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Agenda for the Day 

7:15am-8:00am Registration and Poster Mounting 

8:00am-8:30am Welcome and Introductions 

Institutional Representatives: 

UBC/Symposium Chair – Fabio Rossi 

SFU - Norbert Haunerland 

UVic - Stephanie Willerth 

Key Sponsors:   

STEMCELL – Allen Eaves 

CDRD – Gordon McCauley 

CCRM – Mitch Sivilotti 

8:30am-9:00am The state of the nation: Regenerative medicine in Canada 

10 mins Cate Murray - Overview of the RM Landscape in Canada 

10 mins James Price - Working towards a National Stem Cell Initiative 

10 mins Panel Discussion 

9:00am-10:20am Theme 1: Es/iPS Applications (Chairs: Connie Eaves and Fabio Rossi) 

15 mins Bruce 

Verchere 

Making better insulin producing cells for transplantation 

in diabetes  

10 mins Nina 

Quiskamp 

Developing a cell therapy for the treatment of type 1 

diabetes 

10 mins Pamela 

Hoodless 

Controlling enhancer occupancy in hepatocyte 

differentiation 

10 mins Glen Tibbits Using human iPSC-derived cardiomyocytes to study 

inherited arrhythmias and cardiotoxicity 

10 mins Melanie 

Kardel 

From blood to PSC and back again: A modern day tale for 

regenerative medicine 

12 mins Selected rapid fire talks 

Arwen Hunter - RSeT™ Medium for the induction and continual 

maintenance of human naive-like pluripotent stem cells 

Effimia Christidi - Modelling doxorubicin induced cardiotoxicity using 

hPSCs derived cardiomyocytes 

Laura De la Vega Reyes-  Directed differentiation of human induced 

pluripotent stem cells into neuronal subtypes by small releasing 

microspheres 

Nicole Krentz - CDK inhibition increases the generation of NEUROG3+ 

endocrine progenitors during human embryonic stem cell differentiations 

10:20am-10:35am Break 
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10:35am-11:50am Theme 2: Adult Regeneration  

(Chairs: Kelly McNagny and Bruce McManus) 

15 mins Megan 

Levings 
Regulating immunity to transplanted cells and tissues 

10 mins Matt Ramer Hijacking hypoxia for axonal regeneration 

10 mins Juan 

Sánchea-

Arias 

Pannexin 1 in neuronal development 

10 mins John Stingl / 

Vivian Lee 

Stem cell derived organoids for the study of tissue 

regeneration and disease  

10 mins Peter 

Lansdorp 
Genetic changes in cultured organoid cells 

10 mins Selected rapid fire talks 

Marine Theret - Controlling muscle-resident FAP fate by challenging TGFβ 

pathway 

Hesham Soliman - A majority of cardiac fibroblasts are multipotent 

progenitors: implications for arrhythmogenic cardiomyopathy 

Rahul Sachdeva - A triple combination approach involving nerve 

transplantation, glial scar digestion and passive exercise promotes 

cardiovascular recovery after spinal cord injury 

11:50am-12:30pm Lunch & Poster viewing 

12:30pm-1:15pm Peter Zandstra – Engineering stem cell fate 

1:15pm – 2:20pm Theme 3:  Current Commercialization and Translational Efforts in Vancouver 

(Chair: James Jaquith)  

15 mins 

STEMCELL 

Technologies 

Terry Thomas 

STEMCELL Technologies: Building an Industry Hub for 

Regenerative Medicine in Vancouver 

10 mins 

ASPECT 

Biosystems 

Sam Wadsworth 

How 3D bioprinting is shaping modern medicine 

10 mins 
AbCellera 

Carl Hansen 

Deep screening of natural antibody responses using 

microfluidic single cell analysis 

10 mins 

viDA 

Therapeutics 

David Granville 

Novel therapeutics for autoimmune disorders 

10 mins 
Rick Hansen 

Institute 

Spinal cord injury - research and directions to 

translation of results 
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Nancy Thorogood 

2:20pm-2:35pm Coffee break 

2:35pm – 3:35pm Theme 4: Cross-Over and Enabling Technologies (Applied Sciences) 

(Chair: Eric Jervis) 

15 mins Mu Chiao Microdevices for cell mechanotransduction research 

15 mins Stephanie 

Willerth 

Microsphere mediated neural tissue engineering using 

pluripotent stem cells 

10 mins Vikram 

Yadav 

Marrying engineering & medicine in the fight against 

Alzheimer disease  

10 mins Karen 

Cheung 
Tissue microenvironment and cellular imaging 

3:35pm-3:50pm 15 mins Selected rapid fire talks 

Sylvain Lefort - YB-1 is necessary for oncogenic KRAS-induced de novo 

human breast tumorigenesis 

Leon Chew - STEMdiffTM human cerebral organoid kit: a new tool for the 

culture of 3-D brain organoids derived from hiPSCs. 

BaRun Kim - A role for Ca2+-induced Ca2+-release in smooth muscle 

differentiation 

Colin Hammond – Characterization of hematopoietic stem cells in normal 

adult human bone marrow.  

Kevin Rey - Disruption of the gut microbiota with antibiotics increases 

acute vascular rejection 

3:50pm-4:00pm Introduction of the 2016 Henry G. Friesen International Prize in Health Research 

Recipient  (Aubie Angel, Gail Murphy and Fabio Rossi) 

4:00pm-4:35pm Henry G.Friesen International Prize in Health Research Lecture  

Janet Rossant, CC, PhD, FRS, FRSC- Stem cell collaboration in Canada 

4:35pm – 6:15pm 

6:15pm 

Networking and Rambunctious Poster Judging Session 

Complementary Beer/Wine/Appetizers 

Poster/rapid fire prize announcements (Allen Eaves) 
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Dr. Rossant is an internationally renowned developmental biologist. She demonstrated 

the origin of cells in the early embryo that can give rise to all tissues and the entire body 

of an intact animal, as well as the cells that give rise to the placenta. This fundamental 

research informed the development of human pluripotent stem cells that have the 

potential to treat devastating degenerative diseases.  

As a public advocate, Dr. Rossant has played a leading role in setting public policy 

regarding stem cell research. Her expertise in stem cell biology informed the scientific 

and ethical debate surrounding cloning and human embryonic stem cell research in 

Canada and the US. She also had a major role in establishing guidelines for human 

embryonic stem cell research in Canada and beyond. She has received many distinctions 

including 4 Honorary Degrees, Fellowships in the Royal Society of London and Canada, 

15 major national and international prizes, including Companion of the Order of Canada, 

the Michael Smith Prize, the Killam Prize and the Canada Gairdner Wightman Award. 

The Friesen Prize, established in 2005 by the Friends of Canadian Institutes of Health 

Research, recognizes exceptional innovation by a visionary health leader of international 

stature.   

 

Recipient of 
The 2016 Henry G. Friesen International Prize in Health Research 

Wednesday, May 10, 2017 

3:45 - 4:35 pm  

UBC Faculty of Pharmaceutical Sciences Building 

2405 Wesbrook Mall, Vancouver BC 

Stem Cell Collaboration in Canada 
Dr. Janet Rossant 
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Speaker Affiliations 

Welcome and Introductions: 

UBC – Fabio Rossi, Acting Director, The Biomedical Research Centre, University of British 

Columbia 

Dr. Norbert Haunerland, Associate Vice President, Simon Fraser University 

Dr. Stephanie Willerth, Director, Centre for Biomedical Research, University of Victoria 

Dr. Allen Eaves, President and CEO, STEMCELL Technologies 

Mr. Gordon McCauley, President and CEO, The Centre for Drug Research and Development 

Mitch Sivilotti, Chief Operating Officer, Centre for Commercialization of Regenerative Medicine 

Presenters/Session Chairs: 

Theme 1: 

Dr. Connie Eaves - Distinguished Scientist, Terry Fox Laboratory, BC Cancer Agency; Professor, 

Department of Medical Genetics, University of British Columbia (Session Chair) 

Dr. Bruce Verchere - Investigator, BC Children's Hospital Research Institute; Professor, 

Department of Surgery, and Department of Pathology & Laboratory Medicine, University of 

British Columbia 

Dr. Nina Quiskamp, Postdoctoral Fellow, Dr. Timothy Kieffer Lab, University of British Columbia 

Dr. Pamela Hoodless, Distinguished Scientist, Terry Fox Laboratory, BC Cancer Agency; 

Professor, Department of Medical Genetics, University of British Columbia 

Dr. Glen Tibbits, Professor, Biomedical Physiology & Kinesiology, Simon Fraser University 

Dr. Melanie Kardel, Senior Scientist, STEMCELL Technologies 

Dr. Arwen Hunter, Senior Scientist, STEMCELL Technologies 
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Effimia Christidi, MSc student, Liam Brunham Lab, University of British Columbia 

 

Laura De la Vega Reyes, MSc student, Stephanie Willerth Lab, University of Victoria 

 

Nicole Krentz, PhD student, Francis Lynn Lab, BC Children's Hospital Research Institute 

 

Theme 2:  

 

Dr. Kelly McNagny, Professor, Department of Medical Genetics and Acting Director, The 

Biomedical Research Centre, University of British Columbia (Session Chair) 

 

Dr. Bruce McManus, Professor, Department of Pathology & Laboratory Medicine, University of 

British Columbia; CEO, PROOF Centre; Co-Director, Institute for Heart and Lung Health (Session 

Chair) 

 

Dr. Megan Levings, Investigator, BC Children's Hospital Research Institute; Professor, 

Department of Surgery, University of British Columbia 

 

Dr. Matt Ramer, Principal Investigator, iCORD; Associate Professor, Department of Zoology, 

University of British Columbia 

 

Juan Sanchez-Arias, PhD student, Leigh Anne Swayne Lab, University of Victoria 

 

Dr. John Stingl, Associate Director, Epithelial Cell Research, STEMCELL Technologies  

Dr. Vivian Lee, Associate Director, Pluripotent Stem Cell and Neural, STEMCELL Technologies 

 

Dr. Peter Lansdorp, Distinguished Scientist, Terry Fox Laboratory, BC Cancer Agency; Professor, 

Department of Medical Genetics, University of British Columbia 

 

Dr. Marine Theret, Postdoctoral Fellow, Fabio Rossi Lab, University of British Columbia 

 

Dr. Hesham Soliman, Postdoctoral Fellow, Fabio Rossi Lab, University of British Columbia 

 

Dr. Rahul Sachdeva, Postdoctoral Fellow, Andrei Krassiouk Lab, iCORD; University of British 

Columbia  

 

Dr. Peter Zandstra, University Professor, Biomedical Engineering, University of Toronto; 

Professor, Medical Genetics and Chemical Engineering, University of British Columbia 
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Theme 3: 

Dr. James Jaquith, Head of Medicinal Chemistry, The Centre for Drug Research and 

Development (Session Chair) 

Dr. Terry Thomas, Chief Scientific Officer, STEMCELL Technologies 

Dr. Sam Wadsworth, Chief Scientific Officer, Aspect Biosystems 

Dr. Carl Hansen, Professor, Department of Physics & Astronomy, University of British Columbia; 

CEO & President, AbCellera 

Dr. David Granville, Principal Investigator, iCORD; Chief Scientific Officer, viDA Therapeutics 

Dr. Nancy Thorogood, Research Associate, Rick Hansen Institution 

Theme 4: 

Dr. Eric Jervis, Principal Scientist, STEMCELL Technologies (Session Chair) 

Dr. Mu Chiao, Professor, Mechanical Engineering, University of British Columbia 

Dr. Stephanie Willerth, Associate Professor, Department of Mechanical Engineering; Director, 

Centre for Biomedical Research, University of Victoria; Canada Research Chair in Biomedical 

Engineering 

Dr. Vikram Yadav, Assistant Professor, Department Chemical and Biological Engineering, 

University of British Columbia 

Dr, Karen Cheung, Associate Professor, Department of Electrical and Computer Engineering, 

University of British Columbia 

Dr. Sylvain Lefort, Postdoctoral Fellow, Connie Eaves Lab, Terry Fox Laboratory, BC Cancer 

Agency 

Dr. Leon Chew, Scientist, STEMCELL Technologies 

BaRun Kim, MSc Student, Damon Poburko Lab, Simon Fraser University 

Colin Hammond, PhD student, Connie Eaves Lab, Terry Fox Laboratory, BC Cancer Agency 
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Kevin Rey, PhD Student, Jonathan Choy Lab, Simon Fraser University 

Dr. Janet Rossant, Senior Scientist, SickKids Research Institute; Professor, Department of 

Molecular Genetics, Obstetrics and Gynecology, University of Toronto; President and Scientific 

Director, Gairdner Foundation 
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Registered Attendees 

 

The names, e-mail addresses, and other contact information contained in this binder are 

private and confidential information solely for the use of the seminar participants for 

communications with one another, related to the purposes of the Symposium. The use of the 

contact information in this package for the purpose of commercial promotion of a product or 

service is strictly prohibited. 

 

The names of those registrants who did not consent to have their contact information made 

publically available have been removed from this list.  
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Registered Attendees 

Surname First Primary Organization Email 

Afrasiabi Farnaz STEMCELL Technologies farnaz.afrasiabi@stemcell.com 

Afshinmanesh Elham Simon Fraser University eafshinm@gmail.com 

Akram Aumbreen Simon Fraser University aakram89@gmail.com 

Alfaro Gabriel Meso Scale Discovery galfaro@meso-scale.com 

Aliphtiras George Leap Frog Innovators george@leapfroginnovators.com 

Alvarez Sigrid University of British Columbia sigrid.alvarez@gmail.com 

Angel Aubie Friends of CIHR aubie.angel@utoronto.ca 

Asnis Jason University of British Columbia jason.asnis@mail.mcgill.ca 

Atkinson Eric NRC-IRAP eric.atkinson@nrc-cnrc.gc.ca 

Aubert Geraldine BC Cancer Agency gaubert@bccrc.ca 

Audas Timothy Simon Fraser University taudas@sfu.ca 

Babaeijandaghi Farshad University of British Columbia farshad@brc.ubc.ca 

Balani Sneha BC Cancer Agency sbalani@bccrc.ca 

Barrable Bill  Rick Hansen Institute bbarrable@rickhanseninstitute.org 

Blaber Andrew Simon Fraser University ablaber@sfu.ca 

Braasch Katrin University of British Columbia Katrin.Braasch@msl.ubc.ca 

Brunham Liam University of British Columbia liam.brunham@ubc.ca 

Buckler Lee RepliCel Life Sciences lee@replicel.com 

Bulaeva Elizabeth BC Cancer Agency ebulaeva@bccrc.ca 

Campbell Stephanie BC Children's Hospital Research Institute stephi.campbell@alumni.ubc.ca 

Campuzano Santiago University of British Columbia santiagocampu14@outlook.com 

Canals Diana University of British Columbia dcanals@brc.ubc.ca 

Chang Chihkai University of British Columbia cchang@brc.ubc.ca 

Chao Chien BC Cancer Agency cchao@bccrc.ca 

Chattopadhyay Sukalpa BC Cancer Agency sukalpa.chatterjee006@gmail.com 

Cheung Karen University of British Columbia kcheung@ece.ubc.ca 

Chew Leon STEMCELL Technologies leon.chew@stemcell.com 

Chiao Mu University of British Columbia muchiao@mech.ubc.ca 

Choy Jonathan Simon Fraser University jonathan.choy@sfu.ca 

Choy Francis University of Victoria fchoy@uvic.ca 

Christensen Chloe University of Victoria chloechr@uvic.ca 

Christidi Effimia University of British Columbia effimia.christidi@hli.ubc.ca 

Clarke Samuel STEMCELL Technologies samuel.clarke@stemcell.com 

Comber Drake Simon Fraser University Dcomber@sfu.ca 

Conder Ryan STEMCELL Technologies ryan.conder@stemcell.com 

Coulombe Patrick BC Cancer Agency pcoulombe@bcgsc.ca 

Daniel Aline University of British Columbia a.daniel@stud.uni-heidelberg.de

de Jong Susan STEMCELL Technologies susan.dejong@stemcell.com 

De la Vega Reyes Laura University of Victoria laura.dlvr@gmail.com 
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Dessapt Julien University of British Columbia julien.dessapt@gmail.com 

Eaves Connie BC Cancer Agency ceaves@bccrc.ca 

Eaves Allen STEMCELL Technologies aeaves@bccrc.ca 

Eirew Peter BC Cancer Agency peirew@bccrc.ca 

Eisner Christine University of British Columbia ceisner@brc.ubc.ca 

Ewen Catherine STEMCELL Technologies catherine.ewen@stemcell.com 

Fallah Nader Rick Hansen Institute nfallah@rickhanseninstitute.org 

Farrokhi Ali University of British Columbia Farrokhi_a@hotmail.com 

Fischer Cynthia University of British Columbia clf49@cantab.net 

Forde Nancy Simon Fraser University nforde@sfu.ca 

Gaffney Andrew STEMCELL Technologies andrew.gaffney@stemcell.com 

Gallardo Francisca Comm Agency fgallardo@extend.cl 

Goulet Maurice Goulet Associates Inc maurice@gouletassociates.com 

Granville David University of British Columbia david.granville@hli.ubc.ca 

Groppa Elena University of British Columbia egroppa@brc.ubc.ca 

Gunawan Marvin Simon Fraser University marving@sfu.ca 

Hakkinen Lari University of British Columbia lhakkine@dentistry.ubc.ca 

Hammond Colin BC Cancer Agency chammond@bccrc.ca 

Hansen Carl AbCellera carl.lars.hansen@gmail.com 

Haunerland Norbert Simon Fraser University haunerla@sfu.ca 

Hills Mark STEMCELL Technologies mark.hills@stemcell.com 

Hirst Adam STEMCELL Technologies adam.hirst@stemcell.com 

Ho Cally BC Cancer Agency Caho@bcgsc.ca 

Ho Maggie Pacific University maggieho@alumni.ubc.ca 

Holt Robert BC Cancer Agency rholt@bcgsc.ca 

Hoodless Pamela BC Cancer Agency hoodless@bccrc.ca 

Huang Haojun University of British Columbia haojun.huang@hli.ubc.ca 

Hughes Michael University of British Columbia mhughes@brc.ubc.ca 

Humphries Keith BC Cancer Agency khumphri@bccrc.ca 

Hunter Arwen STEMCELL Technologies arwen.hunter@stemcell.com 

Jalili Reza University of British Columbia rjalili@mail.ubc.ca 

Jalili Reza University of British Columbia rbjalili@gmail.com 

Jaquith James Centre for Drug Research and Development jjaquith@cdrd.ca 

Javan Mohammad University of British Columbia javan.md@gmail.com 

Jervis Eric STEMCELL Technologies eric.jervis@stemcell.com 

Johnson Jim University of British Columbia james.d.johnson@ubc.ca 

Judson Robert STEMCELL Technologies robert.judson@stemcell.com 

Kadhim Alex University of British Columbia akadhim@cmmt.ubc.ca 

Kalyan Shirin University of British Columbia Shirin.kalyan@ubc.ca 

Kamal Sepehr University of British Columbia sepehr.kamal@gmail.com 

Kardel Melanie STEMCELL Technologies melanie.kardel@stemcell.com 

Kasikovic Aleksandra Sirona Biochem akasikovic@sironabiochem.com 

Kennedy William University of British Columbia wdmk@shaw.ca 
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Kim BaRun Simon Fraser University brk1@sfu.ca 

Knock Erin STEMCELL Technologies erin.knock@stemcell.com 

Komba Mitsu BC Children's Hospital Research Institute mkomba@mail.ubc.ca 

Kramer Philipp STEMCELL Technologies philipp.kramer@stemcell.com 

Krentz Nicole BC Children's Hospital Research Institute nkrentz@alumni.ubc.ca 

Krystal Gerry BC Cancer Agency gkrystal@bccrc.ca 

Lansdorp Peter BC Cancer Agency plansdor@bccrc.ca  

Larjava Hannu University of British Columbia larjava@dentistry.ubc.ca 

Laver Christopher University of British Columbia claver@alumni.ubc.ca 

Le Neve Erwan University of British Columbia erwan.le.neve@gmail.com 

Leahy Dana STEMCELL Technologies dana.leahy@stemcell.com 

Lee Martin Simon Fraser University martinl@sfu.ca 

Lee Frank Simon Fraser University f.lee@sfu.ca 

Lee Vivian STEMCELL Technologies vivian.lee@stemcell.com 

Lee Josh University of Toronto lee_joshua123@yahoo.ca 

Leung Jennifer LightIntegra Technology Inc jleung@lightintegra.com 

Leung Connie University of British Columbia kahneeleung@gmail.com 

Levings Megan BC Children's Hospital Research Institute megan.levings@ubc.ca 

Li Alison Simon Fraser University alisonl@sfu.ca 

Li Ben STEMCELL Technologies ben.li@stemcell.com 

Li Yunyuan University of British Columbia yunyuanlin@gmail.com 

Li Tower University of Toronto towerli98@gmail.com 

Lin Yi Elizabeth BC Children's Hospital Research Institute elizabeth.lin@bcchr.ca 

Liu Benguo STEMCELL Technologies liu_benguo@hotmail.com 

Lloyd-Burton Sam STEMCELL Technologies sam.lloyd-burton@stemcell.com 

Lotto Jeremy BC Cancer Agency jeremy.lotto@gmail.com 

Louis Sharon STEMCELL Technologies Sharon.Louis@stemcell.com 

Lucas Kim STEMCELL Technologies kim.lucas@stemcell.com 

Lum Thomas Aspect Biosystems Ltd. thomasl@aspectbiosystems.com 

Ly Philip BC Children's Hospital Research Institute philiply@mail.ubc.ca 

MacAldaz Margarita BC Cancer Agency mmacaldaz@bccrc.ca 

Macri Vincenzo STEMCELL Technologies vincenzo.macri@stemcell.com 

Madero Angel University of British Columbia angelmaderorincon@gmail.com 

Mahal Tanveer Simon Fraser University tmahal@sfu.ca 

Mak Carmen STEMCELL Technologies carmen.mak@stemcell.com 

MANKU SUKHBIR Simon Fraser University sukhm@sfu.ca 

Marchetti Valentina STEMCELL Technologies valentina.marchetti@stemcell.com 

Matsuuchi Linda  University of British Columbia matsuchi@zoology.ubc.ca 

McBurney Kristina STEMCELL Technologies kristina.mcburney@stemcell.com 

McCauley  Gordon  Centre for Drug Research and Development gmccauley@cdrd.ca 

McManus Bruce University of British Columbia bruce.mcmanus@hli.ubc.ca 

McMillan Emily STEMCELL Technologies emily.mcmillan@stemcell.com 

McNagny Kelly University of British Columbia kelly@brc.ubc.ca 
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McRae Sandra Trade Commissioner Service sandra.mcrae@international.gc.ca 

Meadows Laurence Mitacs lmeadows@mitacs.ca 

Messing Melina University of British Columbia m.messing92@gmail.com 

Miodowski  Jonathan  Rick Hansen Institute jmiodowski@rickhanseninstitute.or 

Mis Jacek Jacek Mis Business Solutions jacekmis9@gmail.com 

Mohamed Tamer Aspect Biosystems Ltd. tamer@aspectbiosystems.com 
Mojard 
Kalkhoran 

Somayeh Simon Fraser University smojardk@sfu.ca 

Montgomery Ashani Simon Fraser University ashanim@sfu.ca 

Moore Edwin University of British Columbia edwin.moore@ubc.ca 

Mostafa Nesrine University of British Columbia nmostafa@dentistry.ubc.ca 
Murphy Gail University of British Columbia murphy@cs.ubc.ca  

Murray Cate Stem Cell Network catemurray@stemcellnetwork.ca 

Mustafa Hajer University of Victoria hjmustafa@shaw.ca 

Nakamichi Naoto BC Cancer Agency nnakamichi@bccrc.ca 

Nguyen Phuong University of British Columbia phuonghn@brc.ubc.ca 

Orban Paul University of British Columbia porban@bcchr.ubc.ca 

Owen Gethin University of British Columbia gowen@dentistry.ubc.ca 

Pedroza Rene University of British Columbia rpedroza@interchange.ubc.ca 

Pellacani Davide BC Cancer Agency dpellacani@bccrc.ca 

Peterslund Janny Marie STEMCELL Technologies jannymarie.peterslund@stemcell.com 

Phull Elisha Simon Fraser University elishaphull@gmail.com 

Poburko Damon Simon Fraser University dpoburko@sfu.ca 

Polak Jonathan  Novateur Ventures Jonathan@novateur.org 

Price James Canadian Stem Cell Foundation japrice@stemcellfoundation.ca 

Quiskamp Nina University of British Columbia quiskamp@mail.ubc.ca 

Raff Daniel University of British Columbia Daniel18raff@gmail.com 

Rai Harpreet BC Cancer Agency hrai@bccrc.ca 

Rajaram Ajay Aspect Biosystems Ltd. ajayr@aspectbiosystems.com 

Ramer Matthew University of British Columbia ramer@icord.org 

Ramzy Adam University of British Columbia adam.ramzy@alumni.ubc.ca 

Rayani Kaveh Simon Fraser University kaveh_rayani@sfu.ca 

Refaeli Ido University of British Columbia Irefaeli@brc.ubc.ca 

Rey Kevin Simon Fraser University kmr13@sfu.ca 

Richa Anand University of British Columbia richaa@mail.ubc.ca 

Rogers Daniel Rick Hansen Institute drogers@rickhanseninstitute.org 

Roskelley Calvin University of British Columbia roskelly@mail.ubc.ca 

Rossant Janet University of Toronto  janet.rossant@sickkids.ca 

Rossi Fabio University of British Columbia fabio@brc.ubc.ca 

Rothe Katharina BC Cancer Agency krothe@bccrc.ca 

Saber Nelly University of British Columbia saber.nelly@gmail.com 

Sabour Niki University of British Columbia sanibour@yahoo.com 

Sachdeva Rahul University of British Columbia rahulsachdeva08@gmail.com 

Safarpour Farzaneh Simon Fraser University farzaneh_safarpour@sfu.ca 
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Saini Rajan University of British Columbia sainirajan22@gmail.com 

Samareh Bardia BC Cancer Agency bsamareh@bccrc.ca 

Sanchez-Arias Juan University of Victoria juansa@uvic.ca 

Sasaki Shugo BC Children's Hospital Research Institute sasakishugo@gmail.com 

Segeritz-Walko Charis STEMCELL Technologies charis.segeritz-walko@stemcell.com 

Sekulovic Sanja STEMCELL Technologies sanja.sekulovic@stemcell.com 

Seltenrich Michelle Sirona Biochem mseltenrich@sironabiochem.com 

Seltenrich Michelle Sirona Biochem mseltenrich@sironabiochem.com 

Shafaattalab Sanam Simon Fraser University sshafaat@sfu.ca 

Sheehan Joan STEMCELL Technologies joan.sheehan@stemcell.com 

Sherwood Chris University of British Columbia chrissh@msl.ubc.ca 

Shuler Charles University of British Columbia cshuler@dentistry.ubc.ca 

Sikorski Darek University of British Columbia dsikorsk@interchange.ubc.ca 

Silverman Michael Simon Fraser University masilver@sfu.ca 

Sin Wun Chey University of British Columbia wcsin@mail.ubc.ca 

Sivilotti Mitch 
Centre for Commercialization of 
Regenerative Medicine 

mitchel.sivilotti@ccrm.ca 

Soliman Hesham University of British Columbia hsoliman@brc.ubc.ca 

Sommerfeld Dominik BC Children's Hospital Research Institute domdom.sommerfeld@gmail.com 

Stingl John STEMCELL Technologies john.stingl@stemcell.com 

Swayne Leigh Anne University of Victoria lswayne@uvic.ca 

Szilvassy Steve STEMCELL Technologies steve.szilvassy@stemcell.com 

Tan Susanna BC Cancer Agency stan@bccrc.ca 

Tausan Daniel University of British Columbia danieltausan@gmail.com 

Thain Katherine Aspect Biosystems Ltd. katherinet@aspectbiosystems.com 

Thakur Avinash University of British Columbia athakur@bccrc.ca 

Theret Marine University of British Columbia mtheret@brc.ubc.ca 

Thomas Michaela University of Victoria michaelathomas@uvic.ca 

Thorogood Nancy Rick Hansen Institute nthorogood@rickhanseninstitute.org 

Tibbits Glen Simon Fraser University tibbits@sfu.ca 

Tsai Shuhe BC Cancer Agency stsai@bccrc.ca 

Tse Ronnie Simon Fraser University rst2@sfu.ca 

Turner Christopher University of British Columbia chris.turner@icord.org 

Ueda Naoya Simon Fraser University n-ueda@ncgg.go.jp 

Underhill Michael University of British Columbia tunderhi@brc.ubc.ca]  

Ungrin Mark University of Calgary mdungrin@ucalgary.ca 

Vaez Ghaemi Roza University  of British Columbia Ghaemi@chbe.ubc.ca 

Valdez Yanet STEMCELL Technologies yanet.valdez@stemcell.com 

Vanderkruk Ben University of British Columbia bvanderkruk@bcchr.ca 

Verchere Bruce BC Children's Hospital Research Institute bverchere@bcchr.ca 

Verrico Howard Sirona Biochem hverrico@sironabiochem.com 

Wang Fangwu University of British Columbia fwwang@bccrc.ca 

Wang Evan University of British Columbia ewang@bccrc.ca 

Wei Wei BC Cancer Agency wwei@bccrc.ca 
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Crosstalk between Fibro/Adipogenic Progenitors and Vessels in Adult Skeletal 

Muscle Regeneration 
Groppa E., Yuan J.H., Yi L., Chang C.K., Lewis C.A., and Rossi F.

The Biomedical Research Centre, University of British Columbia, 2222 Health Sciences Mall, Vancouver, BC, V6T 

1Z3, Canada 

Skeletal muscle effectively regenerates after injury. However in certain diseases, regeneration fails, 

leading to fibrotic and adipocytic deposition. It is now known that, besides satellite cells, muscle repair 

relies on regulatory non-myogenic cells like perivascular fibro/adipogenic mesenchymal progenitors 

(FAPs), and vessels formed by endothelial cells (ECs) and pericytes. The pro-regenerative activity of FAPs 

and vessels, and their close proximity during muscle repair, led us to hypothesize that they do crosstalk 

and their interaction might be crucial for tissue regeneration. 

To address this, vascular remodeling and FAPs responses were analyzed in mice that model either 

efficient muscle regeneration or acute fibrosis, after damaging the tibialis anterior muscle with the 

myotoxin notexin. Histological analysis showed transient vascular enlargements, increased vascular 

density, and tight EC-FAP association in normal regeneration. Conversely, we observed a decreased 

vascular density, delayed and exacerbated vascular enlargements, as well as loss of EC-FAP proximity 

when tissue repair fails. This differential vascular remodelling was combined with a transient vascular 

leakage in normal muscle repair, which instead, persisted in acute fibrosis. Consistently with this, we 

observed vessels tightly wrapped by pericytes, which are key regulators of vascular leakage, in muscle 

regeneration, but naked capillaries in degeneration. To identify paracrine signalling pathways taking 

place among FAPs, ECs, and pericytes, we run high-throughput RNA sequencing on these cell subsets 

sorted from notexin-damage skeletal muscle. Surprisingly, our data suggested FAPs to be more pro 

angiogenic than pericytes. In fact, FAPs were found to be the unique source of Angiopoietin-1 (Ang-1), a 

ligand of the TIE2 receptor on ECs that induces quiescence. We validated Ang-1/TIE2 signalling as 

regulator of FAP-vessels interplay by knocking-out Ang-1 in FAPs in healthy muscle using two different 

Knock out systems. Interestingly, we observed disorganized regenerating fibers of decreased diameter, 

and persistent inflammatory infiltration after damage. Vessel density was not affected by Ang-1 

depletion, however we observed pericyte-naked and leaky vessels that resembled the phenotype 

observed in acute fibrosis. 

Taken together, our results suggest that FAPs and vascular responses are partially coupled in efficient 

tissue repair but not in acute fibrosis, and FAP-vessels crosstalk through Ang-1/TIE2 paracrine signaling 

is pivotal for skeletal muscle regeneration. 
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Controlling muscle-resident FAP fate by challenging TGFβ pathway 
Theret M1,2, Low M1,2, and Rossi FM1,2
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To ensure successful muscle regeneration after acute damage, the function of muscle stem cells 
(MuSCs) needs to be coordinated with multiple other cell types. Macrophages (MPs) act on the 
proliferation, survival and differentiation of both MuSCs and tissue-resident fibro/adipogenic 
progenitors (FAP), which provide trophic support to MuSCs in resting state and during tissue repair. 
Alteration of MPs function or FAPs fate impairs skeletal muscle regeneration and leads to fibro-fatty 
degeneration, typical of chronic damage such as seen in repeated traumas or in muscular dystrophies. 
Nevertheless, little is known about the signaling pathways involved in the response of FAPs to 
inflammatory molecules. A recent publication from our laboratory highlighted the importance of TGFβ, 
which plays a key role for FAP survival and differentiation into matrix producing cells. Our preliminary 
data suggests a strong activation of the p38-MAPK signaling during TGFβ1 stimulation. Based on these 
premises, we investigated the role of both canonical (SMAD-mediated) and non-canonical (TAK1-
mediated) TGFβ pathways by knocking out their key components in FAPs using Cre-Recombinase mice 
models. The different aspects of skeletal muscle regeneration are analyzed following acute damage 
(Notexin injection). Preliminary results showed that deletion of TAK1 strongly affects muscle 
regeneration leading to smaller newly formed myofibers, without affecting fibrosis. Absence of TAK1 in 
FAPs leads to inflammation, quantified by an increase of infiltrating CD45+ cells. In contrast, deletion of 
SMAD4 does not affect MPs but alters MuSC proliferation and differentiation, delaying skeletal muscle 
regeneration. To conclude, TGFβ signaling pathway plays a dual role in the skeletal muscle repair, 
controlling various cellular processes taking place during the regeneration through a strong coordination 
between its canonical (SMAD-mediated) and non-canonical signaling (TAK1-mediated). 
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Highly dimensional single cell analysis of peripheral inflammation in ALS 
Melina Messing
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Introduction: 

Amyotrophic lateral sclerosis (ALS) is a devastating neurodegenerative disease with neither a known 

cause nor an available cure. With disease progression, toxic protein aggregates form in the brain, 

leading to the loss of the upper and lower motor neurons. While circulating bone marrow-derived 

inflammatory cells have not been shown cross the blood brain barrier, changes in their number and 

composition may still be seen during disease progression. The up or down regulation of different 

inflammatory cell types displaying different surface markers clearly separates patient from control 

samples and identifies different levels of severity. 

Design:  

Peripheral blood from 38 ALS and control patients was isolated to mononuclear cell fractions and 

phenotypically characterized using a panel of 35 metal-tagged antibodies specific for inflammatory 

surface markers. Peripheral blood phenotypes were then compared to ALS FRS data to correlate clinical 

symptoms with changes in cell subsets. 

Results: 

At the time of writing, 19 patients and 19 control samples were processed for mass cytometry and flow 

cytometry (with a reduced panel) and analyzed with a combination of FlowJo, Cytobank (Citrus) and 

Cytofkit (Phenograph). Within each patient and control pair, several populations could be unequivocally 

identified due to the combined expression of up to 8 markers per population. Among these, B cells 

(CD19+, CD40+), natural killer cells (CD11c+, CD11b+, CD56+) as well as dendritic cells (CD11c+, CD4+, 

TLR2, CD192+) showed promising differences. Changes in marker expression showed variability both 

between patients and in comparison to day-matched controls. 

Conclusions: 

A PBMC standard was included in each run to control for machine and protocol variability. However, 

while each patient was tested according to the ALS-Functional Rating Scale in order to determine 

disease stage, it was not possible to control for environmental factors such as infections, diet or 

genetics. Therefore, the current challenge lies in giving the data more power by increasing sample size, 

grouping patients based on gender, age and disease stage and extending the analysis to more powerful 

bioinformatics. This exploratory study and the highly dimensional data have the potential to identify ALS 

specific biomarkers to enhance our understanding of ALS as well as to facilitate diagnosis and identify 

potential targets for therapeutic treatments. 
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Objective 

Allergies, characterized as adverse physical responses to foreign stimuli, often have initial exposure 

occurring during childhood. We hypothesize that the predisposition to atopy and asthma are established 

at birth.  

Design 

Using mass cytometry (CyTOF) to map cell populations present at birth in umbilical cord blood (UCB), we 

seek to detect cell populations correlated with the development of allergic disease in adolescents. In 

addition, peripheral blood mononuclear cells (PBMCs) sampled from mature allergic adults challenged 

(or not) with antigens are being analyzed to identify circulating cell lineages and biomarkers associated 

with allergic response. Together, this data will be used to identify rare, latent cell populations, present 

from birth, that are linked to the future development of atopy or predictive of asthma susceptibility.  

Results 

Using 26 markers we were able to accurately and efficiently separate rare populations from cord and 

peripheral blood cells including type 2 innate lymphoid cells (ILC2). Initial analysis of CHILD cohort cord 

blood suggests the involvement of a distinct set of FcεR1+ dendritic cells as well as PDGFRa+ TCRgd cells.  

Conclusion 

Deep profiling by mass cytometry of PBMCs from atopic individuals before and after allergen challenge 

revealed an immune “signature” in cord blood suggesting shifts in FcεR1+  and PDGFRa+   cell subsets 

correlate with pre-disposition to allergies. Using this knowledge we plan to develop a staining panel 

directed at further characterizing cell-signatures specific to allergy type. 
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The role of Emc gene in regulation of the hematopoietic stem cell niche 

Phuong H Nguyen, Wilder Scott, T. Michael Underhill, and Fabio Rossi

University of British Columbia, Biomedical Research Center Vancouver, British Columbia V6T 1Z3 

Hematopoiesis is a dynamic process that involves the formation of cellular blood components. Together, 

those components carry out functions such as oxygen transport, immunity and tissue remodeling which 

are critical for life. No matter how different they are, most blood cells are originally generated from the 

hematopoiesis stem cells (HSCs) in the bone marrow. How HSCs’ states are regulated by intrinsic and 

extrinsic factors to perform their role in the maintenance of hematopoiesis has been under investigation 

for several decades. It was suggested that, within the bone marrow, there must be a specialized 

microenvironment, where HSCs’ reconstituting ability is preserved. This microenvironment was named 

“the stem cell niche”. In this structure, stem cells interact with the nurturing niche cells, either through 

soluble factors or contact-dependent signals, so that HSC survival and functions are well regulated. In 

the past, MSCs were proved to be one of the components of the hematopoietic stem cell (HSC) niche. 

Recently, Emc is an important gene found to play a role as a quiescent regulator of mesenchymal stem 

cells (MSCs) in many different tissues. Deletion of Emc has been found to result in a significant increase 

number of MSCs in the bone marrow. Our preliminary studies suggested that when the quiescent 

regulator Emc is removed, enhanced proliferation of MSCs would result in HSC niche expansion in the 

bone marrow. 
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Long-term expansion of mouse hepatic stem cells in 3-dimensional culture using HepatiCult™,

a serum-free hepatic organoid expansion medium 
Charis Segeritz-Walko1, John Stingl1, Michael J. Riedel1, Terry E. Thomas1, Allen C. Eaves1,2, and Sharon A. Louis1 

1STEMCELL Technologies Inc., Vancouver B.C., Canada; 2 Terry Fox Laboratory, BC Cancer Agency, Vancouver B.C., 
Canada 

Growing hepatocytes as organoids in a 3-dimensional (D) cell culture environment represents a more 
physiological model system than conventional 2-D adherent cell culture for studying many different 
aspects of liver cell biology. These hepatic organoids are spherical structures composed of a polarized 
monolayer of epithelial cells that retain many key features of hepatocytes in vivo (Huch et al, Nature

2013). We are currently developing HepatiCult™, a serum-free medium that promotes the generation of 
hepatic organoids from mouse liver tissue. Mouse livers were enzymatically digested to remove mature 
hepatocytes, and the resulting hepatic ducts were embedded in Corning® Matrigel® and cultured in 
HepatiCult™. Liver organoids can be visualized budding from nearly 100% of plated ducts within 24 
hours after plating, thereby indicating the presence of a putative population of liver stem and progenitor 
cells. These hepatic organoids were then serially passaged every 5-7 days at 1:4 to 1:10 split ratios and 
maintained long-term for > 1 year, thereby indicating the presence of self-renewal of hepatic stem cells. 
Cells within organoids expressed Lgr5, Sox9, Keratin (Krt) 7, Krt19, EpCAM and Hnf4α, but not markers of 
mature hepatocytes; and can be induced to differentiate into mature functional hepatocytes using 
published protocols (Huch et al, Nature 2013).  

These results demonstrate that HepatiCult™ efficiently generates and expands hepatic organoids from 
mouse livers, and promotes the long-term maintenance and self-renewal of mouse hepatic stem cells 
that still maintain their differentiation capacity. 
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Efficient establishment and long-term maintenance of 3-dimensional human small intestinal 
and colonic organoids using a novel IntestiCult™ Organoid Growth Medium (Human)
Ryan K. Conder1, Fisal Elstone1, Michael West1, Marianne Lankhorst1, Martin Stahl1,2, Michael J. Riedel1, Bruce A. 
Vallance2, Terry E. Thomas1, Allen C. Eaves1,3, and Sharon A. Louis1 

1STEMCELL Technologies Inc., Vancouver, BC, Canada; 2BC Children’s Hospital Research Institute, Vancouver, BC, 
Canada; 3Terry Fox Laboratory, BC Cancer Agency, Vancouver, BC, Canada 

Intestinal organoids are a valuable model for studying epithelial stem cell biology as well as for 
investigating the structural and functional mechanisms of the mammalian intestine. Recently, we 
released IntestiCult™ Organoid Growth Medium  - Mouse (OGM; STEMCELL), a novel medium for the 
establishment and long-term maintenance of mouse intestinal organoid cultures. This medium has 
helped eliminate much of the variability inherent to mouse intestinal organoid cultures and allowed for 
greater standardization. To develop a formulation of IntestiCult™ OGM for the growth of human 
intestinal organoids, intestinal crypts were isolated by incubating human small intestine and colon tissue 
samples with Gentle Cell Dissociation Reagent (GCDR) for 30 minutes at 4⁰C with gentle agitation. The 
liberated crypts were then plated in a Corning® Matrigel® dome, flooded with IntestiCult™ OGM 
(Human) and cultured at 37⁰C with 3 medium changes per week. Spherical organoid structures could be 
identified within 2 days of initial seeding. The mature organoids were expanded by harvesting, 
dissociated by manual agitation and 10 min GCDR incubation and re-plated at a 1:4 split ratio every 10-
12 days over 15 passages. Organoids analyzed by immunohistochemical and qRT-PCR analyses for 
intestinal stem (Lgr5 and axin2), paneth (lysozyme), enteroendocrine (chgA), goblet (muc2) and 
enterocyte (villin) cell marker expression, revealed that organoids were comprised of both stem and 
differentiated cell types, demonstrating cultured human organoids closely resembled human intestine 
structure. We further validated these organoids are amenable to functional assays by treating 10 day-
old colonic organoids with either 5µM Forskolin or DMSO and measuring organoid size increase as an 
indicator of swelling, similar to mutant detection assays performed for Cystic Fibrosis Transmembrane 
Receptor (CFTR). Organoids treated with Forskolin increased by 34.3 ± 4% (mean ± SD; n>100 organoids 
measured)  within 120 minutes while the DMSO treated organoids had no significant increase, 
confirming that organoids cultured in IntestiCult™ OGM (Human) are functional. In summary, 
IntestiCult™ OGM for human intestinal cultures provides researchers with a physiologically relevant 
model system for studying intestinal function and stem cell biology ex vivo.   



#8

Analysis of hematopoietic cells generated from human induced pluripotent stem cells 

differentiating in teratomas 
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Much progress has been made in characterizing human hematopoietic cells that can sustain the long-

term output of mature blood cells in vivo. However, a method for their expansion ex vivo has remained 

elusive. One approach is to derive these cells from iPSCs, although a reproducible in vitro protocol for 

this has also not yet been achieved. Recently, however, some success has been reported in teratomas 

produced from human iPSCs transplanted into immunodeficient mice. We are now exploring the 

possibility that this approach may be improved using immunodeficient NOD-Rag1-null- IL2Rgc-null mice 

with a c-kit (W41/W41) deficiency (NRG-W41 mice) with or without a transgenic source of human IL3, 

GM-CSF and SCF (NRG-W41-3GS mice). Initial experiments showed nonirradiated NRG-W41 mice 

support higher levels of multi-lineage human hematopoietic cell reconstitution from transplants of 

normal cord blood or bone marrow CD34+ cells compared to NRG controls. Thus, in our first teratoma 

experiments, we compared the output of human hematopoietic (CD45+) cells in NRG-W41 and NRG-

W41-3GS mice injected subcutaneously with 103-106 human iPSCs ± mouse fibroblasts engineered to 

produce human FLT3-L, SCF, IL3 and IL6 in Matrigel. Teratomas were consistently produced from 5x105 

human iPSCs. Following their enzymatic dissociation into single viable cell suspensions, and FACS 

analysis of the cells with various human-specific antibodies, we found CD34+ cells were detected in all 

teratomas with >0.1% CD45+ human cells. Initial experiments demonstrated that teratomas produced 

~40-fold more CD34+CD45+ cells when generated in NRG-W41-3GS versus NRG-W41 with yields of up to 

7x106 CD45+ cells from a teratoma containing 4x108 cells. The co-injection of human growth factor-

producing mouse fibroblasts also increased the overall production of human CD34+and CD34+CD45+ 

cells by ~6-fold even in the NRG-W41-3GS mice. Furthermore, immunophenotyping of these cells 

demonstrated the presence of early (GPI80) and primitive (CD49f) markers within the 

CD45+CD34+CD38-CD45RA-CD90+ subset. These teratoma derived cells also produced granulopoietic 

(GM), erythroid (E) and mixed (GEM) colonies in standard growth factor-supplemented methylcellulose 

cultures demonstrating the generation of functionally competent human hematopoietic progenitors in 

iPSC derived teratomas. These experiments lay the foundation for more detailed investigation of the 

conditions that will promote the generation of hematopoietic stem cells and their properties. 
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SMAD4 signalling in PDGFRa+ tissue-resident mesenchymal progenitors is required for normal 
murine bone homeostasis 
Christine Eisner1, Marcela Low1, Michael Underhill1, and Fabio M.V. Rossi1

1Biomedical Research Centre, University of British Columbia, Vancouver, V6T 1Z3 

Bone maintenance relies on a delicate balance between bone resorbing hematopoietic-derived 
osteoclasts and bone depositing osteoblasts whose mesenchymal origins remain unclear. The Rossi and 
Underhill laboratories have identified two populations of tissue-resident mesenchymal cells in bone. 
While EMC+ cells are dispersed along the bone surface and believed to represent a more ‘stem-like’ 
mesenchymal population of cells, PDGFRa+ cells are found throughout bone and are described as 
mesenchymal progenitors. We hypothesized that EMC+ and PDGFRa+ cells and the TGFb/BMP signalling 
pathway, which is known to have roles in bone homestasis, play an important role in normal murine 
bone maintenance. Using endogenously regulated inducible EMC-CreERT2 and PDGFRa-CreERT2 strains, 
we generated mesenchymal cell-specific SMAD4 knockouts in which EMC+ and PDGFRa+ cells 
respectively lack the transcription factor SMAD4, a common mediator in TGFb/BMP signalling. We 
observed that deletion of SMAD4 in EMC+ cells had no significant effect on bone maintenance. 
However, deletion of SMAD4 in PDGFRa+ cells resulted in an overt skeletal phenotype. 
PDGFRaCreERT2/Smad4Fl/Fl mice exhibit severe mobility issues within as little as two weeks after 
tamoxifen-induced gene deletion as well as increased osteoclast activity at the bone surface. Using 
histology, gene expression analysis, and cell differentiation assays, we show there is a dysregulation of 
osteoblast and osteoclast activity in PDGFRaCreERT2/Smad4Fl/Fl mice. Currently, we are continuing to 
characterize the cellular and molecular mechanisms responsible for these changes. Identifying the cells 
and pathways crucial for bone homeostasis may provide new therapeutic targets for those suffering 
from debilitating bone disorders such as osteoporosis. 
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Human basal and luminal clonogenic mammary cells acquire increased X-ray resistance after 

KRAS-induced transformation 
Sneha Balani, Sylvain Lefort, and Connie Eaves

Terry Fox Laboratory, BC Cancer Agency and the University of British Columbia, Vancouver, BC 

Human breast cancers are genetically and biologically complex populations originating from either a 

basal or luminal mammary cell. In addition, it appears that only a minority of the tumour cells can 

propagate tumour formation. Interestingly, despite the potential importance of this subset to predicting 

long-term tumour responses to various therapies, very little is known about their properties. In initial 

experiments, we found normal human luminal progenitors (LPs) with in vitro colony-forming cell (CFC) 

ability to be ~1.5-fold more radioresistant than normal basal cell (BC) CFCs. Assessment of 2 human 

breast cancer cell lines (MDA-MB231 and SUM149), and the non-tumorigenic MCF10A line showed 

these all to be 1.2- to 1.5-fold more radioresistant than normal LPs. To assess the radiosensitivity of 

clonogenic malignant human breast cells of known origin, we assessed the activity in vitro of CFCs 

isolated from tumours generated de novo by over-expression of KRASG12D in purified normal human BCs 

and LPs. Preliminary results indicate early stage BC-derived transformants acquire an increased 

radioresistance that is further enhanced with serial passaging of the tumour and its acquisition of more 

aggressive growth properties. To examine the radiosensitivity of cells able to generate clones of tumour 

cells in vivo, we will track surviving tumorigenic cells using a DNA barcoding approach.  
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Background and aims: All cells of the pancreas arise from multipotent progenitors that differentiate into 

endocrine, exocrine and duct cell lineages. Following expression of Pdx1 in pancreas progenitors, 

activation of various transcription factors is critical for cell specification, but their exact regulation is 

largely unknown. Gene activation is associated with histone H3 lysine K4 methylation; however, recent 

reports have challenged whether these modifications are necessary for transcription. As such, we 

hypothesized that H3K4 methylation may not be required for gene induction during pancreas cell 

specification and differentiation. 

Materials and methods: To assess pancreas development in the absence of H3K4 methylaion we 

disrupted Dpy30, a core protein of the Trithorax group (TrxG) complexes that catalyzes H3K4 

methylation, in pancreas progenitors by generating Pdx1-Cre-driven Dpy30 knockout mice (Dpy30DP). 

Results: At E14.5, pancreas progenitors are segregated into Cpa1+ exocrine progenitors, Sox9+ duct 

progenitors, and Ngn3+ endocrine progenitors. In Dpy30DP mice, we observed a significant reduction in 

Cpa1+ acinar cells from E14.5 onward. At E18.5, acinar cells lacking H3K4 methylation did not fully 

induce amylase and the size of the Dpy30DP dorsal pancreas was reduced. Additionally, Dpy30DP acini 

were developmentally immature and displayed an increase in centroacinar spaces. Ngn3 was expressed 

in the absence of H3K4 methylation in E14.5 Dpy30DP mice, but only 50% of Ngn3+ endocrine 

progenitors were induced compared to controls. Downstream of Ngn3, b-cells failed to completely 

induce the transcription factor Mafa, and there was a 50% reduction in the number of a- and b-cells in 

E18.5 Dpy30DP pancreas. Overall, our results suggest that H3K4 methylation is not essential for gene 

induction, but that it does promote reliable expression of critical exocrine- and endocrine-specific genes 

during pancreas development. 
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Disruption of the Gut Microbiota with Antibiotics Increases Acute Vascular Rejection 
K. Rey, S. Manku, W. Enns, A. von Rossum, and J.C. Choy  

Department of Molecular Biology and Biochemistry, Simon Fraser University, Burnaby, BC, Canada, 

Background: Immunological damage of blood vessels in heart transplants contributes to acute rejection 
by causing arteritis, which is characterized by excessive immune cell infiltration and damage of medial 
smooth muscle cells, and chronic rejection, which is characterized by arteriosclerotic thickening of the 
intima. The endogenous gut microbiota influences many immunological processes but whether its 
disruption affects immune responses that lead to graft rejection is not known. 
Methods: A model of vascular rejection involving the interposition grafting of a segment of abdominal 
aorta from a Balb/c donor mouse into the infrarenal aorta of an allogeneic C57Bl/6 recipient mouse was 
used. The gut microbiota was disrupted in graft recipients starting as neonates using an antibiotic 
cocktail (ampicillin, vancomycin, metronidazole, neomycin sulfate) in their drinking water. 
Results: Ablation of gut bacteria with antibiotics led to a significant loss of medial area, reflective of 
increased acute rejection, but no difference in intimal thickening, which reflects chronic rejection. 
Antibiotic treatment for only the first three weeks of life was sufficient to increase acute rejection. 
Arteries from antibiotic treated recipients also showed more early infiltration of CD4 T cells, CD8 T cells, 
and neutrophils as compared to untreated counterparts. Further, treatment of graft recipients with 

-17 and IL-4 from T cells after transplantation, and this 
was related to reduced expression of Foxp3, indicative of fewer T regs. 
Conclusion: Disruption of the gut microbiota with antibiotics alters allogeneic immune responses and 
increases the development of acute vascular rejection. 
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Neurodegenerative diseases are characterized by the degeneration and/or loss of functional cells in the 

central nervous system. Neural tissue engineering serves as a promising strategy for treating these 

diseases. One of the major challenges when engineering neural tissue is navigating the blood brain 

barrier (BBB) and blood spinal cord barrier (BSCB)[1]. However, the use of a drug delivery system made 

out of biodegradable polymers can potentially interact and penetrate these biological barriers and 

delivery a specific drug to the CNS[2]. Drug delivery systems are an attractive solution for controlled, 

slowed, and targeted release rate of a specific drug over time. Tissue-engineering strategies could be a 

potential treatment for these types of diseases with the combination of stem cells and 3D scaffolds. As 

the polymer degrades, the drug or soluble factor needed for the cells to differentiate into a specific cell 

type will be released over time in a controlled rate. 

Previous studies have shown the successful encapsulation of retinoic acid into poly-ε- caprolactone (PCL) 

microspheres[3]. In the past, the drug guggulsterone has shown to differentiate hiPSCs into 

dopaminergic neurons (DN)[4]. Pluripotent stem cells have also derived motor neurons (MN) by the 

addition of retinoic acid (RA) and purmorphamine[5]. This work characterizes the properties of PCL 

microspheres that deliver guggulsterone and purmorphamine and demonstrates that these 

microspheres can be incorporated into hiPSCs aggregates to promote specific neural subtype 

differentiation. 

1. Patel, T., et al., Polymeric nanoparticles for drug delivery to the central nervous system. Advanced Drug Delivery

Reviews, 2012. 64(7): p. 701‐705. 
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3. Gomez, J.C., et al., Incorporation of Retinoic Acid Releasing Microspheres into Pluripotent Stem Cell Aggregates

for Inducing Neuronal Differentiation. Cellular and Molecular Bioengineering, 2015. 8(3): p. 307-319. 

4.Gonzalez, R., et al., Deriving dopaminergic neurons for clinical use. A practical approach. Scientific reports, 2013.
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We recently demonstrated that the large pore ion and metabolite channel pannexin 1 (Panx1) is 

essential for neural precursor cell (NPC) maintenance (Wicki-Stordeur, Sanchez-Arias et al., J Neurosci, 

2016) and also that Panx1 negatively regulates neurite outgrowth in NPCs in vitro (Wicki-Stordeur and 

Swayne, Cell Commun Signal 2013). In the cortex, Panx1 is highly expressed in the early postnatal period 

and then drops off rapidly (highest at postnatal day 0 (P0) and dropping off after P10). This expression 

profile is closely associated with critical periods in the formation of dendritic spines and synapses. Taken 

together, these data led us to hypothesize that Panx1 plays a role in the development of dendritic 

spines, a process that occurs during the early postnatal period. To begin to investigate the role of Panx1 

in the development of dendritic spines in vivo, we treated young male and female wildtype mice 

(C57BL/6J) with the Panx1 blocker probenecid (or saline control), in the context of two developmental 

stages: P14 and P29. Animals were sacrificed 24 hours after the last injection, and we performed diolistic 

labelling of the apical dendrites of Layer 5 Primary Somatosensory Cortex pyramidal neurons to measure 

the length and density of dendritic spines. We observed treatment duration-specific increases in both 

spine length and spine density, suggesting Panx1 negatively regulates spine development in vivo in the 

postnatal cerebral cortex. In accordance with these results, Panx1 knockout mice showed increased 

spine density when compared to wildtype littermates. Together these results support a role for Panx1 as 

a negative regulator of dendritic spine growth in the cerebral cortex in vivo. These findings taken 

together with our recent work further establish Panx1 as a key modulator of developmental plasticity in 

the brain. 
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Breast cancer is a complex and heterogeneous disease that affects many women worldwide. Despite 

currently available treatment options, it remains the second leading cause of death from cancer in 

Canadian women. Whole genome sequencing studies of many patient samples have implicated 

alterations in the KRAS pathway among ~20% of cases. To better understand how such perturbations 

contribute to the transformation of human mammary cells, our lab has developed a de novo model of 

human breast cancer by introducing a mutant gene, KRASG12D, into normal human mammary cells that 

then produce tumours rapidly and at high efficiency in transplanted immunodeficient mice. My project 

aims to investigate potential signaling pathways that may be implicated in these initial steps of the 

transformation process. The growth of normal human mammary cells in vitro is dependent on their 

stimulation by epidermal growth factor (EGF). I have now found that KRASG12D-transduced human 

mammary cells are less dependent on EGF by comparison to matched control vector-transduced cells, 

while they retain similar overall in vitro colony-forming activity. In summary, we present the first 

evidence that, in the context of our de novo tumour model, the process of KRASG12D -induced breast 

transformation may be mediated by KRASG12D -dependent activation of the EGFR signaling pathway. 
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Introduction: Neurodegenerative diseases cause neuron death in the brain, resulting in decreased 

motor, sensory, and/or processing capability [1]. Current cell therapy techniques lack a repeatable, 

hands-off approach to form cell scaffolds and differentiate stem cells into neurons. Human induced 

pluripotent stem cells (hiPSCs) are mature cells taken back to a pluripotent state, and can be 

differentiated into neurons by culturing them as embryoid bodies (EBs) with small molecules in culture 

[2][3]. This protocol is time-consuming and can be streamlined by development of a 3-D bioprintable 

scaffold which supports hiPSC proliferation, migration into the surrounding tissue, and differentiation 

into neurons [4]. The Willerth lab has previously shown that material X based polymer gels support 

hiPSC differentiation into neurons [5]. This project focusses on developing a material X based hydrogel 

scaffold which is printable, supports hiPSC differentiation into neurons and performs in a repeatable 

fashion with regard to structural stability, degradation time, cell incorporation and neuron proliferation. 

Results: Material X, a polymer proven to support hiPSC differentiation into neurons, and material Y, a 

bioprintable polymer used by Aspect Biosystems, were pursued as the base materials for the hydrogel 

cell scaffold. Concentrations of the base materials were optimized to support cell proliferation. Material 

Z was then optimized to decrease the rate of scaffold degradation. In all trials Neural precursor cells 

(NPCs) derived from hiPSCs were seeded within the formulations and the resulting cell-seeded scaffolds 

were covered with neural induction media and allowed to incubate at 37⁰C for 14 days. The scaffolds 

were degraded manually after 14 days using trypsin and the cells were stained with calcien and 

ethidium homodimer-1 for live/dead respectively. Staining showed no difference in cell proliferation 

with material Z concentration, indicating that this is an agent which will allow for cell growth and 

differentiation. 

Conclusion: A material X-based bioink is a viable option for culturing hiPSCs into neurons. In the future it 

is necessary to test the printability and seed with hiPSCs instead of or in addition to NPCs. Small 

molecules or growth factors may need to be incorporated into the scaffold in order to force hiPSC 

differentiation into neurons. 
References: 

[1] M. P. Mattson, "Apoptosis in neurodegenerative disorders," Nature Reviews Molecular Cell Biology, vol. 1, pp. 

120-130, 2000. 

[2] K. Takahashi, K. Tanabe, M. Ohnuki, M. Narita, T. Ichisaka, K. Tomoda and S. Yamanaka, "Induction of 

Pluripotent Stem Cells from Adult Human Fibroblasts by Defined Factors," Cell, vol. 131, no. 5, pp. 861-872, 2007. 

[3] S. Karumbayaram, B. G. Novitch, M. Patterson, J. A. Umbach, L. Richter, A. Lindgren, A. E. Conway, A. T. Clark, S. 

A. Goldman, K. Plath, M. Wiedau-pazos, H. I. Kornblum and W. E. Lowry, "Directed Differentiation of Human 

Induced Pluripotent Stem Cells Generates Active Motor Neurons," Stem Cells, vol. 27, no. 4, pp. 806-811, 2009. 

[4] S. Temple, "The development of neural stem cells," Nature, vol. 414, pp. 112-117, 2001. 

[5] S. M. Willerth, K. J. Arendas, D. I. Gottlieb and S. E. Sakiyama-Elbert, "Optimization of fibrin scaffolds for 

differentiation of murine embryonic stem cells into neural lineage cells," Biomaterials, vol. 27, no. 36, pp. 5990-

6003, 2006. 



#17

Identification and Characterization of Nephrocan, a Midgut Definitive Endoderm Marker 
Yuyin Yi, and Pamela Hoodless

University of British Columbia, Vancouver, BC, Canada 

During gastrulation, pluripotent epithelial cells in the mouse embryo ingress through the primitive 

streak and form three germ layers: ectoderm, mesoderm and definitive endoderm (DE). The DE gives 

rise to the organs of the respiratory and gastrointestinal tracts, including the epithelial cells of the lungs, 

stomach, colon, intestine, liver, and pancreas. The DE is divided into three regions: the foregut, midgut 

and hindgut. Previously, we used Serial Analysis of Gene Expression (SAGE) libraries to screen for novel 

DE markers, and we identified the gene Nephrocan (Nepn) to be exclusively expressed in the midgut of 

the mouse embryo beginning. Our previous data suggested that a combination of SOX17, retinoic acid 

signaling and Nodal/Activin signaling regulates Nepn expression domain in the midgut region. To 

determine the functions of Nepn, we analyzed a Nepn knockout mouse line and surprisingly found the 

Nepn homozygous knockout mouse is viable and fertile with no obvious phenotypic abnormality. Since 

NEPN protein has potent TGFβ/Activin inhibitory activity, other inhibitors of TGFβ/Activin may 

compensate for the loss of NEPN to pattern the endoderm. To genetically label descendants of Nepn-

expressing cells, we generated a knock-in mouse line using CRISPR/Cas9 technology with a 4-

hydroxytamoxifen (4-OHT) inducible CRE recombinase, CreERT2, inserted into the Nepn locus. We will 

use this mouse model to explore the origins and descendants of the midgut endoderm.  
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c-MYC is well known for its multiplicity of roles in regulating many normal cell functions. Its 

overexpression is also a well-documented contributor to tumorigenesis in many tissues and increased 

expression of MYC in the leukemic blasts of patients with acute myeloid leukemia (AML) has been 

reported. However, whether deregulated MYC activity drives the pathogenesis of human AML, and if so 

how, remains poorly defined. We now describe the leukemogenic consequence of lentivirally-mediated 

overexpression of MYC in normal human hematopoietic CD34+ cells. Specifically, we have found that 

either MYC-transduced CD34+38- or different granulopoietic subsets of CD34+38+ normal human cord 

blood (CB) cells transplanted into sublethally irradiated immunodeficient NODRAG1-/-IL2R-/- mice 

producing human IL-3, GM-CSF and Steel factor transgenically consistently produce a fatal 

CD33+CD123+CD14-CD15- leukemia within 10 weeks. Some of the human cells derived from the primary 

mice could regenerate a similarly fatal leukemia in secondary transplanted mice of the same strain, 

although only after a long latency. However, these results appear dependent on the human growth 

factors produced by the mice used as hosts. Interestingly, a similar outcome is obtained in mice 

producing the same human growth factors and transplanted with MYC-transduced normal adult human 

bone marrow CD34+ cells, indicating the leukemogenic effect of MYC overexpression is not 

developmentally restricted. Mechanistically, we have also found that immediately post-transduction, 

MYC-transduced CD34+ CB cells show an enhanced growth rate in single-cell cultures. After 12 days, 

clones were obtained from these cells at the same frequency as from control-transduced cells, but they 

were, on average, 7-fold larger. In addition, in co-cultures with stromal cells and growth factors, MYC-

transduced CB cells outcompeted normal control cells over a period of 12 weeks. These results provide a 

novel model of human AML that should be useful to elucidate the mechanisms by which elevated MYC 

expression contributes to the creation of a leukemic phenotype in naive human hematopoietic cells. 
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Normoxic regulation of inducible nitric oxide synthase expression by hypoxia inducible factor 
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Background: Inducible nitric oxide synthase (iNOS) synthesizes the bioactive gas NO, which has 

important inflammatory and immune regulatory properties. Hypoxia inducible factor is a transcription 

factor essential for the cellular response to hypoxia as well as in the regulation of cell metabolism. While 

the regulation of iNOS expression by hypoxia has been demonstrated in murine models, the mechanism 

by which human iNOS gene expression may be regulated by HIF in inflammatory conditions is not 

understood. Here we demonstrate a role for HIF-1α in controlling cytokine-induced iNOS gene 

expression in normoxic conditions. 

Methods: iNOS expression was induced in the human epithelial cell line (A549) by stimulation with 

cytokines (CM; IL-1, IFNγ, and TNFα). The effect of inflammatory cytokines on HIF activity was examined 

by Western blotting for nuclear HIF-1α levels and through the use of HIF-response-element (HRE)-

luciferase reporter assays. The effect of HIF on human iNOS expression was examined using a 

pharmacological HIF-1α inhibitor PX-478. 

Results: Cytokine stimulation of human cells did not affect HIF-1α expression levels at early time-points 

(2 h) but significantly increased nuclear HIF-1α levels. Cytokines induced the expression of iNOS mRNA 

and protein as well as the synthesis of NO. iNOS protein expression and NO levels were detectable 

beginning at 3 hours post-stimulation. Inhibition of HIF-1α expression by pharmacological inhibition 

markedly decreased cytokine-induced iNOS promoter activation as well as iNOS mRNA and protein 

expression. 

Conclusion: Induction of human iNOS gene expression by cytokines is dependent on HIF activity. 
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3D suspension culture enables the efficient and cost-effective scale-up of human pluripotent stem cell 

(hPSCs) manufacturing. However, the current practice of using media optimized for 2D adherent 

cultures directly in 3D suspension culture systems, can lead to low volumetric productivity and 

inefficient workflow. To overcome these limitations we developed mTeSRTM3D, a defined medium based 

on mTeSRTM1, and novel protocols for fed-batch culture of hPSC aggregates. Human embryonic stem cell 

(hESC) lines (H1 or H9) or human induced pluripotent stem cell (hiPSC) lines (WLS-1C or STiPS-M001) 

that were previously maintained in 2D mTeSRTM1 culture were seeded into multiple suspension culture 

vessels (e. g. shaker bottles, spinner flasks and bioreactors) containing mTeSRTM3D Seed Medium plus 10 

μM Y-27632 ROCK inhibitor. 3D cultures were maintained using either daily 50% mTeSRTM1 medium 

exchanges (control) or using a fed-batch protocol whereby the culture medium was supplemented daily 

with mTeSRTM3D Feed Medium. After 3 or 4 days in suspension culture, aggregates were harvested, 

dissociated into small clumps with Gentle Cell Dissociation Reagent (GCDR) or single cell suspensions 

enzymatically, and re-seeded in mTeSRTM3D Seed Medium plus 10 μM Y-27632. Passaging and feeding 

cycles were repeated for at least 5 passages. 3D cultures were assessed for growth, viability, hPSC 

marker expression, in vitro differentiation potential, and karyotype. In addition, media was analyzed for 

molar glucose to lactate yield to characterize metabolism. By day 4, aggregates cultured in mTeSRTM3D 

typically grew to a mean diameter of 350 μm, with a 5-fold increase in cell number. Image analysis was 

routinely performed to estimate aggregate size during growth. Using mTeSRTM3D, up to 109 cells can be 

produced starting from a single 6-well plate within 2-3 weeks representing a greater than 500-fold 

expansion.  hPSC cultures maintained in mTeSRTM3D differentiated into all 3 germ layers with high 

efficiency. The average volumetric productivities were 0.7, 3.1 and 6.9 (x105) viable cells / mL in 2D, with 

daily 50% media exchange, and mTeSRTM3D fed-batch protocols, respectively. Using the GCDR clump 

passaging protocol, mTeSRTM3D cultured hPSCs retained normal karyotypes. Culture performance 

evaluated in shaker bottles, spinner flasks and bioreactors was comparable, withtypical growth rates in  

the order of 1.5-fold expansion per day, confirming straightforward widespread scale-up and 

applicability.  Metabolic activity as assessed by the moles lactate produced to glucose consumed was 

1.7, consistent with a primarily glycolytic metabolism.     Adaptation times for hPSCs transitioning from 

2D to 3D aggregate culture varied with different hPSC lines with typically one passage in 3D suspension 

culture conditions required before a consistent and high expansion passage over passage was obtained.  

Additionally, protocols were developed for use on a Hamilton® robotic platform for reproducible, 

matrix-free, high-throughput hPSC suspension culture at a small scale (96-well format). mTeSRTM3D 

enables efficient scale-up and scale-down of hPSC cultures with a greatly simplified workflow.  
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Human pluripotent stem cell-derived cardiomyocytes (hPSC-CMs) are used for disease modelling, drug 

discovery, and toxicology screening. However, the efficiency of producing hPSC-CMs is variable and, 

once established in culture, processing of hPSC-CMs for downstream assays is cumbersome. To 

overcome these limitations, we developed a complete workflow comprising several novel products: 1) 

STEMdiff™ Cardiomyocyte Differentiation Kit, 2) STEMdiff™ Cardiomyocyte Maintenance Kit, 3) 

STEMdiff™ Cardiomyocyte Dissociation Kit, 4) STEMdiff™ Cardiomyocyte Freezing Medium, and 5) 

STEMdiff™ Cardiomyocyte Support Medium. The STEMdiff™ Cardiomyocyte products are compatible 

with TeSR (TM) -E8 (TM) and mTeSR (TM) 1 media. The STEMdiff™ Cardiomyocyte Differentiation Kit 

produces a confluent beating monolayer of hPSC-CMs at day 15 of the differentiation protocol. More 

than 80% of the cells express cardiac Troponin T with a yield of >1x10 6 cardiomyocytes per well from 

12-well plates seeded with all hPSC lines tested. The STEMdiff™ Cardiomyocyte Maintenance Kit 

maintains the health, quality and excitability of the hPSC-CMs for at least 1 month. Once the confluent 

beating monolayer of cardiomyocytes is established, cultures can be quickly and easily dissociated into 

single cells using the STEMdiff™ Cardiomyocyte Dissociation Kit, producing >80% viable cardiomyocytes. 

The dissociated single cardiomyocytes can be safely cryopreserved using STEMdiff™ Cardiomyocyte 

Freezing Medium. The cryopreserved cardiomyocytes can then be successfully thawed and replated 

using STEMdiff™ Cardiomyocyte Support Medium, producing >75% viable cardiomyocytes. In summary, 

the STEMdiff™ Cardiomyocyte products facilitate the robust production and maintenance of hPSC-CMs, 

and their processing to yield high quality, viable cells during dissociation, harvesting, cryopreservation, 

and re-plating. Such hPSC-CMs can then be used for a variety of downstream applications including 

FACS, immunocytochemistry, and electrophysiology. 
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Neuronal cultures derived from human pluripotent stem cells (hPSCs) and primary central nervous 

system (CNS) tissues are powerful in vitro models for studying neurological development and disease. 

Although conventional basal media, such as DMEM/F-12 and Neurobasal™, promote neuronal growth 

and survival, they may impair action potential firing and synaptic activity. We have developed 

BrainPhys™ Neuronal Medium (BrainPhys™) based on the published BrainPhys™ formulation (Bardy et 

al., PNAS 2015) to overcome this limitation. BrainPhys™ is a basal medium that supports neuronal 

survival and maturation when supplemented with growth factors. Neural progenitor cells were derived 

from hPSCs using STEMdiff™ Neural Induction Medium and then terminally differentiated into neurons 

with BrainPhys™ containing supplements and growth factors. Primary E18 rat cortical neurons were 

cultured in BrainPhys™ with NeuroCult™ SM1 Neuronal Supplement. hPSC-derived and primary cortical 

neuronal control cultures were set up in parallel with DMEM/F-12 or Neurobasal instead of BrainPhys™. 

All resulting neurons were assessed phenotypically and functionally at specified time-points using 

immunocytochemistry and electrophysiology. Primary (n=5) and hPSC-derived neurons (n=2) cultured in 

BrainPhys™ for 21 and 45 days, respectively, expressed MAP2, class III β-tubulin (TuJ-1) and Synapsin 1, 

and showed robust spontaneous excitatory (AMPA) and inhibitory (GABAA) synaptic activities. In 

contrast, synaptic activity was reduced in control cultures. Microelectrode array recordings 

demonstrated increased spontaneous activity in both hPSC-derived (n=1) and primary neuronal cultures 

(n=2) maintained in BrainPhys™, compared to controls. Together, our findings demonstrate that 

BrainPhys™ supports mature and electrically active functional neurons from hPSCs and primary CNS 

tissues. 
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Human pluripotent stem cells (hPSCs) possess the ability to differentiate into all three germ layers: 

ectoderm, mesoderm and endoderm. The current gold standard to demonstrate this pluripotent 

potential is to generate teratomas. This in vivo assay is time consuming, difficult to quantify and requires 

access to animals. Spontaneous differentiation through the formation of embryoid bodies (EBs) is an 

alternative, but can be highly variable and unpredictable, often showing a differentiation bias towards a 

specific lineage. To address these problems we have developed the STEMdiff™ Trilineage Differentiation 

Kit, comprising media and three monolayer-based lineage specific protocols to differentiate hPSCs to all 

three germ layers in a simple, efficient and reproducible manner. hPSCs suspensions were plated 

separately at 0.5-2x105 cells/cm2 on Corning® Matrigel® in mTeSR™1 containing 10µM Y-27632 and left 

to attach overnight. Medium was then exchanged daily with the respective lineage-specific media 

provided in the kit. Cells were harvested at day 5 (mesoderm, endoderm) or day 7 (ectoderm) and 

assessed using flow cytometry, achieved high proportions of PAX6+Nestin+ ectoderm (85.2±3.5%; n=13, 

mean ± SEM), T+ mesoderm (93.7±1.3%), and SOX17+CXCR4+ endoderm (88.7±1.6%). Microarray analysis 

on H9 differentiated cells using each STEMdiff™ Trilineage Differentiation Kit protocol showed 

upregulation of the appropriate lineage-specific genes. H9 cells differentiated via EB formation showed 

upregulation of primarily ectodermal markers but not mesoderm or endoderm markers. In summary, 

STEMdiff™ Trilineage Differentiation Kit can be used to rapidly assess pluripotency of established hPSC 

lines more cost-effectively and reproducibly than teratoma assays or spontaneous differentiation 

protocols. 
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 Hematopoietic cells generated from human pluripotent stem cells (hPSC) could be used to model blood 

diseases or as an alternate source of blood cells for transfusion or transplantation. However, 

reproducible protocols for efficient differentiation of hPSCs to hematopoietic progenitor cells have been 

difficult to develop. Factors contributing to variability in differentiation protocols across multiple hPSC 

lines include the use of undefined serum-containing media or co-culture with stromal cells, or the use of 

hPSCs maintained on feeder cells. Here, we use serum- and feeder-free conditions to efficiently 

differentiate hPSCs maintained using TeSR™ media to hematopoietic progenitor cells, and show that 

differentiation was reproducible on multiple human embryonic stem cell (H1, H9) and induced 

pluripotent stem cell (WLS-1C, STiPS-F016, STiPS-M001) lines. Briefly, hPSC aggregates (100 - 200 µm 

diameter) were plated at 15 - 20 aggregates/cm2 in TeSR™ medium on Corning® Matrigel® and allowed 

to attach overnight. The next day, differentiation was initiated by changing the medium to STEMdiff™ 

Hematopoietic Medium A. After 3 days, medium was changed to STEMdiff™ Hematopoietic Medium B; 

additional half medium changes were performed every 2 - 3 days during the protocol. At day 12, 

differentiated cells were harvested from the supernatant and characterized for their phenotype and 

colony forming unit (CFU) frequency. These cells contained a high proportion of CD34+CD45+ 

hematopoietic progenitor cells: H9, 42 ± 3% (mean ± SEM, n =10); H1, 45 ± 4% (n = 10); WLS-1C, 52 ± 5% 

(n = 12); STiPS-F016, 57 ± 4% (n = 6); STiPS-M001, 53 ± 8 (n = 5). On average, 150,000 ± 12,000 (mean ± 

SEM, n = 43) CD34+CD45+ cells were harvested from the supernatant per cm2 of culture, indicating the 

generation of about 100 hematopoietic progenitors per input hPSC. CFU frequency was assessed using 

MethoCult™ methylcellulose medium (H4435) and was high in all cell lines (expressed per 104 

supernatant cells): H9, 59 ± 14 (mean ± SEM, n = 9); H1, 88 ± 10 (n = 9); WLS-1C, 177 ± 18 (n = 12); STiPS-

F016, 115 ± 23 (n = 6); STiPS-M001, 124 ± 16 (n = 5) with both myeloid (range 10 - 238) and erythroid (0 - 

98) colony types produced. In summary, the STEMdiff™ Hematopoietic Kit can be used to reproducibly

generate hematopoietic progenitor cells from hPSCs with high efficiency. 
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Human pluripotent stem cells (hPSCs) within the developing embryo progress through a series of 

pluripotent states.  Recapitulating these states in vitro requires specialized culture media and protocols. 

We developed RSeT™, a defined medium that supports the reversion of primed hPSCs to a naïve-like 

state and allows for their continuous maintenance. To revert primed hPSCs cultured in mTeSR™1, 

colonies were dissociated into small aggregates and seeded onto inactivated mouse embryonic 

fibroblasts (iMEFs). After 24h in mTeSR™1, medium was changed to RSeT™ and the cells were 

maintained for a further 5 days. Colonies were then passaged by gentle dissociation and re-seeding on 

iMEFs in RSeT™ every 3-4 days, with culture morphology observed at each passage (P) and at specific 

time-points.  Transition to a naïve-like colony morphology, characterized by increased cell multi-layering, 

refractive edges and a domed colony shape begins at 48h after exposure to RSeT™. Early passage 

cultures (< P5) are heterogeneous since they display both primed and naïve-like colony morphologies. 

By P5-8, cultures are more homogeneous with >70% of colonies displaying a domed morphology. 

Multiple hPSC lines that were reverted and maintained long-term (>P12) in RSeT™ retain a normal 

karyotype. Cells from reverted naïve-like colonies express hPSC markers, demonstrate a  >15 fold 

upregulation of naïve pluripotency markers KLF2, KLF4, KLF17, TBX3, DNMT3L1, and a 2-4 fold increase 

in TFCP2L1 and STELLA compared to mTeSR™1-cultured primed hPSCs. In summary, RSeT™ is a defined 

medium that promotes robust conversion of primed hPSCs to a naïve-like state and the continuous 

maintenance of these cells. 



#26

STEMdiffTM Human Cerebral Organoid Kit: a New Tool for the Culture of 3-D Brain 

Organoids Derived from Human Pluripotent Stem Cells 
Leon H. Chew

1
, Vivian M. Lee

1
, Adam Añonuevo

1
, Sam Lloyd-Burton

1
, Allen C. Eaves

1,2
,Terry E. Thomas

1
, and 

Sharon A. Louis
1
 

1
STEMCELL Technologies Inc., Vancouver, Canada; 

2
Terry Fox Laboratory, BC Cancer Agency, Vancouver, Canada 

The metazoan brain is a highly complex yet organized structure. 2-D neural cultures derived from human 

pluripotent stem cells (hPSCs) are useful models to study the nervous system, but they are limited in 

their capacity to recapitulate the complex organization of brain tissues. Lancaster et al. (Nature 2013, 

Nature Methods 2014) have recently established an hPSC-based cerebral organoid system that models 

the major processes and structural features of human brain development. Based on these published 

formulations, we have developed the STEMdiff™ Human Cerebral Organoid Kit to enable generation of 

organoids in a highly reproducible and user-friendly manner. The kit contains 2 basal media and 5 

supplements, which are combined to prepare complete media for each of the four distinct stages of 

organoid formation. Human embryonic and induced pluripotent stem cells (hESCs and iPSCs) maintained 

in mTeSR1™ were dissociated into single cells to form embryoid bodies (EB) in Organoid EB Formation 

Medium (days 1 - 5). EBs were then transferred to Organoid Induction Medium (day 6 - 7, Stage 2); next, 

they were expanded by embedding in Corning® Matrigel® and grown in Organoid Neuroepithelium 

Expansion Medium (days 7 - 10 days, Stage 3). The expanded organoids were then cultured in Organoid 

Maturation Medium, with agitation, for extended periods of time (day 11 - 40+, Stage 4). The organoids 

were collected and analyzed by RT-qPCR or cryosectioned for immunohistochemistry (3 organoids per 

analysis; n = 2 using 2 hESC and 2 iPSC lines). Organoids at day 40 showed increased expression of 

neuronal markers, beta III Tubulin, ASCL1 and TBR1. Furthermore, mature organoids contained regions 

of PAX6+SOX2+Ki-67+ neural progenitor cells at the apical region, reminiscent of the ventricular zone 

(VZ). A separate population of dividing progenitors expressing Ki-67+ and p-Vimentin+ were detected 

adjacent to the VZ; this cell layer is similar to the outer subventricular zone found in primate cortex. 

TBR2+ intermediate progenitors were observed abutting CTIP2+MAP2+TBR1+ neurons, which resembled 

the intermediate zone and cortical plate. Taken together, our data are consistent with the published 

findings and demonstrate that the STEMdiff™ Human Cerebral Organoid Kit supports the generation of 

cerebral organoids. 
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Traditional feeder-free, albeit Bovine Pituitary Extract (BPE)-containing medium formulations, for 

expansion of primary human bronchial epithelial cells (HBECs) typically support the maintenance of 

mucociliary differentiation potential for a limited number of passages in culture.  A novel culture system 

comprising an inactivated mouse embryonic fibroblast feeder layer and specialized media has been 

recently reported to improve expansion and maintain differentiation potential of HBECs after extended 

passaging (1,2). However this feeder-dependent method is cumbersome and undefined, thus limiting its 

applications.  We have developed a novel culture medium that is feeder- and BPE-free  that promotes 

extended passaging of HBECs without the loss of their differentiation potential at later passages.  The 

medium allows for the rapid expansion of HBECs, while maintaining their ability to form a 

pseudostratified mucociliary epithelium at air-liquid interface (ALI) using PneumaCult™-ALI for more 

passages,  compared to other commercial HBEC expansion media. To measure expansion over multiple 

passages, commercially available HBECs (Passage 1) were thawed and seeded into T-25cm2 flasks 

containing either control media (PneumaCult™-Ex or a BPE-containing medium such as BEGMTM) or our 

novel expansion medium at a density of 1 x 104 cells/cm2.  For each passage, media were fully 

replenished three times per week and cells were enzymatically dissociated and passaged once cultures 

reached approximately 80% confluence.  ALI differentiation was performed with PneumaCult™-ALI for 

HBECs expanded in each of the three test media at different passages. The differentiated cells were 

functionally characterized by immunocytochemistry, qPCR and trans-epithelial electrical resistance 

(TEER). The average fold expansion over 8 passages was significantly higher for the cells cultured in our 

novel expansion medium (11.1 ± 2.4 mean ± SD, n=4) compared to PneumaCult™-Ex (4.1 ± 1.9, n=4) or 

to BEGMTM (3.7 ± 1.6, n=4). HBECs cultured in either PneumaCult™-Ex or BEGMTM could be differentiated 

into functional pseudostratified mucociliary epithelium only at early passages (P1 and P2).  Conversely, 

cells expanded in our novel formulation could be successfully differentiated at each passage for at least 

4 passages to generate a functional pseudostratified mucociliary epithelium containing cells expressing 

the Goblet cell marker MUC5AC and ciliated cell markers FoxJ1 and AC-tubulin at 28 days post air-lift. 

Barrier function was measured weekly by TEER using EVOM2. Fully differentiated cultures in 

PneumaCult™-ALI showed stable TEER (200 - 600 Ωᐧcm2) for at least 25 weeks (n=4). In summary, we 

have developed an improved defined BPE-free medium for primary human airway epithelial cell culture 

that promotes greater expansion of HBECs and maintenance of their mucociliary differentiation 

potential at later passages.  

1. Liu X, et al. (2012) Am J Pathol 180(2): 599-607

2. Suprynowicz F, et al. (2012) PNAS (109): 20035-20040
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Recent advances in gene-editing techniques such as CRISPR, have led to more accessible and cost 

effective methods to generate variant human pluripotent stem cell (hPSC) lines for a wide range of 

research areas.  However a major hurdle for gene-editing in hPSCs is the extremely low cloning 

efficiency of these cells (< 5%), making the generation of clonal cell lines an inefficient process. To 

address this hurdle we have developed a novel hPSC cloning supplement, CloneR™. To optimize the 

formulation of CloneR™, cells were seeded at a clonal density (25 cells/cm2) in multi-well plates pre-

coated with Vitronectin-XF™ containing mTeSR™1 or TeSR™-E8™ and CloneR™ or 10 μM Y-27632. 

Individual clones were expanded for 7 days and the resulting colonies in each well were stained for 

alkaline phosphatase and counted. Cloning efficiencies of 28.1 ± 6.3% and 24.3 ± 6.7% (mean ± SD, n=12) 

were achieved in mTeSR™1 and TeSR™-E8™ containing the CloneR™, respectively using four 

independent hPSC lines. This is a significant increase when compared to mTeSR™1 (4.9 ± 2.3%) and 

TeSR™-E8™ (1.6 ± 1.1%) supplemented with 10 μM Y-27632. CloneR™ further validated using the more 

stringent method of single cell deposition of hPSCs into each well of a 96-well plate. hPSCs were 

dissociated to single cell suspensions and sorted using a BD FACSAria™ Fusion into individual wells (1 

cell/well) pre-coated with Vitronectin-XF™ and containing 100 µL of mTeSR™1 with CloneR™ or 10 μM Y-

27632. Cloning efficiency was significantly higher across all cell lines tested  (H1: 18.9%, H7: 15.8%, WLS-

1C: 17.9% and STiPS-M001: 27.4%) compared to control mTeSR™1 containing 10 μM Y-27632 (H1: 2.1%, 

H7: 3.2%, WLS-1C: 5.3% and STiPS-M001: 3.2%). Five H1 and WLS-1C subclones were manually picked 

and expanded in standard mTeSR™1 for 5 passages. All clonally established hPSC lines displayed similar 

morphology, expansion rates and proportions of undifferentiated cells compared to the non-clonal 

control hPSC lines. In summary, supplementing TeSR™ media with CloneR™ improves the single cell 

cloning efficiency of hPSCs which can advance gene-editing studies by facilitating the rapid and 

successful generation and establishment of new and clonal hPSC cell lines required for those studies.  
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Doxorubicin is a medication that is commonly used in cancer chemotherapy, but its clinical efficacy is 

limited by Doxorubicin-Induced Cardiotoxicity (DIC). A specific genetic variant of the RARG gene, RARG 

S427L, has been identified which increases the risk of DIC. Genome-editing human induced Pluripotent 

Stem Cell (iPSC) can be used as an approach to investigate the functional impact of RARG S427L that 

alters susceptibility to DIC.  

We will use clustered regularly interspaced short palindromic repeats (CRISPR)-associated nuclease Cas9 

system to perform the genome-editing to introduce the specific genetic variants of interest. We will 

generate a genetic variant associated with DIC as well as repair the variant in iPSC that are re-

programmed from both DIC patients and control. After directed differentiation of the genome-edited 

iPSC into cardiomyocytes, cellular assays will be performed to characterize the toxicity of doxorubicin in 

these cells.  

Currently, we have tested the CRSPR-Cas9 system on HEK293 cell line to select the efficient sgRNA 

construction and optimize screening procedures and started genome-editing on patient-specific iPSC. 

This in vitro study of genome-edited iPSC will provide new insight into the pathophysiology of DIC. 
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Mutations in presenilin 1 (PS1) are causative in early-onset familial Alzheimer’s disease (AD). PS1 

-

familial AD patients with PS1 mutations show severe amyloid pathology, mutant PS1 knock-in mice have 

memory deficits and learning impairment without amyloid pathology. Modifying synaptic strength is one 

of the major cellular mechanisms that underlies memory formation and is, in part, controlled by AMPA 

receptor trafficking. Exocytosis and membrane localization of AMPA receptors enhances synaptic 

transmission, whereas endocytosis of AMPA receptors reduces transmission. To investigate if mutant 

PS1 affects synaptic structure, we transfected PS1 wild type and PS1 M146V plasmids into rat 

hippocampal neurons. Using live cell immunostaining, we show that the PS1 M146V mutation decreases 

surface expression of both GluA1 and GluA2 AMPA receptors on dendritic membranes. Chemical LTP-

induced AMPA receptor membrane trafficking, as measured by pH-sensitive GFP GluA1 and GluA2 

chimeras, is attenuated in M146V expressing neurons. Furthermore, PS1 exists on the ER membrane and 

modulates spine calcium homeostasis. The Ca2+/calmodulin-dependent protein kinase II (CaMKII) 

pathway mediates receptor trafficking and we are currently testing the hypothesis that the PS1 M146V 

mutation affects receptor trafficking by altering this pathway. The present study indicates that PS1 may 

control synaptic plasticity via AMPA receptor trafficking. 
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Peripheral sympathetic nerves co-release multiple neurotransmitters to modulate the activity of their 

target organ, for example mediating physiological regulation of cardiac contractility and systemic 

vascular tone. However, the release of “co-released” transmitters like norepinephrine (NE) and ATP can 

be differentially regulated, for example by relying on specific isoforms of voltage-gated Ca2+ channels 

(CaV), and we previously reported that NE- and ATP-containing vesicles segregate in pools that 

preferentially co-localize with specific CaV2 isoforms in rat tail artery. Whether this observation 

generalizes to other sympathetic nerves is not known, but it is of fundamental importance to 

understanding the molecular biology of sympathetic co-release. 

OBJECTIVE: To determine whether specific isoforms of CaV selectively associate with pools of vesicles 

enriched with transporters for NE or ATP in multiple peripheral sympathetic nerves. 

METHODS: We performed epifluorescence imaging of intact rat tail artery and cultured superior cervical 

ganglia (SCG) neurons, comparing the localization and intensity correlation of CaV2.1, CaV2.2 and 

CaV2.3 with vesicle markers for NE (VMAT2) and ATP (VNUT/SlC17A) containing vesicles or suitable 

surrogate markers. 

RESULTS: We confirmed that VMAT2 and VNUT are often but not always found in the same varicosities. 

While VMAT2 is broadly distributed in the varicosity, VNUT localizes as discrete puncta at the perimeter 

of the varicosity and does not co-localize with synaptagmin1 in SCG neurons, similar rat artery nerves. 

CaV2.3 and CaV2.1, like VNUT, localize to the periphery of the varicosities, while CaV2.2 more closely 

mimics to distribution of VMAT2. These findings mirror our observations in rat tail artery, in which NE 

release is most sensitive to CaV2.2 inhibition and ATP-mediated contraction is blocked by CaV2.3 

inhibition. 

CONCLUSION: We show that synaptic organization of CaV2 isoforms with specific pools of vesicle in a 

cultured nerve system closely recapitulates that found in vivo. This observation further validates 

cultured SCG neurons as an experimentally tractable and physiologically revenant model to study 

presynaptic cell biology relevant to the regulation of both cardiac output and vasoregulation. 



#32

A role for Ca2+-induced Ca2+-release in smooth muscle differentiation 
BaRun Kim

1
, and Damon Poburko

1,2

1
Department of Biomedical Physiology & Kinesiology, Simon Fraser University, Burnaby, Canada; 

2
Centre for Cell 

Biology, Development, and Disease, Simon Fraser University, Burnaby, Canada 

Vascular smooth muscle cells (VSMC) can execute both proliferative and contractile functions which can 

be indicated by changes in morphology, behaviour, and the expression level of various marker proteins. 

Such a phenotypic transition of VSMC allows blood vessels to efficiently adapt to different functions that 

are required under different physiological and pathological conditions. In this study, we examine the 

difference in morphology and behaviour, specifically the Ca2+ signal, of these cells and address the 

factors that affect smooth muscle cell phenotypic change. We used A7r5 cells as our VSMC model 

system. The cells were cultured for 2-8 days in 96 well plates. At different time points (4-8 days) upon 

culturing, changes in cell phenotype were examined along with the effects of chronic drug treatments. 

Ca2+ signals were measured with Fluo2. The cells were then fixed and stained for myocardin and alpha 

smooth muscle actin immediately after completion of Ca2+ imaging. The differentiated VSMC displayed 

an elongated, spindle-like cell shape and a striped pattern of actin filaments, while the proliferative 

VSMC were a round shape with disorganized actin. The expression of myocardin, a regulator of VSMC 

phenotype, was expressed to a lower level in proliferative cells compared to differentiated cells. 

Differentiated cells that were treated with CaV1.2 blocker (Nifedipine) or ryanodine receptor blocker 

(Dantrolene) showed a decrease in Ca2+ transient along with a loss in synchronicity of Ca2+ oscillation 

while an increase in actin and myocardin level, indicating that differentiated cells are more prone to 

demonstrate electrical coupling and dependence on Ca2+ induced Ca2+ release to drive a synchronized 

Ca2+ signal. In contrast, proliferative cells demonstrated less of an effect of Ca2+ channel blockers on 

Ca2+ signalling, which illustrates an involvement of a different type of Ca2+ channel. These results 

suggest that Ca2+ signalling is related to cell morphology and might contribute to driving VSMC 

phenotype. 
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Diabetes is caused by a loss or dysfunction of insulin-producing pancreatic beta-cells. A potential 

treatment for diabetes is to replace these cells through transplantation. As there is a scarcity of donor 

beta-cells, efforts are underway to generate an unlimited source of functional insulin-producing beta-

cells from human embryonic stem cells (hESCs). All endocrine cells, including beta-cells, are derived from 

NEUROG3+ endocrine progenitors. The mechanisms that direct robust NEUROG3 expression within a 

subset of progenitor cells control the size of the endocrine population. Recent work in our lab 

demonstrated that using small molecules to inhibit cyclin-dependent kinases 2, 4 and 6 (CDKi) increased 

the number of NEUROG3+ cells 3-fold during mouse embryonic development. In this study, we aimed to 

investigate the consequences of CDK inhibition on the formation of endocrine cells from hESCs. Using 

CRISPR-Cas9, a NEUROG3-2A-eGFP (N5-5) knock-in reporter CyT49 hESC line was generated. To confirm 

the fidelity of the GFP fluorescence to the endocrine lineage, N5-5 was differentiated to endocrine 

progenitors and GFP+ and GFP- cells were FACS sorted prior to gene expression analyses. As expected, 

GFP+ cells had significantly increased expression of NEUROG3 and INSULIN compared to GFP- and CyT49 

control cells, suggesting that this hESC line is a faithful reporter of differentiation to the endocrine 

lineage. To investigate the role of the CDK inhibition on human endocrine cell differentiation, endocrine 

progenitors derived from the N5-5 hESC line were treated with CDKi for 24 hours before flow cytometric 

analysis. The number of GFP+ cells increased 1.7-fold compared to control-treated cells. In addition, the 

expression of NEUROG3 and NEUROD1, both of which are direct targets of NEUROG3, was increased in 

NEUROG3- lineage cells following CDKi treatment. These results are consistent with our findings in the 

mouse and suggest that CDKs also regulate expression of human NEUROG3. Given the critical 

importance of generating insulin-producing cells for diabetes treatment, this study represents a 

potential way to improve the expression of NEUROG3 and the formation of beta-cells for diabetes 

treatment. 
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The formation of proper neuronal circuits depends on achieving the polarization of neurons through the 

extension and stabilization of processes extending from the cell body called neurites. Rearrangement of 

cytoskeleton is essential to proper neurite development. As a mechanosensitive channel permeable to 

ions and metabolites, Pannexin1 (Panx1) is widely expressed in central neuronal system and previous 

work in our lab has shown it negatively regulates neurite development. In order to determine the 

underlying mechanism, unbiased proteomic analysis was carried out and revealed a number of Panx1 

interacted partners, including collapsin response mediator protein 2 (Crmp2), which is able to affect 

neurite elongation via regulating cytoskeletal dynamics. Un-phosphorylated Crmp2 facilitates 

microtubule assembly through binding to alpha- and beta- tubulin heterodimers and stabilizing growing 

microtubules to promote neurite elongation. After validating the physical combination of Panx1 and 

Crmp2 in vivo and in vitro, we further uncovered that probenecid, an inhibitor of Panx1, not only 

rescued the negative effect on neurite outgrowth exerted by Panx1 in Neuro2a cells, but also altered a 

phosphorylation site on Crmp2 at serine 522. Intriguingly, the interaction between Panx1 and Crmp2 

detected via PLA was not significantly influenced by probenecid treatment. However, probenecid 

treatment increased expression of stable tubulins as well as decreased expression of dynamic subtypes, 

suggesting blocking Panx1 may favour microtubule stabilization. In summary, these results reveal that 

Crmp2-mediated cytoskeletal remodelling plays a critical role in Panx1 neuritogenesis regulation. 
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The study of inherited human cardiovascular diseases has been hampered by limited access to cardiac 
tissue from patients harboring specific mutations, which are thought to be causal. The ability of the 
human induced pluripotent stem cells (hiPSCs) to differentiate to any cell type including cardiomyocytes 
has made them a promising and powerful tool for drug screening and studying inherited cardiac 
diseases such as familial hypertrophic cardiomyopathy and long-QT syndrome, in vitro by recapitulating 
their cellular phenotypes, Patient-specific iPSC-derived cardiomyocytes (hiPSC-CMs) have been used to 
study the phenotype of a variety of cardiac arrhythmias that manifest as abnormal electrophysiological 
activity.  

Moreover, finding the appropriate cell line to compare the differences between patient specific and 
control cell lines is challenging because of the differences in genetic background. Development of 
genome-editing techniques with engineered nucleases (e.g. CRISPR) and the ability to differentiate 
hiPSCs to cardiomyocytes in vitro helps overcome this issue. We thus set out to study the effects of 
mutations in human cardiac cells and to have a control cell line that is genetically identical to the mutant 
cells except for one point mutation.  

Besides disease modeling and drug screening, hiPSC-CMs have emerged as a powerful platform to study 
the cardiotoxicity of chemotherapeutic agents. Doxorubicin is an anthracycline chemotherapy agent 
effective in treating a wide range of malignancies, but it causes a dose-related cardiotoxicity that can 
lead to heart failure in a subset of patients. Ibrutinib is another novel targeted anticancer drug that is 
widely used for previously difficult-to-treat conditions such as chronic lymphocytic leukemia. However, 
ibrutinib is associated with an excess risk of atrial fibrillation. In sum, hiPSC-CMs have been successfully 
used to model a growing number of arrhythmogenic disorders and carry patients’ complex genetic

backgrounds, thereby enabling prediction of high-risk populations’ susceptibilities to drug-induced 
cardiotoxicity as a form of personalized medicine. 
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Introduction: Doxorubicin is a highly effective chemotherapeutic drug but causes  cardiotoxicity in up to 

26% of patients. Despite extensive study, the mechanisms of this adverse drug reaction are unknown. 

The objective of this study was to investigate the molecular mechanisms of doxorubicin-induced 

cardiotoxicity (DIC) using human pluripotent stem cell (PSC) derived cardiomyocytes (CM). 

Methods: We used both human embryonic stem (hES) cells and patient-specific induced pluripotent 

stem cells (iPSCs) to study the molecular mechanisms of DIC. iPSCs were generated from PBMCs from 

doxorubicin-treated patients using the Sendai virus method. PSCs were differentiated to cardiomyocytes 

using inhibitors of Wnt and GSK3 in insulin-deficient media. Doxorubicin toxicity was assessed using 

various cellular and electrophysiological assays, cell viability, reactive oxygen species (ROS) production, 

double stranded DNA breaks and optical mapping. 

Results: Doxorubicin caused dose-dependent effects on increasing apoptosis and necrosis, generation of 

reactive oxygen species, mitochondrial dysfunction and intracellular calcium concentration. We studied 

the effect of TOB2B, a gene implicated in DIC from mouse studies, using CRISPR-Cas9-mediated 

disruption of the gene. Deletion of TOP2B reduced doxorubicin-induced double stranded DNA breaks 

and cell death, proving the important role of TOP2B in DIC in human cardiomyocytes. Using optical 

mapping, we showed that doxorubicin caused a decreased beating rate and delayed action potential 

upstroke, increased calcium transient duration and action potential duration with the emergence of 

delayed after depolarizations.  

Conclusion: Our data establish a PSC-derived CM model of DIC. This model could be used to predict 

sensitivity to this ADR prior to the administration of doxorubicin. 
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Our studies follow the fate and function of mesenchymal cells in liver fibrosis. Within the developed 

world 45% of all deaths are related to tissue fibrosis from multiple organs. The excess deposition of 

extracellular matrix replacing parenchymal tissue is an exacerbated wound healing response, in which 

the pathology is mainly attributed to myofibroblasts, from which perivascular cells are believed to be 

the origin. Perivascular cells show heterogeneity of cell surface markers, their differentiation potential 

to various lineages, and capacity to proliferate. The two-perivascular principal fibrogenic cells of the liver 

are regarded as hepatic stellate cells and portal fibroblasts, each contributing to fibrogensis to 

controversial varying degrees. In our laboratory we are able to lineage trace multiple mesenchymal 

populations from the discovery of a novel marker. We follow the fate and function of mesenchymal cells 

in liver regeneration through lineage tracing techniques and transcriptomic approaches to study novel 

genes associated with the maladaptive regenerative response. We aim to complete a weeklong 

transcriptomic timecourse of the acute activation of the two principal mesenchymal populations to 

ameliorate the regenerative kinetics, as well the fibrogenic kinetics between the two mesenchymal 

populations in a chronic six-week model of fibrosis. These studies will provide unparalleled insights into 

adult mesenchymal liver regeneration and repair processes.  
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Xenografts of primary sources of human leukemic cells in immunodeficient mice have revolutionized our 

understanding of the complex composition of many leukemic cell populations and their response to 

treatment. Nevertheless, a variable proportion of primary human leukemia samples do not engraft even 

the most permissive commerically available strains, particularly cells from the less aggressive types of 

these malignancies. We have now created several new strains of mice that have the B-, T-, NK-cell 

deficiency determined by the SirpαNOD-Rag1-/--IL2Rγc-/- genotype (NRG mice) and a c-Kit deficiency 

obtained by replacement of the wild-type c-Kit gene with a homozygous W41/W41 genotype (SRG-W41 

mice). In addition we have created an NRG strain that transgenically produces human IL-3, GM-CSF and 

SCF constitutively and from it have derived this NRG-3GS mouse have derived an SRG-W41-3GS strain. In 

previous experiments, we found that the SRG-W41 mice support higher levels of chimerism than NRG 

mice when matched transplants of normal human cord blood or adult bone marrow CD34+ cells in each 

are compared. Here, we report an ability of cells from acute myeloid leukemia (AML) patients (n=3), 

chronic phase chronic myelogenous leukemia (CP-CML) patients (n=2), chronic myelomonocytic 

leukemia (CMML) patients (n=5), and atypical BCR-ABL1-negative CML (aCML) patients (n=2) to engraft 

SRG-W41 and SRG-W41-3GS mice long-term and in a superior fashion to results obtained in NRG hosts 

when sufficient cells were available to allow such comparisons to be made. SRG-W41 and SRG-W41-3GS 

mice thus offer new opportunities for examining the growth potential and sensitivity to treatment of a 

broader spectrum of primary human leukemias and neoplastic conditions than has been previously 

possible. 
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YB-1 is necessary for oncogenic KRAS-induced de novo human breast tumorigenesis 
Sylvain Lefort, Amal El-Naggar, Poul Sorensen, and Connie J. Eaves

Terry Fox Laboratory, British Columbia Cancer Agency, 675 West 10th Avenue, Vancouver, British Columbia, 

Canada V5Z 1L3 

Spontaneously arising human breast cancers are abnormally expanding clonal outgrowths of 

transformed cells that are originally present in either the basal or luminal epithelial layer of the normal 

adult human mammary gland. Recent genomic and transcriptomic analyses of patients’ breast cancer 

samples suggest that these “clones” have diversified both genetically and biologically by the time they 

are clinically evident. As a result they are difficult to treat and analysis of the first events that establish a 

tumorigenic state and the cell types in which they occur are virtually inaccessible to analysis. Using a 

protocol in which we first isolate biologically, transcriptionally and phenotypically different human 

mammary cell types by FACS using EpCAM and CD49f as distinguishing markers, and then transduce the 

cells with a single oncogene (KRASG12D), and immediately transplant them into highly immunodeficient 

NOD/RAG1-/-IL2r-/- (NRG) female mice, we have found that invasive ductal carcinomas can be obtained 

at high frequency from purified starting populations of both basal cells and luminal progenitors within 8 

weeks (Nguyen et al, Nature 2015). Histological and molecular characterization of these developing 

tumours has now shown that abnormally elevated expression of cold shock domain protein YB-1 

becomes apparent within 2 weeks, regardless of the cell type transduced and is stable upon subsequent 

tumour passaging. Moreover, YB-1 inhibition impairs tumour initiation and at later times also inhibits 

their metastatic ability. These experiments are among the first to identify a critical early event in the 

development of aggressive human breast cancer. 
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Characterization of the hematopoietic stem cell (HSC) compartment within humans has been performed 

mainly using neonatal cord blood (CB). Interrogation of the HSC compartment within normal adult and 

elderly bone marrow (BM) samples could provide insight into the intrinsic and functional alterations 

which occur through development and normal hematopoietic aging, including the increased incidence of 

oligoclonal hematopoiesis and acute leukemia. Historically, comparisons of CB and adult BM have 

identified a reduced proportion of cells capable of long-term repopulation of immunodeficient mice and 

a highly limited capacity for serial repopulation. Recently developed NOD-Rag1null-IL2Rγ-chainnull-W41/41 

(NRG-W41) and NRG-W41-3GS mice (engineered to produce human SCF, IL3, and GM-CSF) strains now 

allow detection of robust, long-term, and serially transplantable chimerism following transplantation 

with CD34+ cells from adult BM. In CB, the CD49f+ phenotype (CD34+CD38-CD45RA-CD90+CD49f+) 

allows for the prospective isolation of HSC with long-term (6-month) repopulating activity in 

immunodeficient mice at ~10% purity. Isolation of CD49f+ cells from adult BM and transplantation into 

NRG-W41 mice demonstrated lower repopulating activity and a reduced frequency of repopulating cells 

compared to CB. Similarly, long-term cultures of single, indexed adult BM CD49f+ cells with mouse 

fibroblasts (engineered to produce human SCF, FLT3L, IL3, G-CSF) revealed a lower frequency of cells 

capable of producing a clone within 8-weeks. However, similar to CB, the clonogenic ability of CD49f+ 

cells from adult BM appears to correlate positively with CD33 and CD90 expression, and for adult BM 

seems to be restricted to a CD33++/CD90++ subset of CD49f+ cells. It may thus be possible to 

prospectively enrich adult BM CD49f+ HSCs on the basis of CD33 and CD90 expression and use this 

highly enriched phenotype to identify transcriptional and epigenomic changes that are features of aging 

HSCs. 
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Development of a multiplex fluorescence marker system for tracking multi-clonal responses 
of individual mammary epithelial cells 
Chien Chao1, Davide Pellacani1, and Connie J. Eaves1 

1Terry Fox Laboratory, BC Cancer Agency, Vancouver, Canada 

The normal adult female human mammary gland is a continuous bi-layered structure. The basally 
located layer contains cells with a myoepithelial phenotype. Cells in the apically located layer that lines 
the lumen of the gland secrete milk upon appropriate hormone stimulation. Current in vitro assays can 
detect progenitor cells with significant colony-forming activity in both layers as well as a unique 
population of cells with a basal phenotype that can regenerate progenitor cells of both lineages when 
transplanted in immunodeficient mice. While the assays are both quantitative and of biological 
relevance, the time and costs of performing them pose a challenge to screen agents that may promote, 
inhibit or alter their properties.  

To develop an alternative, we investigated the applicability of a lentiviral vector-based fluorescent 
tagging strategy as a critical component of a hypothetical multiplexed competitive growth assay for 
human mammary cells. We first transduced a breast cancer cell line, MCF7, with a set of lentiviral 
vectors encoding different fluorescent markers (CFP, GFP, YFP, mKO2, and mCherry cDNAs). We then 
tested if all 5 fluorescent markers can be correctly and sensitively identified in a pooled culture 
containing cells expressing five different markers. Results showed that all 5 populations could be 
correctly identified by flow cytometry or confocal microscopy. To improve on the number of 
experimental groups that can be multiplexed simultaneously, we then transduced a new series of 8 
MCF7 populations each of which expresses a unique combination of GFP, YFP, and mCherry proteins. 
From these, we were able to discriminate all 8 unique fluorescent patterns including a group of non-
tagged cells and showed that all 8 patterns were detectable in a pooled culture by flow cytometry or 
confocal microscopy. This multiplexed system offers an approach for simultaneous testing of at least 8 
differentially manipulated groups of mammary cells in a pooled culture, while leaving capacity for 
phenotypic characterization with immunofluorescence methods. We anticipate that the system should 
be similarly applicable to primary epithelial cells. 
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Development of an in vitro system for investigating the lympho-myeloid differentiation 
potential of human hematopoietic progenitor cells 
Fangwu Wang1,2, and Connie J. Eaves1,2. 

1Terry Fox Laboratory, BC Cancer Agency, Vancouver, BC V5Z 1L3, Canada; 2Department of Medical Genetics, 
University of British Columbia, BC V6H 3N1, Canada 

Hematopoiesis refers to the entire process of blood cell production. Several in vitro assays have been 
developed to allow hematopoietic cells with progenitor activities to display their growth and 
differentiation properties. The long term culture initiating cell assay (LTC-IC) for human progenitors 
detects cells capable of producing myeloid progeny for at least 6 weeks in response to human FLT3L, 
SCF, IL3, IL6, G-CSF and other endogenous mouse factors secreted by adherent mouse fibroblast-stromal 
cell lines. Similar systems that can simultaneously detect lymphoid and myeloid potential of human 
hematopoietic cells have been described but it is not clear that they have been optimized for use in 
characterizing single cells. This would be useful for several applications. First, there are documented 
discrepancies between the actual differentiated cell output potentialities of cells identified in the 
literature as “multi-potent” and “oligo-potent” and their activities displayed in vitro. Precise knowledge 
of the differential potentiality of defined populations is critical to elucidate differentiation trajectories of 
hematopoietic stem cells. Second, it is essential to learn the molecular characteristics of progenitor cells 
that can consistently give rise to certain lineages. Index sorting offers a powerful approach to 
retrospectively linking the growth and differentiation properties of individual cells with the expression 
levels of both surface markers and related cell types analyzed molecularly. MS-5 is a murine stromal cell 
line that mainly supports myeloid and pro-B lineage differentiation. It has been used to test lympho-
myeloid potential on the single cell level. In a preliminary experiment, we observed that CD34+CD38-
CD45RA- human cord blood cells produced pro-B, T-cell, and NK lineages in addition to myeloid lineages 
when co-cultured on MS-5 feeders. Additional experiments are ongoing to determine how these outputs 
are altered using additional human growth factor-producing mouse fibroblasts in the same cultures and 
the outputs obtainable from very primitive subsets of CD34+CD38-CD45RA- human cord blood cells that 
are enriched in cells that differentially repopulate primary and secondary mice. These experiments will 
set the stage for future examination of their molecular properties. 



#43

Identification of frequently mutated regulatory regions in human breast cancer 
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Breast cancer is a genomically complex and heterogeneous disease with many poorly understood 

alterations in non-coding regions of the genome. Specifically, frequent non-coding genomic alterations, 

occurring on regulatory regions, alter expression of tumour-driving genes in many cancer types. To 

investigate the role of non-coding mutations in breast cancer we are examining if and how they may be 

related to epigenomic features of different sub-populations of normal human mammary cells. 

Specifically, we aim to understand whether specific genomic regulatory regions (i.e. enhancers and 

promoters) that are in an active state in normal cells, are frequently mutated in breast cancer, and 

whether these mutations can promote tumour development and/or progression by altering expression 

of nearby genes. As a starting point, we used our recently generated genome-wide profiles of 6 histone 

marks, DNA methylation, and RNA sequencing data obtained on 3 subsets of normal human mammary 

epithelial cells. For each subset, we identified active regulatory regions as those positive for H3K27ac 

together with H3K4me1 or H3K4me3. These regions were well correlated with lower DNA methylation 

levels and activation of nearby genes in the same cells. For each regulatory region, we then measured 

enrichment for non-coding mutations against the total of the regulatory regions in each cell type, using a 

recently published mutations dataset derived from whole genome sequencing of >500 breast cancers. 

Although regulatory regions were generally depleted of non-coding mutations compared to the rest of 

the genome, very few regions in each cell type were found to have a significantly high mutational 

burden in breast cancer (< 0.05% of all regions tested, FDR<0.05). Integration of these results with gene 

expression data on the same tumours showed that presence of mutations in these regions sometimes 

correlated with significantly altered expression of the associated transcripts, including the transcription 

factors KLF6 and BATF3. These results show proof of principle for the potential of identifying frequently 

mutated regulatory regions, associated with altered gene expression in breast cancer. Future work will 

be focussed on the characterization of the mutations identified, and their potential role in breast cancer 

development and progression. 
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IL-6 expression is correlated with increased T cell proliferation and survival in the arterial wall 

in Giant cell arteritis   
Sukhbir Manku 1, Wendy Wong 2, Zongshu Luo 1, Zainab Alabdurubalnabi 2, Michael A. Seidman 3, Kevin Rey 1, 
Winnie Enns 1, J. Antonio Avina-Zubieta 2,4, Kamran Shojania 2,4, and Jonathan C. Choy 1* 

1 Department of Molecular Biology and Biochemistry, Simon Fraser University, Burnaby, British Columbia, Canada; 
2 Arthritis Research Canada, Richmond, British Columbia, Canada; 3 Department of Pathology and Laboratory 

Medicine, University of British Columbia, Vancouver, British Columbia, Canada; 4 Division of Rheumatology, 

University of British Columbia, Vancouver, British Columbia, Canada 

Objective: Giant cell arteritis (GCA) is the most common vasculitis in adults affecting large and medium-

sized arteries. IL-6 and T cell accumulation within the arterial wall contribute to the pathogenesis of 

GCA, and recent clinical studies have shown the blockade of IL-6 activity is efficacious in its treatment. 

We examined the relationship between levels of IL-6 and immunological processes that control the 

expansion of T cells within GCA lesions.  

Methods: The expression of IL-6 RNA was quantified by RT-qPCR and the frequency of proliferating CD4 

T cells, T regs, and T cells undergoing apoptotic cell death quantified by immunohistochemical staining in 

GCA-positive temporal artery biopsies.  

Results: CD4 T cells accumulated in clusters within the media and deep intima of all GCA lesions. There 

was a significant positive correlation between the expression of IL-6 and increased frequency of 

proliferating CD4 T cells (r = 0.76, p < 0.01). The expansion of T cells can be inhibited by T regs but IL-6 

expression was not correlated with differences in T reg accumulation. Increased IL-6 levels were also 

significantly correlated with lower frequencies of CD4 T cells undergoing apoptotic cell death (r = -0.81, 

p < 0.01).  

Conclusion: IL-6 may contribute to the accumulation of CD4 T cells in GCA by supporting their 

proliferation and survival within the arterial wall through mechanisms that are independent of effects 

on local T reg expansion. 
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A Triple Combination Approach Involving Nerve Transplantation, Glial Scar Digestion and 
Passive Exercise Promotes Cardiovascular Recovery after Spinal Cord Injury 
Rahul Sachdeva, Rayshad Gopaul, Mengyao Jia, Gillian Hutton, Aaron Monga, Matt Ramer, Andrei V. Krassioukov 

International Collaboration on Repair Discoveries (ICORD), University of British Columbia, Vancouver, BC, Canada 

Introduction: SCI causes debilitating cardiovascular (CV) dysfunction primarily by (a) loss of medullary 
control of sympathetic pre-ganglionic neurons and, (b) the aberrant sprouting of nociceptive afferent 
fibers within the spinal cord. We used a triple combination approach to simultaneously enhance 
supraspinal axon regeneration and to reduce nociceptive sprouting to promote CV recovery after SCI. 
Methods: Male Wistar rats (n=40) received a T3 spinal transection. The treatment included peripheral 
nerve grafts (PNGs) spanning the lesion, intrathecal chondroitinase enzyme and cycling exercise (1 
hr/day, 5 days/week). Resting blood pressure (BP), heart rate and pressor response to colorectal 
distension (CRD) was assessed terminally using radiotelemetry. Functional regeneration across PNGs 
was determined using stimulus-driven units below the lesion upon electrical stimulation at cervical level.  
Results: The PNG and chondroitinase combination led to significant CV recovery compared to the 
untreated group. Specifically during CRD, the PNG+chondroitinase group showed 51.2% reduction in 
systolic BP elevation (66.5 vs. 32.4mmHg, p<0.0001), 45.7% reduction in diastolic BP elevation (37.4 vs. 
20.3mmHg, p<0.001), 48.2% reduction in mean arterial pressure elevation (47.1 vs. 24.4mmHg, p<0.001) 
and abolishment of bradycardia (-86.3 vs. +5.4bpm, p<0.01). Stimulus-driven neuronal activity across 
PNGs confirmed the functional re-connection of regenerating axons. Surprisingly, no effect of exercise 
was seen in any of the groups. Ongoing histological studies will investigate the mechanisms underlying 
recovery. 
Conclusion: The combination approach leads to significant recovery of CV function after SCI, which is 
likely mediated by vasomotor regeneration. 

Supported by the Rick Hansen Institute (AVK) and the Craig H. Neilsen Foundation (RS). 
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Roles of SOX9 and its transcriptional targets during heart valve development 

Jeremy Lotto, and Pamela Hoodless

Terry Fox Laboratory, British Columbia Cancer Agency 

SOX9 is an important mediator of proliferation, EMT, and ECM deposition during heart valve 

development. Using ChIP-seq and RNA-seq, we have characterised the transcriptional network regulated 

by SOX9 and confirmed its control over many genes critical for heart valve development. Epigenetic 

analysis of SOX9 binding sites in the embryonic day 12.5 mouse heart valves reveals four distinct 

patterns for SOX9 binding: binding to pan-acetylated, nucleosomal DNA; binding to active promoter 

regions; binding to active enhancer regions; and binding to unprogrammed enhancer regions. Motif 

analysis of SOX9 binding sites in active enhancer regions reveals an enrichment of Nuclear Factor I (NFI) 

consensus sites. Two members of the NFI transcription factor family, Nfia and Nfix, are identified as 

SOX9 targets and are down-regulated in a Sox9 conditional knockout mouse model. Interestingly, these 

factors are up-regulated during human heart valve disease and act as cofactors to regulate gene 

expression during brain development and chondrogenesis. Our current work has two goals. One aims to 

determine the presence and functional roles of the genetic and molecular interactions between SOX9 

and NFI transcription factors during heart valve development. Our second goal aims to investigate SOX9 

binding dynamics during heart valve development to tease out the functional role of these observations. 

Our examination of SOX9 DNA binding dynamics and co-factor activity during heart valve development 

will give insights into its role in chromatin remodeling and tissue specification during development. 
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Spinal cord transection level affects the relationship between pressure and non-voiding 

contractions in the rat bladder 
Hunter, D.V. and Ramer, M.S. 
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Control of filling and emptying of the urinary bladder requires coordination of autonomic, somatic and 

sensory nervous systems. Spinal cord injury (SCI) disrupts this coordination and can result in significant 

dysfunction of the urogenital tract.  Non-voiding contractions (NVCs) are low-amplitude contractions of 

the bladder as pressure increases. Previous studies have demonstrated a relationship between pressure 

within the bladder, amplitude of the NVC and activation of sensory fibers. Here we look at how the level 

of complete spinal cord transection (SCT) can differentially affect the relationship between bladder 

pressure and NVCs, of particular interest since individuals with lower injuries have more severe 

vesicoureteral reflux. A transducer placed within the lumen of the bladder measured pressure changes 

after different levels of spinal cord transection and pelvic peripheral nerve injury. We examined the 

relationship between bladder pressure and the amplitude of the NVCs during controlled infusions of 

saline into the bladder. After L2 transection NVCs reach an amplitude of 1mmHg at lower pressure when 

compared to naïve controls and rats with T3 transections. This increase in NVC amplitude did not occur 

immediately with transection, but developed within 2 days and was still present 1 month post-SCT. 

Additionally, the linear relationship between the bladder pressure and NVC amplitude was altered with 

both levels of spinal cord transection. To investigate the possible substrate(s) underlying these changes, 

we examined how disrupting the peripheral autonomic and sensory circuits within the pelvic ganglia 

affected NVC amplitude. Bilateral removal of the pelvic ganglia with and without concurrent lumbar SCT 

allowed us to look at the potential role of peripheral neural signalling pathways in the development of 

NVCs. Understanding these differential changes within NVCs can help in decoding the roles of different 

neural pathways in physiological and morphological changes within the bladder after SCI.  
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A novel iPSC-based approach to analyze the pathogenesis of congenital neutropenia using an 
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Severe congenital neutropenia (CN) is a pre-leukemic bone marrow failure syndrome associated with the presence 

of mutations in ELANE gene. In the initial stage of the disease, neutrophil maturation is arrested at the 

myelocyte/promyelocyte stage but the mechanisms by which ELANE mutations cause this pathology remain 

unknown. Major challenges to resolving this problem have been lack of suitable disease models and sparse 

patients samples. Recently, some success has been reported in the production of primitive hematopoietic human 

cells in teratomas generated from normal human induced pluripotent stem cells (iPSCs) transplanted into 

immunocompromised NOD.Cg-Prkdc
scid

 Il2rg
tm1Wjl

/SzJ (NSG) mice when the iPSCs were co-injected with certain 

feeder cell lines. To address this issue, iPSC lines from 2 healthy individuals and 2 CN patients harboring different 

ELANE mutations have been generated. We aim to investigate the functional and molecular properties of multiple 

stages of human hematopoietic cells produced in the in vivo model that involves generating teratomas from iPSCs 

in immunodeficient mice. NOD-Rag1
-/-
IL2Rγc

-/-
-W

41
/W

41
 (c-kit mutant) mice producing human IL3, GM-CSF and SCF 

(NRG-W41-3GS) were co-injected with CN or healthy derived iPSCs together with mouse fibroblasts engineered to 

produce human SCF, IL3, Flt3-L, and G-CSF. Teratomas obtained 8-10 weeks later were dissociated into single-cell 

suspensions that were then analyzed for the presence of human myeloid and hematopoietic cells. Preliminary 

characterization of the human hematopoietic cells were also performed using colony-forming cells (CFCs) and in 

vitro assays. Teratomas containing human CD45
+
 cells were generated in every experiment and and included 

neutrophils from both CN and healthy individual iPSC-derived teratomas. Granulocyte/macrophage (GM), 

erythroid (E), and mixed (GEMM) colony-forming cells (CFCs) were also detected in standard growth factor-

supplemented methylcellulose cultures as well as neutrophils in suspension culture assays. These preliminary 

results establish the proof of principle of this approach and will serve as a foundation for future studies to 

investigate the mechanisms that underlie the mechanisms of disease caused by the mutant ELANE gene.  
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Targeting leukemic stem cells: Inhibition of ILK in the niche  
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Shoukat Dedhar, and Xiaoyan Jiang
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Chronic Myeloid Leukemia (CML) is among the best examples of how modern molecular targeted 

therapy can be used to treat cancer, but a cure remains elusive. This is largely due to the survival of a 

few cancerous stem cells which reside in a protective niche of the bone marrow and can cause relapse. 

Interactions between the bone marrow niche and the cell interior are mediated and regulated by 

specialized cell adhesion sites at the cell cortex known as focal adhesions. Focal adhesions modulate cell 

adhesion, migration, proliferation and various intracellular signaling pathways. However, the potential 

role of focal adhesion components in mediating survival and possibly therapeutic responses of leukemic 

stem cells is largely unknown. 

To identify unique alterations of CML stem cells associated with niche interactions, we analyzed the 

transcriptomes from 6 CML patients and 3 normal, healthy volunteers with respect to all known 

intracellular components of focal adhesion complexes. This analysis revealed Integrin-linked kinase (ILK), 

a serine/threonine kinase and drugable target, as one of the most upregulated genes in CML cells, in 

particular in CML stem cells. Further investigations confirmed the overexpression of ILK transcripts and 

protein levels compared to normal cells. Knockdown of ILK expression or inhibition of ILK activity by a 

selective ILK inhibitor (QLT0267) significantly impaired CML cell survival and proliferation in the 

presence of niche cells in vitro and in vivo, and sensitized both leukemic stem and progenitor cells from 

CML patients to conventional chemotherapeutics (TKIs). In addition, a combination of oral gavage 

treatment with QLT0267 and TKIs reduced leukemia burden in vivo and enhanced survival of leukemic 

mice significantly (p=0.011). These findings indicate that ILK plays a critical role in regulating CML stem 

cell survival and highlight a potential new therapeutic avenue to target both primitive CML cells and 

their associated microenvironment.  
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A majority of cardiac fibroblasts are multipotent progenitors: implications for 
arrhythmogenic cardiomyopathy 
Hesham Soliman, Ben Paylor, Wilder Scott, Erwan Le Neve, Michael T. Underhill and Fabio Rossi 
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Arrhythmogenic cardiomyopathy (AC) is an inherited cardiac disease associated with fatal ventricular 
arrhythmias and sudden death, responsible for the majority of cardiovascular related fatalities in young 
adults, especially athletes. The pathophysiology of the disease is not fully understood, but it is believed 
that cardiomyocyte death, due to mutations in desmosomal proteins, activates a poorly defined 
population of progenitor cells resulting in their differentiation into fibrous or fibrofatty infiltrates 
causing severe arrhythmias and death. Others and we recently identified a population of multipotent 
mesenchymal stromal cells resident in the heart with fibrogenic, adipogenic and osteogenic potential 
(fibro/adipogenic progenitors; FAPs) identified by expression of platelet-derived growth factor receptor 
alpha (PDGFRα) and stem cell marker Sca-1. Data from our lab show that these cells respond to damage 
by proliferation and differentiation to a phenotypically distinct fibroblast population, which are the 
origin of most of the extracellular matrix deposited following injury leading to cardiac fibrosis. In a 
mouse model of AC, we were able to fate map the fibrofatty lesions using PDGFRa CreERT2/Td tomato 
system and determine that they arise from FAPs suggesting that FAPs are the source of the 
pathognomonic fibrofatty lesions in AC. Pharmacologic inhibition of FAP differentiation significantly 
improved cardiac function. To determine whether FAP activation, independent of damage, can produce 
a phenotype similar to AC, we deleted a quiescence regulating transcription factor specifically expressed 
in FAPs, Hic1. This resulted in a marked expansion and differentiation not only to fibroblasts but also to 
mature intramyocardial adipocyte clusters, leading to arrhythmias and cardiac dysfunction, similar to AC 
in humans. This suggests for the first time that, independant of cardiac damage, activation of FAPs and 
their differentiated ontogeny is itself the key pathogenic event in establishing fibrofatty infiltrations and 
arrhythmias characteristic of AC. Accordingly, interventions capable of modulating FAP expansion and 
differentiation may be a novel therapeutic strategy to prevent the progression of this fatal disease. 
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Acellular dermal matrix revitalized with allogenic dermal fibroblasts as a biological wound 
coverage; Do we need fibroblasts?  
Ali Farrokhi1,MSc, MohammadReza Rahavi2,MSc, Mohammadreza Pakyari1, MD, Victoria McCann1, BSc, Reza Jalili1, 
MD/PhD, Gregor Reid2, PhD, and Aziz Ghahary1, PhD.  

1Burn & Wound Healing Research Group, Division of Plastic Surgery, Department of Surgery, International 
Collaboration on Repair Discoveries (ICORD), University of British Columbia, Vancouver, Canada; 2Division of 
Hematology, Oncology and BMT, Department of Pediatrics, Faculty of Medicine, University of British Columbia, 
Vancouver, Canada.  

Acute and chronic wounds contribute to increased morbidity and mortality in affected people and 
impose significant financial burdens on healthcare systems. Currently, allogeneic cell-based skin 
substitutes as ready-to-use wound coverage have been proposed as an alternative to conventional split-
thickness skin grafts, but the survival and usefulness of such cells after transplantation into an 
immunocompetent host remain controversial.  

Here, we hypothesized that the application of an indoleamine 2,3-dioxygenase (IDO) expressing 
allogenic dermal fibroblast populated within an acellular dermal matrix (ADM) is sufficient to create an 
immune-privileged area within the wound to protect fibroblasts from rejection and help the graft to 
restore its function by synthesizing extracellular matrix components and growth factors by these cells. In 
this study, ADMs were prepared using a new detergent–free method, recellularized with IDO-expressing 
or control fibroblasts from C57/B6 mice, and were transplanted on splinted full-thickness skin wounds in 
Balb/c mice.  

In our study, ADM significantly enhanced the wound-healing process within three weeks but there was 
no more improvement when we recellularized it with fibroblasts. Application of IDO-fibroblasts reduced 
infiltration of CD4+IL-17+TH-17 and CD4+IFN-G+TH-1 immune cells to the grafts, but it was not 
statistically significant (*p >0.05). One week after transplantation, analysis of grafts for presence of 
MHC-I antigen of donor cells revealed that only 2% of the total cell were detectable as IDO-fibroblasts, 
while the control fibroblast were not. In weeks two and three, neither of those cells were detectable. To 
further investigate the transplanted cells’ fate, we intradermally injected luciferase-labeled fibroblasts in 
wild type Balbc and immunodeficient NOD-SCID-Il2r gamma null (NSG) mice. Bioluminescence in vivo

imaging showed that the survival of both type of fibroblasts in allogeneic recipients was significantly 
shorter compared to that exhibited in NSG recipients, revealing the role of immune rejection.  

It is worth considering that our animal model represents an acute wound model, and the migration of 
host cells to ADM might outweigh those of the transplanted cells, questioning whether we need to 
repopulate ADMs with allogenic fibroblasts or not. Also, although it has been reported by other 
researchers that IDO-expressing fibroblasts exhibit strong immunosuppressive activity in vitro and in

vivo, we documented rejection of these cells in our study, suggesting that the application of these cells 
in wound sites requires further improvements. 
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Podocalyxin as a therapeutic target for cancer stem cells in carcinoma 
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Podocalyxin is a CD34-related sialomucin primarily expressed on podocytes and vascular endothelia. 

However, in a sub-set of breast carcinomas, podocalyxin is also highly expressed on tumor cells and is 

associated with metastasis and poor prognosis. To determine if podocalyxin has a functional role in 

tumor progression and metastasis in breast cancer we silenced podocalyxin expression in MDA-MB-231 

cells; a highly aggressive breast cancer cell-line that expresses high levels of endogenous podocalyxin. 

Deletion of podocalyxin attenuated both the growth of primary tumors and formation of distant 

metastases. Next, we developed a novel-monoclonal antibody (PODOC1) against tumor-expressed 

human podocalyxin. Systemic treatment with PODOC1 inhibits both primary tumor development and 

metastatic progression in mice with an established tumor burden. Deletion of podocalyxin attenuates 

the number but does not alter the size of distant metastatic tumors. In addition, deletion of podocalyxin 

resulted in a reduction of tumor derived extracellular vesicles (TEV). TEV have been shown to be critical 

for the establishment of the tumor microenvironment. These results suggest a role for podocalyxin in 

tumor-initiating cell (TIC) function.  

In addition to podocalyxin expression in breast carcinoma, podocalyxin cell-surface expression in tumor 

cells is associated with the most aggressive carcinomas of the colon, bladder, pancreas and ovary. As in 

breast carcinoma, podocalyxin tumor expression correlates with poor outcomes and, in colon cancer, 

identifies patients that would benefit the most from adjuvant chemotherapy. These findings indicate 

that podocalyxin is a potential therapeutic target for several human carcinomas, as well as an important 

prognostic and theranostic marker. 

Grant Acknowledgements: These studies are supported by a StemCell Network grant (to KMM) and 

CIHR Operating Grant (to CDR). Generation of therapeutic antibodies was performed and supported by 

the Centre for Drug Research and Development at UBC. 
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Sanfilippo B syndrome is a rare genetic lysosomal storage disease (LSD), which follows an autosomal 

recessive pattern of inheritance. Individuals with this disease are afflicted by stiff joints, difficulty 

sleeping, progressive neurodegeneration, and ultimately succumb to the disease by the 3rd decade of 

life. Mutations in Naglu, which encodes the enzyme N-acetyl glucosaminidase, result in the 

accumulation of heparan sulfate within lysosomes, subsequent disruption of cellular processes, and the 

abovementioned symptomatology. Due to the inability of recombinant Naglu to cross the blood-brain 

barrier and resolve progressive neurodegeneration, there is currently no treatment for Sanfilippo B 

syndrome.  

Recent advances in genome editing harness the utility of CRISPR/Cas9 for homology directed repair 

following Cas9 endocnuclease-driven double stranded cleavage. This technique allows for specific DNA 

sequence to be altered precisely, including the correction of mutated sequence underlying certain 

disease states. CRISPR/Cas9 genome editing, in conjunction with inducing pluripotency in patient-

derived cells (induced pluripotent stem cells; iPSCs) has been explored as a regenerative medicine for 

genetic disease. The delivery of neural progenitor cells, differentiated from iPSCs and edited for their 

Naglu mutations, through the process of intracerebral transplantation would circumvent the blood-

brain barrier and deliver continuous functional Naglu via mannose-6-phosphate receptors to 

neighbouring neurons.  

As proof-of-concept, we have generated iPSCs from Sanfilippo B patient skin fibroblasts using 

transcription factors c-Myc, Sox2, Klf4, and Oct3/4 and identified 12 candidate guide RNAs for targeting 

and correction of four Naglu mutations using CRISPR/Cas9. Preliminary Cas9:gRNA lipofection of iPSCs, 

along with single stranded oligonucleotide (ssODN) correction templates, has resulted in the correction 

of one Naglu mutation (p.R297X) thus far (0.3% correction efficiency), as confirmed by restriction 

enzyme digest and Sanger sequencing. Correction of other Sanfilippo B mutations through the 

employment of improved techniques will increase the efficiency of CRISPR/Cas9-mediated homology 

directed repair using ssODN correction templates. This research will allow for a better understanding of 

the applications and limitations of this technique as a potential tool in regenerative medicine for 

Sanfilippo B syndrome.  
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Tissue engineering and regenerative medicine (TERM) offered a great potential to treat chronic diseases 

and organ malfunctioning, when introduced 30 years ago. However the biological complexities 

associated with working with living cells and tissue has hampered the success rate of these technologies 

and this means disease like cardiovascular conditions, neurodegenerative conditions, cancer and 

metabolic condition as well as immunity problems still have the largest socioeconomic impacts. 

Although, many researchers had investigated different factors, pathways and mechanisms for organ 

regeneration; while many others tried to elaborate on the contribution of the exogenous cells and bio-

artificial scaffolds or repair and regeneration of tissues in absence of innate regenerative capabilities; 

many of the TERM technologies are still at a laboratory scale and are yet to be translated to reliable, 

cost effective commercialized products. The long-time storage and shelf-life of these products or ways 

to manufacture them fast enough to address the need in the market; is a crucial aspect to their 

availability on market. Meanwhile on the industrial side, manufacturers are mainly focused on 

commercialized product development and process challenges in scale-up and regulation as well as 

infrastructures needed for upgrading the health care system to use these products. Looking at the 

number of publications in academia and industry for TERM, only 1 study/product out of around 1000 

research studies would be able to make it to the market and the rest of the products either fail at some 

point in the clinical trial studies or discontinued due to inefficiency and safety reasons. The very few 

successful products after being challenged with the regulatory pathways faced another problem which is 

the health care system and policy makers are not ready to start using these new products. This talk will 

highlight some of the major results of our comprehensive analysis of current status of TERM technology 

and use this to suggest research and development strategies in TERM for the upcoming years and 

possible actions to undertake in order to increase the translation rate from bench to bed-side. 
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