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Day 1: Wednesdays September 28, 2022 
 
3:45 PM Registration Open 

Fed EX Institute of Technology Lobby 
 

4:00 – 5:30 PM Session #1 - Trainee Career Building Session 
 Methodist Presentation Theater 

Scientific-based Session Chairs: Craig Goergen, Ph.D. and Giovanni Ferrari, Ph.D. 
 Clinical-based Session Chairs: Gale Tang, M.D. and Brandon Henry M.D., MPH (Virtual) 
 
Welcome to our invited guest trainees from local and regional Universities: 
  Tennessee Louis Stokes Alliance for Minority Participation (TLSAMP)  

University of Memphis - Pre-med students and researchers 
Society of Women Engineers  

  Hispanic Student Association 
  National Society of Black Engineers 
  STEMINISTS 
University of Tennessee Health Science Center 
Baptist Health Sciences University 
  Black Men in White Coats Participants 
   

3:45 – 5:00 PM Executive Council Meeting  
Fed Ex Institute, Fishbowl Room 200 

 President: Luke Brewster, M.D., Ph.D.  
 Secretary: Julie Phillippi, Ph.D. 
 Treasurer: Gary Bowlin, Ph.D. 
 
5:45-8:30 PM Welcoming, Plenary Lecture, and Reception (Drinks and Hors d'Oeuvres) 

Fed EX Institute of Technology: The Zone and Lobby 
 
5:45 PM Welcome Address: Luke Brewster, M.D., Ph.D., ISACB President 
               Julie Phillippi, Ph.D., Secretary 

Gary Bowlin, Ph.D., Treasurer and Chair, ISACB 2022 Local 
Organizing Committee  

 
Guest Welcoming Addresses: 

Russell Deaton, Ph. D.      Scott E. Strome, MD 
Interim Dean of Engineering    Robert Kaplan Executive Dean 
Herff College of Engineering    Vice Chancellor for Clinical Affairs 
The University of Memphis  University of Tennessee Health Science 

Center College of Medicine 
 
6:15 -7:15 PM Session #2 - Dr. Alexander Clowes Memorial Lecture 

Fed EX Institute of Technology - The Zone 
 

Moderator: Luke Brewster, M.D., Ph.D. 
Virtual Chair: Merle Maas-Krebber, Ph.D. 
 
Plenary Lecturer: Simon Hoerstrup, M.D., Ph.D. 
Title: “Neovascularization Strategies” 
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Day 2: Thursday September 29, 2022   
 
7:30 – 8:00 AM Continental Breakfast (Fed EX Institute of Technology - Lobby, NO FOOD 
or DRINK Allowed in The Zone) 
 
8:00 – 9:30 AM Session #3 - Sex Aspects of Microvascular Diseases 

Organized by the ISACB Women’s Leadership Committee 
Fed EX Institute of Technology - The Zone 
Session Chair: Sara Nunes Vasconcelos, Ph.D. 

 Session Co-chair: Rebecca Levit, M.D. 
 Trainee Co-chair: Rachel Cahalane, Ph.D. 

Virtual Chair: Juline Deppen, B.S. 
 

Keynote Address (25-minute talk+5 minutes questions): C. Noel Bairey Merz, M.D. 
Title: Coronary Microvascular Dysfunction: Update 2022 
 
Invited Speaker (12-minute talk+3 minutes questions): Amanda Jo LeBlanc, Ph.D. 
Title: Getting Older Can Be a Drag: The Coronary Microvascular Contribution to Sex- 
and Age-related Differences in CVD 
 
Invited Speaker (12-minute talk+3 minutes questions): Sarah Lindsey, Ph.D. 
Title: Sex Differences in Vascular Aging 
 
Abstract Selection (12-minute talk+3 minutes questions): Dina Ibrahim, M.S. 
Title: The Role of Monocyte-derived Macrophages as Endothelial Progenitors in 
Endothelium Injury 
 
Women’s Leadership Committee Updates 
 

 
9:30 – 10:00 AM Networking Break (Fed EX Institute of Technology Lobby, Refreshments) 
 
10:00 – 10:30 AM Session #4 – Dr. Allan Callow Memorial Session - Young Investigator 
Rapid Fire Presentations 

Fed EX Institute of Technology - The Zone 
Session Chair: Glenn Gaudette, Ph.D. 

 Session Co-chair: Kareen Coulombe, Ph.D. 
 Trainee Co-chair: Mark Blaser, Ph.D. 

Virtual Chair: Evan Main, M.S. 
  

Speaker #1 (3 minutes + 2 minutes questions): Juline Deppen (Georgia Int. of Tech.) 
Title: An Alginate-encapsulated Mesenchymal Stromal Cell Therapeutic Improves 
Ischemia in Porcine Limb Muscle 
 
Speaker #2 (3 minutes + 2 minutes questions): Fabien Kawecki (Univ. of Bordeaux) 
Title: Preclinical Evaluation of an Allogeneic Woven Tissue-Engineered Vascular Graft 
Made of Cell-Assembled Extracellular Matrix 
 
Speaker #3 (3 minutes + 2 minutes questions): Nikolaos Poulis (Univ. of Zurich) 
Title: iPSC-derived Macrophages for In Vitro Immunocompatibility Assessment of Tissue 
Engineered Matrices 
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Speaker #4 (3 minutes + 2 minutes questions): Valentina Dargam (Florida Int. Univ.) 
Title: Low-cost Assessment of Cardiac Function and Remodeling During Heart Failure 
 
Speaker #5 (3 minutes + 2 minutes questions): Jennifer Anderson (Purdue Univ.) 
Title: Proximal Left Renal Vein Stenosis Results in Renal Injury During Murine 
Pregnancy 
 
Speaker #6 (3 minutes + 2 minutes questions): Juan Carlos Carillo Garcia (Clemson 
Univ.) 
Title: In Vitro & In Vivo Testing of Tissue Engineered Small-Diameter Vascular Grafts for 
Diabetic Patients 
 

 
10:30 AM – 11:30 PM Poster Session #1 (Please stand by your posters for today and 
tomorrow’s sessions, all posters will remain displayed Thursday and Friday) 
 
11:30 AM – 12:30 PM Lunch Provided (Fed EX Institute of Technology Lobby) 
 
12:30 – 2:00 PM Session #5 - Engineering Tissues and Devices 

Fed EX Institute of Technology - The Zone 
Session Chair: Nicolas L’Heureux, Ph.D. 

 Session Co-chair: Agneta Simionescu, Ph.D. 
Trainee Co-chair: Luke Perreault, Ph.D. 
Virtual Chair: Fabien Kawecki, Ph.D. 
 
Keynote Address (25-minute talk+5 minutes questions): Carlijn Bouten, Ph.D. 
Title: A Plead for Further Knowledge Convergence.in Cardiovascular Tissue Engineering 
and Regeneration:  
 
Invited Speaker (12-minute talk+3 minutes questions): Erica L Mitchell M.D. Ed.M. 
Title: Clinical Perspective: Engineered Cardiovascular Tissues and Devices Today and 
Moving Forward 
 
Invited Speaker (12-minute talk+3 minutes questions): Carlos Chang, Ph.D. 
Title: MyCardia: A Viable Cultured Cardiac Matrix 
 
Abstract Selection (10-minute talk+3 minutes questions): Kareen Coulombe, Ph.D. 
Title: Human Engineered Myocardium with a Revascularization Strategy for Heart 
Regeneration in a Swine Model of Chronic Myocardial Ischemia 
 
Abstract Selection (10-minute talk+3 minutes questions): Nicolas L'Heureux, Ph.D. 

 Title: A Woven Vascular Graft Produced from Yarn of Human Amniotic Membrane 
 
2:00 – 3:00 PM Session #6 - Trainee Roundtable Discussions 

Fed EX Institute of Technology - The Zone 
Session Chair: Giovanni Ferrari, Ph.D. 

 Session Co-chairs: Craig Goergen, Ph.D. 
Session Co-chair: C. LaShan Simpson, Ph.D. 

 Virtual Chair: Kara McCloskey, Ph.D. 
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3:00 – 3:30 PM Continued Informal Mentoring & Networking - Afternoon Refreshments 
Fed EX Institute of Technology Lobby 

 
3:30 – 5:00 PM Session #7 – Industry Session - Update on Clinical Translations I: Tissue-
polymer TAVR Valve Update and New Concepts 

Organized by the ISACB Industry Working Group 
Fed EX Institute of Technology - The Zone 
Session Chair: Art Coury, Ph.D., M.B.A.  

 Session Co-chair: Julie Benton, Ph.D.  
Session Co-chair: Ekaterina Tkatchouk, Ph.D. 
Virtual Chair: Michael Wolf, M.S. 
 
Tissue-Polymer TAVR Valve Update 
Invited Speaker (12-minute talk+3 minutes questions): Martijn Cox, Ph.D. 
Title: Xeltis Restorative Pulmonary Valve – Insights from Clinical Studies 

 
Invited Speaker (12-minute talk+3 minutes questions): Peter Zilla, M.D., Ph.D. 
Title: Straight Access Technologies: Polymeric TAVR for Rheumatic Heart Disease 
 
Invited Speaker (12-minute talk+3 minutes questions): Marvin Slepian, M.D. 
Title: The PolyNovaTM Polymeric Heart Valve System: An Advanced Polymeric System 
for TAVR – 2022 Update 
 
New Concepts 
Invited Speaker (12-minute talk+3 minutes questions): Matt Bonner, Ph.D. 
Title: Micra Leadless Pacemaker 

 
Invited Speaker (12-minute talk+3 minutes questions): Kim Chaffin, P.E., Ph.D. 
Title: In Vivo Long-term Durability of Materials that Comprise Implanted Medical Devices 

 
Abstract Selection (12-minute talk+3 minutes questions): Paul J. Besseling, M.Sc. 
Title: Off-the-shelf Synthetic Biodegradable Grafts Transform into a Living Arteriovenous 
Fistula Using In Situ Tissue Engineering in a Large Animal Model. 

 
5:30 PM - Bus Transportation Departure to Dinner Cruise 
 
6:00 – 9:00 PM - Riverboat Reception/BBQ and Dinner Cruise (all-inclusive and included 
in registration fee) 
 
We will have available the following for your enjoyment during the river cruise. 
 
Hors d’Oeuvres including Captain’s Vegetable & Ranch Dip, Captain’s Fresh Fruits, Captain’s 
Summer Sausage, Cheese & Crackers, Hawaiian Bread & Spinach Dip 

 
Dinner will include Memphis-Style Pulled Pork BBQ, Marinated Chicken, Tilapia, Baked Beans, 
Cole Slaw, Buttered Corn, Vegetable Medley, Buns, Dessert, Unlimited Sweet/Unsweetened 
Tea, Coffee 

 
Additional Drinks will include Unlimited Soft Drinks, Wine, Beer, and Water. 
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Day 3: Friday September 30, 2022 
 
7:30 – 8:00 AM Continental Breakfast (Fed EX Institute of Technology Lobby) 
 
8:00 – 9:30 AM Session #8 – Unmet Needs and Opportunities in Applied Cardiovascular 
Biology  

Fed EX Institute of Technology - The Zone 
Session Chair: Ngan Huang, Ph.D. 
Session Co-chair: Bruno Podesser, M.D. 
Trainee Co-chair: Paul Besseling, M.Sc.  
Virtual Chairs: Fred Schoen, M.D., Ph.D. and Janice Tsui, M.D.  
Clinical Introduction/Need: Tim Pennel, MBchB, Ph.D.  

 
Keynote Address (25-minute talk+5 minutes questions): Robert Tranquillo, Ph.D. 
Title: Growing Conduits for Repair of Congenital Heart Defects: From the Academic Lab 
to Start-up Vascudyne 
 
Invited Speaker (12-minute talk+3 minutes questions): Andy Farb, M.D. (FDA) 
Title: An Update on FDA’s Role in Facilitating Medical Device Innovation 
 
Invited Speaker (12-minute talk+3 minutes questions): Janice Tsui, M.D. 
Title: Improving Outcomes of Patients with Peripheral Arterial Disease and Diabetic Foot 
Complications 
 
Abstract Selection (10-minute talk+3 minutes questions): Margreet de Vries, Ph.D. 
Title: Visualization of Vascular Remodeling and Blood Flow Dynamics by Ultra High-
Frequency Ultrasound Imaging  
 
Abstract Selection (10-minute talk+3 minutes questions): Katherine Hekman, M.D. 
Title: Patient-specific Induced Pluripotent Stem Cell-derived Endothelial Cells as a 
Precision Medicine Treatment for Peripheral Arterial Disease 

 
9:30 – 10:00 AM Networking Break (Drinks and light snacks) 

Fed EX Institute of Technology Lobby 
 
10:00 – 11:00 AM Session #9 - Plenary Lecture 
 Moderator: Gary Bowlin, Ph.D. 
 Virtual Chair: Alex Ho Pang Chan, Ph.D. 
 

Plenary Lecturer: B. Natterson-Horowitz, M.D., Harvard Medical School  
Tile of Talk: What Can We Learn from Animal Cardiovascular Physiology and 
Adaptations 

 
11:00 AM – 12:00 PM Poster Session #2 (Please visit with our Poster presenters) 

Fed EX Institute of Technology Lobby 
 
12:00 – 1:00 PM Lunch Provided (Fed EX Institute of Technology Lobby) 
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1:00 – 2:30 PM Session #10 - Cardiovascular Inflammation, Angiogenesis, and 
Therapeutics 

Fed EX Institute of Technology - The Zone 
Session Chair: Margreet DeVries, Ph.D. (Virtual)   
Session Co-chair: Narutoshi Hibino, Ph.D., M.D. 
Virtual Chair: Hannah Cebull, Ph.D. 
Clinical Introduction/Need: Narutoshi Hibino, Ph.D., M.D. 
 
Keynote Address (25-minute talk+5 minutes questions): Walter Murfee, Ph.D. 
Title: Rediscovering Angiogenesis  
 
Invited Speaker (12-minute talk+3 minutes questions): Roberta Lassance-Soares, Ph.D. 
Title: Ischemic-trained Monocytes Improve Arteriogenesis 
 
Abstract Selection (10-minute talk+3 minutes questions): Lucas Timmins, Ph.D. 
Title: Collagen Molecular Damage is a Hallmark of Early Atherosclerosis Development 
 
Abstract Selection (10-minute talk+3 minutes questions): Melanie Generali, Ph.D. 
Title: Next-generation Cell-based Therapy for Myocardial Infarction 
 
Abstract Selection (10-minute talk+3 minutes questions): Bruno Podesser, M.D. 
Title: Enhanced Cardiac Function in Rats with Chronic Myocardial Infarction Using a 
Stromal Vascular Fraction-based Patches Generated Under Perfusion Culture 
 

2:30 – 3:00 PM Networking with Afternoon Refreshments  
Fed EX Institute of Technology Lobby 

 
3:00 – 4:30 PM Session #11 - Industry Research - Update on Clinical Translations II: 
Tissue Engineered Vascular Graft Updates and New Concepts 

Organized by the ISACB Industry Working Group 
Fed EX Institute of Technology - The Zone 
Session Chair: James Chow, Ph.D. 
Session Co-chair: Mohammed El-Kurdi, Ph.D. 
Session Co-chair: Erica L Mitchell, M.D. Ed.M. 

 Virtual Chair: Evan Main, M.S. 
  
 

Tissue Engineered Vascular Graft Updates 
Invited Speaker (12-minute talk+3 minutes questions): Justin T. Strader, Principal MSAT 
Engineer (virtual) 
Title: From Concept to Clinical Application: Developing and Engineering a Commercial 
Scale Bioprocessing Platform 

  
Invited Speaker (12-minute talk+3 minutes questions): David Taggart, M.D. 
Title: VEST™ Vascular Grafts Solution Concept: Clinical Update 
 
Invited Speaker (12-minute talk+3 minutes questions): Mohammed El-Kurdi, Ph.D. 
Title: Xeltis’ Restorative Vascular Grafts, Progress, and Future Directions 
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New Concepts 
Invited Speaker (12-minute talk+3 minutes questions): Adam Strobl, Ph.D. 
Title: The CBAS® Heparin Surface – An Active Vascular Device Lining for Lasting 
Thromboresistance. 
 
Abstract Selection (12-minute talk+3 minutes questions): Wenda Carlyle, Ph.D. 
Title: Development of a Novel Drug-Delivery System Utilizing Pentagalloyl Glucose to 
Slow the Growth of Small- to Medium-Sized Abdominal Aortic Aneurysms Part II – The 
Journey from Preclinical to First-In-Human. 
 

4:30 – 5:00 PM Session #12 - Industry Working Group Panel/Debate 
Prompt: Personal View on Main Barrier(s) to Device Translation 

Organized by the ISACB Industry Working Group 
Fed EX Institute of Technology - The Zone 
Session Chair: Art Coury, Ph.D., M.B.A. 
Session Co-chair: James Chow, Ph.D. 
 

 
5:00 – 6:00 PM Industry Working Group Mixer and Continued Discussions (Open to all) 

Sponsored by (TBD) 
Fed EX Institute of Technology Lobby 

 
Dinner on own, enjoy the southern hospitality and world-renowned food of Memphis, 
especially the barbeque, and the South! 
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Day 4: Saturday October 1, 2022 
7:30 – 8:00 AM Continental Breakfast (Fed EX Institute of Technology Lobby) 
 
8:00 – 9:30 AM Session #13 - Heart Valves and Calcification 

Fed EX Institute of Technology - The Zone 
Session Chair: Dan Simionescu, Ph.D.  

 Session Co-chair: Joshua Hutcheson, Ph.D. 
Trainee Co-chair: Valentina Dargam, B.S. 
Virtual Chair: Arvin Soepriatna, Ph.D. 
 
Keynote Address (25-minute talk+5 minutes questions): Marta Scatena, Ph.D. 
Title: Mechanisms of Vascular Calcification 
 
Invited Speaker (12-minute talk+3 minutes questions): Cynthia St Hilaire, Ph.D. 
Title: Non-canonical TERT Activity in CAVD progression 
 
Invited Speaker (12-minute talk+3 minutes questions): Giovanni Ferrari, Ph.D. 
Title: Role of Oxidative Glycation in Aortic Valve Stenosis and Mitigation Strategies 
 
Abstract Selection (10-minute talk+3 minutes questions): Ana Valentin Cabrera, B.S. 
Title: Relaxin Receptor Agonist ML290 Dose-dependent Vascular Calcification 
Attenuation on Poloxamer Induced Mouse Model of Atherosclerosis 
 
Abstract Selection (10-minute talk+3 minutes questions): Estibaliz Castillero, Ph.D. 
Title: Decreased Serotonin Transporter Activity in the Mitral Valve Contributes to 
Degenerative Mitral Regurgitation 

 
9:30 – 10:00 AM Bob Nerem Memorial Lecture 
 Session Chair: Gary Bowlin 
 
 Speaker: Kara McCloskey, Ph.D. 
 Title: The Joy of Endothelial Cells  
 
10:00 – 10:30 AM Networking Break (Refreshments) 

Fed EX Institute of Technology Lobby 
 
10:30 AM – 12:00 PM Session #14 – Vascular Diseases 

Fed EX Institute of Technology – The Zone 
Session Chair: Marie Billaud, Ph.D. 

 Session Co-chair: Lucas H. Timmins, Ph.D. 
Session Co-chair: Katherine Hekman, M.D., Ph.D. 
Trainee Co-chair: KarLee McNeel, B.S. 
Virtual Chair: Ande Marini, B.S. 

 
Keynote Address (25-minute talk+5 minutes questions): C. LaShan Simpson, Ph.D. 
Title: Vascular Calcification 
 
Invited Speaker (12-minute talk+3 minutes questions): Julie Phillippi, Ph.D. 
Title: Perivascular Cell-matrix Interactions in Human Thoracic Aortic Disease 
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Invited Speaker (12-minute talk+3 minutes questions): Donald Lynch, Jr., M.D.  
Title: Inflammation Mediated Reprogramming of Platelets Following Transcatheter Aortic 
Valve Replacement 
 
Abstract Selection (10-minute talk+3 minutes questions): Marie Billaud, Ph.D. 
Title: Distinct Roles of PDGF-BB and TGF-β1 on Smooth Muscle Cell Mitochondrial 
Homeostasis in Ascending Thoracic Aortic Aneurysms 
 
Abstract Selection (10-minute talk+3 minutes questions): Maiko Sasaki, M.S. 
Title: Role for Platelet Lysate and Mesenchymal Stem Cells on Endothelial Cell 
Regeneration 

 
12:00 – 12:15 PM Dr. Allan Callow Young Investigator and Poster Award Presentations 

Fed EX Institute of Technology - The Zone 
Moderators: Luke Brewster, Julie Phillippi, and Gary Bowlin 

 
12:15-12:30 PM Closing Remarks 

 
12:30 PM Meeting Adjourns – Thank you for joining us! Enjoy the history, music, and 
food of Memphis!  See you at the next ISACB meeting! Safe travels home! 
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Poster Presenters and Poster Board Assignments 

 
Poster 
Board 

#  

Presenter 
First Name  

Presenter 
Last Name  Poster Title  

1  Evan  Main  Investigation of Manuka Honey Inspired Therapeutics 
for Prevention of Neutrophil-Induced Vascular Fibrosis  

2  Alex Ho 
Pang  Chan  Stretchable tissue chips for customizable rehabilitative 

microenvironments  

3  Ande  Marini  
Seeded microparticles containing adipose-derived 

stem cell conditioned media enhance acute patency in 
silk-based vascular grafts  

4  Arvin  Soepriatna  
Tissue Geometry Impacts the Arrhythmogenic State of 

Engineered Heart Tissues Derived from Human 
Induced Pluripotent Stem Cells  

5  Tatsuya  Watanabe  Spheroid-based angiogenesis for the tissue-
engineered patch  

6  Ngan  Huang  Scaffold-Seeded Smooth Muscle Cells for Treatment of 
Murine Abdominal Aortic Aneurysm  

7  Diane  Potart  Development of new tissue-engineered vascular grafts: 
sterilization and implantation  

8  Gaëtan  Roudier  Influence of weaving parameters on the properties of 
biological yarn-based vascular grafts  

9  Kiera  Dwyer  
Electromechanical function of engineered cardiac 

tissue is modulated by maturation of human induced 
pluripotent-derived cardiomyocytes  

10  Hannah  Cebull  Estimating Hemodynamic Effects of Rheumatic Heart 
Disease Using Subject-Specific Velocity Profiles  

11  Mohamed  Elkhodiry  Textile-reinforced Hydralese™ Leaflets with High 
Toughness and Low Flexural Stiffness  

12  Mohammad  Shaver  
Mechanical Stretch Influences the Calcifying Potential 
of Caveolin-1-dependent Extracellular Vesicles from 

Vascular Smooth Muscle Cells  

13  Agneta  Simionescu  Tissue Engineering Models for Mitral Annulus 
Calcification Studies  

14  Sophie  Ashbrook  EGFR Inhibition Alters Caveolin-1 Trafficking and 
Prevents Vascular Calcification In Vitro  

15  Katherine  Kaiser  
Altered CAV1 and TNAP trafficking leads to divergent 
mineralization responses in Osteoblasts and Vascular 

Smooth Muscle Cells  

16  Rachel  Cahalane  Tensile and compressive behaviour of human blood 
clot analogues  

17  Merle  Krebber  

Stromal cell-derived factor 1α (SDF-1α) bio-
functionalization does not influence vascular scaffold-

driven in situ engineered tissue formation as compared 
to pristine scaffolds in either healthy or chronic kidney 

disease rats  
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Poster 
Board 

#  

Presenter 
First Name  

Presenter 
Last Name  Poster Title  

18  Conner  Earl  
Automated Segmentation of 4D High-Frequency 
Ultrasound in Mouse Models of Cardiovascular 

Disease Using Deep Convolutional Neural Networks  

19  Dan  Simionescu  
Development of a Novel Drug-Delivery System Utilizing 
Pentagalloyl Glucose to Slow the Growth of Small- to 

Medium-Sized Abdominal Aortic Aneurysms  

20  Hannah  Douglas  The Effects of Mechanical Strain on Vascular 
Calcification  

21  Michael  Tu  
Connective Tissue Growth Factor Antibody Decreases 

Lipid Content and Necrotic Core in Flow-mediated 
Atherosclerotic Plaque  

22  Brittany  Macha  Delivery Method for Vascular Calcification using 
Oxidized Alginate Microbeads  

23  KarLee  McNeel  Understanding Vascular Calcification Through the Lens 
of Canonical WNT Signaling  

24  Ottis  Scrivner  
Method Development of an Avidin-Biotin Assay to 

Quantify Increased Endothelial Permeability in Human 
Umbilical Vein Endothelial Cells  

25  Ruth  Ackah  Characterization of Notch1 Aneurysmal Disease as a 
Model of BAV-Aortopathy  

26  John  Curci  

Treatment with β-aminopropionitrile does not Decrease 
Elastin or Collagen Content nor Alter Mechanical 

Properties of an Abdominal Aortic Aneurysm Mouse 
Model at 2 weeks  
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18th ISACB Biennial Meeting attendees, we hope you have a chance to get out and see what Memphis 
has to offer through great food and fun/historical attractions!  Some suggestions below. 

Local Dining Recommendations: 

Elwood's Shack (BBQ and more)  
No-frills joint serving deli sandwiches, tacos & smoked BBQ, including brisket & spicy jerk wings 
Address: 4523 Summer Ave, Memphis, TN 38122 
Phone: (901) 761-9898 

 
Brother Juniper's (Diner) 

Casual diner known for fresh bread, creative omelets & other breakfast specialties. 
Address: 3519 Walker Ave, Memphis, TN 38111 
Phone: (901) 324-0144 
Breakfast, Breakfast, Breakfast! They close early afternoon. 

 
Young Ave Deli (Deli) 

Address: 2119 Young Ave, Memphis, TN 38104 
Phone: (901) 278-00347 
A lively spot for American bar fare, as well as live music. 

 
Belmont Grill (Bar and Grill) 

Dark & compact eatery known for steak sandwiches, burgers & other casual American fare. 
Address: 4970 Poplar Ave, Memphis, TN 38117 
Phone: (901) 767-0305 
The Rueben is a favorite here, but the burgers are delicious as well.  

 
Gus's World Famous Fried Chicken  

(Hot & Spicy Chicken) 
Address: 730 S Mendenhall Rd, Memphis, TN 38117 
Phone: (901) 767-2323 
Hot and spicy chicken and sides. Simple but oh so good.  The best! 

 
Jerry's Sno Cones (Ice Cream Shop) 

Shaved ice & soft-serve ice cream served in many flavor combinations through a walk-up window. 
Address: 1657 Wells Station Rd, Memphis, TN 38108 
Phone: (901) 767-2659 
Cash only! Order it supreme (med and large only) which means they put soft serve ice cream in the middle. 

 
Las Delicia (Mexican Restaurant) 

Strip-mall eatery doling out traditional Mexican dishes featuring house made tortillas & guacamole.  
Address: 4002 Park Ave, Memphis, TN 38111 
Phone: (901) 458-9264 
I love to get the guacamole and chips as my meal because it is that good. They also have great street tacos and tortas.   

 
Cheffies Cafe (American Burger joint) 

An airy counter-serve lunch spot offering build-your-own salad & sandwich. 
Address: 483 High Point Terrace, Memphis, TN 38122 
Phone: (901) 343-0488 
They have a great shaded patio to enjoy your meal and get away from it all. Get your salad chopped!   

 
Central BBQ (Barbecue Restaurant) 

Smoked meat emporium offering Memphis-style eats, from dry-rub ribs to hot chicken wings.  
Address: 4375 Summer Ave, Memphis, TN 38122 
Phone: (901) 767-4672 
They have multiple locations to choose from. BBQ Nachos are the best but ask for house chips! 

 
City Silo Table + Pantry  

Health-oriented juice bar & cafe featuring local, organic produce in smoothies, plus wraps & salads. 
Address: 5101 Sanderlin Ave #104b, Memphis, TN 38117 
Phone: (901) 767-4672 

 
Soul Fish Cafe  

Authentic southern style soul food. 
Address: 862 S. Cooper St., Memphis, TN 38104 (other locations in town as well) 
Phone: (901) 725-0722 
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Memphis Attractions: 
 
National Civil Rights Museum http://civilrightsmuseum.org/ 
The National Civil Rights Museum is a complex of museums and historic buildings in Memphis, Tennessee; its exhibits trace the history of the Civil 
Rights Movement in the United States from the 17th century to the present. The museum is built around the former Lorraine Motel, where Rev. 
Martin Luther King, Jr. was assassinated on April 4, 1968.  

� Visit the museum (plan on at least 3-4 hours as it is amazing and impactful) 
 
Memphis Zoo http://www.memphiszoo.org/ 
The Memphis Zoo, located in Midtown, Memphis, Tennessee, United States, is home to more than 3,500 animals representing over 500 different 
species. Created in April 1906, the zoo has been a major tenant of Overton Park for more than 100 years.  

� Visit the zoo (it is a top 10 zoo in the nation) 
 
Sun Studio https://www.sunstudio.com/ 
Memphis is known as the birthplace of rock and roll. Go see where the first rock and roll record was made. In case you don’t know this is where Elvis 
got his start.  

� Take the Sun Studio Tour, such a history lesson if you love rock and roll 
 
Mud Island River Park http://www.mudisland.com/ 
Mud Island (not actually an island) is a small peninsula, surrounded by the Mississippi River and houses a museum, restaurants, and an amphitheater. It 
is accessible by the Memphis Suspension Railway (a monorail), by foot (via a footbridge located on top of the monorail), by ferry, or automobile. 

� Check out the museum and splash around the model of the mighty Mississippi 
 
Peabody Duck March http://www.peabodymemphis.com/ducks-en.html 
The Peabody Hotel is a landmark 13-story downtown hotel and known for it’s grand, marble-columned lobby as well as its resident ducks—whose 
daily parade to the hall's fountain is a tradition dating to 1933. 

� Go watch those famous ducks march and get a photo with the duck commander  

 
Shelby Farms Park https://www.shelbyfarmspark.org/ 
Shelby Farms is a public park located in Shelby County, Tennessee, United States, just east of the city of Memphis. It is one of the largest urban parks 
in the US and the world, at a size of 4,500 acres and covers more than five times the area of Central Park in New York City with 843 acres. 

� Great place for some fresh air and a walk. 
 
Stax Museum of American Soul Music https://staxmuseum.com/ 
The Stax Museum of American Soul Music is a museum located in Memphis, Tennessee, at 926 East McLemore Avenue, the original location of Stax 
Records.  

� Great place to learn and appreciate the history of soul music. 

 
Beale Street  
Beale street is a street in Downtown Memphis, Tennessee, which runs from the Mississippi River to East Street, a distance of approximately 1.8 miles. 
It is a significant location in the city's history, as well as in the history of blues music.  

� Great place to enjoy live blues music anytime!  

 
Graceland  https://www.graceland.com/ 
Graceland is a mansion on a 13.8-acre estate in Memphis, Tennessee, United States, which was once owned by rock musician Elvis Presley.  

� A must do for any Elvis fans!  

 
Have fun and enjoy! 
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Professional Biography: B. Natterson-Horowitz, M.D. is a cardiologist and evolutionary 
biologist on the faculty of Harvard Medical School, Harvard University’s Department of Human 
Evolutionary Biology, and the David Geffen School of Medicine at UCLA. Her Phylogeny Lab 
studies the natural world as a source of insights to improve health and development. Dr. 
Natterson-Horowitz recently launched Female Health Across the Tree of Life, a research initiative 
bringing together leaders in Women’s Health, One Health and Planetary Health. Her New York 
Times bestseller, Zoobiquity, co-authored with Kathryn Bowers, was a Finalist in the American 
Association for the Advancement of Science Excellence in Science Books Award, a Smithsonian 
Top Book of 2012 and a Discover Magazine Best Book of the Year. Their latest book, Wildhood–
a New York Times Book Review Editor’s Pick and winner of the Association for Science Education 
Book of the Year Award–chronicles the transition from juvenile to adult biology and behavior 
across the Metazoan lineage. 
 
 
 
Presentation Abstract: 
What Can We Learn from Animal Cardiovascular Physiology and Adaptations  
B. Natterson-Horowitz, M.D.  
Harvard Medical School, Harvard Department of Human Evolutionary Biology, UCLA David 
Geffen School of Medicine, UCLA Department of Ecology and Evolutionary Biology 

 
Across the tree of life, a wide range of human vasculopathies also develop in other species. 
Irrefutable evidence links contemporary human lifestyles to atherosclerosis and related 
cardiovascular pathologies. Yet, atherosclerosis is neither modern nor uniquely human. The 
application of broadly comparative and evolutionary lenses to vascular disease can reveal 
insights into both the origins and causes of human cardiovascular disease and potential 
biological pathways that may confer resistance to this leading killer of our species.  

 
In this lecture, Dr. B. Natterson-Horowitz presents several animal species with adaptations that 
appear to protect females of that species from cardiovascular pathologies that claim the lives of 
millions of women every year. Special emphasis will be placed on the evolution of modern 
giraffe species and how unique adaptations in female animals may protect them from adverse 
effects of gestational hypertension and heart failure with preserved ejection fraction.   
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Professional Biography: C. Noel Bairey Merz, M.D. holds the Irwin and Sheila Allen Chair in 
Women’s Heart Research, and is Director of the Barbra Streisand Women's Heart Center, the 
Linda Joy Pollin Women’s Heart Health Program, the Erika J Glazer Women’s Heart Research 
Initiative, and the Preventive Cardiac Center at the Cedars-Sinai Heart Institute. She also is 
Professor of Medicine at Cedars-Sinai Medical Center. Dr. Bairey Merz earned her bachelor's 
degree at the University of Chicago, her medical degree at Harvard University, and completed 
her residency at the University of California, San Francisco, where she served as Chief Medical 
Resident before completing fellowships in clinical cardiology and nuclear cardiology at Cedars-
Sinai Medical Center. Dr. Bairey Merz's research interests include women and cardiovascular 
disease, mental stress and heart disease, and the role of exercise and stress management in 
reversing disease.  A prolific lecturer and member of many professional organizations, Dr. Bairey 
Merz, has received numerous investigational grants and chairs the National Institutes of Health 
(NIH)-sponsored WISE (Women's Ischemic Syndrome Evaluation) initiative. Dr. Bairey Merz has 
received numerous awards and honors, and her extensive scientific publication record spans 
425+ scientific papers, 315+ abstracts, myriad book chapters, and countless peer-reviewed 
journals. 
 
Presentation Abstract: Coronary Microvascular Dysfunction: Update 2022 
C. Noel Bairey Merz, MD, FACC, FAHA, FESC 
Barbra Streisand Women’s Heart Center, Smidt Heart Institute, Cedars-Sinai Medical Center, 
Los Angeles, California, USA 
 
It is well established that there are sex and gender differences in the clinical manifestation of 
ischemic heart disease (IHD), the incidence of cardiovascular event, and the use of evidenced-
based IHD therapies that contribute to the understanding of personalized medicine approaches 
to IHD in women.  There are also gender and sex differences physiologic factors unique to women 
or to men that impact cardiovascular risk, diagnosis and therapies. The recognition that sex and 
gender affect the pathophysiology and the expression of human disease, including IHD, led to the 
NIH mandate to include both men and women in clinical studies and trials, and to analyze data 
by sex. However, the number of identified variables contributing differentially to IHD outcomes in 
men and women is large and growing. Many of these variables are not considered during the 
design of clinical trials or longitudinal cohort studies, which reduces the ability to determine the 
strength of these variables as sex-specific contributors to health and disease. The purpose of this 
presentation is to review understanding of sex, menopause and atherosclerosis contributions to 
IHD, and specifically ischemia with no obstructive coronary artery disease (INOCA) in women 
typically in the setting of coronary microvascular dysfunction (CMD).  Research will be reviewed 
in order to improve clinical IHD investigation by inclusion of sex as a biological variable (SABV) 
and gender-related contributions to optimize the health of women and men.  
 
References:  
Bairey Merz CN, Pepine CJ, Walsh MN, Fleg JL. Ischemia and No Obstructive Coronary Artery 
Disease (INOCA): Developing Evidence-Based Therapies and Research Agenda for the Next 
Decade. Circulation. 2017 Mar 14;135(11):1075-1092.  

Wei J, Cheng S, Bairey Merz CN. Coronary Microvascular Dysfunction Causing Cardiac Ischemia 
in Women. JAMA. 2019 Nov 18. doi: 10.1001/jama.2019.15736. PMID: 31738820. PMCID: 
PMC7388690. (R) 

Bairey Merz CN. Testing for Coronary Microvascular Dysfunction. JAMA. 2019 Nov 18. doi: 
10.1001/jama.2019.16625. PMID: 31738822. (R) 
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Professional Biography: Carlijn Bouten, Ph.D. is Full Professor of Cell-Matrix Interactions in 
Cardiovascular Regeneration and heads the research group 'Soft Tissue Engineering & 
Mechanobiology' at the Department of Biomedical Engineering, Eindhoven University of 
Technology. Her research group investigates the interplay between living cells and the 
mechanobiological cues originating from the extracellular environment under conditions of tissue 
growth, adaptation, degeneration, and regeneration. The group uses ‘living’ model systems at 
different length scales (cell, cell-matrix, engineered tissue, native tissue) to quantify these 
aspects, preferably in real-time. The obtained knowledge is applied in engineering approaches to 
regenerate living tissues, focus on the human heart. A prominent example is the development of 
a synthetic, biodegradable heart valve prosthesis that seduces the body to create a new, living 
heart valve at the site of implantation. Bouten performs her multidisciplinary research in close 
collaboration with material scientists, life scientists, clinicians, and MedTech spin-offs. She leads 
several national and international public-private-patient research consortia in the field of 
Regenerative Medicine and Tissue Engineering. Prof. Bouten is recipient of the prestigious 
Aspasia (2002) and VICI (2003) career development awards of the Dutch Science Foundation. 
Since 2017, she leads the Dutch national gravitation program “Materials-Driven Regeneration” 
and in 2022 Bouten received an ERC-Advanced grant from the Eurpean Research Council for 
her research on restoring cardiac tissue organization. Prof. Bouten serves on several professional 
organizations and boards, including the board of the Netherlands Organization for Health 
Research and Development, the board of directors of the international Heart Valve Society and 
ISACB. Bouten is elected member of AcademiaNet for Outstanding Female Scientists and 
Scholars in Europe. She was member of the Young Academy of the Royal Netherlands Academy 
of Arts and Sciences (KNAW, 2005-2010) and later (2017) elected as lifetime member of the 
Academy. She (co)authored over 200 publications on ISI journals and 16 book chapters on 
biomedical and tissue engineering. 
 
Presentation Abstract: A Plea for Further Knowledge Convergence in Cardiovascular 
Tissue Engineering and Regeneration 
Carlijn Bouten1, Caroline Cheng2,3, Ijbrand Vermue2, Debby Gawlitta4, Robert Passier5.6 

1 Dept. Biomedical Engineering & Institute for Complex Molecular Systems (ICMS), Eindhoven 
University of Technology, Eindhoven; 2 Dept. Nephrology and Hypertension, University Medical 
Center Utrecht, Utrecht; 3 Dept. Cardiology, Thoraxcenter Erasmus University Medical Center, 
Rotterdam; 4 Dept. Oral and Maxillofacial Surgery, Prosthodontics and Special Dental Care, 
University Medical Center Utrecht; 5 Faculty of Science and Technology, University of Twente, 
Enschede; and 6 Dept. Anatomy and Embryology, Leiden University Medical Center, Leiden, The 
Netherlands. 
 
     Cardiovascular tissue engineering and regeneration strive to provide long-term, effective 
solutions for a growing group of patients in need of myocardial repair, vascular (access) grafts, 
heart valves, and regeneration of organ microcirculation. In the past two decades, intense 
multidisciplinary collaborations between clinical experts, bioengineers, material scientists, and 
cell biologists have resulted in better understanding of the problems at hand and novel 
regenerative approaches. This includes, for instance, the understanding and prediction of 
hemodynamics-driven neointimal hyperplasia in vascular access grafts and the improved design 
of tissue engineered heart valves using numerical-experimental approaches. As a side effect, 
however, the field has become strongly organized and differentiated around focal areas at risk of 
reinvention of technologies and repetition of approaches across the areas.  
     Cross-area exchange of knowledge and technologies, supported by an overarching research 
approach that considers the cardiovascular system in toto, may add to more effective treatments 
and extend the possibilities of discovery. As an example, knowledge on cardiovascular matrix 
remodeling, obtained from progress in valve and vascular tissue engineering, can be applied to 
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predict late outcomes of myocardial mechanotherapy (patches, hydrogel injections). And: immune 
responses to in situ cell therapy in the myocardium may provide valuable insights for in situ valve 
and vessel engineering. While this viewpoint is echoed by many in the field, successful and 
effective addition of this extra layer of integration is far from common. The question is: how to 
improve that?  
In this lecture, we will highlight i) how interdisciplinary collaborations as well as integration of 
methods and approaches across focal research areas have evolved the field of cardiovascular 
regeneration and ii) how this can be organized and potentially improved in large public-private 
cardiovascular research consortia where the patient plays a central role. 
 
Funding: Gravitation Program “Materials Driven Regeneration”, funded by the Netherlands 
Organization for Scientific Research (024.003.013). CB is non-voting share holder of Xeltis BV. 
RP is a cofounder of Pluriomics (NCardia) and River BioMedics. 
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Professional Biography: Robert T. Tranquillo, Ph.D. received his Ph.D. in Chemical 
Engineering in 1986 from the University of Pennsylvania.  He was a NATO Postdoctoral Fellow 
at the Center for Mathematical Biology at Oxford for one year before beginning his appointment 
in the Department of Chemical Engineering & Materials Science at the University of Minnesota in 
1987.  He served as the head of the Department of Biomedical Engineering from its inception in 
2000 until 2019.  Prof. Tranquillo has used a combined modeling and experimental approach to 
understand cell behavior, in particular, directed cell migration, and cell-matrix mechanical 
interactions.  More recently, his research program has focused on the role of these cell behaviors 
in cardiovascular and neural tissue engineering applications with a focus on clinical translation.  
His research program has resulted in over 120 peer-reviewed original research publications as 
first or senior author, being recognized with his selection for the TERMIS-AM Senior Scientist 
Award in 2015.  Resulting intellectual property for a cardiovascular regenerative material platform 
technology was licensed by Vascudyne, Inc in 2017.  His research has been continuously funded 
by NHLBI R01 grants since 1998 and major funding also currently includes a DoD CDMRP TTDA 
grant and Regenerative Medicine Minnesota grant. He currently also co-directs an NHLBI T32 
cardiovascular engineering training program.  Prof. Tranquillo is a Fellow of the American Institute 
of Medical and Biological Engineering, International Academy of Medical and Biological 
Engineering, and the Biomedical Engineering Society, and he is also a Distinguished McKnight 
University Professor. 
 
Presentation Abstract: Growing Conduits for Repair of Congenital Heart Defects: From the 
Academic Lab to Start-up Vascudyne 
Robert T. Tranquillo, Ph.D. 
Departments of Biomedical Engineering and Chemical Engineering & Materials Science, 
University of Minnesota, USA, tranquillo@umn.edu 
 
Conduits with growth potential for infants with congenital heart defects remains an unmet need.  
Our lab evolved the seminal method of Weinberg and Bell (1986) to create a tissue-engineered 
vessel to the production of acellular collagenous matrix produced by donor fibroblasts and 
showing somatic growth in young lambs (Syedain et al., Nat Comms, 2016).  These tubes have 
the potential to transform the repair of congenital heart defects currently based on scarce 
homografts or inert materials with no growth capacity, leading to repeated surgeries and 
interventions.  They can be used directly as unvalved conduits for the repair of vascular defects 
such discontinuous pulmonary arteries and hemitruncus, as we will demonstrate in ongoing 
studies.  They can also be used to construct a novel valved conduit from three tubes, with each 
tube contributing to create a leaflet (Syedain et al, Sci Transl Med, 2021).  This tri-tube valve 
demonstrated growth over 52 weeks when implanted interpositionally in the pulmonary artery of 
lambs. It is currently being developed into a valved conduit for direct attachment to the pulmonary 
annulus as done in the more prevalent repair of Tetralogy of Fallot.  These promising results led 
to the licensing of related intellectual property to the UMN startup, Vascudyne, Inc. in 2017.  
Vascudyne had been developing vascular grafts from animal-sourced tissue using proprietary 
processing.  Its CEO, Kemal Schankereli, recognized the superior integration and regeneration 
of these biologically-engineered tubes. Vascudyne developed a GMP production facility and 
completed its FIM AV graft study, recently reported at the 2022 VASA meeting.  Vascudyne 
recognizes the importance and value of meeting the unmet need of growing conduits for pediatric 
patients and is committed to meeting it. This is currently being accomplished in partnership with 
the Tranquillo Lab through a DoD CDMRP TTDA grant and will become an integral program 
supported by Vascudyne. 

 
Funding: NIH HL107572 and DoD W81XWH2210489 
Disclosures:  Consultant for and stockholder in Vascudyne, Inc. 
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Professional Biography: Walter Lee Murfee, Ph.D. is currently an associate professor and the 
Associate Chair for Undergraduate Studies in the Department of Biomedical Engineering. Prior to 
the University of Florida, Dr. Murfee was at Tulane University for 10 years. He received his Ph.D. 
from the Department of Biomedical Engineering at the University of Virginia in the laboratory of 
Dr. Thomas Skalak and was a postdoctoral fellow in the Microcirculatory Laboratory with Dr. Geert 
Schmid-Schönbein in the Department of Bioengineering at the University of California – San 
Diego.  Dr. Murfee’s research focuses on the patterning coordination between blood and 
lymphatic vessels, the role of pericytes during angiogenesis, the ability of stem cells to become 
vascular cell types, and the microvascular patterning alterations associated with age-related 
diseases. He has a passion for discovering new cellular dynamics and identifying local 
hemodynamic cues. His interests uniquely connect tissue engineering, physiology, vascular 
biology, and computational modelling approaches. Dr. Murfee’s work over the past 20 years has 
resulted >70 publications. Dr. Murfee is the past President of the Microcirculatory Society and the 
current president of Alpha Eta Mu Beta (AEMB) International Biomedical Engineering Society. His 
passion for scientific discovery is paralleled by an enthusiasm for teaching. If he is not working, 
you can find him watching his children’s soccer matches, walking his dog, or exercising! 
 
Presentation Abstract: Rediscovering Angiogenesis 
Walter Lee Murfee1 
1J. Crayton Pruitt Family Department of Biomedical Engineering, University of Florida, Gainesville, 
FL 
 
Understanding angiogenesis, similar to other physiological processes, requires identifying 
multiple cell, system, and environmental interactions. A challenge is identifying these dynamics 
when you cannot observe them using traditional experimental approaches. Fundamental 
questions still remain unanswered. What cells are involved? Where do cells come from? Where 
do cells go? This presentation will highlight the impact of biomimetic model development for 
making new discoveries about the cellular dynamics involved in adult microvascular network 
remodelling and the growth of new blood vessels. Novel observations made possible by time-
lapse imaging of intact cultured tissues motivate new paradigms related to endothelial cell jumping 
from one vessel to another, the lineage of vascular pericytes, lymphatic-blood vessel plasticity, 
and the vasculogenic potential for stem cell populations. Altogether the presentation will serve to 
frame an appreciation for how new “views” can encourage vascular biologists and physiologists 
to rethink what we know about angiogenesis. 
 
Funding Sources: Funding for this work has been supported by the National Institute of Aging 
(R01AG049821), National Heart, Lung and Blood Institute (1R21HL159501), the University of 
Florida Health Cancer Center Pilot Grant 00096885 CA-FY22-03, and the University of Florida’s 
Division of Research Program Development. 
 
Financial Disclosures: No disclosures. 
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Professional Biography: Marta Scatena, Ph.D. Dr. Scatena received her B.S. in Biological 
Sciences and her Ph.D. in Cell Biology from University of Padua, Padua, Italy. She performed 
research as EMBO fellow at the Institute of Molecular Biology, Austrian Academy of Sciences, 
Salzburg, Austria followed by postdoctoral fellowships at the Fred Hutchison Cancer Research 
Center, Seattle, WA and the University of Washington, Department of Pathology in Seattle, WA. 
Dr. Scatena joined the faculty of the University of Washington Bioengineering department in 2001. 
She is currently, Research Associate Professor of Bioengineering, a member of the Institute for 
Stem Cell and Regenerative Medicine and the Center for Cardiovascular Biology at the University 
of Washington. Dr. Scatena is recognized for her work investigating the molecular mechanisms 
of vascular and valvular calcification, and biomaterial inflammation and angiogenesis. Her studies 
have led to the discovery of key inducers and inhibitors that contribute to vascular calcification in 
the setting of hyperlipidemia and metabolic syndrome. Further, her studies have contributed to a 
better understanding of biomaterial biocompatibility and healing.Dr. Scatena is very dedicated to 
the success of the University of Washington Bioengineering graduate programs. As Graduate 
Program Coordinator, overseeing graduate student admission and graduate student wellbeing, 
she tirelessly works to ensure the academic success of all students and to create a diverse, 
equitable and inclusive environment for all. 
 
 
 
 
 
Presentation Abstract: Mechanisms of Vascular Calcification 
Marta Scatena1 and Cecilia M Giachelli2 
Bioengineering1 and Oral Biology1,2, University of Washington, Seattle, WA 
 
Vascular calcification, the abnormal deposition of apatite in blood vessels and heart valve tissues, 
is prevalent in aging, type 2 diabetes and metabolic syndrome, and chronic kidney disease. The 
mechanisms driving vascular calcification are multiple, however cellular mediated processes play 
a major role in creating the environment for the deposition of apatite. These cells are defined as 
having osteochondrogenic potential due to phenotypic similarities with bone and cartilage. Our 
laboratory has performed studies to define the phenotype and origin of the osteochondrogenic 
cells and their ability of depositing mineral in vascular tissues. We have developed mineralizing 
in vitro and in vivo models to ask what stimuli, processes and pathological conditions promote the 
rising of these cells. By using lineage tracing strategies with mouse models of metabolic syndrome 
and kidney disease, we have demonstrated that a large portion of the vascular and valvular 
osteochondrogenic cells, derived from transdifferentiated vascular smooth muscle cells (VSMCs) 
and valve interstitial cells (VICs) respectively. Further, we have shown that a key bone 
development transcription factor, Runx2, played a major role in the differentiation of VSMCs and 
VICs into mineral depositing cells. Many molecular stimuli have been shown to promote the rise 
of osteochrodogenic cells in the vasculature. We have studied in detail the bone regulatory system 
composed of the RANK receptor, its ligand RANKL, and the RANK/RANKL decoy receptor 
Osteoprotegerin (OPG). We have found that the RANK/RANKL signaling promoted the 
phenotypic modulation of VSMCs towards osteogenic cells while OPG inhibited vascular mineral 
deposition. Currently with the goal of defining new targets and markers of vascular calcification, 
we are employing ‘omics approaches to globally identify new inducers and pathways of 
osteochondrogenic differentiation. 
 
Funding: NIH RO1HL093469, R35 HL139602 
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Professional Biography: C. LaShan Simpson, Ph.D. is an Associate Professor of Biomedical 
Engineering in the Department of Agricultural and Biological Engineering at Mississippi State 
University. Before joining the faculty at Mississippi State University in 2013, she trained as a 
postdoctoral research associate at Rice University in the Department of Bioengineering. Dr. 
Simpson received all her educational training at Clemson University with a B.S. in Biochemistry, 
M.S. and Ph.D. In Bioengineering. Dr. Simpson’s research interests include vascular calcification, 
smooth muscle cells, cell and gene therapy, and mechanotransduction. Her work has been 
funded by NSF, NIH, USDA, and Mississippi State University Office of Research and Economic 
Development. 
 
In addition to her passion for vascular research, Dr. Simpson is a student advocate and a 
champion for diversity and inclusion. She has worked to create inclusive spaces for trainee 
development and success. She has received numerous awards for her efforts including Teacher 
of the Year, College of Agriculture and Life Sciences, 2018; Academy of Distinguished Teachers, 
Bagley College of Engineering, 2019; and Excellence in Diversity and Inclusion Award, 
Mississippi Institute of Higher Learning, 2020. Her pride and joy are the diversity of her research 
lab and the outstanding accomplishments of her trainees. Dr. Simpson is the founder of 
BlackWomenInBME and has hosted sessions for her group at the Biomedical Engineering Society 
Annual meeting since 2018. She is the recipient of the 2021 Biomedical Engineering Society 
Diversity Award Lecture.  

 
Presentation Abstract: Vascular Calcification 
C. LaShan Simpson 
Department of Agricultural and Biological Engineering, Mississippi State University 
 
Vascular calcification was once considered a passive process that resulted from elevated 
calcium-phosphate interactions. However, it is now considered an active cell-mediated process 
where a phenotypic switch causes vascular smooth muscle cells (VSMCs) to become osteoblast-
like cells. VSMCs that comprise the medial layer of arteries exhibit two distinct phenotypes: 
contractile and synthetic. Contractile VSMCs regulate blood pressure in the artery but can 
dedifferentiate into the synthetic phenotype in response to injury. By understanding the signaling 
pathway associated with these phenotypic modulations of VSMCs, we are working to develop 
targeted therapeutics to treat vascular calcification at the cellular and molecular level. Even 
though there are some known inhibitors to vascular calcification, few have yet to be identified as 
therapeutic approaches and converted to applied research approaches. Our lab is working to 
develop innovative therapies to treat the disease of vascular calcification. In addition, Dr. Simpson 
will share her initiatives to increase the participation of students from underrepresented groups in 
research, in particular first-generation low-income students.  
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Professional Biography: Kara E. McCloskey, Ph.D. is an Associate and Founding Professor in 
the School of Engineering at the University of California, Merced and Fellow of the American 
Institute of Medical and Biological Engineering (AIMBE). She received her B.S. and M.S. degrees 
in Chemical Engineering from The Ohio State University and her Ph.D. jointly through The 
Cleveland Clinic Foundation and The Ohio State University. Her postdoctoral training in vascular 
tissue engineering was conducted under Robert Nerem at the Georgia Institute of Technology. 
Dr. McCloskey is the founder and first chair of the Biological Engineering and Small-scale 
Technologies (BEST) Interim Graduate Program and Materials and Biomaterials Science and 
Engineering (MBSE) Graduate Program at UC, Merced and served as the university liaison for 
the UC Systemwide Bioengineering Multicampus Research Unit for over 10 years. Her research 
is in the field of cardiovascular tissue engineering with a specific focus on deriving functional cell 
products from stem cells and has become most well-known for her work in endothelial cell (EC) 
fate. She has co-authored numerous articles on magnetic cell separation, stem cell differentiation, 
and cell characterization, and integrating stem cell-derived products with biomaterials for 
developing functional tissue platforms.  
 
 
Presentation Abstract: The Joy of Endothelial Cells 
Kara E. McCloskey 
Department of Materials Science and Engineering, University of California, Merced 

 
Many organs in the human body require high densities of functional vasculature. Defects in 
vascular cells contribute to peripheral vascular disease, stroke, atherosclerosis/thrombosis, 
diabetes, insulin resistance, chronic kidney failure, tumor growth, metastasis, dementia, and some 
severe viral infectious diseases including COVID. Endothelial cells (ECs), the cells lining the 
lumens of all vasculature, play a key roles in vascular tone, inflammation, and the maintenance 
and function of capillaries. However, endothelial cells are highly diverse and exhibit specialized 
functions correlating with the tissue in which they serve. Our laboratory uses mouse and human 
embryonic stem cells (ESC) and induced pluripotent stem (iPS) cells to study vascular 
development and endothelial cell characterization. Utilizing a variety of enabling technologies - 
microcontact printing, hydrogel tuning, microfluidic chips, multicellular engineering, and cell sheet 
engineering, we have identified soluble and mechanical signals that direct tip-specific ECs, as 
well as, the co-emergence of ECs with mural cells. To better study and recapitulate the role of 
ECs in vasculogenesis and angiogenesis, we also examined the patterning of vasculature cells 
on two-dimensional (2D) and in perfusable three-dimensional (3D) vascular structures, and 
examined the role of mural cells signaling in vascular network maintanence and stability. Our 
increased understanding of distinct and sepcialized ECs and EC functions increase our ability to 
identify and treat defective ECs, including new pharmacological strategies and cell therapies 
relevent in a variety of diseases.  
 
Funding was provided by the California Institute for Regenerative Medicine (CIRM Award #s RN2-
00921-1 and RB5-07414 ), National Institutes of Health (NIH Award #s F31HL087716-0, F32 
HL104924-01A1, and P01 AG000538) and National Science Foundation (NSF Award #s 
0939511, 1547848, 1548571, 2112675). 
 
No financial disclosures. 
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Professional Biography: Amanda Jo LeBlanc, Ph.D. joined the Cardiovascular Innovation 
Institute in January of 2012 and serves as an Associate Professor in the Department of 
Cardiovascular and Thoracic Surgery at the University of Louisville. Dr. LeBlanc has an extensive 
research background in cardiovascular physiology, focusing almost exclusively on myocardial 
perfusion and function in models of both aging and sex-specific cardiology. Dr. LeBlanc’s research 
focus is on myocardial and microvascular regenerative medicine in a model of advanced age, 
sex-specific coronary physiology, regulation of blood flow, cell-based delivery and therapeutics, 
adipose-derived cells and microvessels, fabrication of tissue-engineered patches, and neovessel 
formation, inosculation, and network maturation 
 
 
 
 
Presentation Abstract: Getting older can be a drag: the coronary microvascular 
contribution to sex- and age-related differences in CVD 
Amanda Jo LeBlanc 
Department of Cardiovascular and Thoracic Surgery, University of Louisville 
 
If a coronary vascular network is restricted in its ability to carry more BF when stimulated, the 
distal cardiac tissue it supplies can become hypoxic immediately. The sheer area that the small 
resistance vessels cover in the myocardium warrants particular attention as a means to influence 
minute‐to‐minute oxygen exchange and impact BF distribution. This perfusion fine‐tuning is 
accomplished primarily through vasodilation of the coronary resistance arterioles, but the 
mechanism that achieves this effect changes significantly as aging occurs and whether one is 
male or female. Clinically, over 50% of adult women presenting with symptoms of ischemic heart 
disease have “clear” coronary artery angiograms. Additional testing indicates coronary 
microvascular dysfunction contributes to the coronary perfusion deficits in these women. Our 
previous research demonstrated that endothelium-dependent vasodilation in aged male and 
female Fischer-344 rats (24 months) are significantly decreased compared to their young 
counterparts (3-6 months). Similar to what is observed in humans, these rats exhibit age-related 
decreases in coronary blood flow reserve (~28-40% reduction) in vivo. By manipulating circulating 
estrogen in the female groups via ovariectomy +/- estrogen replacement, we were able to 
determine that estrogen replacement could recover age-related vasodilation and this effect was 
mediated through vascular NO signaling events. Interestingly, vasoconstrictor properties were 
differentially altered according to sex in advancing age, and this was associated with sex-specific 
changes in microvascular endothelin-receptor expression. It is possibly the hyper-
vasoconstriction in coronary arterioles from aged female rats may contribute to the sex-related 
differences in the development of cardiovascular risk with aging in women.  
 
Funding: NIH RO1 AG053585 (AJL) and P30 GM103507 (UofL), Gheen’s Foundation (AJL). 
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Professional Biography: Dr. Sarah Lindsey is a New Orleans native and received a Ph.D. in 
Pharmacology from LSU Health Sciences Center and postdoctoral training at the Wake Forest 
Hypertension and Vascular Research Center. She was a recipient of an NIH Pathway to 
Independence Award before joining the Department of Pharmacology at Tulane School of 
Medicine in 2012. Currently, she is an Associate Professor with tenure, holds the Barbara S. 
Beckman Professorship in Pharmacology, and is the Associate Director of Tulane Center of 
Excellence in Sex-Based Biology & Medicine. Dr. Lindsey has expertise in estrogen receptor 
pharmacology and sex differences in cardiovascular disease, specifically with regards to vascular 
function and remodeling. The goal of her research is to understand how cardiovascular disease 
progresses differently in men and women and how the loss of estrogen at menopause impacts 
vascular health. Her work to elucidate nongenomic estrogen signaling and its interactions with 
the renin-angiotensin system will allow the development of pharmaceuticals that can selectively 
elicit vascular protection to improve health in aging women. She was the first to show that chronic 
in vivo activation of the G protein-coupled estrogen receptor mimics the antihypertensive effects 
of estradiol. This first author publication was published in 2009 in the high-impact journal 
Endocrinology and has been cited over 180 times, while total citations for her published work 
exceed 1800 (h-index 23). She currently holds an NIH R01 investigating estrogen’s effects on 
arterial stiffness and is project leader on a newly funded NIH P01 investigating the impact of 
cardiometabolic health on the cognitive effects of estrogen.  https://lindseylab.tulane.edu/ 
 
Presentation Abstract: Sex Differences in Vascular Aging 
1Benard O. Ogola, 1Bruna Visniauskas, 2Jasmine X. Kiley, 1Alec C. Horton, 2Gabrielle L. Clark-
Patterson, 2Kristin S. Miller, and 1Sarah H. Lindsey 
1 Tulane University, Department of Pharmacology, New Orleans, LA 
2 Tulane University, Department of Biomedical Engineering, New Orleans, LA 
 
Vascular aging refers to arterial stiffening in large arteries accompanied by endothelial dysfunction 
in small arteries that occurs with chronological aging as well as in response to disease. Previous 
work from our lab indicates nongenomic signaling via the G protein-coupled estrogen receptor 
(GPER) as critical for female protection from vascular disease. Therefore, we hypothesized that 
the vascular aging process in females is not the same as in males and is impacted by GPER 
signaling. Blood pressure was measured by tail cuff plethysmography, small vessel reactivity was 
measured using wire myography, and large artery stiffness was assessed by pulse wave velocity 
(PWV) and biaxial pressure myography in adult (25 weeks) and middle-aged (57 weeks) male 
and female mice. Adult female mice displayed lower blood pressure compared with males, but 
this sex difference was absent in middle-aged mice. Acetylcholine-induced relaxation was greater 
in female than male mice at both ages. The lower PWV and decreased ex vivo stiffness in adult 
females versus males was also lost during aging. GPER deletion removed the sex difference in 
PWV as well as ex vivo stiffness in adult mice. The sex difference in blood pressure was absent 
in KO mice and was associated with endothelial dysfunction in females. These findings indicate 
that the impact of aging on arterial stiffening and endothelial function is not the same in male and 
female mice. Moreover, nongenomic estrogen signaling through GPER impacted vascular 
phenotype differently in male and female mice. Delineating sex differences in vascular changes 
during healthy aging is an important first step in improving early detection and sex-specific 
treatments in our aging population.  
 
Funding: National Institutes of Health (HL155841 to B.O.O., HL133619 to S.H.L., the NSF 
(1947770 to K.M.), and American Heart Association Fellowships (to B.V. and I.K.). Additional 
support was provided by the Tulane Center of Excellence in Sex-Based Biology and Medicine. 
 
Financial disclosures: None 
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Professional Biography: Erica L Mitchell MD, EdM, FACS, DFSVS, is Professor and Chief of 
the Division of Vascular and Endovascular Surgery within the Department of Surgery at the 
University of Tennessee Health and Sciences Center (UTHSC)/Medical Director of Vascular & 
Endovascular Surgery at Regional One Health (ROH) in Memphis, TN. She holds a Geological 
Engineering degree from the Colorado School of Mines and Medical Degree from the University 
of Colorado, School of Medicine. She completed training in General Surgery at the University of 
Colorado, Health & Sciences Center (UTHSC), Vascular and Endovascular Surgery at Oregon 
Health & Sciences University, and Vascular and Interventional Radiology at UCHSC. She also 
holds a Masters in Surgical Education from the Imperial College of London. Dr. Mitchell is a 
nationally recognized authority in the management of adult and pediatric vascular trauma and has 
extensive experience in the management of patients with critical limb threatening ischemia, 
carotid and visceral artery ischemic conditions, and venous disorders. She has served on the 
American Board of Surgery-Vascular Surgery Board (ABS-VSB), American College of Surgeons 
Board of Governors, and Association for Program Directors in Vascular Surgery (APDVS) 
Council, and currently holds leadership positions at UTHSC, ROH, Society for Vascular Surgery, 
and the Society for Clinical Vascular Surgery. An accomplished clinical outcomes and surgical 
education researcher, Dr. Mitchell’s work has focused on vascular trauma, healthcare disparities, 
and the assessment of operative competency (technical and non-technical surgical skills). Her 
EdM work underpins the ABS-VSB and the Accreditation Council for Graduate Medical Education 
Vascular Surgical Milestones with these milestones proving predictive for patient outcomes post 
residency. She is now working on the development of Entrustable Professional Activities (EPAs) 
with the ABS-VSB/APDVS EPAs Working and Advisory Group. To date, she has co-authored two 
vascular surgical text books and > 80 peer-reviewed articles, and given > 100 podium 
presentations. Hobbies include travelling, cooking, and painting. She enjoys her home in Memphis 
with her husband Jon, a world-renowned fly-fisherman, and their Norwich’s.    
 
Presentation Abstract: Clinical Perspective: Engineered Cardiovascular Tissues and 
Devices Today and Moving Forward 
Erica L Mitchell, MD EdM FACS DFSVS 
University of Tennessee Health & Science Center, Memphis TN 
 
Percutaneous revascularization has replaced open surgical bypass for high-risk patients and 
advances have been made in both techniques and devices used for arterial recanalization. 
Revascularization is achieved with balloon angioplasty, cutting balloon angioplasty, drug-coated 
balloon angioplasty, percutaneous atherectomy, subintimal recanalization, and intra-vascular 
lithotripsy, all with or without stenting (nitinol, drug-eluting). All devices are delivered, driven, and 
directed over a wire platform and wire properties determine wire form and function. All 
endovascular therapies are dependent on intraluminal imaging via digital subtraction angiography 
(DSA), intravascular ultrasound (IVUS), or optical coherence tomography (OCT). 
 
Despite the exponential rise of endovascular procedures in recent years, data supporting long-
term durability of these interventions is missing. When old devices fail, new devices emerge, 
preventing head-to-head comparisons of outcomes. Multiple procedures are often needed to 
maintain arterial patency, with re-intervention associated with patient morbidity and additional 
cost.  
 
Current technologies for arterial recanalization and outcomes data will be presented. This data 
supports the need for novel techniques and technologies that do not employ intraluminal imaging 
nor over-the-wire technologies and devices. Technologies applied to other industries will be 
proposed. 
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Professional Biography: Carlos C Chang, Ph.D. has contributed to a wide range of research, 
translation, and product development in the medical device and regenerative medicine fields. 
From start-ups to space stations, Dr. Chang’s work has encompassed the organization of 
biological and synthetic materials to yield improved treatments for current and future patients. In 
the cardiovascular space, Dr. Chang has a long history of collaborating with both academic and 
industry partners. This work has included the development of various large-animal models of 
stroke, cardiac and musculoskeletal ischemia. These test systems have been used to evaluate a 
breadth of early-stage pharmaceutical, cell, and device therapies. In the medical device field, Dr. 
Chang has led teams that developed tissue-derived medical devices indicated for repairing 
structures in and around the heart. Internationally and FDA cleared, these devices are currently 
used to treat a wide range of pathologies from congenital heart defects to vessel and valve repair. 
Other work has been more future focused, investigating the influence of microgravity on 3D 
bioprinting of vascular and cardiomyocyte structures as well as the long-term effects of fractional 
gravity and radiation on biological systems. In his current role as Technical Director, R&D and 
Manufacturing, Dr. Chang is leading the product development efforts of Avery Therapeutics’ first 
product, MyCardia. Currently in preclinical phase, MyCardia is a viable cardiac matrix of 
cardiomyocytes and fibroblasts. Dr. Chang and the Avery Therapeutics Team are excited to bring 
this unique product to market to help a variety of patients in need. 
 
 
Presentation Abstract: MyCardia: A Viable Cultured Cardiac Matrix 
Carlos C Chang 
Avery Therapeutics 
Funding Source: Avery Therapeutics 
 
Heart disease is one of the greatest causes of morbidity and mortality in the world. In 2020, 
according to the CDC, 697,000 Americans died from heart disease. This staggering number 
represents 20% of all deaths. To help address this critical need, Avery Therapeutics is developing 
MyCardia, a viable cardiac matrix of cardiomyocytes and fibroblasts. Once implanted, MyCardia 
will help improve cardiac function of tissues that have suffered ischemic damage. However, before 
our product can help future patients, it first needs to arrive in the surgeons’ hands.  
 
The ability to deliver a quality product to future patients is a major research focus. Internally, Avery 
has been working with commercially available quantitative assays to evaluate MyCardia 
development. An emphasis has been placed on non-destructive evaluation methods that would 
permit broad use during future product manufacturing. One assay system of interest evaluates 
product-produced soluble factors in collected culture medium. These multiplex analyte assays are 
clinically used to evaluate patient specimens to assist disease diagnosis. We have used this 
system to characterize product development at different manufacturing timepoints. The presented 
work will share our evaluations of MyCardia’s performance following a variety of shipping and 
holding conditions. Test samples were physically shipped to and returned from locations ranging 
in temperature from -11C to 36C. Other samples were tested after 24 hours of storage at 4C, 
ambient, or 37C. Following testing, collected data suggests MyCardia maintained viability and 
products were not significantly affected by the shipping and holding conditions.  
 
The results of this testing provide evidence of the resilience of our MyCardia product. MyCardia 
are compatible with a wide range of shipping and storage conditions, permitting flexible handling 
and preparation conditions for our end users. In addition, the collected information establishes a 
strong foundation for developing final shipping and receiving protocols of our clinical products. 
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Professional Biography: Martijn Cox, Ph.D. is Co-Founder and CTO of Xeltis, a clinical-stage 
medical device company developing heart valves and blood vessels enabling cardiovascular 
restoration, through a therapeutic approach called Endogenous Tissue Restoration (ETR). The 
porous structure of Xeltis’ restorative cardiovascular implants enables cardiovascular restoration 
by harnessing the body’s natural healing process to pervade it with new healthy tissue once 
implanted. As a new healthy heart valve or blood vessel made of patient’s own tissue forms 
around the structure of the implant and takes over functionality, the original implant gets absorbed 
in the body. Xeltis’ cardiovascular implants are made of bioabsorbable supramolecular polymers. 
Xeltis is currently running 5 clinical studies on 3 cardiovascular applications in US, Europe, and 
Asia. 
 
Presentation Abstract: Xeltis Restorative Pulmonary Valve – Insights from Clinical Studies 
Martijn Cox, Mohammed El-Kurdi, Xeltis BV, Eindhoven, The Netherlands and 
Frederick J. Schoen, Brigham & Women’s Hospital and Harvard Medical School, Boston, USA 
 
The Xeltis Pulmonary Valve conduit (XPV) is composed of a restorative absorbable polymer 
designed to enable cell infiltration and neotissue formation, resulting in functional endogenous 
tissue restoration (ETR). Xeltis’ restorative materials intend to combine the benefits of an off-the-
shelf synthetic approach with the potential to restore autologous natural tissue by harnessing the 
body’s innate healing capacity.  
 
On the basis of preclinical studies, regulatory approval has been obtained in US and abroad to 
start 2 First-In-Human clinical studies, which have enrolled 18 patients in total, with mean follow-
up of 3.6 and 5 years, respectively. Based on resulting safety data and favorable reoperating rates 
this provided permission to start a combined US/EU pivotal clinical study towards market approval 
now enrolling patients.  
 
The potential for ETR in patients is illustrated by a representative valve explanted after 4.5 years. 
A male patient with a diagnosis of Tetralogy of Fallot was initially repaired at 2yo with a 
transannular patch. At age 12, an 18mm XPV was surgically implanted. By age 16, following 
somatic growth, there was a gradient of 51mmHg across the XPV, which necessitated 
explantation at 46 months. Histopathologic examination revealed no thrombus and no intrinsic 
conduit stenosis. The conduit polymer was partially absorbed and replaced by collagen-rich tissue 
with few scattered lymphocytes and macrophages and interspersed new capillaries. No 
calcification was noted. Ongoing neotissue ingrowth was localized predominantly at the abluminal 
aspect of the valved conduit, at the cuspal bases and near commissures.   
 
These studies demonstrate the potential of restorative polymer-based approaches in humans.  
However, as with tissue engineered medical products generally, translational challenges remain. 
Indeed, owing to probable patient-to-patient heterogeneity in biological responses, validated 
serum and/or imaging markers for predicting and/or monitoring in vivo ETR progress are desired. 
Nevertheless, regulatory challenges overall are likely to be mitigated by the reproducibility and 
scalability of the polymer-only approach. Thus, the Xeltis polymer-based approach to PV 
replacement may offer benefits compared to currently available animal-derived and cell-based 
innovations.  
 
Financial disclosures: Martijn Cox and Mohammed El-Kurdi are employed by Xeltis. Frederick 
Schoen is a paid consultant and Scientific Advisory Board member to Xeltis. 
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Professional Biography: Peter Zilla, M.D., Ph.D. obtained an MD from the University of Vienna, 
a DMed from the University of Zurich, a PD degree from the University of Vienna and a PhD from 
the University of Cape Town. Clinically, he registered as a specialist general surgeon with the 
Austrian Physicians Board followed by subsequent registrations as a specialist vascular surgeon 
and a specialist cardiothoracic surgeon. Pioneering tissue engineering since 1983, he initiated an 
international multi-center study with autologous, in-vitro endothelialized femoro-popliteal bypass 
grafts culminating in almost 500 patient-implants. He was also an early proponent of external vein 
stenting as a means to suppress vein graft intimal hyperplasia. After having been appointed as 
successor of Christiaan Barnard at the University of Cape Town his focus was on improving the 
longevity of bioprostheic heart valves for the largely young patients of Africa. He also united all 
major cardiothoracic surgical societies worldwide under one umbrella (Cardiac Surgery 
Intersociety Alliance / CSIA) with the goal of fostering the establishment of sustainable cardiac 
surgery in developing countries. He co-founded a University of Cape Town Start-Up Company 
securing a niche position in trans-catheter heart valve devices for low- to middle-income countries 
using polymeric leaflets and self-homing hollow-balloon systems for the young patients with 
rheumatic heart disease typically suffering from non-calcific aortic regurgitation. 
 
 
Presentation Abstract: Straight Access Technologies: Polymeric TAVR for Rheumatic 
Heart Disease 
Peter Zilla, David F. Williams, Deon Bezuidenhout 
University of Cape Town, Cape Town, South Africa 
 
Leaflet durability and costs restrict contemporary trans-catheter aortic valve replacements (TAVR) 
largely to elderly patients in affluent countries suffering from degenerative aortic stenosis. TAVR 
that are easily deployable, avoid secondary procedures and are also suitable for younger patients 
with non-calcific aortic regurgitation (AR) will significantly expand their global reach.  
 
Recognizing the reduced need for post-implantation pacemakers in balloon expandable (BE) 
TAVR and the recent advances with potentially superior polymeric leaflet materials, a trans-
catheter BE-system was developed that allows tactile, non-occlusive deployment using a unique 
hollow-balloon that avoids rapid ventricular pacing. Polyurethane leaflets are directly attached to 
a shape-stabilized scallop and anchorage is achieved by plastic stent deformation even in the 
absence of calcification.  
 
While expanding the scope of TAVR to the vast number of patients of low- to middle income 
countries who suffer from rheumatic heart disease the system also promises hope for the patients 
of high-income countries presently excluded from TAVR due to being too young for pericardial 
prostheses. 
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Professional Biography: Marvin J. Slepian, MD, is Professor of Medicine, Professor and 
Associate Department Head of BioMedical Engineering and McGuire Scholar in the Eller College 
of Management, all at the University of Arizona. Dr. Slepian is the Director of the newly created 
Arizona Center for Accelerated Biomedical Innovation (ACABI). Dr. Slepian attended Princeton 
(AB Biochemical Sciences and Science in Human Affairs ’77) and received his MD from the 
University of Cincinnati College of Medicine (’81 AOA).  He completed his residency in Internal 
Medicine at New York University–Bellevue Hospital in New York, where he served as Chief 
Resident in Medicine; clinical and research fellowships in Cardiology at Johns Hopkins University 
School of Medicine in Baltimore, Maryland; and clinical and research fellowships in Interventional 
Cardiology and a research fellowship in Artificial Organs at the Cleveland Clinic in Cleveland, 
Ohio.  In addition, Dr Slepian also received post-doctoral training in Chemical Engineering and 
Polymer Chemistry at MIT. In parallel with his clinical career Dr. Slepian has had an extensive 
research career leading to the development of innovative diagnostics and therapeutics for 
cardiovascular diseases.  His work has focused on the development and use of novel biomaterials 
for tissue engineering, drug delivery and medical device development. His lab has developed 
many novel diagnostics and therapeutics which have found their way into clinical use today 
including: drug-eluting stent technologies, stent coatings, “polymer paving,” surgical anti-adhesive 
barriers, stretchable and biodegradable electronics, synthetic tissue sealants, myocardial 
revascularization and cell delivery methods and cardiovascular prosthetic devices - including the 
total artificial heart. He has received multiple awards and recognition for his academic and 
translational research activities including: the American Heart Association Award for the Most 
Significant Advance in Cardiovascular Medicine, election as fellow of the American Institute for 
Medical and Biological Engineering and as fellow of the National Academy of Inventors. In 2017 
he received the AZBio Pioneer Award for Lifetime Achievement in Biomedical Science Innovation.   
 
Presentation Abstract: The PolyNovaTM Polymeric Heart Valve System: An Advanced 
Polymeric System for TAVR – 2022 Update 
Marvin Slepian MD, Brandon Kovarovic PhD, Oren Rotman PhD, and Danny Bluestein PhD 
University of Arizona 
 
Aortic stenosis resulting from calcific aortic valve disease is estimated to occur in 5% of the 
population aged 65, with increasing rates and severity with age, leading to a 50% mortality rate 
at 1 year for patients with untreated severe AS.   The gold standard therapy has been surgical 
aortic valve replacement but is being replaced by the success and expansion of the minimally 
invasive transcatheter aortic valve replacement.  However, both techniques are hinged on the use 
problematic fixed bioprosthetic tissues which results in unknown clinical valve durability, 
thrombosis events, and decreased valve performance.  PolyNova Cardiovascular has developed 
a polymeric transcatheter valve that was developed with rigorous in silico models to optimize the 
valve profile and thickness, thus reducing the cycle stresses and increases the valve 
performance, leading to the achievement of 1 billion operating cycles in accelerated wear testing.  
Additionally, the promise of hemocompatible polymeric valve technology will reduce rate of 
thrombosis, thromboembolic events, inflammatory structural valve degeneration, and resist 
crimping damage associated with the transcatheter valve approach. The latest iteration and 
advances in development will be presented. 
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Professional Biography: Matt Bonner, Ph.D. (Medical Device Consultant - MDB Consulting 
LLC) has been retired from Medtronic for 2 years, I am continuing my career by consulting in the 
area of implantable medical devices, primarily cardiac.  I hold degrees in Molecular Biology, 
Computer Engineering, and Biomedical Engineering. Most of my experience has been in the area 
of the device tissue interaction. Examples include lower defibrillation thresholds by novel 
electrode placements in the body or making the implant procedure simple and effective. The 
project for which I am the most proud was participating in the creation of a pacemaker that was 
10x smaller than the current pacers, could fit inside the heart, yet had all the features of the 
existing devices. After completing the design and testing, I have been training doctors all over the 
world on how to implant this novel pacemaker. In addition, I hold over 75 patents, many in current 
devices on the market. One is to use electroporation for ablating tissue which is under clinical 
trial, and another is a lead design that is still the most reliable and extractable lead on the market 
but must be implanted with a different technique. While creating these devices has been my 
passion, I have found time for beer brewing, playing bass guitar, road bicycling. 
 
 
Presentation Abstract: Micra Leadless Pacemaker 
Matthew Bonner Ph.D.  
MDB Consulting 
 
The Micra transcatheter (leadless) pacemaker was designed to reduce pacemaker complications 
by eliminating the subcutaneous device pocket and the venous lead which collectively cause at 
least 75% of pacemaker complications.  The Micra is implanted completely within the heart, and 
at 0.8 cc volume and 2 gram mass it is 1/10 the volume of the current leaded pacemakers but 
retains most of the typical features.  This was done through both circuit and firmware optimization 
and elimination a few of the most energy demanding features.  The first Micra was a single 
chamber device that only paced and sensed the ventricle, which limited its use to a small portion 
of pacemaker patients. However, the second generation Micra can also mechanically sense the 
atrial contraction using the accelerometer and is the first device to be able to mechanically sense 
cardiac activity. This allows the Micra to now track the natural contractions of the atrium and pace 
the ventricle to follow in patients with atrio ventricular block. This ability to track the atrial 
contractions significantly broadens the group of patients for which Micra is applicable. Throughout 
multiple clinical trials Micra has been shown to have 40-60% fewer complications than leaded 
pacers.  In the most recent study involving approximately 5000 Micra pacers and 9000 leaded 
pacers, the acute (<30 days) complications were similar in percentage but the chronic 
complications with Micra were over 60% fewer.  This is an outstanding result and a great step 
forward for pacemaker patients. 
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Professional Biography: Kimberly A. Chaffin, P.E., Ph.D. is a Vice President and Corporate 
Technologist, Medtronic Fellow, Bakken Fellow and Technical Fellow in Enterprise Technology 
and Innovation at Medtronic, Inc.  Kim has responsibility for leading the enterprise-wide 
technology effort as well as directing research projects within the corporate research organization.  
In her enterprise technology role, Kim designs enterprise level research programs which will be 
critical in advancing new technologies across all businesses.  In her research role, Kim is a 
recognized expert in material thermodynamics and characterization, especially as it relates to 
structure-property relationships that govern long-term stability and performance.  She serves as 
an advisor to the FDA’s Office of Science and Engineering Laboratories where she is helping with 
the strategic prioritization of their polymers research as it relates to both biostability and 
biocompatibility.  Kim joined Medtronic in 1999, where she has chosen to remain an individual 
contributor.  Kim has a Ph.D. in Chemical Engineering from the University of Minnesota (Advisor:  
Frank S. Bates) and master’s and bachelor’s degrees in Chemical Engineering from the University 
of Michigan. She is a licensed Professional Engineer in the state of Minnesota.  She is an inventor 
on 18 issued patents and an author on many peer-reviewed publications.  In late 2016, Kim 
returned to Minneapolis after a four-year assignment in Switzerland.  Kim’s husband, Paul, is the 
President of Molex’s Medical and Pharmaceutical Solutions business headquartered in Hudson, 
WI.  Together they have two children, Cole, a senior in Mechanical Engineering and Julia, a 
freshman in Biomedical Engineering, both at the University of Michigan. 
 
Presentation Abstract: In Vivo Long-term Durability of Materials that Comprise Implanted 
Medical Devices 
Kim Chaffin, Ph.D., P.E.1 
1Medtronic, Inc. Minneapolis MN 55432 
 
In the 1980’s, Medtronic experienced one of the industry’s most consequential recalls, where the 
polymer insulation on implanted cardiac leads, the conduits through which energy is delivered to 
the heart, disintegrated in vivo.  Amid this crisis, Medtronic scientists began a quest to better 
understand and screen for the factors that could impact a material’s long term biostability.  After 
almost forty years of prioritizing research in this area, we lead the industry in our ability to screen 
and predict a material’s biostability in vivo.  In this talk, I will review our scientific advancements 
and examine the scientific questions that remain active areas of research for predicting decade 
or more in vivo stability of implanted materials.  In demonstrating our leadership position in this 
area, I will review our recent manuscript that used strategically designed accelerated in vitro 
testing to provide important insights into the long-term biostability of materials, predicting decade 
long performance that was validated by both real time in vitro exposure and by analysis of human 
explants. These insights could not be readily gleaned through the in vivo studies that dominate 
current regulatory guidelines, creating a call to action for updating these guidelines to be 
consistent with modern day implants durations.   
 
Related publications: 

1. Influence of water on the structure and properties of PDMS containing Multiblock 
Polyurethanes Macromolecules, 2012, 45 (22) p. 9110-9120. 

2. Abrasion and fatigue resistance of PDMS containing multiblock polyurethanes after 
accelerated water exposure at elevated temperature Biomaterials, 2013, 34 (33) p. 8030-
8041.  (open access) 

3. Polyether urethane hydrolytic stability after exposure to deoxygenated water 
Macromolecules, 2014, 47 (15) p. 5220-5226. (open access) 

4.  Longevity Expectations for Polymers in Medical Devices Demand New Approaches to 
Evaluating Their Biostability ACS Macro Lett. 2020, 9 (12) p. 1793–1798 (open access) 
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Professional Biography: Andrew Farb, M.D. is the Chief Medical Officer in the Office of 
Cardiovascular Devices at FDA’s Center for Devices and Radiological Health (CDRH).  He 
graduated from Dartmouth College (BA) and Cornell University Medical College (MD).  Dr. Farb 
completed an internship and residency in internal medicine, a one-year residency in anatomic 
pathology, and a fellowship in clinical cardiology at The New York Hospital – Cornell University 
Medical Center.  He is board-certified in Internal Medicine and Cardiovascular Diseases.  
Following a fellowship in cardiovascular pathology at The Armed Forces Institute of Pathology 
(AFIP), he served as a staff cardiovascular pathologist at AFIP with research interests in and 
multiple publications on coronary atherosclerosis and mechanisms of thrombosis, coronary artery 
interventions, and structural heart disease.  Dr. Farb joined the FDA in 2004, where he has 
concentrated on clinical studies for interventional cardiology, structural heart, and peripheral 
vascular devices.  Since 2013, he has worked on medical device innovation and facilitating the 
performance of early stage medical device studies in the US.  Dr. Farb co-authored FDA’s Early 
Feasibility Study (EFS) Guidance document, and he is the Co-Leader of CDRH’s EFS Program.  
In addition to his position at FDA, he engages in patient care and is an attending physician in 
clinical cardiology. 
 
 
Presentation Abstract: An Update on FDA’s Role in Facilitating Medical Device Innovation 
Andrew Farb, M.D. 
Chief Medical Officer, FDA Office of Cardiovascular Devices 
 
The Food and Drug Administration (FDA) is responsible for protecting and promoting public health 
by making safe and effective medical products available to the nation as quickly as possible.  In 
the late 1990s to the early 2000s, there was an out-migration of the initial clinical evaluation of 
novel medical devices oversees despite the fact that a large proportion of these products were 
developed domestically.  This trend resulted in a growing time lag in US patient access to 
beneficial devices.  FDA recognized that nonclinical test requirements were impeding clinical 
study initiation, and in response to this problem, FDA issued an Early Feasibility Study (EFS) 
Guidance document and created the EFS Program in 2013.  Core principles of the EFS Guidance 
and Program include: less nonclinical data may be needed for FDA approval of a small study of 
an early device design vs. a larger clinical study; it may be acceptable to defer some nonclinical 
testing until the device design has been finalized for use in a larger pivotal trial; an appreciation 
of the limited availability of safe and effective treatments for many clinical conditions; and the use 
of risk mitigation strategies to protect EFS patient safety.  Since the launch of the EFS Program, 
many industry sponsors and investigators have opted to perform early clinical trials and first-in-
human studies in the US, and the data developed in multiple EFS have been used to support the 
transition to pivotal trials.  However, beyond needed regulatory changes, we realized that other 
aspects of the EFS ecosystem needed attention including IRB approval, contracting and 
budgeting, site start-up, and insurance reimbursement.  FDA is collaborating with stakeholders to 
streamline the process of EFS initiation.  Another way that FDA is facilitating device innovation is 
through our Breakthrough Devices (BTD) Program, which targets expedited approval for devices 
offering more effective treatments of life-threatening or irreversibly debilitating diseases or 
conditions.  Approval of some BTD can be based on intermediate or surrogate endpoints with 
continued data development post-approval (pre/post-market balance) to support expanded 
indications-for-use to advance patient care.   
 
 
 
 
 

40



Professional Biography: Janice Tsui, M.D. is Professor of Vascular Surgery and honorary 
consultant vascular surgeon at University College London and Royal Free London NHS 
Foundation Trust, UK. She obtained her MB BChir and MD degrees from the University of 
Cambridge and completed her surgical training in London. Her clinical and research interests are 
peripheral artery disease and diabetic foot complications. She is research lead of the North 
Central London vascular network and clinical lead of the UCL Institute of Healthcare Engineering 
vascular engineering program.   
 
 
 
 
 
Presentation Abstract: Improving Outcomes of Patients with Peripheral Artery Disease and 
Diabetic Foot Complications 
Janice Tsui1,2 

1Division of Surgery & Interventional Science, University College London, UK 
2CardioVascular Division, Royal Free London NHS Foundation Trust, UK 
 
 
Peripheral artery disease (PAD) and diabetic foot complications are global healthcare challenges 
which are increasing in prevalence and impact. Despite improvements in revascularisation 
strategies, functional outcomes and overall prognosis of patients remain poor. Recent research 
has focussed on muscle pathology and optimisation of vascular protection to improve patient 
outcomes.  
This talk will present recent work in these areas from leading groups as well as our own 
laboratories and discuss potential areas for further research.  
 
Funding sources: British Heart Foundation, Circulation Foundation, British Council  
 
Financial disclosures: Receipt of honoraria from Bayer 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 

41



Professional Biography: Roberta Lassance-Soares, Ph.D. is a Research Assistant Professor 
at the Department of Surgery at the University of Miami. Originally from Brazil, Dr. Lassance-
Soares received her PhD in Human Physiology from Federal University of Rio de Janeiro. During 
this period, she spent 2 years as part of her PhD program at the Johns Hopkins University. Dr. 
Lassance-Soares did 2 postdoctoral fellowships: at MedStart Health Research Institute at 
Washington DC and at the University of Miami. The major focus of her research is to understand 
the cellular and molecular mechanisms underlying neovascularization and endothelial 
dysfunction. In her lab, Dr. Lassance-Soares has developed a mouse model of critical limb 
ischemia to study potential strategies to improve neovascularization (angiogenesis and 
arteriogenesis) and consequent limb perfusion. She has been awarded career development 
grants from the American Heart Institute and National Institute of Health. Her recent manuscript 
about the ischemic-trained monocytes was published at ATVB and recognized as their Featured 
Article in February 2022. 
 
 
Presentation Abstract: Ischemic-trained Monocytes Improve Arteriogenesis  
Gustavo Falero-Diaz, PhD1; Catarina de A. Barboza, PhD; Felipe Pires1, BA; Maeva Fanchin, MA1; Jingjing 
Ling, PhD1; Zachary M. Zigmond, PhD1; Anthony J Griswold, PhD2; Laisel Martinez, PharmD1; Roberto I. 
Vazquez-Padron, PhD1; Omaida C. Velazquez, MD1; Roberta M. Lassance-Soares, PhD1. 
1DeWitt Daughtry Family Department of Surgery, Leonard M. Miller School of Medicine, University of Miami, 
Miami, FL. 2John P. Hussman Institute for Human Genomics, Leonard M. Miller School of Medicine, 
University of Miami, Miami, FL. 
 
Background: Critical limb ischemia (CLI) is the end stage of peripheral artery disease (PAD) and 
the underlying cause of ischemic rest pain, gangrene, and amputations. Primary amputation is 
the outcome  for the 30% of CLI patients who are ineligible for limb revascularization; thus, these 
patients urgently need an effective therapy to improve neovascularization and prevent 
amputation. Arteriogenesis is the process of growth and enlargement of pre-existing collateral 
vessels that can function as a natural bypass. This process ensures sufficient blood to the 
ischemic muscles after stenosis. Objective: Monocytes, which play an important role in 
arteriogenesis, can build immunological memory by a functional reprogramming that modifies 
their response to a second challenge. This process, called “trained immunity,” is evoked by insults 
that shift monocyte metabolism. Here we evaluate whether ischemia can lead to a functional 
reprogramming of monocytes, contributing to arteriogenesis after hindlimb ischemia. Methods 
and Results: Mice exposed to ischemia by 24h of femoral artery (FA) occlusion (24h trained) or 
sham were subjected to hindlimb ischemia one week later; the 24h trained mice showed 
significant improvement in blood flow recovery and arteriogenesis after hindlimb ischemia. 
Adoptive transfer using bone marrow-derived monocytes (BM-Mono) from 24h trained or sham 
donor mice demonstrated that recipients subjected to hindlimb ischemia who received 24h 
ischemic-trained monocytes had remarkably superior blood flow recovery and arteriogenesis. 
Further, ischemic-trained BM-Mono had increased HIF-1α and GLUT-1 gene expression during 
FA occlusion. Circulating cytokines and GLUT-1 were also up-regulated during FA occlusion. 
Transcriptomic analysis and confirmatory qPCR performed in 24h trained and sham BM-Mono 
revealed that among the 15 top differentially expressed genes, four were involved in lipid 
metabolism in the ischemic-trained monocytes. Lipidomic analysis confirmed that ischemia 
training altered the cholesterol metabolism of these monocytes. Conclusion: Ischemia training 
in BM-Mono leads to a unique gene profile and improves blood flow and arteriogenesis after 
hindlimb ischemia. 
 
SOURCES OF FUNDING: This study was supported by National Institute of Health – NHLBI 
K01HL145359 to R.M.L.-S, and Department of Surgery, University of Miami. 

42



Professional Biography: Justin T. Strader, Principal MSAT Engineer, is an expert in tissue 
engineering and has nearly two decades of experience in bioprocessing of tissue-engineered 
products. One of the first employees of Humacyte, his tenure with the company has spanned from 
work in benchtop process optimization to developing process solutions for clinical manufacturing 
at scale for the commercial launch of the company’s Human Acellular Vessel product candidate.  
Mr. Strader holds a BSE in Biomedical Engineering from Duke University. 
 
 
Presentation Abstract: From Concept to Clinical Application: Developing and Engineering 
a Commercial Scale Bioprocessing Platform 
Justin T. Strader 
HUMACYTE, Inc. 
 
Scientific and medical understanding are essential for bringing regenerative medicine products to 
market, with the translation of regenerative medicine products requiring cutting-edge technology, 
scaled manufacturing, and clinical evaluation. For more than 15 years, Humacyte has worked to 
sequentially solve the translational hurdles related to the production of Human Acellular Vessels, 
or HAVs.  Humacyte’s innovative platform combines the biology, physics, and chemistry 
necessary to produce human tissues outside the body. Humacyte’s technology involves the use 
of human vascular cells that are cryopreserved and are leveraged to generate engineered 
vascular tissues of a shape and size dictated by the bioreactor and polymer scaffolding of our 
manufacturing process. In addition, a key component of the platform is the robust decellularization 
process that removes the vascular cells and cellular components from the resulting HAV, thereby 
creating an acellular vascular implant that is universally implantable and available off the shelf.   
 
Understanding the necessity to produce large volumes of product to meet demand in the future, 
Humacyte focused on scaling its bioreactor system.  Today, Humacyte has developed a 
commercial-scale manufacturing system capable of producing 200 HAVs per batch, in a highly 
automated and controlled fashion. Clinical evaluation of HAVs produced in the commercial-scale 
manufacturing system function as expected when used as dialysis access grafts. HAVs are 
designed to provide a durable solution for patients suffering from traumatic vascular injury, 
peripheral arterial disease, or those requiring a conduit for hemodialysis access, and to date HAVs 
have been implanted into more than 500 patients. By adapting our platform, we are working to 
create small diameter HAVs to treat coronary artery disease, complex tissue systems to treat 
diseases like Type I diabetes, or organs for transplant; demonstrating the broad applicability of 
the platform and the opportunity to change the way patients are treated in the future. 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 

43



Professional Biography: David Taggart, M.D. is currently a Professor of Cardiovascular 
Surgery at the University of Oxford. He qualified from Glasgow University in 1981. After clinical 
training in Glasgow, Paris, Newcastle and London (under Prof Sir Magdi Yacoub and Mr. 
Christopher Lincoln at the Royal Brompton Hospital) he was appointed as Consultant 
Cardiothoracic Surgeon at the John Radcliffe Hospital in Oxford in 1995. In 2004 he was 
appointed as Professor of Cardiovascular Surgery at the University of Oxford. He has two higher 
academic degrees (MD awarded with Honors 1989 and a PhD in 2000) and has conducted over 
20 original scientific trials/studies and published over 340 peer-reviewed scientific manuscripts 
with a high proportion with original research data. His main research focus has been on coronary 
revascularization and with specific reference to the evidence base for comparison to stents, 
multiple arterial grafts, off-pump CABG, quality assessment and the use of external stents for 
saphenous vein bypass grafts. He is the PI for the ART trial a randomized of over 3100 patients 
allocated to single or bilateral ITA grafts and now being analyzed after 15 years of follow-up.  He 
is the co-editor of two major textbooks of cardiac surgery (i) Core Concepts in cardiac Surgery 
and (ii) State of the Art Surgical Myocardial Revascularization.  Along with Dr John Puskas he is 
the co-founder of the International Coronary Congress (ICC) and the International Society for 
Coronary Artery Surgery (ISCAS). He is also the Director of the Masterclass for Off-Pump CABG 
(sponsored by Medtronic). 
 
 
Presentation Abstract: VestTM Vascular Grafts Solution Concept: Clinical Update 
David P. Taggart 
Cardiovascular Surgery, University of Oxford 
 
Coronary artery bypass grafting (CABG) improves symptoms and extends life expectancy in 
patients with severe coronary artery disease. Most patients need 3 or 4 bypass grafts, and the 
conventional operation uses a single artery and supplemental vein grafts. The major limitation to 
the operation is the eventual failure of vein grafts through a process of intimal hyperplasia and 
subsequent atherosclerosis, so that around 50% of vein grafts have failed by 10 years. The 
concept of external stenting of vein grafts to prevent development of disease in vein grafts by 
reducing the effects of arterial distension was initially described around 60 years ago but initial 
results in the coronary arteria circulation were initially poor because of limited technology. External 
stents are now much more sophisticated with greatly improved results. In this presentation key 
results will be given based on pathophysiology, animal models and results of in vitro and in vivo 
clinical results (including OCT and IVUS) and the efficacy of external stenting in reducing the 
process of intima hyperplasia. The results of the two largest multicenter randomized trials from 
Europe (VEST III) and the USA (Pivotal) will be summarized. 

1. External stenting is a very elegant way of vein graft tissue engineering (this is the 
topic of your session) – its is very simple (which is always the most elegant), 
address exactly the root causes of SVG disease (i.e. wall tension, diameter 
mismatch, flow disturbances etc)  - this was shown in many pre-clinical studies and 
with VEST also in several RCTs with long follow up. I would go through all the 
evolution of the data. 

2. Second advantage is that VEST doesn’t change or add complexity/time to the 
procedure and the cost is reasonable – many fancy technologies are either 
complex and therefore will not be adopted or too expensive. 

3. Lastly you may want to add that from a technology point of view, VEST can be 
viewed as a platform for future developments that may further improve patients 
care – i.e. adding flow or other sensors, adding materials/drugs. 

 
Conflicts of Interest: Research funding, speaking, and travelling fees from VGS. 
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Professional Biography: Mohammed El-Kurdi, Ph.D. is Vice President of R&D at Xeltis, 
bringing to the team experience in cardiovascular bioengineering, with focus on developing an 
understanding of the interactions between biomaterial-based medical devices and the diseased 
cardiovascular system. Utilizing the power of endogenous tissue restoration (ETR), Xeltis is 
dedicated to translating the potential of regenerative medicine technologies into clinically viable 
solutions, with a mission to deliver next-generation treatment alternatives to clinicians and their 
patients. 
 
 
Presentation Abstract: Xeltis’ restorative vascular grafts, progress, and future directions 
Mohammed El-Kurdi, Vice President of Research and Development, Vascular  
Xeltis BV, Eindhoven, The Netherlands  
 
Despite decades of effort, clinical availability of small diameter synthetic vascular grafts remains 
limited. Recent data, however, demonstrated unprecedented healing characteristics using Xeltis’ 
restorative materials. By harnessing the body’s innate healing capacity this approach combines 
the benefits of an off-the-shelf synthetic approach with the potential to restore natural tissue. Two 
grafts are being developed: One for coronary artery bypass surgery (XABG), and another for 
hemodialysis access (aXess) in patients with end stage renal disease.  Both devices are currently 
in different stages of clinical development, with XABG at the beginning of the first in human (FIH) 
stage, and aXess preparing for the pivotal clinical trial stage.    
 
The preclinical safety of XABG was tested in a rigorous ovine model, with excellent outcomes 
after one year when compared to autologous saphenous vein graft (SVG) controls.  Unlike the 
SVGs, which were severely and irregularly dilated with significant intimal hyperplasia (IH) 
accumulation, the XABGs had a uniform and un-dilated appearance with less IH.  This preclinical 
study provided sufficient safety evidence to proceed with the FIH study, which is currently 
enrolling the initial patients at selected European sites.   
 
For the aXess program, enrollment is ongoing in a FIH study. Our results suggest that aXess is 
fully compatible with the standard of care, including surgical handling, repeated cannulation for 
hemodialysis, and reinterventions for maintaining functional patency. Based on encouraging 
interim data from the FIH study we are preparing towards a pivotal clinical trial for aXess projected 
to start later this year.  
 
The extensive histological evidence from preclinical data, and promising early clinical data have 
demonstrated the technical feasibility and safety of Xeltis’ restorative platform in two vascular 
applications. Xeltis’ material has also been shown to be safe for use as a pulmonary valved 
conduit, which is currently enrolling patients in an international pivotal trial. The success of 
endogenous tissue restoration has been demonstrated in both preclinical and clinical settings, 
across a wide range of cardiovascular applications, suggesting that Xeltis has developed a 
tunable and robust tissue restoration platform.      
 
Funding sources: The preclinical and clinical studies are funded by Xeltis  
Financial disclosures: Mohammed El-Kurdi is a Xeltis employee and shareholder 
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Professional Biography: Adam Strobl, Ph.D. has been with WL Gore and Associates for over 
11 years, during which time he has been a Product Specialist supporting the GORE® VIABAHN 
Endoprosthesis (a device offered with the CBAS® Heparin Surface) as well as the GORE® 
CARDIOFORM Septal and ASD Occluders. Currently he supports Gore’s drug-device 
combination product efforts, which include all of Gore’s devices coated with the CBAS® Heparin 
Surface, and collaborates with Carmeda (inventors of the CBAS® Heparin Surface) on various 
research and product development efforts. Adam received his PhD from the University of 
California, San Diego, where he worked in Prof. David Gough’s Biosensors lab studying the 
immobilization of lactate oxidase for use in long-term, implantable lactate sensors. 
 
 
Presentation Abstract: The CBAS® Heparin Surface – An Active Vascular Device Lining 
for Lasting Thromboresistance 
Adam Strobl PhD1, Jennie Forsberg PhD2, Elizabeth Kersh BS1, Douglas Gee PhD1, and Per Antoni PhD2 
1W.L. Gore and Associates, Flagstaff, AZ 
2Carmeda AB, Sweden 
 

It is well-understood that synthetic biomaterials in contact with blood initiate the intrinsic coagulation 
cascade, as well as platelet and complement system activation. However, the formation of thrombus is 
generally an unwanted side-effect that, depending on the specific use of a medical device, could lead to 
thrombotic events such as stroke or other end organ ischemia. Therefore, a surface modification to 
minimize these effects and maximize hemocompatibility and thromboresistance is highly desired. 
Heparan sulfate is a glycosaminoglycan that is presented on the surface of endothelial cells and binds 
antithrombin, inducing a conformational change that increases the rate at which antithrombin can 
inactivate proteases involved in the coagulation cascade. Heparin is produced by mast cells, has similar 
catalytic activity as heparan sulfate, and is commonly used for systemic anticoagulation in hospital 
settings. The CBAS® Heparin Surface is a lasting and well-proven heparin bonding technology designed 
to resist thrombus formation. This unique heparin bonding technology uses a proprietary end-point 
covalent binding process that creates a high surface concentration of heparin, high bioavailability of the 
heparin active site, and high heparin surface activity. In vivo canine data shows continued heparin surface 
activity out to 2 years, and two different clinical explants still demonstrated relevant activity after 4 and 8 
years. In vitro testing has shown that the CBAS® Heparin Surface is more thromboresistant when 
compared to heparin surfaces applied with alternative, less specific, chemistries. On ePTFE surfaces used 
for vascular conduits, this creates an active vascular device lining that is highly thromboresistant. It has 
been shown in clinical trials that the GORE® PROPATEN® Vascular Graft (containing the CBAS® 
Heparin Surface) is superior to standard ePTFE grafts when used for peripheral bypass. In summary, the 
CBAS® Heparin Surface has been successfully applied to a number of commercially available medical 
devices for lasting thromboresistance. 

Disclosures: Carmeda AB is a wholly-owned subsidiary of W.L. Gore and Associates, Inc. Carmeda AB 
developed and applies the CBAS® Heparin Surface to various medical devices. W.L. Gore and Associates 
manufactures and sells implantable vascular devices containing the CBAS® Heparin Surface. The authors 
are employees of these organizations. 
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Professional Biography: Cynthia St. Hilaire, Ph.D. obtained a BS in Molecular Genetics from 
the University of Vermont, a PhD in Biochemistry at Boston University School of Medicine, and a 
postdoctoral fellowship at the National Heart, Lung, and Blood Institute at the NIH. At the NHLBI 
Dr. St. Hilaire and colleagues discovered the genetic cause of the rare disease, Arterial 
Calcification due to Deficiency of CD73, which identified the novel role for the enzyme CD73 and 
adenosine signaling in vascular calcification. In 2015 she joined the University of Pittsburgh and 
research in her lab focuses on identifying and characterizing the mechanisms underlying the 
development of vascular and valvular calcification pathologies, with specific interest in defining 
the mechanisms by which inflammation and mechanical stress drive the transformation of a 
healthy vascular cell into a calcifying cell. Dr. St. Hilaire is an Editorial Board Member of 
Circulation Research, serving as a Social Media Editor, and is host of the monthly podcast, 
Discover CircRes, and has held or holds leadership roles in the AHA Council on Arteriosclerosis, 
Thrombosis, and Vascular Biology, the International Society of Applied Cardiovascular Biology, 
and the North American Vascular Biology Organization.  
 
Presentation Abstract: Non-canonical Telomerase Reverse Transcriptase Controls 
Osteogenic Differentiation of Aortic Valve Cells Through STAT5 
Rolando A. Cuevas1, Luis Hortells1,2, Claire C. Chu1, Ryan Wong1, Alex Crane1, Camille 
Boufford1, Cailyn Regan1, William J. Moorhead III1, Michael J. Bashline1, Aneesha Parwal1, 
Angelina M. Parise1, Aditi Gurkar3, Dennis Bruemmer4, John Sembrat5, Ibrahim Sultan6, 
Thomas G. Gleason7, Marie Billaud8, and Cynthia St. Hilaire1,9* 
  
1 Division of Cardiology, Department of Medicine, Pittsburgh Heart, Lung, Blood and Vascular 
Medicine Institute, University of Pittsburgh, Pittsburgh, Pennsylvania, USA. 2 current address - 
Institute for Experimental Cardiovascular Medicine, University Heart Centre Freiburg–Bad 
Krozingen, Medical Center and Faculty of Medicine, University of Freiburg, Freiburg, Germany. 
3 Aging Institute, Division of Geriatrics, Department of Medicine, University of Pittsburgh, 
Pittsburgh, Pennsylvania, USA. 4 Department of Cardiovascular Medicine, Cleveland Clinic, 
Cleveland, OH, USA. 5 Division of Pulmonary, Allergy, and Critical Care Medicine, University of 
Pittsburgh School of Medicine, Pittsburgh, PA, USA. 6 Division of Cardiac Surgery, Department 
of Cardiothoracic Surgery, Heart and Vascular Institute, University of Pittsburgh Medical Center, 
Pittsburgh, Pennsylvania, USA. 7 Division of Cardiac Surgery, Univ. of Maryland School of 
Medicine, Baltimore, MD, USA. 8 Department of Surgery, Division of Cardiac Surgery, Brigham 
and Women's Hospital & Harvard Medical School, Boston, Maryland, USA. 9 Department of 
Bioengineering, University of Pittsburgh, Pittsburgh, Pennsylvania, USA. 
 
Background: Calcific aortic valve disease (CAVD) is the pathological remodeling of the valve 
leaflets which impairs movement and blood flow, leading to heart failure and a high stroke risk. 
While several mechanisms are known to drive cardiovascular calcification, the initial steps 
orchestrating the osteogenic reprogramming of cells are not fully understood. Non-canonical 
functions of telomerase reverse transcriptase (TERT) include service as a cofactor to stimulate 
gene transcription, and TERT overexpression primes mesenchymal stem cells to differentiate into 
osteoblasts. We investigated whether TERT contributes to osteogenic reprogramming of valve 
interstitial cells.  Methods: Baseline transcription of TERT and osteogenic markers, senescence 
and DNA damage, and telomere length in valve tissue and primary aortic valve interstitial cells 
(VICs) from control and CAVD patients was assessed. TERT expression was depleted in cells 
using lentiviral vectors. Cells from Tert+/+ and Tert-/- mice were used to validate human findings. 
Immunofluorescence staining, proximity ligation assay, and chromatin immunoprecipitation assay 
were used in mechanistic experiments. Results: TERT protein was highly expressed in calcified 
areas without changes in telomere length, DNA damage, or senescence. VICs isolated from 
diseased tissue retained a calcific phenotype. TERT levels were increased with osteogenic or 
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inflammatory stimuli and genetic deletion or reduction of TERT prevented calcification of VICs 
and smooth muscle cells (SMCs) from humans and mice. TERT and Signal Transducer and 
Activator of Transcription 5A/B (STAT5) colocalize and bind to the Runt-Related Transcription 
Factor 2 (RUNX2) gene promoter, and TERT and STAT5 were found to be co-localized in calcified 
valve tissues. Pharmacological inhibition of STAT5A prevented calcification of VICs and SMCs in 
vitro. Conclusions: These data show that non-canonical TERT activity is required for calcification 
of VICs and SMCs. TERT partners with STAT5A to bind to and activate the RUNX2 gene 
promoter. These data identify a novel therapeutic target to abate vascular calcification. 
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Professional Biography: Giovanni Ferrari Ph.D. is a tenured Associate Professor of Surgery 
with secondary appointment in Biomedical Engineering at Columbia University. A first-generation 
graduate student (University of Pavia, Italy), he worked at New York University (2003-2008) and 
was a faculty member at University of Pennsylvania (2009-2017), before joining Columbia 
University (2017). He is now leading the Cardiothoracic Research Program and The Columbia 
Biobank for Translational Science for the Department of Surgery. He leads a translational 
research program aimed at understanding the physiology and mechanobiology of valve disease, 
myocardial injury, aortic diseases, and biomedical devices. His team includes PhD students (in 
BME and cell biology), postdoctoral fellows, and general or cardiothoracic surgery residents. Dr 
Ferrari is chair of the Early Career Development and Mentorship Committee for ISACB. He is a 
voting member of the Columbia Medical Center Faculty council. He serves as a standing member, 
on the MPPA NIH Study Section and on several national and international agencies. His research 
is supported by multiple NIH R01s from NHLBI. Main research interests are: a) serotonin signaling 
in mitral valve homeostasis, maintenance and restoration, b) mechanisms of calcification and 
structural degeneration of implantable biomaterials for heart valve diseases, c) non-invasive 
imaging of reactive oxygen species in reperfusion injury myocardial infarction, d) mitral valve 
adaptation to ischemic left ventricular remodeling, and e) mitigation of oxidative glycation in aortic 
stenosis.  
 
Presentation Abstract: Role of Oxidative Glycation in Aortic Valve Stenosis and 
Mitigation Strategies 
Chiara Camillo1, Robert J Levy2, and Giovanni Ferrari1 
1Columbia University, New York, NY 
2The Children’s Hospital of Philadelphia 
 
Background: Aortic Stenosis (AS) defines a spectrum of diseases from initial structural 
remodeling to outflow obstruction that result in heart failure, and death if left untreated. As > 1.5 
million people in the US suffer from AS and the disease remain without pharmacological therapy, 
there is urgent need to unveil new molecular mechanisms and test new mitigation strategies. 
Oxidation and Glycation, referred here as Glycoxidation reactions, have been linked to heart valve 
disease without a clear mechanistic role.  Objective: To assess the role of glycoxidation moieties 
at cellular and tissue level as well as and in vivo in a murine model.  Methods: Human-derived 
valve endothelial and interstitial cells, native human surgically retrieved AV and a tissue 
engineering model, AV decellularized ECM scaffolds, and a murine model are used. BMP4 
mediated ROS/AGE signaling pathway is mechanistically interrogated. Results: Altered fluid 
dynamics and glycoxidation impact endothelial hyperpermeability. ROS/AGE mediates 
endothelial hyper-permeability via VE-cadherin internalization and αVβ3/CD44/OPN binding. 
Glycoxidation induces VICs osteogenic activation and calcification via BMP4/Noggin and 
phospho-OPN/CD44v6. AGE and ROS crosslinks (Glucosepane and di-tyrosine, respectively) 
alter ECM remodeling and hemodynamic proprieties. RAGE Antagonist FPS-ZM1 and SOD 
mimics (Manganese porphyrins) reduce the amount of crosslinked collagen, and ameliorate AV 
remodeling in a murine model. Conclusions: During AS progression glycoxidation moieties 
impact the aortic valve (AV) via two parallel pathological mechanisms: they impact endothelial 
permeability and activate VICs towards the osteogenic phenotype via ROS/BMP4 signaling and 
they modify the ECM via cross-linking of collagen/elastin and permanent incorporation of glycated 
proteins. FPS-ZM1 and SOD mimics, both in clinical trials for other non-cardiovascular conditions, 
represent possible new therapies. 
 
Funding sources: R01 HL-143008 (NIH-NHLBI) 
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Professional Biography: Julie Phillippi, Ph.D. is a tenured Associate Professor of 
Cardiothoracic Surgery and Bioengineering and the UPMC Pellegrini Chair in Cardiothoracic 
Surgery at the University of Pittsburgh School of Medicine. She also serves as Vice Chair for 
Cardiac Research and Director of Postdoctoral Research in the Department of Cardiothoracic 
Surgery. She received her Bachelor of Science degree in Microbiology from Pennsylvania State 
University and earned her PhD in Biological Sciences from Carnegie Mellon University. Her post-
doctoral training as an NIH T32 trainee was completed with the Pittsburgh Tissue Engineering 
Initiative. Dr. Phillippi is a cell and extracellular matrix biologist leading an interdisciplinary 
research team focused on understanding and leveraging vasa vasorum function and associated 
perivascular progenitor cells to develop less invasive and preventative treatments for 
cardiopulmonary diseases. She is passionate about team science at the intersection of 
cardiothoracic surgery, bioengineering, and basic science. Dr. Phillippi is the Principal Investigator 
of research grants from the National Institutes of Health and the Commonwealth of PA. Among 
her teaching and mentorship goals is training the next generation of cardiothoracic surgeon-
scientists in building research programs and she serves as a Co-Program Director for an NHLBI-
funded T32 Cardiothoracic Surgery Research Training Program. Dr. Phillippi also works as an 
Associate Editor for the journal Science Advances, of the Science family of journals published by 
the American Association for the Advancement of Science and the journal Frontiers in 
Cardiovascular Medicine. She serves on the Executive Committees for the McGowan Institute for 
Regenerative Medicine and the International Society for Applied Cardiovascular Biology (ISACB) 
where she is also the current ISACB Secretary. She is a member of the American Association for 
Thoracic Surgery and the American Heart Association, has authored over 50 peer-reviewed 
publications, review articles, and/or book chapters, and is the lead inventor on a recently issued 
U.S. Patent (Patent No. 11,406,736 “Vascular Extracellular Matrix Hydrogel”). Dr. Phillippi’s 
personal interests include travel, event planning, orchid cultivation, running, and culinary arts.  
 
Presentation Abstract: Perivascular cell-matrix interactions in human thoracic aortic 
disease 
Julie Phillippi, Ph.D. 
Department of Cardiothoracic Surgery, University of Pittsburgh School of Medicine, Department 
of Bioengineering, Swanson School of Engineering, McGowan Institute for Regenerative 
Medicine, University of Pittsburgh, Pittsburgh, PA 
 

The arterial vasa vasorum is vital for proper function of larger arteries and veins. This 
microvascular network nourishes the outer smooth muscle layers of larger arteries in species 
exhibiting 29 or more layers of elastic lamella at birth. Previous studies focusing on human 
ascending aortic aneurysm identified a paucity of vasa vasorum in the adventitia associated with 
hypoxic medial smooth muscle cells in aneurysmal specimens. Prior work also defined several 
perivascular cell populations associated with the vasa vasorum, including pericytes which have 
been shown to exhibit progenitor cell-like behavior(s) and multi-potent lineage progression. Using 
adventitial extracellular matrix (ECM) biomaterials, in vitro and in vivo models point to a deficiency 
in ECM-laden growth factor-mediated pro-angiogenic signaling, contributing to pericyte 
dysfunction in human aneurysm. Specifically, normal aorta-derived adventitial ECM hydrogel 
biomaterials promote transforming growth factor beta receptor and integrin-mediated contractile 
function, whereas aneurysm-derived ECMs failed to stimulate pericyte contractility. Moreover, 
pericyte assembly into 3D spheroids reveal a potential phenotypic plasticity toward the endothelial 
lineage. This putative transdifferentiation potential of 3D pericyte spheroids is diminished for 
aneurysm-derived pericytes. Adventitial ECMs derived from aneurysmal specimens fail to 
stimulate sprout-like projections from normal pericyte spheroids while normal adventitial ECM 
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increases sprouting of spheroids comprised of normal or aneurysm-derived pericytes. Defining 
how normal versus diseased adventitial ECMs influence the function of vasa vasorum-associated 
cells and their putative progenitor-like behavior and phenotypic plasticity is anticipated to help 
generate novel hypotheses of aneurysm-causing mechanisms. Furthermore, adventitial ECM 
biomaterials prove useful for in vitro disease modeling of cell-matrix interactions and could be 
further beneficial for the development of preventative and less invasive treatment options for 
patients affected by aneurysmal disease of the ascending aorta. 

Funding for this work was provided by the NHLBI under award #HL127214 #HL131632, and 
HL109132, the UPMC Health System Competitive Medical Research Fund, the Commonwealth 
of Pennsylvania, University of Pittsburgh Physicians, the Department of Cardiothoracic Surgery, 
and the UPMC Pellegrini Chair in Cardiothoracic Surgery. 
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Professional Biography: Donald R. Lynch, Jr. M.D., MSCI is an interventional cardiologist and 
assistant professor of clinical internal medicine at the University of Cincinnati. He majored in 
chemistry and biochemistry at East Carolina University and went on to attend medical school at 
the University of North Carolina School of Medicine. Dr. Lynch completed residency at Johns 
Hopkins Hospital followed by a cardiology fellowship at Vanderbilt University Medical Center and 
an interventional cardiology fellowship at Stanford University School of Medicine. Dr. Lynch was 
the first cardiologist in Stanford’s history to complete endovascular training, including complex 
aortic interventions. Dr. Lynch went on to complete training in advanced structural heart 
interventions at Henry Ford Hospital, during which he performed several first-in-man cases. 
Clinically, I treat patients with coronary disease, vascular disease, valvular heart disease, and 
aortic disease. Dr. Lynch is a NIH-funded physician scientist who studies inflammation-mediated 
platelet dysfunction in patients who undergo transcatheter valve interventions. Dr. Lynch is 
interested in understanding mechanisms of thromboinflammation and impact on clinical outcomes 
among patients undergoing transcatheter aortic valve replacement along with transcatheter mitral 
valve interventions. His other research interests include identification of obstructive coronary 
disease in patients with diabetes as well as tackling healthcare disparities among historically 
disadvantaged populations.   
 

Presentation Abstract: Inflammation mediated reprogramming of platelets following 
transcatheter aortic valve replacement 
Noah Weidig BS; Diarra Niang BS; Makayla Williams; Kelsey Porema, Joseph Palumbo MD; 
Andrew Weyrich PhD, Susan Smyth MD PhD, Donald R. Lynch Jr., MD MSCI 
 
Background: Severe aortic stenosis (AS) occurs when the aortic valve becomes calcified 
resulting in impediment of blood flow to the body. Untreated, severe AS is associated with high 
mortality and over $1 billion annual healthcare costs. Transcatheter aortic valve replacement 
(TAVR) has emerged as a treatment option for severe AS. We have recently shown that TAVR 
induces a thromboinflammatory response which was associated with increased mortality in a 
subset of patients. Hypothesis: We hypothesized that TAVR induces reprogramming of platelets 
to a thromboinflammatory phenotype which is reflected in the platelet transcriptome. Methods: 
141 patients undergoing TAVR were recruited at the University of Cincinnati. Platelet apoptosis, 
turnover, and function were evaluated using flow cytometry. RNA sequencing was performed in 
a subset of patients to evaluate changes in platelet transcriptomic cargo following TAVR. Results: 
White blood cell count, absolute neutrophil count, absolute monocyte count, and platelet mass 
increased significantly following TAVR. Absolute lymphocyte count, hemoglobin and platelet 
count significantly decreased following TAVR. There was a significant increase in plasma IL6 
following TAVR. There was no significant difference in platelet clearance, turnover, or activation 
following TAVR. A total of 13606 transcripts were identified in isolated platelets following TAVR, 
of which 606 were significantly differentially expressed (false discovery rate <0.05). Pathway 
analysis demonstrated enrichment in transcripts involved in interferon alpha and gamma 
response, cell cycle progression and proliferation, and myc control. Conclusion: This study 
demonstrated a neutrophil- and monocyte-driven inflammatory response following TAVR. 
Consistent with prior studies, there was a significant increase in plasma IL6 and decrease in 
platelet count; however, we did not find any significant changes in markers of platelet turnover or 
clearance. We report the first evidence of changes in platelet transcriptome following TAVR 
highlighting novel targets in procedure related platelet loss. Further studies are underway to 
investigate mechanisms driving these changes, transcription factors involved, and implications to 
outcomes and therapeutic decisions following transcatheter intervention.   
 
Funding Sources: NIH (5K23HL151872, R25HL106365-10) 
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An Alginate-encapsulated Mesenchymal Stromal Cell Therapeutic Improves Ischemia in Porcine 

Limb Muscle 

Juline N. Deppen1,2, Sydney C. Ginn1,2, Erica O. Tang2, Lanfang Wang2, Rebecca D. Levit, MD2 

1: Wallace H. Coulter Department of Biomedical Engineering, Georgia Institute of Technology and Emory 

University; 2: Division of Cardiology, Emory University School of Medicine 

Alternative therapies are being pursued to restore blood flow to and improve the health of ischemic muscle 

in peripheral artery disease (PAD). Alginate-encapsulated mesenchymal stromal cells (eMSCs) are retained 

and promote paracrine revascularization in murine hind limb ischemia (HLI). We hypothesize that eMSCs 

will improve ischemia in our novel model of sustained HLI in swine with myopathic benefits examined in 

vitro. One external and both internal iliac arteries were ligated, and empty capsules (ECs) or autologous 

eMSCs were injected into ischemic semimembranosus muscles after 2 weeks (N=4/group) with terminal 

procedures performed 4 weeks post-delivery. Muscle HLI was examined in vitro with C2C12 myotubes 

(1% O2). Recovered eMSCs remained intact with live MSCs and no histological evidence of cellular escape 

nor increased fibrosis vs. ECs. EC, but not eMSC, animals exhibited depressed ischemic limb ankle-

brachial indices 4 weeks post-administration vs. pre-ligation (0.69±0.17 vs. 1.02±0.19, p<0.01; 0.65±0.12 

vs. 0.88±0.21, p>0.05). eMSCs trended to improve collateral vessel formation near ligation sites via 

angiography. Hyperemic muscle perfusion was significantly increased by eMSCs in the distal posterior 

compartment (ischemic/non ischemic ratio 1.07±0.19 vs. 0.41±0.16, p<0.05) and trending in the hamstring 

(0.86±0.22 vs. 0.59±0.10, p=0.06). eMSCs improved ischemia-induced distal posterior muscle atrophy 

(2.79±0.12 vs. 1.90±0.62 g/kg body weight, p<0.05). Limb dysfunction (ischemic/non-ischemic limb force-

time impulses) normalized to pre-ligation 3 weeks post-delivery of eMSCs (0.63±0.35 vs. 1.02±0.19, 

p>0.05) but not ECs (0.42±0.33 vs. 1.04±0.15, p<0.01). eMSC swine exhibited less compensatory footfall 

pattern changes (12.58±8.46% vs. 34.85±15.26% of passes, p<0.05). In vitro myotube hypoxia 

recapitulated porcine HLI myofiber atrophy and increased type I fiber content as well as oxidative stress. 

eMSCs show promise for improving blood flow and limb health and function in PAD on a human scale, 

and muscle-specific benefits will be further elucidated in vitro. Funding: The Aronov Foundation, NIH 

UL1TR002378 and TL1TR002382 (JND), R01HL140223 (RDL). 
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Preclinical Evaluation of an Allogeneic Woven Tissue-Engineered Vascular Graft Made of Cell-
Assembled Extracellular Matrix 

 
Fabien Kawecki1*, Gaëtan Roudier1, Yoann Torres1, Paul Borciellini1,2, Luca Porro3, François Roubertie2, 

Xavier Berard1,3, Nicolas L’Heureux1 
 

1 Univ. Bordeaux, Inserm, BioTis, UMR1026, F-33000 Bordeaux, France 
2 Congenital Heart Diseases Department, CHU de Bordeaux, Pessac, France 

3 Vascular Surgery Department, CHU de Bordeaux, Bordeaux, France 
 

*fabien.kawecki@inserm.com 

 
Current commercial vascular grafts are made from synthetic materials that are stiff, not remodeled by cells, 
recognized as foreign bodies, a source of chronic inflammation, and prone to infections. Our research group 
has developed a biological material synthesized in the laboratory by human or ovine dermal fibroblasts that 
we call Cell-Assembled extracellular Matrix (CAM). This study aims to evaluate the short-term performance 
of an allogeneic, woven, tissue-engineered vascular graft (TEVG) made of CAM in a large animal model. 
 
The TEVGs (5-cm length, inner diameter = 4.1 mm) were woven on a circular loom using yarn made from 
ovine CAM sheets cultured for 8 weeks. For each TEVG, one circumferential CAM thread was repeatedly 
inserted between a mobile and a fixed set of tensioned longitudinal ribbons of CAM (51 in total), creating a 
plain weave pattern. In vitro characterization of the woven TEVGs (n=6) revealed supraphysiological 
mechanical properties with an average suture retention of 7.3±2.1 N and a burst pressure of 4800±760 mmHg 
(native ovine carotid: 2±1.2 N and 2610±860 mmHg, respectively). In addition, woven TEVG showed a low 
transmural water permeability of 15.7±16 mL.min-1.cm-2, which is below 50, a threshold often recommended 
for clinical use. 
 
Woven TEVGs (n=4) were grafted in anesthetized sheep as a 5-cm-long interpositional carotid graft. Surgical 
grafting was realized without any complication. Leakage was not observed at the anastomosis nor through the 
wall after restoring blood flow, indicating that the TEVG can be easily sutured to the native vessel using 
standard techniques and instruments. All grafts were patent at 4 weeks with no evidence of dilation, perigraft 
seroma, thrombosis, or inflammatory reaction based on echography and angiography examinations. This is the 
first demonstration of the short-term performance of an allogeneic woven TEVG made exclusively of CAM. 
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Abstract 

 

Upon implantation of tissue engineered heart valves (TEHV), the immune response initiates the 

remodeling cascade. Macrophages are key players of these inflammatory processes. However, the role 
and response of human resident tissue macrophages (hRTMs) in TEHV remodeling has not been fully 

understood yet. Here, we aim to assess in-vitro the response of hRTMs in contact with human tissue 

engineered matrices (hTEMs)-based TEHVs. Due to the paucity of primary hRTMs, human iPSC-

derived macrophages (IMs) will be used as an in-vitro model of hRTM-like cells. 

hTEMs were produced by culturing human dermal fibroblasts on PGA-P4HB for 2,4, and 6-weeks and 

then decellularized. Mass spectrometry (LC-MS/MS) was used to assess hTEM proteome. IMs were 

derived and co-cultured with different hTEMs for 3 and 7 days (n=3/time-point). Flow cytometry and 

ELISA determined IM polarization after exposure to hTEMs. Control IMs were polarized towards 

pro- (LPS/INF-g,72hrs) and anti- (IL-4/IL-13,72hrs) inflammatory states.  

Our results indicated that the hTEM proteome comprised many intracellular peptides, with the presence 

of potentially immunogenic (ACTA2,HSPB1,HSPA8) and xenogenic (bovine FGB,HBA1) proteins. 

IMs were characterized (CD34-,CD14+,CD45+,CD163+) and showed polarization potential towards 

pro-(CD86+) and anti-(CD206+) inflammatory states. hTEMs co-cultured with IMs induced pro-

inflammatory response with increased IL-6 and IL-1 secretion on hTEMs achieved by using longer 

tissue culture times.  

Here, we demonstrate IMs as a potential model for hRTM-like cells to assess hTEM 

immunocompatibility in-vitro. Our findings suggest that IMs can adopt distinct pro- and anti-

inflammatory phenotypes, and that IL6 and IL-1 secretion depends on hTEM composition. IL-6 

offered high sensitivity to measure the IMs pro-inflammatory response. Future studies should assess 

which hTEM characteristic (e.g.: composition, stiffness) influenced the IMs pro-inflammatory 

response. 

 

Funding awarded through the Swiss National Science Foundation, grant: PZ00P3_180138.  

 

S.P.H. is a shareholder at Xeltis BV and LifeMatrix AG. M.Y.E. is a shareholder at LifeMatrix AG.  
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Abstract: 

Heart failure (HF) is a leading cause of cardiovascular morbidity. Patients with HF require regular 

monitoring to assess therapeutic efficacy and prevent hospitalization. Current technology to remotely 

monitor HF patients has a high cost and requires implantation, which makes it inaccessible to some patients. 

Elevated right ventricular systolic pressure (RVSP) is an indicator of worsening HF. In this study, we assess 

the feasibility of using heart sounds as a tool to monitor HF by correlating sound characteristics to RVSP. 

Ten-week-old C57Bl/6J mice were either placed on a normal-chow diet or a high-adenine diet, which 

induces chronic kidney disease (CKD) and CKD-induced cardiac dysfunction. Control (n=40) and 

Adenine-fed (n=40) mice were placed of the diet and sacrificed at four different time points: 3, 6, 9 and 12. 

Echocardiography and right heart catheterization was performed to evaluate cardiac function. 

Phonocardiogram (PCG) signals were recorded using a digital stethoscope and the second heart sound (S2) 

was analyzed. At week 3, Adenine mice had a cardiac output of 7.6 ± 1.6 ml/min and stroke volume of 18.6 

± 5.0 µl, which was significantly lower than the cardiac output (11.6 ± 1.9 ml/min) and stroke volume (30.0 

± 7.7 µl) of control mice. Adenine mice (27.9 ± 3.1 mmHg) had higher RVSP at week 3 when compared to 

control mice (17.2 ± 6.5 mmHg). Preliminary results show that the Adenine mice have markers indicative 

of HF as early as week 3. A decrease in cardiac output and stroke volume usually occurs in HF with 

preserved ejection fraction, which is common amongst CKD patients. Future analysis will assess the 

progression of HF in these mice and correlate S2 sound characteristics to functional and pressure markers. 

The overall study outcomes could yield low-cost, point-of-care techniques to assess heart failure in 

underserved populations. 

Funding Sources: 

PATHS-UP ERC Seed Grant and NIH F31 Fellowship (F31HL154671). 
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Title: Proximal Left Renal Vein Stenosis Results in Renal Injury During Murine Pregnancy 

Authors: Jennifer L. Anderson1, Riley L. Holloway1, Paula A. Torres Loza1,2, David G. Reuter3, and 

Craig J. Goergen 1  

1Purdue University Weldon School of Biomedical Engineering  

2National University of Colombia Medical School 

3Seattle Children’s Hospital  

Abstract:  

Introduction: Hypertensive disorders of pregnancy occur in 2-8% of pregnancies and result in glomerular 

injury. The current pathophysiologic understanding focuses on placental mechanisms which do not 

explain all cases. Conversely, the role of renal venous compression by the gravid uterus in preeclampsia 

and renal injury is understudied. 

Hypothesis: Left renal vein (LRV) stenosis in the absence of adequate collaterals plays a role in renal 

injury and glomerular endotheliosis. 

Methods: Twenty-two C57Bl/6J virgin female mice were paired with male mice. Pregnancy was 

identified by high-frequency ultrasound and animals underwent a distal LRV stenosis (DS, n=4), 

proximal LRV stenosis (PS, n=5), distal stenosis and mini osmotic pump insertion filled with either 

Angiotensin II (DSA, n=4) or saline (DSS, n=4), or a sham stenosis (SS, n=5). Ultrasound was performed 

at day 0, embryonic day 12.5 (e12.5), e15.5, and e18.5 to assess renal and vessel geometry and 
hemodynamics. At e18.5 animals were euthanized and renal, placental, and pup weights were 

documented. 

Results: Left renal weights were compared to their contralateral controls. PS renal weight difference (34.3 

± 21.8mg) was significantly different from DSS, DSA, and SS groups (-1.6 ± 5.7mg, 0.3 ± 6.843mg, and 

5.3 ± 5.6 mg respectively, p<0.05). No quantitative difference was seen in ultrasound-acquired renal 
volumes, but qualitative differences in left renal pyramidal echotexture were seen in the proximal stenosis 

group. 

Conclusions: Renal vein stenosis without the presence of adequate collaterals (as in the PS group) may 

result in the renal injury often seen in gestational hypertensive disorders. Future work will assess 

histologic changes to glomerular circulation. 

Funding/Disclosures: We acknowledge funding from the Gates Foundation, Indiana CTSI and Purdue 
University Women’s Global Health Institute. Jennifer L. Anderson acknowledges the National Science 

Foundation for support under the Graduate Research Fellowship Program (GRFP) under grant number 

DGE-1842166.  
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In Vitro & In Vivo Testing of Tissue Engineered Small-Diameter Vascular Grafts for Diabetic Patients 

Juan Carlos Carrillo Garcia, Dan Simionescu, Ph.D., Agneta Simionescu, Ph.D. 

BTRL/TE Labs, Dept. of Bioengineering, Clemson University, Clemson, SC, USA  

 

Clinical problem: Diabetes has become one of the leading causes of lower-limb loss worldwide. About 

1/3 of patients needing lower-limb bypass surgery have debilitated small diameter autologous vessels that 

are unsuitable for use, and no other good long-term options are available for them. These detrimental effects 

on the vasculature are caused mainly by the hyperglycemic and hyperlipidemic conditions derived from 

diabetes. Under these conditions, there is an increase in advanced glycation end products (AGEs) and 

reactive oxygen species (ROS) that leads to irreversible crosslinking of the extracellular matrix (ECM) 

proteins, accelerating vascular pathology through stiffening, endothelial dysfunction, inflammation, and 

calcification.  

Hypothesis: Tissue-engineered vascular grafts (TEVGs) produced from porcine decellularized artery 

scaffolds, stabilized with Penta-Galloyl Glucose (PGG), a matrix-binding antioxidant, and revitalized by 

seeding with vascular cells will perform optimally as perfusion conduits in diabetic conditions. This 

hypothesis will be tested in vitro in vascular bioreactors and in vivo in diabetic minipigs.  

Methods: For in vivo studies, PGG-treated and non-PGG-treated TEVGs were implanted as vascular grafts 

in the femoral position in diabetic minipigs and followed up for 15 weeks. The analysis involved mechanical 

properties, histology, and markers of vascular pathology and diabetic-related changes. For the ongoing in 

vitro studies, PGG-treated TEVGs, seeded with vascular cells are being tested in vascular bioreactors under 

normal and diabetic conditions.  

Results: In vivo results showed that PGG treatment prevented calcification, biodegradation of elastin, and 

accumulation of AGEs within the graft’s wall under diabetic conditions. In vitro results are expected to 

show that PGG prevents pathological cell-cell and cell-ECM interactions that are responsible for diabetic-

related vascular complications.  

Conclusions/Interpretations: PGG Treatment of TEVGs confers protection against diabetic-related 

complications and positions our TEVGs as likely off-the-shelf options for vascular bypass of the lower 

limbs in patients with diabetes. 

Funding: NIH R01HL133303, CURF Grant#2013627. 
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    Endothelialization of implanted cardiovascular devices is the golden standard for obtaining a 

hemocompatible surface, yet it has not shown a complete success. Typically, the pool of cells 

contributing to endothelialization is thought to be limited to mature ECs, EPCs, and small population of 

other stem cells. Recently, monocytes have been reported as an additional source of endothelial-like 

cells in implanted vascular grafts. However, to what extent these cells can exert endothelial functions 

and the exact mechanism of how they integrate within a newly formed/injured endothelium is yet to be 

explored. 

    In this work we investigate to what extent monocyte-derived macrophages can functionally integrate 

in an injured endothelium and whether this is dependent on biochemical priming. 

    To achieve this, a wound healing model was established in which an endothelial monolayer is co-

cultured in direct contact with human monocyte-derived macrophages that are primed into various 

polarization states (i.e., M1, M2a & M2c). The extent of monocyte-to-endothelial differentiation and 

functional integration into the endothelium was characterized by live-cell imaging, 

immunofluorescence, and flow cytometry.  

    Our results show basal expression of VE-cadherin, an endothelial marker, by the macrophages in all 

co-culture conditions after 48 hrs. Scratch closure was faster in the co-cultures containing M2a and M2c 

macrophages. Looking closer into all co-culture conditions, physical contact via VE-cadherin was 

noticed between endothelial cells and M2c macrophages. Further quantification of the transitions in cell 

phenotypes via flow cytometry is currently ongoing.  

    The results of this study reveal a new aspect of endothelial regeneration, namely through macrophage 

differentiation. We are currently exploring whether specific monocyte subsets have an increased 

potential to give rise to macrophage-EC transdifferentiation, to steer biomaterial design choices (e.g., 

surface bioactivation) for implanted cardiovascular devices.  

 

Funding sources 

 This project has received funding from the European Union’s Horizon 2020 programme under grant 

agreement No 767195. 
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Ischemic heart disease (IHD) due to atherosclerosis and/or myocardial infarction reduces the contractile 

function of hypoxic cardiomyocytes or induces cardiomyocyte death, permanently reducing global heart 

function. The majority of IHD patients progress to heart failure with reduced ejection fraction, 

necessitating medical intervention. Current treatment options, including ventricular assist devices or heart 

transplant, are reserved for end-stage disease and do not provide early relief to preserve and support the 

native heart. Our long-term goal is to support mechanical function of the patient’s heart through 

remuscularization with cardiomyocytes derived from human induced pluripotent stem cells (hiPSCs-

CMs) to unload the cardiac muscle and reverse decompensation via a large epicardial patch. This pilot 

study in swine aims to reduce chronic ischemia using a co-vascularization strategy while restoring cardiac 

muscle by employing tissue engineering approaches. Four weeks after ameroid constrictor placement 

around the left circumflex artery to induce chronic myocardial ischemia, 1 billion hiPSC-CMs with 5% 

human cardiac fibroblasts were epicardially implanted in a single engineered tissue (7 x 8 cm) over the 

ischemic zone and overlaid with a collagen-alginate biomaterial film loaded with IGF1 and sonic 

hedgehog. One of two pigs survived to the 4-week post-implant endpoint with immunosuppression for 

xenograft maintenance. Perfusion was quantified with microbead injection at each intervention to 

measure changes in regional myocardial perfusion following treatment. Longitudinal echocardiography 

and terminal pressure-volume assessment quantified global heart function, and human cardiomyocyte 

engraftment was evaluated by immunohistochemistry. ECG recordings show no ventricular tachycardia 

after implantation. This pilot study demonstrates the feasibility and promise of co-vascularization-

remuscularization tissue engineering approaches with hiPSC-CMs in a clinically relevant large animal 

IHD model. Funding: CPVB COBRE P20 GM103652 (KLKC, FS) and discretionary funds (KLKC). No 

disclosures. 
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Small diameter revascularization using synthetic vascular prosthesis perform poorly compared to 
autologous vessels. The biological nature of tissue-engineered vascular grafts (TEVGs) could lead to 
similarly good outcome without availability issues. Although promising in vivo results have been published, 
their production involves cell culture methods that are long, complex and expensive. To overcome these 
limitations, we propose an innovative approach that combines the amniotic membrane (AM), which is a 
widely available and cost-effective biological raw material of human origin, with a rapid and robust textile-
inspired assembly strategy. Fetal membranes were collected after cesarean deliveries at term. Once isolated 
by dissection, AM sheets were cut in ribbons that could be further processed, by twisting, into threads. 
Characterization of AM yarns (both ribbons and threads) showed that their physical and mechanical 
properties could easily be tuned. Since our clinical strategy will be to provide an off-the-shelf, allogeneic 
implant, we studied the effects of decellularization and/or gamma sterilization on the histological, 
mechanical, and biological properties of AM ribbons. Decellularization had little effect on yarn mechanical 
properties other than a small increase in strain at failure.  However, gamma sterilization of the dried and 
decellularized AM caused a decrease in rehydrated yarn diameter, an increase in ultimate tensile strength 
and a decrease in strain at failure. Gamma irradiation of hydrated (and decellularized) AM avoided these 
changes and did not prevent endothelium formation in vitro. Finally, AM-based, woven, tissue-engineered 
vascular grafts showed clinically relevant mechanical properties with a burst pressure of over 8000 mmHg 
(at a diameter of 4.4 mm), suture retention strength of over 5 N, and a transmural permeability of 1 ml·min-
1·cm-2  This study demonstrates that human, completely biological, allogeneic, small diameter TEVGs can 
be produced from AM, thereby avoiding costly manufacturing strategies based on cell culture and complex 
bioreactors. 

Funding: BioTis/Inserm. No financial conflicts. 
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Vascular access is considered the Achilles’ heel of hemodialysis, current vascular access options have 

limited durability and require frequent and recurring interventions. In situ tissue engineering may overcome 

these limitations, providing a one-step process by using off-the-shelf available biodegradable synthetic 

grafts that transform into living self-healing vascular tissue that can be cannulated. Here, we aimed to 

establish proof-of-principle of in situ vascular tissue engineering in a large animal model and tested whether 

bio-functionalisation can be applied to influence graft remodelling.   

Biodegradable electrospun vascular scaffolds (n=15, Total length 7 cm, diameter 6 mm) made of a 

supramolecular material composed of polycarbonate-bisurea (PC-BU), reinforced with a 3D printed 

polycaprolactone (PCL) coil to prevent compression and kinking, were implanted bilaterally in goats 

(approx. 65kg) between the carotid artery and jugular vein. A subset (n=6 out of 15) of scaffolds was bio-

functionalized with a bisurea modified SDF1α-derived peptide, and ePTFE grafts (n=6 - GORE® acuseal) 

were used as controls. 

At explantation after 3 months, most synthetic scaffold material was resorbed and replaced by newly formed 

vascular tissue, including elastin, contractile markers (Calponin, Myosin) and an endothelial layer. No 

dilations, ruptures or aneurysms were observed. However, patency at 3 months was lower than that of 

ePTFE controls (50% vs 100%), predominantly caused by stenosis at the venous anastomoses (n=6 out of 

7). Grafts were successfully cannulated at termination and did not leak after removal of the cannula, 

indicating functional closure of the puncture wound.  SDF1α bio-functionalization did not show an 

additional effect on tissue formation or outcomes. 

In conclusion, we demonstrate the successful transformation of off-the-shelf, biodegradable, porous, non-

kinking vascular scaffolds to a functional autologous vascular access conduit in a large animal model. 

Although further improvements are necessary, this study provides a promising step towards future clinical 

application in dialysis patients. 

 

Funding 

This study was supported by a grant from ZonMw within the LSH 2Treat programme, the Dutch Kidney 
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funded by the Netherlands Organization for Scientific Research (024.003.013). 
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Background of the clinical problem: Vein grafts (VGs) to bypass occlusive atherosclerotic lesions 

and arteriovenous fistulas (AVFs) as vascular access for hemodialysis in renal failure patients are 

subject to arterialization via vascular remodeling. Excessive remodeling may induce VG and AVF 

failure and is clinically monitored via ultrasound imaging. Longitudinal characteristics of vascular 

remodeling and the relation with blood flow dynamics are underexplored. Here, vascular remodeling in 

murine VG and AVF models is longitudinally monitored, by obtaining clinical relevant indices and 

introducing novel three-dimensional parameters. 

Objective/hypothesis: To quantify vascular remodeling and blood flow dynamics over time in VGs 

and AVFs using ultra high-frequency ultrasound imaging. 

Brief methodological details: C57BL/6J (n=7, chow diet) and atherosclerosis-prone ApoE3*Leiden 

(n=7 ) mice underwent VG surgery. Ultrasound imaging was performed at 3, 7, 14, 21, and 28 days 

post-surgery. C57BL/6J mice (n=8) received AVF surgery. Ultrasound imaging was performed at 7 and 

14 days post-surgery. 

Results: Luminal volume increased 42% in VGs of C57BL/6J and 38% in VGs of ApoE3*Leiden mice 

at 28 days relative to 3 days post-surgery. Longitudinally, 82% increase in wall volume and 76% in 

outward remodeling was found in ApoE3*Leiden mice, with a constant wall size in C57BL/6J mice. 

Proximally, the pulsatility index, resistive index, and peak systolic velocity decreased longitudinally in 

both groups. Distally, maximum acceleration increased with 56% in C57BL/6J VGs. 50% of the AVFs 

showed maturation after 7 days, based on a novel flow-criterium of 23mL/min. Distinct flow patterns 

were observed at the anastomotic site and inflow artery of the AVFs relative to control carotid arteries. 

Conclusions/interpretations: Three-dimensional structural parameters and site-specific hemodynamic 

indices can be measured over time in murine models for vascular remodeling, by using ultra-high 

frequency ultrasound imaging. Application of these clinical relevant parameters will enhance the 

relevance of preclinical models. 

Funding sources: LUMC MD/PhD talent grants, Health Holland TKI PPP match call “NIPAC”  
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Patient-specific induced pluripotent stem cell-derived endothelial cells as a precision medicine 

treatment for peripheral arterial disease 
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Brewster 

 

Peripheral arterial disease (PAD) causes decreased blood flow to the legs with disabling 

symptoms and affects more than 230 million people worldwide. While surgery is the mainstay of 

treatment, many patients are not candidates and are limited to palliation consisting of pain control 

and major amputation. Following major amputation, over half of PAD amputees are permanently 

disabled, and 1-year mortality approaches 40%. There is a dire need for alternative therapies to 

treat PAD in patients facing major amputation. Patient-specific stem cell-derived endothelial cells 

(ECs) present major advantages as a therapeutic modality. We previously demonstrated that 

iPSC-ECs from a healthy iPSC line experience premature replicative senescence in culture, 

limiting their translational utility. Here we show that over time in culture, iPSC-EC mitochondria 

accumulate due to decreased mitophagy, and that this can be rescued with pharmacologic 

stimulation of mTOR-independent Ulk1-mediated autophagy, restoring their growth. Given the 

critical role of mitochondria in iPSC-EC function and longevity, we explored the mitochondrial 

function of PAD patient source material that will be used for generating patient-specific iPSC-ECs. 

We have found significant differences in mitochondrial respiration and glycolysis with an overall 

more “energetic” mitochondrial phenotype in PAD patients who have never smoked versus those 

who smoked, as this is a common co-morbidity with PAD. This less “energetic” mitochondrial 

phenotype in the patient source material may affect mitochondrial function and viability of 

daughter iPSC-ECs and will need to be carefully evaluated moving forward with translational 

applications to treat PAD.  
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Abstract: 
Remodeling of extracellular matrix (ECM) proteins underlies the development and progression of 
atherosclerosis. Herein, we exploit the novel utility of collagen hybridizing peptides (CHPs), which are 
small synthetic peptides that share the structural motif of natural collagen, to detect, localize, and quantify 
collagen molecular damage in an animal model of atherosclerosis. We hypothesized that collagen 
molecular damage, inferred from CHP binding, would increase with time on a high-fat diet, but only in 
vascular territories susceptible to atherosclerosis development. 
 
The thoracic aorta, from the root to descending aorta, was dissected from ApoE-/- mice that had been on a 
high-fat diet for 0, 6, 10, 14, or 18 weeks (n=5 per group). Samples were divided into four anatomic 
regions – inferior and superior arch, medial and lateral descending aorta – and stained with CHP 
conjugated to a sulfo-Cyanine-3 fluorophore. Absolute bound CHP in each sample was quantified using 
an established microplate assay, and values were normalized to total collagen content, which was 
determined via a hydroxyproline assay. 
 
Results demonstrated that collagen molecular damage is a function of location and time on the high-fat 
diet. For example, a significant increase in CHP binding was observed in the arch tissue within increasing 
time on a high-fat diet, with tissue from the 18-week high-fat diet mice having 3.0× the signal intensity 
compared to wild-type tissue. In contrast, fluorescence values in the descending aorta remained constant 
over time and no groups were significantly different from wild-type tissue. No spatial difference in bound 
CHP was observed between wild-type and ApoE-/- at 8 weeks of age. 
 
This study highlights the novel application of CHP to probe collagen molecular damage in the setting of 
atherosclerosis development. As bioactive molecules can be conjugated to CHP, there is therapeutic 
potential for the use of CHP in the subclinical diagnosis and treatment of atherosclerosis. 
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Over the past decade, the field of cell therapy has rapidly expanded with the aim to replace and repair 
damaged cells and/or tissue. Depending on the disease many different cell types can be used as part of 
such a therapy. Here we focus on the treatment of myocardial infarction, where currently available 
treatment options are not able to regenerate the loss of healthy heart tissue. We generate good 
manufacturing practice (GMP)-compatible cardiomyocytes (CM) from transgene- and xeno-free 
induced pluripotent stem cells (iPSCs) that can be smoothly adapted for clinical applications. CM 
showed a beating phenotype, with the expression of specific cardiac markers and absence of 
pluripotency markers at RNA and protein level. To ensure a pure CM population for in vivo 
applications, we reduce risks of iPSC contamination using RNA-switch technology as a safety 
checkpoint.  

The use of GMP-compliant differentiation protocols ab initio may facilitate the clinical translation of 
this project in later stages. In the future, we aim to specifically target these cells towards the specific 
ischemic environment of myocardial infarction for next generation cell-based therapies. 
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Background: The development of novel adjuvant angiogenic therapies to restore the low-perfused 
microvascular network upon myocardial infarction (MI) is crucial to avoid disease progression. 
Objective: Of the current adult cell-based therapies, human adipose tissue-derived stromal vascular 
fraction cell (SVF) has vast reparative potential. Hypothesis: In this study, we aimed at studying the 
potential of SVF-based engineered tissues in a model of chronic myocardial infarction (MI) in nude 
rats. Methods: Human SVF cells were isolated upon liposuction and cultured on 3D collagen sponges 
either under constant unidirectional perfusion or in static condition for 5 days. Patches were 
characterized in terms of cellular composition prior to implantation. MI was induced by permanent 
ligation of the left anterior descending (LAD) coronary artery (n=3 for each, static and perfusion patch 
conditions, n=2 control group). Cardiac MRI was performed 4 weeks after MI, prior to the suture of 
patches and before sacrifice (4 weeks after implantation). Left ventricular ejection fraction (LVEF) was 
the primary end point. Only animals with LVEF between 50-68% four-week after MI induction were 
included. Results: Following perfusion culture, SVF cells were composed with a statistically superior 
percentage of pericytes, identified as CD45- CD34- CD146+ compared to static culture (28.06±10.03 
and 3.37±2.50, respectively, p<0.0007). Percentage of LVEF at the time of sacrifice resulted to be not 
statistically different between static and perfusion-based patches. When comparing the ratio of the % 
LVEF 8 weeks and 4 weeks between static or perfusion-based patches and the untreated controls, rats 
treated with patches generated under perfusion showed higher levels of % LVEF (p=0.0556), compared 
to the control group. Immunofluorescence analysis showed an ingrowth of blood vessels in both static 
and perfusion patches. Conclusion: The observed results show the great potential of human SVF-based 
patches in the improve of LVEF and provide a novel therapeutic approach for the treatment of ischemic 
heart disease.  

Funding source: Swiss National Science Foundation (310030_172989 to AM) and Research Funds of 
the University of Basel, CH. 

Financial disclosure: no conflicts   
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In Part I, the robust chemistry and mechanisms of action data were presented in support of 1,2,3,4,6-
pentagalloyl glucose (PGG) as a potentially effective and durable treatment for AAA.  
 
Abdominal aortic aneurysms (AAA) constitute a significant health concern. Current treatment options are 
usually reserved for patients with AAA diameters >5.5 cm where the risk of rupture exceeds the procedural 
risks of morbidity and mortality. Patients with smaller AAA are surveilled but offered no proven effective 
treatment options to minimize or prevent AAA growth.   
 
The objective of this project is to develop a safe and effective non-surgical treatment for AAA. Preclinical 
data from the bench and animal studies show that by stabilizing elastin and collagen, PGG can strengthen 
the aortic wall and prevent enzymatic degradation of vascular matrix protein; thereby slowing the growth 
of AAA.  
 
A novel system was developed to localize the delivery of PGG solution to the AAA sac of patients 
presenting with small- to medium-sized AAA. In a First-in-Human (FIH) clinical trial, a single, 3-minute, 
localized endoluminal infusion of PGG solution was used to treat 20 patients presenting with AAA of 3.5-
5.0 cm diameters.  The primary endpoints of the study are procedural success and safety (major adverse 
events at 30 days). Freedom from annual AAA diameter enlargement of >5 mm/year or volume increase of 
>10% per year is evaluated by a core lab based on 1,12, 24, and 36-month serial CT scans. All 20 patients 
were treated with 100% procedural success.  Positive interim safety and efficacy data are available on the 
first eight enrolled patients and support the potential of PGG to minimize the growth of AAA.  
 
The initial data from FIH on the use of the novel drug-delivery system to infuse a single treatment of PGG 
to slow the growth of small- to medium-sized AAA is encouraging.  
 
Funding and financial disclosures:  
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receives funding from Nectero through a Research Contract with Clemson University (#2015042). DS is a 
co-inventor of the Clemson University technology using PGG for the treatment of abdominal aortic 
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Abstract: Vascular calcification contributes to the rupture of atherosclerotic plaques—the leading cause of 
heart attacks. No therapeutics exist to treat vascular calcification. We suggested that relaxin, a 
vasoprotective and anti-fibrotic small peptide hormone of the insulin/relaxin family, may affect this 
condition. However, recombinant relaxin has short stability in vivo, poor bioavailability, and is expensive 
to synthesize, limiting its clinical utility for chronic conditions such as vascular calcification.  As an 
alternative, ML290 is a biased allosteric agonist of the human relaxin receptor (hRXFP1) that has been 
previously shown to attenuate vascular calcification in Apoe-/- mice. This study aimed to determine if 
there is any significant dose-dependent difference in the effect of ML290 on the progression of vascular 
calcification in another mouse model of atherosclerosis. Atherosclerosis and vascular calcification were 
induced in humanized (hRXFP1/hRXFP1) mice through intraperitoneal injection of poloxamer-407 (P-
407) every three days for 25 weeks. Vehicle (60% Phosal and 40% PEG300) or ML290 was administered 
via oral gavage for the last ten weeks of the experiment. Mice were divided into four treatment groups: 
Vehicle (n=16), P-407 and Vehicle (n=15), P-407 and 10 mg/kg of ML290 (n=16), and P-407 and 30 
mg/kg of ML290 (n=15). ML290 significantly reduced (p=0.034, n=8) the progression of vascular 
calcification in male mice given a dosage of 10 mg/kg, suggesting that ML290 has a better efficacy at a 
lower dosage. There was no significant difference in the vascular calcification development in female 
mice regardless of the ML290 dosage. This study demonstrates the potential for ML290 to prevent 
vascular calcification formation in vivo at an effective dosage suitable for clinical translation (allometric 
conversion of less than 1 mg/kg in humans). Further studies will assess potential sex-dependent 
differences and determine the ability to use ML290 combined with other atherosclerosis interventions 
such as statin treatment. 
 
This work is supported by a grant from the Florida Heart Research Foundation. 
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Objective: Primary degenerative mitral regurgitation (MR) of the mitral valve (MV) is a prevalent heart 
disease without pharmacological therapy requiring surgery when severe. We hypothesized that genetic 
deficiency or pharmacological decrease in the activity of the serotonin (5HT) transporter SERT in the MV 
accelerates the remodeling that leads to degenerative MR.  

Approach: We explored the role of SERT in MR by analysis of clinical data, isolated tissue and cells 
from patients undergoing surgery for MV repair or replacement. We tested the effect of SERT 
downregulation by selective serotonin reuptake inhibitor (SSRI) use and by specific genotypes in the 
SERT promoter (5-HTTLPR). To explore the direct role of SERT downregulation in MV phenotype, we 
employed SERT knockout mice.  

Results: SERT is downregulated in diseased human MV. SSRI use is associated with surgery at younger 
age in degenerative MR patients, both in our local cohort (n=225) and the OPTUM database (n=9,441). 5-
HTTLPR genotype LL is associated with MV surgery at younger age. SERT activity was decreased in LL 
MV interstitial cells (MVIC) partially due to lower membrane localization of SERT. SERT knockdown 
resulted in thickening of the MV leaflets in mice. Silencing of SERT in normal MVIC upregulated the 
expression of TGFβ1 and collagen-1. Treatment of MVIC with fluoxetine not only directly inhibited 
SERT activity, but also decreased SERT expression. LL genotype was associated with increased 
collagen-1 expression in MVIC, and this effect was attenuated by HTR2B inhibition. 

Conclusions: MV SERT activity is crucial in MV degenerative remodeling. Downregulation of SERT, 
either pharmacologically or by genetic deficiency, accelerates the transition to severe MR by 
enhancement of HTR2B and TGFβ signaling mechanisms in the MV. Incorporating assessment of 5-
HTTLPR genotype and consideration of SSRI regimens may be useful tools to risk-stratify patients with 
MV disease in estimating the likelihood of rapid disease progression.  
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Ascending thoracic aortic aneurysms (ATAA) affect nearly 50,000 men and women in the US each year. 
There is no drug to treat ATAA and current research efforts are focused on better understanding the 
cellular pathophysiology of ATAA to uncover new therapeutic targets. Our objective is to collect new 
information related to smooth muscle cells (SMCs) dysfunction in ATAA with a focus on PDGF-BB and 
TGF-β1, two essential growth factors for SMC homeostasis. SMCs were obtained from ATAA specimens 
resected during surgical aortic replacement, while non-aneurysmal aortic SMCs were isolated from aortic 
punches obtained from coronary bypass surgeries. Aneurysmal SMCs expressed higher levels of α 
smooth muscle actin (αSMA) than non-aneurysmal SMCs, yet their ability to contract was significantly 
reduced. TGF-β1 and PDGF-BB upregulated and downregulated αSMA in non-aneurysmal SMCs, 
respectively, but had no effect on αSMA expression in aneurysmal SMCs. Though mitochondrial 
respiration was similar in aneurysmal and non-aneurysmal SMCs, aneurysmal SMCs were more 
glycolytic than non-aneurysmal SMCs. PDGF-BB upregulated the expression of mitochondrial 
transcription factor (mtTFA) only in aneurysmal SMCs obtained from patients with bicuspid aortic valve 
(BAV), a common congenital anomaly and known risk factor for ATAA. This indicates that PDGF-BB 
may uniquely stimulate mtDNA replication and mitobiogenesis in aortic SMCs from patients with BAV. 
PDGF-BB and TGF-β1 reduced mitofusin2 (Mfn2) expression in non-aneurysmal and aneurysmal SMCs, 
but only in those isolated from patient not affected with BAV, indicating that the growth factors may 
contribute to mitochondrial remodeling only in aortic SMCs from ATAA patients without the congenital 
anomaly. Experiments are ongoing to determine how TGF-β1 and PDGF-BB affect aneurysmal SMC 
contraction and mitochondrial respiration and network structure. Future projects will focus on identifying 
the molecular player(s) responsible for the distinct roles of TGF-β1 and PDGF-BB on SMCs in ATAA of 
various etiology to identify new therapeutic targets. 

 

Funding sources: Cardiovascular IGNITE Award from the Mary Horrigan Connors Center for Women's 
Health & Gender Biology, Brigham and Women’s Hospital; First Look Award from the Massachusetts 
Life Science Center; Career Development Award from the Marfan Foundation.  

 

Financial disclosures: none 
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Role for Platelet Lysate and Mesenchymal Stem Cells on Endothelial Cell Regeneration 
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Introduction 

Diabetic MSCs promote endothelial cell (EC) angiogenic activities, which are important in vascular 

regeneration, via paracrine and stromal mechanisms.  Effects of diabetic growth condition on dMSC 

secretome profile as well as influence of such secretome on endothelial cell activities need to be elucidated.   

 

Methods 

Bone marrow MSCs from PAD patients with (dMSCs) or without diabetes (non-dMSCs) were grown 

in normal glucose, high glucose or high mannose oncotic control conditions supplemented with human 

platelet lysate (PL), which is known to partially improve the dMSCs’ survivability.  Proliferation, 

migration, and angiogenesis of diabetic ECs in diabetic, oncotic, and normal conditions were assessed.  

 

Results 

EC proliferation decreased in dMSC CM in normal glucose.  ECs grown in dMSC secretome in normal 

glucose condition proliferated significantly less when grown in non-dMSC secretome with normal glucose 

level (p=0.001). 

 High glucose condition stimulated EC migration in all conditions whether the secretome was derived 

from diabetic or non-diabetic MSCs.  

There was no difference in EC sprouting in all conditions when EC alone is grown in spheroids. 

When ECs are co-cultured with MSCs, however, the diabetic CM group in fibrin hydrogel had 

significatnly less sprouting under normal, high glucose, and high mannose condition.  However, when cast 

in the PL gel, diabetic MSC CM  yielded similar results, ameliorating these deficits. 

 

Conclusion 

While diabetic mesenchymal stem cell conditioned media induced impaired migration and 

proliferation, and sprouting when cast in fibrin hydrogel, PL gel was able to overcome these deficits.  

With stromal support by MSCs in PL environment, EC regenerative functions may be improved even in 

diabetic environment. 

 

Funding Source 

Veterans Health Administration, Grant Nr. RFA-RX-19-003.  
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Investigation of Manuka Honey Inspired Therapeutics for Prevention of Neutrophil-Induced 

Vascular Fibrosis 

Evan N. Main¹ and Gary L. Bowlin¹ 

¹Department of Biomedical Engineering, University of Memphis, 330 Engineering Technology 

Building, Memphis, TN 38152, USA 

 

Introduction: Neutrophils use the production of reactive oxygen species (ROS) and a specialized form of 

cell death called NETosis to kill and ensnare invading pathogens. While these neutrophil behaviors are 

critical in preventing infection, a dysregulated response can lead to implanted, vascular template fibrosis. 

Manuka honey reduces neutrophil NETosis and ROS production, thus the flavonoids contained may aid 

this anti-inflammatory effect. This study aims to investigate the role of several major flavonoid 

antioxidants found in Manuka honey on neutrophil inflammatory behavior. Hypothesis: Previous 

findings indicate that Manuka honey attenuates neutrophil inflammatory behavior, applying the 

flavonoids found in Manuka honey: chrysin, pinocembrin, and pinobanksin to neutrophils exhibiting pro-

inflammatory behavior will reduce the production of ROS and prevent NETosis in a differentiated HL60 

model. Methods: Differentiated HL60 cells were used as a model for neutrophil inflammatory behavior 

to investigate general trends and optimal doses for each flavonoid. HL60 cells, unlike primary 

neutrophils, can proliferate and be cultured in vitro. Cells were seeded at 100,000 cells/well in a 96 well 

plate and stimulated with 75 nM PMA, concentrations of pinobanksin, pinocembrin, and chrysin between 

1 nM and 1 mM were assayed for the reduction in intracellular ROS levels and NETosis using a standard 

oxidation assay and Sytox orange staining for extracellular DNA, respectively. ROS and NETosis were 

determined via spectrophotometer at 0, 3, 6, and 24 hours.  Results: Pinocembrin concentrations showed 

reduction in ROS of nearly 40%, NETosis was reduced 20-30%. Pinobanksin reduced ROS by nearly 

20% and NETosis by 30-40%. Chrysin showed reduction in ROS by 20% and a nearly 40% reduction in 

NETosis. Conclusion: These data elucidated the concentrations of each flavonoid that reduce ROS 

production and NETosis, paving the way for translation to primary human neutrophil model experiments 

and subsequent bioresorbable vascular graft interaction evaluations.  
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Stretchable tissue chips for customizable rehabilitative microenvironments 

Alex H.P. Chan1,2,3, Tony Zhou1,2,3, Ngan F. Huang1,2,3    
1 Stanford Cardiovascular Institute, Stanford, CA; 2 Department of Cardiothoracic Surgery, Stanford University, 

Stanford, CA; 3 Veterans Affairs Palo Alto Health Care System, Palo Alto, CA 

Background: Clinical treatments for heart failure due to myocardial infarction has not proven to be effective in 
improving ejection fraction. Engineered muscle flaps may be a potential novel treatment to increase contractile 
tissue in diseased heart. Cardiac and skeletal muscle have unique extracellular matrix (ECM) microenvironment 
which plays a vital role in regeneration. ECM provides tissue stability and is involved in processes such as 
contraction and muscle regeneration. Similarly, mechanical stimulation plays a role in maintaining structure and 
function of skeletal muscle. To more accurately model physiological conditions in vitro and increase its efficacy, it 
would be ideal to incorporate combinatorial ECM conditions and mechanical stimulation.  

Objective: To investigate the effects of combinatorial ECM conditions and mechanical stimulus on engineered 
muscle quality and morphogenesis. 

Methods: Using the Cytostretcher system (CuriBio), nano-patterned stretchable PDMS well plates were surface 
functionalized by poly-D-lysine followed by ECM coating. The initial screen of ECM include collagen I, 
fibronectin, laminin and their combinations. Mouse myoblasts cell line (C2C12) were seeded and grown to 
confluency before switching to differentiation media (2 % horse serum) and mechanical stimulation in the form of 
uniaxial stretching (0.1 Hz). Four stretching protocols were compared: constant or intermittent stimulation at high 
(15 % strain) and low strain (5 % strain). After four days, cells were fixed and assessed for myotube formation.  

Results: Preliminary data showed that constant stretching increases the number of myotubes relative to static 
controls, as well as the maturation of each myotube observed by the length and number of nuclei per myotube. ECM 
component showed that laminin containing groups promoted myotube formation.  

Conclusion: We successfully validated our platform and observed differences in myotube formation and maturation 
in different ECM groups and stretching regimes.  

Funding: Alliance for Regenerative Rehabilitation Research & Training 

Financial disclosures: N/A 
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Background of clinical problem: Coronary artery disease is a major cause of death globally, and current 

interventions have high failure rates. A tissue engineered vascular graft (TEVG) which resists stenosis 

and thrombotic occlusion can improve patient outcomes. Our lab has developed a TEVG that relies on 

regenerative factors secreted by mesenchymal stem cells (MSCs) to improve the translation of this 

technology.  

Hypothesis: MSC-conditioned media (CM) encapsulated in poly lactic-co-glycolic acid (PLGA) 

microparticles (MPs) seeded in silk scaffolds will have higher patency in vivo compared to blank-loaded 

MPs. 

Methodology: CM was collected from adipose-derived MSCs and encapsulated in PLGA-MPs. For in 

vitro studies, release timing for total protein and vascular endothelial growth factor (VEGF) of CM-

loaded MPs were measured. Proliferation of endothelial and smooth muscle cells were measured when 

exposed to CM-MPs, water-filled (blank) MPs, or CM. For in vivo studies, CM-MPs, blank-MPs, or no 

MPs were incorporated into bilayered silk scaffolds and implanted into Lewis rats as infrarenal aortic 

interposition grafts for 1 week. Patency was evaluated using angiography and macrophage infiltration into 

TEVGs was measured using immunofluorescence.  

Results: CM stimulated more proliferation in both cell types compared to controls (p<0.001). Unloaded 

silk scaffolds (5/5) and scaffolds seeded with CM-MPs (9/9) had 100% patency rates. Scaffolds seeded 

with blank-MPs had significantly lower (p=0.0189) patency (7/14). There was increased macrophage 

presence in the outer layers of the explants of blank-MP TEVGs compared to CM-MP TEVGs 

(p=0.0017).  

Conclusion/Interpretations: These results suggest that CM-MPs may improve early remodeling and 

patency of TEVGs compared to the blank-MPs. It was noted that unloaded scaffolds were equally 
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effective. In vitro analysis demonstrated CM’s ability to stimulate cellular activity. Ultimately, 

optimization will be performed to improve sustained release and potency of CM-MPs for use in TEVGs. 

Funding sources: NIHR61HL154102, NIHR01130077, NIHT32HL076124 
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Cardiac arrhythmias often manifest from and are exacerbated by pathological geometrical remodeling of 

the heart. However, their mechanism remains elusive. Therefore, our objective is to investigate the role that 

geometry and tissue tension play in arrhythmogenesis of engineered heart tissues (EHTs) in vitro. We 

differentiated high purity cardiomyocytes (CMs, >80% cTnT+) from human-induced pluripotent stem cells 

(hiPSCs) via Wnt-modulation and metabolic-based lactate purification. hiPSC-CMs were mixed with 5% 

human cardiac fibroblasts in collagen-1 and casted onto custom-designed PDMS molds to generate EHTs 

with unique geometries. Square, rectangular, and teardrop-shaped molds with isotropic or anisotropic 

peripheral post-spacing for tension distribution were evaluated. We cultured EHTs for 1 week under 1Hz 

electrical field stimulation to promote tissue compaction and electromechanical maturation before optical 

mapping of action potentials (APs) from a point electrode stimulation. EHTs constructed in square molds 

with isotropic post-spacing were non-arrhythmic while those created in molds with alternative geometries 

were highly arrhythmic with spiral wave reentrant arrhythmias (0% vs. 86% arrhythmia incidence). This 

increase in arrhythmogenicity was associated with a 1.4-fold increase in AP duration (APD) dispersion 

throughout the EHTs, with activation maps showing conduction blocks across regions with large APD 

gradients, establishing reentrant pathways. We found that posts positioned on opposing sides of tissues to 

induce anisotropy increased conduction velocity along the perpendicular axis of the post by 2-fold, 

compared to the parallel axis. Interestingly, culturing EHTs in maturation media that supports CM 

bioenergetics reduced arrhythmia incidence and increased the pacing rate threshold for arrhythmogenesis. 

Ongoing work investigates how mold geometries alter CM architecture in EHTs via immunohistochemical 

staining. Collectively, tissue geometries and tension distribution influence the arrhythmogenic state of 

EHTs by affecting APD heterogeneity and conduction, which can be leveraged to investigate substrate-

level arrhythmia mechanisms. Funding: This work is funded by an AHA postdoctoral fellowship awarded 

to AHS.  
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Spheroid-based angiogenesis for the tissue-engineered patch. 
 
Tatsuya Watanabe, Hidenori Hayashi, Xiaxia Saavedra, Kenny Lu, Amatullah Mir,  
Narutoshi Hibino 
The University of Chicago Medicine, Department of Surgery, Section of Cardiac Surgery 
 
Background of the clinical problem 
Myocardial tissue regeneration with tissue engineering has been studied for many years; 
however, due to the insufficient angiogenesis inside the tissue, a method for creating 
myocardial tissue thick enough to restore its function has not been established. 
Endothelial cells(EC) are thought to be the basis of vascularity. EC spheroids are known to 
branch within hydrogel and expand the vascular bed. 
Objective/hypothesis 
We hypothesized that EC branching could be expanded, and angiogenesis could be promoted 
in the tissue by arranging the EC spheroid in the spheroid-based tissue. Our aim is to show 
that spheroid-based angiogenesis would provide sufficient vascularity inside the tissue-
engineered tissue. 
Brief methodological details 
Spheroids were created with mouse mesenchymal stem cells and mouse EC. The tissue-
engineered patch was created with a 3D bio-printer, Spike(Spike patch). As a comparison, 
some patches were made only by mixing in the well(Mix patch). The patches were cultured 
for 3 days or 7 days, which were fluorescently stained and photographed with a confocal 
microscope. The spread of EC was assessed with Fiji. The depth from the surface was 
measured. 
Results 
The depth from the surface in the Mix patch group(day3:109±71 pixel, day7:107±59 pixel, 
p=0.96) did not show any difference between day3 and day7. However, the Spike patch 
showed significant difference in the depth(day3:83±31 pixel, day7:289±138 pixel, p=0.017). 
The Spike patch grew inside the patch more significantly at day7 than Mix patch did(Spike 
patch: 289±138 pixel, day7:107±59 pixel, p=0.041). 
Conclusions/interpretations 
EC was branched among the spheroids and spread inside the tissue. This spreading may be 
promoted by using Spike, which enabled a strong bond between spheroids. 
Funding source: internal funding 
Financial disclosures relevant to the abstract 
All authors declare that they have no conflict of interest. 
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Scaffold-Seeded Smooth Muscle Cells for Treatment of Murine Abdominal Aortic Aneurysm 
Mahdis Shayan1, Joscha U Mulorz2 , Maedeh Zamani1, Caroline Hu3, Gladys Chiang,3 Bertha Chen4, 
Philip S Tsao2 and Ngan F Huang1,3* 
1Department of Cardiothoracic Surgery, Stanford University, Stanford, CA, 94305 USA 
2Department of Cardiovascular Medicine, Stanford University, Stanford, CA, 94305 USA 
3VA Palo Alto Health Care System, Palo Alto, CA, 94304 USA 
4Department of Obstetrics and Gynecology, Stanford University, Stanford, CA, 94305 USA 

Abdominal aortic aneurysm (AAA) is associated with the loss of resident smooth muscle cells (SMCs) in 
aortic wall, leading to aneurysmal thinning of the aorta and even fatal aortic rupture. The purpose was to 
evaluate the therapeutic efficacy of cell delivery to the adventitia using a collagen scaffold in a murine 
AAA model.  Human induced pluripotent stem cell-derived smooth muscle progenitors (iPSC-SMPs) or 
primary human SMCs were seeded onto porous collagen scaffolds and then transplanted onto the adventitia 
of mice 7 days after induction of AAA.  Cyclosporine was given daily to prevent immune rejection of 
human cells.  Survival of transplanted cells was tracked by bioluminescence imaging (BLI) and the size of 
abdominal aortic wall diameters were tracked by ultrasound for 28 days. Following scaffold transplantation 
on day 7 to the site of AAA, acute BLI demonstrated high cell viability for both primary SMCs and iPSC-
SMCs initially. By 28 days, however, cell survival gradually declined to 10%. Ultrasound imaging revealed 
that the primary SMC-treated animals had significantly abrogated expansion of the vessel diameter by 28 
days, compared to the control group.  Both the iPSC-SMP and primary SMC group showed significantly 
reduced infiltration of macrophages and retention of native smooth muscle cells based on histological 
analysis, compared to acellular scaffold treatment.  Proteomic profiling suggested that primary SMCs were 
more biologically active than iPSC-SMPs, based on more abundant secretion of both pro-inflammatory and 
anti-inflammatory cytokines being secreted by primary SMCs.  Our study demonstrates SMC-seeded 
scaffolds are promising for treatment of AAA.  
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Development of new tissue-engineered vascular grafts: sterilization and implantation. 

 
Diane Potart1*, Audrey Michot2, Nicolas L’Heureux1 
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2Institut Bergonié, Bordeaux, France 
 
To meet the clinical need for small vascular graft, we propose a new human and textile-based Tissue-
Engineered Blood Vessel (TEBV). Vessels were produced using Cell-Assembled extracellular Matrix 
(CAM) synthetized in vitro by skin fibroblasts. Study objectives were to: 1) identify non-denaturing 
sterilization methods to simplify the manufacturing process, 2) assess the graft behavior in rats to 
evaluate its in vivo functionality. 
 
CAM ribbons were sterilized with gamma irradiation (dry or wet, with high or low dose rates), ethylene 
oxide or supercritical CO2. They were subcutaneously implanted in immunodeficient rat for up to 10 
months. Ribbons were mechanically tested and histological analysis were performed (Hematoxylin & 
Eosin (HE), Masson Trichrome (MT) staining and immunostaining (M1/M2). 
Ribbons were woven into TEVGs (1.6 mm inner diameter) and implanted into the abdominal aorta of 
immunosuppressed rats. Grafts were explanted after up to 12 months and echo doppler was performed. 
HE and MT&Verhoeff stanning were done, as well as immunostaining (smooth muscles and endothelial 
cells). 
  
Before implantation, only gamma wet group showed a maximum force decrease. After 10 months, no 
significant difference in maximum force was observed between groups. Histological analysis is ongoing.   
Twenty rats were successfully implanted, demonstrating graft implantability and the absence of 
transmural leakage. After 12 months, US images revealed flow through grafts. Preliminary results 
showed formation of a complete neo-media at 3 months. No cell infiltration in the graft was observed.  
 
In this study, we showed that our woven TEVG can function for up to a year in the arterial circulation 
of rats. We also demonstrated that multiple methods remain promising options for graft sterilization. 
This work was supported by European Research Council. 
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ABSTRACT 

Vascular grafts are implanted daily. Autologous blood vessels are the gold standard but have limited 

availability while synthetics are prone to thrombosis, intimal hyperplasia and infections. To overcome 

these limitations, our team produced a biological Tissue-Engineered Vascular Graft (TEVG) woven 

from yarn of Cell-Assembled extracellular Matrix (CAM). This textile approach is very versatile 

because it gives fine control over the final properties of the TEVG. This study aims to establish how 

changes in production parameters affect the mechanical and geometrical properties of TEVGs. 

CAM sheets were produced by sheep dermal fibroblasts in vitro. Woven grafts were assembled with a 

series of longitudinal yarn, the “warp”, and a circumferential one, the “weft”. Four production 

parameters were evaluated: CAM sheet strength, warp count (number of longitudinal yarn), weft yarn 

width and weft tension. Transmural permeability, suture retention strength, burst pressure and 

compliance were evaluated. Geometrical properties including TEVG wall thickness and lumen surface 

profile were also assessed. 

 

A lower CAM sheet strength decreased the production time while maintaining implantability properties. 

A lower warp count decreased wall thickness (-10%) and increased the compliance (+109%). 

Furthermore, the surface profile, which may have an impact on blood compatibility and cellular 

colonization, was influenced by both parameters. Narrower weft yarn resulted in thinner walls (-22%) 

and TEVGs with lower strength. Finally, a lower tension in the weft during weaving resulted in TEVGs 

with significantly higher compliance (+66%) while more permeable. 

  

This study shows the production of TEVGs with improved surface profile and compliance, while 

keeping high mechanical strength. Furthermore, both production time and amount of tissue were 

decreased, thus reducing the cost of the substitute. These results will allow the production of TEVGs 

with the most relevant properties for implantation as arteriovenous grafts in sheep. 

 

This project was funded by an ERC advanced grant (#785908). 
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Electromechanical function of engineered cardiac tissue is modulated by maturation of human 
induced pluripotent-derived cardiomyocytes  
Kiera D. Dwyer, Arvin Soepriatna, Kareen L.K. Coulombe  
 
Ischemic heart disease is the leading cause of death worldwide, affecting over 100 million individuals. 
The limited regenerative capacity of the heart causes ischemic injury to be devastating, as irreversible 
damage occurs. Current therapies use acute cardiovascular interventions but fail to address the loss of 
functional myocardium, and progression to heart failure ensues. Cardiac regenerative therapies utilizing 
human cardiomyocytes derived from embryonic or induced pluripotent stem cells (hiPSC-CMs) aim to 
remuscularize the heart and improve its function after such injury. Today, there is a gap in understanding 
the maturation state necessary for cardiac regenerative therapies, as the maturation state of hiPSC-CMs 
may influence survival and viability in the ischemic environment, non-arrhythmogenic electrical 
integration into the host myocardium and development of robust contractile support. To this end, we are 
focused on understanding how different mechanisms of maturation impact the electromechanical function 
of engineered cardiac tissues (ECTs) fabricated with hiPSC-CMs. Our work details the differentiation, 
proliferative expansion and maturation (via metabolism, soft substrates and pathway targeting) of hiPSC-
CMs. We fabricate ECTs by mixing hiPSC-CMs with 5% human cardiac fibroblasts in a collagen-1 
hydrogel with electromechanical function assessed through optical mapping of action potential and tensile 
mechanical testing. When comparing maturation techniques, metabolic based maturation of hiPSC-CMs 
had significant impact on electrical activity with decreased action potential duration (APD, by 1.6-fold 
compared to controls), mechanical contractility with increased active contractile stress (6-fold), and gene 
expression with increased expression of maturation markers (MYL2, MYL3) and ion channels (KCNA5, 
KCNH2). Interestingly, targeting the Wnt pathway improved active contractile stress generation 
(increased 3.5-fold versus controls) without changing APD. By understanding the functional impacts of 
hiPSC-CM maturation, this work elucidates biomanufacturing approaches to create mature engineered 
tissues to accelerate translation and therapeutic efficacy of ECT-based heart regeneration. Funding: 
National Science Foundation (NSF) Graduate Research Fellowship Program.  
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Background & Objective: Rheumatic heart disease (RHD) is a neglected tropical disease despite 
substantial global health burden. This study aimed to develop a lower cost method of modeling aortic 
blood flow in the thoracic aorta using subject-specific velocity profiles, improving our understanding of 
RHD’s consequences on the structure and function of the ascending aorta. Echocardiography and CMR 
are often used for diagnosis, including the assessment of valve dysfunction. However, there is a need to 
further characterize aortic valve lesions to determine which patients are likely to benefit from surgery, all 
while using accessible and affordable imaging strategies. Here, we simulated the effects of RHD aortic 
valve lesions on the aortic wall using computational fluid dynamics (CFD). We hypothesized that inlet 
velocity and wall shear stress (WSS) will significantly differ between RHD and non-RHD individuals, as 
well as between subject-specific velocity profiles and generic Womersley profiles.  
Methods: We used CMR data from 6 RHD subjects with aortic stenosis and/or regurgitation and 6 
age/sex-matched controls from Cape Town, South Africa. We ran each simulation using subject-specific 
velocity inlet profiles determined from phase-contrast CMR and then compared the results to simulations 
with Womersley inlet profiles.  
Conclusions: We found WSS was significantly higher (p < 0.05) in subject-specific RHD compared to 
control subject simulations, while simulations using Womersley profiles did not significantly differ (p = 
0.42) between groups. Furthermore, when we compared the spatial velocity distributions of Womersley 
and subject-specific simulations, we found that the RHD subject group had significantly higher WSS (p < 
0.05), suggesting the use of subject-specific velocity inlet profiles is important for subjects with aortic 
valve lesions. While further work will be needed to determine the effects of subject-specific inflow on 
other aortic valve disease simulations, these results highlight the need to consider subject-specific inflow 
for CFD research of the ascending thoracic aorta in RHD. 

Funding: Support was provided to HLC from the IIE Graduate International Research Experience and the 
University of Cape Town. 
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Textile-reinforced Hydralese™ Leaflets with High Toughness and Low Flexural Stiffness 

 

Mohamed Elkhodiry, Ph.D.1; Amanda Weber1, Andrew Meztger1, Stephanie Reed, Ph.D.1 

1. Secant Group, LLC 

 

Bioprosthetic heart valve leaflets featuring animal-derived cardiac tissue have emerged as the preferred 

choice in heart valve replacement despite their persistent calcification and leaflet degeneration issues. Valve 

leaflets consisting of synthetic polymers can offer a more durable and cost-effective way of replacing 

diseased heart valves. Existing isotropic polymers with the necessary flexural and elastic moduli for valve 

functions often lack adequate strength and durability as a leaflet. Textile-reinforced elastomers have unique 

load distribution properties through the synergistic effects of soft and tough components resulting in 

uniquely high toughness with low flexural stiffness. We have previously developed a bioresorbable 

elastomer, Hydralese™ (poly(glycerol sebacate) urethane; PGSU), with tunable mechanical properties that 

can better enable heart valve functions compared to existing bioresorbable polymers such as PLA or PCL. 

We demonstrated in vivo biocompatibility of PGSU per ISO 10993 testing which highlighted the lack of 

fibrosis, absence of chronic inflammation, and excellent hemocompatibility. To further enhance the 

mechanical profile of PGSU as a heart valve leaflet, we created 140µm thick textile-reinforced PGSU films 

that combine slow-degrading, soft, elastomeric PGSU with a tough woven reinforcement structure that 

carries mechanical loads and increases durability. The mechanical properties of the composite films are 

tailored by changing the ratio of fiber to PGSU in the composite, as well as the textile architecture. Tensile 

testing of the textile-reinforced PGSU structures showed a 12-fold and 2-fold increase in toughness 

compared to neat polymer films and neat textiles, respectively, with no difference in flexural modulus. 

Upon stretching the textile-reinforced PGSU to failure, microscopic analysis of the constructs revealed a 

single breakpoint with no signs of delamination, cracking, or macro-scale phase separation between the 

textile and PGSU. Our mechanical and structural characterization of fiber-reinforced PGSU leaflets 

highlights the potential of this approach in providing a scalable xeno-free solution to heart valve 

replacement.  
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Mechanical Stretch Influences the Calcifying Potential of Caveolin-1-dependent Extracellular 

Vesicles from Vascular Smooth Muscle Cells 

Mohammad Shaver1, Basil Usama Hamed1, Joshua D. Hutcheson1 

1. Department of Biomedical Engineering, Florida International University, Miami, FL 

Hypertension-induced mechanical stress on vascular smooth muscle cells (VSMCs) is a risk factor for 

vascular remodeling. Specific extracellular vesicles (EVs) released by VSMCs initiate vascular 

calcification, the most significant predictor of cardiovascular morbidity. Caveolin-1 (CAV1) is a 

mechanosensitive protein required for the calcifying EV formation. However, the role of mechanics in 

CAV1-induced EV formation from VSMCs has not been reported. Previous studies have shown that a 

normal stretch variability plays an important role in maintaining homeostatic VSMC phenotypes. VSMCs 

were exposed to two mechanical stretch profiles, variable and monotonic cyclic stretch (10% mean 

amplitude, 0.5Hz, 72h). Non-stretched VSMCs were used as controls. Following mechanical stimulation, 

CAV1 in VSMCs and EVs that were collected from culture media were analyzed via western blotting. 

Mineralization potential of EVs was measured by incubating EVs in phosphate solution and measuring 

mineral-induced light scatter at 340nm. Annexin V, a calcium-binding protein involved in EV mineral 

formation, was also assessed. Compared to non-stretched VSMCs, monotonic stretch significantly 

increased EV CAV1 by 5.3 fold, while no significant increase was observed in variable stretch samples. 

The mineralization assay revealed a significant increase (17.7±1%) in calcifying potential of released EVs 

from VSMCs exposed to monotonic stretch, compared to non-stretched VSMCs. No significant differences 

in mineralization potential was observed for variable stretch. The annexin V content in EVs isolated from 

10% monotonic stretched VSMCs was 7.3-fold higher compared to non-stretched VSMCs. Annexin V was 

not significantly increased in EVs isolated from VSMCs exposed to variable stretch. The results show that 

cyclic monotonic stretch leads to the release of CAV1-positive EVs, which have elevated mineralization 

potential. Interestingly, variable stretch did not significantly alter calcifying potential of these EVs 

compared to non-stretched control samples.  Future studies will further investigate the role of different 

mechanical stimulation profiles in EV formation and vascular calcification. 
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Tissue Engineering Models for Mitral Annulus Calcification Studies  

 

Collin Owens, Dan Simionescu, Juan Carlos Carrillo Garcia, Agneta Simionescu 

Clemson University, Clemson, SC 

 

Due to its structure, a discontinuous rim of fibrous tissue periodically interrupted by fat, the posterior 

annulus of the mitral valve is susceptible to degenerative calcification under conditions that increase the 

oxidative and mechanical stress on the mitral valve: hypertension, hyperglycemia, elevated triglycerides, 

and chronic inflammation.  

Mitral annulus calcification (MAC) is an active and regulated process of injury, and lipid deposition with 

spots of early mineralization, inflammation, and bone formation. 

Our goal is to investigate the cell and extracellular matrix modifications in MAC, using tissue engineered 

mitral valves (TEMVs) mounted in bioreactors and compare with swine animal models. 

TEMVs exhibited reduced orifice area after 2 weeks in bioreactor; cells expressed alpha-smooth muscle 

actin and osteocalcin and stained positive for Alizarin Red. Biaxial mechanical testing showed increased 

stiffness in the circumferential direction. The mitral valve annulus from swine models also showed signs 

of calcification and activated valvular cells.  

Modifications in mitral valve annulus leading to calcification could be evaluated in 3D dynamic 

conditions that mimic the mechanical and biochemical environment of the valve. 

Funding Sources: NIH 1R01HL133303  
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Cardiovascular disease is the leading cause of death globally. Vascular calcification represents the most 

significant predictor of cardiovascular events with no current therapeutic options for prevention or 

treatment. Osteogenically-differentiated vascular smooth muscle cells (VSMCs) release calcifying 

extracellular vesicles (EVs), which nucleate nascent mineral. Caveolin-1 (CAV1), a plasma membrane 

scaffolding protein residing in caveolar domains, plays a critical role in the formation of calcifying EVs. 

Previous studies reported the interaction between CAV1 and epidermal growth factor receptor (EGFR) in 

cancer pathology. Given this interaction, we hypothesized that EGFR inhibition may prevent the 

biogenesis of calcifying EVs by altering CAV1 trafficking. We assessed the potential of EGFR tyrosine 

kinase inhibition (AG1478, 2.5 uM, N=3) to prevent calcification in vitro using VSMCs cultured in an 

osteogenic media (OS) for 14 days. EGFR inhibition significantly reduced the release of calcifying EVs 

in OS cultures as measured by tissue non-specific alkaline phosphatase activity, a key enzyme in mineral 

formation. Immunoprecipitation of CAV1 revealed interaction between EGFR and CAV1 in VSMCs both 

control and OS cultures. EGFR inhibition significantly reduced the interaction between CAV1 and EGFR 

in both control (p < 0.0015) and OS (p < 0.0001) cultures. Using density gradient-based 

ultracentrifugation, we showed that CAV1 redistributed from lower density domains to non-caveolar 

domains in OS cultures compared to controls. Interestingly, EGFR inhibition maintained CAV1 in the 

lower density membrane domains. Our results suggest that physical interactions between EGFR and 

CAV1 are required for intracellular trafficking mechanisms that lead to calcifying EV biogenesis. Future 

studies will test the efficiency of different EGFR inhibitors, both tyrosine kinase and ligand binding, to 

determine the most effective therapeutic options. Given that EGFR inhibitors exhibit clinical safety, the 

current data show that EGFR may be a propitious target in preventing vascular calcification.   

  

This work was supported by a grant from the National Heart, Lung, and Blood Institute of the National 

Institutes of Health (1R01HL160740). 
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Mineralization occurs in both physiological and pathological processes. In bone, release of calcifying 
matrix vesicles (MVs) by osteoblasts mediates bone remodeling. In pathologic conditions, vascular smooth 
muscle cells (VSMCs) undergo osteogenic differentiation and release calcifying extracellular vehicles (EVs), 
which promotes vascular calcification. Of note, vascular calcification is associated with bone density loss, 
a phenomenon known as the calcification paradox. Calcifying EVs are enriched with both caveolin-1 
(CAV1, a membrane scaffolding protein residing in caveolar domains) and tissue non-specific alkaline 
phosphatase (TNAP, an enzyme required for free phosphate production). Recently, we showed that a key 
interactor of CAV1, epidermal growth factor receptor (EGFR), participates in CAV1 intracellular trafficking, 
and EGFR inhibition prevents CAV1-dependent formation of calcifying EVs in VSMCs. In this study, we 
assessed the role of EGFR in altered CAV-1 trafficking in the calcifying VSMCs and osteoblasts. We cultured 
VMSCs and osteoblasts in either control, an osteogenic media (OS, supplemented with β-
glycerophosphate, L-Ascorbic Acid, and Dexamethasone), or OS media with EGFR inhibitor (AG1478, 2.5 
μM) and isolated released EVs/MVs using ultracentrifugation. Following 14 days of culture, VSMCs 
released EVs enriched in CAV1 with high TNAP activity and EGFR inhibition reduced both CAV1 content 
and TNAP activity, leading to complete abrogation of in vitro calcification after 28 days. Conversely, the 
CAV1 level in MVs from osteoblasts in OS and OS plus EGFR inhibitor cultures was significantly reduced 
compared to control cultures. TNAP activity on MVs was elevated in both OS and OS supplemented with 
EGFR inhibitor.  EGFR inhibition did not prevent in vitro osteoblast mineralization. Our data suggest a 
mechanistic difference in CAV1 and TNAP trafficking and activity during bone and vascular calcification, 
which can be exploited via EGFR inhibition. Our goal is to further investigate these mechanisms to provide 
insight into fundamental cellular differences associated with the calcification paradox.  
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Background 

Endovascular thrombectomy procedures are significantly influenced by the mechanical response of the 

occluding thrombus to the multi-axial loading imposed during retrieval. Compression tests are 

commonly used to determine compressive thrombus and blood clot  analogue stiffness. However, there 

is a shortage of blood clot stiffness data in tension.  

Objective 

Here, we characterise the tensile and compressive behaviour of blood clot analogues prepared in the 

same manner in a variety of compositions from the blood of human donors. 

Materials and Methods 

Citrated whole blood was collected from 6 healthy human donors. Whole blood clots and clots 

reconstructed with range of red blood cell (RBC) concentrations (5-80%) were prepared under static 

conditions. Coagulation was induced by adding 17mM CaCl2 and 1U/mL thrombin. Both uniaxial 

tension and unconfined compression tests were performed using custom-built setups at strain rates of 

5% per second in a physiological medium at 37°C. Low- and high-strain stiffness values were calculated 

from the initial and final 10% of the stress-strain curves.   

Results 

Approximately linear nominal stress-strain profiles were found under tension, while strong strain-

stiffening profiles were found under compression. Tensile stiffness decreased with an increasing RBC 

volume in the blood mixture. In contrast, compressive stiffness increased up to 10% RBC volumes and 

then decreased. Tensile and compressive whole blood clot analogue stiffness values exhibited up to 

50% variation  between donors, respectively.  

Conclusions 

There is pronounced asymmetry in the compression-tension behaviour of human blood clot analogues. 

The effect of RBC volume fraction on stiffness of clot analogue also differs in tension versus 

compression. A relatively high degree of inter-donor variability exists between comparable clots from 

different healthy donors. 

Funding Sources 

This study is funded by the Convergence for Health & Technology Initiative TU Delft and the European 

Union’s Horizon 2020 research and innovation program under grant agreement No 777072. 
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Background 
The pro-inflammatory environment of chronic kidney disease (CKD) may influence neo-tissue 
formation in vascular in situ tissue engineering (TE). Bio-functionalizing grafts with stromal cell-
derived factor 1α (SDF-1α), a progenitor cell chemotactic, may improve host cell engraftment and tissue 
development. We thus studied the role of SDF-1α on inflammation and remodeling of vascular grafts 
in CKD and healthy rats.  
 
Methods 
Electrospun, biodegradable supramolecular polyurethane-131-bisurea (PCU-131-BU) grafts were bio-
functionalized with short receptor-activating domain-derived SDF-1α-peptides. CKD was induced in 
female rats (n=53) by 5/6th nephrectomy. Vascular grafts were explanted at 2 (sham/CKD with bare or 
SDF-1α) or 12 weeks (sham with bare or SDF-1α only, due to rapid CKD progression). Explants, both 
endpoints and drop-outs, were checked for patency, material degradation, presence of immune cells and 
vascular tissue hallmarks.  
 
Results/Discussion 
At 2 weeks survival was 100%, all grafts were patent, and immunohistochemistry (IHC) showed PCU-
131-BU fibers. CKD decreased pan-inflammatory (CD68, p=0,06) and anti-inflammatory macrophages 
(CD163), with no effect of SDF-1α. Smooth muscle cell Calponin, Elastin and fibroblast Vimentin were 
similar under either CKD or SDF-1α conditions. Vascular rupture and sudden death occurred in 4/13 
sham (3 weeks onwards, 2 bare and 2 SDF-1α), possibly related to premature graft resorption. In 
accordance, IHC found no remaining PCU-131-BU fibers at 12 weeks. Over time, CD68 decreased and 
Elastin increased in all sham animals but no differences in immunological (CD68, CD163) and tissue 
markers (Calponin, Elastin and Vimentin) were found between sham bare or SDF-1α at 12 weeks only. 
While patent, all 9 explants showed severe vascular lumen dilatation.  
 
Conclusion 
In situ vascular TE with PCU-131-BU resulted in rapid graft resorption, leading to mechanical 
instability and rupture. CKD may influence short-term inflammatory dynamics, but the tissue 
remodeling implications remain unknown. Overall, SDF-1a biofunctionalization was unable to 
influence vascular tissue formation under long-term healthy conditions. 

Funding ` 
This research was financially supported by the Gravitation Program ‘‘Materials Driven Regeneration” 
and by the Netherlands Organization for Scientific Research (024.003.013), InSiTeVx project 
(436001003).  

Disclosures 
Nothing to disclose 
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Background: Preclinical rodent models of cardiac disease are pivotal for understanding and 

characterizing heart disease for targeted therapy. 4D (3D+time) ultrasound is a promising imaging 

technique being used to track progression non-invasively. Processing gated volumetric image data, 

however, can be difficult, time-intensive, and often imprecise. Automated machine learning techniques 

that utilize deep convolutional neural networks (CNNs) provide a unique opportunity to leverage the 

value of 4D imaging while streamlining analysis and processing.  

 

Objective: Our objective was to determine whether a single comprehensive CNN could be used for 

automated 4D image segmentation in different mouse models of cardiac disease. We hypothesized that 

automated segmentation of 4D image data for both controls and different mouse models of cardiac 

disease would be accurate as defined by a mean squared error (MSE) value less than 1.0 mm2.   
 

Methods: We developed a CNN using n=132 4D ultrasound imaging datasets from two mouse disease 

models and controls including cardiac hypertrophy (CH; n=24 training; n=15 testing), myocardial 

infarction (MI; n=25 training; n=15 testing), and wild-type (WT; n=38 training; n=15 testing). 4D 

ultrasound images were obtained using the Vevo3100 ultrasound system (FUJIFILM, VisualSonics) and 

manually segmented by tracking 48 points on the endo- and epicardial surfaces over a representative 

cardiac cycle using a custom-built graphical user interface in MATLAB (MathWorks, Natick, MA). After 

training, we used MSE to describe the accuracy of the segmentation.  

 

Results: The CNN substantially reduced segmentation time from 30-60 min to <2 min. CH mice had a 

test-set MSE of 0.57  0.32 (mm2; meanSD). MI mice had an MSE of 0.23  0.05 and WT had an MSE 

of 0.05  0.02.  

 

Conclusion: Automated deep-learning based segmentation of 4D ultrasound allows for rapid and accurate 

analysis in various preclinical mouse models of cardiac disease.  

 

Funding: Grant Number UL1TR002529- NIH, National Center for Advancing Translational Sciences to 

the Indiana Clinical and Translational Sciences Institute. 
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Abdominal aortic aneurysms (AAA) constitute a significant health concern. Current treatment options are 
usually reserved for patients with AAA diameters >5.5 cm where the risk of rupture exceeds the procedural 
risks of morbidity and mortality. Patients with smaller AAA are surveilled but offered no proven effective 
treatment options to minimize or prevent AAA growth.  1,2,3,4,6-Pentagalloyl glucose (PGG) is a potential 
treatment due to its ability to bind strongly to elastin and collagen and protect the extracellular matrix from 
pathologic degradation. 
   
PGG was first described decades ago for elastin staining in Electron Microscopy.  More recently, 
mechanisms have been elucidated to explain its ability to bind and protect structural proteins in the aortic 
wall.  Preclinical testing in rodent, canine and porcine AAA models provided initial proof of concept for 
its use as a treatment for AAA. 
 
To further assess the feasibility of the technology for human use, benchtop experiments were conducted to 
test the diffusion of PGG longitudinally and circumferentially throughout the aortic tissue. When delivered 
intra-luminally to the cannulated porcine abdominal aorta, PGG was found to reach the adventitial layer in 
2-3 minutes, denoting a very rapid diffusion rate. Subsequent experiments utilizing a diffusion chamber 
assessed whether the presence of intra-luminal thrombus (ILT) poses a barrier to PGG diffusion at 
physiologic pressures. When PGG was applied to pre-determined volumes of pure fibrin gels or human 
intra-luminal thrombus samples (obtained via an IRB-approved protocol) it was found to diffuse rapidly 
through the thrombus (10 mm/min). Finally, evaluation of PGG-treated tissue (porcine treated 18 weeks 
prior and human treated a year earlier) suggests that a single, localized treatment of AAA with PGG may 
provide durable therapy. 
 
In summary, available robust chemistry, and mechanisms of action data of PGG suggest that it may have 
the potential to be safe and effective as a non-surgical treatment of AAA.  
 
Funding and financial disclosures:  

Funded by Nectero Medical, Inc. (“Nectero”) through a Research Contract with Clemson University 
(#2015042). All studies, data analysis, and interpretations were performed by DS at Clemson University, 
independent of input from Nectero. DS is a co-inventor of the Clemson University technology using PGG 
for the treatment of abdominal aortic aneurysms (U.S. Patent and Trademark Office no. 
8,435,553).  Human ILT tissue was obtained at no charge, following patient consent and deidentification, 
from Prisma Health in Greenville, SC.  CC receives no compensation for research, authorship, or 
publication of this work. 
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The Effects of Mechanical Strain on Vascular Calcification 

 

Authors: Hannah Douglas, C. LaShan Simpson 

Cardiovascular disease is a significant health crisis, representing 32% of deaths worldwide in 2019. 
Vascular calcification (VC), a major contributor to cardiovascular disease, is a regulated 
biomineralization process whose exact mechanisms are unknown. Additionally, vascular smooth muscle 
cells (VSMCs) significantly contribute to VC by undergoing a phenotypic switch and differentiating into 
osteoblast-like cells. When factors like hypertension cause disturbed laminar flow in the body’s 
vasculature, the mechanical stress promotes the phenotypic switch and calcification of VSMCs via 
mechanotransduction. VC is also induced by the WNT pathway, which is activated via mineral imbalance 
and mechanical stimulation. However, the exact mechanisms behind mechanotransduction in relation to 
VC, WNT, and VSMC differentiation are unknown. To induce mechanical strain and investigate 
mechanotransduction, a bioreactor capable of applying cyclic equibiaxial strain via programming, the FX-
6000T™ Tension System, will be used. First, regimens will be created in the FX-6000™ software using 
the heart (P) waveform to mimic the pressure waves generated by the heart in both normal and high blood 
pressure. Each regimen will have a frequency of 1 Hertz (60 beats per minute) or 0.5 Hertz. The cell 
membrane percent elongation parameters for each regimen, with respect to the tension system’s allowable 
range, will be determined through simulation to reach the correct standard pressure parameters for normal 
and high blood pressure. VSMCs will undergo either the hypertension regimen or the normal blood 
pressure regimen; another group will face no cyclic mechanical strain. Each group of VSMCs will then be 
examined for the rate of calcification and WNT signaling activation through the examination of markers 
such as axin, β-Catenin, and intracellular free calcium. We hypothesize that the mechanically strained 
VSMCs in the hypertension regimen will exhibit a decrease in VSMC markers but an increase in VC and 
WNT pathway markers when compared to the controls.  
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Background: Arterial stiffening is associated with pathologic arterial remodeling, but the association of 

stiffening with atherosclerotic plaque is not clear. Vascular patients have both arterial stiffening and 

atherosclerotic plaque. We have quantified arterial stiffening and focal atherosclerotic plaque 

development in a murine model of disturbed flow in the left common carotid artery. Here we have found 

connective tissue growth factor (abbreviated as CTGF or CCN2) is important to the arterial stiffening 

molecular signaling in this model and in vascular patients with both peripheral artery disease and carotid 

artery stenosis. 

The objective of this work is test whether antibody blockade can impact the onset and degree of 

atherosclerotic plaque in this model. 

Methods: Wild type S129 male mice were infected with PCSK9 adenovirus and kept on a high fat, 

Western diet. 1 week later, mice underwent partial carotid artery ligation to induce low and oscillatory 

shear stress in the left but not right carotid artery. CTGF or sham antibody were administered to the mice 

twice weekly throughout the experiment. Mice were killed 4 weeks later. Plaque and necrotic core area 

and oil O red deposition was quantified by a blinded reviewer.  

Results: While plaque area was similar between groups, the CTGF antibody group did have decreased oil 

O red deposition and necrotic core area. Lipid levels were similar between both groups. 

Conclusion: The results indicate that CCN2 may influence the characteristics of disturbed flow-induced 

atherosclerotic plaque. Specifically, CTGF antibody decreased the lipid content and necrotic core, 

suggesting that the resultant atherosclerotic plaques were less vulnerable than the sham antibody. 

Funding sources: NIH/NHLBI; VA Merit 

Financial Disclosures: CTGF and sham antibody were generously donated by Fibrogen corporation. 
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Delivery Method for Vascular Calcification using Oxidized Alginate Microbeads 

Brittany Macha 

 

Calcification is linked to a high prevalence of cardiovascular events and mortality due to arterial stiffness. 

Vascular calcification is caused by hydroxyapatite mineral being deposited in the artery. This deposited 

mineral resembles that of the bone matrix which is typically deposited by osteoblasts in the normal bone 

turnover process. There are no current treatments for resorbing mineral in the artery caused by vascular 

calcification, thus we propose a delivery method in which osteoclasts would be delivered to the area of 

calcification via alginate hydrogel. Osteoclasts, a type of osteocyte, are the only cell type known to resorb 

bone. The main component of the hydrogel, alginate, is a biocompatible natural polymer derived from 

seaweed and has frequently been used in many drug delivery applications due to its ability to become a 

hydrogel. Alginate will be oxidized with sodium periodate due to alginate’s natural uncontrollable 

degradation and made into a microbead for easier transportation. We have successfu lly created beads with 

20mg and 40mg of sodium periodate with an oxidation percent measurement study underway. A 

degradation study will be completed to observe the longevity of the beads at varying oxidation 

percentages. We also hypothesize the best way to deliver the osteoclasts to the area of calcification is by 

calcium targeting. This delivery method of osteoclasts to the site of calcification has the potential to 

reduce calcification and thus reduce side effects produced from vascular calcification. 
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Arteriosclerosis, characterized by hardening of the arteries, is a dangerous precursor to a condition known 
as vascular calcification. There are many causes of calcification including diabetes, kidney failure, and 
obesity. Vascular calcification references a phenotypic transition of vascular smooth muscle cells causing 
the generation of osteoblast-mimicking cells within arteries. It is hypothesized that calcification is 
initiated by wingless-related integrated (WNT)-Signaling mimicking osteogenesis due to mechanical 
stress on arteries.  Vascular calcification can be an underlying cause of often-fatal cardiac events and is 
increasing in prevalence because of a lack of characteristic symptoms. Current treatments alleviate the 
consequences of calcification but do not address the disease. Due to a lack of cures for calcification, a 
novel therapy for this disease is overdue. By studying human aortic smooth muscle cells (HASMCs) and 
confirming the role of WNT-Signaling as it relates to calcification, a possible therapeutic target can be 
identified. To understand WNT-Signaling in calcification, a calcification model must be created for 
comparison of calcified and non-calcified HASMCs. For model validation, an in vitro calcification study 
was used to quantify calcium using atomic absorption spectroscopy normalized to protein levels. 
Preliminary results show calcium content increases significantly between 7-day and 14-day calcified 
groups showing calcification increases with time. Immunohistochemistry showed HASMCs losing α-
smooth muscle actin and Axin because of initiation of WNT-Signaling and loss of the HASMC 
phenotype. ELISA will be used to confirm the initiation of WNT-Signaling studying levels of β-Catenin, 
Axin, and RUNX2. Finally, a viable therapeutic target of the WNT-Signaling pathway will be examined 
A dual-luciferase system will be utilized to study if there is an upregulation of LEF/TCF activity within 
the calcified cell group. From these studies, we expect to use a validated calcification model to examine 
the WNT-Signaling pathway for a potential target for a cellular therapy to reverse calcification. 
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Background: Endothelial cell (EC) dysfunction is a significant step in the pathophysiology of 

cardiovascular diseases like peripheral arterial disease (PAD) and coronary artery disease (CAD).  This 

degradation in healthy EC behavior can include a dysregulation of endothelium permeability, disrupted 

nitric oxide signaling to smooth muscle cells, and lipid plaque formations known as atherosclerosis.  Due 

to a current lack of methodologies to test in vitro EC dysfunction, an avidin-FITC/biotin assay to quantify 

EC permeability was developed for human umbilical vein endothelial cells (HUVECs).  

Objective:  The aims of this project were to develop an avidin-FITC/biotin microscopy assay to 

determine endothelial permeability in HUVECs by optimizing positive controls VEGF165 and thrombin, 

diH2O vehicle control, and negative control albumin.  

Method: HUVECs (<P5) were cultured under standard conditions and seeded at 350,000 cells per well 

on glass coverslips in 24-well plates.  Cells were drugged next day for one hour in quiescent media 

followed by five minutes of avidin-FITC staining.  Images were collected using a Keyence BZ-X810 

microscope and analyzed/quantified using ImageJ.  

Result:  Treatment with 200 ng/mL VEGF165 or 0.6U thrombin were found to induce significant 

(p<0.01) EC permeability compared to both negative control or vehicle control 1% diH2O. 

Conclusions: The biotin-avidin assay described here can accurately determine EC permeability from 

VEGF165 and thrombin treatment at 200 ng/mL.  Future determinations of other drugs and their effects 

on HUVEC permeability can use the controls presented here as appropriate controls.  Careful method 

development may be needed for ECs other than HUVECs such as human aortic or human coronary ECs. 

Funding sources:  This work was support by the NIH – RO1HL143348. 

Financial disclosures:  There are no financial disclosures to be made. 
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Background:  

Bicuspid Aortic valve (BAV) is among the most common congenital cardiac malformations (~1–2% 

prevalence).1 BAV patients have been shown to demonstrate a significantly higher risk of developing 

ascending aortic aneurysm and eightfold increased risk of acute aortic dissection.2-4 Large clinical genomic 

studies have shown rare genomic variants, including aberrations within the NOTCH1 gene, to be 

represented in nearly half (46%) of patients presenting with BAV, and nearly one-fifth (16.7%) of all 

detected variants in patients presenting with BAV-aortopathy.2 

Objective/Hypothesis 

We sought to characterize the gross and phenotypic features of aneurysms present in the NOTCH1-deficient 

BAV-aortopathy model.   

Methods:  

Mice in the 129S6 background with a floxed Notch1 allele were bred with wildtype (WT) mice to generate 

Notch1.129+/- mice. For assess of early developmental changes, mice were collected at embryonic 

timepoints E12.5 and E18.5. In adult mice, successive echocardiograms were obtained at 2-, 6-, and 9-

months timepoints to delineate progression of disease. Adult mice were euthanized at the  2-, 6-, and 9-

month adult time points and thoracic aortas collected from both Notch1.129+/- mice and WT littermates for 

H&E, Verhoeff-van Gieson Elastic staining, Russel-Movat Pentachrome 

staining,https://www.research.chop.edu/sites/default/files/web/sites/default/files/pdfs/Movat (Russell-

Movat) Pentachrome Stain.pdf transmission electron microscopy, and reconstruction via micro-computed 

tomography (microCT).  

Results: 

Approximately 88% of Notch1.129+/- mice demonstrated significant aortic dilation isolated to the aortic 

root with 24% demonstrating clinically significant aneurysms (diameter >150% baseline) when compared 

to WT counterparts via serial echocardiogram imaging and microCT by 6-months of age. Histopathologic 

analysis of thoracic aortas from Notch1+/- mouse identified preliminary evidence of increased elastic lamina 

degradation, increased collagen deposition, and decreased smooth muscle cell volume noted at the aortic 

root but no significant differences in the descending aorta.   

Conclusions:  

Genomics based clinical studies have established evidence of an association of Notch1 insufficiency with 

increased risk of BAV, ascending thoracic aortic aneurysm, and consequent vascular complications. Our 

data provides a descriptive characterization of the phenotypic features of Notch1-deficiency BAV-

aortopathy. 

Funding/Financial Disclosures: This research was supported by the National Institutes of Health under 

the Ruth L. Kirschstein National Research Service Award (F32), grant number 1F32HL160059  from the 

National Heart, Lung, and Blood Institute (NHLBI).  
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Title: Treatment with β-aminopropionitrile does not Decrease Elastin or Collagen Content nor 

Alter Mechanical Properties of an Abdominal Aortic Aneurysm Mouse Model at 2 weeks. 

Ande Marini1, Pete Gueldner1, Bo Li MD8, Cyrus Darvish1, Brittany Rodriguez1, Timothy Chung PhD1, 

Justin Weinbaum PhD1,3,7, David Vorp PhD1,2,4,5,6,7, and John A. Curci MD8  

Departments of Bioengineering1, Surgery2, Pathology3, Cardiothoracic Surgery4, Chemical and Petroleum 

Engineering5, Mechanical Engineering and Materials Science6, and McGowan Institute for Regenerative 

Medicine7, University of Pittsburgh; Department of Vascular Surgery8, Vanderbilt University Medical 

Center 

 

Background: Inhibition of matrix cross-linking with β-aminopropionitrile (BAPN) has been added to 

established models of AAA with the intent to better represent the tissue changes that occur in the human 

disease process. 

 

Hypothesis: We hypothesized that the mouse topical elastase model of AAA would result in decreased 

matrix and altered mechanical properties that would be enhanced by systemic BAPN treatment for 2 weeks.  

We also hypothesized that shorter exposure to BAPN treatment would also enhance matrix and mechanical 

changes when harvested at 2 weeks. 

 

Methods: Aortas were harvested 14 days after topical elastase exposure with or without 0.2% BAPN in the 

drinking water beginning 4 days prior to elastase exposure.  A subset of animals had BAPN stopped 4 days 

following elastase exposure. Aortic diameter was measured in situ. Tangent modulus (TM) and ultimate 

tensile strength (UTS) were evaluated using uniaxial ring testing to failure while ninhydrin and 

hydroxyproline assays were used to quantify elastin and collagen content. 

 

Results: Elastase exposure resulted in a significant increase in aortic diameter at two weeks associated with 

a significant increase in TM without effect on the UTS compared to heat-inactivated elastase controls. 

Adding BAPN treatment for 14 days did not result in any significant modification of the aortic mechanical 

properties at harvest. Elastase also results in a significant reduction in aortic content of elastin and collagen 

which was also not altered by 2 weeks of BAPN treatment. When BAPN was stopped 4d after elastase, 

there was a significant increase in collagen content associated with an increase in UTS. 

 

Conclusions: Inhibition of matrix cross-linking with BAPN for two weeks does not modify the initial 

changes in aortic mechanics or matrix of an elastase-initiated model AAA. Brief (4 day) exposure to BAPN 

results in rebound collagen production which increases the UTS of the aorta. 
 

FUNDING SOURCES: 

NIH T32 HL076124 

NIH R21 HL129066 

VASCULAR CURES 

NSF GRFP: 1747452 

 

CONFLICTS: 

NONE 
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GREATER MEMPHIS 
FACT SHEET

Memphis has heart and soul. From our role in the 
historical Civil Rights Movement to present day, 
our history tells a story of passion, strength, and 
determination. In the modern economy, our spirit 
of collaboration, grit, and grind drive innovations 
shaping a new tomorrow. 

Nestled within the pro-business climate of the State 
of Tennessee, our economy is anchored by deep 
industry specializations and unmatched logistics 
capabilities with the ability to reach 75% of the 
United States population in a 2-day drive. As a right-
to-work state with low business costs, companies 
enjoy the advantageous operating environment with 
a large pool of skilled and work-ready talent. 

MEMPHISMOVES.COM

Find Research & Reports

Explore Area Maps

View Initiatives
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1.35M $68.6B 9th #1
Total population Total Real GDP Largest Metro in the Southeast 

by GDP
Global and Metro 

Logistics Hub

WORKFORCE GROWTH + DEMOGRAPHICS

REGIONAL INFRASTRUCTURE

RUNWAY RAIL ROAD RIVER

Busiest cargo airport 
in the World

Class I 
Railroads

Busiest Trucking 
Corridor in U.S.

Largest Inland 
Port in U.S.#1 5 3RD #5

MARKET OVERVIEW

OCCUPATIONAL PRESENCE

INDUSTRY PRESENCE + GROWTH

Learn more about Greater Memphis at memphismoves.com. 113



HEALTHCARE + 
MEDICAL INNOVATION

Unmatched logistics capabilities coupled with 
a welcoming business climate and a strong 
industry cluster make the Greater Memphis 
region a natural location for a wide range of 
medical device companies and medical device 
OEMs. The region’s intellectual capital in the 
device sector frequently produces spinoffs and 
startups, supported by one of the nation’s Top 
25 accelerator programs ZeroTo510.

I N D U S T R Y  S N A P S H O T

MEMPHISMOVES.COM

Find Research & Reports

Explore Area Maps

View Initiatives
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47 medical device companies with operations in Shelby 
County.

The FedEx superhub makes it possible for medical devices to 
arrive anywhere in the country within 24 hours.

$2.7 billion economic impact to Memphis/Shelby County.
Source: Greater Memphis Medical Device Council Data

MEDICAL DEVICE COMPANIES MAKING MOVES IN MEMPHIS
See more companies at memphismoves.com/industries/healthcare-medical-innovation/

4x the national average industry growth in Memphis MSA 
since 1999.

2nd hightest concentration of orthopedic medical
device firms in the US.

LQ 3.7 (Memphis MSA) LQ 1.5 (Tennessee)

INDUSTRY HIGHLIGHTS

16,800 50% 31% 47
Employees in the Memphis 

medical device and 
innovation industry.

Growth in employment in the 
medical device industry in 

Memphis since 1999.

Growth in graduates in 
biological and biomedical 

sciences since 2013.

Medical Device Companies 
operating in Shelby County.

Memphis has an increasing number of trained workers to 
support the growing medical device industry in the region. A 
tuition-free skill development and training program, MOVE-
HIRE provides industry recognized credentials and work-based 
learning opportunities including apprenticeships, on-the-job 
training and internships to prepare participants for careers in 
the medical device industry.

WHY GREATER MEMPHIS?

Learn more at gmacworkforce.com
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ADVANCED 
MANUFACTURING 

Nestled within the pro-business climate 
of the State of Tennessee, manufacturing 
companies of all sizes and operational function 
in Greater Memphis enjoy the benefits of low 
business costs and an advantageous operating 
environment.  

As a right-to-work state with low private sector 
unionization, innovation drives our economy 
with a large pool of skilled and work-ready 

I N D U S T R Y  S N A P S H O T

MEMPHISMOVES.COM

Find Research & Reports

Explore Area Maps

View Initiatives
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43,500 employed in the Advanced Manufactuing Industry

$9.9 billion economic impact to Memphis/Shelby County.

GLOBAL MANUFACTURING COMPANIES MAKING MOVES IN MEMPHIS

See more companies at memphismoves.com/industries/advanced-manufacturing

2,000+ graduates each year in Advanced Manufacturing 
programs

+3% rojected Job Growth (2019-2023)

INDUSTRY HIGHLIGHTS

#1 75%   > 90%  
Business Climate 

Business Facilities, 2019
United States Population 

within a 2-day drive, (22 Hours) 
of Global GDP  

within 72 hours by air.

Leveraging its strategic Mid-South location, the Greater 
Memphis region connects companies to national and 
international markets with exceptional air, road, rail, and port 
infrastructure. 

Memphis’s robust manufacturing sector spans a wide variety 
of products – from non-durable goods such as food and 
beverage and paper products to more precision based 

WHY GREATER MEMPHIS?
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CORPORATE, HQ + TECH

An entrepreneurial spirit paired with a culture 
of collaboration and compassion drive the 
presence of Corporate and Professional 
services in Greater Memphis, Tennessee. 

An established industry presence is fueled by 
our region’s strong student base and industry-
specific skills. Paired with competitive costs 
for quality labor and real estate, the Greater 
Memphis market is well-positioned as a prime 
location for investment. 

I N D U S T R Y  S N A P S H O T

MEMPHISMOVES.COM

Find Research & Reports

Explore Area Maps

View Initiatives
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90,600 employed in Corporate and Professional Services 
(2019 estimate)

$8.2 billion economic presence in Memphis/Shelby County 
(2018 estimate GDP

GLOBAL CORPORATE & PROFESSIONAL SERVICES COMPANIES 
MAKING MOVES IN MEMPHIS

See more companies at memphismoves.com/corporate-professional-services

3,250+ graduates each year in Office Related Programs 
(2018)

+3.9% projected Job Growth (2019-2023)

INDUSTRY HIGHLIGHTS

#1 3 $5 Billion
Business Climate 

Business Facilities, 2019
Fortune 500 

Headquarters
Downtown Development

FY 2019 Pipeline

Home to over 90,000 employees working in the business 
and professional services sector, Greater Memphis is an 
ideal location for businesses seeking to capitalize on an 
available pool of talent. Pairing this skilled and diverse 
workforce with competitively priced operating costs creates a 
business environment attractive for national and international 
investment.

WHY GREATER MEMPHIS?
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SUPPLY CHAIN + 
LOGISTICS 

Greater Memphis  is the economic  hub of a 
seven-  state region that  is home to nearly  5 
million people, three Fortune 500  companies 
and a  world-class global  logistics network.

I N D U S T R Y  S N A P S H O T

MEMPHISMOVES.COM

Find Research & Reports

Explore Area Maps

View Initiatives
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RUNWAY

27 Markets Served through Nonstop Service

Average Flight Time to Memphis: 1 hour 48 minutes

RAIL 

5 Class I Railroads

Reach 45 states, Canada & Mexico within 2 days

24/7 access at 9 intermodal yards throughout Metro 
Memphis

MAJOR COMPANIES MAKING MOVES IN MEMPHIS
See more companies at memphismoves.com/industries/supply-chain-logistics

INDUSTRY HIGHLIGHTS

>90% #1 75%
in Reach of the World’s GDP 

within 72 Hours
Busiest Cargo Airport in the 

World
% of the  United States 

Population Lives  Within A 
2-Day Drive
(22 Hours)

ROAD 

900 Miles of Interstate and Highway

Located on the 3rd Busiest Trucking Corridor in the U.S.

RIVER 

2nd Largest Inland Port on the Shallow Draft Portion of the 
Mississippi River

5th Largest Inland Port in the United States

68 Water Fronted Facilities
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