
BIOENGINEERING & 
BIOMEDICAL ENGINEERING 

RESEARCH SEMINAR 
INSTRUCTIVE BIOMATERIALS FOR 

HEALING AND REGENERATION 

Dr. Milica Radisic 

Institute of Biomaterials and Biomedical Engineering 
University of Toronto 

OCTOBER 30, 2020 at 1:30PM 
https://mcgi ll.zoom.us/j/92949640140 
Meeting ID: 929 4964 0140 
Passcode: 464021 

Material based technologies play an integral role in many medical treatment strategies, including joint replacements, vascular 
stents, drug delivery methods, contact lenses and medical sutures. The application of successful technologies continues to grow, 
with an estimated market size of $130 billion USO by 2020. Although successes are notable, a number of biomaterial-based 
devices are limited in application by non-specific material properties to tissue type and undesired inflammation at the device 
interface. In application, polyester materials have traditionally been an effective polymer strategy, with successes in tissue 
engineering scaffolds and a variety of biomedical devices. Leveraging advantageous polyester degradability and well 
understood chemical synthesis, these materials serve as a strong functional platform to further optimize material-cell 
microenvironments. In this talk, I will describe the development of polyesters that (a) exhibit controllable mechanical properties 
to mimic the elastic properties of cardiac tissue extracellular matrix (ECM) and (b) incorporate a biomimetic moiety of 
mammalian immunity to recapitulate mechanistic inflammation regulation at the material surface. 

Development of engineered cardiac tissue requires material scaffolds that match the elastic behavior of cardiac ECM. Using 
polycondensation techniques to incorporate unsaturated carbonyl groups into elastic polyester material gels, we generated 
materials that can be molded into intricate designs with secondary crosslinking to generate constructs with highly tunable 
elasticity. By adapting material synthesis conditions (i.e. monomer ratios, reaction time), elastic mechanical behavior was highly 
tunable across a range of soft biomaterial applications. Material applicability was highlighted in a number of micro-designed 
elastomeric scaffold supports for engineered tissue, both for in vitro organ-on-a-chip and in vivo cardiac patch technologies, 
wherein the two-step synthesis process allowed for micro molding into intricate shapes prior to gelation. 

With biomaterial application in vivo, inflammation at the biomaterial surface limits device application. To tackle this, we looked 
to itaconate, a powerful small molecule metabolite of innate immunity that has recently emerged as a regulator of innate 
immune inflammation. This molecule has been previously limited therapeutically by short circulation times. To circumvent this, 
itaconate was incorporated directly into material backbones to impart biomimetic small molecule modulation, with quantified 
hydrolytic degradation release from polyester chains. Harnessing hydrolytic degradation release from polyester backbones, 
itaconate polymers resulted in the mechanism specific immunoregulatory properties on macrophage polarization in vitro. In a 
functional assay, the polymer-released itaconate inhibited bacterial growth on acetate. Translation to an in vivo model of 
biomaterial associated inflammation, intraperitoneal injection of ITA polymers demonstrated a rapid resolution of inflammation 
in comparison to a control polymer silicone, demonstrating the value of sustained biomimetic presentation of itaconate. Using 
scalable polyester synthesis techniques, we have demonstrated the power of instructive biomaterial technologies as functional 
modulators of the cell microenvironment. 
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Dr. Milica Radisic is a Professor at the University of Toronto, Canada Research Chair in Functional Cardiovascular Tissue 
Engineering and a Senior Scientist at the Toronto General Research Institute. She is also the Associate Chair-Research for 
the Department of Chemical Engineering and Applied Chemistry at the University of Toronto, Director of the NSERC 
CREATE Training Program in Organ-on-a-Chip Engineering & Entrepreneurship and Director of Ontario-Quebec Center for 
Organ-on-a-Cho Engineering. She obtained B.Eng. from McMaster University, and Ph.D. form the Massachusetts Institute of 
Technology. She is a Fellow of the Royal Society of Canada-Academy of Science, Canadian Academy of Engineering, the 
American Institute for Medical & Biological Engineering and Tissue Engineering & Regenerative Medicine Society. She 
received numerous awards and fellowships, including MIT Technology Review Top 35 Innovators under 35. She was a 
recipient of the Professional Engineers Ontario-Young Engineer Medal in 2011, Engineers Canada Young Engineer 
Achievement Award in 2012, Queen Elizabeth II Diamond Jubilee Medal in 2013, NSERC E.W.R Steacie Fellowship in 2014, 
YWC Toronto Woman of Distinction Award in 2018, and OPEA Research & Development Medal in 2019 to name a few. Her 
research focuses on organ-on-a-chip engineering and development of new biomaterials that promote healing and 
attenuate scarring. She developed new methods to mature iPSC derived cardiac tissues using electrical stimulation. 
Currently, she holds research funding from CIHR, NSERC, CFI, ORF, NIH, and the Heart and Stroke Foundation. She is an 
Associate Editor for ACS Biomaterials Science & Engineering, a member of the Editorial Board of Tissue Engineering, 
Advanced Drug Delivery Reviews, Regenerative Biomaterials, Advanced Biosystems, Journal of Molecular and Cellular 
Cardiology and elife. She serves on review panels for Canadian Institutes of Health Research and the National Institutes 
of Health. She is actively involved with BMES (Cardiovascular Track Chair in 2013 and 2104) and TERM IS-AM (Council 
member, Chair of the Membership Committee). She was a co-organizer of a 2017 Keystone Symposium, "Engineered Cells 
and Tissues as Platforms for Discovery and Therapy". She served on the Board of Directors for Ontario Society of 
Professional Engineers and currently serves on the Board of Directors of Canadian Biomaterials Society. Her research 
findings were presented in over 200 research papers, reviews and book chapters with h-index of 60 and over 12,000 
citations. Her publications appear in prestigious journals such as: Cell, Nature Materials, Nature Methods, Nature 
Protocols, Nature Communications, PNAS etc. In 2014, she co-founded an award winning company TARA Biosystems that 
uses matured human engineered heart tissues in drug development. TARA raised> USO $11M to date and currently tests 
drugs for major pharmaceutical companies. In 2017, she founded Quthero Inc, a company focused on disrupting the skin 
regeneration and wound healing market through the use of proprietary Q-gel to promote scar-free wound healing. 
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