members on the applicant’s advisory panel.

	International Society of Thrombosis
	Annually
	· Review of recent finding in thrombosis and hemostasis
· Presentation of ongoing research studies
· Interaction with key faculty members on the applicant’s advisory panel






RESEARCH PLAN

A. BACKGROUND AND SIGNIFICANCE 
Approximately 10-20% of cardiac surgical procedures in the United States are for valvular heart disease. Of these, aortic stenosis (AS) is the most common valvular abnormality necessitating surgery. AS occurs when thickening and calcification of the aortic valve leads to a reduction in the valve opening, which in turn leads to impediment in blood flow from the heart to the rest of the body. The initial phase of AS is characterized by a gradual and asymptomatic increase in the severity of stenosis over a period of 10-15 years.12,13 Following the onset of symptoms, patients with severe AS have a survival rate of 50% at 3 years and 20% at 5 years in the absence of corrective aortic valve replacement.14 According to a recent analysis of Medicare data, patients with severe AS average 4.4 hospitalizations over 5 years at an accumulative per-patient cost of $170,970.15 It costs the healthcare system over $1 billion annually to medically manage patients with severe AS. 

The standard management strategy for severe AS is surgical aortic valve replacement (SAVR). Unfortunately, SAVR poses high risks for many patients. Approximately 30% of patients with symptomatic severe AS do not undergo SAVR, most often due to advanced age, left ventricular dysfunction or multiple medical comorbidities. For these patients, transcatheter aortic valve replacement (TAVR) has emerged as an alternative, non-surgical, treatment option. Studies have shown that TAVR is equivalent to SAVR in patients with intermediate16 to high17 surgical risk based on the composite outcome of major adverse cardiac events. Among patients with prohibitive surgical risk, TAVR provides a significant mortality benefit in comparison to medical therapy18.  Based on these results, TAVR was recently evaluated in comparison to SAVR among patients with low surgical risk.19,20 The indications for TAVR continued to be evaluated in ongoing trials among patients with asymptomatic aortic stenosis21 and heart failure22 with at least moderate aortic stenosis. While some procedure related complications continue to improve with newer valve technologies, TAVR carries residual risks of stroke and major bleeding, which impact short and long-term outcomes.23,24  In addition, a recent study suggests that patients undergoing TAVR may develop reduced leaflet motion, raising a concern of subclinical leaflet thrombosis, which may impact stroke risk25 and clinical outcome.26  

As the use of TAVR continues to expand, there is an urgent need to define the mechanism(s) of post-TAVR thromboembolic and bleeding events, to assess the risk for such events in a given patient, and, accordingly, to modify antithrombotic therapy based on a tailored approach. Our preliminary studies demonstrated an acute increase in inflammation markers (higher than with coronary interventions) and decrease in platelet count in a subset of patients after TAVR. Development of persistent thrombocytopenia was associated with decreased survival, and suggests possible strategies for improving outcomes. To follow-up on these observations, I propose a study to systematically examine the mechanism of cross-talk between hemostatic factors, platelets and inflammatory systems in patients undergoing TAVR. The objectives of this data-intensive study are: 1) determine the mechanism(s) by which an increase in platelet reactivity following TAVR promotes an acute inflammatory response, 2) determine the impact of hemostatic factors on the inflammatory response, and 3) define the role of platelet derived inflammation mediators (specifically protein disulfide isomerase) on survival. The results of this study will fill an important knowledge gap and provide new insights on the clinical care of patients undergoing intracardiac procedures. This will have potential implications for all transcatheter valve procedures. For example, transcatheter approaches to place mitral valve devices are being evaluated27,28; the thromboinflammatory response may have an even greater impact on the clinical outcome of these patients, as thrombotic events have recently been reported in the setting of the lower flow mitral valvular hemodynamics.29 

B. INNOVATION
The status quo for prevention of thromboembolic events following TAVR has focused predominantly on the impact of antiplatelet therapy.30 GALILEO31 was the only large trial to evaluate an antithrombotic agent in comparison to antiplatelet therapy for prevention of thromboembolic events, but it was recently terminated early due to increased all-cause mortality, thromboembolic events, and bleeding. The research proposed in this application is innovative because it takes an approach focused on the interplay between platelets hemostatic factors following the inflammatory response accompanying TAVR. This new and substantively different approach provides a conceptual framework that can be used to tailor antithrombotic therapy (such as use of agents against contact factors or the PAR receptor) following TAVR to optimize thromboembolic and bleeding outcomes. Results of this study may change the way by which physicians’ measure and manage cardiovascular risk in general. 

C. APPROACH
Preliminary Data
TAVR is associated with a significant decrease in platelet count, the degree of which is dependent on baseline value. Among our cohort of patients undergoing TAVR, all patients had a drop in platelet count following TAVR.1 Mean platelet count decreased from 206 x 103/uL to 150 x 103/uL at 24 hours following TAVR (Fig 1). The change in platelet count was significantly correlated with baseline platelet count (r = -0.749, P < 0.05). 
[image: ][image: ]Figure 1. Change in Platelet Count Following TAVR. Paired T-test analysis of change in platelet count. Regression analysis of change in platelet count as a function of baseline platelet count.1

TAVR is associated with a significant acute increase in inflammatory markers. The mean WBC increased from 7.06 x 103/uL to 8.30 x 103/uL within 24 hours post-TAVR. IL-6 level increased from 12.2 pg/mL to 74.1 pg/mL following TAVR. These results were consistent with recent findings from Smyth32 that demonstrated increased expression of six inflammatory markers (IL-6, S100A8/A9, TNFα, MIP1α, MIPβ, and MCP1) following TAVR.

[image: ]Figure 2. Post TAVR Changes in WBC and IL-6. Paired T-test analysis of mean values pre and post TAVR.1

[image: ]Post-TAVR inflammatory response is associated with significant increase in platelet aggregation and decrease in platelet count. Consistent with other inflammatory states such as sepsis and disseminated intravascular coagulation (DIC), Smyth32 demonstrated an association between platelet function and biomarkers of inflammation after TAVR (Fig 3). Baseline measures of platelet function (ADP- and TRAP-induced platelet aggregation) were associated with post-TAVR increases in IL-6 (P < 0.05).  There was also a trend between decrease in platelet count following TAVR with increase in IL-6 and S100A8/A9 (Fig 3 and data not shown). Figure 3. Association of inflammatory markers with measures of platelet function and platelet count. Regression analysis of change in IL-6 as a function of (a) baseline TRAP-induced platelet aggregation and (b) change in platelet count.24 


Persistent thrombocytopenia following TAVR is associated with increased mortality.  The threshold for thrombocytopenia is a platelet count below 150,000/uL. Approximately 87% of TAVR patients develop thrombocytopenia.32 While platelet counts recover in most patients, 10-20% of patients have thrombocytopenia that persists at 72 hours post-TAVR. Smyth showed that persistent thrombocytopenia was associated with increased mortality (Fig 4) independently of the access route for the procedure or whether antithrombotic regimen was prescribed at baseline or following the procedure. While the mechanisms leading to [image: ]thrombocytopenia are largely unknown, it has been shown in mice that platelet aggregation and thrombocytopenia can be induced by histones released by neutrophils during inflammatory response.33 This is consistent with the observation in TAVR patients that inflammation is associated with increased platelet aggregation and reduced platelet count.
 
Summary. Our preliminary data show that among TAVR patients: 1) there is an acute increase in the expression of inflammation biomarkers; 2) changes in inflammatory markers are associated with an increase in platelet aggregation and a reduction in platelet count; and 3) persistent thrombocytopenia is associated with decreased survival. These findings point to important links between post-TAVR inflammatory response, thrombocytopenia, and clinical outcomes.  In this study, we aim to understand the mechanisms of post-TAVR thromboinflammatory response and to identify its molecular signature (Fig 5). Figure 4: Prevalence of thrombocytopenia differs between survivors and non-survivors following TAVR.24

[image: ]Figure 5. Research scheme to understand and predict post-TAVR thromboinflammatory response.  We will test the hypothesis that platelet -mediated inflammation and activation of the coagulation pathway contribute to post-TAVR thromboinflammatory response.  Biomarkers of thromboinflammatory response will be identified.










Research Design and Methods
AIM 1: To identify the mechanism by which an increase in platelet reactivity following TAVR promotes an acute inflammatory response.
Rationale and Hypothesis: Platelets have established roles in inflammatory response. Platelets express a number of immune receptors on their surface and release a variety of inflammatory mediators and cytokines, which allow interaction with leukocytes to form platelet-leukocyte aggregates (PLAs).34,35 The attachment of activated platelets on the surface of leukocytes is an important trigger for the release of neutrophil extracellular traps (NETs).36 NETs are diffuse extracellular structures composed of a combination of chromatin, defensins, cathepsin, and myeloperoxidase and many granular proteins with bactericidal activity. NET production, or NETosis, is an important mechanism by which neutrophils entrap and destroy pathogens. Cytotoxic effects of NETs on endothelial cells may lead to exposure of underlying subendothelial structures and subsequent activation of the coagulation cascade.37 Recently, NETs have been shown to promote platelet activation and thrombosis.38,39 A growing number of studies have observed NET formation in various settings of thrombosis.38,39 Extracellular histones, a major component of NETs, have been shown to induce rapid and profound thrombocytopenia.33 Taken together, the formation of PLAs and consequent release of NETs may simultaneously contribute to increased platelet reactivity and reduced platelet count, which are risk factors for thromboembolic and bleeding events, respectively. Aim 1 will test the hypothesis that products of platelet –mediated inflammation, PLAs and NETs, are elevated among patients that develop thromboinflammatory response, characterized by elevated IL-6 level and thrombocytopenia.  

Study Design: We will perform a prospective non-randomized observational study in 150 TAVR patients using inclusion and exclusion criteria listed in Table 4. Patients will be recruited at the University of Cincinnati and the University of Kentucky Cardiac Catheterization labs. Both institutions currently have IRB approved protocols for collection of blood from patients undergoing cardiac procedures including TAVR as part of a cardiovascular biorepository along with infrastructural support to perform platelet function on freshly collected samples. On the day of enrollment, a detailed medical and medication history will be taken. All data will be entered into a Research Electronic Data Capture (REDCap) database. As part of clinical practice, all patients receive anti-platelet therapy (APT) within 1hr after TAVR. Samples of whole blood will be collected by venipuncture pre-TAVR, 24 hr post-TAVR (after APT), and 30-day post-TAVR. Platelet-mediated Inflammation will be evaluated by measuring PLAs and NET formation. Thromboinflammation Response will be measured by mean WBC count and expression of inflammatory markers (IL-6, S100A8/A9, TNFα, MIP1α, MIPβ, and MCP1).  Due to the size and duration of the project, there is insufficient power to evaluate impact of thromboinflammation on thromboembolic and bleeding events, which occur in approximately 5% of patients.40 Instead, we will measure thromboembolic and bleeding risk factors by measuring platelet reactivity, turnover, activation, and count. Aliquots of each subject’s plasma, RBCs, WBCs, and platelet pellet will be stored for future studies.

Table 4. Inclusion and exclusion criteria for participants
	Inclusion Criteria
	Exclusion Criteria

	· Written informed consent
· Age ≥ 18 years
· Scheduled for transfemoral TAVR of aortic valve stenosis (either native or valve-in-valve)
	· Atrial fibrillation with ongoing indication for oral anticoagulation
· Other indications for continued treatment with oral anticoagulants
· Contraindication for antiplatelet therapy
· Known hypercoagulable state
· Blood transfusion in the prior 90 days
· Anti-inflammatory drugs (NSAIDs, steroids)



Sample Size:
We are planning a study using 150 matched pairs of study subjects (each patient’s baseline as his/her own control).  This is a powerful design; however, in this pilot study, our sample size is not intended to provide sufficient power for a definitive test of the primary hypothesis of the impact of thromboinflammatory markers and clinical outcomes, which would be beyond the scope of the resources that would be available in this proposal. Together, the University of Cincinnati and the University of Kentucky Catheterization Labs performs TAVR on 200 patients each year. Based on past experience, we expect 95% of consent-capable patients to enroll in this study.  We will also recruit 40 age and sex matched patients undergoing surgical aortic valve replacement with bioprosthetic valve over the first 2 years of this grant as a comparison group.

Statistical Analysis Plan and Power Calculations. 
For continuous outcomes, our calculations indicate that we should be able to detect differences in the endpoints in the range of Cohen's D = 0.203, which is close to the small effect size threshold of 0.2 (see ref 1). Cohen's D is an effect size used to indicate the standardized difference between two means; it can be calculated as the difference between the means divided by the SD of the variable of interest. We note that the calculations above are performed with 0.05 significance threshold and 80% detection power. 

Once data are collected, cleaned and preprocessed, an exploratory analysis will be performed, and descriptive statistics and frequency tables of the endpoints will be created. This step includes but is not limited to calculating and reporting means and standard deviations of the endpoints overall and by demographics, and estimating Spearmen correlation coefficients. Before any statistical modeling, we will then examine the distributions of endpoints and perform natural log or log10 transformations if needed to approximate normal distributions. Scatter plots and histograms will be used to examine the variables for the presence of unusual outliers, normality and potential non-linearity. Depending on the nature of the variables, and the other factors of interest, t-tests, chi-square tests, or linear or generalized linear models will then be used to investigate the endpoints and changes in the endpoints. All estimated changes, and effects sizes, p-values and the corresponding 95% confidence intervals will be provided. All data will be analyzed using R, Version 3.3.3 (See ref. 2). Biostatistical support will be provided by Dr. Roman Jandarov (see letter of support) 

Aim 1.1 Evaluation of platelet-mediated inflammation: Platelet-mediated inflammation is characterized by the formation of PLAs and release of NETs. PLAs will be measured by flow cytometry using standard protocols with fresh platelet samples.41,42  The desired population will be gated by light scatter, antibody against the leukocyte marker CD11b and antibody against the monocyte marker CD14. The presence of associated platelets will be detected by immunostaining for the glycoprotein CD42b, an abundant platelet-specific marker.  To measure NETs, polymorphonuclear neutrophils will be isolated, stimulated with phorbol-1-myristate-13-acetate, and stained for two key NETs constituents, citrullinated histone H3 (H3Cit) and myeloperoxidase (MPO). Control samples will be stimulated by ionomycin. The stained samples will be examined either by microscopy43 or by flow cytometry using sequential gating of DAPI, H3Cit, and MPO. Flow cytometry techniques will be performed with assistance from the CCHMC flow cytometry core. These assays are well established in my mentors’ labs (Drs. Palumbo and Smyth) allowing them to performed on fresh samples.

Aim 1.2. Evaluation of platelet properties: Using fresh samples, Platelet count will be measured using a Beckman Coulter Counter.  Platelet reactivity will be assessed by light transmittance aggregometry. Briefly, platelet-rich plasma (PRP) and platelet-poor plasma (PPP) will be obtained by serial centrifugation of whole blood.  Leukocyte-depleted washed platelets will be isolated from PRP on magnetic separation columns using CD45 MicroBeads, counted and aliquoted. The absence of leukocytes will be verified by flow cytometry.  Aggregation will be initiated with collagen, arachidonic acid, and adenosine diphosphate. Baseline optical density will be set with PPP. Reticulated platelets (RP) will be measured as a marker for platelet turnover. RPs are young RNA-containing platelets that are readily stained with nucleic acid dyes.44 The fraction of RPs among platelets will be determined by direct dual-labeling flow cytometry as previously described45: platelets will be identified as CD41a+CD61+ while RPs will be stained with the nucleic acid dye thiazole orange. To evaluate platelet activation, flow cytometry will be used to examine the expression of P-Selectin (CD62p) and PAC-1 (activated GPIIb/IIIa), and use enzyme immunoassays to examine the platelet activation marker thromboxane B2 (will be measured in bulk using frozen plasma samples). 

Expected outcomes and potential challenges:  Based on literature, preliminary data, and our hypothesis, we expect that PLA formation and NET release will correlate with post-TAVR thromboinflammation. The data-intensive experiments in Aim 1 will inform the role of platelet-mediated inflammation in thromboinflammation and its relationship to risks factors for thromboembolic and bleeding events following TAVR. While the duration and scale of this study prevents us from directly testing if platelet-mediated inflammation significantly impact thrombotic and bleeding events following TAVR, we expect to eventually answer this question by combining follow-up clinical event information with data collected as a part of this proposal. Furthermore, the insights gained from this study will guide us in development and evaluation of thromboinflammatory therapies. I have extensive training46 in platelet aggregation, flow cytometry, and ELISA required for these experiments, and will train my research assistant, who will be supported by this grant and funds from my department. In addition, I will perform routine quality control to assess proper functioning of aggregation and flow cytometry equipment.  

AIM 2: To determine if activation and amplification of the clotting cascade contribute to the post-TAVR thromboinflammatory response.
Rationale and Hypothesis: Studies of thromboinflammatory response in sepsis patients have shown that platelet activation, adhesion and formation of PLAs occur in parallel with activation of the coagulation pathway leading to fibrin deposition and thrombus formation throughout the vasculature.47  We hypothesize that the post-TAVR thromboinflammatory response will be associated with increased levels of coagulation and fibrinolysis markers.  Specifically, we expect that TAVR is associated with hallmarks of all three phases of the coagulation cascade: initiation, activation (including amplification/propagation), and thrombus formation.

Study Design: Aliquots of stored plasma samples processed from pre and post TAVR blood collections will be used for analyses.  Initiation of coagulation will be measured by increased expression and activity of circulating monocyte tissue factor (MPTF). Training for measurement of MPTF48 will be provided by Dr. Phil Owens as part of my career development activities.  Activation will be measured by increased FXI and FXII activities and markers of systemic coagulation. 

Aim 2.1. Evaluation of coagulation initiation. The coagulation process is initiated when cells expressing tissue factor (TF) on their surface are exposed to blood components such as FVII (Fig 5). During the course of cardiac surgery, soluble plasma TF levels increase significantly in parallel with activation of FVII and thrombin formation.49 Monocytes, which have the ability to synthesize TF, have recently been implicated in thromboinflammatory aspects of cardiac surgery.50 The majority of active TF is present on microparticles (MPs), which are small membrane vesicles that are released by monocytes and other activated cells. To evaluate coagulation initiation in TAVR patients, I will perform MPTF assays using the ZYMUPHEN MP-TF kit.  Briefly, MP-TF present in plasma samples will be isolated via binding to microplate coated with an anti-TF monoclonal antibody. Upon addition of FIIa and FX, the TF-FVIIa complex forms in a MP-TF concentration-dependent manner, producing FXa, the amount of which is then measured by a chromogenic reaction.51
Aim 2.2. Evaluation of coagulation activation. The conversion of FXII to FXIIa is activated by surface interaction (“contact isolation”) such as with intracardiac devices.52 FXIIa leads to fibrin formation through activation of FXI. Importantly, this reaction also leads to release of the inflammatory mediator bradykinin. D-dimer, a well-established marker of fibrinolysis and thrombin production, will be examined using the VIDAS D-Dimer Exclusion automated quantitative test. Another sensitive marker of intravascular thrombin generation, thrombin-antithrombin (TAT) complex, will be measured by ELISA using the Enzygnost TAT micro kit. FXI activity will be measured using a mechanical clot-based method53 with a STA-R instrument. FXII will be measured by ELISA using two monoclonal antibodies against the heavy chain as previously reported.54

Expected outcome and potential challenges: Our hypothesis is that the coagulation cascade will be enhanced as part of the post-TAVR thromboinflammatory response. Aim 2 will capture a comprehensive picture of the dynamic molecular and cellular changes associated with coagulation initiation and activation following TAVR. These data will provide insight into the relationship between the coagulation pathway, thromboinflammation and risk factors for thrombotic and bleeding events following TAVR. We hope to identify patients early at risk of developing more significant sustained thromboinflammatory response, and in future studies we will evaluate personalized treatment approaches. It is possible that the changes will not be due to the procedure itself, but perhaps due to inherent patient specific inflammatory tendency or differences in procedural factors (ex.: protamine for heparin reversal in setting of vascular access issues) or use of warfarin. 

[image: ]Aim 3: To define the role of platelet-derived inflammation mediators including, in particular, platelet- derived protein disulfide isomerase on baseline platelet aggregation and 30-day mortality among patients undergoing TAVR.
Rationale and Hypothesis: 
Among studies of thromboinflammatory changes following TAVR, non-survivors were noted to have lower overall thrombin receptor activating peptide (TRAP)-induced platelet aggregation.32 There were also dynamic changes in platelet-derived inflammatory mediators (Table 5).32 Platelets are anucleic and lack genomic DNA but can produce large amounts of proteins upon activation through pre-mRNA splicing and translation of megakaryocyte-derived mRNA.55 These unique features make proteomic approaches the method of choice for studying molecular changes in platelets. We have characterized the proteomes of platelet fractions using Orbitrap mass spectrometry (MS) and a shotgun approach (Fig. 6). Hundreds of proteins were identified in each fraction. We detected a variety of chemokines (e.g., PF4), glycoproteins (e.g., CD42c, CD42d, GB6), and receptors (e.g. CD45, renin receptor, MPR46) that have important roles in platelet activation and inflammation. A number of protein disulfide isomerase isoforms (PDIs) has been identified in the TRAP-induced platelet releasate.56 Importantly, PDIs have bridging roles between hemostatic and inflammatory systems. PDIs have important roles in the coagulation pathway through control of conversion of tissue factor to its biologically active form.57 Suppression of protein disulfide isomerase expression in a mouse model resulted in reduced inflammatory function characterized by macrophage polarization toward anti-inflammatory M1 subtypes and reduced secretion of inflammatory cytokines including IL-6. Based on these findings, we hypothesize that levels of PDIs within the platelet proteome will be elevated following TAVR.  Furthermore, levels of platelet derived PDIs will correlate with survival at 30 days. In Aim 3, we will develop a multiple reaction monitoring (MRM, also known as SRM) based assay to systematically identify differential expression of PDIs (including DIA3, P4HB, PDIA4 and PDIA6) from stored platelets isolated from whole blood. The differential expression may be evident before TAVR reflecting innate differences in patients’ propensity for thromboinflammation, or occur after TAVR, reflecting differences in patients’ response to the procedure. Figure 6: Shotgun discovery proteomic analysis of platelet fractions using Orbitrap MS. Unpublished data (Lynch D)

	Table 5.  Changes in Platelet-Derived Inflammatory Mediators Following TAVR
	

	 
	Healthy Control
	Baseline
	Post-Op
	24 Hour
	48 Hour
	30 Day

	PF4
	572                    (436-617)
	747                     (411-1210)
	659                          (323-917)
	568                          (321-918)
	419                       (238-698)†
	1115
(850-1227)

	VEGF
	3.48                      (2.10-3.48)
	2.54                 (1.99-3.48)
	4.69                  (3.48-6.30)†
	4.27                 (2.90-6.14)†
	3.46                 (2.00-4.12)
	2.35                   (1.68-2.59)

	MIP1α
	21.74                 (20.54-24.37)
	27.20                     (24.84-31.82)
	33.97               (30.91-37.32)†
	27.58                      (24.11-29.75)
	25.04                     (22.01-29.41)
	27.79                        (21.88-31.26)

	Values are shown as median (IQR) as is appropriate for data that are not distributed normally.



Study Design: As a pilot study, we will perform a label-free quantitative MS study to evaluate differential expression of platelet derived PDIs among our cohort of 150 patients undergoing TAVR. Stored platelet pellets from TAVR cohort will be retrieved, lysed, and analyzed using quantitative liquid chromatography/tandem MS (LC/MS/MS) in Dr. Van Eyk’s laboratory during research rotation (see letter of support). 

Aim 3.1. LTQ Orbitrap LC/MS/MS analysis of platelet proteomes to evaluate PDI expression.  Platelet lysate will be prepared using a tri-fluro-ethanol (TFE) based protocol that I have previously optimized for LTQ Orbitrap MS and subsequent quantitation by MRM. To identify proteins in the lysates, 20 reverse phase liquid chromatography (RPLC) fractions from each sample are dried using a SpeedVac and neutralized to pH ~7.5.  After overnight trypsin digestion, the RPLC fractions are analyzed by tandem MS. The performance of the LTQ Orbitrap is quality-controlled by daily BSA standard digestion and analysis. Based on our experience, each RPLC fraction contains 10-150 non-redundant proteins. Protein abundance will be assessed (1) at the peptide level using SIEVETM Software (ThermoFisher Scientific) as well as (2) at the protein level based on spectral counting, peptide numbers and number of observations/peptide. To increase confidence in protein identification, each tandem MS spectra RAW file will be searched using X! Tandem and SageN SEQUEST against the human IPI protein database. The protein and peptide identification results will be compiled in Maspectras and Scaffold. Enormous care will be taken to ensure robust protein identification including removal of peptide and protein redundancy. We will develop an MRM assay to target 3-5 transitions for each PDI.

Aim 3.2. Evaluation of PDI differential expression and correlation with mortality: Spearman correlation will be used to assess degree of association between PDI expression and mortality. Multivariate analysis will be used to evaluate the impact of clinical and procedural characteristics on PDI expression and 30 day survival.   Linearity of continuous exposure variables will be tested by dividing patients into quartiles of the continuous variable (PDI isoform) and then determining if a dose response association exists with the outcome variable of interest. Exposure variables with a P-value less than 0.2 will be further included in a multiple linear regression model. The final association model will take into account all variables with P-values of 0.05 or less. 

Expected Outcomes: We expect to see elevated levels of a PDIs in baseline and post TAVR samples among patients that do not survive to 30 day visit. With the evolution of valve technology, mortality following TAVR continues to improve with a recent study demonstrating an improvement in 30 day mortality to 7.8%58 in comparison to 15-30% in early studies. It is possible that PDI expression may not correlate with mortality following TAVR as etiology of death may change with improvements in valve technology. In this case, other platelet biomarkers may prove beneficial as predictors of mortality. Our study will take a gel-free, MRM approach to analyze the entire platelet proteome (as a secondary focus for future studies) using state-of-art MS techniques, which enable sensitive and high-throughput protein profiling and high accuracy in quantification.59 Given the high sensitivity and high-throughput nature of our approach, we expect to identify dozens of proteins that exhibit differential abundance including PDIs of interest for this aim. Compared to immunoassays, top-down and bottom-up MS-based quantification has several advantages: 1) increased efficiency and specificity as SRM assays can be multiplexed with no cross-reactivity between analytes, 2) detection of biological and artificial chemical alterations, 3) elimination of matrix interferences, and 4) internal standards (stable-isotope labeled (SIL) peptides) to enable precision equivalent to immunoassays. Because of my previous research experience studying aspirin resistance and COX1 acetylation efficacy, I am proficient in platelet isolation, lysate preparation, enzymatic digestion and preparation for MS analysis. I will work closely with Dr. Van Eyk during dedicated research rotation, who has successfully performed many similar platelet analyses. 
	Timeline

	
	Year 1
	Year 2
	Year 3
	Year 4
	Year 5

	Aim 1

	Subject recruitment
	X
	X
	
	
	

	Platelet phenotyping
	X
	X
	
	
	

	Data analysis
	
	X
	
	
	

	Manuscript/presentation
	
	
	X
	
	

	Aim 2

	Coagulation studies
	
	
	X
	
	

	Fibrinolysis studies
	
	
	X
	
	

	Data analysis
	
	
	X
	X
	

	Manuscript/presentation
	
	
	
	X
	

	Aim 3

	Discovery platelet proteomic
	
	
	X
	
	

	Biomarker panel validation
	
	
	
	X
	

	Data analysis
	
	
	
	X
	X

	Manuscript/presentation
	
	
	
	
	X


References:
1.	Lynch D HD, Palumbo J,  Smyth S. Transcatheter Aortic Valve Replacement is Associated with an Enhanced Thromboinflammatory Response.  Joint Meeting on Vascular Biology, Inflammation, and Thrombosis; 2019 June 6, 2019; Vienna.
2.	Dorsch MP, Lee JS, Lynch DR, et al. Aspirin resistance in patients with stable coronary artery disease with and without a history of myocardial infarction. Ann Pharmacother 2007;41:737-41.
3.	Sen S, Lynch DR, Jr., Kaltsas E, et al. Association of asymptomatic peripheral arterial disease with vascular events in patients with stroke or transient ischemic attack. Stroke 2009;40:3472-7.
4.	Feit F, Voeltz MD, Attubato MJ, et al. Predictors and impact of major hemorrhage on mortality following percutaneous coronary intervention from the REPLACE-2 Trial. Am J Cardiol 2007;100:1364-9.
5.	Fuchs S, Kornowski R, Teplitsky I, et al. Major bleeding complicating contemporary primary percutaneous coronary interventions-incidence, predictors, and prognostic implications. Cardiovasc Revasc Med 2009;10:88-93.
6.	Manoukian SV, Feit F, Mehran R, et al. Impact of major bleeding on 30-day mortality and clinical outcomes in patients with acute coronary syndromes: an analysis from the ACUITY Trial. J Am Coll Cardiol 2007;49:1362-8.
7.	Rao SV, O'Grady K, Pieper KS, et al. Impact of bleeding severity on clinical outcomes among patients with acute coronary syndromes. Am J Cardiol 2005;96:1200-6.
8.	Yatskar L, Selzer F, Feit F, et al. Access site hematoma requiring blood transfusion predicts mortality in patients undergoing percutaneous coronary intervention: data from the National Heart, Lung, and Blood Institute Dynamic Registry. Catheter Cardiovasc Interv 2007;69:961-6.
9.	Kinnaird TD, Stabile E, Mintz GS, et al. Incidence, predictors, and prognostic implications of bleeding and blood transfusion following percutaneous coronary interventions. Am J Cardiol 2003;92:930-5.
10.	Wasfy JH, Strom JB, Waldo SW, et al. Clinical preventability of 30-day readmission after percutaneous coronary intervention. J Am Heart Assoc 2014;3:e001290.
11.	Milkovich G, Gibson G. Economic impact of bleeding complications and the role of antithrombotic therapies in percutaneous coronary intervention. Am J Health Syst Pharm 2003;60:S15-21.
12.	Cheitlin MD, Gertz EW, Brundage BH, Carlson CJ, Quash JA, Bode RS, Jr. Rate of progression of severity of valvular aortic stenosis in the adult. Am Heart J 1979;98:689-700.
13.	Eveborn GW, Schirmer H, Heggelund G, Lunde P, Rasmussen K. The evolving epidemiology of valvular aortic stenosis. the Tromso study. Heart 2013;99:396-400.
14.	Horstkotte D, Loogen F. The natural history of aortic valve stenosis. Eur Heart J 1988;9 Suppl E:57-64.
15.	Clark MA, Arnold SV, Duhay FG, et al. Five-year clinical and economic outcomes among patients with medically managed severe aortic stenosis: results from a Medicare claims analysis. Circ Cardiovasc Qual Outcomes 2012;5:697-704.
16.	Leon MB, Smith CR, Mack MJ, et al. Transcatheter or Surgical Aortic-Valve Replacement in Intermediate-Risk Patients. N Engl J Med 2016;374:1609-20.
17.	Smith CR, Leon MB, Mack MJ, et al. Transcatheter versus surgical aortic-valve replacement in high-risk patients. N Engl J Med 2011;364:2187-98.
18.	Makkar RR, Fontana GP, Jilaihawi H, et al. Transcatheter aortic-valve replacement for inoperable severe aortic stenosis. N Engl J Med 2012;366:1696-704.
19.	Popma JJ, Deeb GM, Yakubov SJ, et al. Transcatheter Aortic-Valve Replacement with a Self-Expanding Valve in Low-Risk Patients. N Engl J Med 2019;380:1706-15.
20.	Mack MJ, Leon MB, Thourani VH, et al. Transcatheter Aortic-Valve Replacement with a Balloon-Expandable Valve in Low-Risk Patients. N Engl J Med 2019;380:1695-705.
21.	Evaluation of Transcatheter Aortic Valve Replacement Compared to SurveilLance for Patients With AsYmptomatic Severe Aortic Stenosis (EARLY TAVR). https://clinicaltrials.gov/ct2/show/NCT030421042017.
22.	Spitzer E, Van Mieghem NM, Pibarot P, et al. Rationale and design of the Transcatheter Aortic Valve Replacement to UNload the Left ventricle in patients with ADvanced heart failure (TAVR UNLOAD) trial. Am Heart J 2016;182:80-8.
23.	Mastoris I, Schoos MM, Dangas GD, Mehran R. Stroke after transcatheter aortic valve replacement: incidence, risk factors, prognosis, and preventive strategies. Clin Cardiol 2014;37:756-64.
24.	Genereux P, Cohen DJ, Mack M, et al. Incidence, predictors, and prognostic impact of late bleeding complications after transcatheter aortic valve replacement. J Am Coll Cardiol 2014;64:2605-15.
25.	Makki N, Shreenivas S, Kereiakes D, Lilly S. A meta-analysis of reduced leaflet motion for surgical and transcatheter aortic valves: Relationship to cerebrovascular events and valve degeneration. Cardiovasc Revasc Med 2018;19:868-73.
26.	Makkar RR, Fontana G, Jilaihawi H, et al. Possible Subclinical Leaflet Thrombosis in Bioprosthetic Aortic Valves. N Engl J Med 2015;373:2015-24.
27.	Guerrero M, Dvir D, Himbert D, et al. Transcatheter Mitral Valve Replacement in Native Mitral Valve Disease With Severe Mitral Annular Calcification: Results From the First Multicenter Global Registry. JACC Cardiovasc Interv 2016;9:1361-71.
28.	Muller DW, Farivar RS, Jansz P, et al. Transcatheter Mitral Valve Replacement for Patients With Symptomatic Mitral Regurgitation: A Global Feasibility Trial. J Am Coll Cardiol 2017;69:381-91.
29.	Eng MH, Greenbaum A, Dee Wang D, et al. Thrombotic valvular dysfunction with transcatheter mitral interventions for postsurgical failures. Catheter Cardiovasc Interv 2017.
30.	Lynch DR, Dantzler D, Robbins M, Zhao D. Considerations in antithrombotic therapy among patients undergoing transcatheter aortic valve implantation. J Thromb Thrombolys 2013;35:476-82.
31.	Windecker S, Tijssen J, Giustino G, et al. Trial design: Rivaroxaban for the prevention of major cardiovascular events after transcatheter aortic valve replacement: Rationale and design of the GALILEO study. Am Heart J 2017;184:81-7.
32.	Sexton TR, Wallace EL, Chen A, et al. Thromboinflammatory response and predictors of outcomes in patients undergoing transcatheter aortic valve replacement. J Thromb Thrombolysis 2016;41:384-93.
33.	Fuchs TA, Bhandari AA, Wagner DD. Histones induce rapid and profound thrombocytopenia in mice. Blood 2011;118:3708-14.
34.	Lam FW, Vijayan KV, Rumbaut RE. Platelets and Their Interactions with Other Immune Cells. Compr Physiol 2015;5:1265-80.
35.	Semple JW, Italiano JE, Jr., Freedman J. Platelets and the immune continuum. Nat Rev Immunol 2011;11:264-74.
36.	Carestia A, Kaufman T, Schattner M. Platelets: New Bricks in the Building of Neutrophil Extracellular Traps. Front Immunol 2016;7:271.
37.	Yipp BG, Kubes P. NETosis: how vital is it? Blood 2013;122:2784-94.
38.	Kimball AS, Obi AT, Diaz JA, Henke PK. The Emerging Role of NETs in Venous Thrombosis and Immunothrombosis. Front Immunol 2016;7:236.
39.	Martinod K, Wagner DD. Thrombosis: tangled up in NETs. Blood 2014;123:2768-76.
40.	Shah K, Chaker Z, Busu T, et al. Meta-Analysis Comparing the Frequency of Stroke After Transcatheter Versus Surgical Aortic Valve Replacement. Am J Cardiol 2018;122:1215-21.
41.	Barnard MR, Krueger LA, Frelinger AL, 3rd, Furman MI, Michelson AD. Whole blood analysis of leukocyte-platelet aggregates. Curr Protoc Cytom 2003;Chapter 6:Unit 6 15.
42.	Gavillet M, Martinod K, Renella R, et al. Flow cytometric assay for direct quantification of neutrophil extracellular traps in blood samples. Am J Hematol 2015;90:1155-8.
43.	Martinod K, Demers M, Fuchs TA, et al. Neutrophil histone modification by peptidylarginine deiminase 4 is critical for deep vein thrombosis in mice. Proc Natl Acad Sci U S A 2013;110:8674-9.
44.	Fujii T, Shimomura T, Fujimoto TT, Kimura A, Fujimura K. A new approach to detect reticulated platelets stained with thiazole orange in thrombocytopenic patients. Thromb Res 2000;97:431-40.
45.	Hedley BD, Llewellyn-Smith N, Lang S, et al. Combined accurate platelet enumeration and reticulated platelet determination by flow cytometry. Cytometry B Clin Cytom 2015;88:330-7.
46.	Lynch DR, Jr., Khan FH, Vaidya D, Williams MS. Persistent high on-treatment platelet reactivity in acute coronary syndrome. J Thromb Thrombolysis 2012;33:267-73.
47.	Davis RP, Miller-Dorey S, Jenne CN. Platelets and coagulation in infection. Clin Transl Immunology 2016;5:e89.
48.	Owens AP, Passam FH, Antoniak S, et al. Monocyte tissue factor-dependent activation of coagulation in hypercholesterolemic mice and monkeys is inhibited by simvastatin. Journal of Clinical Investigation 2012;122:558-68.
49.	Philippou H, Adami A, Davidson SJ, Pepper JR, Burman JF, Lane DA. Tissue factor is rapidly elevated in plasma collected from the pericardial cavity during cardiopulmonary bypass. Thromb Haemost 2000;84:124-8.
50.	Sturk-Maquelin KN, Nieuwland R, Romijn FP, Eijsman L, Hack CE, Sturk A. Pro- and non-coagulant forms of non-cell-bound tissue factor in vivo. J Thromb Haemost 2003;1:1920-6.
51.	Ohkubo YZ, Morrissey JH, Tajkhorshid E. Dynamical view of membrane binding and complex formation of human factor VIIa and tissue factor. J Thromb Haemost 2010;8:1044-53.
52.	Vogler EA, Siedlecki CA. Contact activation of blood-plasma coagulation. Biomaterials 2009;30:1857-69.
53.	Yang DT, Flanders MM, Kim H, Rodgers GM. Elevated factor XI activity levels are associated with an increased odds ratio for cerebrovascular events. Am J Clin Pathol 2006;126:411-5.
54.	Madsen DE, Sidelmann JJ, Overgaard K, Koch C, Gram JB. ELISA for determination of total coagulation factor XII concentration in human plasma. J Immunol Methods 2013;394:32-9.
55.	Denis MM, Tolley ND, Bunting M, et al. Escaping the nuclear confines: signal-dependent pre-mRNA splicing in anucleate platelets. Cell 2005;122:379-91.
56.	Piersma SR, Broxterman HJ, Kapci M, et al. Proteomics of the TRAP-induced platelet releasate. J Proteomics 2009;72:91-109.
57.	Reinhardt C, von Bruhl ML, Manukyan D, et al. Protein disulfide isomerase acts as an injury response signal that enhances fibrin generation via tissue factor activation. J Clin Invest 2008;118:1110-22.
58.	Urena M, Webb JG, Eltchaninoff H, et al. Late Cardiac Death in Patients Undergoing Transcatheter Aortic Valve Replacement Incidence and Predictors of Advanced Heart Failure and Sudden Cardiac Death. Journal of the American College of Cardiology 2015;65:437-48.
59.	Carr SA, Abbatiello SE, Ackermann BL, et al. Targeted peptide measurements in biology and medicine: best practices for mass spectrometry-based assay development using a fit-for-purpose approach. Mol Cell Proteomics 2014;13:907-17.

image4.emf
P

r

e

-

T

A

V

R

P

o

s

t

-

T

A

V

R

0

50

100

150

200

I

L

-

6

 

(

p

g

/

m

L

)

p < 0.05


image5.jpeg
>

LS (Postop)

Baseine Platee Actiy (TRAP)

i
H
H
i
H

AL Postop)

257,p= 0008




image6.jpeg
BLPO24 48 17 95 120 144 d0dsy
e ey




image7.png
Amplification
of coagulatio
cascade

FXlla

/
T

@D

Aim 2: The
coagulation

pathway

TAVR

/

Initiation of

TF

coagulation

FXa
FVa

platelets .
Formation

Thrombin

Fibrinoge

g =

Fibrin

of PLAs
igratio

Tosis

Thromboinflammatory
response

Aim 3:
Biomarkers

Platelet
consumption

l

Thrombocytopenia

T

Valve
thrombosis

Aim 1: Platelet behavior and
Platelet-mediated inflammation

Increased mortality





image8.jpeg
A i .
't  Fractions Cytoplasmic
Cyotplasmic Membrane Lysate fraction

(648
proteins)

Platelet fractions and lysate were
separated in triplicate on 1DE, 10
bands were cut, digested with
trypsin, and analyzed on LTQ
Orbitrap LC/MS/MS.





image1.png
(

(=]
o
™
an

p<0.05

=) o o
=) =]
N -

1¢01X) Junoo jajajerd uesiy




image2.emf
0 100 200 300 400 500

-200

-150

-100

-50

0

50

Baseline platelet count

C

h

a

n

g

e

 

i

n

 

p

l

a

t

e

l

e

t

 

c

o

u

n

t

R

2

= - 0.749

p < 0.05


image3.emf
P

r

e

-

T

A

V

R

P

o

s

t

-

T

A

V

R

0

5

10

15

M

e

a

n

 

W

B

C

 

(

x

1

0

3

/

u

L

)

p < 0.05



