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Rood & Riddle Stem Cell Laboratory 
stemcell@roodandriddle.com • 859-233-0371

www.roodandriddle.com

•   Culture and expansion of         
         mesenchymal stem cells    
         (MSC)
•   Preparation of therapeutic 

doses of MSC for injection
•   Cryopreservation and long 

term MSC storage
•   Bone marrow and umbilical 

cord blood collection kits 

RREH Stem Cell 
Laboratory Services:

The Rood & Riddle Stem Cell Laboratory 
is excited to provide stem cell therapy to 
our clients and referring veterinarians. We 
are committed to furthering the science 
of stem cell therapy through support 
of academic stem cell research and 
performing clinical trials.

Providing State of the Art Technologies 
and Treatments For Our Patients 



On behalf of the UC Davis Center for Equine Health, the Alamo Pintado Equine 
Medical Center, and the Rood & Riddle Equine Hospital, we would like to welcome you 
to our Second Annual North American Veterinary Regenerative Medicine Conference.
This year’s conference is the direct result of the spectacular success of last year’s 
inaugural conference, attesting to the rapidly growing and widespread interest in 
healing through biologics.  In both the veterinary and human medical fields, the interest 
is intense and is bringing together specialists from a wide variety of fields, each sharing 
a critical aspect of regenerative medicine.  Clinicians and researchers alike have 
the opportunity to listen to each other’s expertise in bringing stem cell therapy to the 
leading edge of medicine.

The goal of last year’s inaugural conference was to provide a basic introduction to the 
concepts of regenerative medicine and stem cell therapy and to disseminate reliable 
information for delineating between promise of cure and limitation.  Our program 
this year will build on that but will include an ever-expanding array of topics, more 
knowledge, and new insights.  In addition to our original equine focus, this year’s 
program will include regenerative medicine in companion animals and related topics in 
human health research.  

Your active participation in the discussion of the materials that will be presented here is 
valued and encouraged.  Each of you has a unique perspective that can contribute to 
the growth of this new field and we look forward to hearing your thoughts.
Above all, please enjoy the hospitality and professional collegiality offered here in the 
Horse Capital of the World.  We want each of you to have fun learning something new!

Sincerely,

Gregory L. Ferraro, DVM
Director,  UC Davis Center for Equine Health



Thursday,   June 2

Schedule
8:00 - 8:10 am
8:10 - 9:10 am

9:10 - 10:10 am

10:10 - 10:30 am
10:30 - 11:00 am

11:00 - 11:30 am

11:30 - 12:00 pm

12:00 - 12:30 pm

12:30 - 1:30 pm
1:30 - 2:00 pm

2:00 - 2:30 pm

2:30 - 3:00 pm

3:00 - 3:30 pm

3:30 - 3:50 pm 
3:50 - 4:10 pm 

4:10 - 4:40 pm 

4:40 - 5:10 pm 

5:10 - 5:40 pm 

Welcome
Mesenchymal Stem Cells in Human Regenerative Medicine
   Jan Nolta, PhD
Articular Cartilage Regeneration: Still Elusive?
   Kyriacos Athanasiou, PhD, PhM
BREAK
Homing and Distribution of Stem Cells After Direct MSC Injection to Joints
   Alan Nixon, BVSc, MS, Diplomate ACVS
In Vivo Tracking of MSCs Using Tc- HMPAO Labeling and Scintigraphy
   Mathieu Spriet, DVM, MS, Diplomate ACVR
In Vivo Tracking of Implanted Bone Marrow-derived Mesenchymal Stem Cells in 
Naturally - occurring and Experimental Created Tendon Lesions
   Roger Smith, MA, VetMB, PhD, DEO Diplomate ECVS MRCVS
The Role of Hyperbaric Oxygen in Regenerative Therapy
   Scott Palmer, VMD, Diplomate ABVP, Equine Practice
LUNCH
Exogenous vs. Endogenous Stem Cell Therapy in Disorders of Myelin
   Ian Duncan, BVMS, PhD, FRCPath, FRSE
Safety, Persistence and Distribution of Mesenchymal Stem Cells Delivered to the Lacrimal 
and Stifle Regions in the Dog
   Chris Murphy, DVM, PhD, Diplomate ACVO
Applications of MSC Therapy in Feline Kidney Disease
   Jessica Quimby, DVM, Diplomate ACVIM
A Small Animal Surgeon’s Perspective on MSC Therapies for Soft Tissue injuries: When 
the Scalpel Doesn’t Cut It
   Susan Volk, VMD, PhD, Diplomate ACVS
BREAK
Development of a Model for Subchondral Cystic Bone Disease of the Medial Femoral 
Condyle in Sheep
   Larry Gallupo, DVM, Diplomate ACVS
On The Shoulders of Giants
   Gary Fleischer, MD, Diplomate American College of Orthopedic Surgeons
Animal Induced Pluripotent Stem Cells Offer Better Stem Cell - Based Therapies and 
Disease Models
   Steve Stice, PhD
MSC in Profile: Transcriptional Regulation of Osteoblast Differentiation
   Kurt Hankenson, DVM, MS, PhD

Annual NAVRMA Dinner
 - Featured Speaker, Stephen F. Badylak DVM, PhD, MD
“Xenogeneic Extracellular Matrix as a Biologic Scaffold for Regenerative Medicine”
Dr. Badylak is currently a Research Professor in the Department of Surgery and director 
of Tissue Engineering at the McGowan Institute for Regenerative Medicine at the 
University of Pittsburgh.

7:00 pm 
Paddock Pavillion



Friday,   June 3
8:00 - 8:20 am Opening Remarks

Roger Smith, MA VetMB PhD DEO Diplomate ECVS MRCVS
President of the International Veterinary Regenerative Medicine Society

Laboratory Standards and Regulatory Affairs 
Break Out Session - Dixiana/Lane’s End Room
    Moderator - Sean Owens DVM

Equine Breakout Sessions - Main Ballroom
The Practical Application of Adipose Derived Stem Cells 
in Equine Practice 
    Joe Yocum, DVM
Clinical Case Review of Horses Treated with Hyperbarics 
and Stem Cells 
    Natanya Nieman DVM
Comparison of Adverse Reactions Between the Clinical 
Application of Autologous and Allogenic Mesenchymal 
Stem Cells
    Larry Gallupo, DVM, Diplomate ACVS 
BREAK
Mega Dose MSC’s for Lung, Feet and Nerve Disorders
    Doug Herthel, DVM 
Treatment of Chronic Laminitis Using Allogenic Stem Cells 
    Scott Morrison, DVM 
Laminitis Panel Discussion
    Doug Herthel, Scott Morrison, Chris Johnson
The Use of Regenerative Medicine to Improve Prognosis 
of Soft Tissue Injuries in the Three-Day Event Horse
    Christiana Ober, DVM

Small Animal Break Out Sessions - Calumet/Darby 
Dan Room
Immunomodulation By Mesenchymal Stem Cells
    Corey Orava, DVM
Adipose Derived Stem Cells to Treat OA in Dogs
    Mike Hutchinson, DVM
Stem Cell Therapy: A Clinician’s Perspective
    Keith Clement, DVM
Stem Cell Therapy Mechanicisms and Application to the 
Treatment of Degenerative Myelopathy
    Erik Woods PhD & Shelly Zacharias DVM
A Small Animal Surgeon’s Perspective on Adipose Derived 
MSCs for Canine Osteoarthritis and Future Directions with 
Kidney Disease
    Pamela Schwartz, DVM, Diplomate ACVS, CCRP

8:30 - 12:30 pm Break Out Sessions

1:30 - 2:00 pm 

2:00 - 2:30 pm 

2:30 - 3:00 pm 

3:00 - 3:30 pm 

3:30 - 3:50 pm 
3:50 - 4:10 pm 

4:10 - 4:40 pm 

4:40 - 5:10 pm 

5:10 - 5:40 pm

6:00 - 7:00 pm

12:30 - 1:30 pm LUNCH
Effects of Allogenic Synovial Fluid on Viability, Proliferation and Chondrogenic 
Differentiation of Equine Bone Marrow Derived Mesenchymal Stem Cells
   Lindsey Helms-Boone, DVM
Bone Marrow Derived Mesenchymal Stem Cells Harvested from the Sternum and Ilium: Are 
there differences?
   Laurie Goodrich, DVM, PhD, Diplomate ACVS
Culture - expansion of Adult Equine MSCs: Effects of Bone Marrow Aspirate Volume and 
Monolayer Conditions
   John Kisiday, PhD
Optimal Donor Tissue Source of Mesenchymal Stem Cells to Promote Equine Bone Healing
   Catherine Radtke, DVM
BREAK
Mesenchymal Stem Cells Expressing BMP-2 Generate Rapid Osteogenic Response in 
Rodents
   Jenny Mumaw, PhD
From Rodents to Large Animals: Fracture Models to Study Enhanced Bone Repair
   John Peroni, DVM, MS, Diplomate ACVS
Equine Bone Regeneration with Stem Cell - Scaffold Constructs
   Mandi Lopez, DVM, MS, PhD, Dipl. ACVS
Image Guided Tissue Engineering of Equine Airway Cartilage
   Bryan Brown, PhD
Poster Session and Cocktail Reception - Sponsor Exhibit Hall



Saturday,   June 4

Schedule
Opening Remarks
Stem Cell Applications for Musculoskeletal Regeneration
   Lisa Fortier, DVM, PhD, Diplomate ACVS
Laying the Foundation: Growth Factors and Matrix in Regeneration
   Jamie Textor, DVM, Diplomate ACVS
Not All PRP is Created Equal: The Importance of PRP Optimization
   Taralyn McCarrel, DVM
FDA: The New Animal Drug Approval Process
   Lynne Oliver, DVM
BREAK
Veterinary Regenerative Medicine: An Introduction to the Use of Labeling Claims and 
Promotional Statements, and the Potential Risks Involved
   Karl Nobert, Attorney
Immune Modulatory Properties of Equine Umbilical Cord Blood, Bone Marrow and Adipose 
Tissue-Derived MSC’s in vitro
   Thomas Koch, DVM, PhD
Variability of Equine Bone Marrow-Derived Stem Cell Aspirates
   Allison Stewart, DVM, Diplomate ACVS
Activated Equine Mesenchymal Stem Cells Derived from Fat, Bone Marrow and Placental 
Tissues Secrete Specific Mediators to Modulate Lymphocyte Proliferation
   Dori Borjesson, DVM, PhD, Diplomate ACVP
LUNCH, Box lunches may be taken on buses for Bluegrass and Bourbon Tour participants. 

8:00 - 8:10 am 
8:10 - 8:40 am 

8:40 - 9:10 am 

9:10 - 9:40 am 

9:40 - 10:10 am 

10:10 - 10:30 am 
10:30 - 11:00 am 

11:00 - 11:30 am 

11:30 - 12:00 pm 

12:00 - 12:30 pm 

12:30 - 1:30 pm 

1:30 pm Bluegrass and Bourbon Tours followed by dinner at WinStar Farms
Versailles, Kentucky
Buses leave the Marriott Griffin Gate Resort at 1:30 pm
Dinner at WinStar Farm 6:00 - 9:00 pmDinner at WinStar Farm 6:00 - 9:00 pm

Photo courtesy of WinStar Farm

JOINT HEALTH
Platinum Performance® 
contains powerful 
ingredients that support 
healthy joint and connective 
tissue function. 

DIGESTIVE HEALTH
Platinum Performance® 
provides a host of natural 
ingredients beneficial to 
the digestive system, to 
help support the equine 
gastrointestinal tract.

HOOF SUPPORT
Platinum Performance® 
contains Biotin as part 
of a network of natural 
ingredients that help 
maintain hoof health.

ATHLETIC 
PERFORMANCE
Platinum Performance® 
can help support
lean muscle and aid in
muscle recovery after
training or performance.  

SKIN AND COAT 
A blend of several ingredients 
in Platinum Performance®  
provides a comprehensive 
approach to a healthy,  
shiny coat.

Joint Health

Bone Health

Hoof Support

Total Horse
Health

Skin & CoatAllergy

Digestive Health

Calming

Metabolic
Support

Weight
Management

Immune Health

Athletic
Performance

Proven by
Science

Platinum
Advisors

Reproduction

Show Safe

Not Show Safe

Platinum Paks

100% Tested

WEIGHT 
MANAGEMENT
A recent study showed 
that supplementation with 
Platinum Performance® 
helped horses achieve a 
healthy body condition.
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Call us at 1-800-553-2400, speak to a Platinum Advisor or check out
real results at www.platinumperformance.com. 

Backed by 15 years of results.
See the difference just one bucket makes.

THE ONE THING
for every part of the horse.
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A M E R I C A
ADVANCED STEM CELL TECHNOLOGIES
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NAVRMA Partners

CENTER FOR BIOLOGICAL MEDICINE
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Pall Corporation's E-PET
Distributed by

www.vetcellamericas.com
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Maximum recovery. Maximum return.

PrepaCyte CB Processing System is a sterile, non-toxic,
easy-to-use medical device consisting of a 3-bag set,
one of which contains the patented PrepaCyte reagent.
This exceptional tool for processing and storage of stem
cells from bone marrow or umbilical cord blood is reliable,
intuitive, and cost e�ective.

Our unrivaled technology facilitates the recovery of
high yields of MSC and hematopoietic stem/progenitor
cells while dramatically reducing red cell contamination.
PrepaCyte CB provides optimum stem cell recovery
for the repair of damaged or diseased tissues in
veterinary applications.

PrepaCyte CB is FDA 510(k) cleared for human use in cord blood processing
and storage prior to transplant. It is currently used by human cord blood
banks throughout the world as the processing method of choice.

Stemcell Processing Ad:Layout 1 4/27/11 7:58 PM Page 1



Kyriacos Athanasious, PhD, PhM - Dr. Athanasious is a Distinguished Professor and the Chair of 
Biomedical Engineering at the University of California Davis.  He also holds the Child Family Endowed Chair.  
He obtained his PhD from Columbia University in 1989 and has been a faculty member at the University of 
Texas and Rice University, prior to joining Davis in 2009.  He has published 235 peer-reviewed papers, four 
authored books, and 28 patents.  He has also served as president of the Biomedical Engineering Society.  
He has received numerous honors, such as the Thomas Edison Award from ASME, the Presidential Award 
form BMES, the Marshall Urist Award from ORS, the Van C. Mow Medal from ASME, etc.  He is currently the 
Editor-in-Chief of the Annals of Biomedical Engineering.  In addition to his academic interests, he has co-
founded numerous bioengineering companies which have collectively brought to the market 15 FDA-approved 
products.    

Stephen Badylak, DVM, PhD, MD - Dr. Stephen Badylak is a Professor in the Department of Surgery, a 
deputy director of the McGowan Institute for Regenerative Medicine, and Director of the Center for Pre-Clinical 
Tissue Engineering within the Institute. 
Dr. Badylak practiced veterinary medicine at a mixed animal practice in Glenwood, Illinois and in Hobart, 
Indiana. Dr. Badylak began his academic career at Purdue University as an Assistant Research Scholar at the 
Hillenbrand Biomedical Engineering Center in 1983, and subsequently held a variety of positions including 
Postdoctoral Research Associate (1985), Associate Research Scholar (1988) and served as the Director of the 
Hillenbrand Biomedical Engineering Center from 1995-1998. Dr. Badylak served as the Head Team Physician 
for the Athletic Department for 16 years (1985-2001).  Prior to his move to Pittsburgh, Dr. Badylak served as 
Senior Research Scientist within the Department of Biomedical Engineering at Purdue University.
Dr. Badylak holds over 50 U.S. patents, 200 patents worldwide, has authored more than 225 scientific 
publications and 20 book chapters. He has served as the Chair of the Study Section for the Small Business 
Innovative Research (SBIR) at the National Institutes of Health (NIH), and as chair of the Bioengineering, 
Technology, and Surgical Sciences (BTSS) Study Section at NIH. Dr. Badylak is now a member of the College 
of Scientific Reviewers for NIH.  Dr. Badylak has either chaired or been a member of the Scientific Advisory 
Board to several major medical device companies. 
Dr. Badylak is a Fellow of the American Institute for Medical and Biological Engineering, a charter member of 
the Tissue Engineering Society International, and currently president of the Tissue Engineering Regenerative 
Medicine International Society (TERMIS). He is also a member of the Society for Biomaterials and the 
International Society for Applied Cardiovascular Biology (ISACB).   Dr. Badylak is the Associate Editor for 
Tissue Engineering for the journal Cells, Tissues, Organs, and serves on the editorial board of several other 
journals.

Dori Borjesson, DVM, PhD, Diplomate ACVP - Dr. Borjesson is a clinical pathologist with a 
long standing interest in cell biology including hematopoiesis, pathogen-bone marrow cell interactions and 
mechanisms of mesenchymal stem cell immune regulation. Currently her lab is focused on basic research 
detailing how mesenchymal stem cells interact with cells of the immune system and on translational research 
evaluating the safety of allogeneic mesenchymal stem cell injections in dogs and horses.

Bryan Brown, PhD - Dr. Brown did his graduate work in the laboratory of Dr. Stephen Badylak at the 
McGowan Institute for Regenerative Medicine at the University of Pittsburgh.    Bryan’s graduate work focused 
upon the importance of macrophage participation and polarization in determining the ability of an implanted 
biomaterial to support a regenerative tissue remodeling outcome. 
Currently, Bryan is a Postdoctoral Research Associate in the lab or Dr. Normand Ducharme and Dr. Lawrence 
Bonassar in the Department of Clinical Sciences and the Department of Biomedical Engineering at Cornell 
University.  Bryan’s current research focuses upon tissue engineering and regenerative medicine strategies for 
the repair of the upper airway. 

Speakers



Keith Clement, DVM - Dr. Clement is a 1989 graduate of Cornell University.  The last 20 years have been 
in small animal private practice in Upstate New York.  In January 2008, Dr. Clement was certified in stem cell 
therapy and to date he has personally treated over seventy patients.  Most of his stem cell work has been with 
osteoarthritis but a handful of patients have also been treated for Degenerative Myelopathy, spinal cord trauma 
and kidney disease.

Ian Duncan, BVMS, PhD, FRCPath, FRSE - Ian Duncan graduated from the Glasgow University 
Veterinary School where he then completed a PhD in experimental neuropathology.  He was a Canadian MS 
Society Fellow at McGill University, Montreal then a Scholar of the Medical Research Council of Canada.  
He has been a professor at the University of Wisconsin-Madison since 1982.  His research interests are in 
myelination of the CNS, genetic disorders of myelination and exogenous and endogenous stem cell therapy 
leading to remyelination.  He is a Fellow of the Royal College of Pathologists and Corresponding Fellow of the 
Royal Society of Edinburgh.

Gary D. Fleischer, MD - Dr. Gary D. Fleischer grew up in Eastern Pennsylvania.  He received his under-
graduate engineering degree and Army Officer’s commission from Princeton University.  While in the Army, 
he attended Tufts University Medical School.  He did his surgical and orthopedic training at Walter Reed Army 
Medical Center and Eisenhower Army Medical Center.  He continued to serve on active duty in the Army for 16 
more years.  There he served as a Chief of Orthopedics, Chief of Surgery, Commander of a Forward Surgical 
Team and Deputy Commander of a Combat Support Hospital.  In his last military assignment he also served 
as the Chief of Clinical Investigations at Ft. Bragg.  He is currently the Chief of Spine Surgery at the Spine and 
Brain Center of New England and the CEO of United Stem Cell Technologies, Corp. 

Lisa Fortier, DVM, PhD, Diplomate ACVS - Lisa Fortier, DVM is an Associate Professor of Surgery at 
Cornell University in Ithaca, NY. She received her DVM from Colorado State University and completed her PhD 
and surgical residency training at Cornell University. She is boarded with the American College of Veterinary 
Surgeons and is an active equine orthopedic surgeon at Cornell. Her laboratory studies the intracellular 
pathways involved in the pathogenesis of osteoarthritis, with particular emphasis on arthritis in relation to 
aging. In addition, Lisa’s research program investigates the clinical application of stem cells and biologics such 
as PRP for cartilage repair and tendonitis. She has received the Jaques Lemans Award from the International 
Cartilage Repair Society, the New Investigator Research Award from the Orthopedic Research Society, and 
the Pfizer Research Award for Research Excel lence from Cornell University. Lisa is the Vice President of the 
International Veterinary Regenerative Medicine Society and the immediate Past President of the International 
Cartilage Repair Society. 

Larry Galuppo, DVM, DACVS - Dr. Galuppo is the Professor and Chief Equine Surgery, Department of 
Surgical and Radiological Sciences at U.C. Davis School of Veterinary Medicine. Dr. Galuppo’s clinical practice 
is focused in equine orthopedic surgery including tendon, ligament and joint disorders, with special interest 
in traumatology and fracture repair. Other interests include minimally invasive therapeutic procedures such 
as arthroscopy, tenoscopy and laparoscopy. His research emphasis on biomechanics of fracture generation, 
implant design and fracture repair, with a recent focus in novel healing methods for musculoskeletal injuries 
utilizing regenerative medicine techniques.

Laurie Goodrich, DVM, PhD, Diplomate ACVS - Dr. Goodrich joined the faculty at Colorado State 
University College of Veterinary Medicine in April of 2005 as an Assistant Professor in Equine Surgery and 
Lameness. Prior to joining the faculty, she obtained her DVM from the University of Illinois, and completed 
an internship in Large Animal Surgery and Medicine at Virginia-Maryland Regional College of Veterinary 

Speakers



Medicine. Following her internship, Dr. Goodrich joined the faculty at Virginia for one year as an equine 
ambulatory clinician before going on to complete her residency in equine surgery at the Equine Medical 
Center in Leesburg, Virginia. She also obtained an MS in Pharmacology during her residency. Dr. Goodrich 
subsequently joined the large animal surgery faculty at Cornell University’s College of Veterinary Medicine 
and became board certified in large animal surgery in 1999. At Cornell, she rotated as Chief-of-Service for the 
Orthopedic, Soft Tissue and Emergency Surgery Services. In 2000, she began a PhD in Cartilage Repair and 
Gene Therapy. Her research included the transplantation of genetically modified chondrocytes into the defects 
of cartilage to improve cartilage healing. She completed her PhD in the fall of 2004. Dr. Goodrich’s research 
interests are primarily focused on cartilage healing and cartilage repair currently using growth factor gene 
therapy modalities.

Kurt Hankenson, DVM, MS, PhD - Dr. Hankenson is an Assistant Professor at the University of 
Pennsylvania. He was trained as a veterinarian at the University of Illinois and then following two years in 
equine practice, pursued graduate training at Purdue University (MS) and the University of Washington (PhD). 
He began his independent research career at the University of Michigan in 2002 as a faculty member in the 
Orthopaedic Research Laboratories. He left Michigan in 2006 for a position at the University of Pennsylvania 
in the School of Veterinary Medicine.  He has had a long standing interest in musculoskeletal regeneration 
and his NIH-funded laboratory is primarily focused on the regulation of mesenchymal progenitor differentiation. 
Kurt is a two-time Orthopaedic Society (ORS) New Investigator Research Award (NIRA) semi-finalist (1999, 
2002), an American Society for Bone and Mineral Research (ASBMR) Young Investigator award winner (2002), 
received a John Haddad Fellowship from the ASBMR, and in 2008 was the first veterinarian awarded the Fuller 
Albright award by the ASBMR.  Kurt has served as an ad-hoc member of multiple NIH study sections and is 
a member of the Scientific Medical Advisory Council for the Canadian Arthritis Network, a board member of 
Advances in Mineral Metabolism (AIMM), an Associate Editor for Connective Tissue Research, and an Editorial 
Board member of JBMR. 

Lindsey Helms-Boone, BS, DVM - Dr. Helms-Boone obtained a Bachelor of Science degree from 
Clemson University and then went on to obtain a Doctorate of Veterinary Medicine from the University Of 
Georgia, College Of Veterinary Medicine. She went on to complete a large animal medicine and surgery 
internship at Texas A & M University. She is currently in her second year of a combined large animal surgical 
residency and PhD program. Her graduate work is focused on the therapeutic use of equine mesenchymal 
stem cells for osteoarthritis.

Doug Herthel, DVM - Dr. Herthel received his Doctorate of Veterinary Medicine degree from the University 
of CA at Davis in 1971, completing an internship there in equine surgery the following year. In 1972, he 
and his wife established the internationally recognized Alamo Pintado Equine Medical Center in Los Olivos, 
California to provide advanced diagnostics and therapy and to carry out his extensive research. Dr. Herthel 
has perfected methods for the management of colic, colic exploratory surgery, crushing type sutures for 
intestinal anastomosis, and colon resection in horses suffering from severe torsion. Dr. Herthel has developed 
an orthopedic laboratory and has created unique orthopedic devices, modified from human applications, for 
specific surgeries and post-operative support. He has shared his innovations with the profession in numerous 
articles in equine journals and textbooks on equine surgery. Dr. Herthel pioneered equine stem cell treatment in 
1995, and has furthered his research by developing the Alamo Pintado Center for Biological Medicine, focusing 
on autologous bone marrow-derived equine stem cell therapy, as well as advancing the role of nutrition in 
veterinary medicine.



Mike Hutchinson, DVM - A leading practitioner in stem cell regeneration, Dr. Hutchinson is a highly 
sought after speaker at national and international veterinary conferences on the uses of animal stem cells. He 
has performed more than 75 Adipose-Derived Stem Cell transplant procedures on dogs and cats, among his 
20,000 surgeries in 24 years of practicing veterinary medicine.
Dr. Hutchinson graduated from the Pennsylvania State University with a degree in Animal Bioscience, and 
earned his D.V.M. degree from the Iowa State University School of Veterinary Medicine. He is the owner of 
Animal General of Cranberry, near Pittsburgh.

John Kisiday, PhD - Dr. Kisiday earned his PhD in Bioengineering from the Massachusetts Institute of 
Technology. He has been a Post-Doctoral Researcher for MIT-Colorado State University (2003-2005), and is 
currently an Assistant Professor in Clinical Sciences, at Colorado State University. His research interests are 
cartilage tissue engineering; mechanobiology of cartilage, meniscus, and MSC chondrogenesis; and laboratory 
models for characterizing cell-based therapeutics. 

Thomas Koch, DVM, PhD - Dr. Thomas Koch received his DVM degree from the Veterinary College in 
Copenhagen, Denmark in 2000. He then worked in mixed practice before completing a one-year rotational 
internship in large animal medicine and surgery at the Ontario Veterinary College in 2001-2002. Following this, 
he returned to Denmark to work for one year as an equine practitioner. In 2003, he returned to the OVC to 
become a resident in large animal medicine. He completed his residency in 2005, and has since been doing 
his PhD studies in Biomedical Sciences at the OVC on the topic of equine stem cells from umbilical cord blood.

Mandi Lopez, DVM, MS, PhD, Diplomate ACVS - Dr. Lopez received her DVM from the University 
of California-Davis before completing an agricultural practice internship at Kansas State University and a 
combined Large Animal Surgery residency and Master’s degree at the University of Wisconsin-Madison.  With 
National Institutes of Health funding, she then completed a Ph.D. in applied biomechanics at the University 
of Wisconsin followed by an NIH-supported post-doctoral fellowship in applied biomechanics for the study 
of osteoarthritis also at the University of Wisconsin.  Dr. Lopez joined the faculty of the Louisiana State 
University School of Veterinary Medicine in 2004 to design, equip and implement the Laboratory for Equine 
and Comparative Orthopedic Research which she directs.  A major focus of research within the laboratory is 
equine adult stem cell applications for musculoskeletal tissue regeneration.  Work within the program has been 
funded by the Grayson Jockey Club Foundation, National Institutes of Health, American Kennel Club Health 
Foundation, American College of Veterinary Surgeons Foundation, Collie Health Foundation, Governor’s 
Biotechnology Initiative and the LSU Board of Regents, among others.  

Taralyn McCarrel, DVM - Dr. McCarrel graduated from the Ontario Veterinary College, University of 
Guelph with distinction in 2006, following which she completed a rotating internship in large animal medicine 
and surgery at the same institution. Dr. McCarrel then moved on to Cornell University under the mentorship 
of Dr. Lisa Fortier for 3 years performing orthopeadic regenerative research including tendon, cartilage and 
meniscal repair studies. At present Dr. McCarrel is in her first year of a 3 year equine surgery residency at 
Rood and Riddle Equine Hospital, Lexington, Kentucky.
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Scott Morrison, DVM  - Dr. Morrison is a 1999 graduate of the Virginia Maryland Regional College of 
Veterinary Medicine. He is also a graduate of the Eastern School of Farriery and built a successful farrier 
business prior to enrollment at Virginia Tech. Following graduation in 1999, Dr. Morrison completed a one 
year hospital internship at Rood & Riddle Equine Hospital in Lexington, Kentucky. Following the internship 
he was hired by Rood & Riddle as an associate veterinarian and began to develop Rood & Riddle’s Podiatry 
department. Today, Dr. Morrison, who is now a partner at Rood & Riddle, oversees 4 associate veterinary 
podiatrists and 2 full time farriers at the Rood & Riddle Podiatry Center.  His schedule includes travel 
throughout the United States and Europe to consult and lecture. 

Jennifer Mumaw, PhD - Dr. Mumaw obtained a Bachelor’s degree in Cell Biology and Genetics and 
a PhD in Stem Cell Biology from the University of Georgia. Her research focus is on regenerative medicine 
with emphasis on osteogenic differentiation from mesenchymal stem cells. Dr. Mumaw’s efforts focused on 
optimizing protocols for genetically modified stem cells in polymer encapsulation; for use in inducing rapid bone 
formation.

Chris Murphy, DVM, PhD - Dr. Murphy has appointments as a professor of comparative ophthalmology 
in the School of Medicine’s Department of Ophthalmology and Vision Sciences, and in the School of Veterinary 
Medicine’s Department of Surgical and Radiological Sciences. Dr. Murphy is investigating: 1) modulation of cell 
behaviors by biophysical cues, with relevance to the design of improved cell culture ware, surgical implants 
and understanding disease processes; 2) development of improved organ preservation media, by which to 
markedly extend the length of time an intact organ can be stored; 3) engineering-inspired approaches to 
“engineer” a wound bed to promote healing; and 4) optical performance in animals that evolved in response to 
challenging environmental conditions.

Natanya Nieman, DVM - Dr. Nieman, DVM, is the resident veterinarian for Winstar Farm, a large 
breeding and racing operation based in Versailles, Kentucky. She earned her veterinary degree at Ohio State 
University and completed an internship at Peterson and Smith Equine Hospital in Ocala, Florida. After her 
internship, she worked in private practice at Woodford Veterinary Clinic in Versailles, Ky., and has been at 
Winstar Farm since 2002. In 2010, Winstar Farm won the Kentucky Derby with Supersaver and the Belmont 
Stakes with Drosselmeyer and stands such prominent stallions as Distorted Humor, Tiznow, and the up-and-
coming Bluegrass Cat. Dr. Nieman is responsible for the day-to-day treatment of horses in both the racing 
and breeding operations. Her main area of interest is the utilization of new technologies to treat lameness and 
injuries.

Alan Nixon, BVSc, MS, Diplomate ACVS - Dr. Nixon is the Director of the Comparative Orthopaedics 
Laboratory at Cornell University. Dr. Nixon obtained his veterinary degree from the University of Sydney in 
1978 and completed a surgical residency and research degree at Colorado State University in 1983. After 
five years in the Department of Surgical Sciences at the University of Florida, Dr. Nixon moved to New York in 
1988 where he is currently a professor in the Department of Clinical Sciences at Cornell University. Dr. Nixon’s 
research includes joint pathobiology and cartilage repair with growth factor gene-enhanced chondrocyte and 
stem cell transplantation techniques, genetic characterization of OCD in animals and man using microarray 
expression studies, and clinical application of growth factor recombinant proteins and gene therapy for 
improved joint, tendon, and bone repair.
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Karl M. Nobert, Attorney - Mr. Nobert is an associate in K&L Gates Washington law office, focusing on 
food and drug issues.  His work includes advising clients on regulatory issues associated with the manufacture, 
sale, promotion, import/export and distribution of food, Rx drug products, over-the-counter drugs, medical 
devices, dietary supplements and animal feed.  Mr. Nobert has also been involved in the litigation of several 
constitutional and administrative law matters before the U.S. Food and Drug Administration (FDA), the U.S. 
Federal Trade Commission (FTC), and the federal courts. Mr. Nobert is the legal advisor for the International 
Veterinary Regenerative Medicine Society. 

Jan Nolta, PhD - Dr. Nolta, the stem cell program director at UC Davis, is one of the nation’s leading stem 
cell researchers. In addition to conducting groundbreaking research into human stem cells, Nolta is overseeing 
the expansion of UC Davis’ exploration of regenerative medicine, which includes recruiting and hiring additional 
scientists to complement more than 100 faculty members who are already affiliated with the stem cell program. 
Nolta joined UC Davis in 2006 after directing an R01-funded stem-cell research lab and overseeing the work of 
14 other scientists at Washington University School of Medicine in St. Louis. She also served as the Scientific 
Director for the university’s Good Manufacturing Practice (GMP) Facility for cell and gene therapy, where 
she helped investigators move promising bench research into clinical cellular therapy trials. Her laboratory 
used human hematopoietic, mesenchymal, and endothelial stem and progenitor populations to examine the 
recruitment of adult stem cells to areas of tissue damage in immune deficient mice. Nolta’s current research, 
which continues to incorporate the full range of stem and progenitor cell populations, is focused on developing 
new and better stem cell therapies for treating liver disease, cardiac infarction, and peripheral vascular 
disease, among others.

Christiana Ober, DVM - After spending her undergraduate years at the United States Naval Academy 
and the University of Virginia, Dr. Ober went on to veterinary school at the Virginia-Maryland Regional College 
of Veterinary Medicine. After graduating at the top of her class, she completed a two year equine sports 
medicine and diagnostic imaging internship at Virginia Equine Imaging in Middleburg, Virginia. Dr. Ober is 
currently practicing at B.W. Furlong and Associates in Oldwick, New Jersey with many years of experience 
in equine lameness, imaging, managing the competition horse, and pre-purchase examinations. She has her 
FEI certification in the discipline of three-day eventing and has completed the IVAS (International Veterinary 
Acupuncture Society) course for equine acupuncture. Dr. Ober is currently serving as the head team 
veterinarian for the Canadian Three-Day Event Team (Olympics- Hong Kong 2008, Pan Am Games- Rio 2007, 
WEG- Aachen 2006) under coach David O’Connor. Dr. Ober also works as an assistant to the veterinarian for 
the United States Three-Day Event Team. 

Lynne Oliver, DVM - After graduating from Virginia Maryland Regional College of Veterinary Medicine in 
2003, Lynne practiced equine medicine as an associate in a mostly ambulatory practice in Gilroy, California.  
She came to the FDA’s Center for Veterinary Medicine five years ago as a reviewer in the Office of New Animal 
Drug Evaluation.  Lynne is the currently a reviewer in the companion animal division and the Center lead for 
cellular therapies.

Corey Orava, DVM - Dr. Orava received a Bachelor’s degree, with honors, in marine biology and his DVM, 
again with honors, from the University of Guelph.  After graduation, he completed a year-long internship at the 
Atlantic Veterinary College. He then worked for more than six years in equine practice, working predominantly 
with English sport horses, many of which competed at an international level.  Dr. Orava has been involved in 
the stem cell industry for nearly five years as a Veterinary Services Manager for Vet-Stem. Dr. Orava provides 
technical services to the veterinary community and speaks internationally about regenerative medicine to 
veterinary and lay audiences alike.



Sean Owens, DVM, Diplomate ACVP - Dr. Owens, Assistant Professor for UC Davis, is a veterinary 
graduate of Colorado State University. Following an internship in small animal medicine and surgery, he 
completed a fellowship in small animal transfusion medicine at the University of Pennsylvania’s Penn Animal 
Blood Bank. Dr. Owens completed his residency training in clinical pathology at UC Davis in 2004, and worked 
as a clinical pathologist with IDEXX Reference Laboratories, Inc., for two years prior to returning to UC Davis. 
His research interests include red cell compatibility issues, blood banking, and transfusion medicine.

Scott Palmer, VMD, Diplomate ABVP, Equine Practice - Dr. Palmer is a 1976 graduate of the 
University of Pennsylvania School of Veterinary Medicine.  Dr. Palmer is a Diplomate of the American Board of 
Veterinary Practitioners, certified in Equine Practice, first in 1989, and recertified in 1999 and 2008.  He is the 
owner and hospital director of the New Jersey Equine Clinic in Millstone Township, NJ.  He is a past president 
of the American Board of Veterinary Practitioners and the American Association of Equine Practitioners.  He 
currently serves as chairman of the AAEP Racing Committee.  He is a member of the board of advisors of 
the NTRA Safety and Integrity Alliance and serves on the board of the Thoroughbred Charities of America.  
Dr. Palmer has published numerous scientific articles and book chapters and is featured speaker at equine 
continuing education seminars worldwide.

John Peroni, DVM, MS, Diplomate ACVS - As a clinician, Dr. Peroni has treated a number of horses 
with musculoskeletal problems amenable to regenerative approaches including mesenchymal stem cells 
(MSCs) and platelet rich plasma. Dr. Peroni has focused on the use of transduced MSCs in bone formation 
using an ovine fracture model, as well as the immunomodulatory effects of equine bone marrow derived MSCs 
as part of an investigation into the use of allogenic stem cells for therapeutic purposes. His research includes 
the development of immune responses following exposure of equine lymphocytes and monocytes to allogenic 
MSCs in attempt to understand the relations between these cells and the immune system.

Jessica Quimby DVM, Diplomate ACVIM - Following graduation from the University of Wisconsin-
Madison School of Veterinary Medicine, Dr Quimby completed a small animal rotating internship in 
Sacramento, CA. She then pursued her interest in feline medicine in private practice at a feline exclusive 
clinic in Grand Rapids, Michigan.  Wanting to learn more about medicine and advance the state of medical 
knowledge for cats, Dr. Quimby completed a small animal internal medicine residency at Colorado State 
University where she continued to concentrate on feline medicine.  During her residency she specialized in 
feline renal disease and respiratory disease, and is now pursuing a PhD, exploring several aspects of feline 
renal disease including palliative stem cell therapy.

Catherine Radtke, DVM - Dr. Radtke is a graduate of the University of Wisconsin College of Veterinary 
Medicine. She completed a one-year hospital internship at Rood & Riddle Equine Hospital, in Lexington, 
Kentucky, and a one-year position as an Orthopaedic Research Fellow at the CORL Laboratory, New Bolton 
Center, University of Pennsylvania. From July 2006-July 2008, she was employed by the Kentucky Racehorse 
Commission as a State Regulatory Veterinarian on the thoroughbred racetracks in Kentucky where one of her 
main responsibilities was to provide emergency stabilization to horses injured in the paddock, gates, or during 
races.  Dr. Radtke is a first year large animal surgical resident and PhD candidate at the Atlantic Veterinary 
College.  Her project focuses on stem cell culture and regenerative medicine.  Dr. Radtke’s research goal is to 
identify optimum tissue sources of Mesenchymal stem cells for bone healing.  
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Pamela Schwartz DVM, DACVS, CCRP - Dr. Schwartz is a Staff Surgeon at The Animal Medical 
Center. She graduated from Atlantic Veterinary College at the University of Prince Edward Island in 2001 
and completed a rotating internship in small animal medicine and surgery at The AMC in 2002, followed by a 
surgical internship at Affiliated Veterinary Specialists in Jacksonville, FL in 2003, and a Small Animal Surgery 
Research Fellowship at the University of Tennessee in 2004. She completed a surgical residency at The AMC 
in 2007. Her current interest and professional focus includes soft tissue and orthopedic surgery, as well as 
stem cell therapy. 

Roger Smith, MA VetMB, PhD, DEO DipECVS MRCVS - Roger Smith is currently Professor of 
Equine Orthopaedics at the Royal Veterinary College, London, UK. He qualified as a veterinary surgeon from 
Cambridge University (UK) in 1987 and, after 2 years in practice, returned to academia to undertake further 
clinical training as a Resident in Equine Studies at the Royal Veterinary College.
Following his residency, he undertook a 3 year research project culminating in the award of a PhD for his 
studies on the extracellular matrix of equine tendon. He remained at the Royal Veterinary College, first as a 
Lecturer in Equine Surgery, then as Senior Lecturer in Equine Surgery before his appointment to Professor in 
Equine Orthopaedics in December 2003. He holds the Diploma of Equine Orthopaedics from the Royal College 
of Veterinary Surgeons, and is both a Diplomate of the European College of Veterinary Surgeons and a Royal 
College of Veterinary Surgeons Specialist in Equine Surgery. 
He currently divides his time equally between running a specialist orthopaedic service within the Royal 
Veterinary College and continuing to direct research into equine tendon disease. His main area of research 
is understanding the mechanisms of tendon ageing but also has projects investigating the epidemiology of 
tendon disease in the horse, the development of a serological assay for tendonitis, and stem cell therapy for 
tendons in conjunction with a commercial company, VetCell, which he helped set up.

Mathieu Spriet DVM, MS, Diplomate ACVR & ECVDI - Dr. Spriet graduated from the National 
Veterinary School of Lyon (France) in 2002. He then completed an equine internship at the University of 
Montreal (Canada). He received his Master Degree in clinical sciences, also at the University of Montreal, 
in 2004. He completed his residency in diagnostic imaging at the University of Pennsylvania from 2004 
to 2007. He is currently an Assistant Professor of Clinical Diagnostic Imaging at the School of Veterinary 
Medicine at University of California, Davis (USA). He is a diplomate of both the American College of Veterinary 
Radiology and the European College of Veterinary Diagnostic Imaging. His clinical and research interest is on 
musculoskeletal imaging with an emphasis on the use of magnetic resonance imaging, computed tomography 
and nuclear scintigraphy in horses.

Allison Stewart, DVM, Diplomate ACVS - Dr. Allison Stewart completed a combined equine surgery 
residency and master’s degree in 1999 at Cornell University. She was a surgeon in private practice for two 
years, before going back into a University practice.  Dr. Stewart is currently an assistant professor in equine 
surgery at the University of Illinois. Her current research has been focused on the use of tendon, bone marrow, 
and muscle derived progenitor cells for tendon and joint repair. 



Steven Stice, PhD - Steve Stice is a professor and director of the University of Georgia Regenerative 
Bioscience Center. He is a Georgia Research Alliance Eminent Scholar endowed chair and professor of 
animal science in the UGA College of Agricultural and Environmental Sciences. Throughout his career he 
has published and lectured internationally on animal cloning and stem cells as reported on in the NY Times, 
USA Today, Time Magazine, CBS, NBC and ABC News broadcasts.  In 2001, three of the human embryonic 
stem cell lines that Stice and BresaGen Inc. derived were approved for federal funding by President Bush. 
He was named one of the 100 Most Influential Georgians by Georgia Trend magazine. Prior to joining the 
University of Georgia, Stice was a co-founder and chief scientific officer at Advanced Cell Technology, Inc., a 
stem cell company that is currently in clinical trials for a rare disease affecting sight. His current research is to 
understand the mechanisms involved in human and animal adult and embryonic stem cell differentiation.

Jamie Textor, DVM, Diplomate ACVS - Dr. Textor is an equine surgeon now in pursuit of a PhD 
in the Tablin Lab at UC Davis. Her areas of research will cover the range of platelets in both healing and 
disease processes: from platelet-rich plasma as used to aid tissue repair, to platelet-induced inflammation 
after exposure to air pollution or endotoxin. She graduated in 1998 from Colorado State University, completed 
an internship in Ocala, Florida, a surgery residency at Cornell University, and became a Diplomate of the 
American College of Veterinary Surgeons in 2003. She has served as an equine surgeon and instructor at 
Massey University in New Zealand, Oregon State University, University of Sydney, and UC Davis.

Speakers

Available exclusively in the United States from Dechra Veterinary Products. 

Dechra Veterinary Products 7015 College Blvd., Suite 525, Overland Park, KS 66211 www.dechra-us.com Toll Free (866) 933-2472

Learn more about irap and Osteokine® by contacting your distributor sales representative 
or calling Dechra Customer Service at 1 888 337 0929.

Osteokine®
provides an enclosed, 

sterile, dual-bag system. This enables simple 
aseptic processing of whole blood to produce 
autologous platelet-rich plasma (PRP) used to 
promote healing in injuries involving:

• TendOns
• ligamenTs
• skin
• bOne Tissue.

The total processing time for Osteokine® is about 
30 minutes. Platelets are fresh and functional, 
resulting in optimal growth factor output.

Osteokine®Osteokine®Osteokine provides an enclosed, 
sterile, dual-bag system. This enables simple 
aseptic processing of whole blood to produce 
autologous platelet-rich plasma (PRP) used to 
promote healing in injuries involving:

• TendOns
• ligamenTs
• skin
• bOne Tissue.

The total processing time for Osteokine® is about 
30 minutes. Platelets are fresh and functional, 
resulting in optimal growth factor output.

irap 
innovative therapy is recognized 

worldwide for the treatment of horses suffering 
from a variety of inflammatory conditions, 
including: 

• jOinT lameness
• TendOn injuRies
• ligamenT injuRies 
• muscle injuRies

The patented syringe produces autologous 
conditioned serum (acs) from the patient’s own 
blood. it contains beneficial anti-inflammatory 
and regenerative cytokines. 

irap innovative therapy is recognized 
worldwide for the treatment of horses suffering 
irap
worldwide for the treatment of horses suffering 
irap
from a variety of inflammatory conditions, 
including: 

• jOinT lameness
• TendOn injuRies
• ligamenT injuRies 
• muscle injuRies

The patented syringe produces autologous 
conditioned serum (acs) from the patient’s own 
blood. it contains beneficial anti-inflammatory 
and regenerative cytokines. 

Get the 

Horse
Power

back 
with
irap and

Osteokine®

©2010 Dechra Veterinary Products. All rights reserved.



Susan Volk, VMD, PhD, Diplomate ACVS  - Dr. Volk completed the Veterinary Medical Scientist 
Training Program at the University of Pennsylvania, receiving her veterinary degree in 1995 and her PhD 
for a thesis examining Bone Morphogenetic Protein signaling during endochondral ossification in 1998.  Dr. 
Volk returned to Penn’s Veterinary School to complete a Small Animal internship and surgical residency.  
During that time she continued to follow her research interest in the field of adult stem cells, focusing on 
defining optimal inducers of osteogenesis for canine mesenchymal stem cells (MSCs).  She obtained board-
certification in Small Animal Surgery in 2003.  Dr Volk joined the faculty of the School of Veterinary Medicine 
at the University of Pennsylvania as an Assistant Professor of Small Animal Surgery in 2007.  Her research 
focuses on progenitor cell therapies for improving tissue repair and regeneration. Specific areas of interest 
include optimizing pre-delivery strategies (donor source and manipulation for maximal target cell differentiation) 
and methods of cellular delivery, defining regulatory cues important to direct progenitor cell homing to sites of 
injury, and influencing progenitor and reparative cell fate within healing tissues for use in cell based therapeutic 
strategies in human and veterinary medicine.   

Erik Woods, PhD  - Dr. Woods is co-founder and President of General BioTechnology, LLC (GBT), in 
Indianapolis, IN, USA, a company founded in 1997 involved in cell therapy R&D as well as clinical processing, 
manufacturing, banking and distribution.  In 2010 Dr. Woods founded RenovoCyte, LLC to apply the laboratory 
expertise of GBT to human and veterinary clinical medicine.  He is also an adjunct Assistant Professor at 
the Indiana University School of Medicine.  Dr. Woods received his BA in Biology with a minor in Classical 
Studies from Indiana University, Bloomington, Indiana in 1994 and went on to study in the Hillenbrand Center 
for Biomedical Engineering at Purdue University in West Lafayette, Indiana, where he received his PhD in 
Veterinary Clinical Science in 1998.  He then went on to do a Post-Doctoral Fellowship at the Herman B Wells 
Center for Pediatric Research at the Indiana University School of Medicine in Indianapolis which he finished in 
2000.  His interests include fundamental and applied cryobiology of clinically relevant cells and tissues ranging 
from gametes to insulin-producing cells, blood cells and stem cells; as well as tissue engineering and novel 
cellular manufacturing techniques.  He is a member of several professional societies, including the Society for 
Cryobiology in which he serves on the Board of Governors.  Along with his executive duties, Dr. Woods also 
serves as laboratory director for the General BioTechnology clinical labs as a board certified High Complexity 
Clinical Laboratory Director.  

Joseph Yocum, DVM - Dr. Yocum of Lexington, Kentucky, graduated with honors from the University of 
Kentucky with a Bachelor of Science degree in Animal Science. He attended the Auburn University College 
of Veterinary Medicine and graduated in 1983. Dr. Yocum began his practice of veterinary medicine at the 
prestigious Hagyard Davidson and McGee equine veterinary firm in Lexington, Ky. He practiced there for 15 
years before becoming resident veterinarian at W. T. Young’s Overbrook Farm. In 2003 he was appointed 
general manager at Overbrook Farm and has worked in that capacity until 2010. Dr. Yocum opened Green 
Tree Veterinary Services and The Centre for Regenerative Medicine in 2010.  He is also a consultant for 
Medivet America, a leading Stem cell technology company. Dr. Yocum is board certified by the American Board 
of Veterinary Practioners. He was president of the Kentucky Association of Equine Practioners and was the 
equine program director for the KVMA in 1997.  Dr Yocum recently presented at the Mid-America veterinary 
conference on advanced equine reproductive technology. He has also presented papers at Sydney University 
and in Hong Kong on regenerative medicine. He has served on several committees and is now serving on the 
Equine Welfare Committee of the American Association of Equine Practioners. 



Shelly Zacharias DVM - Dr. Shelly Zacharias has been involved in veterinary medicine in many respects, 
from companion animal, equine and exotic animal care, to practice management and veterinarian.  Dr. 
Zacharias completed a bachelor’s in biochemistry and master’s program in secondary science education at 
Cameron University and pursued graduate classes in endocrinology at Oklahoma University before attending 
Oklahoma State University’s College of Veterinary Medicine. After graduation from veterinary school in 
2004 she moved to Indianapolis to work in small animal private practice, was the director of an emergency 
hospital then joined RenovoCyte Cellular Medicine in 2010. She has special interests in endocrinology, 
gastroenterology, hepatic disease and oncology. 
RenovoCyte, LLC is a human and veterinary cellular medicine company that stemmed from the parent 
company, General BioTechnology, LLC.  At RenovoCyte, Dr. Zacharias is the Director of Veterinary Operations 
where she established the Wellness BankingTM program for veterinary patients. This allows clients to 
cryopreserve their pet’s tissues which are rich in stem cells that are otherwise discarded during routine 
wellness procedures. This allows pets to have access to their own (autologous) stem cells later in life without 
having to undergo an invasive procedure for collection. She is also working to bring mesenchymal stem 
cell medicine into the veterinary field in a responsible manner. By working with the FDA, she has opened 
investigational new animal drug studies (INAD’s) for the canine, feline and equine in order to conduct controlled 
clinical trials using allogeneic MSC’s for specific disease processes with an underlying etiology of inflammation 
or immunopathology.  
Dr. Zacharias supports a “one health initiative” between the two disciplines of medicine, human and veterinary. 
She believes clinicians who work together will learn from each branch of medicine and the disease processes 
shared between patients benefits both humans and animals alike.  She has made contributions to her 
community by setting up rescue and adoption organizations for homeless animals, visiting children’s hospitals 
and nursing homes with her therapy dogs, speaking in elementary schools with her dogs to educate children 
on basic animal care and safety as well as donating her time as a veterinarian to the humane society. 
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Articular cartilage regeneration: Still elusive?
Kyriacos Athanasiou, PhD, PhM
University of California, Davis

This presentation will focus on my laboratory’s efforts toward finding clinically acceptable solutions to treat 
articular cartilage injuries and diseases. Major strides have been accomplished toward achieving cogent 
solutions to the significant problem of osteoarthritis and articular cartilage injuries due to sports or trauma. 
Technologies in the laboratory have been developed to address problems in joints in the body. These 
problems are usually related to degeneration in hyaline articular cartilage or fibrocartilage (e.g., the knee 
meniscus, the temporomandibular disc). Our research has determined thresholds for mechanotransduction 
from single cell to tissue levels. We have also identifed soluble protectors against the catabolic and apoptotic 
responses that result from excessive shear or impact. The timed application of such chemical protectors may 
disrupt early osteoarthritic events. Chemical and mechanical loading protocols have also been developed to 
stimulate anabolic and organizational responses in tissue engineered cartilages. Our group has demonstrated 
both synergistic and additive effects using diverse classes of stimuli to engineer tissues with the goal of 
implementing such products clinically.  

As native articular cartilage is a tissue devoid of vasculature, and its quiescent cells do not mount an effective 
injury response, chondral or partial thickness defects remain unfilled. Knee meniscus injuries face similar 
problems, as the inner one-third of this fibrocartilage is also without a blood supply. It has become clear that 
exogenous intervention is required for these tissues, and an engineered product may fill the void. We have 
developed a process whereby differentiated cells from both cartilage and fibrocartilage self-assemble to 
form neocartilage possessing functional properties on par with native tissue. However, this is a cell-intensive 
process, and donor tissue is a limiting source. The scarcity of usable cells has driven our research toward 
studying different types of stem cells. We have successfully differentiated multiple embryonic cell lines 
toward a chondrogenic lineage and are also developing methods to use skin-derived cells for cartilage tissue 
engineering. The former method may provide an allogeneic solution, while the latter offers treatment using 
one’s own cells, harvested from a minimally invasive source.  Additionally, we have identified a sub-population 
of cells from the skin, termed DIAS (dermis isolated aggrecan sensitive) cells which can be coaxed into 
producing matrix similar to that synthesized by cartilage cells. Both produce proteoglycans, collagen type II, 
and no collagen type I.  Without the DIAS sub-population, skin cells produce no GAG, no collagen type II, and 
instead stains for collagen type I. 

Distribution and Homing of Stem Cells After Intra-Articular Injection to Normal and Arthritic 
Joints
Alan J. Nixon, BVSc, MS, DACVS; Ashlee E. Watts, DVM, DACVS

Stem cells can home to sites of bone injury, but evidence for accumulation in cartilage lesions is not robust.
(1)  We hypothesized that autologous bone marrow derived mesenchymal stem (stromal) cells (MSCs) would 
engraft to cartilage in OA joints but not in normal joints following intra-articular injection.  Twenty-nine joints 
from 10 horses were characterized as normal or OA through lameness and radiographic examination.  Second 
passage autologous MSCs (3x10e6 for fetlocks and 5x10e6 for femoropatellar joints) were labeled with 
fluorescent nanoparticles (Quantum® dots; Qdot®) or remained unlabeled (7 joints).  Seventeen normal and 
12 OA joints were injected and examined after 1 week by necropsy and fluorescent microscopy. 
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Clinical findings included increased lameness (2), and severe effusion (11), moderate (3), or slight effusion 
(4).  Synovial fluid abnormalities included elevated nucleated cell counts (median 2,800/ul; interquartile range 
1,750-4,450/ul), consisting of large mononuclear cells and small lymphocytes. There were no statistically 
significant differences in synovial parameters between Qdot® labeled and unlabeled MSC injected joints.  
QDot® labeled MSCs were found predominantly in the synovial membrane compared to cartilage (p<0.0001).  
Adherence of labeled MSCs to cartilage was minimal and found in 17 of 97 cartilage sections. The proportion 
of positive sections from synovium and cartilage was not different between OA and normal joints (P=0.79).  
Although mild, joint flares were common after intra-articular MSC injection.  In a caprine stifle model of OA, a 
much larger cell dose (10x10e6 cells) was used without evidence of joint reaction.(2) Synovial cytology was 
indicative of non-septic inflammation and antigenic stimulation.  When comparing synovial cytology between 
OA and noOA injected joints (both labeled and unlabeled cells) there was a significant reduction of TNCC for 
OA joints compared to noOA joints.  This may be a result of the well characterized immune modulating ability of 
MSCs when placed within an inflamed environment.(3) 

Contrary to our hypothesis, MSCs did not home to cartilage injury in normal or OA joints.  This suggests that 
intra-articular injection of MSCs would not be a useful technique for cartilage re-surfacing.  However, the large 
presence of labeled MSCs within the synovial tissue suggests that MSCs may engraft to synovial tissue.  If 
MSCs by intra-artiuclar injection are effective in reducing joint disease, it may be through modulation of 
synovial fluid constituents, inflammation, or cytokine profile.    

References: 1. Ferris DJ, Kisiday JD, McIlwraith CW, Hague BA, Major MD, Schneider RK, Zubrod CJ, Watkins JP, Kawcak CE, 
Goodrich LR. Clinical follow-up of horses treated with bone marrow-derived mesenchymal stem cells for musculoskeletal lesions. In: 
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In Vivo Tracking of Equine MSCs Using Tc-HMPAO Labeling and Scintigraphy
Mathieu Spriet, DVM, MS, Dimplomate ACVR; Albert Sole; Larry Galuppo; Kerstien Padgett; Dori 
Borjesson; Erik Wisner; Robert Brosnan; Martin Vidal

School of Veterinary Medicine, University of California, Davis, One Shields Ave, Davis, CA 95616.

Determination of the fate of stem cells after their injection into a patient is a key element for assessment of 
therapy.  Histology after labeling of stem cells with Green Fluorescent Protein (GFP) has been used in this 
purpose but this technique requires a terminal study. Labeling of stem cells with HMPAO and Technetium-99m 
(Tc) allows in-vivo tracking of the cells using a conventional gamma camera. Tc-HMPAO has previously been 
used to label white blood cells to detect infection sites and has recently been used to label mesenchymal stem 
cells (MSCs) in rodent models. We have successfully labeled equine MSCs with Tc-HMPAO with an efficiency 
similar to that reported for rodent models and with satisfactory cell survival in vitro following labeling. The 
scintigraphic technique provides a method for determining cell distribution and quantification within a large 
anatomic volume. The technique is non-invasive and allows multiple assessments over time for up to 24 hours 
after cell injections. 

We used this technique in order to compare intra-venous (IV) and intra-arterial (IA) regional limb perfusion 
(RLP) of MSCs in the equine distal extremity. 6 horses, free of musculoskeletal lesions, were included in the 
study. RLP was performed through the median artery of one front limb and the cephalic vein of the contralateral 



limb, at the level of the distal antebrachium. A pneumatic tourniquet was applied proximal to the catheter, 
immediately prior to injection, and left in place for 45 minutes. Scintigraphic images were acquired with a 
gamma camera equipped with a low energy all purpose collimator at the time of injection and 45 min, 75 
min, 6 hours and 24 hours following injection. Percent persistence of the MSCs was calculated at each time 
point as the ratio of the activity in the limb after correction for decay and activity in the limb immediately after 
injection.  The IA-RLP resulted in diffuse distribution of the labeled cells in all 6 horses but the IV-RLP lead 
to poor distribution or absence of labeled cells in the pastern and foot area in 3 of the horses. A persistence 
of 100% of the cells was observed with both techniques in presence of the tourniquet. The persistence 
decreased to 39 and 28 % at 6 hours after injection for IA and IV-RLP respectively.

Scintigraphic assessment of Tc-HMPAO labeled MSCs is a convenient technique to compare different routes 
of administration of stem cells. Using this technique we have demonstrated that both IA and IV RLP lead to 
persistence of stem cells in the equine distal limb. A difference in the distribution of the cells exists between the 
two techniques, the IA-RLP is more reliable for diffuse distribution throughout the distal limb. 

In Vivo Tracking of Implanted Bone Marrow-derived Mesenchymal Stem Cells in Naturally-
Occurring Tendon Lesions
Roger Smith1, MA, VetMB, PhD, DEO Diplomate ECVS MRCVS; J Dudhia1; A Fiske-Jackson1; P 
Becerra2; MA Valdés2; F Neves2; NG Hartman3; AE Goodship4; and Y Kasashima1,5

1Royal Veterinary College, Dept of Veterinary Clinical Sciences, The Royal Veterinary College, Hawkshead Lane, North Mymms, 
Hatfield, Herts.  AL9 7TA. UK; 2Hospital de Referencia La Equina, Apdo 110, Camino de Martagina Km 1; 29692 – Manilva, Málaga, 
Spain; 3Dept of Nuclear Medicine, Barts & The London NHS Trust, West Smithfield, London EC1A 7BE. UK; 4Institute of Orthopaedics 
and Musculoskeletal Science, University College London, UK.; 5Clinical Science and Pathology division, Equine Research Institute, 
Japan Racing Association, 321-4, Tokami-cho, Utsunomiya, Tochigi, Japan

Introduction - Treatment of tendon and ligament injuries in horses with mesenchymal stem cells (MSCs) 
appears to show some efficacy in experimental (1-5) and clinical studies (6) but cell survival has been shown 
to be low 3 months following implantation into an experimentally-created injury site (7, 8). It is, however, 
unclear when this loss occurs, how many survive the implantation process and whether survival is any 
different in naturally-occurring injury compared to experimentally-induced injuries. We hypothesised that 
MSCs are retained within the damaged area of naturally-occurring tendon or ligament injury after intra-lesional 
injection and spread locally within the extent of the pathological tissue.  We investigated these hypotheses 
using two separate techniques – non-invasive monitoring of radionuclide-labelled MSCs and MSCs labelled 
with a membrane dye and histological evaluation.

Materials and Methods 
1) Radionuclide labelling of MSCs, Twelve horses with naturally occurring tendon or ligament injuries of the 
distal limb were selected according to fixed criteria.  Autogenous MSCs were labelled with technetium-99m 
(Tc-99m, t1/2=6.01h) and hexamethylpropyleneamine oxime (HMPAO) and 1x107 cells administered intra-
lesionally (IL). Labelled MSCs were traced using gamma scintigraphy at 5 minutes and 1, 3, 6, 12, 24 and 36 
hours post-treatment.
2) CM-DiI labelling of MSCs, The cell membrane dye, CM-DiI, was chosen because it fluoresces maximally at 
553nm wavelength (red) where tissue fluorescence of normal adult equine tendon is less evident. Trilineage 
differentiation (chondrogenesis, adipogenesis and osteogenesis) was tested after CM-DiI labelling. Seven 
horses with naturally-occurring injury to the superficial digital flexor tendon with mild to severe injury were 
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injected with 20-40 million CM-DiI labelled MSCs via 2-4 injection sites.  Tendons were recovered after 3-160 
days after implantation and the tendon examined under a fluorescence microscope.

Results
1) Radionuclide  labelling of MSCs,Labelling efficiency of cells in validtion experiments was 55% with 90% cell 
viability whereas labelling efficiencies of cells prepared for clinical implantation varied between 2.7% and 22.5 
% with a mean of 9.2%.  Cells were retained focally in lesions but cell persistence within the tendon over the 
first 24 hours was only 10%. 
2) CM-DiI labelling of MSCs, Labelled cells showed evidence of multipotency after labelling.  Cells were 
identified in the damaged tendon for up to 160 days after implantation. However their distribution was limited, 
being mainly within the endotenon with only small numbers present in the fascicles. There was no evidence of 
migration to adjacent areas of the tendon and the labelled cells retained phenotypic differences (more rounded 
morphology) to the resident tenocytes. Increasing the number of injection sites resulted in an increase in 
distribution but no increase in migration out of the lesion.  Increasing the number of cells injected appeared to 
increase the number of cells present in appositive labelled area rather than increase the degree of spread.

Discussion - Cells used clinically most likely label less efficiently with radionuclide due to the protracted 
period between Tc-99m elution and delivery since decayed Tc-99m is inhibitory to HMPAO binding.  The 
optimal number of cells for regenerative efficacy is not known but cells were retained after intra-lesional 
injection although with considerable early cell loss. Implanted MSCs appeared to spread relatively poorly 
after implantation and tended to be retained in tracts within the endotenon. The limited spread was only 
increased slightly by increasing the numbers of injection sites and cells.  This restricted location may limit the 
effectiveness of the treatment or may relate to the potential of these cells to act by paracrine signalling or as a 
cell source similar to that postulated to be the role of endotenon in young growing tendon. A future challenge 
will be to increase this spread to increase the potential beneficial effects of MSCs.
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The Role of Hyperbaric Oxygen in Regenerative Therapy
Scott E. Palmer, VMD, Diplomate ABVP, Equine Practice

Abstract: Use of stem cells and growth factors in equine regenerative and reparative therapy represent great 
potential for treatment of musculoskeletal disease and injury.  Hyperbaric oxygen therapy is a relatively new 
adjunctive therapy that has been used to potentiate the effect of stem cells and promote wound healing, 
particularly in human diabetic patients.   The mechanism of the adjunctive effect of hyperbaric oxygen therapy 
on the healing process is the subject of considerable interest and research.  Hyperbaric oxygen treatment 
enhances the growth of fibroblasts, and the production of growth factors.  There are at least two sites where 
hyperbaric oxygen has been shown to influence the regenerative process.    Hyperbaric oxygen mobilizes 
stem/progenitor cells from the bone marrow by a nitric oxide-dependent mechanism.  Hyperbaric oxygen 
therapy also causes an oxidative stress that stimulates stem/progenitor cell metabolism and cell recruitment.   
This paper will review the mechanisms of the stimulatory effect of hyperbaric oxygen therapy on stem cells and 
growth factors as they pertain to regenerative therapy.

Exogenous vs. Endogenous Stem Cell Therapy in Disorders of Myelin
Ian D. Duncan, BVMS, PhD, FRCPath, FRSE

University of Wisconsin-Madison

Disorders of myelin form an important group of neurologic disorders in humans and animals.  In the acquired 
disorders, in which multiple sclerosis (MS) is the most prevalent, endogenous remyelination, occurs early in the 
disease, and is robust but lessens with time.  Currently it is thought that endogenous progenitors of cells that 
make myelin are the only serious contributors to repair.  An alternative is to transplant exogenous stem cells 
or progenitors.  In the genetic disorders of myelin, this might be the only way to repair myelin if gene therapy 
is unavailable.  I will compare the role that endogenous vs. exogenous cell repair occurs in demyelinating 
disease, and cite a new experimental disorder which challenges conventional wisdom on the cell responsible 
for repair.
(Supported by NMSS grant TR 3761-A-10, and the MS Hope for a Cure Foundation)

Applications of MSC Therapy in Feline Kidney Disease
Jessica Quimby, DVM, DACVIM

Colorado State University, Fort Collins, CO

CKD remains a leading cause of illness and death in cats in the United States.  This is a progressive disease, 
and currently no treatment short of renal transplantation has been shown to reverse or halt declining renal 
function for any significant period of time. This condition is characterized by tubulointerstitial damage, fibrosis 
and progressive loss of renal function, and is commonly described as the final common pathway after any one 
of multiple types of renal insults. Regardless of the initial insult, once a threshold of renal damage has been 
reached, progression is irreversible and appears consistent in character. Stem cell therapy has the potential to 
improve or stabilize renal function in animals with renal failure, based on evidence from rodent model studies. 
In the CKD rodent models that have been investigated, administration of MSC has been beneficial, especially 
with respect to reducing intra-renal inflammation and suppressing fibrosis and glomerulosclerosis.
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At present, there is little published work regarding the use of MSC for treatment of naturally occurring CKD.  At 
the Center for Immune and Regenerative Medicine at Colorado State University, we are currently conducting 
research into the immunological properties of feline MSC, as well as the potential use of MSC for treatment of 
CKD in cats.  We have recently completed a pilot study investigating the safety and potential effectiveness of 
unilateral intra-renal MSC injections for cats with CKD. In that study, we found that the MSC injections were 
well-tolerated and may have improved renal function in some animals.  However, the number of sedations 
required for the procedure limited its effectiveness, and also made management of CKD in those patients more 
difficult.

In a new pilot study currently underway, we are investigating the effectiveness of intravenously delivered MSC 
for treatment of feline CKD, using allogeneic MSC derived from healthy young donor animals.  Preliminary 
results from this study are encouraging, although several aspects of this unique therapy merit further research. 

A Small Animal Surgeon’s Perspective on MSC Therapies for Soft Tissue Injuries:  When the 
Scalpel Doesn’t Cut It
Susan W. Volk, VMD, PhD, Diplomate ACVS

Departments of Clinical Studies and Animal Biology, University of Pennsylvania School of Veterinary Medicine, Philadelphia, PA.

Mesenchymal stem cells (MSCs) are attractive candidates for cell-based therapies because of their 
relative ease of isolation, broad differentiation potential, and ability to be expanded in vitro.   Regenerative 
medicine strategies based on MSCs seek to restore function to damaged tissues, particularly for orthopedic, 
cardiovascular and neurologic diseases.  Although tremendous potential for stem cell therapies exists for 
small animal patients, further understanding of the basic biology of canine and feline MSCs is required to 
optimize therapies.  Recently our work has focused on defining optimal donor characteristics and culture 
regimes to maintain canine MSC pluripotency.  We have studied the effect of donor age and harvest site on 
the proliferative and differentiation capacity of bone marrow-derived MSCs, as well as the effect of in vitro 
expansion of cells on differentiation capacity.  In addition, we have examined the efficacy and mechanisms 
of action of MSCs for the treatment of problematic cutaneous wounds using a pre-clinical model of ischemic 
wound repair.  This work supports further clinical investigations of MSC-based therapies for problematic 
cutaneous wounds due to their ability to significantly improve healing by promoting wound granulation tissue 
formation, reepithelialization and neovascularization. These vulnerary effects are mediated through direct 
contribution of reparative cells and extracellular matrix as well as indirect contributions via the production of 
paracrine factors which support tissue repair.  

This work has been sponsored by the Canine Health Foundation (970) and NIAMS (K08AR05394)



Development of a Subchondral Cystic Bone Disease Model of the Medial Femoral Condyle in 
Sheep
Larry Galuppo, DVM, Diplomate ACVS1; SB Buerchler1; SM Stover2; B Murphy3; M Spriet1; TL 
Sarrafian4; LA Richardson1; TA Garcia2; KL Clark1; AA Clifton1; M Vidal1 

From the Department of Surgical and Radiological Sciences,1 Department of Anatomy, Physiology and Cell Biology,2 Department of 
Pathology, Microbiology and Immunology3 and The William R. Pritchard Veterinary Medical Teaching Hospital4

Introduction
Current treatments for subchondral bone cysts have variable and limited success. Reliable models of naturally 
occurring cysts are needed to accurately assess treatment outcomes. It was hypothesized that a bone cyst 
model could be generated in sheep. The objective was to evaluate the usefulness of drill core defects or 
shockwave treatment for development of a cystic lesion.

Materials and Methods
Osteochondral defects were drilled in one medial femoral condyle of 4-month-old sheep (3.2 mm, n=6; 4.0 mm 
diameter, n=6) under arthroscopic guidance. Shockwave treatment was applied to contralateral medial femoral 
condyles (percutaneous, n=6; direct, n=6).  Condyles from 2 untreated sheep served as controls. Stifles were 
radiographed monthly.  Bone forming surfaces were labeled (oxytetracycline, 25 mg/kg IV) 11-13 days before 
euthanasia at 5 months post-treatment. Core samples (16 mm), containing the treated area, were harvested 
for gross, microcomputed tomography, and histologic examinations. The effects of treatment on bone volume 
fraction (BVF), bone mineral density (BMD), and fractional labeled bone forming surface (BFS) were assessed 
using ANOVA and post hoc pair wise comparisons (α=0.05).

Results
No discomfort or lameness was detected on visual observation of all sheep following the surgical procedure. A 
radiolucent, cylindrical area was visible for all drilled, but no shockwave, treated condyles at all time points. At 
necropsy, articular cartilage disruption was obvious in drilled, but not shockwave, treated condyles.  Cartilage 
degeneration was observed histologically in direct, but not percutaneous, shockwave treated samples. Four 
mm drill samples had lower BVF and BMD than control samples (BVF; 0.27 ± 0.080 vs 0.41 ± 0.03, P=0.01) 
and (BMD; 716.3 ± 30.8 vs 781.5 ± 11.8, P=.001). Both drill size samples had greater BFS than control and 
shockwave samples. Hematoxylin and eosin (H&E) stained sections of drilled samples had subchondral 
trabecular bone cavitations partially filled with mixtures of fibrous tissue, fibrocartilage, aggregates of 
hemosiderophages, and few chondrones. Shockwave treated samples had a thickened subchondral bone 
plate. 

Conclusion
Drilling a 4.0 or 3.2 mm diameter defect in the weight-bearing region of the medial femoral condyle resulted 
in subchondral and articular cartilage pathology at 5 months. Bone cavitation was morphologically similar to 
subchondral cysts in clinical patients. Drilled defects may be useful to study regenerative medicine techniques 
for treating osteochondral disorders of the stifle.
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Animal Induced Pluripotent Stem Cells Offer Better Stem Cell Based Therapies and Disease 
Models
Steve Stice, PhD

University of Georgia, Regenerative Bioscience Center, Athens, GA  

I will address recent advances in stem cell therapies and the need for advances in large animal stem cell 
models for preclinical testing and eventual clinical applications, human and veterinary.  Shortly after we isolated 
three of the initial of NIH registered human embryonic stem cells lines we generated neural progenitor lines 
and used these to produce more uniformly differentiated cells ranging from motor neurons to dopaminergic 
neurons and now these have been successfully used in stroke and spinal cord injury animal models.
Traditionally, in vitro differentiation processes for embryonic stem cells often utilize embryoid body formation 
because this is a relatively easy procedure, but rarely results in a uniform population of germ layer specific 
progenitor cells.  We have developed more defined conditions required to individually produce uniform human 
neural, and now mesenchymal and germ cell specified progenitor cells in adherent human embryonic and now 
induced pluripotent ESC cultures without embryoid body formation.  The guided differentiation requirements 
for these three specific lineage progenitor cells will be discussed, including the role of the extracellular matrix.    
In addition, the ability to monitor cell behavior is significantly improved under these more defined conditions 
and specific examples are to be provided. We have now generated porcine induced pluripotent cells for 
modeling allogenic pluripotent cell and tissue transplants in large animal models.  The conditions for guided 
differentiation of all pluripotent including induced pluripotent stem cells into progenitors for these three lineages 
has been refined and will allow for increased use of pluripotent derived progenitors in future neurodegenerative 
and injury cell therapies. 

MSC in Profile: Transcriptional Regulation of Osteoblast 
Kurt D. Hankenson, DVM, MS, PhD

Harnessing marrow-derived mesenchymal stem cells (MSC) to increase and accelerate bone regeneration 
holds great promise. However, results of direct in vivo delivery of MSC in animals to repair bone have been 
highly variable, without the addition of exogenous bone morphogenetic protein (BMP).   Similarly, delivering 
exogenous BMP directly to a surgical site can induce bone formation in vivo by resident MSC, but the results 
are inconsistent and require large amounts of expensive recombinant growth factor.  The research approach in 
the Hankenson laboratory is to understand how extracellular signals are integrated by MSC to drive a program 
of osteoblastogenesis.   

We hypothesize that by better understanding how progenitor cells develop into osteoblasts we can devise new 
treatment approaches to drive osteoblastogenesis with cell-based therapies or we can better activate resident 
MSC in vivo. 

In human MSC (hMSC), BMP6 is a potent and consistent inducer of osteoblastogenesis.   BMP6 induces a 
variety of transcription factors, and using high-throughput expression microarrays we have described a two-
wave transcriptional program that occurs during osteoblastogenesis.   A first transcriptional wave includes the 
induction of Dlx and Id families, while a second wave includes the Hey/Hes transcription factor families, as well 
as the transcription factor osterix (SP7).  In mouse studies osterix is required for osteoblast differentiation and 
bone formation, and a single nucleotide polymorphism (SNP) at the osterix loci is associated with bone mass.  



Interestingly, Hey/Hes are also canonical target genes of the conserved signaling pathway Notch.    In mice 
Notch signaling regulates MSC osteoblastogenesis.  

We have studied the significance of osterix and Hey1 in osteoblastogenesis and by knocking down and 
overexpressing both transcription factors using retroviral transduction of primary hMSC.   Osterix is not 
sufficient for osteoblastogenesis but potentiates BMP-induced differentiation.  Osterix regulates a set of 
extracellular matrix genes that are involved in terminal osteoblast differentiation.  Osterix does not directly 
regulate Hey1 expression.   Similarly Hey1 does not directly regulate osterix.  The effects of Notch signaling 
and Hey1 on osteoblastogenesis are variable depending on the differentiation status of the MSC.  

These results are helping to guide the assembly of a transcriptional roadmap for osteoblastogenesis.  This 
roadmap will be essential for the development of refined approaches to manipulate MSC osteoblastogenesis 
for bone regeneration.

Xenogenic Extracellular Matrix as a Biologic Scaffold for Regenerative Medicine
Stephen F. Badylak1,2, 

1University of Pittsburgh, Pittsburgh, Pennsylvania, USA, 2McGowan Institute for Regenerative Medicine, Pittsburgh, Pennsylvania, 
USA, 

Adult mammals including humans and most domestic species, respond to tissue injury with well defined 
processes of hemostasis, inflammation, and eventual scar tissue formation. Very few tissues in adult mammals 
have the ability for true regeneration. Such tissues include the mucosal lining of the intestine, outer layers 
of the epidermis, the liver, and the bone marrow. Lack of regenerative capacity is the cause of significant 
morbidity and currently defines the limits of therapy for problems such as esophageal stricture, myocardial 
infarction, volumetric muscle loss, and spinal cord injury, among others. 

The field of regenerative medicine exists in part to discover, develop, and clinically translate therapeutic 
strategies to overcome these limitations. Regenerative medicine approaches are typically described as 
being based in one of three approaches; cell based, scaffold based, or bioactive molecule based strategies. 
Regardless of the initial approach, an eventual tissue construct must incorporate all of these components. 

One strategy for changing the default response to tissue injury involves the use of biologic scaffolds composed 
of xenogenic extracellular matrix (ECM). The ECM represents the resident cells of each tissue and organ, 
and therefore represents the ideal microenvironmental niche in which individual cells reside and function. The 
ability to harvest ECM by decellularization of parent tissues with minimal disruption of the ECM ultrastructure  
and composition provides for a regenerative medicine approach that represents a combination of a scaffold 
and a bioactive molecule based approach. Many studies have now shown that the mechanisms by which 
such scaffolds facilitate constructive remodeling involve 1) rapid and complete degradation of the scaffold with 
release of cryptic peptides that recruit multi-potential stem and progenitor cells to the site of injury, 2) alteration 
of the innate host immune response from a predominantly M1 cytotoxic phenotype toward a predominantly 
M2 tissue rebuilding phenotype, and 3) provision of an ideal substrate for cell attachment, migration, and 
population with host cells. The concept of “constructive remodeling” induced by xenogenic biologic scaffold 
materials and supporting evidence will be presented. 
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The Practical Application of Adipose Derived Stem Cells in Equine Practice
Joseph G Yocum, DVM, ABVP

Adipose tissue has been shown to be a reliable source of adult derived multi-potent stem cells. Adipose 
tissue is easy to harvest, yields large number of cells and thus does not require tissue expansion, and has the 
potential to differentiate into a number of specialized cells of mesodermal origin. Adipose tissue can be quickly 
processed to harvest the stromal vascular fraction which contains not only multi-potent stem cells but also a 
cocktail of cells, growth factors, and proteins that increase the therapeutic potential of this treatment modality. 
In addition ADSC, which are harvested in the dormant state, are activated with the addition of Platelet Rich 
Plasma (PRP) and with exposure to the appropriate light wavelengths to further stimulate proliferation and 
differentiation. 

There are several sources of adipose tissue in the horse, however the fat located lateral to the tail head is 
the easiest to harvest. This fat can be harvested either via a linear incision or via liposuction. The surgical 
excision of adipose tissue is the most straightforward approach; however, the liposuction technique is far more 
cosmetic. The nucleated cell population per gram of fat and the viability of these cells is comparable.1

Recent advances in the processing of adipose tissue have substantially improved the cell concentration 
and total cell counts from harvested fat.2 This precludes the need for cell expansion and thus eliminates the 
concern with replicative quiescence. In most instances the cells are available for same day injection.

It has been demonstrated that ADSCs have the potential to differentiate into osteocytes, chondrocytes, 
myocytes, or tenocytes.3 4 ADSC under proper conditions can transdifferentiate into cells of other germ origin.5 
This SVF also contains numerous growth factors, proteins, and other cells including pericytes, endothelial 
cells, fibroblasts as well as hematopoietic stem cells and endothelial progenitor cells. We believe that these 
other ingredients act as an adjuvant to further augment the effects of ADSC.  

PRP which contains a large number of growth factors and cytokines is added to further stimulate the ADSC to 
proliferate and differentiate. 6   Also there is evidence that photomodulation will activate stem cells through a 
yet unknown mechanism.7 
    
While regenerative medicine is still in its infancy there is emerging a plethora of scientific, as well as 
anecdotal evidence that supports the use of multi-potent cells for a variety of conditions in the horse. 
ADSC have been show to decrease healing time in tendon injuries8 and there are numerous reports 
of successful treatment of other conditions in the horse including subchondral bone cysts, suspensory 
desmitis, laminitis, and non union fractures.
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Clinical Case Review of Horses Treated with Hyperbaric Oxygen Therapy and Stem 
Natanya Nieman, DVM

WinStar Farm, Versailles, Kentucky

Hyperbaric oxygen therapy has been well established in clinical human medicine and has only recently found 
its way into the veterinary field. The first equine hyperbaric chambers came into use in 1999.  The primary 
therapeutic benefit of hyperbaric oxygen therapy is the hyper-oxygenation of plasma, which enhances oxygen 
delivery to injured or hypoxic tissues and stimulates a cascade of physiologic effects. This makes it a valuable 
tool as an adjunctive therapy for a wide variety of conditions. A hyperbaric oxygen chamber was installed at 
WinStar Farm in 2000 and has been utilized as an adjunct to routine veterinary therapy since then. To date 
we have performed over 8000 treatments and have had overall successful results. Some of the common 
conditions that we use it for are infections, wound healing, post-race recovery, placentitis, neonatal birth 
asphyxia, to enhance tissue healing processes in relatively avascular tissues such as tendon, ligament, and 
bone, and as an adjunct to stem cell therapy. Human research has shown that hyperbaric oxygen therapy 
increases mobilization of progenitor/stem cells into circulation and enhances exogenous stem cell survival. 
Since 2001, hyperbaric treatment has been incorporated into the protocol for stem cell treatment at WinStar 
Farm. This presentation will review the use of hyperbaric oxygen therapy at WinStar Farm and will discuss 
some of the mechanisms and protocols for its application including lessons learned from patients treated with 
this combination of stem cell therapy and hyperbarics.  

Adverse reactions associated with clinical application of autogenous and allogeneic bone 
marrow derived mesenchymal stem cells
Larry Galuppo, DVM, Diplomate ACVS1; LK Bohannon1; NJ Walker2; KC Clark2; J Burges3; SD 
Owens2; DL Borjesson2

From the Department of Surgical and Radiological Sciences,1 Department of Pathology, Microbiology and Immunology2 and The William 
R. Pritchard Regenerative Medicine Laboratory.3

Introduction
Clinical application of mesenchymal stem cells (MSCs) has become common in equine practice. Banked 
allogeneic MSCs (standard in clinical trials in human medicine due to their low immunogenicity) offer the 
advantage of having a large MSC dose readily available for treatment. We hypothesized that the occurrence of 
adverse reactions would not differ between allogeneic and autologous MSCs. The objective of this study was 
to compare adverse reactions in horses receiving either bone marrow derived allogeneic or autologous MSCs.

Materials and Methods
All horses that initiated or received a treatment of allogeneic or autologous MSCs between April - November, 
2010 were included. The medical records were acquired from The William R. Pritchard Regenerative Medicine 
Laboratory. Referring veterinarians were contacted to obtain follow up information. Adverse reactions were 
classified as a localized inflammatory response with or without lameness. Recorded variables included: 
signalment, the lesion being treated, and if a reaction occurred. If a reaction occurred, the type, severity 
and time frame of the reaction was recorded. MSC dose and route of administration were recorded for all 
treatments. Allogeneic MSC donors were recorded for all recipients. The occurrence of reaction was compared 
between groups with a Chi-Square test. Means and standard deviations (SD) were generated for numerical 
data and compared between groups with a Students t-Test. Significance for all tests was set at P ≤ 0.05.
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Results
A total of 47 horses were included (28 horses received autologous MSCs, 19 horses received allogeneic 
MSCs). Follow up was obtained on 36 cases (77%, 36/47, 19 horses in each group). Horses treated with 
allogeneic cells had significantly more reactions (8 of 19) compared to those treated with autologous MSCs 
(2 of 19, P < 0.05). Significantly more allogeneic MSCs were administered per lesion (41.6 ± 27.5 million) 
compared to autologous treatments (27.1 ± 10.3 million, P =0.004). Within each group, treatment dose was not 
different between horses that did and did not react (allogeneic, P= 0.52; autologous, P = 0.27).

Six of 8 horses reacted after the first treatment of allogeneic cells. The routes of administration for these 
horses included intralesional, subcutaneous, regional limb perfusion and intraarticular. The reaction associated 
with intraarticular injection was most severe and included pronounced lameness for 1 to 2 days. All reactions 
responded to medical therapy and no detrimental effects were noted after 4 to 9 months of follow up. Four of 
the 8 cases had the same donor.
Both horses that reacted to autologous MSCs, did so after the first intraarticular administration. Clinical signs 
were comparable to intraarticular allogeneic MSC administration. No detrimental effects were noted after 9 to 
12 months of follow up.

Conclusions
This study demonstrated a higher occurrence of adverse reactions associated with allogeneic MSC 
administration. Most reactions were mild, responded to medical therapy and had no long-term detrimental 
effects. Reactions after intraarticular injections can be severe for both autologous and allogeneic MSCs. 
Further evaluation of allogeneic MSCs is required before they can be recommended as a standard 
regenerative medicine therapy in equine practice.

Immunodulation by Mesenchymal Stem Cells
Corey Orava, DVM

Mesenchymal stem cells (MSCs) are progenitor cells of stromal origin, originally isolated from adult bone 
marrow and subsequently from virtually every other tissue in both adult and foetal life. Even though MSC 
are defined according to their ability to differentiate into various tissues of mesodermal origin (osteocytes, 
chondrocytes, adipocytes), there are reports that they can also differentiate into ectodermal and endodermal 
cell types. 

Early research with MSCs focused on differentiation. It is now evident that modulating inflammation, cell 
death, and fibrosis are the main mechanisms of MSC therapy.  This review will examine the immunoregulatory 
activities of MSCs with a focus on clinical applications.

Different mechanisms have been proposed for their immunosuppressive properties, although it seems 
likely that they are used in concert.  Clinical benefit from MSC may not require sustained engraftment of 
large numbers of cells or differentiation into specific tissues. It is possible that a therapeutic benefit can be 
obtained by local paracrine production of growth factors and a provision of temporary anti-proliferative and 
immunomodulatory properties.

Cells Influenced
MSCs influence virtually all of the major immune effector cells by down-regulating proliferation, expansion 
and cytokine secretion.  The most commonly reported observation is the ability of MSCs to suppress T 



cell proliferation.  In addition, inhibition of T cell activation can occur with reductions in proinflammatory 
cytokines, such as TNF-a and IFN-g.  Similarly, B-cell differentiation to immunoglobulin-producing cells can 
be significantly inhibited, thereby leading to a decrease in immunoglobin production.  MSCs can also alter the 
phenotype of NK cells and suppress proliferation, cytokine secretion, and cytotoxicity. (1-7)

MSCs can also modulate the immune system by promoting the induction suppressor or regulatory cells.  
Specifically, CD25+ Treg cells and type 2 dendritic cells (DC2).  Regulatory T cells act to suppress activation of 
the immune system, while DC2 cells can make the immune system tolerate harmless antigens, thus maintain 
immune system homeostasis and minimizing autoimmune diseases. (4,9,10)

By changing the inflammatory profile, MSCs have the ability, in vivo, to minimize the influx of leukoctyes, 
thereby abrogating an inflammatory cascade. (9,11)

Mechanisms
MSCs affect both innate and adaptive immune responses via direct contact and soluble mediators.  Some of 
the compounds produced by MSCs include: TGF-B1, interleukin-1 receptor antagonist (Il-1Ra), indoleamine-
pyrrole 2,3-dioxygenase (IDO), PGE2, nitric oxide (NO), insulin-like growth factor-1 (IGF-1), Heme oxygenase 
1 (HO-1), interleukin-10 (IL-10) and galectin-1. (1,3,4,6,7,11,12)

Activated of Licensed
The immunosuppressive activities listed above are not an innate property of MSC. In vitro, MSCs must be 
primed or ‘licensed’ in order for them to influence immune effector cells.  The immunosuppressive function of 
MSCs is elicited by inflammatory mediators such as IFN-γ, TNF-α, IL-1α, or IL-1β.  Since these chemicals can 
be found in an injured/inflamed tissue, the in vivo use of MSCs for therapeutic indications does not require prior 
activating of MSCs. (4,7)

Diseases Treated by MSCS 
Review of the in vitro immunosuppressive effects of MSCs may lead one to conclude that infections could be a 
sequelae of the in vivo use of stem cells.  Fortunately, not only are there no published reports of infection post-
MSC treatment, but one study, using a murine model of sepsis, actually found mortality was reduced. (3,13)

Encouraging results have been reported with numerous disease models.  These include: tendonitis, 
osteoarthritis, cutaneous wounds, fractures, inflammatory bowel disease, renal failure, multiple sclerosis, 
amyotrophic lateral sclerosis, ischemic limb disease, stroke, diabetes, graft vs host disease, asthma and 
endotoxemia. (3,10,14-19)

Conclusion 
The immunosuppressive properties of MSCs have been under investigation for nearly a decade. Current data 
indicate that MSCs utilize a number of synergistic mechanisms to control both innate and adaptive immune 
responses.  In vitro and in vivo studies have suggested that the inflammatory environment is crucial to enable 
MSC to exert their antiproliferative and antiapoptotic effects, thus highlighting the importance of determining 
the molecular features of the microenvironment to maximize the therapeutic impact. 
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Stem Cell Therapy:  A Clinician’s Perspective
Keith Clement, DVM

In dogs receiving fat derived mesenchymal stem cell (MSC) therapy for osteoarthritis (OA) pre-treatment and 
30, 60, and 90 day post-treatment scores for energy level, pain and stiffness were evaluated.  Patients were 
evaluated by their owners on a scale of 1-5 (1 =normal, 5=severe).  Although the trend was for improved 
scores after treatment, the improvement for the group was not statistically significant.  It should be noted that 
there was no control group or existing therapy group data to compare to.  Considering the progressive nature 
of OA, having a control group may have changed the statistical significance of the improvements seen by 
owners.  Evaluation of Quality of Life (QOL) scores at 30, 60 and 90 days (n=34, n=25, n=11, respectively) for 
patients where the data was available revealed significant improvement (88-100% of patients had improved 
QOL).

In addition to OA, we have treated 3 patients for Degenerative Myelopathy (DM), 3 patients for Renal Disease, 
2 for spinal cord trauma and 1 for Hip Dysplasia without OA.   Except for the DM patients, the results look 
promising and further study using MSC for Renal Disease, Spinal Trauma and Hip Dysplasia seems warranted.



Stem Cell Therapy Mechanisms and Applications 
Erik J. Woods1,2, Thomas Ichim3, Sreedhar Thirumala1, Rachael Helman1, Shelly Zacharias1 
1RenovoCyte, LLC, Indianapolis, IN, USA; 2Indiana University School of Medicine, Indianapolis, IN, USA; 3Medistem, Inc., San Diego, 
CA, USA 

Mechanistically, how mesenchymal stem cells (MSC’s) can affect areas of injury and/or disease can be broadly 
categorized in two ways: 
1) Direct tissue engineering, e.g. the cells may directly form “permanent” new tissues; and 
2) Through paracrine influence on the host’s cells to induce native tissues to heal. 

Under normal in vivo situations, mesenchymal stem cells are dispersed throughout virtually all tissues of the 
body in varying concentrations; however they are usually present in the circulatory system in only very small 
numbers. In circulation, they are known to “migrate” to injured and inflamed tissue through expression of 
receptors such as CD44 and CXCR-4, respectively. Therefore MSCs can be utilized in tissue engineering or 
cell therapy by local administration or alternatively by taking advantage of their migration or homing ability and 
introducing them into the circulation where they will associate with areas of injury and/or inflammation. 

A hallmark of MSCs based on the International Society of Cell Therapy position paper is that they do not 
express histocompatibility markers such as MHC-II or DRB-1. Because of this, MSCs are invisible to an 
allogeneic (and possibly xenogeneic) host immune system at least until they differentiate. Because it is 
yet unclear if differentiated cells will reject, direct tissue engineering applications are best attempted with 
autologous cells. For indirect paracrine induced therapy, allogeneic cells have been shown to be safe in 
humans and animals if appropriately disease screened and free of bacterial/fungal contamination. Additionally 
an adjunct to the paracrine tissue engineering affect is these cells can also suppress inflammation through 
secretion of anti-inflammatory cytokines such as IL-10, TGF-beta, LIF, soluble HLA-G and IL-1 receptor 
antagonist, expression of immune regulatory enzymes such as cyclooxygenase and indolamine 2,3 
deoxygenase, and ability to induce generation of anti-inflammatory T regulatory cells. 

The in vivo anti-inflammatory effects of MSC has been demonstrated by success in treating animal 
models of immune mediated/inflammatory pathologies such as multiple sclerosis, colitis, graft versus host, 
rheumatoid arthritis, and ischemia/reperfusion injury. In heart failure, administration of MSC post infarct has 
been demonstrated to decrease production of TNF-alpha and IL-6, but upregulate generation of the anti-
inflammatory cytokine IL-10, which correlated with therapeutic benefit. Clinically, MSC’s have demonstrated 
repeatedly potent therapeutic activity at suppressing graft versus host disease (GVHD). 

It has also been demonstrated in animal models that mesenchymal stem cells (and in vitro differentiated 
MSCs); possess some level of spinal cord injury (SCI) regenerative activity. In a comprehensive, blinded study 
of spinal cord compressive injury in the dog, Jung et al. (2009) demonstrated a biologically and statistically 
improved outcome with therapy using autologous and allogeneic bone marrow mesenchymal stem cells. MRI, 
histology, and immunofluorescence supported the direct effect of the therapy on repair of the SCI. Clinically 
we have supported this model using intravenous, allogeneic MSC’s from sources other than bone marrow 
on an acute spinal injury dog in an ongoing clinical trial. The patient suffered a T-12 subluxation causing 
paraparesis, she was initially treated with steroid injections with slight improvement. Two weeks after the 
initial injury the owner stopped seeing improvement, four weeks after injury MSC injections were started. After 
three intravenous MSC injections, two-weeks apart, the patient’s hind limb ataxia improved, proprioception 
improved and her spinal crepitus improved. At the time of the injections and at present time, the patient is on 
no anti-inflammatory medications other than a Dasiquin supplement. The patient’s initial area of injury fused 
on radiographs three months after injury. The patient’s CBC, chemistries and urinalysis continue to be within 
normal limits. She is able to run, go up and down stairs without problem and go on daily walks. 
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This discussion will include a segment on the comparison of different canine mesenchymal stem cell sources 
including the teeth, uterus, umbilical cord and amniotic fluid and the validation tests used to propose the 
presence of MSC’s or MSC-like cells. The author’s clinical experience in using some of these sources in pilot 
studies of disease models, including spinal disease and suspected degenerative myelopathy, with also briefly 
be discussed.

Effects of Allogenic Synovial Fluid on Viability, Proliferation, and Chondrogenic Differentiation 
of Equine Bone Marrow Derived Mesenchymal Stem Cells
Lindsey Helms-Boone, DVM; RM Gogal Jr.; DJ Hurley; JP Peroni

The use of injectable bone marrow-derived mesenchymal stem cells (BMSCs) as a therapy for equine 
joint disease is becoming more prevalent throughout the United States, however little is known regarding 
the interactions of BMSCs within the synovial fluid environment. The purpose of this study was to assess 
whether culturing BMSCs with increasing concentrations of allogenic synovial fluid altered their proliferation 
and viability, in vitro.  BMSCs, cultured from harvested bone marrow of eleven healthy horses plated in 96 
well plates seeded at concentrations of 3,000 and 6000 cells/ well in complete media containing increasing 
concentrations (0, 5, 10, 25, 50, 75, 100%) of synovial fluid obtained from healthy horses. After 48 hr in 
culture, the complete media containing increasing concentrations of synovial fluid was aspirated from all wells, 
washed, and replaced with fresh temperature-acclimated complete media. Alamar Blue™ was added to each 
well 48 hours post synovial fluid exposure and read at 72, 96, and 120 hr. To two duplicate 96 well plates, 
tritium thymidine was added at 48 hr post synovial exposure then harvested and counted at 96 hr.  At 120 hr in 
culture,  cells were trypsinized, enumerated, stained with 7-AAD, and analyzed by flow cytometry. Interestingly, 
the degree of sensitivity of the BMSCs to synovial fluid in culture was unique to each horse. For example, 
some cell lines seemed to be refractory to the synovial fluid while others were altered in either a stimulatory 
or inhibitory manner. Further, apoptotic cell death did not appear to contribute to these observations. These 
preliminary results suggest that other unknown BMSCs factors, unique to each horse, may influence their 
response to the synovial fluid environment, in vitro. 

Bone Marrow Derived Mesenchymal Stem Cells Harvested from the Sternum and Ilium: Are 
there differences?
Laurie Goodrich, DVM, PhD, Diplomate ACVS; MK Adams; S Rao; F Olea-Popelka; N Phillips; JD 
Kisiday; CW McIlwraith

From the Department of Clinical Sciences, Colorado State University, Fort Collins, CO and the Equine Orthopaedic Research Center, 
Colorado State University, Fort Collins, CO.

Purpose
Bone marrow-derived mesenchymal stem cells (BMDMSCs) have been shown to improve healing of cartilage, 
bone, and soft tissue defects in horses and other species. The two sites of BMDMSC harvest in the horse are 
the sternum and ilium, and site selection is based primarily on practitioner preference. The goal of this study 
was to determine the effects of harvest site and harvest fraction on stem cell quantity and rate of growth. We 
hypothesized that there would be a higher concentration of cells in the sternum compared to the ilium, and 
that the first fraction of marrow from either site would yield the greatest concentration of cells. Furthermore, we 
hypothesized that growth rates of cells from each site would not differ. 



Materials/methods
Seven horses from the Equine Orthopedic Research Center were sampled prior to euthanasia. Two sequential 
5-ml marrow samples were taken from the sternum and ilium of each horse. Nucleated cell counts were 
obtained for all samples pre and post marrow processing. Cells were expanded in culture for three passages 
and cell counts were obtained at each passage. 

Results
There was no significant difference (p>0.05) between the nucleated cell counts of the first sternum aspirate 
and first ilium aspirate. However, the nucleated cell counts of the first 5-mL aspirate were significantly higher 
than the second 5-mL aspirate for both sites (p<0.05). There was no significant difference between growth 
rates for any of the groups (p>0.05). 

Conclusions
These data should give practitioners confidence that cell numbers and growth rate characteristics do not vary 
between sternal and ilial sites and that the first 5 ml aspirate yields the highest concentration of stem cells 
for both sites. Depending on clinician preference both sites offer a rich supply of BMDMSCs that have similar 
growth rate characteristics. Further studies will reveal the importance of marrow volume in regard to cell counts 
and growth rate characteristics.  

Culture-Expansion of Adult Equine MSCs: Effects of Bone Marrow Aspirate Volume and 
Monolayer Conditions
John Kisiday, DVM; LG Goodrich; CW McIlwraith; DD Frisbie 

Orthopedic Research Center, Colorado State University, Fort Collins, CO

Laboratory services that expand autologous bone marrow MSCs for clinical applications seek to maximize 
efficiency and minimize the time necessary to obtain millions of cells for each case. Two aspects of this 
process will be considered. 
We investigated MSC isolation, growth, and differentiation as a function of bone marrow aspirate volume. 
From each donor horse, two sequential 5 ml fractions were aspirated from one ilium, while a single 50 ml 
fraction was aspirated from the contralateral side. In addition, aspirate fractions were taken in a similar manner 
from two sternal locations. Nucleated cell density: In aspirates from the ilium, the first 5 ml fraction contained 
a 3.5- and 2.5-fold higher density of nucleated cells relative to the second 5 ml fraction and 50 ml fraction, 
respectively. In sternal cultures, the nucleated cell concentrations from both 5 ml fractions were approximately 
2-fold higher than that in the 50 ml fraction. MSC yield from colony-forming culture and post-colony 
proliferation: When normalized to the number of nucleated cells seeded into colony-forming cultures, the yield 
of MSCs from the first 5 ml fraction was approximately 3-fold higher than the second 5 ml and 50 ml fractions. 
Post-colony proliferation was not significantly different among fractions. Differentiation – Chondrogenesis: 
MSCs were encapsulated in agarose hydrogel and cultured for 15 days in chondrogenic medium containing 
TGF. Total GAG accumulation was not significantly different among fractions. Osteogenesis: Monolayer 
cultures were maintained in osteogenic medium for 15 days. All cultures were positive for calcification (Alizarin 
Red). Alkaline phosphatase activity was not significantly different among fractions. Conclusion: The most 
efficient isolation of MSCs is obtained from the first 5 ml of bone marrow aspirate. MSCs from all fractions are 
similar in terms of growth and differentiation potential.
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Post-colony proliferation cultures are often seeded at thousands of MSC per cm2 of growth area, although 
more rapid growth has been reported for cultures established with hundreds of cells per cm2. We compared 
proliferation of adult equine MSCs in cultures seeded at high (10,000 cells/cm2) or low (500 cells/cm2) density 
over a 10 day timecourse. Proliferation cultures: Cultures were passaged when the density of MSCs were 
70-80% confluent. High density cultures were passaged every other day, while low density cultures were 
passaged after 5 days. High density cultures resulted in 10.9 population doublings over the 10 day timecourse, 
while low density cultures experienced 14.1 population doublings. Differentiation: MSCs from high and low 
density cultures were evaluated for chondrogenesis and osteogenesis at the end of the timecourse. Total 
GAG accumulation in agarose cultures of chondrogenesis was not significantly different. Osteogenic cultures 
established from high and low density expansion were positive for calcification. Conclusion: Low density 
seeding of proliferation cultures is advantageous over high density cultures as a higher rate of proliferation can 
be achieved with fewer processing steps and without affecting differentiation potential.

Optimal Donor Tissue Source of Mesenchymal Stem Cells to Promote Equine Bone Healing
Catherine L. Radtke, DVM; Laurie McDuffee, DVM, PhD, Diplomate ACVS

Atlantic Veterinary College, University of Prince Edward Island 

Introduction
There is evidence in the literature that mesenchymal stem cells (MSCs) from bone marrow and fat are 
multipotent and can be used to enhance bone healing. We hypothesized that equine periosteum and skeletal 
muscle are equivalent, if not superior, sources of mesenchymal stem cells (MSCs) with osteogenic capacity 
when compared to conventionally chosen donor tissues: fat and bone marrow.

Material and Methods
MSCs were isolated from equine fat, bone marrow, periosteum, and muscle.   Isolation of MSCs was confirmed 
by adherence, tri-lineage differentiation, and identification of cell surface markers.  Proliferation assays were 
performed for quantitative comparison of MSCs.  MSCs were counted at 24, 48, 72, and 96 hours in passage 
1 and 2.  Statistical significance was determined using full model linear regression with a p value of <0.05 
considered significant.  Real time PCR for osteocalcin, was performed on MSCs that had been induced down 
the osteoblastic lineage.

Results
Muscle derived MSCs had a significantly greater proliferation rate 
compared to other tissues. Periosteum and fat derived MSCs 
were significantly less proliferative than muscle sources but not 
significantly different from each other.  Bone marrow was the least 
proliferative and was significantly lower than muscle, periosteum 
and fat sources of MSCs (Fig 1).   The real time PCR results are 
pending but will be ready by submission deadline. 

Discussion
Muscle tissue, which can be readily harvested similar to fat, is a 
source of MSCs with some advantages compared to other donor 
tissues.                   



Mesenchymal Stem Cells Expressing BMP2 Generate Rapid Osteogenic Response in Rodents
Steven Stice and Jennifer Mumaw 

ADS Depart.; University of Georgia, Athens  GA

Autologous bone grafting is currently the most effective treatment for long bone nonunion fractures; however, 
it is not without considerable risks to donors necessitating the development of alternative therapeutics.  
Currently poly (ethylene glycol) microencapsulation technology and BMP-2 transgene delivery systems are 
being developed together as an effective method for inducing rapid bone formation. With the promise of these 
technologies, methods to make these treatments available for clinical application are presently lacking.  In this 
study we used mesenchymal stem cells (MSCs) as a vector for transgene production. MSCs were chosen due 
to their ease of harvest, replication potential and immunomodulatory capabilities.  Cells from both Ovine and 
Porcine were based on future applications in large animal models for nonunion fractures. We demonstrated 
that the cryopreservation of microencapsulated therapeutic MSC did not affect cell viability, transgene BMP-2 
production or ability to initiate bone formation in a mouse model for heterotopic ossification when compared to 
freshly prepared samples. Additionally, microspheres showed no appreciable damage from cryopreservation 
when examined with light and electron microscopy. While the viability of MSCs in all conditions were 
considerably reduced by 4 days following encapsulation when compared to the day of encapsulation, 
genetically modified encapsulated MSCs  at 4 days post encapsulation also showed addtional reduced viability 
when compared to the non-modified MSCs  4 days following encapsulation. These results validate the use of 
cryopreservation in preserving the viability and functionality of PEG encapsulated BMP-2 transduced MSCs. 

From Rodents to Large Animals: Fracture Models to Study Enhanced Bone Repair
John Peroni, DVM, MS, Diplomate ACVS

The overall goal of this presentation is to describe the application of segmental bone defect models to test the 
applicability of adenoviral BMP-2 transduced mesenchymal stem cells microencapsulated within poly(ethylene) 
glycol diacrylate (PEGDA) hydrogel microspheres as an effective method for inducing rapid bone formation.

Models discussed will include a mid-shaft femoral defect in rats and an unsupported  metacarpal “notch” 
defect in sheep. The former is a critical size defect supported by the “FESSA” external fixation system. This 
system is a lightweight tubular fixator available in 6 and 8mm diameter tubes which incorporate a pin clamping 
mechanism which provides superior strength and extremely good angular pin rigidity. Tubes accept pins of 
shaft diameter ranging from 0.8mm to 3.2mm placed in an offset fashion across the bone and secured to the 
bar by hex driven grub screws. Using this system, consistent bone formation was observed at the targeted site 
after injection of the osteoinductive microspheres. The new bone formation was extensive enough to bridge the 
defect and appeared in many cases to be integrated with the skeletal bone as early as 2 weeks from injection.

With the intent to translate these findings in a large animal model the development of an unsupported 
metacarpal and metatarsal defect was undertaken. The goal of this study was to evaluate the feasibility and 
tolerability of an unsupported unicortical mid-shaft metacarpal (tarsal) defect in adult sheep. After induction of 
anesthesia 12 sheep were placed in lateral recumbency with the operated forelimb uppermost. After clipping 
and aseptic preparation of the circumference of the third metacarpal region a 5cm incision was made to the 
bone on the lateral aspect of the limb. In one group of 6 animals the periosteum was stripped from the bone 
and a “notch” defect of distal metacarpal region was created by removing a 4 by 1 cm portion of cortical bone 
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with an oscillating bone saw. In the second group of 6 animals a similar defect was created without periosteal 
stripping. In three animals from each group the defects were filled with a  cortico-cancellous bone graft 
obtained from the tuber coxae. Subcutaneous and skin tissues were respectively closed with a continuous 
and an interrupted suture pattern. The limb will be bandaged with non-adhesive padding and placed in a 
support wrap extending from the digit to the base of the carpus. All sheep tolerated surgery, recovery and 
postoperative healing well. No lameness could be detected after 24 hours from surgery and all incision sites 
healed uneventfully. Grafted sites healed as expected within 30 days. Periosteal removal in the area adjacent 
to the defect significantly diminished the healing response even in the grafted defects. This metacarpal “notch” 
is ideally suited for testing compounds aimed at enhancing bone repair. 

Equine Bone Regeneration with Stem Cell-Scaffold Constructs
Mandi J. Lopez, DVM, MS, PhD, Diplomate ACVS 

Laboratory for Equine and Comparative Orthopedic Research, Equine Health Studies Program, School of Veterinary Medicine, 
Louisiana State University

Creation of functional three-dimensional tissue using cells combined with scaffolds to facilitate cell growth, 
organization, and differentiation is a primary goal of tissue engineering.  In combination with appropriate 
biomaterials, bone marrow-derived stromal cells (BMSCs) differentiate into various tissue types in vitro and 
in vivo and significantly enhance bone repair in small animal fracture models.  Adipose tissue provides a 
promising alternative to bone marrow as an adult multipotent stromal cell (MSC) source for tissue repair and 
regeneration.  Like BMSCs, adipose derived stromal cells (ASCs) are capable of differentiating into multiple 
tissues.  Although MSC based therapeutic approaches have been investigated for some time, they are a 
relatively new approach to equine musculoskeletal injuries.

Tissue engineering has shown great promise to accelerate fracture healing in small animal models.  It 
is well established that the conditions for optimal osteogenesis by BMSCs and ASCs are not identical.  
Biological scaffolds tailored to each specific stromal cell type are central to their application for equine tissue 
regeneration.  In order to capitalize on the therapeutic potential of BMSCs and ASCs for equine fracture repair, 
it is also critical to identify the unique preimplantation features that enhance bone formation by equine MSC-
scaffold constructs.  Some considerations in this regard include cell loading densities and pre-implantation 
culture conditions.  The use of a bioreactor for MSC loading provides a well-defined, controlled environment 
during the loading process.  This is key to successful large-scale, long-term stromal cell applications for tissue 
regeneration.  In vitro and small animal in vivo models support these crucial investigations.  An overview of 
various cell sources and techniques applied for bone regeneration by equine MSCs will be presented as well 
as recent experience with osteogenesis of equine MSC-scaffold constructs following bioreactor loading.  The 
ultimate goal of our work is to reduce fracture healing time in the horse with cell-based tissue engineering.



Image Guided Tissue Engineering of Equine Airway Cartilage
Bryan N. Brown PhD1,2, NJ Siebenlist3, J Cheetham2, JW Hermanson4, NG Ducharme2, LJ Bonassar2,5

Department of Clinical Sciences, 2. Department of Biomedical Engineering, 3. Department of Biological and Environmental Engineering, 
4.  Department of Biomedical Sciences, 5. Department of Mechanical and Aerospace Engineering - Cornell University, Ithaca, NY  
14853

Introduction
Upper airway obstruction is a common cause of poor performance in horses.  In general, airway 
obstructions arise from a reduction in neuromuscular function or from a decrease in the mechanical 
stiffness of the structures of the upper airway.  These reductions in muscular control and stiffness 
decrease the ability of the airway to resist inspiratory or expiratory pressures, causing laryngeal 
collapse.  We propose to restore airway patency through methods that replace damaged tissue and 
improve stiffness of airway structures.  Tissue engineering has shown promise for the replacement of 
a wide variety of damaged, diseased, or missing tissue structures. The objective of the present study 
was to establish a tissue engineering approach to creation of viable constructs which approximate the 
shape and size of equine airway structures. 

Methods
Briefly, computed tomography (CT) imaging was performed on intact equine larynges.  The CT images were 
used to create three-dimensional computer models of the cartilaginous structures of the larynx.  Anatomically 
shaped injection molds were then created from the models using rapid prototyping.  These molds were seeded 
with chondrocytes resuspended within alginate prior to static tissue culture.

Cells were harvested from either auricular cartilage (elastic cartilage – epiglottis construct) or from the cartilage 
of the articulating surfaces of the femoro-patella groove and condylar head  (hyaline cartilage – arytenoid 
construct) using 0.2% collagenase digestion. Isolated cells were resuspended in 2.2% alginate in PBS at a 
concentration of 25 million cells/mL.  The mixture was then combined with 1% calcium sulfate crosslinking 
solution prior to injection into the mold.  The injected mold was placed into a calcium chloride post-crosslinking 
solution for 1 hour at room temperature prior to de-molding of the construct.  Constructs were cultured in 
Dulbecco’s Modified Eagle Medium supplemented with 10% fetal bovine serum and a 1% antibiotic/antimycotic 
solution for up to 4 weeks post seeding and then evaluated for biochemical content (DNA, collagen, GAG, 
elastin), biomechanical properties (compression testing), and histologic architecture (hematoxylin and eosin, 
Safranin O, Verhoeff’s elastic stain). 

Results
Three-dimensional computer reconstructions of individual airway structures were utilized in the creation of 
molded constructs and were found to approximate the size and shape of equine tissue structures.  It was 
shown that it is possible create constructs consisting of chondrocytes from both elastic and hyaline cartilage 
sources, and that it is possible to seed such constructs while maintaining 75%+ cell viability.  Extracellular 
matrix content was observed to increase with time in culture and was accompanied by an increase in 
mechanical stiffness.

Conclusions
We have shown that it is possible to create viable constructs that approximate the shape and size of 
cartilaginous structures of the equine airway.  Additional investigation is required to determine the optimal 
culture time prior to implantation as well as to evaluate the ability of constructs created in this manner to 
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integrate with native tissues following implantation. If successful, such an approach represents a significant 
improvement upon the currently available treatments for damaged airway cartilage in horses and may provide 
clinical options for replacement of damaged tissues during treatment of obstructive airway diseases.

Stem Cells for Musculoskeletal Tissue Repair
Lisa Fortier DVM, PhD

Cornell University, Ithaca NY 

Stem cells hold tremendous promise for the treatment of musculoskeletal injuries. There are several therapies 
currently being employed or marketed under the guise of stem cell therapy; therefore understanding the 
fundamentals of stem cell biology is important for designing studies or choosing the appropriate treatment type 
for clinical application. 

Stem cells are broadly defined as undifferentiated cells that possess the ability to divide for indefinite periods 
in culture and may give rise to highly specialized cells of each tissue type (mesoderm, ectoderm, endoderm).  
There are two broad categories of stem cells, embryonic and adult-derived.  Embryonic stem cells (ES cells) 
used to be defined as those derived from embryos; more specifically from day 8, pre-implantation blastocyts.  
More recently advances have been made so that ES cells can be generated from adult fibroblasts using many 
of the same technologies that were used to clone Dolly the sheep.  These cells are known as iPS (induced 
pluripotent stem) cells.

Adult-derived mesenchymal stem cells (MSC) can be obtained from bone marrow, fat, umbilical cord blood, 
muscle, and many other tissues including cartilage, trabecular bone and tendon.  Hematopoetic stem cells 
(HSC) are those cells in the bone marrow which are the basis of bone marrow transplantation, and are 
capable of forming all types of blood cells.  Arguments can be made regarding the optimal stem cell source for 
applications in regenerative therapies, and importantly, studies are needed to define the need for stem cells in 
such endeavors.  There is more data available regarding cartilage tissue engineering, and those data support 
the need for the presence of cells (chondrocytes or stem cells) in a graft composite, but similar data is less 
abundant for meniscus, muscle, tendon or bone regenerative studies. 

 
The definition/identification of stem cells is constantly evolving.  Confounding the issue of stem cell definition is 
the concept of stem cell plasticity where a lineage committed stem cell might differentiate, or transdifferentiate 
into a cell of a completely different tissue lineage; this is commonly termed “plasticity of stem cells”.  Therefore, 
the identification of stem/lineage committed cells can be ambiguous.  There is no current consensus on a 
gold standard assay to isolate or identify stem cells.  It is important to remember when evaluating cell surface 
marker expression that several markers are common to multiple cells types, particularly nucleated white 
blood cells.  Since there is no single marker for MSCs, a panel of markers must be evaluated together.  For 
example, a marker commonly used to assert isolation of stem cells is CD44 (cluster of differentiation 44). But 
many cells, including lymphocytes, granulocytes, and thymocytes (realistically, nearly everything but platelets) 
display surface antigens for CD44.  Therefore, a mesenchymal or adipose-derived stem cell should be positive 
for CD44, but should also be negative for CD34 which is only present on HSCs and endothelial cells, or 
negative for CD45 which is displayed on granulocytes and lymphocytes. In pre-clinical studies, some of the 
most convincing experiments of stem cell differentiation use cell surface markers to demonstrate isolation and 
in vitro differentiation, and they show functionality of the stem cells in animal models of disease.  However, all 
of the studies so far have been performed in rodents, the majority employing severe, chemical or irradiation-
induced animal models of disease.  



The current and future of stem cell therapy efforts depend somewhat on the type of stem cell (embryonic or 
mesenchymal) being targeted for clinical applications.  In ES investigations, efforts are concentrating primarily 
around the development of iPS “patient-specific” stem cells to avoid immune rejection.  Critically important 
components of both ES and MSC studies will need to address the issues of homing, or localization of the stem 
cells to the damaged tissues, the functional capacity of the resident stem cells, and the influence of genetic 
background on the quality and quantity of stem cells retrieved from any one patient. Ultimately, in vivo studies 
will need to be performed in like-species before clinical application of ES cells, and side-by side evaluation of 
the various MSC (and eventually ES) products need to be performed in order to provide an indication of the 
most appropriate stem cell treatment for injuries to the musculoskeletal system.

Laying the Foundation: Growth Factors and Matrix in Regenerative Medicine
Jamie Textor, DVM, Diplomate ACVS

Regenerative therapies rely not only upon the provision of new cells, but upon the renewal of tissue 
architecture and appropriate anabolic signals as well. 
Growth factors such as TGF-b and PDGF are anabolic cytokines which influence cellular proliferation, 
migration, and morphology. Both are contained by platelets and released in high concentration when a clot 
forms within a natural wound. Although the benefits of growth factors are well-established, “growth” can 
also contribute to pathology, as in the case of fibrosis and excessive scarring. Determining optimal local 
concentrations and combinations for these factors, such that a growth factor “recipe” is known for a given site 
of injury, is an important goal for the field of Regenerative Medicine. 
Reconstitution of the extracellular matrix (ECM) is dependent upon the correct content and combination of 
proteins, as well as their native orientation, in order to restore both structural and signaling integrity to the 
tissue. The ECM is required to be not only strong, but “smart”: it provides a profile of physical anchors for cell 
adhesion and migration as well as motifs which stimulate cells to proliferate and to remodel the matrix they 
inhabit. 
Platelet-rich plasma (PRP) is an autologous biological product which, when prepared properly, can provide 
both a provisional matrix and significant growth factor content to a regenerating site. Identifying the ideal 
growth factor concentrations and matrix composition for a given anatomic site may allow us to “customize a 
clot” for an injury to that area. Research suggests that depending upon which platelet-activating protocol is 
employed, the clot that forms from PRP retains and releases different concentrations of growth factors. This 
has implications for designing a “slow-release” versus a “bolus” growth factor dose from the clot, which could 
be therapeutically important once the indications for one versus the other are known for a given site or a given 
type of injury. Further research is indicated to assess the effect of different platelet activators on the resulting 
fibrin structure and porosity within the clot, and whether certain of these parameters are advantageous in 
tissue regeneration. 
Growth factors and extra-cellular matrix provide the foundation upon which cell-based therapies work. These 
components of the regenerative “triad” should be optimized in parallel with cellular treatments, in order to truly 
achieve Regenerative Medicine. 

Cellular grafts are often directed toward high-load treatment sites, because these same sites tend to heal 
poorly and be critical to orthopedic function in particular. In veterinary patients in particular, we don’t have 
the luxury of a non-weight-bearing rehabilitation period to protect these fragile graft sites. As we focus on 
these cell-based “mini-grafts” as the focus of Regenerative Medicine, it is important to remember that the 
full potential of cellular grafts cannot be realized unless they are adequately protected and instructed by the 
extracellular matrix. 
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Not All PRP is Created Equal: The Importance of PRP Optimization
Taralyn McCarrel, DVM, Lisa Fortier, DVM, PhD, DACVS

Platelet rich plasma (PRP) originated as a transfusion product with clearly defined characteristics. However, 
firm criteria do not exist for regenerative therapy applications of PRP. The rapid, multi-disciplinary growth of 
PRP therapy has stimulated marketing of a plethora of commercial products ahead of substantial research 
to determine what should qualify as a PRP regenerative therapy and for what indications. Each preparation 
method varies according to the concentration of platelets/growth factors, leukocytes, and red blood cells, 
plasma volume, use of an anticoagulant, and use of an exogenous platelet activator. Further variability exists 
regarding timing of first treatment, re-dosing interval, volume of injection, as well as species differences in 
platelet and growth factor concentration. The composition and application of PRP needs to be optimized in a 
step-wise manner to achieve maximal therapeutic benefit.

Optimizing the concentration of leukocytes and platelets in PRP is the logical starting point in this tedious 
but necessary process. The inclusion of WBC in PRP remains highly controversial. Suggested reasons for 
WBC inclusion are anti-microbial killing properties, stimulation of inflammation, and provision of mesenchymal 
stem cells (MSCs). However, one must consider the biology of the condition PRP is being used for and if 
the qualities attributed to WBC are applicable. There are reports of leukocyte rich PRP improving healing of 
infected wounds, although platelets may play a role here as well1. PRP is commonly employed in the treatment 
of tendinopathy. These lesions are not infected, the effect of inflammation on repair is controversial, and the 
number of MSCs that may be present among peripheral blood WBC is trivial at best. Work in our laboratory 
and others have demonstrated positive correlations between WBC and interleukin-1β (IL-1β) and tumor 
necrosis factor-α (TNF- α) concentrations in PRP2. There is also evidence that thrombin significantly increases 
leukocyte IL-1β production3. A tendon explant study demonstrated a positive correlation between WBC 
concentration in biologics used as regenerative therapies and catabolic gene expression4. Our most recent 
work evaluating varying WBC concentrations in PRP further supports the concept of high WBC concentration 
increasing generation of catabolic cytokines within tendon. This evidence supports the use of leukocyte 
reduced PRP preparations for treatment of tendon lesions.

There is also important evidence for the need to optimize platelet concentration to the tissue being treated. 
Anitua et al. found that tendon cells, synovial cells, and dermal fibroblasts responded differently with regard 
to proliferation and cytokine production following exposure to low WBC PRP gels of different platelet 
concentrations5. A study on bone regeneration found that platelet concentrations greater than 1.8 million/
μl were inhibitory, while lower concentrations were beneficial6. Further work to determine the optimal platelet 
concentration of leukocyte reduced PRP for the treatment of tendonitis is currently underway.

1. Cieslik-Bielecka A, Bielecki T, Gazdzik TS et al. Autologous platelets and leukocytes can improve healing of infected high-energy soft 
tissue injury. Transfus Apher Sci. 2009; 41:9-12.
2. Stack G, Snyder EL. Cytokine generation in stored platelet concentrates. Transfusion. 1994; 34:20-25.
3. Pillitteri D, Bassus S, Boller K, et al. Thrombin-induced interleukin 1β synthesis in platelet suspensions: Impact of contaminating 
leukocytes. Platelets. 2007;18(2):119-127.
4. McCarrel T, Fortier L. Temporal growth factor release from platelet-rich plasma, trehalose lyophilized platelets, and bone marrow 
aspirate and their effect on tendon and ligament gene expression. J Orthop Res. 2009;27(8):1033-42.
5. Anitua E, Sanchez M, Zalduendo MM, et al. Fibroblastic response to treatment with different preparations rich in growth factors. Cell 
Prolif. 2009;42:162-170.
6. Lopez-Vidriero E, Goulding KA, Simon DA, et al. The use of platelet-rich plasma in arthroscopy and sports medicine: optimizing the 
healing environment. Arthroscopy. 2010;26(2):269-278.



FDA:  The New Animal Drug Approval Process
Lynne Oliver, DVM

The FDA’s Center for Veterinary Medicine (CVM) regulates drugs for use in animals (i.e., new animal drugs). A 
new animal drug is defined, in part, as any article intended for use in the diagnosis, cure, mitigation, treatment, 
or prevention of disease in animals other than man, and articles (other than food) intended to affect the 
structure or any function of the body of animals. Therefore, the definition of a new animal drug encompasses 
most cellular therapies making these products subject to the laws and regulations that apply to new animal 
drugs, including the requirement for pre-market approval.  Persons intending to market cellular therapies 
should contact CVM to determine if their product meets the definition of a new animal drug prior to introducing 
their product into the marketplace.  Once a product is determined to be a new animal drug, the sponsor of the 
drug begins the approval process by opening an Investigational New Animal Drug file with CVM.  During the 
approval process, the sponsor submits and CVM reviews data to support the safety, effectiveness, and quality 
of the product.  If CVM determines the data are sufficient to support the safety, effectiveness and quality of the 
product, the product is approved.  FDA approval allows for the product to be legally marketed.  

Immune Modulatory Properties of Equine Umbilical Cord Blood, Bone Marrow and Adipose 
Tissue-Derived MSCs in vitro
Thomas Koch, DVM, PhD

Cells with robust in vitro chondrogenic potential have been isolated from equine umbilical cord blood. The use 
of allogenic cord blood-derived cells may provide a non-invasive cell source with superior healing properties 
that is available to the equine clinician as an ”off-the-shelf” product at the time of care. This may provide 
improved treatment outcomes at a reduced cost. 

In this study the in vitro immunological properties of multipotent mesenchymal cells (MSCs) from equine 
umbilical cord blood (CB), bone marrow aspirates (BM) and adipose tissue (AT) was evaluated in co-culture 
with equine peripheral lymphocytes as well as in one-way mixed lymphocyte reactions (MLR). CB- and BM-
MSC was also evaluated in co-culture with equine T-cells. Five primary cell cultures from each tissue source 
where cryopreserved at passage state 3-5 prior to use. Triplicate cultures was done for each cell culture and all 
outcome parameters were recorded in triplicate.

One-way MLR revealed that CB- and BM-MSCs did not elicit a significant immune response whereas AT-MSCs 
did. CB-MSCs suppressed lymphocyte proliferation significantly more than BM-MSCs. Co-culture showed 
significant immune stimulation by AT-MSCs, but not by CB- and BM-MSCs. CB-MSCs caused significantly less 
lymphocyte proliferation than BM-MSCs. Niether CB- or BM-MSC caused T-cell proliferation in co-culture. No 
difference was observed between CB- and BM-MSC in T-cell co-culture. 

These data suggest that CB- and BM-MSCs may be better candidate cells for allogenic in vivo use than AT-
MSCs. In vitro studies of possible differences among soluable factors in the conditioned culture medium may 
provide mechanistic insights to the observed differences. In vivo studies are needed to determine the biological 
significance of the observed differences. 
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The Variability of Individual Aspirates of Equine Bone Marrow Derived Mesenchymal Stem 
Cells
Allison Stewart, DVM, Diplomate ACVS; CR Byron; H Pondenis; MC Stewart, C Evans

University of Illinois, Department of Veterinary Clinical Medicine, Urbana, IL, 61802.

Introduction
Mesenchymal stem cells (MSCs) are able to differentiate along osteoblastic, fibroblastic, adipogenic and 
chondrogenic lineages. A great deal of research has been carried out in recent years, in an attempt to utilize 
the potential of MSCs for the purposes of tissue and organ repair and regeneration and for tissue engineering 
applications.

A considerable amount of information is now available regarding soluble mediators required for lineage-
specific differentiation of MSCs, and established protocols are now widely utilized to effect MSC differentiation 
under controlled in vitro conditions. Previous studies have shown supplementation with FGF-2 can enhance 
in vitro chondrogenesis of bone marrow MSCs.  Previous work in our laboratory has shown large variation 
chondrogenesis of equine bone marrow aspirates. To this end, this study was performed to determine to test 
the null hypothesis that multiple bone marrow aspirates taken from the same horse would show no difference 
in MSC chondrogenesis.

Material & Methods
Two to three separate bone marrow aspirates were collected from the tuber coxae of 11 healthy horses ranging 
in from 2 weeks - 5 years.  All aspirates were allowed to attach and expand in monolayer media containing 
10% FBS and 1% Pen/Strep until the first passage.  At the time of the first passage 13.3 x 103cells/cm2 
were placed in flasks containing monolayer media (Control) or media containing 100 ng/mL of FGF-2.  After 
expansion in control or FGF-2 media, confluent monolayers were trypsinized and resuspended into pellets 
containing 200,000 cells/ 0.5 mL of chondrogenic media.  Basal chondrogenic media consisted of DMEM, ITS, 
ascorbic acid, and 5 ng/mL of TGF-B1 to make a total of two treatment groups: control or FGF-2.

There were 40 pellets for each bone marrow aspirate with 20 pellets in each treatment group.  Five pellets 
were saved for total glycosoaminoglycan (GAG) and DNA content on day 14.  Three pellets were saved for 
collagen type II content and five pellets for mRNA analysis.  Two pellets from each treatment group were saved 
for histology.  Total GAG content was determined using the DMMB assay.  Total pellet DNA content by using 
Hoechst flouroscene dye method.  An ELISA assay (Chondrex®) was used to detect pellet collagen type II 
content.  Real time PCR was used for mRNA levels of collagen type II and aggrecan normalizing with EF1-α 
mRNA levels. Histologic slides of each pellet were stained with Toluidine blue to determine distribution of 
proteoglycan content within the pellet.         

Results
In contrast to the null hypothesis there were significant differences in total pellet DNA and DMMB content 
between aspirates from the same horse in the control pellet cultures. For the control aspirates the median 
differences in DNA content was 5.9 μg/mL (95% PI: 1.9- 13.8 μg/mL), median differences in DMMB content 
was 8.25 μg/mL (95% PI: 0.58- 79.2 μg/mL), and median differences in collagen type II was 0.036 μg/mL (95% 
PI: 0- 0.46 μg/mL).  This variation amounted to 116% of the DNA mean and 56% of the DMMB mean of the 
control pellets. 



Similarly, pellets treated with 100 ng/mL of FGF-2 had significant differences in total pellet DNA, DMMB, and 
collagen type II content between aspirates from the same horse.  For the aspirates treated with 100 ng/mL the 
median differences in DNA content was 6.7 μg/mL (95% PI: 2.3- 31.5 μg/mL), median differences in DMMB 
content was 15.4 μg/mL (95% PI: 1.7- 86.3 μg/mL), and the median differences in collagen type II was 0.22 
(95% PI: 0.002- 0.75 μg/mL).  This variation amounted to 56% of the DNA mean, 49% of the DMMB mean, 
and 85% of the collagen type II mean of the FGF-2 treated pellets.  As shown in previous studies, treatment 
with 100 ng/mL of FGF-2 significantly increased the total pellet DNA, DMMB, and collagen type II content.  
However, treatment with FGF-2 did not alter these vast differences between aspirates from the same horse.     

Discussion/Conclusion
There is marked variation in the chondrogenic capacity of bone marrow aspirates from the same horse.  In this 
study 2- 3 aspirates usually provided at least one sample of bone marrow MSCs with enhanced chondrogenic 
capacity.  The use of bone marrow MSCs for tissue engineering should include evaluation of multiple aspirates.

Activated Equine Mesenchymal Stem Cells Derived from Fat, Bone Marrow and Placental 
Tissues Secrete Specific Mediators to Modulate Lymphocyte Proliferation
Dori L. Borjesson, DVM, PhD, Diplomate ACVP1 ; DD Carrade1, MW Lame1, MS Kent2, KC Clark1, NJ 
Walker1

1Department of Pathology, Microbiology and Immunology, and 2Department of Surgical and Radiological Sciences, School of Veterinary 
Medicine, University of California, Davis, California 95616. 

Introduction
Mesenchymal stem cells (MSCs) aid in tissue repair in part due to their anti-inflammatory and 
immunomodulatory properties. MSCs are commonly derived from bone marrow, fat, umbilical cord blood and 
umbilical cord tissue. Equine MSCs derived from different tissue sources have shown distinct differences in 
osteogenic and chondrogenic gene expression and differentiation potential. However it is currently unknown if 
equine MSCs derived from different tissue sources vary in their immunomodulatory abilities. We hypothesized 
that MSCs, irrespective of tissue of origin, secrete immunomodulatory proteins and suppress T cell proliferation 
however the specific profile of secreted mediators may vary by tissue type. The objectives of this study were 
to compare the ability of equine MSCs derived from bone marrow, fat, cord blood and cord tissue to 1) inhibit 
baseline lymphocyte proliferation, 2) inhibit lymphocyte proliferation after stimulation, and 3) secrete mediators 
in response to activated lymphocytes. We also determined one mechanism by which equine MSCs decrease 
lymphocyte proliferation. 

Methods
Equine MSCs (n=5 donors per tissue type) were incubated with peripheral blood monouclear cells (PBMCs) 
enriched for T lymphocytes in vitro either with out without stimulation [phytohemagglutinin (PHA) or alloantigen 
(PBMCs from an unrelated donor horse)]. For some experiments, indomethacin (prostaglandin inhibitor) or 
a blocking antibody to interleukin (IL)-6 were added. After 4 days, the culture supernatant was removed and 
secreted proteins including IL-6, prostaglandinE2 (PGE2), transforming growth factor (TGF)-β1, interferon (IFN)
g, and tumor necrosis factor (TNF)a were measured via ELISA. Nitrite (NO2) and indolamine 2,3-dioxygenase 
(IDO) were measured spectrophotometrically using the Greiss reagent and kynurenine concentration, 
respectively. Lymphocyte proliferation was measured flow cytometrically using bromodeoxyuridine (BrdU) 
uptake. 
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Results
In the absence of stimulation, MSCs neither stimulated nor inhibited baseline T lymphocyte proliferation, 
regardless of tissue of origin, although there was a trend for bone marrow and fat-derived MSCs to inhibit 
baseline T cell proliferation (p=0.06). All MSCs significantly decreased T cell proliferation when incubated with 
stimulated lymphocytes (either PHA or allogeneic PBMCs, p<0.05, all sources). Stimulated PBMCs, enriched 
for T cells, secreted high concentrations of TNF-α and IFNg. Co-incubation with MSCs resulted in a significant 
decrease in TNFα and IFNg concentration (p<0.05). Activated MSCs secreted high concentrations of IL-6, 
PGE2 and TGF-β regardless of MSC tissue of origin. NO was highly produced by stimulated bone marrow 
and cord blood-derived MSCs, but not by fat or cord tissue-derived MSCs. Equine MSCs did not produce 
IDO. Blocking PGE2 in the culture system completely reversed the ability of all MSCs to inhibit lymphocyte 
proliferation whereas blocking IL-6 had no effect on lymphocyte proliferation. 

Conclusions
Activated equine MSCs derived from bone marrow, fat, cord blood and cord tissue secrete high concentrations 
of mediators likely responsible for many of their immunomodulatory functions. MSCs derived from all sources 
are similar in their secreted protein profiles with the exception of NO that is produced only by bone marrow and 
cord blood derived MSCs. PGE2 was responsible for the inhibition of lymphocyte proliferation in vitro. IDO, a 
significant regulator of lymphocyte function secreted by human MSCs, is not secreted by equine MSCs in vitro. 
Equine MSCs are very similar to MSCs from rodents and human beings in their immunomodulatory profiles 
however there is a greater overlap with murine MSCs that rely on NO rather than IDO for immunosuppression. 
Our model suggests a feedback loop where activated T cells proliferate and produce TNFa and IFNg which 
then stimulate MSCs to secrete PGE2, and other soluble mediators, which then act to decrease lymphocyte 
proliferation. These data have implications for the treatment of inflammatory lesions dominated by T cell 
activation and TNFa and IFNg in vivo.   
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Pioneering Equine Stem Cell Therapy for Over 15 Years
Since pioneering the use of bone marrow-derived stem cell therapy more than 15 years ago, the Alamo 

Pintado team has been dedicated to advancing the role and application of biological therapies in clinical 

practice. We are committed to providing equine practitioners and horse owners with cutting edge adult stem 

cell therapies based on the latest advances in clinical experience and research. With our team of veterinarians, 

researchers, cell biologists and collaborating university partners, the Alamo Pintado Center for Biological 

Medicine is working to further the impact of stem cell practices, protocols and treatments.

Stem Cell Services
Bone Marrow Aspirate Concentrate • Stem Cell Expansion

On-Site Stem Cell Banking • Stem Cell Treatment • Bone Marrow Aspirate Collection Kits

www.AlamoPintado.com
2501 Santa Barbara Avenue, Los Olivos, California 93441 • lab@alamopintado.com •  1 (805) 688-6510
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