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Welcome to NAVRMA 2013,
!

We appreciate your participation and we hope you will find the
event educational, collaborative and fun.

!

Here are a few logistics. Please follow the maps located in the
next few pages to direct you to the various locations.

!

The main area of the NAVRMA conference is located on the
Exhibit Level (page 1 on the map). Here we will have:

!

- Registration in the Pre-Function Area
- Lectures on Monday and Tuesday in Grand Hall East
- Lectures on Wednesday in Hanover C and G

!

The NAVRMA/TERMIS Trade Show, Coffee Breaks both Monday
and Tuesday and importantly the Monday Evening Poster
Session will be located on the Ballroom Level in the Centennial
Ballroom (page 2 on the map)

!

You are invited to attend the Monday Evening NAVRMA Dinner
Reception & the Keynote Address located on the International
Tower Level in the International North ballroom. (page 3 on the
map)

!
For Board Members only:
!

NAVRMA Board Dinner - Executive Conference Suite 219
(Located on Second Floor of Atrium Tower)
Atlanta Conference Level. (page 4 on the map)

!

Thank you.

2013 PROGRAM
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Day 1 Sunday, November 10, 2013
Time

Session
TERMIS PLENARY SYMPOSIUM DAY

SPEAKERS

2:00 PM

Introduction to the History of Tissue Engineering &
Regenerative Medicine

Robert M. Nerem

2:20 PM

Biomaterials and Regenerative Medicine

Michael Sefton

2:45 PM

The Role of Biomechanics in the Evolution of
Regenerative Medicine

David Butler

3:10 PM

Impact of Stem Cells on the Evolution of Tissue
Engineering & Regenerative Medicine

Jane Lebkowski

4:00 PM

Break

4:25 PM

Emergence of Industry

Geoff McKay

4:50 PM

Clinical Need and Healthcare Impact of Tissue
Engineering

Christopher Breuer

5:15 PM

Federal Funding and Regenerative Medicine
Research

Chris Kelly

5:40 PM

Panel Discussion on Future Directions
Kristi Anseth
Anthony Atala
Robert Deans
Andres Garcia
David Mooney
NAVRMA Registration

6:00 PM

NAVRMA Board of Directors Meeting

7:00 PM

TERMIS welcome reception

Day 2 Monday, November 11, 2013
Time

Session

Time
Allotted

Speaker

Title

7:30 AM

NAVRMA Registration

8:00 AM

Introduction

15
minutes

John Peroni

8:15 AM

Invited Talk

25
minutes

Roger Smith The veterinary input into cell therapy –
have we advanced the field?

8:45 AM

Invited Talk

40
minutes

Bruce
Bunnell

Anti-inflammatory Properties of
Mesenchymal-lineage Stem Cells

9:30 AM

BREAK

30
minutes

10:00 AM Invited Talk

25
minutes

Willard
Eyestone

Induced pluripotent stem cells: what is
the potential for veterinary medicine?

10:30 AM Invited Talk

25
minutes

Susan Volk

Premise, promise and problems: Stem
cell therapies for small animal patients

Denni Day
VetPharm

StemCellerate! Proof-of-Concept to
Commercialization"

11:00 AM Industry Talk 25
minutes
11:30 AM LUNCH

1.5 hour

1:00 PM

Introduction

1 minute Thomas
Koch

1:00 PM

Invited talk

25
minutes

Sheila
Laverty

Intra-articular injections of stem cells in
horses: Friends or foes?

1:30 PM

Invited talk

25
minutes

Alan Nixon

Research and application of preprogrammed stem cells for cartilage
repair

2:00 PM

Invited talk

25
minutes

Ashlee Watts Intra-articular use of mesenchymal stem
cells - is it safe?

2:30 PM

BREAK

30
minutes

Day 2
3:00 PM

3:15 PM

3:30 PM

3:45 PM
4:00 PM

Monday, November 11, 2013
Kaitlin
Clark

The influence of culture conditions on
equine MSC proliferation, surface
phenotype and immune function

Thomas
Koch

Isolation, immunophenotyping and
lymphocyte suppressive properties of
equine CB-MSC

Lynn
Williams

Frozen and cultured equine umbilical
cord blood MSC are equally lymphocyte
suppressive in vitro

Abstract

12
minutes

Aimée
Colbath

The influence of simulated shipping on
viability and growth factor release by
bone marrow-derived and umbilicalderived mesenchymal stem cells

Abstract

12
minutes

Amanda-Jo Response to sternebral bone marrow
Joswig
aspiration in equine patients

Abstract

Abstract

Abstract

12
minutes
12
minutes
12
minutes

12
minutes

4:15 PM

Abstract

4:30 PM

1
Introduction minutes

4:30 -6:00 Poster
PM
session

6:45 PM

7:15 PM

!

Anne
Peters

Biopsy needle advancement during bone
marrow aspiration increases MSC
concentration

Thomas
Koch
Poster session will be held in the
Centennial Ballroom

1.5 Hour

NAVRMA Conference DINNER
Keynote
Address

1 hour

Dietmar
Hutmacher

Large Preclinical Animal Models a
Conditio Sine Qua Non in the Translation
from Bench to Bedside

Day 3

Tuesday, November 12, 2013
Time
Allotted Speaker

Time

TOPIC

7:30 AM

NAVRMA
Registration

8:00AM

15
Susan
Introduction minutes Volk

8:15AM

8:45AM

9:00AM
9:30AM
10:00 AM
10:30 AM

11:00 AM
11:15am
11:30am

Title

25
Leigh
minutes Griffiths

Xenogeneic scaffolds in cardiovascular
regenerative medicine: Immunologic,
structural and functional considerations

12
Chris
minutes Andrews

Effects of autologous conditioned serum on
equine tendon fibroblasts in 3D collagen
gels under cyclic mechanical strain

Invited talk

25
Laurie
minutes Goodrich

Autologous Platelet Enhanced Fibrin (APEF)
Compared to APEF with Culture Expanded
Bone Marrow Derived Mesenchymal Stem
Cells (BMDMSCs): Do Platelets or Stem
Cells in Fibrin Help Cartilage Repair?

BREAK

30
minutes

Invited talk

25
Lynne
minutes Boxer

FDA: The New Animal Drug Approval
Process and Cell-Based Products

Invited talk

25
Karl
minutes Nobert

Regulation of Regenerative Therapeutics

Abstract

Safety of Subconjunctival Injection of
12
Amanda- Allogeneic Mesenchymal Stem Cells in
minutes Jo Joswig Horses

Abstract

12
Elle
minutes Donnini

LUNCH

1.5
hour

Invited talk

Abstract

Stromal vascular fraction as a trophic
mediator of tendon regeneration

Day 3 Tuesday, November 12, 2013
Time

TOPIC

Time

1:00 PM

Industry
session

2.5
hours

1:00 PM

Mike
25
Hutchinson
Industry Talk minutes Medivet

Benefits of Implementing Stem Cell
Therapy in Your Practice.

1:30 PM

Bob
25
Harman
Industry Talk minutes Vetstem

One Medicine and Collaboration for Rapid
Development of Cell Therapy

2:00 PM

25
Industry Talk minutes

2:30 PM

BREAK

30
minutes

3:00 PM

Invited Talk

25
Jennifer
minutes Barrett

Scaffolds for tendon differentiation

3:30pm

Abstracts
Session

Abstract

12
Mandi
minutes Lopez

Carrier Scaffolds Direct Adult Equine
Multipotent Stromal Cell Osteogenesis In
Vivo

Abstract

12
minutes Jane Cho

Influence of Chitosan on Equine Fetal
adnexa-derived Mesenchymal Stem Cells

Abstract

Outcome of 42 Horses with Stifle Injuries
12
Treated with Adipose-Derived Regenerative
minutes F. Ross Rich Cells & IRAP

Abstract

12
Sam
minutes Franklin

Progression toward biological femoral
head resurfacing in dogs

Abstract

12
Mathieu
minutes Spriet

Scintigraphic comparison of 3 different
techniques of administration of MSCs to
the liver in dogs

4:45pm

Abstract

12
Alexandra
minutes Scharf

MRI Contrast Agents for Tracking MSCs in
a Large Animal Model of Tendon Injury

7:00pm

TERMIS Inaugural Evening Event: "The World of Coca-Cola" (Register through
TERMIS website)

3:30pm
3:45pm

4:00pm
4:15pm

4:30pm

Speaker

Title

Day 4 Wednesday, November 13, 2013
Time

TOPIC

Time
Allotted

7:30 AM

NAVRMA
BREAKFAST

1.5 Hours

8:00 AM

Keynote
Address

40
minutes

8:40 AM

Expert Panel on Clinical
Applications

9:00 AM

Introduction

Speaker

Title

Michael
A new approach to the tissue
Heggeness engineering of bone
Heggeness, Nixon, Goodrich, McIlwraith, Canapp

1 minute
Skin substitutes: An emerging paradigm
for a transformational tissue
regenerative strategy

25
minutes

Ardeshir
Bayat

Invited Talk

25
minutes

Joint repair with cultured cells: Have we
turned our back on chondrocyte grafts
Alan Nixon too soon?

10:00 AM Invited Talk

25
minutes

Sherman
Canapp

Stem Cell and PRP Combination Therapy
for Canine Tendinopathy

10:30 AM Invited Talk

25
minutes

Amara
Estrada

Stem cell therapy and gene therapy for
treating cardiac disease in canines

11:00 AM BREAK

30
minutes
Roger
Smith

Stem cells in naturally-occurring
tendinopathy – update on cell tracking,
tissue effects and clinical outcome

Wayne
McIlwraith

Results with intraarticular bone marrow
derived mesenchymal stem cellsexperimental and clinical studies

Kristina
Keifer

Autologous and Allogeneic
Mesenchymal Stromal Cells as Adjuvant
Therapy for Osteoarthritis Caused by
Spontaneous Fragmented Coronoid
Process in Dogs

9:00 AM

9:30 AM

Invited Talk

11:30 AM Invited talk

12:00 PM Invited Talk

12:30 PM Invited Talk

25
minutes
25
minutes

25
minutes

!
Proceedings are in order of presentation.!

Monday November 11th.!

!

The Veterinary Input Into Cell Therapy – Have We Advanced the Field?
Roger K.W. Smith, MA, VetMB, PhD, DEO, Diplomate ECVS, MRCVS
Professor of Equine Orthopaedics, Department of Clinical Sciences and Services, The Royal
Veterinary College, UK

!

Many preclinical in vivo studies of new treatments utilize small laboratory mammals, largely because
of cost and having established in-bred strains with full genome determination and hence
comprehensive molecular tools. In contrast, while, in some countries, the horse carries greater
regulatory restrictions for its use as an experimental model and is very expensive to purchase and
keep, it is an animal that has greater similarities to humans with respect to many musculoskeletal
diseases. Physiologically, it is a species that shows an initial growth phase where its musculoskeletal
tissues show a capacity to adapt, most specifically to mechanical loading, while, once skeletal
maturity is reached, there is a progressive ageing similar to humans, leading to an array of agerelated diseases. As horses are frequently used as athletes, this species demonstrates naturally
occurring exercise-related musculoskeletal disease similar to that seen in humans. Thus, horses
develop stress fractures related to exercise-stress adaptation mismatch in young animals (e.g. flat
racehorses), osteoarthritis, and over-strain injury of its highly loaded tendons. The size of the animal
and the unfortunate necessity for euthanasia of animals who cannot be returned to the job for which
they were purchased, means that there is cadaveric material available for characterization of
pathology and investigations of pathogenesis. The presence of naturally-occurring musculoskeletal
disease in a large animal which ages and exercises, makes the horse an ideal species in which to test
new treatments and this has been of particular relevance to translating regenerative techniques into
clinical use. This has been, in some instances, at a more advanced stage than that of human therapy
for a comparative disease because of the more permissive regulatory environment.

!

A shift in focus from repair of damaged tissues towards the regeneration of healthy tissue has opened
up many new avenues in clinical veterinary medicine. In the horse, the focus of regenerative
medicine lies primarily in the musculoskeletal system, in particular for the treatment of over-strain
tendon injuries, where the consequences of injury (a high re-injury frequency, altered limb
biomechanics, and likely reduced performance) along with physical features of the disease (in the
provision of a ‘receptacle’ for intralesional treatment, assisting ease of administration) make tendon a
particularly desirable target for such interventions.
Other musculoskeletal diseases where
regenerative medicine has attracted much interest, although with more limited clinical evidence of
efficacy, is in the treatment of joint disease, while work, mainly in small animals, has investigated its
use in naturally-occurring spinal cord trauma and cardiac disease.

!

The investigation and clinical use of cell therapies in veterinary field has involved a number of
different cell types, in particular stem or progenitor cells recovered from a variety of tissues, most
notably bone marrow, fat, and fetal tissues. Other sources being actively investigated include the
umbilical cord and blood. Investigations have shown that cells recovered from different sources can
differ greatly from one another, in differentiation ability and gene expression profiles, yet positive
results are reported both in vitro and in vivo. In the light of these variations, it is likely that the
defining characteristic of a stem cell, the presence (or absence) of which is critical in conferring
therapeutic success to a population, will be essential for therapeutic effectiveness, but has yet to be
determined satisfactorily.
Veterinary research has also enabled the comprehensive evaluation of its safety in large numbers of
clinical cases because of its wide-spread adoption by the profession. However, the current use of
stem cells and other biological products in the horse has not been conclusively shown to induce a
truly regenerative effect and the benefits of currently used cell therapies most probably lie in the
ability of the implanted cells to modulate the natural repair mechanisms in the different tissues.
Furthermore, the difficulties in performing randomised clinical trials within a commercial
environment limit the level of evidence achievable within the veterinary field.

!

In conclusion, the veterinary field has much to be proud about in its efforts in developing
regenerative medicine that is regarded as a “state-of-the-art” clinical technique and continues to
attract considerable attention, excitement and funding. Improved cell retention and survival and
better characterisation of cell products remain important goals for the improvement and validation of
this technology. Veterinary research is likely to be at the forefront of many breakthroughs in clinical
application because of the ease of translation and, in reciprocation, advances in the understanding of
stem cell biology will continue to benefit our animal patients.

!

Anti-inflammatory properties of mesenchymal-lineage stem cells
Bruce A. Bunnell, PhD Director, Tulane Center for Stem Cell Research and Regenerative Medicine
Professor of Pharmacology, Department of Pharmacology Tulane University School of Medicine, New
Orleans, LA
Mesenchymal stem cells (MSCs) were originally described by Friedenstein in the nonhematopoietic
component of bone marrow where they participate in regulating hematopoietic stem cell maturation and
emigration into the circulation. Since that time, MSC-lineage stem cells have been isolated from the
connective tissue of almost all organs, including adipose, periosteum, synovial fluid, muscle, hair
follicles, root of deciduous teeth, articular cartilage, placenta, dermis, umbilical cord, Wharton’s jelly,
lung, liver and spleen. It has been posited that MSCs in these organs, like other stem cells, function as a
source of cells for replacement and regeneration during normal cellular turnover, repair of injured tissue,
or in response to biological aging.
The use of MSCs therapeutic applications was suggested from early observations in preclinical animal
models of disease, in which transplanted MSCs homed to sites of inflammation within damaged tissues
where some of the transplanted cells underwent differentiation to replace injured cells. However, it
became evident in many disease models that the levels of improvement mediated by MSCs did not
always correlate with the levels of cellular engraftment and differentiation. As such, differentiation may
not be a primary mechanism by which MSCs mediate tissue repair. Rather, it has been widely reported
that MSCs secrete bioactive levels of soluble factors (growth factors and cytokines) capable of paracrine

regulation of diverse disease-associated processes, including activation of tissue-resident stem/
progenitor cells, apoptosis, stimulation of vasculogenesis and inhibition of inflammation. A rapidly
growing body of literature indicates that MSCs possess potent immunosuppressive properties. The goal
for this presentation is to discuss the anti-inflammatory properties of MSCs isolated from the bone
marrow and adipose tissue. Dr. Bunnell will present some preclinical data demonstrating the inhibition
of inflammation in a murine model of multiple sclerosis and discuss veterinary applications of MSCs.

!

Induced Pluripotent Stem Cells: What Is The Potential For Veterinary Medicine?
Willard H. Eyestone, MS, PhD
Department of Large Animal Clinical Sciences,
Virginia-Maryland Regional College of Veterinary Medicine
Virginia Tech, Blacksburg, Virginia

!

Induced pluripotent stem cells (iPSC) share many of the same beneficial characteristics of embryonic
stem cells (ESC), namely their ability to proliferate indefinitely while retaining the potential to
differentiate into most adult cell types. These traits set them apart from adult stem cells, which are
either uni- or multi-potent, have limited proliferative capacities and may undergo phenotypic shifts
during long-term expansion in vitro. Thus, iPSC have the advantage of nearly limitless expandability to
generate the large numbers of differentiated cells required for many cell-based therapies.
iPSC can be generated from differentiated somatic cells by the forced expression of a small group of
transcription factors including Oct4, Sox2 and Klf4. Each of these factors plays a crucial role in
establishing pluripotency during embryo development and in maintaining pluripotency in embryonic
stem cells. Reprogramming is generally accomplished by incorporating each factor into retro- or lentiviral expression vectors that are then transduced into somatic cells, although adenovirus, plasmid and
minicircle vectors, mRNAs and even recombinant transcription factors have been used successfully to
reprogram cells. During a 2-3 week period, a small percentage of transduced somatic cells are
“reprogrammed” to a state of pluripotency, characterized by the down-regulation of most somatic genes
and chronic up-regulation of endogenous Oct4, Sox2, nanog and other embryonic genes that regulate
pluripotency. Culture conditions, especially the presence of key growth factors such as leukemia
inhibitory factor (mouse) and basic fibroblast growth factor (most other species) are key to maintaining
pluripotency in iPSC during long-term expansion and culture.
Adult cell types for therapeutic use are derived by directed differentiation of iPSC into the particular cell
types required for therapy. Highly efficient protocols, based on sequential application of appropriate
growth factors and use of cell-type specific culture media, have been developed for generation and
purification of cardiomyocytes, hemopoeitic stem cells, neurons and pancreatic !-cells, for example. A
variety of differentiated cell types derived from iPSC have been tested successfully in large animal
models and in human clinical trials to treat myocardial infarction, traumatic brain injuries and diabetes.
iPSC were first generated in mice, but have since been obtained in the human, rat, pig, monkey, dog, cat,
sheep, goat, horse and even birds. In addition, iPSC have been derived from a variety of somatic cells
types including fibroblasts, nucleated peripheral blood cells, hepatocytes, hemopoeitic stem cells and
adipose-derived stem cells. Thus the core circuitry governing pluripotency seems to be universally
conserved in mammals and possibly birds as well, indicating that iPSC can be derived from a variety of
cells types in species of veterinary interest.

!

The applications of iPSC technologies have a wide range of potential applications in animals. iPSC are
already being applied in mice, rats, rabbits, dogs and pigs as critical models for developing iPSC-based
treatment of human diseases. Dogs should be particularly useful in this regard given the wide range of
naturally occuring canine hereditary diseases that closely resemble those of humans that could be treated
or even cured by a combination of gene- and iPSC-based therapy. A variety of musculoskeletal injuries
are already being treated by adult stem cell-based therapies, especially in horses and dogs. One
objective of these treatments is to provide multipotent stem cells to the injury to mitigate inflammation
and which may differentiate into tissue-specific cells to facilitate tissue regeneration. Pluripotent iPSC
offer the possibility of generating a broader range of fully differentiated, specific cell types (tenocytes,
endothelial cells, osteoblasts, chondrocytes, etc.) that might be used alone or in conjunction with adult
stem cells to more completely effect healing of the injured tissue.

!

Premise, promise and problems: Stem cell therapies for small animal patients
Susan W. Volk, VMD, PhD, Diplomate ACVS
Departments of Clinical Studies and Animal Biology
University of Pennsylvania School of Veterinary Medicine, Philadelphia, PA

!

Sophisticated, state-of-the art veterinary care and surgical intervention has dramatically increased
survival and improved quality of life in companion animals. However, for many patients, complications
due to improper healing or recovery from trauma or other illness can lead to continued dysfunction,
pain, and even death. The emerging science of regenerative medicine, including cell-based therapies,
holds promise for healing injured tissues or organs through replacement of damaged tissue and/or
harnessing the body’s own ability to heal previously irreparable tissues or organs. In fact, for nearly half
a century, small animal species (particularly dogs) have played a key role in advancing stem cell
therapies. Experimental studies using large animal models (including our small animal patient species),
as well as smaller animal models (laboratory animals such as rodents and rabbits), serve as the premise
for their potential applications in clinical patients. Although it is clear that regenerative medicine has
immense potential for the treatment of a variety of naturally occurring clinical challenges shared by both
companion animals and humans, additional veterinary clinical trials are needed to provide evidence for
purported benefits that have yet to be substantiated, as well as optimize therapies for which evidence of
efficacy exists. It is an extremely exciting time for veterinary regenerative medicine, as companion
animals are able to receive cutting edge therapies that are often not yet available to their human
counterparts. Adult stem cell therapies are currently being used by primary care small animal
veterinarians, particularly for orthopaedic conditions but also with increasing frequency for soft-tissue
and inflammatory/immune-mediated pathologies. In fact, a large proportion of the pet owning
population is looking towards regenerative medicine to heal their pets and these veterinary patients will
be a critical component of future clinical trials. This introduction will discuss some of the evidence in
experimental studies that provides the premise for the use of cell-based therapies in small animal
veterinary medicine, their promise and potential problems that we face with their use and in realizing
their significant promise.

!
!
!
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StemCellerate! Proof-of-Concept to Commercialization
Denni O. Day, BS, BSN, RN, MSPH
President/CEO VetPharm, Inc.

!

The buzz is building around stem cell therapies. But how do you turn that buzz into bucks?
We all know that new veterinary drugs must be approved by the FDA’s Center for Veterinary Medicine
(CVM) before they can be marketed. But many are wondering whether CVM will classify animalderived stem cells as drugs. Once this happens, CVM will require proof that stem cell products are safe
and effective before granting marketing approval. The commonly accepted way to provide this proof is
through the results of a clinical field trial.
Each clinical trial requires a governing protocol, which usually must be submitted to CVM for
“concurrence” before the trial begins. Then, after the trial has been completed, the results are
summarized in a report that also must be submitted to CVM along with the formal approval application.
A lot happens between the publication of those two documents, including some things you might not
expect…and a few that will shock you!
Denni Day co-founded VetPharm, a veterinary contract research organization, more than 13 years ago
and set a new standard for veterinary clinical research. During her presentation, she will describe study
training options, investigator and site qualification, field monitor training, study subject recruitment,
protocol compliance, adverse events, protocol deviations, conflicts-of-interest, and ethics. Denni also
will give you a behind-the-scenes glimpse of real world clinical trials, including test article
accountability, investigator performance, repetitive data form error, study subjects lost…and found, and
the “Best of Owner Diaries.”

!

Intra-Articular Injections of Stem Cells In Horses: Friends or Foes
Sheila Laverty, MVB, MRCVS, Diplomate ACVS, Diplomate ECVS
Professor of Equine Surgery, Comparative Orthopaedic Research Laboratory,
Faculty of Veterinary Medicine, University of Montreal, Quebec, Canada

!

Equine osteoarthritis (OA) is a degenerative joint disease that causes articular cartilage erosion,
subchondral bone remodeling, osteophytosis and synovitis. Pro-inflammatory cytokines, secreted by
joint cells, are increased in OA synovial fluid (SF) and exacerbate the proteolytic degradation of the
cartilage matrix. Adult articular cartilage has a poor repair capacity and no drugs are available that
effectively arrest the loss of the cartilage structure in OA. Direct intra-articular (IA) injections of
mesenchymal stem cells (MSCs) is a promising therapeutic strategy to promote repair processes in
equine OA and also for meniscal injury.
Although adult joint tissues are populated by phenotypically distinct endogenous MSCs that may
participate in repair processes or have an immunomodulatory role in joint inflammation, cartilage
stem cells are not effective in repairing adult articular cartilage. The rationale for direct IA injections
of exogenous MSCs to treat OA was initially based on their easy differentiation into cartilage and
bone cells in vitro and the hope that they would effectively engraft into the cartilage matrix,
differentiate into chondrocytes and repair the tissue. Although an encouraging reduction of cartilage
degeneration was reported following IA MSC injections in an experimental model of caprine OA
with meniscal resection, only small numbers of the injected MSCs were detected on the surface of

the regenerated meniscus and in the synovial surfaces but not in cartilage (1). Other investigators
have observed some engraftment into OA cartilage (2) but only 1.5% of MSCs injected IA were
present in joints at 6 months (3). Recent investigations in animal models of OA provide evidence that
IA MSC therapy inhibits OA progression (2). However in an equine experimental model of OA the
only significant effect reported was a reduction in joint prostaglandin levels, an anti-inflammatory
effect, following IA injection of bone marrow MSCs (4). In contrast, a marked inflammatory
response has also been reported following IA injections of MSCs in horses (4, 5).
There is now a paradigm shift in our understanding of possible stem cell therapeutic effects in the
joint environment: they may exert their effects by secretion of signaling molecules rather than
differentiating into joint cells. It is known that MSCs adjust their phenotype to their milieu and may
secrete paracrine pro-inflammatory and anabolic signaling molecules that promote tissue repair in
various pathological conditions (6). However there is a current major knowledge gap in our
understanding of MSC paracrine and autocrine signaling in the inflammatory milieu of the
joint.
Our investigations are focusing on signaling molecules that may be upregulated in exogenous MSCs
when introduced into a hostile inflammatory environment such as an OA joint. The inflammatory
stimuli interleukin-1 (IL-1β) and lipopolysaccharide (LPS) are commonly employed to mimic joint
inflammation effects in vitro. We investigated the gene expression of equine bone marrow MSCs
harvested from the sternum (7) and stimulated with LPS, IL-1β, normal (NSF) and OA synovial fluid
(OASF)(8). The OASF was harvested from joints with macroscopic evidence of OA. The MSC
expression of paracrine pro-inflammatory (TNF-α, IL-1β, IL-8), modulatory (IL-6) and anabolic
(VEGF, TGF-β and IGF-1) molecules in response to the stimulations was measured by qPCR. IL-1β,
at a relevant dose, and LPS significantly increased the MSC expression of IL-8 (chemotactic factor
for neutrophils) revealing the potential of MSCs to secrete these paracrine pro-inflammatory factors.
LPS also induced an upregulation of TNF-α, whereas IL-1β induced a positive feedback loop. OASF
(but not NSF) significantly upregulated the expression of VEGF (pro-angiogenic factor) in MSCs but
not the pro-inflammatory cytokines. Interestingly, neither IL-1 or LPS altered the gene expression
of the anabolic paracrine factors.
In conclusion, the present findings add to the very limited knowledge on the behavior of MSCs in
response to changes in SF composition that occur in OA. MSCs can adopt a pro-inflammatory or
anabolic phenotype depending on environmental cues. Although IL-1β, a key player in OA
degradative events, induced a MSC pro-inflammatory phenotype, OASF, on the other hand,
promoted VEGF expression without any pro-inflammatory cytokine induction, and could be
considered a favorable response in the context of IA stem cell therapy.

!
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Research And Application of Pre-Programmed Stem Cells for Cartilage Repair
Alan J. Nixon, BVSc, MS, Diplomate ACVS Cornell University, Ithaca, NY, 14853
E-mail: ajn1@cornell.edu
Introduction
While direct injection of stem cells has numerous positive benefits, cells do not adhere to the damaged
regions and surgical implantation has been considered a better way to get a cartilage regeneration. The
primary problem has been lack of stem cell differentiation to chondrocytes during in vitro and in vivo
experiments. Various growth factors and signaling transcription factors playing a role in endochondral
development may overcome this lack of differentiation.
Sox Transcription Factors and TGF-β
Previous studies show recombinant TGF-β3 is the more potent
inducer of stem cell chondrogenesis (Fig 1). Collagen type II but
not type X was increased in TGF-B3 exposed cultures.
Transduction of MSCs with TGF superfamily genes may also
provide a robust method to induce chondrogenesis in pre-implant
MSCs before cartilage repair. Our studies examined the potential
for viral based and Sleeping Beauty transposable element
constructs, containing Sox 5, 6 or 9, and TGF-β1 and β3 to drive
stable chondrogenic transformation. Sox TFs induced significant
collagen type II and type X formation. Addition of TGF-β3 further
increased deposition of collagen type II and ultimately may be the
!
ideal combination for MSC chondrogenesis.
Fig 1. MSC pellet cultures stained with toluidine blue showing more robust GAG content in rhTGF-B3
treated cultures.

!

The preponderance of collagen type II in AdTGF-β3 infected cultures, with little type X also suggests
Sox TFs may not be appropriate for MSC pre-implantation treatment. Evaluation in vivo is being
undertaken to characterize this better.

!

Clinical Applications of MSC Transplantation
The current cell type of choice is an autologous MSC. Previous clinical work used chondrocyte
allografts, which occasionally resulted in subtle immune reaction. Autologous MSCs avoid this problem,
but result in further issues with inadequate chondrogenesis at the time of application. Bone marrowderived MSCs are harvested and directed down the chondrocyte lineage with hypoxic culture and TGFB3. In vivo studies in the horse indicate improved early healing in a femoral trochlear ridge-healing
model. Clinical cases are currently grafted with autogenous fibrin or PRP containing 20 to 30 million
MSCs/ml of vehicle (Fig 2).
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Culture propagation and final isolation of cultured equine MSCs costs around US$1,500 for plastic
culture-ware, media, and technician time. The need for isolation and use of pure stem cells comes into
its own when combined with gene enhanced repair systems, but as a stand-alone cell, in vitro, we
haven’t been able to develop a fully differentiated chondrocyte or osteoblast from equine MSCs.
Techniques routinely used to start the process include culturing MSCs in bFGF (1ng/ml) and exposing
the cells for the final 3 to 5 days to TGF-B3 (5 ng/ml).
Clinical application of growth factor enhanced MSC grafting in horses has included traumatic cartilage
lesions of the fetlock metacarpal condyles and proximal P1, OCD or subchondral cystic lesions of the
shoulder, fetlock, and stifle, and third carpal bone lysis and bone cysts of other carpal bones. Results for
stifle OCD and subchondral cyst grafting of the stifle and fetlock have been generally good. Many have
been re-operation of previous failed therapies, including simple debridement with or without
microfracture, and use of steroid injection. Too few cases of shoulder and carpal graft cases are available
to comment on outcome, although all are improving.

!

Direct Injection
The direct intra-articular injection of autologous stem cells to the joint space has been proposed as a
simple, cost effective approach to the treatment of OA. Most studies now show few if any residual
MSCs adhere and survive to rebuild cartilage or bone after injection to the joint fluid. However, MSCs
have been thought to have more generalized anti-inflammatory, anti-apoptotic, and cell signaling effects

that reflect influences on constitutive cells. MSCs home to and engraft the synovial lining and modulate
the inflammatory response through synergistic down-regulation of pro-inflammatory cytokines and upregulation of both pro-survival and anti-inflammatory factors. In addition, MSCs possess remarkable
immunosuppressive properties, suppressing T-cell, NK cell functions, and also modulating dendritic cell
activities. Expression of IL-10 has also been found to suppress catabolic cytokine action in chondrocyte
cultures and co-cultures. These constitutive anti-inflammatory effects can be bolstered by gene induced
cytokine suppression. Hence direct MSC injection may have a role in OA control by disrupting the selfperpetuating cycle of matrix loss and cytokine flux that is a profound feature of OA.
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Intra-articular use of mesenchymal stem cells - is it safe?
Ashlee E Watts, DVM, PhD, Diplomate ACVS
Assistant Professor Texas A&M University
Intra-articular injection of mesenchymal stem cells (MSCs) results in reduced lameness and slowed
osteoarthritis progression in lab animal models, equine cartilage repair models and in equine clinical
cases. However, acute reaction, or joint flare, has been reported to occur after intra-articular injection of
MSCs in clinical cases. In experimental models, others have reported acute joint reaction in horses after
MSC injection into joints with synovial fluid total nucleated cell counts of 40,000 cells/µl, 80%
neutrophils and a total protein of 5.5 g/dl, marked peri-capsular edema, cellulitis and lameness. Despite
the somewhat alarming inflammation, the authors’ concluded that intra-articular injection of MSCs was
safe, and suggested that the inflammation post injection was due to the “exquisite sensitivity of the
healthy equine joint to cell injection.” Subsequently, many practitioners will use MSC injection via
intra-articular injection for a single injection only. The causes of these joint flares and our experience in
clinical joint injection with MSCs will be discussed.
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Title: The influence of culture condition on equine MSC proliferation, surface phenotype and
immune function
Authors: Kaitlin Clark, BS (kcclark@ucdavis.edu), Jennifer L. Granick, DVM, PhD, Danielle D.
Carrade Holt, PhD, Amir Kol, DVM, PhD, Naomi J. Walker, BS, Dori L. Borjesson, DVM, PhD,
DACVP.
Introduction and Aims: In both research and clinical application, equine mesenchymal stem cells
(MSCs) are expanded in tissue culture flasks with small surface areas using standard medium containing
fetal bovine serum (FBS). In order to meet FDA Good Manufacturing Practice requirements for a
licensed MSC product intended for clinical trials and clinical application, it will be necessary to expand
greater numbers of MSCs in serum-free conditions. Previous studies have demonstrated that cells
cultured in heterologous animal products can transmit foreign antigens that may potentially elicit an
immune response in recipient animals. Additionally, it is not fully known if equine MSCs grown in
larger surface areas or in serum-free mediums are phenotypically or functionally similar to MSCs grown
under standard conditions. The aim of this study was to characterize the proliferative ability, cell surface
marker expression, and immunosuppressive capability of bone marrow-derived equine MSCs (BMMSCs) cultured in larger culture flasks or in a serum free environment.
Hypothesis: Equine BM-MSCs cultured in hyperflasks or in serum free media (SFM) will maintain a
similar phenotype and immune profile when compared to MSCs cultured in standard conditions (media
supplemented with 10% FBS in T185 flasks).

Materials and Methods: Low passage BM-MSCs were grown in three conditions: culture flasks
containing standard media (DMEM +10%FBS), hyperflasks containing standard media, and culture
flasks containing SFM. Cell proliferation was quantified after plating at 5,000 cells/ cm2 when cell
growth reached 70% confluence. To determine phenotype, cells were stained with antibodies directed
towards CD90 CD44, CD29, F6B, CD86, MHC I and MHC II and were evaluated by flow cytometry.
To determine function, MSCs from all culture conditions were irradiated to inhibit proliferation and
were co incubated with T-cell enriched peripheral blood mononuclear cells (PBMCs) and
phytohemagglutin (PHA). Lymphocyte proliferation was measured by BrdU incorporation as measured
by flow cytometry. Cell culture supernatants were collected and stored to quantify mediator production
by ELISA (PGE2, IFN, IL-10, IL-6 and TNF).
Results: Greater absolute numbers of MSCs (x̅ =4.4 x107±2.4 x107) were obtained from hyperflasks due
to increased surface area of the larger vessels. Average cell proliferation for all conditions was
normalized to vessel surface area and no significant difference in average cell proliferation was found as
determined by ANOVA (Standard 1.9x104 cells/cm2 ±9.2 x103, hyperflask 2.5 x104±1.4 x104, SFM 3.1
x104±1.6 x104). Equine MSCs cultured in all conditions maintained positive surface expression of MHC
I, CD90, CD44 and CD29. Under all conditions, MSCs did not express MHC II, CD86 and F6B.
Lymphocyte proliferation was inhibited as previously reported for MSCs cultured in all conditions.
There was however a trend toward increased lymphocyte proliferation in the presence of MSCs cultured
in SFM, though not statistically significant. The mediator profile of MSCs cultured in hyperflasks
remained similar to those cultured under standard conditions. MSCs cultured under standard and
hyperflask conditions down regulated production of TNF, IFN and IL-10 by T-cell enriched PBMCs.
MSCs cultured in both standard conditions and hyperflasks significantly upregulated production of IL-6
and PGE2. The mediator profile of MSCs cultured in SFM differed from MSCs cultured in standard
conditions. MSCs cultured in SFM up regulated production of IL-6, but did not increase production of
PGE2. In serum free conditions, MSCs did down regulate T-cell enriched PBMCs production of TNF, but
showed no inhibition of IFN production. Interestingly, IL-10 production was up regulated in a serum
free environment but was inhibited in all other conditions containing standard media.
Conclusion: Equine MSCs cultured in hyperflask maintained similar proliferative, MSC phenotype and
MSC function qualities as compared with the MSCs grown in standard conditions. Greater absolute
numbers of MSCs was achieved in hyperflasks, while not significantly altering characteristics of MSCs
as seen in standard conditions. In a serum free environment however, there was a trend indicating a mild
increase in T cell proliferation. Additionally, the mediator profile was altered in a manner that may be
biologically relevant. Results from this study will launch standard protocols that will optimize yields of
cultured equine MSCs using hyperflasks. These results help address the need to meet GMP cell culture
techniques mandated by the FDA and move towards a licensed MSC therapeutic product. Further
investigation of a serum free medium that does not alter MSC function will be required.
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Title: Isolation, immunophenotyping and lymphocyte suppressive properties of equine CB-MSC
Laurence Tessier 1 ; Dorothee Bienzle, DVM, PhD, DACVP 2 ; Thomas G Koch, DVM,
PhD1,3*Department of 1Biomedical Sciences and 2Pathobiology, Ontario Veterinary College, University
of Guelph, Ontario, Canada. 3The Orthopaedic Research Lab, Aarhus University, Denmark. *Presenter.
Introduction and Hypothesis: Multipotent mesenchymal stromal cells (MSC) have attracted interest for
their potential in allogeneic cytotherapy, due in part, to their ability to secrete immunosuppressive
factors. However, development of efficacious and reproducible therapies is hampered by a knowledgegap in equine MSC characterization. We hypothesized that equine MSC can be consistently isolated
from cord blood (CB), have unique and reproducible marker expression, which includes cytoplasmic
Toll-like receptor (TLR) 3 and TLR4, and in vitro suppress lymphoproliferation. Materials and Methods:
Nine CB samples were processed and MSC was isolated following red blood cell depletion with
PrepaCyte-EQ as previous reported. Isolation success, progenitor frequency and cell population
doubling times were calculated from these 9 samples. eCB-MSC (n=5) were phenotyped using flow
cytometry and quantitative polymerase chain reaction (qPCR) assays. Immune regulatory properties
were evaluated in mixed lymphocyte reactions (MLR) (n=4). TLR3/4 expression of untreated, polyI:C-,
or LPS-treated eCB-MSC was determined with qPCR and immunocytochemistry (ICC) (n=4).Results:
eCB-MSC isolation success was 100% (9 of 9 samples). Progenitor frequency ranged between 4.44
x10-7% to 6.22 x10-6%, e.g. one MSC per 1.61x105 - 2.25x106 nucleated cells. All the eCB-MSC cultures
were expandable to the point of cryopreservation at the end of passage 2. The cell-doubling times were
as follows: passage 2 to 3 (n=9): 1.67 ± 0.15, passage 3 to 4 (n=9): 1.68± 0.15, passage 4 to 5 (n=5):
1.89 ± 0. 58. Cultured eCB-MSC expressed CD29, CD44, CD90, and not MHC I, MHC II, CD4, CD8,
CD11a/18, and CD73 before and after cryopreservation. eCB-MSC robustly suppressed lymphocyte
proliferation in both autologous and allogeneically-stimulated lymphocyte assays. eCB-MSC
constitutively expressed TLR4 as detected by ICC and qPCR. Although TLR4 expression increased after
LPS treatment it was not statistically significant. TLR3 gene expression was low ICC staining was
inconsistent. Poly (I:C) treatment increased TLR3 gene expression, but mRNA expression remained
very low with no apparent change in protein expression. Conclusions: This is our second study showing
100% isolation success of eCB-MSC. Use of eCB-MSC is therefore no longer associated with
laboratory isolation challenges, but risk of collection failure on the farm remains a challenge to
autologous use. The eCB-MSC had a phenotype consistent with mesenchymal stem cells and showed
potent lymphosuppressive properties. The non-significant TLR4 phenotypic drift post-LPS exposure
suggests the cells may retain an anti-inflammatory phenotype if exposed to an inflammatory
environment. However, mechanisms of lymphosuppression via TLR3/4 or other molecules require
further investigation and these results should be considered as preliminary. Grant Acknowledgements:
Financial support: The Danish Research Agency for Technology, Innovation and Production; Equine
Guelph; and the Department of Biomedical Sciences.
Title: Frozen and cultured equine umbilical cord blood MSC are equally lymphocyte
suppressive in vitro. Lynn B. Williams, DVM1*, lwilli09@uoguelph.ca; Judith B. Koenig, Dr
med vet, DVSc1, jkoenig@uoguelph.ca; Laurence Tessier, BSc2, tessierl@uoguelph.ca; Thomas
G. Koch, DVM, PhD2, tkoch@uoguelph.ca
1 Department of Clinical Studies. 2 Department of Biomedical Sciences, Ontario Veterinary
College, University of Guelph, Guelph Ontario, Canada. *Presenter
Introduction and Hypothesis: Lameness, principally joint injury, is responsible for significant
loss in the equine industry. These injuries have recently been treated with intra-articular

administration of mesenchymal stromal cells (MSC). This therapy is growing in popularity
despite a significant lack of evidence as to its efficacy in treating joint injuries in vivo. The
rationale for the therapy is based on in vitro observation that MSC suppress lymphocyte
proliferation in mixed lymphocyte reactions (MLR). Cryopreserved MSC used in MLR to date
have undergone in vitro expansion immediately prior to use in MLR assays. Practical advantages
would be associated with the use of cryopreserved MSC immediately after thawing, referred
herein to as ‘frozen’ MSC. We hypothesize that frozen and cultured equine umbilical cord blood
(CB) MSC have equal lymphocyte suppressive effect in vitro Materials and Methods: CBMSC, previously isolated and frozen from five different foals were thawed and culture-expanded
in in a routine manner. Cryovials of same CB-MSC stock were maintained in liquid nitrogen for
simultaneous evaluation. Peripheral blood lymphocytes (PBL) were isolated from whole blood
collected from adult horses using ficoll density gradient separation and frozen according to
established protocols. PBL (responder cells) were co-cultured in 96 well plates with allogeneic
mitotically arrested PBL (stimulator cells) and mitotically arrested CB-MSC. The CB-MSC had
been either thawed and cultured for 5-7 days or thawed immediately prior to use. The ratio of
responder PBL, stimulator PBL and CB-MSC was 10:1:1. BrdU was added after 5 days of
culture and on day six the cells were fixed and stained for BrdU. BrdU incorporation, as a proxy
for cell proliferation, was determined by flow cytometry. All comparisons were performed in
triplicate for each of the five CB-MSC. Responder PBL that were used originated form three
different unrelated horses, resulting in nine replicates for each MSC line. Results were analyzed
using a general linear mixed model to determine the effect of MSC lines, lymphocyte source, and
the effect of using frozen MSC. Residual analysis was performed to insure ANOVA assumptions
were met, detect outliers, unequal variance, and normality. Results: CB-MSC significantly
suppressed PBL proliferation compared to control wells without CB-MSC (p<0.0001).
Significant difference was observed between two MSC lines (p=0.007); however, none of the
five MSC lines were significantly different from the negative control (p>0.08) and all were
different than the positive control (p<0.0001). Significant differences (p<0.05) were observed
between frozen and cultured MSC in 2 of 5 cell lines although both significantly suppressed PBL
proliferation compared to the positive controls. . Discussion and Conclusions: The in vitro
lymphocyte suppressive properties of equine CB-MSC were confirmed. As hypothesized both
frozen and cultured CB-MSC are lymphosuppressive although differences were detected
between frozen and cultured suggesting donor-donor variability. The similar effect of frozen and
cultured CB-MSC suggest cryopreserved cells could be stocked in a clinic, thawed, and injected
at the time of injury without the need of sophisticated cell culture equipment. Further in vivo
study is needed to assess possible in vivo anti-inflammatory effects of such CB-MSC.
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The influence of simulated shipping on viability and growth factor release by bone marrow and
umbilical-derived mesenchymal stem cells
Aimée Colbath, VMD, Colorado State University, School of Veterinary Medicine,
aimee.colbath@colostate.edu; Andrew Hoffman, DVM, PhD, DACVIM, Tufts University Cummings
School of Veterinary Medicine, andrew.hoffman@tufts.edu; Dawn Meola, BSc, Tufts University
Cummings School of Veterinary Medicine, dawn.meola@tufts.edu; Deanna Gazzerro, VMD, Tufts
University Cummings School of Veterinary Medicine, deanna.pie@tufts.edu; Jose Garcia-Lopez, DVM,
DACVS, DACVSMR Tufts University Cummings School of Veterinary Medicine, jose.garcia-

lopez@tufts.edu; Carl Kirker-Head, VetMB, MA, DACVS, DECVS, Tufts University Cummings School
of Veterinary Medicine, carl.kirker-head@tufts.edu
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Introduction and hypothesis/objectives: Several commercial entities process harvested equine bone
marrow to increase the availability of ‘clinical grade’ mesenchymal stem cells (MSCs). Each requires a
sample of bone marrow to be harvested and delivered overnight to the processing laboratory. The
processed product is then returned by overnight courier to the patient. Little has been published about
how stem cells are affected by a transport process. Although the number of viable cells is calculated
prior to transport from the processing facility back to the patient, it is unclear what number of viable
cells remain at the time of injection. If the stem cells are stressed, their ability to produce pro-healing
substances could decline resulting in less paracrine secretion. Better transport techniques may be
developed once baseline testing is achieved. The aim of the current study is to determine the viability
and growth factor production of equine MSCs after an 18-24 hour transportation period.
Materials and Methods: Three proven bone marrow (BM) MSC and umbilical (UC) MSC lines from
adult horses were utilized. Previously frozen cells were allowed to grow to 70% confluence prior to
trypsonization and resuspension in equine serum at a concentration of 1 million cells/ml. Cells were
placed in epindorph tubes in a resealable plastic bag, padded with cotton, and placed in a styrofoam
transportation container with a frozen ice pack placed at the bottom and a cool ice pack placed directly
in contact with the stem cell samples. The box was sealed and remained untouched in a room for 18 to
24 hours. After the transport period, cells were allowed to warm slowly at room temperature. Cell
viability was analyzed using 7-AAD exclusion and apoptosis using Annexin V staining. mRNA
expression was measured for known growth factors and matrix molecules including ANG, FGF, HGF,
IGF1, TGFβ1, VEGF, PDGF, COL1 and COL3. The ΔΔCt was calculated using the housekeeping gene,
GADPH, and comparing pre and post-shipping values.
Results: There was no significant difference in cell line viability between umbilical-derived (n=3) and
bone marrow-derived (n=3) MSCs which underwent shipment simulation. A paired student T-test was
utilized to compare pre and post-shipping values within the same cell lines (n=3). This revealed
significant (p< 0.05) decreases post-shipping in bone marrow-derived cell lines for ANG (p=0.040),
FGF (p=0.006), IGF-1 (p=0.006), TGFB-1 (0.002), and PDGFA (0.0329). No significant differences in
the levels of growth factors and matrix molecules were noted in the umbilical derived stem cells
Discussion: The study reveals that although cell viability of umbilical and bone marrow-derived MSCs
is not significantly affected by shipping, shipping as performed in this study appears to significantly
impact gene expression of BM-MSCs. Therefore, UC-MSCs may be more refractory to shipping.
Improved shipping practices should be investigated to prevent potential loss of potency. This study
provides baseline mRNA expression and viability data important for future studies.

!

Response to sternebral bone marrow aspiration in equine patients – CLINICAL
Amanda-Jo Joswig; Mauricio Lepiz; Kevin J. Cummings; Robin Dabareiner; Chad Marsh;
Ashlee E Watts Texas A&M University, College Station, TX
Introduction and hypothesis/objectives: The response to bone marrow (BM) aspiration in the
horse is poorly defined. Our objective was to characterize the response of equine clinical
patients to BM aspiration. We hypothesized that there would be minimal horse response to BM
aspiration.

Materials and methods: Twenty equine patients undergoing BM aspiration were included. Horses
were placed in stocks and sedated with 0.4 mg/kg xyalazine IV, which was time zero. Thereafter,
local anesthesia was applied to the skin, SC and periosteum and BM was collected from 2
sternebral sites. Horses were not restrained by a handler. Head height, sedation scores and
movement (y/n) for head, limbs, and back were recorded until 10 minutes after completion of
BM collection. Head height was normalized to the head height during aseptic preparation to
minimize variability due to patient size. Differences in movement of the head, limbs or back (y/
n) were tested with McNemar’s chi-square test.
Results: Bone marrow collection was successful in all horses. During site preparation and
injection of local anesthetic solution, 2/20 horses needed additional sedation and a lip twitch and
2/20 horses needed application of a lip twitch. Significantly more horses arched their back during
BM aspiration compared to injection of local anesthetic. Significantly more horses moved their
limbs during injection of local anesthetic compared to BM aspiration. There was no difference
in the number of horses that moved their head or neck during local anesthetic injection compared
to BM aspiration.
Discussion/conclusions: Although horses arch their back in response to BM aspiration, there was
minimal horse reaction to BM aspiration from the sternum.
Figure 1. Head height in cm (mean; SEM) and
sedation scores (median; interquartile range).
The zero minute timepoint was immediately
after injection of 0.4mg/kg xylazine IV.
Timepoints during site preparation, bone
marrow aspiration and 5 and 10 minutes after
the procedure are noted.
Table 1: Number of horses that were higher, unchanged, or lower in head height and composite
sedation score at various timepoints compared to scores
during clipping and aseptic preparation.
Figure 2. Still image from a video-recorded BM aspiration
procedure. For BM aspiration, horses were placed in
stocks and sedated. Restraint was not applied by a handler
except in the 4 cases that required a lip twitch during local
anesthetic injection for site preparation.
Biopsy needle advancement during bone marrow aspiration increases MSC concentration –
Anne E. Peters; Byron Norton; Ashlee E Watts
Texas A&M University, College Station, TX
Introduction and hypothesis/objectives: A bone marrow collection method to increase the
concentration of MSCs might be desirable for point-of-care use or for more rapid expansion of
culture derived MSCs. We hypothesized that needle advancement within the same sternebral
puncture during BM aspiration would increase the concentration of MSCs in the bone marrow
aspirate.

Materials and methods: Fifteen equine patients undergoing BM aspiration were included. Bone
marrow (50ml) was collected from 2 sternebral sites. From 1 sternebral site, the needle was not
moved during collection. From another sternebral site, the sylet was replaced and the needle was
re-advanced 5mm after each successive 13 ml of marrow was collected. The total number of
mononuclear cells and colony forming units and number and morphology score of cultured
expanded MSCs was determined for each collection technique. Paired analyses for aspirates
from each horse were performed with Wilcoxon signed rank test.
Results: There were increased total mononuclear cells (p=0.04) and increased colony forming
units (p=0.05) per ml of raw marrow in the advanced needle group compared to not advanced
needle group. There was a trend of increased MSCs at the end of the culture period (mean of 17
days; standard deviation of 4.7 days) from the advanced needle group compared to not advanced
needle group (p=0.08). There were no differences in morphology scores of cultured MSCs from
either group.
Discussion/conclusions: Multiple advancements of the bone marrow collection needle within one
sternebral site increased the MSC concentration at the time of marrow collection compared to a
single site of collection. If a point-of-care kit is used to concentrate MSCs, multiple
advancements may improve MSC concentration after preparation by the point-of-care kit. For
culture expanded MSCs, the difference is of questionable clinical relevance.

Figure 1. Box plots of total nucleated cell count and the total number of colony forming units
per ml of raw marrow and total number of MSCs after isolation and expansion after 2 bone
marrow collection techniques.
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There was increased TNCC (p=0.04) and colony forming units (p=0.05) per ml of raw marrow
and a trend of increased total
MSCs after culture (p=0.08)
from marrow collected from a
single sternebral site with
multiple needle advancements
compared to a single site with
no needle advancements.
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Figure 2. Line drawing of
method for bone marrow
collection from 4 sites within the same sternebral puncture. After each 13 ml of marrow was
aspirated, the stylet was replaced and the needle was re-advanced 5 mm.
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Dietmar Hutmacher, PhD
Professor and Chair of Regenerative Medicine, Institute of Health and Biomedical Innovation,
Queensland University of Technology
Dr. Hutmacher is the Professor and Chair of Regenerative Medicine at the Institute of Health and
Biomedical Innovation of QUT, where he leads the Regenerative Medicine Group, a multidisciplinary
team of researchers including engineers, cell biologists, polymerchemists, clinicians, and veterinary
surgeons. Professor Hutmacher is a multidisciplinary biomedical engineer, an educator, an inventor, and
a creator of new intellectual property opportunities. As a reflection of his pioneering ethos, his recent
research efforts have resulted in traditional scientific/academic outputs as well as pivotal
commercialization outcomes. He is one of very few academics in the field of biomaterials/tissue
engineering who have taken a research programme from the holistic concept through to clinical
application. A key project for Professor Hutmacher’s group has been to develop an animal model for
bone tissue engineering. His group has established and fully characterized a critical-sized tibial defect
model in sheep tibiae to evaluate different bone tissue engineering strategies.	
  
Large Preclinical Animal Models a Conditio Sine Qua Non in the Translation from Bench
to Bedside.
From a clinical perspective the promise of tissue engineering which was so vibrant a decade ago
has so far failed to deliver the anticipated results of becoming a routine therapeutic application in
many reconstructive surgeries. One reason is the virtual absence of long-term preclinical in-vivo
studies which are tantamount to robust data collection associated while taking tissue engineering/
regenerative medicine concepts from bench to bedside. When selecting a large preclinical animal
model a number of factors need to be considered. The chosen model should clearly demonstrate
to be manageable to operate and observe a multiplicity of study objects over a relatively short
period of time. Further selection criteria include costs for acquisition and care, animal
availability, acceptability to society, tolerance to captivity and ease of housing. This talk will
seek outstanding papers on the development of large preclinical animal models in craniofacial
and orthopedic tissue engineering.
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Xenogeneic Scaffolds in Cardiovascular Regenerative Medicine: Immunologic, Structural and
Functional Considerations. Leigh G. Griffiths, VetMB, RCVS, Diplomate AVCS, Diplomate ACVIM
(Cardiology), MRCVS, PhD Assistant Professor, University of California, Davis, CA, USA
Overview: The NHLBI xenotransplantation working group identified xenoantigenicity as the critical
hurdle to expanding the use of xenogeneic tissues and organs in clinical practice.1 Untreated xenogeneic
biomaterials contain both known and unknown xenoantigenic components that stimulate an aggressive
immune-mediated rejection response upon implantation. Initial attempts to mitigate this destructive
immune response focused on removal of cells from xenogeneic tissues (decellularization) to generate an
extracellular matrix (ECM) scaffold for use in tissue engineering applications. The decellularization
paradigm makes two critical assumptions: 1) xenoantigens are solely associated with tissue cellular
components, 2) absence of cells on light microscopy equates to removal of xenoantigens from the
biomaterial. Our group has recently challenged the assumptions implicit in the decellularization
approach by demonstrating that non-cellular xenoantigens are present in candidate tissues and that
assessment of cellularity under light microscopy is prone to both under- and over-estimation of actual
antigen removal efficiency.2-4 The realization that decellularization is an inadequate outcome measure
for prediction of immunogenicity of un-fixed xenogeneic biomaterials has led to renewed focus on
antigen removal. Antigen removal is the stated goal in development of xenogeneic biomaterials as
ECM scaffolds for tissue engineering applications. We propose that assessment of ECM scaffold
antigenicity is therefore the critical outcome measure in development of un-fixed xenogeneic tissues and
organs for tissue engineering applications. Our group has pioneered a new approach (Antigen Removal)
to production of xenogeneic ECM scaffolds for tissue engineering that focuses specifically on removal
of both known and unknown xenoantigens of the biomaterial.
The global hypotheses driving our antigen removal approach are that:
1: Solubilization of xenoantigens is critical for facilitating antigen removal from xenogeneic tissues and
organs. 2: Antigen removal can be achieved using protein chemistry principles of sequential, differential
solubilization. In order to generate a functional xenogeneic ECM scaffold, an ideal antigen removal
approach must maintain structure-function properties and recellularization capacity of the resulting
biomaterial. We have demonstrated that previous commonly utilized decellularization approaches
(sodium dodecyl sulfate - SDS) result in significant disruption of ECM architecture and biochemical
composition. Furthermore SDS decellularization results in significant toxicity to repopulating cells. A
sequential, differential solubility approach to antigen removal demonstrates significant benefits,
resulting in an ECM scaffold with structure-function properties and recellularization capacity that are
indistinguishable from native tissue. Application of the principles of sequential, differential solubility
has the potential to produce ideal xenogeneic scaffolds for both cardiovascular (heart valve, cardiac
muscle, vessel and whole heart) and other tissue engineering applications.
References:
1.Platt J, DiSesa V, Gail D, Massicot-Fisher J. Recommendations of the national heart, lung, and blood institute heart and
lung xenotransplantation working group. Circulation. 2002;106:1043-1047
2.Wong ML, Leach JK, Athanasiou KA, Griffiths LG. The role of protein solubilization in antigen removal from xenogeneic
tissue for heart valve tissue engineering. Biomaterials. 2011;32:8129-8138
3.Griffiths LG, Choe LH, Reardon KF, Dow SW, Christopher Orton E. Immunoproteomic identification of bovine
pericardium xenoantigens. Biomaterials. 2008;29:3514-3520
4.Wong ML, Wong JL, Athanasiou KA, Griffiths LG. Stepwise solubilization-based antigen removal for xenogeneic scaffold
generation in tissue engineering. Acta Biomater. 2013;9:6492-6501
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Effects Of Autologous Conditioned Serum On Equine Tendon Fibroblasts In 3D Collagen Gels
Under Cyclic Mechanical Strain
Chris M. Andrews1, BS (achris90@vt.edu); James M. Cissell1, DVM, MS (jcissell@vt.edu); Melissa L.
Baumert, BS (mbaumert@vt.edu); Anne C. Nichols1, BS (carmacae@gmail.com); Stephen R. Werre2,
PhD (swerre@vt.edu); Robyn D. Cardwell, PhD (robyn83@gmail.com); Linda A. Dahlgren1, DVM,
PhD (lad11@vt.edu). 1Dept of Large Animal Clinical Sciences, 2Laboratory for Study Design and
Statistical Analysis, VA-MD Regional College of Veterinary Medicine, Blacksburg, VA.
Introduction and hypothesis/objectives: Tendonitis is common in horses and has a devastating
economic impact on the equine industry. Autologous conditioned serum (ACS), which contains
increased levels of FGF-2 and TGF-1 compared to normal serum, has been used successfully via local
injection to treat muscle injuries in mice and humans. The purpose of this study was to investigate the
ability of ACS to facilitate regeneration of equine tendon fibroblasts pre-strained using a dynamic model
of in vitro tendonitis. We hypothesized that treatment of pre-strained fibroblast-seeded 3D collagen gels
with ACS would rescue the damaged fibroblasts from the detrimental effects of repetitive strain.
Material and Methods: All procedures were approved by the Institutional Animal Care and Use
Committee. Control and conditioned sera (IRAP™) were collected aseptically from 6 adult horses,
processed, filter sterilized, and stored at -20C. Superficial digital flexor tendons were harvested
aseptically, minced, collagenase digested, the tendon fibroblasts expanded, and cryopreserved. Tendon
fibroblasts were seeded in 3D collagen gels and pre-strained (1 Hz, 3%, 4 hours/day) for 3 days in
DMEM growth medium after which medium was exchanged to establish three treatment groups (10%
FBS control, 100% autologous equine serum control (ES), and 100% ACS) and a reduced strain protocol
(1 Hz, 3%, 1 hour/day) was applied for another 3 days. Gels were harvested for gene expression,
biochemical analysis, and H&E staining. Data were analyzed by one-way analysis of variance.
Statistical significance was set at p<0.05.
Results: The DNA and GAG content of ACS-treated 3D collagen gels were significantly increased
compared to FBS-treated gels, but not ES-treated gels (Figure 1). Gene expression for collagen types I
and III, cartilage
oligomeric matrix protein
(COMP), decorin, matrix
metalloproteinase (MMP)-1
and -13 were not
significantly different
Figure 2. Relative gene expression of ECM proteins and matrix remodelling enzymes in cyclically
between groups (Figure 2).
strained cell-seeded collagen gels after 3 days of treatment with FBS, ES, or ACS. n=3. M ean ± SD.
Histologically there was a
clear increase in the
cellularity and nuclear
alignment in ES and ACStreated gels compared to
controls (Figure 3) and a
decreased density of the
collagen fibers in the ACS3.
treated gels compared to ES
and FBS-treated gels.

Discussion: Elevated GAG and DNA content of ACS-treated gels (and to a lesser extent ES-treated
gels) suggests that autologous blood products have a greater anabolic effect than 10% FBS on equine
tendon fibroblasts in 3D collagen gels. Large between-horse variation and small sample size affect the
ability to detect differences between groups for gene expression; however, decreased expression for
collagen types I and III and increased expression for COMP and MMP-1 by ACS are potentially
conflicting effects and difficult to explain in the context of this study. Decreased density of collagen
fibers in ACS-treated gels in the face of a large increase in MMP-1 expression may reflect increased
matrix remodeling, a potentially positive effect; however, the lack of concomitant increase in collagen
gene expression is inconsistent. Low cell numbers and lack of collagen organization in the FBS group
may be evidence that the strain protocols was overly severe and damaged the fibroblasts beyond their
ability to respond to ACS treatment. Decreased magnitude and/or duration of strain may result in a more
suitable model for future investigations. ACS treatment resulted in evidence of both anabolic and
catabolic effects, the long term impact of which requires further investigation to fully understand. Both
ES and ACS appear to have a better ability to support fibroblast health in vitro compared to 10% FBS.

!

Autologous Platelet Enhanced Fibrin (APEF) Compared to APEF with Culture Expanded Bone
Marrow Derived Mesenchymal Stem Cells (BMDMSCs): Do Platelets or Stem Cells in Fibrin
Help Cartilage Repair?
Laurie Goodrich, DVM, PhD, Diplomate ACVS Associate Professor Colorado State University,
Fort Collins, CO
Introduction: Culture expanded bone marrow derived mesenchymal stem cells (BMDMSCs) have been
utilized in humans as well as large and small animal models to enhance cartilage repair[1]. In some of
these studies, culture expanded cells have been placed in fibrin scaffolds alone or in fibrin scaffolds
enhanced with platelets. Although the combination of BMDMSCS with an autologous platelet enhanced
fibrin (APEF) scaffold would appear to provide both essential growth factors and cellular components
of cartilage healing, this combination has not been scientifically studied. The purpose of this work was
to investigate whether Autologous Platelet Enhanced Fibrin (APEF) Scaffold with or without bone
marrow-derived mesenchymal stem cells (BMDMSCs) could enhance cartilage healing. We
hypothesized that 1) the presence of growth factors delivered by platelets in a scaffold would support
cartilage repair and that 2) BMDMSCs would further improve repair tissue when evaluated with
arthroscopy, histology, MRI and biomechanical analysis.
Materials and Methods: Twelve adult horses had a critical-sized chondral defect made in the
femoropatellar joint. One joint was repaired with APEF scaffold mixed with culture-expanded
BMDMSCs and the contralateral joint had APEF alone. Second-look arthroscopies were performed at 3
months postoperatively. At one year, all defects had multiple analyses performed including arthroscopy,
histology (modified O’Driscoll score system), MRI, microCT (with and without Hexabrix), and
biomechanics (structural stiffness and material stiffness). Scores from the APEF versus APEF plus
BMDMSC repairs were compared using Wilcoxon Signed Rank analyses with significance set at
P≤0.05.
Results: Defects treated with APEF with or without BMDMSCs resulted in good to excellent
integration and fill as evaluated arthroscopically and histologically although no significant differences
were detected between treatment groups (Figure 1). There was a trend for greater Safranin O staining
(GAG content) in defects repaired with APEF alone compared with defects repaired with APEF plus

BMDMSCs. There was a trend (P=0.09) for defects
repaired with APEF and BMDMSCs to have higher
trabecular bone edema compared to defects repaired
with APEF alone. MicroCT analysis revealed repair
tissue thickness closer to the surrounding host cartilage
(P≤0.05) in lesions treated with APEF alone (Figure 2).
Normalizing for thickness, the material stiffness was
similar, and less than normal, for the defects treated with
APEF alone and APEF with BMDMSCs. While 11 out
of 12 defects repaired with APEF alone had good fill,
four out of twelve defects repaired with APEF with
BMDMSCs developed bone within the repair tissue.
Discussion: This study suggests that APEF treatment of
large osteochondral defects leads to defect fill, possibly
through APEF supplying a rich milieu of growth
factors. The addition of autologous, culture expanded
BMDMSCs did not appear to enhance cartilage
regeneration but may stimulate bone formation when
placed in this scaffold. Cartilage defects appear to
benefit from a fibrin scaffold that contains platelets,
most likely due to the growth factor such as plateletderived growth factor and transforming growth factor-ß.
Several studies have found that platelet-enriched plasma
has beneficial effects on cartilage repair[2]. Additional
translational studies are needed to delineate the
mechanisms and efficacy of APEF in enhancing repair
of osteochondral defects.
Significance: APEF may enhance cartilage healing and
can be applied to osteochondral defects arthroscopically. The inclusion of culture expanded BMDMSCs
into an APEF scaffold is not beneficial to cartilage repair.
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FDA: The New Animal Drug Approval Process and Cell-Based Products Lynne Boxer,
DVM Center for Veterinary Medicine, United States Food and Drug Administration
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.
The definition of a new animal drug encompasses most cell-based products, making these
products subject to the laws and regulations that apply to new animal drugs, including the
requirements for pre-market approval and the rules regarding the exemption from the approval
requirements for the purpose of investigational use of the product (investigational exemption).
Persons intending to conduct field studies (clinical research in client-owned animals) and/or
market cell-based products for use in animals should contact CVM to determine if their product
meets the definition of a new animal drug. 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 prior to initiating studies in client-owned animals. During the
approval process, the sponsor submits data to CVM to support the safety, effectiveness, and
quality of the product. CVM reviews the data using a risk-based approach to review, and
evaluates each cell-based product based on its specific characteristics and attributes. By
complying with the requirements for an investigational exemption, both laboratory and clinical
research may be conducted to gather data in support of the safety and effectiveness of the
product. In addition to general safety, effectiveness, and quality evaluations, product-specific
considerations for cell-based products include, in part, product characterization, potential for
disease transmission, demonstrated control of the manufacturing process, immunogenicity, tumor
or other unintended tissue formation, as well as other considerations due to the nature and
intended use of the cell-based product. If CVM determines the data submitted are sufficient to
establish the safety, effectiveness and quality of the product, and the submitted labeling
appropriately describes the dosing, effectiveness and safety information, the product is approved.
FDA approval allows for the product to be legally marketed.
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Regulation of Regenerative Therapeutics. Karl M. Nobert, Esq. Squire Sanders (US) LLP,
Washington, DC
This presentation will provide a brief overview of FDA’s current regulation of veterinary regenerative
products and will identify various lessons learned since last year’s conference. FDA’s requirements
governing labeling and marketing including product websites will also be covered. Finally, relying on a
sampling of warning letters issued to human regenerative medicine companies over the past year,
possible enforcement risks and strategies for mitigating those risks will be identified.
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Safety of Subconjunctival Injection of Allogeneic Mesenchymal Stem Cells in Horses –
Amanda-Jo Joswig; Joanne Hardy; Leslie Easterwood; Ashlee E. Watts
Texas A&M University, College Station, TX
Introduction and hypothesis/objectives: Subconjunctival injection of allogeneic MSCs has the
potential to become a new therapeutic in equine ophthalmology. Our objective was to evaluate
the safety of equine allogeneic MSC subconjunctival injection. We hypothesized there would be

no difference in the occurrence of major adverse events after subconjunctival MSC injection
versus control.
Materials and methods: Fourteen healthy horses in the university owned herd were included and
both eyes were used. Subconjunctival injection of MSCs (3.0 x 106 cells suspended in 0.5ml 95%
allogeneic serum and 5%DMSO) or control (0.5ml 95% allogeneic serum and 5% DMSO) were
performed in a randomly assigned eye. Horses were evaluated on day 0 (immediately prior to
injection), 1, 2, 3, and 7 for evidence of blepharospasm, blephaoredema, epiphora, redness,
chemois, and miosis by blinded investigators. The experiment was repeated for a second
subconjunctival injection with both MSC and control to the same eye, 3 weeks later on day 21.
Results: There were no adverse events or complications in either MSC or control injected eyes.
Redness and chemosis were significantly different (higher scores in MSC treated eyes) on days
1, 22, and 28, but not at other timepoints. Blepharospasm, blepharoedema, and miosis were
absent throughout the study. Eyes that had epiphora on day 0 continued to have epiphora
throughout the trial and
there were no significant
differences in epiphora
between groups.
Discussion/Conclusions:
Subconjunctival
administration of two
injections of allogeneic
MSCs in horses appears to
be a safe procedure.
Fig 1. Chemosis and redness
scores for MSC and control injected conjunctiva. Arrowheads denote the day of subconjuntival injections
(day 0 & 21). There were significant differences between MSCs and control for chemosis on days 1
(P=0.02), 22 (P=0.02), and 28 (P=0.008) and for redness on days 1 (P=0.09; trend), 22 (P=0.005) and 28
(P=0.003; Wilcoxon signed rank).

!Fig 2. Composite images of MSC treated (top row) and control treated subconjunctiva (bottom row) in the
same horse. Pictures are of days 0, 1, 7, 21, 22 and 28, from left to right.
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Stromal Vascular Fraction As A Trophic Mediator Of Tendon Regeneration
Elle Donnini1 (elled@vt.edu), Natalie R. St. John1 (natstj1@vt.edu), Stephen R. Werre2, Linda A.
Dahlgren1, DVM, PhD (lad11@vt.edu); 1Dept of Large Animal Clinical Sciences, 2Laboratory for
Study Design and Statistical Analysis, VA-MD Regional College of Veterinary Medicine,
Blacksburg, VA.
Introduction and hypothesis/objectives: The stromal vascular fraction (SVF) from adipose tissue is a
mixed population of nucleated cells including endothelial cells, pericytes, and mesenchymal stromal
cells and has been used successfully in equine and small animal practice to treat a variety of conditions,
including tendon and ligament
injuries. The mechanism by which
SVF may contribute to tissue
healing remains unclear; however,
production of soluble factors such as
growth factors and cytokines is a
likely means by which they may
contribute to tissue regeneration.
The purpose of this study was to
investigate the ability of fresh
SVF cells to induce an anabolic
response in equine tendon
fibroblasts (TF) indirectly via the
production of soluble factors. We hypothesized that co-culture of TF with SVF cells would result in a
dose-dependent increase in TF proliferation and extracellular matrix (ECM) gene expression.	
  	
  
Materials and Methods: Animal protocols were approved by the IACUC. Adipose tissue was isolated
from the gluteal region of 6 mixed breed horses and SVF isolated via enzymatic digestion. Fresh SVF
cells from each horse were plated in increasing density (0-5 x 105 cells/transwell insert) and grown in
co-culture with allogeneic TF previously isolated and cryopreserved from the tensile region of
superficial digital flexor tendons from 3 mixed breed horses. Monolayers of TF were harvested at 72
hours for relative gene expression of ECM proteins via real time PCR using GAPDH as the endogenous
control. Cell monolayers and culture medium were harvested for quantification of glycosaminoglycan
(GAG) and DNA content. Data were compared using mixed model ANOVA with significance set at
P<0.05.
Results: There were no significant differences between seeding densities for GAG content of cell
medium (P=0.40) or monolayers (P=0.27) or for DNA content (P=0.30) (Table 1). There was, however,
a significant increase in DNA content when seeding densities of SVF cells were combined and
compared to controls (P=0.03) (far right column Table 1). There were no significant differences in gene
expression for collagen type I (P=0.80) or decorin (P=0.33) (Table 2). Co- culture of TF with fresh SVF
cells increased expression for collagen type III in a dose dependent manner with significant increases at
the highest densities compared to controls (P<0.001) (Table 2). Expression for cartilage oligomeric
matrix protein (COMP) was significantly decreased at the highest seeding density of SVF cells
compared to controls (P<0.001) (Table 2).
Discussion/conclusions: Although a modest increase in cell proliferation and collagen type III gene
expression were documented, co-culture of TF with allogeneic SVF cells failed to result in the full scope
of the hypothesized anabolic response. The study design necessitated use of allogeneic cells; however,

based on rapid TF proliferation and lack of adverse cellular response, allogenicity is not believed to be
responsible for the lack of differences detected between SVF-treated and control groups. The co-culture
system allowed for the exchange of soluble factors only and not contact between SVF cells and TF. The
single 72 hour time point may have failed to capture a difference in proliferation rate that was present
earlier in the time course of the study. TF were nearly confluent in all groups at the time of harvest
despite efforts to limit initial seeding densities. Co-culture of fibroblasts in monolayer may be a poor
model for testing our hypothesis because of a lack of surrounding ECM and/or lack of disease presence.
Acknowledgements: Funding for this study was provided by the Veterinary Orthopedic Society, the
United States Equestrian Federation, and the Merial Veterinary Scholars Program (ED). 	
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  Speaker Dr Mike Hutchinson
A leading practitioner in stem cell regeneration,
Mike Hutchinson, D.V.M., “Dr. Mike,” is a
highly sought after speaker at national and
international veterinary conferences on the uses
of animal stem cells. He has performed more
than 300 Adipose-Derived Stem Cell transplant
procedures on dogs and cats, among his 20,000
surgeries in 24 years of practicing veterinary
medicine.

Gene Expression Profiling of Canine Adipose Derived Stem Cell Preparations: Effects of
Tissue Preparations and Photo-activation
Author: Dr. Don Cohen Ph.D. University of Kentucky, College of Medicine
Dept. of Microbiology, Immunology and Molecular Genetics
Adipose stem cells (ASCs) are a valuable tool in veterinary medicine for treatment of acute
tissue injuries and osteoarthritis. The source of ASCs, the stromal vascular fraction (SVF), is
heterogeneous and includes both mesenchymal stem cells (MSCs) and non-MSCs. The role that
non-MSCs play in stem cell therapy is unclear, but non-MSCs can secrete a variety of growth
factors and cytokines which could contribute to effective ASC therapy. Little is known about the
factors released by non-MSCs and how adipose tissue processing affects the spectrum of factors
produced by ASC preparations. To determine if tissue processing procedures affected ASC gene
expression in a qualitative manner, multiple microarray studies were performed on cryopreserved
ASC preparations from single source of canine adipose tissue that was prepared by three
different veterinary stem cell companies. Results indicate that tissue processing procedures
affected overall gene expression by ASC preparations as well as expression of genes which are
known to be important for effective tissue regeneration.
Additional microarray studies
investigated whether treatment of ASC preparations with photo-activated platelet-rich plasma
(PRP) would modify gene expression in a manner that would increase ASC regenerative
potential. Treatment with photo-activated PRP led to increased expression of numerous genes,
many of which can promote tissue regeneration by ASCs. These studies indicate that adiposederived non-MSCs contribute important cytokines and growth factors in ASC preparations which
likely enhance regenerative capacity of MSCs. Moreover, cell viability and the spectrum of

factors produced in ASC preparations are dependent on the procedures used to prepare ASCs
from adipose tissue samples.
Keywords: adipose, mesenchymal, stem cell, microarray, flow cytometry
———————————————————————————————————————
Robert Harman DVM MPVM Dr.
Harman founded and is the CEO of VetStem, the first US-based commercial
veterinary stem cell company. For 15 years
prior to that, he was the CEO of HTI-BioServices, a preclinical research company
for veterinary and human pharmaceutical
development. He has authored more than
500 contract study reports for animal health companies throughout the world and for submission
to the FDA and USDA in support of the development of new animal and human health products.
Dr. Harman received his DVM and Master’s Degree from the University of California at Davis
in 1982. In his current position, he is the CEO and principal clinical development director of the
programs at Vet-Stem to bring stem cell therapy to veterinary medicine. He has been a frequent
speaker at veterinary and human stem cell conferences in North America, Central America,
Europe and the Middle East. He has authored 11 peer-reviewed publications and book chapters
on stem cell therapy and has two book chapters in press.
Medicine and Collaboration for Rapid Development of Cell Therapy
Veterinary stem cell medicines have an important role and impact on veterinary species and their
owners as well as impacting the R&D and clinical progress of human stem cell medicines
development. Collaboration is the key to rapid development and delivery of cell-based therapy to
patients, both animal and human. Autologous stem cell therapy in the dog, cat and horse has
been widely published and presented at professional meetings globally. Regulation of stem cell
medicines in veterinary species is performed by similar agencies in each country, but the
autologous use of cells has been widely exempt from regulatory constraints. This has lead to
larger studies and broader commercial use. This presentation will present a model and examples
of collaborations between commercial, academic, human and veterinary groups to the betterment
of all.
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Scaffolds for Tendon Differentiation
Jennifer G. Barrett, PhD, DVM, Diplomate ACVS, Diplomate ACVSMR
Associate Professor of Equine Surgery, Department of Large Animal Clinical Sciences
Marion duPont Scott Equine Medical Center, Virginia Tech, Leesburg, VA
Strategies to promote regeneration of damaged tissue back to pristine function and organization are
being developed through use of cell therapies, growth factor therapies and extracellular matrix therapies.
Strategies that utilize all three factors will be needed to reconstitute complex organs, and may provide an
optimal approach for simpler structures and tissues. Moreover, the application of load to the matrix

environment is also important for differentiation. Topographic alterations in extra-cellular matrix fiber
networks or scaffolds elicit diverse cellular responses, including changes in cell adhesion, orientation,
motility, proliferation and differentiation, which have transformative effects on tissue engineering. While
engineers have designed or utilized natural scaffolds to promote healing, the mechanisms of cellular
interactions with the geometry and mechanics of the underlying matrix are likely complex and are not
well understood. Understanding the interaction of cells with extracellular matrix is critical to further
design in this field, since the possible configurations of chemical composition, diameter, stiffness,
alignment, and three-dimensional arrangement are limitless. Recent work suggests that cells detect the
geometry of their surroundings, and this in turn can influence cell behavior. For example, cellular
interactions with parallel fibers results in parallel arrangement and elongation of cells along the parallel
axis. Moreover, mesenchymal cells grown on fibers of high stiffness will differentiate toward bone,
while growth on fibers of lower stiffness potentiates differentiation toward muscle, and even lower
stiffness potentiates differentiation toward nerve.	
  Mechanisms for mechanosensing nanofiber geometry
and stiffness involve the cytoskeleton, since the cell must exert force in order to detect the stiffness of
the fiber. Thus, studies of the cytoskeleton, focal adhesion complexes and downstream protein kinase
cascades will further understanding in this field. A novel approach to directed differentiation toward
tendon will be presented.
Carrier Scaffolds Direct Adult Equine Multipotent Stromal Cell Osteogenesis In Vivo
Mandi J. Lopez, DVM, MS, PhD, Laura Kelly, BS, Prakash Bommala, DVM, MS, Wei Duan, MS, Lin
Xie, PhD, Daniel Hayes, PhD* Laboratory for Equine and Comparative Orthopedic Research, Equine
Health Studies Program, Veterinary Clinical Sciences Department, School of Veterinary Medicine, and
the *Biological and Agricultural Engineering Department, Louisiana State University, Baton Rouge,
Louisiana, USA
Introduction and hypothesis/objectives: Optimization of scaffold carriers is critical to clinical
translation of adult multipotent stromal cells (MSCs) from bone marrow (BMSC) and adipose (ASC) to
augment equine fracture healing. This study was designed to quantify MSC osteogenesis on three
scaffolds in vivo. Materials and methods: Cells harvested from adult horses were revitalized, culture
expanded and loaded by spinner flask onto scaffolds composed of 40% tricalcium phosphate/60%
hydroxyapatite (“Scaffdextm”), polyethylene glycol (PEG)/poly-L-lactic acid (PLLA) (“60:40”) or PEG/
PLLA/tricalcium phosphate/hydroxyapatite (36:24:24:16, “crystal”). Scaffolds with and without cells
were implanted subcutaneously in immunodeficient mice. Radiographs were performed every 3 weeks.
After 9 weeks, implants were evaluated for composition (DNA, collagen, sulfated proteoglycan,
protein), osteogenic target gene expression (alkaline phosphatase (ALP), bone sialoprotein (BSP),
osteocalcin (OC), osteoprotegerin (OPG)), mineralization with micro-computed tomography and
microstructure with light microscopy. Results: Radiographic opacity increased with time in 60:40 and
crystal scaffolds. Extra-cellular matrix components and DNA increased significantly in 60:40 and
crystal scaffolds compared to Scaffdex. Osteogenesis target gene mRNA levels tended to be highest in
scaffolds with BMSCs, but there was little difference among scaffolds. Based on micro-CT analysis, 3D mineralized scaffold volume was greatest in crystal scaffolds. There was abundant extracellular
matrix production in 60:40 and crystal scaffolds evident with light microscopy compared to scaffolds
without cells. Scaffdex scaffolds were characterized by osteoclasts and scaffold remnants with little
evidence of neotissue formation.
Discussion/conclusions: Based on the results of this study, equine MSC osteogenesis is best supported
by crystal scaffolds in a nude mouse model.

Title: Influence of Chitosan on Equine Fetal adnexa-derived Mesenchymal Stem Cells.
Authors: Jane Cho, PhD, College of Veterinary Medicine, Western University of Health Sciences,
jcho@westernu.edu.; Yvette Nout, DVM, PhD, Dept of Animal and Veterinary Sciences, California State
of Polytechnic University, Pomona, ysnout@csupomona.edu.; Kyung-sun Kang, DVM, PhD, College of
Vet Med, Seoul National University, kangpub@snu.ac.kr.; Dominique Griffon (PI), DVM, PhD, College
of Vet Med, Western University of Health Sciences, Pomona, dgriffon@westernu.edu.
Introduction and hypothesis/objectives: Current modalities for stem cell therapy are based on
autologous cells, which is inherently limited by the patient’s health status, delay due to processing,
costly, and morbidity associated with the invasive collection. Our long term objective is to identify a
population of stem cells with prolonged and enhanced stemness for allogeneic regenerative therapy.
Fetal adnexa-derived cells are an especially appealing cell source because they circumvent the ethical
concerns and risk of teratoma formation associated with embryonic stem cells, contain more primitive
precursors, and become senescent at later passages than mesenchymal stem cells (MSCs) derived from
adult tissues. The specific aims of this study were to: 1) Determine the type of fetal adnexa-derived
mesenchymal stem cells (Umbilical cord matrix=UCM-MSCs vs. Amniotic membrane=AM-MSCs) that
displays the best stemness under standard culture conditions, and 2) Determine the influence of spheroid
formation on the stemness of equine fetal adnexa-derived MSCs.
Materials and methods: For Aim 1, AM-MSCs and UCM-MSCs were isolated during natural foaling
and cell populations were compared within matched pairs. Stemness was evaluated via growth kinetics
(doubling time from passage (P) 4 -14), tri-lineage differentiation (Cytostain for osteogenic, adipogenic
and chondrogenic differentiation), senescence (SA-β-gal assay) and pluripotent gene expression levels
(qPCR of Sox2, Oct4 and Nanog) at P3 and P10. The cells that displayed the best properties were
selected for Aim 2. To test Aim 2, spheroid formation was induced via culture on chitosan, a
biocompatible polymer previously used by our team. Cells were cultured on standard plates (control)
and 2% chitosan coated plates at P5 and P10. At each time period, cells were exposed to chitosan for 3
or 7 days. Cells from the same horse were cultured under each condition and matched for growth
comparison (DNA content), multi-lineage differentiation (Cytostain and gene expression for osteoblasts,
chondrocytes and neurons), senescence (SA-β-gal assay) and pluripotent gene expression levels via
qPCR. Our experiment was designed to achieve a power of >80%, with p=0.05.
Results: UCM-MSCs and AM-MSCs from 3 horses were used in
Aim 1. Both populations were capable of tri-lineage differentiation.
However, senescence appeared more pronounced at P10 in AMUCM'
MSC than UCM-MSCs. This was consistent with the cumulative
doubling level decreasing in AM-MSCs after P11 (Figure 1).
Pluripotent gene expression was approximately 2-fold higher in
UCM-MSCs than AM-MSCs (p<0.05) at both passages. For aim 2,
UCM-MSCs from 6 horses were tested. UCM-MSCs formed
' Figure'1:'Cumulative'population'doubling'
spheroids within 3 days of exposure on chitosan plates and
time'(CPDL)'of'level'of'UCM='and'AM=MSCs'
from'P4=P14.''
duration of exposure to chitosan did not significantly affect any of
the variables tested. DNA content was 2 to 3-times lower in all
chitosan groups compared to the matched control group cultured under standard conditions. Both growth
conditions were capable of differentiating into osteoblasts and chondrocytes, and did not show any
significant difference in staining for senescence. However, the overall pluripotent gene expression levels
were increased, minimally from 3 up to 15 fold, when exposed to chitosan plates.

Discussion/conclusions: UCM-MSCs appear more appealing than AM-MSCs for allogeneic stem cell
banking. Chitosan-induced spheroid formation affected cell proliferation, while enhancing their
expression of pluripotent genes. We expect gene expression for multi-lineage differentiation (pending) to
confirm this enhanced pluripotency. Combined, our findings provide a significant foundation to produce
cells with enhanced stemness for allogeneic stem cell therapy. This work places us in a unique position
to undertake an in vivo assessment of these cells. In the long term, these results are expected to improve
the duration and efficacy of regenerative medicine in horses.
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Oucome of 42 Horses with Stifle Injuries Treated with Adipose-Derived Regenerative Cells &
IRAP F. Ross Rich, DVM, PA-C, Cave Creek Equine Surgical Center, Phoenix, AZ,
drrich@cavecreekequine.com Elaine Carpenter, DVM, MS, DACVS, Cave Creek Equine Surgical
Center, Phoenix, AZ, carpenterelaine@gmail.com
1.Introduction/Hypothesis: Stifle injuries/lesions causing ongoing lameness are relatively common in
performance horses and have prematurely ended many equine athlete’s careers. Stifle problems can be
refractory to treatment and have long recovery times. Previous studies evaluating treatment of stifle
abnormalities with regenerative/stem cells had low case numbers and limited athletic performance
follow-up (Frisbie 2011, Fortier 2010). Our hypothesis was that treatment of stifle injuries with AdiposeDerived Regenerative Cells (ADRC’s) & IRAP could improve their athletic outcomes, athletic
longevity, and shorten recovery times when compared to other treatment methods.
2. Materials & Methods: This was a single-center retrospective study, from 2005 to 2011, of 42 horses
that were lame from stifle injuries,/lesions and no longer able to perform their athletic discipline
(representing 80 stifles, and 132 distinct stifle lesions). All were treated with ADRC’s & IRAP, with or
without arthroscopy-assisted treatment. Arthroscopy was performed in horses for which more diagnostic
information was needed, or debridement and/or microfracture was felt to be necessary for treatment of
the more severe cases. 64 horses with stifle injuries were treated with ADRC’s & IRAP during this time
period, but complete follow-up data were only available for 42 horses. 37 horses (88.1%) had bilateral
stifle problems. All stifle lamenesses were diagnosed by dynamic lameness examination, diagnostic
anesthesia, radiographs, ultrasound, nuclear scintigraphy, and/or MRI, and were classified by severity,
location, number and types of lesions per stifle, and chronicity. Intralesional and/or intra-articular
injections of the abnormal stifles with ADRC’s & IRAP were performed using ultra-sonographic and/or
arthroscopic guidance. All horses completed a standardized, 6 month post-treatment rehabilitation
program. Horses that returned to and stayed in full work (RFW) for >1 year, without recurrent stifle
lameness, was our measure of success. Horses were considered a failure if they required analgesics or
ongoing treatment with intra-articular medications to RFW for >1 yr., or if they did not RFW for >1
year. 3. Results: 64.3% of horses (27/42 horses) RFW-Prior/Higher level of performance for >1 year.
28.5% (12/42 horses) RFW-Lower level for >1 year. 7.2% (3/42 horses) did not RFW. All horses that
RFW-Lower or Prior/Higher level were sound on the affected limb(s) when they returned to full work in
their athletic discipline. Some of the horses in the RFW-Lower level group, initially competed at their
Prior/Higher level, but then decreased to a lower level during the first year of RFW, and were eventually
classified as RFW-Lower level. None of these horses displayed any obvious recurrent lameness while
RFW in their athletic disciplines (importance of long-term follow-up). Age, breed, and discipline had
little to no effect on successful outcome. Chronicity, severity, and type of stifle injury had negative
effects on outcome. 69.0% of horses had acute stifle injuries (≦3 mo.), 31% were chronic (>3 mo.).

Table 1 shows outcomes for all 42 horses, and for the injured stifles (n=80). Lesions, in order of
decreasing frequency, included injuries to articular cartilage of the femoral & tibial condyles, femoral
condyle osseous cyst-like lesions, medial menisci, meniscotibial ligaments, cranial cruciate ligaments,
femoral condyle subchondral fatigue fractures & cyst formation, femoral trochlear ridge & patellar
OCD, and patellar ligament. 18/42 horses were treated with ADRC’s & IRAP alone, and 24/42 with
Arthroscopy, ADRC’s, & IRAP. No adverse reactions from treatment with ADRC’s & IRAP occurred in
any of the 42 horses.
TABLE 1 – Treatment outcomes for all 42 horses, and all 80 stifles: Arthroscopy, ADRC’s, IRAP vs.
ADRC’s & IRAP
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4.Discussion: This study
demonstrates good to excellent,
athletic long-term RFW, in
horses with lameness caused by
stifle injuries/lesions treated with
Arthroscopy, ADRC’s, & IRAP;
or with ADRC’s & IRAP alone.
Decision making for the
treatment method for each horse
was based on diagnostic
information (radiographs,
ultrasound, nuclear scintigraphy, MRI) obtained from each horse’s stifle. Findings in this study support
the continued use of these treatment methods for successful treatment of bone, cartilage, and ligament
injuries/lesions of the equine stifle. Future work could include prospective controlled studies. This study
focused on a fairly large series of clinical cases, with a standardized rehabilitation program, and a
stringent, long-term criterion for success. RFW-Lower/Prior/Higher level of performance for >1 year
without recurrent stifle lameness (92.8%) compares favorably to other reported treatments: Arthroscopy
alone 37% (Cohen, 2009), 54.5% (Schneider 1997), 35% (Smith 2005).
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Progression Toward Biological Femoral Head Resurfacing in Dogs
Franklin, SP1,* and Cook, JL1 1Comparative Orthopaedic Laboratory, University of Missouri
*Current address: Department of Small Animal Medicine and Surgery, University of Georgia
Introduction:
Given limitations of current arthroplasty procedures, a superior approach may involve patient-specific
resurfacing of pathologic joints using biologic implants that provide rapid integration and long-term
function. Toward that goal, our research objective was to develop implants, instrumentation, and a
surgical technique for biological replacement of the canine femoral head. We hypothesized that a
clinically relevant patient-specific scaffold could be engineered that is mechanically competent for
predicted loads and which maintains high viability of chondrocytes cultured on the scaffold.
Materials and Methods: Sixteen pairs of femurs from adult dogs euthanatized for reasons unrelated to
this study were harvested.
Biplanar photography was used to acquire orthogonal images and
characterization of the femoral head-to-neck relationship was performed. Measurements were made by
two observers working independently. Porous cylinders were manufactured with poly-ε-caprolactone
(PCL) using fused deposition modeling. Cyclic loading and load to failure were performed using an

Instron 8821s hydraulic load frame to quantify elastic and dynamic modulus and ultimate load at failure.
A porous femoral head prosthesis was subsequently made, implanted in one femur of the pair from a
single cadaver, and loaded to failure with a BFX acetabular prosthesis. Load to failure and construct
stiffness were quantified. The contralateral femur was tested as a control, enabling comparison between
native bone and PCL. PCL cylinders were sterilized by UV light exposure, isopropyl alcohol
submersion, or H2O2 gas plasma sterilization and subsequently cultured with canine chondrocytes.
Cellular viability was quantitatively assessed by measuring the conversion of resazurin to the fluorescent
metabolite resorufin. Subsequent experiments involved PCL sterilization using gamma irradiation and
similar assessment of cellular viability. Culture of canine chondrocytes inoculated directly on PCL
constructs was also performed and cell viability assessed using cell tracker green staining and
microscopy. Results: Positioning of anatomical specimens, acquisition of images, and measurement of
proximal femoral anatomy was highly repeatable between observers. The data demonstrate that dogs
have substantial cranial and ventral offset of the femoral head from the femoral neck. The mean elastic
modulus and dynamic modulus of the PCL cylinders made using a 90°-90° lay down pattern were 23
MPa and 62.5 MPa with a load to failure of approximately 15N using an unconfined compression test.
The load to failure of the femoral head construct implanted on a femur exceeded 700 N and was greater
than the contralateral native femur. The stiffness of the femoral head construct was 966.4 N/mm.
Chondrocytes cultured with PCL disinfected using UV light or isopropyl alcohol maintained high
cellular viability, manifest as efficient conversion of resazurin to the fluorescent metabolite resorufin.
Chondrocytes cultured with PCL sterilized by H2O2 sterilization had significantly lower (p<0.001)
viability. Chondrocytes inoculated directly onto PCL cylindrical constructs resulted in effective
colonization of the PCL surface and minimal colonization of the construct interior based upon
fluorescent microscopy. Discussion: These data suggest that 1) femoral head replacement/resurfacing
prostheses that use an articular surface mounted symmetrically upon a femoral stem will fail to
reproduce normal canine hip kinematics which could have negative consequences with respect to
complications and functional outcomes, 2) patient-specific canine femoral head PCL scaffolds can be
engineered to be sufficiently robust mechanically to withstand physiologic levels of loading in the
canine hip, and 3) sterilization protocols can have profound effects on cellular viability associated with
the PCL implants such that we recommend the use of gamma irradiation for sterilization such that
cellular viability and patient safety are optimized.
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Scintigraphic comparison of 3 different techniques of administration of MSCs to the liver in dogs
Mathieu Spriet, DVM, MS, DACVR, DECVDI (mspriet@ucdavis.edu), Geraldine B Hunt, BVSc, PhD
(gbhunt@ucdavis.edu), Naomi J Walker, MS (njwalker@ucdavis.edu), Dori L Borjesson, DVM, PhD,
DACVP (dlborjesson@ucdavis.edu), University of California, Davis, School of Veterinary Medicine,
Davis, California
Introduction: Mesenchymal stem cells (MSCs) have been proposed to treat liver disease in the dog.
Injection directly into the hepatic portal circulation may be the optimal way of administering MSCs to
the liver, however this requires a laparotomy. Systemic intravenous MSC administration is less invasive
but in-vivo tracking studies in rats have demonstrated extensive MSC trapping in the lungs and poor
redistribution to the liver. Percutaneous splenic MSC administration results in high hepatic uptake in
mice but has not been evaluated in other species. The goal of our study was to compare MSC
distribution to the canine liver after these 3 injection techniques using in-vivo tracking with scintigraphy.

Materials and Methods: Four research beagle dogs were included in the study. Each dog received
MSCs via all 3 delivery methods, at one week intervals. For each injection, 10 million fat-derived
allogeneic MSCs were labeled with approximately 3mCi (111MBq) of Technetium(Tc)-HMPAO.
Methods of administration included: 1) laparotomy with jejunal vein catheterization (portal injection), 2)
cephalic vein injection (systemic injection) and 3) percutaneous splenic injection under ultrasound
guidance (splenic injection). Right lateral, left lateral, ventral and dorsal scintigraphic images were
obtained with a gamma camera equipped with a low energy all-purpose collimator. Imaging was
performed immediately after injection and 1 hour, 6 hours and 24 hours later. MSC distribution was
assessed subjectively using all 4 views. Pulmonary, hepatic and splenic uptake was quantified from the
right lateral view, at each time point, as the radioactivity in the organ of interest corrected for decay
divided by the initial radioactivity in the whole body. Results: The median MSC labeling efficiency was
48 % (range 42-57%). The median labeling persistence at 6 hours was 70% (range 65-74%). Systemic
injection led to MSC trapping in the lungs (85% at T0, range 74-90%). The hepatic uptake peaked at
11% (range 6-14%) at 6 hours after systemic injection. Portal injection resulted in diffuse high uptake
through the liver (86% at T0, range 77-91%). Hepatic uptake immediately after splenic injection was
68% (range 64-74%) with only 12% (range 4-19%) splenic uptake. The pulmonary uptake remained
inferior to 5% after both portal and splenic injections for all time points.
Discussion and Conclusion: Systemic injection of MSCs may not be a desirable technique for liver
therapy due to pulmonary trapping. Splenic injection represents a good alternative to portal injection.
Scintigraphic tracking with Tc-HMPAO is a valuable technique for assessing MSCs distribution and
quantification shortly after administration. Data obtained at 24 hours should be interpreted cautiously
due to suboptimal labeling persistence.
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MRI-Based Contrast Agents for Tracking Mesenchymal Stem Cells in a Large Animal
Model of Tendon Injury
Alexandra Scharf1,2, Shannon Holmes3, Merrilee Thoreson1, Jennifer Mumaw1, Alaina Stumpf1
and John Peroni11 Department of Large Animal Medicine, Department of Biological and
Agricultural Engineering, College of Engineering, Veterinary Biosciences and Diagnostic
Imaging, College of Veterinary Medicine, University of Georgia, Athens, GA 30602, USA
The goal of this study was to compare the biocompatibility and signal enhancement properties on
MRI images after labeling equine mesenchymal stem cells with two common, MRI-based,
contrast agents. Equine MSCs were treated with a research-grade superparamagnetic iron oxide
nanoparticle (Molday ION, Biopal Inc.), an FDA-approved SPIO (Feraheme, AMAG
Pharmaceuticals), or a gadolinium chelate (Magnevist, Bayer) and evaluated for viability as well
as their ability to proliferate, undergo tri-lineage differentiation, and express a select number of
cytokines. All labeled cells demonstrated characteristics comparable to controls (p<0.05), with
the exception of chondrogenic differentiation, which demonstrated enhanced alcian blue staining
in SPIO-labeled cells (p<0.0001), and osteogenic differentiation in Gadolinium-labeled cells,
which showed reduced calcium deposition (p<0.01), However, in both cases all labeled cells
successfully underwent differentiation and differences are likely due to variation in cell
proliferation. Following injection of 10 and 25 million cells labeled with Magnevist, highly
localized, hyperintense signal was visible on MR images. This hyperintense signal became
notably more diffuse as cells distributed themselves along the length of the tendon over a 3 dayperiod. Cells labeled with SPIOs demonstrated hypointense signal with a noticeable blooming

artifact at all time points. These cells demonstrated a similar pattern of migration over a 3-day
period. Both systems appear adequate for tracking cells in equine tendon, although previous
studies suggest that persistence of SPIOs after cell death may pose an issue in longitudinal cell
tracking studies. For this reason, we suggest the alternative use of gadolinium-based cell
labeling, as they appear to have similar biocompatibility with enhanced signal detection.
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Michael Heggeness, MD, PhD
Dr. Michael H. Heggeness is a Professor of Orthopedic Surgery at the University of Kansas School of
Medicine-Wichita.
Dr. Heggeness graduated from Haverford College, completed a Ph.D in
Biochemistry at the University of California, San Diego, then completed a 3 year postdoctoral
fellowship in Virology at the Rockefeller University in New York. He earned his medical degree from
The University of Miami School of Medicine, completed his residency in Orthopedic Surgery at the St.
Luke’s - Roosevelt Hospital in New York City, and his spine surgery fellowship at the University of
Toronto. His practice focuses on cervical spine disorders and inflammatory disease of the spine. Dr.
Heggeness is active in both clinical and basic science research and has been a NASS member since
1998. His current work is directed at the tissue engineering of bone and on the role of intraosseous
nerves in human disease. Dr. Heggeness currently serves on the NASS Board of Directors as
the Immediate Past President.

!

A New Approach to the Tissue Engineering of Bone
Michael H Heggeness, University of Kansas School of Medicine-Wichita. John Peroni,
University of Georgia, Steven Stice, University of Georgia. Francis Gannon, Baylor College of
Medicine
Backgound: Severe fractures to the bones of the thigh and lower leg are common in human
trauma, these injuries usually require several surgical procedures and often take years to
reconstruct. When the fractures involve segmental bone loss the outcome is too frequently an
amputation. I am pleased to present technology that uses viral vectors containing the gene for
Human Bone Morphogenic Protein 2, which has the potential to heal such difficult fractures with
very short healing times. Purified recombinant human BMP2 has been FDA approved as a
commercial product for human spinal fusion. This product is extremely expensive, and has been

associated with some significant complications. The approach that we describe here will be
markedly less expensive and less likely to result in these complications. Materials and
Methods: An adenovirus vector containing the Human BMP2 gene was used to transduced cells
in culture. The non-replicating vector induces a very rapid and robust synthesis of the BMP2
molecule which is secreted from the cells for an interval of approximately 48 hours before the
host cell dies. The newly transduced calls are suspended in solution or another carrier they can be
surgically implanted, or delivered by simple injection. Results:This technique has been applied
to mouse and rodent systems and has yielded nearly 100% successful healing within two weeks
in segmental fractures of the rat tibia and of the fibula. Similarly, a 92% fusion rate was
demonstrated in the rat lumbar spine, with simple unilateral percutaneous injection.
Conclusions: This gene therapy approach has great potential to help solve many difficult
fracture problems in both humans and animals.
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Skin substitutes: an emerging paradigm for a transformational tissue regenerative
strategy Ardeshir Bayat, BSc (Hons), MB, BS, MRCS (Eng, Edin), PhD
Group Leader/Clinician Scientist,
Plastic & Reconstructive Surgery Research Institute of Inflammation and Repair, Manchester
Institute of Biotechnology, University of Manchester
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Skin substitutes are becoming an increasingly common tool employed by clinicians and
veterinary practitioners to accelerate the wound healing process in both acute and chronic
wounds. The main aim of using skin substitutes is to restore tissue integrity and improve the
functional and/or aesthetic outcome of healing wounds. The term ‘skin substitute’
encompasses a range of materials and formats of delivery. Overall, substitutes can be
characterized in terms of their (1) cellular content; whether they are cellular or acellular, (2)
the origin of any cells or tissues used i.e. allogeneic, autologous or xenogeneic and (3) the
origin of the scaffold material, such as biological or synthetic. Skin substitutes can be also
further subdivided into epidermal, dermal and bilayer substitutes. As could be speculated
from the number of categories involved, skin substitute design is diverse and continues to
diversify as new technologies and techniques emerge and gain prominence. The main aim of
this talk would be to give you a detailed overview of the above and discuss indications for
use, practical tips and potential problems with use of skin substitutes.
If placed directly onto a prepared wound bed, a skin substitute can potentially stimulate
healing by promoting revascularization, cellular migration, and repopulation of the wound
defect through provision of an appropriate scaffold material to facilitate these processes.
Products containing fetal or autologous cells also benefit from early release of bioactive
molecules including growth factors and cytokines. To date, limited numbers of randomized
controlled trials (level one evidence) in skin substitutes have been published but evidence
from case series and case-control studies is quite encouraging. This talk will discuss the use
of biological and synthetic skin substitutes in the management of acute and chronic wounds,
and will also discuss the influence of skin substitutes on the wound environment, and
examines the levels of evidence for their use in wound management. In addition, the
requirements for the design and development of the optimal skin substitute will be discussed.

However, it will be emphasized that the development of effective skin substitutes requires a
clear understanding of the mechanisms of wound healing. In particular, awareness of the key
cells and matrix molecules, and the spatio-temporal action of these during the repair process,
should help with the design of future substitutes. The creation of a substitute that can truly
mimic native skin is not unattainable but requires further significant research into the wound
healing process, stem cell differentiation, role of extracellular matrix components, and
biomaterial design which will all combine synergistically in addition to other relevant as yet
unknown mechanisms to enhance skin substitute design and effectiveness.
The figure below is a simplified diagram comparing different skin engineering strategies.

Cardiac Regenerative Therapy for Doberman Pinschers With Dilated Cardiomyopathy
Amara Estrada, DVM, Diplomate ACVIM (Cardiology)
Associate Professor of Cardiology and Associate Chair for Instruction
Small Animal Clinical Sciences, College of Veterinary Medicine
University of Florida, Gainesville, FL
The Doberman Pinscher is a canine breed affected with DCM more than any other breed, accounting for
at least 50% of all cases of canine DCM1-3. Doberman Pinschers have a very high mortality rate with
mean survival reported to be less than 6 months following the first episode of congestive heart failure1.
In veterinary medicine, medical therapy based in angiotensin converting enzyme inhibitors (ACE-I),
pimobendan, and diuretics are the only treatment option for dogs with congestive heart failure secondary
to DCM1,6. There has not yet been discovered a curative treatment that saves these patients from an
imminent death. Our group of researchers recently investigated the long term effects of a retrograde
coronary venous stem cell delivery system for Doberman Pinschers with DCM.4 This delivery method
was safe and resulted in survival (6 weeks) of viable cells but did offer a clinical advantage for dogs
with the disease as median survival for the treated dogs 652 days (range of 46 – 799 days) was similar to
previous reports with medical therapy alone5.
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Recently, a 16-base pair deletion in a splice site region of a gene encoding for a mitochondrial protein
located on chromosome 14 involved in energy metabolism, pyruvate dehydrogenase kinase 4 (PDK4),
has been identified in approximately 75% of Doberman Pinscher families afflicted with DCM6. The test
for this deletion is now available7 and it is able to identify patients that are homozygous or heterozygous
positive for the mutation, as well as patients that are not affected by the mutation. This protein is one of
the several enzymes that regulate the oxidative phosphorylation (metabolic pathway included in the
glucose metabolism)8. In healthy hearts, almost all ATP produced is as a result of oxidative
phosphorylation in the mitochondria via the β-oxidation of fatty acids9. The association between the lack
of PDK4 gene and its effect on mitochondrial metabolism has not been demonstrated yet, and this
information is essential to understand the clinical implication of this mutation. We believe that the
oxidative phosphorylation pathway is impaired in mitochondria of Doberman Pinschers with DCM
lacking PDK4. The ability to measure and understand mitochondrial dysfunction has become readily
available since the use of extracellular flux analyzers were discovered10. This technology allows
measuring the major energy producing pathways of the cell in real time. During cellular metabolism,
mitochondria use substrates such as oxygen, glucose, fatty acids, and glutamine and provide energy in
form of ATP through a series of chemical reactions. Important information related to these pathways can
be gained by measuring the rate of oxygen consumed by these cells, which is an indicator of
mitochondrial respiration. Normal cells are expected to have a higher basal oxygen consumption rate
(OCR) compared to dysfunctional cells11. Our research group is currently evaluating the relationship of
the PDK4 mutation to mitochondrial metabolism and this will be briefly presented in this 25 minute
invited talk.
References
1O'Grady M, et al. JVIM 22, 897–904 (2008). 2Hammer TA, et al. Anim Genet (1996).
3Calvert CA. CVT XIV (2009). 4Pogue B, et al. JSAP 54, 361-366 (2013).
5Summerfield NJ, et al. JVIM 26, 1337–1349 (2012). 6Meurs K, et al. Hum Genet 131, 1319–1325 (2012).
7Veterinary Cardiac Genetic Laboratory, Raleigh, NC. 8M, B.K, et al.biochemj.org (1998).
9Grynberg A, et al. J Card Pharm 28, 11 (1996). 10Ferrick D, et al. Drug Disc Tod 13, 268–274 (2008).
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Stem Cell and Platelet-Rich Plasma Combination Therapy for Canine Tendinopathies
Sherman O. Canapp Jr., DVM, MS, CCRT, Diplomate ACVS, Diplomate ACVSMR
Owner & Chief of Staff, Orthopedic Surgery, Regenerative & Sports Medicine
Veterinary Orthopedic & Sports Medicine Group (VOSM)
Soft tissue injuries involving tendons are common in sporting, performance and active dogs. Repetitive
activity places repeated forces on tendons causing microtrauma. Healing is slow due to poor vascularity
and can be incomplete due to the slow healing process and continued repeated insult. Tendinopathy is a
broad term used to described conditions in and around tendons arising from overuse. Histopathologic
changes associated with tendinopathy include degeneration and disorganization of collagen fibers,
increased cellularity, and minimal to no inflammation. Macroscopic changes include tendon thickening,
loss of mechanical properties, and pain. Due to the lack of inflammation associated with tendinopathies,
traditional treatment modalities aimed at controlling inflammation such as non-steroidal antiinflammatory medications (NSAIDs) are ineffective. Other treatment modalities have been reported and
include shock wave therapy, rehabilitation therapy and surgical intervention. However, outcomes have
been inconsistent. Further, when “healing” occurs, it is most often by secondary intention or fibrosis
rather than regeneration. Because of the loss of organized matrix, these tissues do not have the same
biomechanical properties of native tissues and are predisposed to reinjury.

Regenerative medicine is an evolving therapeutic approach for the treatment of various conditions in
small animal medicine including tendinopathies. In veterinary medicine, these therapies have focused
on the use of growth factors and adult stem cells, specifically mesenchymal stem cells (MSC), derived
from bone marrow (BM-MSC) or adipose tissue (AD-MSC). These therapies have been used for tendon
injury in equine medicine and the literature reflects encouraging results of healing by way of
regeneration. Similar response has been noted in dogs with tendon injury. Regenerative medicine
therapies offer hope for a definitive treatment of this chronic degenerative condition.
Stem Cell Therapy
In dogs, stem cells may be obtained from bone marrow or subcutaneous adipose tissues. To date, there
is no evidence to support superiority of one over the other in terms of viability or efficacy of the derived
stem cells. Adipose tissue may be a preferred source in dogs as it is easily obtainable with little donor
site morbidity and patient discomfort. Freshly isolated cells from adipose tissue, referred to as stromal
vascular fraction (SVF) include mesenchymal stem cells, endothelial progenitor cells, pericytes, immune
cells, fibroblasts and other growth factor-secreting bioactive cells. This heterogeneous cellular mixture
can be directly injected into the injured tendon. Alternatively, the stem cells can be isolated, cultured
and expanded resulting in a more homogeneous population of stem cells with a larger quantity of cells
for injection. This is known as adipose derived progenitor cell (ADPC) therapy. Risk of rejection and
disease transmission are eliminated because cells are autologous.
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The mechanisms by which these cells initiate healing within the body are complex. MSCs decrease proinflammatory and increase anti-inflammatory mediators.
MSCs are activated to become
immunosuppressive by soluble factors and in turn secrete factors that inhibit T-lymphocyte activation
and proliferation. MSCs secrete bioactive levels of cytokines and growth factors that support
angiogenesis, tissue remodeling, differentiation, and anti-apoptotic events. The cytokines and growth
factors secreted by the MSCs can also assist in neovascularization. MSCs demonstrate a diverse
plasticity and are able to migrate to injured sites.
Platelet-Rich Plasma
Platelet-rich plasma (PRP) is an autologous preparation of a high concentration of platelets (above
baseline) in a small volume of plasma. Platelets are a significant reservoir of growth factors in the body
that play an important role in many processes including coagulation, immune response, angiogenesis
and healing of damaged tissues. Two factors believed to be the most influential in tissue healing are
transforming growth factor-beta (TGF-ß) and platelet-derived growth factor (PDGF). Concentration of
these growth factors rises linearly with increasing platelet concentration. Normal platelet concentration
in dogs is 200,000-500,000 platelets per microliter (µL or 0.000001 liter). To obtain PRP, blood drawn
from the intended recipient is mixed with an anticoagulant and processed by either manual or automated
centrifugation. The processed fraction, the PRP, is mixed with thrombin and calcium chloride to activate
the platelets prior to injection. At VOSM, the PRP used in treatment of tendinopathies has a platelet
concentrate 7 to 10 times above baseline with few white blood cells present in the product.
Combination Therapy
The goal of combination therapy is to achieve the positive effects of both regenerative therapies. There
appears to be a synergy between ADPC and PRP that may achieve faster and improved healing in tendon
tissues. This combined therapy provides cells for regeneration, growth factors as well as a scaffold for
cell attachment.

Since 2008, VOSM has been utilizing combination ADPC/PRP therapy for the treatment of
tendinopathies. VOSM has been collaborating with the Regenerative Medicine Laboratory at the
Marion duPont Equine Medical Center at Virginia Tech for processing of these therapies.
Tendons we have treated with these therapies include supraspinatus, biceps, subscapularis, flexor carpi
ulnaris, iliopsoas, and Achilles. Injuries are confirmed via MRI and/or diagnostic musculoskeletal
ultrasound. Tissues (adipose from the falciform) and blood (for PRP) are collected and submitted for
processing. Culture expanded ADPC and PRP are returned by the lab to VOSM in 10 to 14 days and
injected under ultrasound guidance into the injured area of the tendon. Patient follow-up includes
objective measurements of response (diagnostic ultrasound measurements and gait analysis using
Gait-4-Dogs). This presentation will include discussion of these therapies for the treatment of
tendinopathies, techniques and protocols, objective outcome measures, and response data of our
retrospective study of ADPC/PRP combination therapy for supraspinatus tendinopathy in dogs.
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Joint Repair with Cultured Cells: Have We Turned Our Back on Chondrocyte Grafts Too Soon?
Alan J. Nixon BVSc, MS, Diplomate ACVS Cornell University, Ithaca, New York. ajn1@cornell.edu
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Clinical Results of Chondrocyte Transplantation
Chondrocyte grafting in fibrin vehicles has been used successfully in the horse since 1995. Clinical
resurfacing trials in horses have used a autogenous fibrin or more recently platelet rich plasma (PRP) as
a vehicle, laden with 50 ug of IGF-1 and 30 million allograft chondrocytes/ ml of fibrin. Clinical
application of this growth factor enhanced chondrocyte grafting process in horses has included traumatic
cartilage lesions of the third carpal bone, fetlock metacarpal condylar fractures, and OCD or subchondral
cystic lesions of the fetlock (22 horses) and stifle (49 horses). Results for stifle OCD and subchondral
cyst grafting of the stifle and fetlock have been generally good. For stifle cysts, over 70% of mature
horses or those with stifle OA and cysts returned to full function (Ortved et al EVJ 2012). Complete
radiographic filling has occurred in more than half of the stifle subchondral cysts radiographed at or
beyond 24-months postoperatively, and 73 percent of stifle subchondral cysts, including failures of
previous simple debridement alone, have been in athletic work for a minimum of four years. Similarly,
fetlock subchondral cysts have been treated using arthroscopic extirpation and grafting. Radiographic
filling of the fetlock cysts can be slow, and residual deeper lytic regions can remain despite athletic
performance.
Clinical Applications of MSC Transplantation
Because of the immune response to allograft chondrocytes, we and others have been using autologous
MSC for cell-based cartilage repair. Despite good results during in vivo evaluation, a lack of permanent
chondrogenesis was suggested by fibrous tissue in the surface layers of repair. Methods to induce
chondrogenesis in MSCs are becoming better defined, and exposure to TGF-β3 has been useful to
induce chondrocytic transformation. Clinical cases are currently grafted with autogenous fibrin or PRP
containing 20 to 30 million MSCs/ml of vehicle.
Platelet-enriched Plasma (PRP) as an Anabolic Vehicle–Time to surgery can be shortened by using PRP
as a vehicle for stable implantation of MSCs. Fibrinogen requires 72 hours to prepare using
cryoprecipitation, which delays the time to surgery after admission to the clinic. However, platelet-rich
plasma can be prepared by centrifugation of blood in the surgery suite in 20 minutes, and has sufficient
fibrinogen to clot and adhere securely to subchondral bone and cartilage edges. More importantly, PRP
is rich in growth factors including PDGF, bFGF, and TGF-β, which drive chondrogenesis in MSCs.

Adding MSCs also helps control the shrinkage associated with platelet degranulation during clotting.
PRP makes a very effective vehicle for delivery of cultured MSCs
MSC Application–At the time of surgery the MSCs are mixed with fibrinogen or PRP and stored at 4oC.
The vehicle is clotted with 1000 units of activated thrombin, to provide a two-component system for
immediate injection. At surgery, the polymerization process develops immediately upon injection of the
two components into the articular defect. Arthroscopic application is routinely performed, using gas
insufflation for the few minutes required for fibrin or PRP injection. Alternatively, for short term gas
arthroscopy several 60 ml syringes of room air can suffice to dry the cartilage bed and allow injection of
the MSC laden fibrin or PRP. The polymerizing liquid nature of fibrin and PRP allow contouring of the
cell transplant to the irregularities of many joint surfaces.
Enhanced Chondrocyte Repair Systems
The sense of continuing inadequate chondrogenesis in MSC grafted cartilage regions in the joint, has
driven additional research on chondrocyte based repair. This has included matrix-induced autologous
chondrocyte implantation (MACI), and IGF gene enhanced chondrocyte-based repair, with or without
cytokine RNA silencing. Results of AAV-IGF1 overexpressing chondrocyte repair have been better than
naïve chondrocytes and those with vehicle alone
(Fig 1).
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Fig 1. Enhanced repair in gene enhanced chondrocyte repair
give hyaline cartilage throughout most of the depth of the
repair.
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Similarly, embedding chondrocytes in vehicles that
allow secure fixation and 3D support after cartilage
implantation has provided better long term outcome
than naïve chondrocyte implantation and MSC
grafting (Fig 2)
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Fig 2. MACI implant shows robust
chondrocyte rich repair compared to empty
MAIX vehicle and spontaneously healing
empty defetcs.
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Dual-axis gene therapy approaches to cartilage repair also provide new traction in quelling local IL-1
and TNF catabolic processes while driving chondrocyte function with IGF-I gene overexpression. The
primary issue at present is how to harvest autologous chondrocytes or use allograft chondrocytes that
locally suppress the immune response in subchondral bone. Adding IL-10 to this system may answer
some of these questions.
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Stem cells in naturally-occurring tendinopathy – update on cell tracking, tissue effects and
clinical outcome. Roger K.W. Smith, MA, VetMB, PhD, DEO, Diplomate ECVS, MRCVS
Professor of Equine Orthopaedics, Department of Clinical Sciences and Services, The Royal
Veterinary College, UK
Introduction:
Tendon naturally heals (repairs) well but the scar tissue formed in this repair is functionally deficient
compared to normal tendon, which has important consequences for the animal in terms of reduced
performance and a substantial risk of re-injury, in spite of a multitude of treatments that have been
proposed. Regenerative medicine offers the prospect of restoring normal structure and function to an
injured organ and thereby resulting in a successful restoration of activity without the risk of re-injury.
For a number of years we have been investigating the efficacy of bone marrow-derived MSCs (BMMSCs) implanted into naturally occurring over-strain injury of the equine superficial digital flexor
tendon (SDFT). We hypothesised that autologous implanted MSCs would survive in the tendon,
induce normalization of the tendon matrix and reduce re-injury rates.
1) Cell tracking experiments:
Cells have been tracked in two ways. (a) Using the cell membrane dye, CM-DiI. Seven horses with
naturally occurring injury to the superficial digital flexor tendon were injected with CM-DiI labelled
MSCs and tendons were recovered and examined under a fluorescence microscope 3-160 days after
implantation. Labelled cells still showed 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, and their phenotype
reflected their location. There was no evidence of migration to adjacent areas of the tendon.
Increasing the number of injection sites resulted in an increase in distribution while increasing the
number of cells injected appeared to increase the number of cells retained but neither increased the
degree of spread; (b) Using technetium-99m linked to HMPAO. 10 million labeled MSCs were
implanted into 13 horses with naturally occurring tendon or ligament injuries intra-lesionally (IL),
intravenously (IV), and by regional perfusion under a tourniquet (RP) on separate occasions and
traced for up to 48hr by gamma scintigraphy. Cells were retained after IL injection but only 24%
were still present at 24hr. After IV injection, cells largely distributed to the lung fields and were
undetectable in the tendon. Significant, but lower than IL, labelling of lesions was observed in 11/12
horses after RP. Highest cell numbers were retained after IL injection, although with substantial
early-stage cell loss. RP may be a viable alternative if there is no defect into which cells can be
administered. The absence of cells seen after IV administration may be a consequence of low
labelling efficiencies, but cells still did not ‘home’ to the lesion in large numbers within 24 h of
injection.
2) Tissue effects
In a controlled experimental study of naturally-occurring SDFT injuries (n=12), MSC treatment
appeared to ‘normalise’ the tissue parameters so that they were closely to the contralateral, relatively
normal and untreated tendons than saline-injected controls. Specifically, in comparison to salinetreated tendons, treated tendons had lower structural stiffness (p=0.061) although no significant
difference in calculated modulus of elasticity, lower (improved) histological scoring of organization
(p<0.003) and crimp pattern (p<0.05), lower cellularity from histological scoring (p<0.007) and
DNA content (p<0.05), reduced vascularity (p<0.03), water content (p<0.05), and GAG content

(p=0.055). Total collagen content was unaltered between groups and interestingly, while tissuelinked fluorescence (indicates age of collagen) was similar between treatment and control groups,
both were significantly lower than the contralateral limb (p<0.014), which suggested similar amounts
of new collagen in the injured limbs. A higher remodelling rate, exemplified by increased MMP-13
activity, was also demonstrated for the control group compared to the treated group and contralateral
limbs (p<0.02).
3) Clinical outcome
In 113 MSC-treated racehorses with SDFT over-strain injury, the re-injury percentage was 27.4%,
which was a significantly reduced re-injury rate (approximately one half) compared with two other
studies in racehorses where the inclusion and follow-up criteria were identical (p<0.05 versus
56%[1]; p<0.01 versus 50%[2]). Outcome has also been analysed for SDFT injuries in sports horses
treated with MSCs (n=68). 85% returned to competitive exercise, with 76% returning to their
previous level of activity. The re-injury rate was only 19% which was also approximately one half
that previously documented for sports horses [1]. The re-injury rate increased with increasing
interval between injury and implantation but was not affected by severity of injury.
These findings suggest that retention of MSCs after direct intra-lesional implantation is limited but
that even the small numbers retained appear to have beneficial effects on the healing tendon matrix
and also reduce re-injury rates in a number of different equine athletic disciplines. However,
improved cell retention might offer further improved efficacy.
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Results of intraarticular bone marrow derived mesenchymal stem cells – experimental and clinical
studies. C. Wayne McIlwraith, BVSc, PhD, DSc, Diplomate ACVS, Diplomate ACVSMR
University Distinguished Professor, Barbara Cox Anthony University Chair in Orthopaedics and
Director Orthopaedic Research Center, Colorado State University, Fort Collins, CO
Introduction:
In the last decade researchers have been looking into the use of stem cells to aid in various joint
conditions. These can loosely be broken down into 3 categories; 1) cartilage resurfacing, 2) osteoarthritis
and 3) damaged intraarticular soft tissue structures such as the meniscus. It must be realized that joint
disease usually has some component of all three categories. To date the equine peer reviewed literature
has been focused on autologous cells. This has been for two main reasons; 1st the immunogenicity of
allogenic equine stems cells has yet to be established in the peer reviewed literature and 2nd the legality
of regulatory pathway for commercial utilization of allogenic cells. Therefore, this manuscript will focus
on autologous cells.
A search of PubMed for stem cell and joint had over 140 publications in 2012 so this is a strongly
emerging area. A review of cases where bone marrow-derived mesenchymal stem cells (BMSCs) were
cultured either at the Orthopaedic Research Laboratory or Advanced Regenerative Therapies (ART)
revealed 1,315 (69%) soft tissue injuries and 602 (31%) joint injuries. Of the joint injuries, 54% were
used for treatment of stifle, 14% fetlock, 8% distal interphalangeal joint, 7% carpus, 2% tarsus and 60%
others. Experimental studies with both BMSCs and stromal vascular fraction in some cases will be
described as well as clinical cases using BMSCs.
Experimental studies:
Articular cartilage resurfacing
Researchers from Cornell University have been assessing autologous stem cells mainly for cartilage
resurfacing techniques. They have been utilizing fibrin as a scaffold to hold the mesenchymal stem cells
(MSCs) in cartilage defects. This is an elegant technique that up until recently had required the MSCs to
be prepared prior to the arthroscopy. This approach does have the disadvantage of leaving the surgeon
uncertain of the need for the MSCs until diagnostic arthroscopy is performed. Thus if a lesion is not
identified this approach may not be the best use of resources. It also requires the availability of some
specialized equipment, mainly gas insufflation. Some clinical success has been reported by Nixon for
osteochondral defects and subchondral cystic lesions (together with bone marrow or bone marrow
substitutes).1 However, Wilke et al in a controlled experimental study using autologous culture expanded
cells did not demonstrate long term beneficial effects.2
More recent work with BMSCs in a platelet enhanced fibrin (APEF) scaffold in an equine lateral
trochlear ridge osteochondral defect model showed no advantage compared to platelet enhanced fibrin
alone.3 MRI analysis revealed a trend (p=0.09) towards an increase in trabecular bone edema for APEF
+BMSCs. Critically sized cartilage defects treated with APEF with or without MSCs resulted in good
cartilage integration and there was tissue thickness close to the surrounding articular cartilage. However,
4/12 defects that were treated with APEF+BMSCs developed bone within the repair tissue. The
conclusion was that the addition of high concentrations of growth factors to fibrin through platelets may
result in enhanced cartilage healing but the BMSCs delivered in APEF do not appear to significantly
enhance cartilage repair and my result in bone within the repair defect.
It is notable that a recent paper by Fortier et al demonstrates significant gross and histologic
improvements using a bone marrow that was aspirated from the sternum and centrifuged to generate
autologous bone marrow concentrate which was held in the experimentally created defect following

activation with thrombin forming a gel or glue.4 The authors report some uncertainty on what in the
bone marrow concentrate is responsible for the exciting results (cells or growth factors). The previously
cited work with fibrin and PRP alone suggests that fibrin and PRP could be responsible for the most
significant improvement of cartilage repair compared to empty defects.
A recent study at Colorado State University (CSU) evaluated articular cartilage progenitor cells
(ACPCs) derived from the superficial layer articular cartilage. Bilateral defects on the medial femoral
condyle were created in 16 horses they received a 6 month arthroscopic evaluation and the project
terminated at 12 months. The horses were subjected to strenuous treadmill exercise from 3 months to 12
months. The groups were empty, fibrin+(auto) ACPCs and fibrin+(allo) ACPCs. The autologous ACPCs
showed a superior grade at 6 months, improved total cartilage histology score compared to microfracture
alone but were still suboptimal. In the allogeneic ACPC group there was radiographic progression of
disease and were inferior to autologous ACPCs and similar to fibrin alone.
Research by the authors’ at CSU have taken a different approach to cartilage repair, injecting MSCs into
the joint space without the use of a scaffold. This technique in clinical cases is employed 30 days post
diagnostic arthroscopy thus obviating the need for preparing the MSCs prior to ascertaining the need for
this treatment modality. Therefore, research studies have used this model of timing. In an in vivo study
the group at CSU was able to show long term benefits. Specifically, a 1cm2 full thickness medial
femoral chondral lesion was created in both stifles of the study horses. The defects were debrided down
to the level of the subchondral bone plate and subchondral bone microfracture performed. All medial
femoral joints were treated with either, hyaluronan (HA) and the opposite HA + MSC directly injected
into the joint space 30 days post lesion creation, the treatment sides were randomly selected. Following a
year of strenuous exercise some softening of the microfracture alone (HA only) repair tissue was noted
but the repair tissue in the MSC treated joint remained firm as compared to a 6 month time point.
Further the degree of aggrecan staining was improved in the MSC treated repair tissue when compared
to microfracture alone at the 12 month time point.5 Based on this work and that of Lee et al who also
administered MSCs to the joint space in a porcine model,6 it would appear that direct intraarticular
administration of MSCs may have long term advantages compared to delivering them in fibrin for
cartilage resurfacing techniques at this time.
Osteoarthritis/soft tissue structures
Early work using labeled mesenchymal stem cells has shown they do have an affinity for damaged joint
tissues including fibrillated cartilage and, more recently, in vivo studies have confirmed their ability to
localize and participate in repair of damaged joint structures, including cruciate ligaments, menisci, and
cartilage lesions.7,8 Some of the first work suggesting promise for the use of MSCs in treating arthritis
was published by Murphy et al in 2003.9 While this goat study showed regeneration of the meniscus its
aim was to evaluate the in vivo effects of intraarticular stem cell therapy on decreasing the progression
of osteoarthritis (OA).9 This study created an unstable joint model by removing the medial meniscus and
transecting cranial cruciate ligament leading to the subsequent induction of OA. The investigators
concluded that the decrease in OA seen in the study appeared to be secondary to the regeneration of the
medial meniscal tissues, which was dramatic in 7/9 cases. However, the design of inducing OA did not
lend itself to determining if the stem cells had a direct effect on the articular cartilage and/or progression
of OA.
A subsequent equine study used an osteochondral fragment with bone and cartilage debris to induce OA,
unlike the Murphy et al work, the equine model used a stable joint.10 The goal of the study was two fold,
first to evaluate the effect of bone derived culture expanded MSCs and adipose derived stromal vascular

fraction (SVF) on improving acute OA and second comparing the two treatment modalities. The results
of this study indicated significant improvement in synovial fluid prostaglandin E2 (PGE2) levels in
response to treatment with bone derived cells although significant differences were not demonstrated in
other key parameters (clinical lameness, radiographic, histologic and biochemical). The study also
demonstrated an increase in synovial fluid tumor necrosis factor (TNF) concentrations in response to
adipose derived cells, which would be interpreted in a negative light. The conclusion of the study is that
nominal improvement in symptom or disease modifying effects were seen with bone derived stem cells
and also that the administration of adipose derived SVF upregulated the production of proinflammatory
cytokines.10 This stable acute OA model brings questions to the utility of MSCs for the treatment of OA
that will need to be critically assessed through further research and follow-up clinical results.
Clinical studies:
Trying to simulate the beneficial results seen by Murphy et al, researchers at CSU have been treating
various clinical cases of joint disease that have arthroscopic confirmation using a combination of HA
and autologous MSCs, with special interest in those diagnosed with meniscal injury. A 6 month followup pilot project involving 15 cases11 showed promising results and led the authors to expand the study
into multicenter trial. The results of this multicenter trial, with an average of 21 months follow-up were
also very promising.12 Specifically, 33 cases were treated with intraarticular (IA) administration of
autologous bone marrow derived MSCs and having long term follow up. It is noteworthy that cases
selected for this trial were meant to have failed routine treatments, be moderate to severely affected, and
have surgical confirmation of the diagnosis. Seventy six percent returned to some level of work. Thirty
six percent (14/33) returned to or exceeded their prior level of work, 33% (11/33) returned to work at a
lesser level or required some level of additional medical treatment in the affected joint to maintain
soundness, and 24% (8/33) did not achieve work status prior to follow-up.12 Meniscal injuries comprised
24 of the 33 cases. Interesting differences were noted when these data were compared to published
studies on meniscal damage with surgery alone.13,14 With surgery alone, grade 3 meniscal tears had a 0
and 6%13,14 return to full work compared with the current study with MSCs and surgery having a 25%
return to work. Further, only 37.5% were unable to go back to their intended use in the currently study
where all of the horses followed by Cohen et al and 64.7% of Walmsley et al were unable to return to
work. In the current study the intraarticular treatment with autologous cells had an 8% incidence of
acute inflammation or “flare”, which given the concurrent administration of HA (12% flare incidence
reported) would be expected or lower than expected incidence. Thus it appears in clinical cases of joint
disease, especially the more severe; the addition of stem cells may improve the horse’s ability to return
to work over surgery alone. The next logical step would be a placebo controlled clinical trial, this is
unlikely because of difficulties gaining owner compliance for such a study design, however, a positive
controlled clinical trial may be possible and shed more light on the most useful treatment applications
for cell based therapies.
Conclusions:
Bone marrow derived culture expanded mesenchymal stem cells have been the preferred source in
clinical studies in joints performed at CSU. In vitro studies have suggested improved chondrogenesis
compared to adipose derived stromal vascular fraction and had superior results in an experimental model
of OA. Intraarticular injection of BMSCs is preferred to delivery and matrices such as fibrin for cartilage
resurfacing based on current research. Bone marrow derived MSCs appear to improve clinical outcome
of meniscal and meniscal ligament injuries. We are relatively early in the use of MSCs for the treatment

of joint injury in the horse but it appears that they will provide benefit to our equine patients. However,
we have considerably more to learn.
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Autologous and Allogeneic Mesenchymal Stromal Cells as Adjuvant Therapy for Osteoarthritis
Caused by Spontaneous Fragmented Coronoid Process in Dogs Kristina Kiefer, DVM, PhD
University of Minnesota, College of Veterinary Medicine, St. Paul, Minnesota
Osteoarthritis occurs with 20% prevalence within the canine population. Those afflicted with OA
typically deal with pain, decreased ability to use the joint, or both. Once these changes are recognized
clinically, they are irreversible with current treatments. Patients can become debilitated as the disease
progresses. Current therapeutic options are limited to medical management, or physical therapy or both.
Interest has therefore turned to regenerative medical therapies, including adipose derived stromal cells
(ASCs).
Adipose tissue is easy to harvest during routine surgical procedures. Autologous (self) ASCs have been
studied for treatment of OA in dogs and it has been suggested that when the product of fat processing
(stromal vascular fraction) is injected into the joint of the patient, lameness improves. However, these
studies used only subjective outcome measures to document patient improvement and the cell
populations are heterogenous in nature, not rigorously characterized, and are not measured against
consistent standards of quality control and assurance. Thus, patient response may be highly variable,
depending upon the quality of the product. Further limitations of this treatment are the need to
anesthetize the diseased patient to harvest fat and high cost of surgery and ASC therapy. The limitations
related to autologous stromal cell therapy can be resolved by the use of allogeneic (non-self) stromal
cells (AllSC).
AllSC treatment would consist of stromal cells harvested from fat donated by healthy patients
undergoing routine surgical procedures that are expanded ex vivo to maximize the number of treatments
per donation. AllSC would be readily available for immediate use in any patient, removing the necessity
for an anesthetic episode in a diseased patient, and allowing treatment of multiple patients from one
donor. In addition, the cells could be used to perform an in vivo selection process that identified key
indicators of potential success, such as anti-inflammatory cytokine expression or chondrogenic potential.
A prospective, randomized controlled trial utilized dogs diagnosed with fragmented coronoid process
(FCP) and OA. All dogs had arthroscopic fragment removal and were randomized into four groups
(n=10/group): 1) control group with no further treatment, 2) proximal ulnar osteotomy (PUO), 3) PUO +
autologous ASCs and 4) PUO+ allogeneic ASCs. Each dog had force platform gait analysis, canine
brief pain inventory (CBPI) questionnaires, and delayed gadolinium enhanced magnetic resonance
imaging (DGEMRIC) scores prior to therapeutic intervention, and six months after intervention. No
deleterious side effects were noted in either stem cell treated group. The traditional treatments and
autologous stromal cell treated group had similar outcomes, while the allogeneic treated stromal cell
group had better outcomes. Preliminary data indicates ASC therapy is safe as an autologous or
allogeneic intra-articular injection with improved outcome in OA caused by fragmented coronoid
process. There may be a difference in outcome between allogeneic and autologous preparations. Force
platform gait analysis, CBPI and dGEMRIC provide useful tools in assessing outcomes, and should be
utilized to provide further objective assessments of ASC therapy.
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Rapid and efficient preparation of equine regenerative cells from umbilical cord matrix
using a semi- automated process

Ivone G. Bruno1*, Timo Nazari-Shafti2*, Rudy Martinez1, Michael E. Coleman1, Eckhard Alt2, Scott R.
McClure3 1InGeneron, 8205 El Rio, Houston, Texas, USA, 2Tulane University, Department of Surgery,
1430 Tulane Ave., New Orleans, Louisiana, USA, 3Department of Veterinary Clinical Sciences, College
of Veterinary Medicine, Iowa State University, Ames, Iowa, USA. *Authors share first authorship.
INTRODUCTION: In the search for regenerative treatment options for equine musculoskeletal injuries
and osteoarthritis, stem cells (SCs), primarily from bone marrow and adipose tissue have proven to be
effective by modifying disease progression and promoting tissue regeneration and healing. Umbilical
cord stem cells (UC-SC) from the umbilical cord matrix (UCM) represent an abundant source of viable,
rapidly dividing SCs. Banking equine UC-SCs at birth, especially those from Thoroughbred and other
performance horses, could provide a readily available source of autologous SCs for therapy. Results of
treatment of tendon injuries with BM-MSCs indicate that up to 2 x 107 cells may be optimal (RK Smith et
al, NAVRMA 2012). Therefore, acquiring > 2 x 107 UC-SC at the time of isolation may eliminate the need
for expansion in cell culture and associated costs and potential changes in cell phenotype and bioactivity.
To date, protocols that have described the isolation of SCs from UCM require up to 24 hours to process
and rely on expansion in culture prior to use.
METHODS: This protocol describes processing, filtration, and
centrifugation of equine UCM tissue using a semi-automated
system that enables reproducible and efficient isolation of UC-SCs
within 2 hours. Hence, the protocol overcomes the need for culture
expansion typically employed to obtain 1 x 107 or more cells
required for many clinical applications. First, the umbilical cord is
dissected and vessels as well as the amniotic epithelium are
removed. The remaining UCM is processed using an optimized
blend of collagenases and neutral protease together with agitation
at an increased temperature
in a semi-automated system
(Figure 1). For these
experiments, UCM from four
newborn foals was processed within 48 h of birth.
RESULTS: Processing as described resulted in a cell yield of 1.65
± 0.45 x 106 cells/g UCM and viability of 93% ± 4%. Colony
forming fibroblast (CFU-F) assay revealed high regenerative
potential (colony forming units: 13% ± 2%; Figure 2). Gene
expression profile and proliferation potential of UC-SCs was
consistent with that of fetal and neonatal SCs. Differentiation
assays confirmed the ability of UC-SCs to differentiate into cells of
the ecto- and mesodermal germ layers as previously reported (SM
Hoynowski et al. 2007. Biochem. Biophys. Res. Commun.
362:347).
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Safety and effectiveness of allogeneic fetal derived stem cells (fdSCs-Celavet) in equine
tendon and ligament injuries. Russ Peterson, DVM MS
PENINSULA EQUINE MEDICAL CENTER
Introduction/objectives: Allogeneic fetal derived stem cells (fdSC) improve the short term
healing of superficial digital flexor tendon injury compared to placebo controls in experimental
models in the horse. Safety and efficacy in large numbers of clinical cases has not been reported.
The objective of this study is to assess the safety and effectiveness of allogeneic fdSCs for the
treatment of clinical equine tendon and ligament injury.

Methods: This was an open-label, non-comparative, multi-center clinical trial utilizing client
owned horses (252 treated injuries) with acute and chronic (previously treated) injuries to the
superficial and deep digital flexor tendons and suspensory ligaments diagnosed by clinical and
ultrasound evaluation. Lameness and ultrasound examination plus evaluation for pain and
swelling were performed prior to injection (baseline) and at 90-120 days post-injection. Adverse
reactions to treatment were documented immediately post-injection, at 90-120 days postinjection, and for many patients which were available for follow-up out as far as 2 years later.
Lameness was graded on a 0-5 scale (American Association of Equine Practitioners 1991).
Ultrasound data for tendon injuries included scores for echogenicity of the lesion and fiber
alignment and measures of cross-sectional area (CSA) of the lesion. Ultrasound data for the
suspensory injuries was not statistically evaluated since the majority of injuries were diffuse and
inconsistent to quantify reliably upon initial evaluation. Treatment was intra-lesional injection of
1.8 million fdSC utilizing ultrasound guidance. Immediately following injection, horses were
monitored for local or systemic adverse reactions for 24-72 hours and systemic administration of
NSAIDs +/- corticosteroids were performed, at the discretion of the study veterinarian. Followup assessment utilizing clinical examination and ultrasound evaluation was performed 90 to 120
days post-injection. Ultrasound, lameness, and exercise level scores were compared using nonparametric Wilcoxon Signed Rank test.
Results: There were a total of 252 cases treated with fdSCs intra-lesionally, 71 for tendon injury
of which 59 were acute and 12 were chronic and 149 for ligament injury
of which 107 were
acute and 42 were chronic. Of the tendon injuries, there were 56 SDFT and 15 DDFT, and of the
SL injuries, there were 54 proximal, 65 body, and 30 branch lesions. Patient demographics were:
19 stallions, 159 geldings, and 74 mares from both racing and sport horse disciplines. The most
common adverse event was transient swelling at the injection site, exhibiting some pain on
palpation and lameness (30/252:12%). All but 1 resolved with bandaging + NSAIDs without
additional therapy, and 1 exhibited cellulitis which resolved with antimicrobial therapy. There
were no cases or subsequent reports of tumors, anaphylactic reactions or other serious adverse
events post-injection of fdSCs
. Exercise level improved significantly from baseline to the
follow-up exam at 90-120 days in all lesion groups for both acute and chronic injury, tendon
echogenicity, LCSA, and fiber alignment score were significantly improved at 90-120 days
compared to baseline for acute and chronic tendons injuries, and mean lesion length was
decreased in the acute tendon cases (p<0.05 but was not significantly improved in chronic cases
(p=0.13). Lameness score decreased significantly at 90-120 days compared to baseline for both
acute and chronic lesions.
Discussion: An ideal clinical study to evaluate safety and efficacy of a treatment for
musculoskeletal injuries in the horse is blinded, placebo controlled, and randomized. Open label
studies such as this one are susceptible to placebo effect, investigator bias and poor
standardization of baseline conditions. Despite these limitations, this study was intended to
establish the safety of fdSCs in treatment of common tendon and ligament injuries in the horse,
and supports previous experimental evidence (Watts, A.E.2011) for efficacy of fdSCs in the
enhanced healing of tendon and ligamentous injuries.
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Tubule Formation of Isolated Equine Endothelial Progenitor Cells Encapsulated in 3D Hydrogels
Wen J. Seeto1, Shasta N. Rizzi1, Margaret M. Salter2, Blake B. DeWitt2, Anne A. Wooldridge2,
Elizabeth A. Lipke1 from the Dept. of Chemical Engineering Samuel Ginn College of Engineering1 and
the Dept. of Clinical Sciences College of Veterinary Medicine2, Auburn University, Auburn AL.
Introduction: Endothelial progenitor cells (EPCs) are derived from bone marrow stem cells and they
circulate in adult peripheral blood. Neovascularization—the formation of new blood vessels—represents
a significant area of research due to its array of applications in tissue engineering and regenerative
medicine. EPCs have the potential to become a reliable source of autologous cells in these applications.
EPC encapsulated in tissue engineered constructs provides an innovative approach to tissue repair and
wound healing. The purpose of this study is to investigate the capability of isolated equine EPCs to form
vasculature while encapsulated in poly(ethylene glycol)-fibrinogen (PEG-fibrinogen) hydrogels and the
ability of co-encapsulated equine mesenchymal stem cells (MSCs) to influence vessel formation and
stability. Materials and Methods: Equine EPCs and MSCs were isolated from horse peripheral blood
and bone marrow. EPCs were cultured in Lonza EGM-2 BulletKit media with 10% horse serum and
MSCs in DME/F-12 with 10% FBS and antibiotics. Prior to encapsulation, EPCs and MSCs were
fluorescently labeled with CellTracker Red and CellTracker Green respectively. Labeled cells were then
encapsulated in a PEG-fibrinogen hydrogel precursor both separately and in combination. Eosin Y was
chosen as the photoinitiator. Hydrogel precursor containing encapsulated cells was pipetted onto
acrylated glass slides with PDMS molds and crosslinked for 1 minute using a metal halide lamp. Cell
culture media was changed daily over a period of 4 days. Viability of encapsulated cells was assessed
using Invitrogen’s LIVE/DEAD viability assay. Tubule formation was visualized by staining for F-actin
with fluorescent microscopy. Results: Encapsulated cells remained viable within the hydrogel at 24 and
96 hours after crosslinking as demonstrated by the LIVE/DEAD viability assay. CellTracker Green and
CellTracker Red successfully maintained fluorescence for seven days even after exposure to
crosslinking light and repeated fluorescent and phase imaging. In hydrogels containing only EPCs as
well as hydrogels containing co-cultured EPCs and
MSCs, tubules appeared as early as day 1 and
(A)
(B)
(C)
increased substantially over a 4 day period (Figure 1).
As expected, no tubules were detected in hydrogels
containing only MSCs. Figure 1. F-actin staining of
encapsulated cell 4 days post encapsulation. (A)
Equine EPCs. (B) Equine MSCs. (C) Co-encapsulated
equine EPCs and MSCs.
!
Discussion and Conclusions: Based on the results from this study, isolated equine EPCs from adult
peripheral horse blood has the potential for use in tissue regeneration. Using PEG-fibrinogen hydrogels,
we have successfully encapsulated both EPCs alone and with MSCs that form tubule networks in vitro.
Eventually this technology will advance to in vivo trials for ultimate use as therapy for wound healing in
horses.
The role of EphA4 in pial arteriole collateral development. Jordan Adair, DVM student,
Department of Biomedical Science and Pathobiology, VA-MD Regional College of Veterinary Medicine,
Blacksburg, VA, jordair1@vt.edu Michelle H Theus, PhD, Department of Biomedical Science and
Pathobiology, VA-MD Regional College of Veterinary Medicine, Blacksburg, VA, mtheus@vt.edu
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Introduction and hypothesis/objectives: Cerebrovascular occlusion (stroke) is a major health concern for
both humans and companion animals; however, treatment largely focuses on supportive care rather than
neuroprotective or reparative strategies. Pial collateral arterioles, which connect major arterial trees,
have been shown to minimize tissue damage following stroke by providing an alternative route for blood
flow. Collaterals first form (in utero) and then undergo significant postnatal pruning (maturation). Our
studies seek to identify novel proteins that regulate this important developmental process in order to
further our understanding of how arteriole collaterals may remodel or repair after occlusive injury.
Previous studies have shown that adult mice having a global knockout of the EphA4 receptor, display
greater numbers of pial arteriole collaterals between the MCA-ACA territories. Furthermore, stimulation
of EphA4 on endothelial cells (EC) in culture prevents vascular organization. Based on these findings,
we hypothesize that EphA4 negatively regulates EC activities during cerebral arteriole collateral
development in a cell autonomous fashion.
Materials and methods: To test this, we recently generated tissue-specific EphA4 knockout mice using
the Cre recombinase enzyme under the endothelial-specific Tie2 promoter to delete the EphA4 gene
flanked by LoxP sites (EphA4f/f x Tie2-Cre+/-).
Results: We demonstrate by RT PCR the knockout and control litter mates produced by this breeding
scheme as well as evidence that demonstrate loss of EphA4 expression in ECs isolated from the brains
of these mice. Next, using vessel painting to selectively label the arteriole network, we sought to analyze
the effects of deleting EC-specific EphA4 on pial collateral formation by assessing the number,
diameter, and vessel tortuosity at embryonic day 15.5, post-natal (P)1, P7, and P21.
Discussion/conclusions: Initial findings indicate robust collateralization in the absence of EC-specific
EphA4. Further studies are needed to confirm these results and identify critical intracellular signaling
pathways which aide EphA4 in limiting collateral growth.
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Primed to naïve pluripotent conversion in canine embryonic stem cells. Ian C. Tobias, BMSc,
Jonathan H. Teichroeb, PhD, Courtney Brooks and Dean H. Betts, PhD1 Department of Physiology and
Pharmacology, Schulich School of Medicine & Dentistry University of Western Ontario, London,
Ontario 1Cellular Aging & Reprogramming Laboratory, Principle Investigator . Contact e-mail:
itobias@uwo.ca
Introduction and hypothesis
The capability of embryonic stem cells (ESCs) to derive all adult cell types provides an invaluable
model in developmental biology and is a promising therapeutic tool for regenerative medicine. It is now
known that human and mouse embryonic stem cells (ESCs) are not equivalent and are stably maintained
in either a primed or more naïve (ground state) pluripotent state, respectively. These distinct pluripotent
states exhibit clinically and experimentally relevant deviations in differentiation potential, which depend
on developmental progress of the embryonic source, derivation method and stabilization by a defined
culture microenvironment. Recently, investigators have demonstrated that it is possible to convert
human, mouse and porcine pluripotent stem cells (PSCs) between naïve and primed pluripotent states.
These techniques involve the use of a variety of small molecule inhibitors and/or ectopic overexpression
of pluripotency factors. Furthermore, the ability of low oxygen tension to support the undifferentiated
state of PSCs by utilizing components of the pluripotency gene regulatory network is well documented.
With the domestic dog emerging as a robust, long-lived and large animal model of a variety for
spontaneous and inherited human diseases, it is imperative that such biotechnology is optimized for
canine ESCs (cESCs). We hypothesize that our cESC line can be converted to a more naïve pluripotent

state by altering the culture microenvironment in vitro. Materials and methods: Canine ESCs
propagated on mouse embryonic fibroblasts (MEFs) under both high (20%) and low (5%) oxygen
availability were exposed solely to basic fibroblast growth factor (bFGF) or leukocyte inhibitory factor
(LIF), LIF and bFGF, or LIF and two-factor inhibition (2i) of the GSK3β and ERK1/2 pathways. Canine
ESCs were split into feeder-free conditions three days prior to analysis of cellular growth and apoptosis
via EdU and APO-BrdU flow cytometric analysis, respectively, or investigated for pluripotency and
differentiation markers via immunocytochemistry and real-time PCR. Results: Propagation of cESCs in
LIF and 2i resulted in morphology akin to mouse ESCs in phase-contrast images. Additionally, cESC
colonies maintained solely with either LIF or bFGF were frequently circumscribed by a subpopulation
of autologously derived fibroblast-like cells. Canine ESCs treated with LIF and 2i exhibited a significant
(P<0.05) upregulation of genes associated with the naïve pluripotent state (Gbx2, Stat3, Lin28) along
with a significant downregulation of primed pluripotency markers (Fgf5, Socs3, ACVR2). Moreover,
culture under low oxygen significantly elevated cESC proliferation and reduced apoptosis across all
treatment groups, but especially those treated with LIF and 2i. Discussion/conclusions: The autologous
fibroblast-like feeder cells observed upon sole treatment with LIF or bFGF may represent cellular
lineage commitment to support the remaining undifferentiated cells in a suboptimal culture
microenvironment. While the altered cellular kinetics observed under low oxygen suggests that
restricted oxygen availability may be more permissive to naïve cESC self-renewal and viability. This
response may be mediated by hypoxia inducible factors (HIFs) or by covalent modification of redoxsensitive regulatory proteins at a distinct cellular oxidation state. These findings suggest that growth
factor and chemical inhibitor supplementation without vector-mediated ectopic pluripotency factor
expression may be sufficient to modulate cESC pluripotency towards the naïve pluripotent state. The
Natural Sciences and Engineering Research Council of Canada (NSERC) funded this project.
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Characterization of Equine Synovial Explant Cell Viability in a 6 Day Trans-well Culture
System. Katy Mayhew, Jenny Mumaw, Merrilee Thoresen, Lindsey Boone, and John
Peroni University of Georgia College of Veterinary Medicine, Department of Large Animal
Medicine and Surgery, Athens, GA
Osteoarthritis (OA) is a debilitating degenerative disease process characterized by progressive
deterioration of articular cartilage often with accompanying changes in the subchondral bone,
peri-articular ligaments, joint capsule and synovial membrane. Most often this degenerative
process involves acute articular trauma, which elicits an inflammatory response within the joint.
Once a pro-inflammatory environment is established in a joint, it rapidly self perpetuates
resulting in the autocatalytic advancement of the disease. Interleukin-1 (IL-1) and tumor necrosis
factor alpha (TNFα) are two primary pro-inflammatory cytokines released from synoviocytes,
mononuclear cells, or chondrocytes which initiate and participate in the destructive cascade of
events leading to catabolic morphological changes within the joint, most notably the erosion of
articular cartilage. These cytokines in turn stimulate chondrocytes and synoviocytes to produce
more inflammatory cytokines including IL-6, IL-8, and IL-17. Currently, the mainstay of therapy
for equine patients with osteoarthritis focuses on a transient reduction of inflammation with
corticosteroids or non-steroidal anti-inflammatory drugs (NSAIDs) and/or synovial
supplementation with hyaluronic acid in attempt to restore articular homeostasis. The detrimental
effects associated with repeated administration of corticosteroids have prompted clinicians to

seek “biological” therapies to restore cartilage homeostasis, one of which involves the use of
intra-articulary administered bone marrow derived mesenchymal stem cells (BMSCs).
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Equine bone marrow is commonly obtained from the sternebrae and BMSCs have been
expanded and well characterized in the laboratory. Mesenchymal stem cells (MSCs), in general,
are adult stem cells capable of differentiation into a variety of connective tissues, including
cartilage, bone, adipose tissue and fibrous tissue. One very exciting feature of MSCs is that they
are potent regulators of immune responses and inflammation. For example, MSCs inhibit T-cell
activation, B-cell function, and dendritic cell maturation in vitro, and efficiently protect against
allograft rejection and experimentally-induced autoimmunity. An emerging body of data
indicates that MSCs reduce proliferative responses by allogeneic lymphocytes and the synthesis
of inflammatory mediators by stimulated lymphocytes co-cultured with MSCs. Furthermore,
recent evidence suggests that a profound anti-inflammatory effect can be elicited by utilizing the
supernatant obtained from co-cultures of MSCs and stimulated lymphocytes.
The long term objective of this research project is to study the interaction between the synovial
membrane and BMSCs. Specific Objectives : 1.Establish a culture technique maintaining
synovial explant viability for 6 days 2.Evaluate the potential to combine stem cell treatment of
osteoarthritis with more traditional corticosteroid treatments at prescribed doses 3.Investigate the
effect of physiologic levels of cortisol on MSC proliferation. Outcomes Cell viability in synovial
explants is maintained at a level comparable to initial harvest over a time course of 6 days
(Figure 1) This model establishes a base line value of cell viability to account for minimal cell
loss due to the culture system during future experimentation. Increased viability over time also
suggests a recovery of cells after harvest experience and is further supported by increase in total
cell numbers at 144 hours. Metabolic activity of cells in synovial explant model increases over
time (Figure 1) A sustained level of metabolism further supports cell viability in this model.
Correlation with cell number analysis implies direct relationship between cell number and media
metabolism. MSCs treated with corticosteroids show a dose dependent response in viability
(Figure 2) Significant decline in number of viable cells at all time points suggests corticosteroids
exert a toxic effect on MSCs, especially at higher doses. MSCs treated with physiologic levels of
Solu-Cortef show a cyclical response to drugs over increased incubation times (Figure 3) This
response may be due to reduced proliferation as cells undergo sensitization and desensitization
over time resulting in the cyclic trend of cell number.Consistency across dosages may indicate
higher than normal cortisol levels from chronic inflammation have no clinically relevant effect
on MSC viability.
Graphene-based nanocomposite scaffolds for bone tissue engineering Madhu S. Dhar, PhD1,*
(mdhar@utk.edu), Hoda Atef, DVM1 (hoda@utk.edu), Marc Caldwell, DVM, PhD1
(mcaldwell@utk.edu), Alexandru Biris, PhD 2 (asbiris@ualr.edu), and David E Anderson, DVM,
DACVS1 (dander48@utk.edu).1Department of Large Animal Clinical Sciences, College of Veterinary
Medicine, University of Tennessee, Knoxville 37996; 2The Center for Integrative Nanotechnology
Sciences, University of Arkansas, Little Rock, Arkansas 72204-1099.*Presenter

Introduction and hypothesis/objectives: Current treatments for bone injuries involve autologous and
allogenic bone grafts, metal alloys and ceramics. Even though these therapies have proved to be useful,
they suffer from inherent challenges and hence, an adequate bone replacement therapy is yet to be
found. We propose to study graphene as a potential backbone for multi-component nanostructural
bimimetic scaffolds designed to have a chemical and morphological structure similar to bone. We
hypothesize that graphene can serve as a favorable 2-dimensional osteo-inducer and as a vehicle to
deliver adult mesenchymal stem cells. The goal is for the grapheme scaffold to promote cell
proliferation, and regenerate damaged tissues for return to normal function. To prove our hypothesis, the
first step is to test the in vitro adherence, growth and differentiation of mesenchymal stem cells on this
nanomaterial. Results of these tests will guide in vivo trials.
Materials and methods: Caprine adult mesenchymal stem cells were isolated from bone marrow
harvested from the sternum of a 2 year old mixed breed goat. In vitro analysis included the assessment
of colony forming units, measurement of rate of proliferation, expression of specific cluster-ofdifferentiation markers and the potential for tri-lineage Introduction and hypothesis/objectives: Current
treatments for bone injuries involve autologous and allogenic differentiation. In vitro experiments were
carried out on polystyrene and graphene coated (0.1 mg/cm3) tissue culture dishes simultaneously.	
  
Results: Using the classical method of Ficoll centrifugation, the mononuclear fraction of cells were
purified and seeded in tissue culture dishes. Clusters of colonies (colony forming units) were observed
after 5-7 days. Cells were harvested by trypsinization and expanded for further experiments. Bone
marrow-derived caprine mesenchymal stem cells are a heterogenous population of cells, a certain
proportion of which are the osteoprogenitors, which were positive for alkaline phosphatase. Cell
proliferation and live-dead staining assays indicated that bone marrow-derived cMSCs performed
similarly over both the polystyrene-coated tissue culture plastic and the graphitic materials.
Additionally, caprine MSCs expressed the stem cell marker, CD90 on graphene films, suggesting that
they maintain their stem cell nature on graphitic materials.
Discussion/conclusions: Tissue culture dishes coated with graphene support the adherence and
proliferation of goat bone marrow – derived adult mesenchymal stem cells. An optimal combination of a
multicomponent nanoscale graphene-based material and mesenchymal stem cells could form the
foundation for novel scaffold technology to promote rapid bone regeneration with the goal of improving
human health and rehabilitation.
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Cryopreservation of Equine MSCs. Kristen Atwell; Anne E Peters; Alexis Mitchell; Ashlee E
Watts Texas A&M University, College Station, TX
Introduction and hypothesis/objectives: Mesenchymal stem cells are increasingly used in
veterinary medicine as a therapeutic agent. A method of cryopreservation that is clinically
acceptable and maintains MSC viability is required for clinical applications, especially banking
of MSCs for later clinical use. Our objective was to compare the short and long-term viability of
6 different cryopreservation mediums.
Materials and methods: Bone marrow derived MSCs from 4 different horses were used. Ten
million MSCs from each horse were suspended in 6 different cryopreservation mediums (10
million MSC/ml) each comprised of either 70% MEM, 10% DMSO, and 20% serum
(autologous, FBS or commercial equine serum) or 95% serum (autologous, FBS or commercial
equine serum) and 5% DMSO. Cells were then slow-frozen to -80°C (1°C/minute) in an
isopropanol freezer for 24 hours and then stored in liquid nitrogen. Two to 14 days after

cryopreservation, MSCs were thawed for immediate and long-term viability and colony-formingunit assay. Comparisons were made by 1 way ANOVA.
Results: There were significant differences in the viability immediately post-thaw and longerterm but not after 24 hours of growth.
Discussion/conclusions: Cryopreservation in 95% autologous or commercially available equine
serum negatively impacts short term viability. It appears that longer-term, MSCs are able to
recover from this negative effect and the process may even select for better MSCs. For optimum
short and long-term viability and a xeno-free medium, cryopreservation in 70% MEM, 20%
serum (autologous or commercially available) and 10% DMSO should be utilized.
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Culture and Characterization of Late Outgrowth Endothelial Colony Forming Cells in Adult
Horses Margaret M. Salter1, Wen J. Seeto2, Blake B. DeWitt1, Elizabeth A. Lipke2, Anne A.
Wooldridge.1 from the Dept. of Clinical Sciences College of Veterinary Medicine1 and the Dept. of
Chemical Engineering Samuel Ginn College of Engineering2, Auburn University, Auburn AL.
Introduction: Endothelial progenitor cells (EPCs) circulate in peripheral blood, function in vascular
homeostasis and repair, and are derived from bone marrow stem cells. The number of colonies of EPCs
in peripheral blood is an emerging biomarker for metabolic and cardiovascular disease in humans, and
EPCs are used therapeutically for revascularization of ischemic tissues.
EPCs have not been
characterized or isolated in horses. The purpose of this study was to culture a subgroup of circulating

endothelial cells, late outgrowth endothelial colony forming cells (LOCs), that has all of the
characteristics of true EPCs, from healthy horses. Cultured equine cells were characterized using
functional assays of vascular tube formation in Matrigel, © uptake of acetylated low density lipoprotein
(Dil-Ac-LDL), and expression of Von Willebrand Factor (vWF), CD34, CD14, and CD105. Materials
and Methods: A 5 mL heparinized blood sample was collected from 24 adult horses. Samples were
cultured in endothelial growth medium and evaluated for colony formation. Colonies were counted,
harvested, expanded and used for characterization assays. Two-dimensional vascular tube formation in
Matrigel© was assessed after 5, 24, and 48 hours. For the Dil-Ac-LDL uptake assay, cells were
incubated with Dil-Ac-LDL solution for 6 hours, counterstained with 4’,6-diamidino-2-phenylindle, and
imaged with a fluorescent microscope. Human LOCs served as a positive control for both assays.
Assays were performed at increasing cell passage until cell function diminished. Expression of
endothelial cell markers vWF, CD34, and CD105 (using equine carotid endothelial cells as a positive
control) and the hematopoietic marker CD14 were evaluated using standard immunoflourescent
protocols. Results: Three of 24 horses produced colonies at 12 days (12 ± 2.45) from peripheral blood
samples with a mean of 3.50 colonies per 5 mL of blood (3.50 ± 1.50). Cells had characteristic single
layer cobblestone morphology and significant outgrowth upon expansion. Equine LOCs showed
vascular tube formation with an average number of branch points being 39.29 per 1.04 cm2, (39.29 ±
29.22). Equine and human LOCs showed an uptake of Dil-Ac-LDL, (85 and 100% positive cells
respectively). Equine LOCs lost their phenotype with loss of tubule formation and uptake of Dil-AcLDL at a mean passage of 10.6 (10.6 ± 1.15). Initial uptake of Dil-Ac-LDL was an average of 64.33 ±
0.13 percent with a 46.67% decrease in uptake by the final passage. Equine LOCs showed positive
staining for vWF, CD34, and CD105. Cells were negative for CD14. Discussion and Conclusions:
LOCs can be isolated and cultured from peripheral blood samples of healthy horses and share functional
and cell marker characteristics of LOCs characterized in other species. Information from this study will
aid in future research investigating additional sampling methods to increase yield and characterization
methods. Equine LOCs have potential therapeutic use in diseases associated with ischemia or delayed
vascularization in the horse.
Effect of needle size on MSC viability following injection through various needle diameters
Lynn B. Williams, DVM1*, lwilli09@uoguelph.ca; Judith B. Koenig, Dr med vet, DVSc1,
jkoenig@uoguelph.ca; Thomas G. Koch, DVM, PhD2, tkoch@uoguelph.ca
1 Department of Clinical Studies. 2 Department of Biomedical Sciences, Ontario Veterinary
College, University of Guelph, Guelph Ontario, Canada. *Presenter
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Introduction, Hypothesis and Objectives: No information is available on the influence of
needle diameter on equine mesenchymal stem cell (MSC) viability post-injection. We
hypothesize that needle diameter and injection rate affects cell viability. The objectives were to
determine MSC viability pre- and post-injection through various needles sizes using manual and
automated injection methods.
Materials and Methods: Bone marrow derived (BM) MSC from a single donor at passage 3 and
16 days of culture were analyzed. BM-MSC were detached using trypsin-EDTA and suspended

in culture media at a concentration of 4x105/mL.
1 mL of the cell suspension was injected
manually or automatically into 1.5mL Eppendorf
vials using a 10mL Luer lock syringe as follows:
No needle, 18Ga x1.5”, 20Ga x1”, 22Ga x1”,
23Ga x3/4”, 25Ga x5/8, 27Ga x1/2”, and 30Ga
x1”. Manual injection was performed over 4-5s.
An automated syringe driver set to its maximum
injection rate (4mL/min), e.g. 15 sec for the 1 mL
volume, was used for automated injection. Cell
viability was determined pre-and post-injection
using an automated fluorescence-based cell
! Figure 1: Mean BM-MSC viability following injection
counter. Cells were counted in duplicate and
through various needle sizes. Cells were injected
mean viability was used for interpretation.
automatically at a rate of 15s/mL or by hand at 5s/mL
Results: Needle size did not affect cell viability
following automated or manual injection.
Regardless of the injection method or needle size, >98% cell viability was achieved. Difficulty
while injecting (both manual and automated) was experienced using a 30Ga needle resulting in
inability to achieve the desired injection rate. Conclusions: In contrast to our hypothesis, these
results suggest that BM-MSC viability is not influenced by needle-size or injection-time.
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New Therapy For Degenerative Myelopathy
Jose M. Lucena DVM, CCRP, MS stem cell therapy. Salvador Galindo DVM, eligible for DACVS
boards
Introduction Degenerative myelopathy (DM) is a progressive neurodegenerative disease reported in
canine species which consist of spinal cord neurons’ myelin loss. DM symptoms include ataxia to hind
quarter’s paralysis, pain, etc. Unfortunately, the pathophysiology of DM is poorly understood and there
is not known therapy. Amyloid lateral sclerosis (ALS) shares some characteristics with DM. Some
researchers, based on theorized autoimmune etiology of ALS, have postulated the use of a double cell
treatment; autologous olfactory ensheathing cells and mesenchymal stem cells transplant. I present as
hypothesis a new treatment for DM using dual cell therapy on two patients with DM. The goal of this
pre-trial is to find enough evidence to embark on a larger formal trial to set the basis of this possible new
treatment.
Material and methods From both patients subcutaneous adipose tissue and lamina propia of olfactory
mucosa tissue are obtained following surgical aseptic technique. The adipose tissue is digested using
collagenase II during 90 minutes at 37 o C and shook every 15 min. The collagenase II is inactivated
using equal volume of standard medium (DMEM, 10% FBS and 1% antibiotic/antimycotic) and
centrifuged at 300G for 10 min. Only the stromal vascular fraction (SVF) pellet is preserved, discarding
the supernatant, the pellet is resuspended and filtered through a 70mm cell strainer. The filtered SVF is
gently placed in a centrifuge conical tube with Ficoll and centrifuged at 800G during 15 min. The cells
in the interphase are gently aspirated and seeded on T75 with standard medium at 5x103 per square cm at
37o and 5% CO2. Further isolation is carried out by the MSC’s capacity to adhere to plastic discarding
other cell populations every change of medium. Characterization of the MSC’s is performed by
chondrogenic, adipogenic and osteogenic differentiation. For the olfactory ensheathing cells (OEC’s),

the nasal mucosa sample is incubated with Collagenase I for 15 min, neutralized with standard medium
and centrifuged at 300 G for 10 min. The supernatant is discarded and the pellet resuspended using
DMEM/F12 with 10 % FBS and 1% antibiotic/antimycotic and seeded on T75 culture plates at 5x103
cells per square cm at 37o and 5% CO2. For further characterization of OEC’s I used O4, antioligodendrocyte marker. Treatments at 1x105 of both cell types on patient 1 and 1x106 cells on both
types of cells on patient 2 are implanted epidurally. Results Score tables are drawn reflecting different
parameters measured such as pain scale, peripheral spinal nerve, proprioception, and nociception
reflexes, walk gait, and standing posture to assess evolution of the patients and the effectivity of the
treatment. Also, I have recorded on video pre and post-treatment exams. The parameters measured in
patient 1 improved significantly at the two weeks but symptoms flared up at 4 weeks, at 6 weeks exam
the patient worsen, however some parameters were still better than initial evaluation, then the owners
declined to continue with the trial. In patient 2 significant improvements were noted at the 2, 4 and 6
weeks follow ups, the pre-trial still continue. Discussion At this point I consider there are enough
evidence to start a larger trial using this dual cell treatment. I cannot declare with absolute certainty the
validity of this treatment because this result could be purely anecdotal. However, I believe this study
supports a future trial which would assess the effectivity of this new treatment.
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Enhanced matrix formation from equine CB-MSC using novel membrane culture method at 5%
oxygen. Carmon Co1; Matthew K Vikaryous, PhD1; Thomas G Koch, DVM, PhD1,2*1Department of
Biomedical Sciences, Ontario Veterinary College, University of Guelph, Ontario, Canada. 2The
Orthopaedic Research Lab, Aarhus University, Denmark. *Presenter.Introduction and Objectives:
Ongoing research is aimed at increasing cartilage tissue yield and quality from mesenchymal stromal
cells (MSC) for the long-term purpose of treating cartilage damage in horses. Low oxygen culture has
been shown to enhance chondrogenesis, and novel membrane culture has been proposed to increase
tissue yield and homogeneity. The objective of this study was to evaluate and compare the separate and
combined effect of reduced oxygen and membrane culture during in vitro chondrogenesis of equine cord
blood (CB) MSC.Materials and Methods: CB-MSC (n=5 horses) were expanded at 21% oxygen prior
to 3 week differentiation in membrane or pellet culture at 5% and 21% oxygen. Assessment included
histological examination (H&E, Toluidine Blue, IHC for collagen I and II), protein quantification by
Hydroxyproline assay and Dimethylmethylene assay, and gene expression analysis for collagen I, II, X,
HIF1a and Sox9. Results: Membrane culture resulted in increased wet
mass, homogenous morphology and increased total collagen content
while 5% oxygen culture resulted in higher GAG and collagen II
content. Among treatment groups, the combination of reduced oxygen
and membrane culture produced cartilage that most resembled hyaline
cartilage. Conclusions: Optimal cartilage phenotype was produced
using a combination of membrane culture and low oxygen during in
vitro chondrogenic differentiation.
This improved method of
differentiation results in generation of higher quality cartilage in a
larger amount. Homogeneity of the tissue from membrane culture is
attributed to the homogeneous diffusion gradient and reduced surface
Membrane culture 5%
tension made possible by this method. Membrane culture holds
O2. Toluidine Blue
promise for scale-up for therapeutic purposes, for cellular preconditioning
stain.
prior to cytotherapeutic applications, and for modelling system for gas!
dependent chondrogenic differentiation studies.
Grant Acknowledgements: Financial support: The Danish Research Agency for Technology,
Innovation and Production; Equine Guelph; the Department of Biomedical Sciences, Ontario Veterinary
College.
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