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Welcome! 

Dear colleagues, 

We are very pleased to welcome you to Kingston and Queen’s University for the First Eastern Ontario 

CBS Symposium!  

This event will be the first symposium organized by the Canadian Biomaterial Society-Kingston 

Student Chapter and the first networking event between Ottawa and Kingston biomaterials 

communities.  

The First Eastern Ontario CBS Symposium is a free event, dedicated to scientists, engineers, 

industrials and clinicians, student or non-student, that would like to meet and network with 

biomaterial community members and get informed about the outstanding biomaterial research in 

Ottawa and Kingston. This symposium groups together the diverse research in biomaterials and 

biomedical engineering. For the first time, it a great honor and the privilege to welcome a world 

reknowned researcher as our keynote speaker: Dr. Isabelle Catelas from the University of Ottawa and 

Canadian Research Chair Tier II in Bioengineering in Orthopedics. 

The First Eastern Ontario CBS Symposium is an event organized by students for student with three 

purposes: 

1. Give opportunities to students with an accepted abstract at the Canadian Biomaterials 

Society annual general meeting to receive feedback from their peers, allowing them to 

improve their presentation skills. 

2. Practice reviewing research and presentation skills. 

3. Give opportunities for students and professors to network and start a long-term 

collaboration between the Ottawa and Kingston CBS student chapters. 

Finally, we would like to thank Dr. Isabelle Catelas for being our keynote speaker, Dr. Huaifa Zhang  

(president of the CBS-Ottawa student chapter), the CBS-OSC executives, CBS-KSC associates and the 

Human Mobility Research Center that worked hard to make this event happen! 

Sincerely, 

The CBS-KSC executive committee 

Gad Sabbatier, Ph.D - President 

Laura McKiel – Vice-president 

William Chaplin – Secretary 

Rosa Comas – Treasurer 

Nathan Holwell – Event Manager 

Dr. Brian Amsden – Faculty Advisor 

 



Program-at-a-glance

biomaterialskingston@gmail.com

In collaboration with

CBS-Ottawa Student Chapter

Time Presentations

1:30 Introduction – Gad Sabbatier

1:35 A Blended Hydrogel Scaffold for Vascular Endothelial Growth Factor 

Delivery
Huaifa Zhang, Isabelle Catelas

Department of Mechanical Engineering - University of Ottawa

1:50 Development of a Thermoresponsive Homopolymer for Biomedical 

Applications
Amanda Brissenden, Fei Chen, Brian Amsden

Department of Chemical Engineering – Queen’s University

2:05 Development of a Zebrafish-based platform for evaluating the 

Inflammatory Response to Implanted Biomaterials
William T. Chaplin, Lindsay E. Fitzpatrick

Department of Chemical Engineering – Queen’s University

2:20 Coffee break/poster session

3:20 Keynote: Implant wear and corrosion products: Insights into their 

biological effects

Isabelle Catelas
CRC Tier II in Bioengineering in Orthopaedics – University of Ottawa

3:45 The effects of fluid viscosity on stress shielding in uniformly textured 

UHMWPE during the dwell phase of SDS motion
Christina M. Ippolito, Tim Bryant

Department of Mechanical Engineering – Queen’s University

4:00 Toll-like receptor 2-mediated NF-κB activation by damage-associated

molecular patterns on biomaterial surfaces
Laura A. McKiel, Lindsay E. Fitzpatrick

Department of Chemical Engineering – Queen’s University

4:15 Awards/Thank you – Gad Sabbatier
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Keynote 

3:20-3:45 Implant wear and corrosion products: Insights 

into their biological effects 

 

 

Isabelle Catelas, Ph.D, P.Eng. 

 
Associate Professor and Canada Research Chair (Tier II) 

 

Department of Mechanical Engineering 

Cross-appointments in the Faculty of Medicine: 

- Department of Surgery, Division of Orthopaedic Surgery 

- Department of Biochemistry, Microbiology and Immunology 

 

University of Ottawa 
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Oral Presentation Abstract 

 

1:20-1:35 A Blended Hydrogel Scaffold for Vascular Endothelial Growth Factor 

Delivery 

Huaifa Zhang, Isabelle Catelas 

Department of Mechanical Engineering - University of Ottawa 

 

Vascularization is essential for the functionality and survival of tissue substitutes after 

transplantation. In vitro pre-vascularization is one of the approaches that have been considered to 

improve the tissue substitute vascularization after transplantation. It has been done by delivering 

angiogenic growth factors such as vascular endothelial growth factor (VEGF) to the substitutes in 

vitro. Fibrin has been used as a scaffold for growth factor delivery,1 and has been shown to induce 

angiogenesis. However, its rapid degradation both in vitro and in vivo restricts its applications. 

Alginate has also been used for growth factor delivery, and degrades much slower than fibrin.2 

However, it does not allow good cell attachment. The aim of this study was to develop a blended 

hydrogel consisting of fibrin and alginate for VEGF-165 delivery, to be ultimately used in bone tissue 

engineering applications. VEGF release from the blended hydrogels was compared to the release 

from hydrogels made of fibrin or alginate alone. 

 

The large release of hVEGF-165 present in the washes during the preparation of the blended 

hydrogels suggests a sub-optimum cross-linkage of the fibrin gels. Nevertheless, the subsequent 

release of VEGF from the blended hydrogels containing 6.25 and 12.5 mg/mL fibrinogen was overall 

lower than that from the fibrin gels alone (the absence of statistical significance was likely due to the 

small sample size), and followed a similar pattern as the release from the alginate hydrogels alone, 

likely because of the combined effect of fibrin and alginate. It has been reported that hVEGF-165 is 

rapidly released from fibrin gels within the first 24h, followed by a slower release at later time points. 

Our results with fibrin gels alone also showed a burst release of VEGF-165 on day 1. The release from 

alginate hydrogels was much slower, which corroborates the slow release previously reported.3  

Finally, the blended hydrogels showed an interconnected porous structure, which seemed to be a 

combination of alginate and fibrin. The interconnected porous structure may be beneficial for 

endothelial cell infiltration into the scaffold to promote vascularization. 

Further experiments are undergoing to investigate the bioactivity of the released 

growth factor. 

 

References 

1. Catelas, I. et al. Tissue Eng. Part C Methods. 2008, 14, 119-28. 

2. Shikanov, A. et al. Biomaterials. 2009, 30, 5476-85. 

3. Gu, F. et al., J. Control. Release. 2004, 96, 463-72. 
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1:50-2:05 Development of a Thermoresponsive Homopolymer for Biomedical 

Applications 

Amanda Brissenden, Fei Chen, Brian Amsden 

Department of Chemical Engineering – Queen’s University 

 

In situ forming hydrogels are an attractive option for both drug and cell delivery vehicles due to their 

high water content, mechanical properties, and minimally invasive administration by injection. In situ 

gelation can be achieved with a material that undergoes a thermal phase transition, which tends to 

be a more mild gelation process than chemical gelation. A modified trimethylene carbonate with 

oligioethylene glycol side chains is being developed for use as a thermoresponsive polymer for 

biomedical applications. Two monomers with varying sidechain lengths are being considered, 5-(2-(2-

methoxyethoxy)ethoxy)-ethoxymethyl)-5-methyl-1,3-dioxa-2-one (TMCM MOE3OM) and 5-(2-

methoxyethoxy)-ethoxymethyl)-5-methyl-1,3-dioxa-2-one (TMCM MOE2OM).  

 

This study identified optimal reaction conditions to synthesize a product with a well-controlled 

molecular weight and high end group fidelity. These traits were targeted as the molecular weight can 

be used to adjust the material properties and a high end group fidelity ensures the product is 

heterobifunctional for future applications. The kinetics of the ring opening polymerization of the 

modified TMC were studied using 1,5,7-triazabicyclodec-5-ene (TBD) or hydrochloric acid in ether 

(HCl·ether) as the catalyst and benzyl alcohol (BnOH) as a model initiator. The TBD and HCl·ether 

catalyzed polymerizations resulted in two main species, the targeted BnOH initiated polymer and an 

auto-initiated polymer. For the TBD system, auto-initiation decreased as the catalyst concentration 

was decreased. The HCl·ether system resulted in low end group fidelity, attributable to its role as a 

monomer activator. The comparative prevalence of auto-initiation suggests that the sidechains may 

destabilize the ring structure making the monomers more susceptible to auto-initiation. 
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2:05-2:20 Development of a Zebrafish-based platform for evaluating the 

Inflammatory Response to Implanted Biomaterials 

William T. Chaplin, Lindsay E. Fitzpatrick 

Department of Chemical Engineering – Queen’s University 

 

The development of new biomaterials has opened up new avenues of drug delivery, bio-monitoring 

and other implantable medical devices (1). However, upon implantation most materials exhibit a 

foreign body reaction (FBR), which is characterized by chronic inflammation and fibrous 

encapsulation of the implant caused by the innate immune system (2). While there is research into 

limiting this FBR, in vitro assays are limited in their ability to mimic an in vivo host response. 

Furthermore, material testing in vivo, commonly beginning in rodents, is labour intensive and 

expensive, with limited possibility for real time data collection (1). Consequently, there is a need to 

develop a system that retains the complexity of an in vivo system, while preserving the benefits of in 

vitro testing, such as reduced cost, ease of analysis, and minimal labour requirements. The zebrafish 

(Danio rerio) has been established as a robust model for the human innate immune system due to 

conserved innate cell lineages and signalling pathways between species (3). Zebrafish also exhibit 

numerous other advantages, including high fecundity, natural transparency of embryos, genetic 

tractability and an innate immune system that is fully active by 2 days post fertilization (dpf) (3). The 

goal of this research is to develop a biomaterial implant model in zebrafish and evaluate the 

zebrafish host response as a comparative model of mammalian FBR. However, due to the minute size 

of zebrafish embryos, the development of a reproducible and robust zebrafish biomaterial screening 

platform requires that critical parameters and techniques for biomaterial micro- 

implantation be established. 

 

The injection of 10 μm microparticles into the trunk of 3-5 dpf zebrafish embryos was highly 

successful and well tolerated, whereas the viability data clearly demonstrated the manual injection 

of 50 μm microparticles was too traumatic for early-stage embryos. Therefore, the upper limit of 

microparticle size that is well-tolerated for this developmental stage is being explored further using 

25 μm microparticles. Characterization of the inflammatory response to the implanted 10 μm 

microparticles will be quantified using histology and will be explored further using transgenic 

zebrafish strains with fluorescently labeled neutrophils (mpx:eGFP) and macrophages (mpeg:eGFP), 

which enable direct visualization of innate immune cell recruitment in response to the microparticle 

and sham injections. 

 

References 

1. Wang Y et al., Journal of Controlled Release. 2013;169(3):341-7. 

2. Khan TA et al. Acta Biomaterialia. 2014;10(4):1720-7. 

3. Carvalho R, et al. PLoS ONE. 2011;6(2):e16779. 
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3:45-4:00 The effects of fluid viscosity on stress shielding in uniformly textured 

UHMWPE during the dwell phase of SDS motion 

Christina M. Ippolito, Tim Bryant 

Department of Mechanical Engineering – Queen’s University 

 

Total joint arthroplasty (TJA) is the most common treatment option for severe arthritis. Typically the 

bearing design is a metal CoCr component on an ultra-high molecular weight polyethylene 

(UHMWPE) counterface. However, wear of UHMWPE in TJA is a concern because it can generate 

debris and deteriorate bearing performance, especially during intermittent stop-dwell-start (SDS) 

motion. To improve wear properties and reduce friction in orthopedic bearings under SDS conditions, 

UHMWPE surface texturing is a proposed approach to retain fluid, reduce stress in the polymer and 

promote lubrication in the joint. The objective of this study was to establish a preliminary procedure 

to texture UHMWPE specimens in order to design future studies using formal design of experiment 

(DOE) techniques.  

 

After each iteration of the texturing process, the diameter of the dimples were measured and results 

were presented as a percentage of the desired dimple diameter. In stage 1, it was concluded that the 

influence of hold pressure was saturated at 83% of the desired dimple diameter when the yield 

strength of the UHMWPE was reached. In stage 2, an increase in chamber temperature resulted in a 

reduction in dimple diameter which is hypothesized to be due to shrinkage caused by uneven cooling 

of the UHMWPE. In stage 3, a 30-minute increase in hold duration achieved an increase in dimple 

diameter, however this duration may not be effective for long term production. Stage 4 resulted in 

an optimized combination when the cooling temperature and cooling rate were lowered allowing 

controlled recrystallization of the polymer chains. A dimple diameter of 96% of the desired diameter 

was achieved. These parameters will be used to commence a formal procedure to optimize the 

process using a formal DOE method. 
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4:00-4:15 Toll-like receptor 2-mediated NF-κB activation by damage-associated 

molecular patterns on biomaterial surfaces 

Laura A. McKiel, Lindsay E. Fitzpatrick 

Department of Chemical Engineering – Queen’s University 

 

The innate immune response is the primary defense of the body against infection and injury, and is 

facilitated largely by white blood cells, such as macrophages. Toll-like receptors (TLRs) play a critical 

role in innate immunity by recognizing evolutionarily conserved pathogen- and damage-associated 

molecular patterns (PAMPs and DAMPs, respectively). DAMPs are released upon tissue injury and cell 

death, and are known to bind TLRs and initiate inflammatory responses via activation of NF-κB 

transcription factors, primarily through the MyD88 signalling pathway. We hypothesize that TLRs 

contribute to biomaterial-induced inflammation by binding DAMPs created at the implant site and 

adsorbed to the surface of the biomaterial. The aim of our research is to identify potential molecular 

targets for modulating inflammatory responses to biomaterials. 

 

Our work shows that: (1) lysate-derived DAMPs competed with serum proteins for biomaterial 

surface interactions in vitro; (2) DAMP-adsorbed surfaces activated NF-κB transcription factors more 

strongly than serum proteins, and this is maintained down to 0.1% (total protein) lysate in serum; (3) 

lysate-derived DAMPs adsorbed on PMMA and TCPS surfaces activated NF-κB primarily through 

TLR2; and (4) exposure of RAW-Blue macrophages to DAMP-adsorbed surfaces strongly induced the 

production of pro-inflammatory cytokines IL-6 and TNF-α. These results suggest that adsorbed 

DAMPs are capable of inducing a potent pro-inflammatory response in macrophages through TLRs, 

and that TLR signalling pathways should be investigated further as potential therapeutic targets for 

modulating host responses to implanted biomaterials. Future work will include generating MyD88-

knockout RAW-Blue line to investigate MyD88-dependent TLR signalling, and proteomic analysis of 

DAMPs adsorbed on polymer surfaces by mass spectrometry. 
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Poster presentation abstracts 

 

Poster 1 Preparation and Characterization of Polymeric Scaffolds Containing Nano-

Textured Eggshell Particles for Bone Regeneration  

Nicholas D. Calvert1, Scott Proulx1, Tamer Ahmed1, Maxwell T. Hincke1, 

Isabelle Catelas2 
1Deparment of Cellular and Molecular Medicine - University of Ottawa 
2Department of Mechanical Engineering - University of Ottawa 

  

Bone autograft procedures, considered the gold standard for bone defect treatment, are costly and 

uncomfortable for the patient. There is, therefore, a clinical need for new bone substitutes. Eggshell 

has been shown to promote osteogenesis and bone regeneration when introduced into bone 

defects.1 In addition, nano-textured patterns on material surfaces can increase cell proliferation, 

adhesion, and differentiation.2 Therefore, nano-textured eggshell (NTES) particles represent a 

promising material for bone regeneration, and the combination of NTES particles with a porous 

polymeric composite scaffold, made of chitosan and alginate (natural biopolymers previously used in 

bone tissue engineering applications 3), may prove to be an innovative bone substitute. The objective 

of this study was to prepare and characterize polymeric composite scaffolds containing NTES 

particles for future use in bone tissue engineering applications. 

 

References 

1. Dupoirieux, L., J. Oral Maxillofac. Surg. 2000, 58(1), 40-46. 

2. Asghar, W. et al., Nanotechnology. 2012, 23(47), 475601. 

3. Li, Z. et al., Biomaterials. 2005, 26(18), 3919-3928. 
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Poster 2 Crossed Surface Relief Gratings as Nanoplasmonic Biosensors for label-

free detection of bioanalytes 

Srijit Nair1, Ribal George Sabat2, and Carlos Escobedo1 
1 Department of Chemical Engineering - Queen’s University 
2 Department of Physics - Royal Military College 

 

We present an original, low-cost nanoplasmonic biosensor based on crossed surface relief gratings 

(CSRGs) generated from orthogonally superimposed surface relief gratings (SRGs) on gold-coated 

azo-glass substrate. This surface plasmon resonance (SPR)-based sensing approach is unique, since 

the light transmitted through a CSRG is zero except in the narrow bandwidth where the SPR 

conversion occurs, enabling quantitative monitoring of, only, the plasmonic signal from bio-

molecular interactions in real-time. We validated the individual SRG plasmonic signature of CSRGs by 

observing their respective SPR excitation peaks, and tested them to detect both bulk and near-

surface refractive index (RI) changes. We also demonstrate their ability to perform as biosensors, 

through the detection and monitoring of near-surface bio-molecular interactions in real-time, a first 

for CSRGs. Due to their sensing abilities, low-cost (<10 cents/unit), easiness of fabrication and 

inherent suitability for integration with microfluidics, we anticipate that CSRGs will stand as strong 

candidates in the portable diagnostics arena. 
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Poster 3 Crossed Surface Relief Gratings as Nanoplasmonic Biosensors for label-

free detection of bioanalytes 

Ashley Clarke, Laura Wells 

Department of Chemical Engineering - Queen’s University 
 

Many biomedical devices fail as a result of the foreign body reaction and poor acceptance by the 

host. For example, poly(methyl methacrylate) (PMMA) intraocular lenses may be opacified by lens 

epithelial cell attachment to the posterior segment of the lens. Current research aims to modify 

polymers in the bulk to promote specific cell-material interactions, however it is advantageous to 

modify only the surface so that the native bulk properties are retained. Additionally, variability 

between patients warrants a degree of specialization to obtain biomedical devices with the highest 

chance of successful integration. The complexation between the light-sensitive azobenzene molecule 

and the conical sugar β-cyclodextrin molecule has potential for simple, reversible alteration of 

surface properties. Azobenzene undergoes photoisomerization from the trans to cis conformation 

when excited by 320 nm light and can reversibly transform from cis to trans when exited by 440 nm 

light (1,2). Azobenzene may only complex with β-cyclodextrin while in the trans state, so by 

irradiating a surface functionalized with azobenzene the addition of β- cyclodextrin to the surface 

may be controlled. Additionally, functionalized β-cyclodextrin could be used to reversibly add 

functional groups, peptides, nucleic acids, or carbohydrates to the surface to alter the cell response. 

This study investigates a two-step method of modifying PMMA surfaces with amine then azobenzene 

groups which may then be reversibly complexed with β-cyclodextrin to further alter surface 

properties. 

 

References 

1. Beharry AA et al. Chem Soc Rev. 2011;40(8):4422. 

2. Bandara HMD, et al. Chem Soc Rev. 2012;41(5):1809–25. 
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Poster 4 Degradation and endothelial cell compatibility of a vascular biomaterial 

designed from a tunable poly(lactide-co-ε-caprolactone) terpolymer 

Gad Sabbatier1, Aitor Larrañaga3, Andrée-Anne Guay-Bégin2, Jorge 

Fernandez3, Jose-Ramon Sarasua3, Gaétan Laroche2 

Department of Chemical Engineering - Queen’s University 

Department of Material and Metallurgical Engineering – Laval University 

School of Engineering - University of the Basque Country (Spain) 

 

A tunable biomaterial system should fit for many applications in terms of material properties and cell 

compatibility. In a previous work, a new generation of poly(lactide-co-ε-caprolactone) terpolymer 

(PLCL) was designed with tunable biodegradation characteristics, mechanical properties, and 

microstructure [1]. More specifically, a PLCL with specific L-lactide, D-lactide and ε-caprolactone 

monomer composition and polymerization parameters was designed and synthesized to match 

vascular biomaterial requirements. This polymer was sought to be fabricated as nanofiber scaffold 

with a breakthrough spinning technology [2], based on the stretching of a polymer solution with an 

high speed air flow. This PLCL nanofiber scaffold can be used as vascular textile prosthesis coating to 

promote monolayer endothelialization [3] or for the development of tissue engineered blood vessels 
[4]. 

In this context, this work aims to study the degradation rate and mechanism of PLCL nanofibers. 

During this study, PLCL was compared to poly(L-lactic acid) (PLLA), commercially used as 

biodegradable vascular biomaterial, in terms of material performance, degradation properties, and 

cell compatibility. 

 


