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Dear	  Conference	  participants,	  speakers	  and	  sponsors	   	   	   November	  8th	  2012

Welcome	   to	   the	   Third	  North	  American	  Veterinary	   Regenerative	  Medicine	  Association	  
Conference.

It	   is	   with	   great	   pleasure	   that	   we	   welcome	   you	   to	   lovely	   Savannah,	   Georgia.	   We	   are	  
certain	  that	  the	  journey	  to	  the	  south	  will	  be	  well	  worth	  it	  for	  a	  number	  of	  reasons.	  Our	  
Conference	   has	   brought	   together	   a	   healthy	   variety	   of	   individuals	   ranging	   form	  
scientists,	   clinicians,	   practitioners	   and	   members	   of	   industry.	   All	   have	   gathered	   here	  
with	   the	   goal	   of	   attempting	   to	   understand	  where	   does	   the	   veterinary	   industry	   as	   a	  
whole	  stand	  in	  the	  context	  of	  Regenerative	  Medicine.

Regenerative	  Medicine	   is	  dedicated	  to	   developing	   innovative	  and	   advanced	   therapies	  
aimed	  at	   the	   reconstruction	  of	   damaged	  tissues	  and	  organs	  either	  by	  stimulating	  self	  
repair	   processes	   or	   by	   providing	   exogenous	   sources	   of	   repair	  material.	   As	   such,	   the	  
term	   Regenerative	   Medicine	   is	   broad	   and	   encompasses	   autologous	   non-‐expanded	  
material	   such	  as	   conditioned	  serum,	  platelet-‐rich	  plasma,	  bone	  marrow	   concentrate,	  
and	   adipose-‐derived	   progenitor	   cells	   (stromal	   vascular	   fraction).	   Additionally,	  
autologous	  or	  allogeneic	   products	   that	  have	  been	  expanded	  in	  the	  laboratory,	  such	  as	  
mesenchymal	  stem	  cells	  obtained	  from	  a	  variety	  of	   tissues,	  also	  play	  a	  vital	  role	  in	  the	  
context	  of	  available	  tissue	  -‐	  regenerating	  tools.

These	  option	   and	  their	  combinations	   lead	   to	   a	   Pield	   of	   research	  that	   is	   dynamic,	   fast	  
paced	  and	  Pilled	  with	  opportunity	  for	  discoveries	  that	  can	  make	  a	  signiPicant	  impact	  on	  
the	   veterinary	   and	   human	   health	   care	   industry.	   NAVRMA	   is	   uniquely	   positioned	   to	  
participate	  in	  the	  process	  and	  signiPicantly	  impact	  the	  Pield	  of	  Regenerative	  Medicine	  in	  
the	  areas	  of	  research,	  clinical	  application	  and	  education.

It	  should	  be	  clear	  to	  all	  that	  veterinarians	  are	  a	  vital	  piece	  of	   the	  puzzle	  in	  promoting	  
the	  science	  behind	  the	  application	  of	  regenerative	  approaches.	  I	  believe	  that	  NAVRMA	  
and	  its	  associates	  have	  the	  obligation	  to	  lead	  the	  way	  in	  implementing	  valuable	  clinical	  
studies,	  suggesting	   areas	  of	   need	  in	   the	  research	  arena	  and	  foster	   collaborations	   that	  
may	  rapidly	  improve	  our	  understanding	  of	  the	  value	  of	  the	  regenerative	  approaches	  we	  
suggest	   to	   our	  clients.	   I	  would	  hope	   that,	  especially	   in	  stem	  cell	  therapy,	  we	   all	  agree	  
that	   proceeding	   with	   clinical	   recommendations	   without	   knowledge	   of	   safety,	  
tolerability	  and	  efPicacy	  is	  not	  within	  the	  standard	  of	  care	  that	  we	  value	  as	  a	  profession.
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In	   welcoming	   you	   to	   NAVRMA	   2012	   I	   hope	   that	   you	   will	   Pind	   this	   a	   venue	   where	  
veterinarians	   in	   small	   and	   large	   animal	   clinical	  practice	  will	   be	   exposed	   to	   the	  most	  
current	  knowledge	  in	  the	  Pield	  and	  be	  able	  to	  take	  home	  the	  tools	  necessary	  to	  practice	  
high	  standard	  regenerative	  medicine	  within	  your	  business.

John	  Peroni
NAVRMA	  Chairman
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NAVRMA	  2012	  CONFERENCE	  PROGRAM

THURSDAY	  NOVEMBER	  8TH	   	  

Morning	  session	   “An	  Introduction	  to	  Regenerative	  Medicine	  Therapies”	  	   	   CE	  CODE:	  A101

7:45	  -‐	  8:00	   	   Introductory	  remarks	  and	  conference	  announcements	   Organizing	  Committee

8:00	  -‐	  8:30	   	   Stem	  cell	  basics:	  current	  practice	  and	  future	  possibilities 	  
Dr.	  Jennifer	  Barrett	  (Invited	  Speaker)

8:30	  -‐	  9:00	   	   The	  potential	  effects	  of	  stem	  cells	  on	  soft	  tissue	  healing	  
	   	   	   Dr.	  Roger	  Smith	  (Invited	  Speaker)
9:00	  –	  9:30	   	   Application	  of	  blood	  and	  cell	  therapies	  for	  musculoskeletal	  diseases	  
	   	   	   Dr.	  Alicia	  Bertone	  (Invited	  Speaker)
9:30	  -‐	  9:45	   	   	   Break

9:45	  -‐	  10:15	   Factors	  affecting	  outcome	  for	  stem	  cell	  treatments	  of	  tendon	  injuries	  in	  
different	  equine	  disciplines
Dr.	  Roger	  Smith	  (Invited	  Speaker)

10:15	  -‐	  10:45	   Cardiac	  stem	  cell	  therapy
	   	   	   Dr.	  Amara	  H.	  Estrada	  (Invited	  Speaker)
10:45	  -‐11:15	  	   Future	  directions	  in	  stem	  cell	  therapies	  for	  tendon	  overuse	  injuries

Dr.	  Johnna	  Temenoff	  (Invited	  Speaker)
11:15	  –	  11:45	   Stem	  cell	  treatment	  for	  Klexor	  tendonitis	  –	  Research	  that	  helps	  deKine	  the	  

choices
	   	   	   Dr.	  Alan	  Nixon	  (Invited	  Speaker)
11:45	  -‐	  12:30	  	   	   Lunch	  on	  own
Afternoon	  session	   	   	   	   	   	   	   	   	   	   CE	  CODE:	  A102

12:30	  -‐	  1:00	   Platelet	  rich	  plasma	  optimization	  for	  horses
Dr.	  Jennifer	  Barrett	  (Invited	  Speaker)

1:00	  -‐	  1:30	   Use	  of	  Blood	  Products:	  Review	  and	  Clinical	  Trial	  Results	  with	  Autologous	  
Protein	  Solution	  for	  Osteoarthritis
Dr.	  Alicia	  Bertone	  (Invited	  Speaker)

1:30	  -‐	  2:00	   Distribution	  and	  effects	  of	  tendon-derived	  cells	  on	  tendon	  healing	  over	  
time
Dr.	  Allison	  Stewart	  (Invited	  Speaker)

2:00	  –	  2:10	   	   Break
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2:10	  –	  2:40	   The	  use	  of	  regenerative	  medicine	  for	  tendinopathies	  in	  dogs
	   Dr.	  Sherman	  Canapp	  (Invited	  Speaker)
2:40	  -‐	  3:10	   Allogeneic	  and	  autologous	  stem	  cell-based	  therapies
	   	   	   Dr.	  Madhu	  Dhar	  (Invited	  Speaker)
3:10	  -‐	  3:40	   Bone	  marrow	  derived	  mesenchymal	  stem	  cells:	  where	  to	  get	  and	  how	  to	  

inject
Dr.	  Laurie	  Goodrich	  (Invited	  Speaker)

3:40	  –	  3:50	   	   Break
ABSTRACTS	  
Oglethorpe	  Auditorium
3:50	  -‐	  4:10	  	   	   Intra-articular	  effects	  of	  platelet-rich	  plasma	  in	  horses

 Dr.	  Fern	  Tablin
4:10	  -‐	  4:30	   	   The	  effect	  of	  PRP	  on	  endometrial	  pro-inKlammatory	  cytokines	  in	  PMIE	  

	   mares	  following	  insemination
	   Dr.	  Elizabeth	  S.	  Metcalf

4:30	  -‐	  4:50	   	   Experimental	  repair	  of	  tendons	  with	  mesenchymal	  stem	  cells	  with	  or	  
	   without	  platelet	  rich	  plasma	  in	  horses
 Dr.	  P	  De	  La	  Rosa	  Ruiz

4:50	  -‐	  5:10	   	  	   Effect	  of	  autologous	  and	  allogeneic	  platelet	  rich	  plasma	  on	  viability,	  
	   proliferation,	  and	  chondrogenesis	  of	  equine	  bone	  marrow	  derived	  
	   mesenchymal	  stem	  cells	  in	  vitro

	   	   	   Dr.	  Lindsey	  Helms-‐Boone
5:10	  -‐	  5:30	   	   InKluence	  of	  culture	  conditions	  on	  phenotype	  of	  canine	  bone	  marrow	  and	  

	   adipose	  derived	  stem	  cells
	   	   	   Dr.	  Kristina	  Kiefer
5:30	  –	  5:50	   	   DeKining	  markers	  of	  “stemness”	  in	  canine	  mesenchymal	  stem	  cells	  from	  

	   various	  tissue	  sources	  
	   Rudell	  Screven

East	  Concourse	  Room	  
3:50	  -‐	  4:10	   	   Biodistribution	  of	  retrograde	  coronary	  sinus	  delivery	  of	  mesenchymal	  

	   stem	  cells:	  a	  pilot	  study
	   Dr.	  Matt	  Winter

4:10	  -‐	  4:30	   	   Isolation	  and	  characterization	  of	  fresh	  and	  revitalized	  multipotent	  cells	  
	   from	  excised	  feline	  tissue
	   Dr.	  Nan	  Zhang

4:30	  -‐	  4:50	   	   Adult	  multipotent	  stromal	  cells	  in	  normal	  and	  laminitic	  equine	  hooves	  
	   Dr.	  Mandi	  J	  Lopez

4:50	  -‐	  5:10	   	   In	  vitro	  analysis	  of	  mesenchymal	  stem	  cells	  exhibits	  differences	  in	  age	  and	  
	   gender	  matched	  horses
 Dr	  J.L.	  Carter-‐Arnold
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5:10	  -‐	  5:40	   	   Point-of-care	  adipose	  derived	  stem	  cell	  therapy	  in	  treating	  chronic	  
	   	   	   laminitis	  

 Point-of-care	  adipose	  stem	  cell	  therapy	  for	  the	  treatment	  of	  meniscus	  
	   tears:	  a	  case	  study	  
	   Dr.	  Kim	  Braeutigam

6:10	  -‐	  7:15	   NAVRMA	  2012	  Sponsor	  Recognition	  Reception	  and	  Poster	  Presentations
Cocktails	  and	  Southern	  Style	  Hors	  d'oeuvres	  offered	  at	  Convention	  Center

FRIDAY	  NOVEMBER	  9TH	   	  
Morning	  session	   	   “Regenerative	  Medicine	  in	  Bone	  and	  Cartilage”	   	   CE	  CODE:	  B201

KEYNOTE	  PRESENTATION	  
7:45	  -‐	  8:00	   	   Introductory	  remarks	  and	  Keynote	  introduction	   	   Organizing	  Committee

8:	  00	  -‐	  9:00	   	   Preclinical	  models	  and	  imaging	  of	  musculoskeletal	  degeneration	  and	  
	   	   	   regeneration

Dr.	  Robert	  E.	  Guldberg	  (Keynote	  Invited	  Speaker)
9:00	  –	  9:10	  	   	   Break

9:10	  -‐	  9:40	   	   Biologically-based	  treatments	  to	  optimize	  fracture	  repair
Dr.	  Kurt	  Hankenson	  (Invited	  Speaker)

9:40	  -‐	  10:10	   Improving	  cartilage	  repair	  with	  regenerative	  medicine	  approaches	  –where	  
are	  we	  after	  20	  years

	   	   	   Dr.	  Alan	  Nixon	  (Invited	  Speaker)
10:10	  -‐	  10:30	  	   Enhancing	  bone	  regeneration	  by	  manipulating	  Notch	  signaling	  

Dr.	  Kurt	  Hankenson	  (Invited	  Speaker)
10:30	  –	  10:50	   Chondrogenesis	  of	  equine	  cord	  blood-derived	  MSCS	  in	  membrane	  cultures	  

and	  expression	  of	  MicroRNA-140
	   	   	   Dr.	  Thomas	  Koch	  (Invited	  Speaker)
10:50	  -‐	  11:10	   Viability	  of	  canine	  adipose	  derived	  stem	  cells	  exposed	  to	  synovial	  Kluid	  

from	  osteoarthritic	  joints.
	   	   	   Dr.	  Kristina	  Kiefer

11:10	  -‐	  11:20	  	   	   Break
ABSTRACTS	  
Oglethorpe	  Auditorium
11:20	  -‐	  11:40	   Comparing	  allogeneic	  and	  autogenous	  BM-MSCS	  with	  scaffolding	  in	  an	  

equine	  bone	  healing	  model
Dr.	  L.K.	  Bohannon	  
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11:40	  -‐	  12:00	   Comparative	  osteogenesis	  of	  progenitors	  from	  equine	  bone	  marrow,	  
synovium	  and	  adipose	  tissue	  
Dr.	  Matthew	  Stewart

12:00	  -‐	  12:20	   Treatment	  of	  osteoarthritis	  in	  canines	  using	  stem	  cell	  regenerative	  therapy
	  	   	   	   Dr.	  Noel	  Berger
East	  Concourse	  Room
11:20	  -‐	  11:40	   Glycosaminoglycan	  formulations	  with	  HA	  increase	  proliferation	  and	  stem	  

cell	  markers	  in	  ADSC
Dr.	  Paul	  Shealy

11:40	  -‐	  12:00	   Outcome	  of	  84	  horses	  with	  suspensory	  injuries	  treated	  with	  adipose-
derived	  regenerative	  cells
Dr.	  Ross	  Rich

12:00	  -‐	  12:20	   Clinical	  outcomes	  using	  cell	  therapy	  for	  the	  treatment	  of	  tendon	  injury	  in	  
Klat	  racehorses	  in	  Japan
Dr.	  Y.	  Kasashima

Afternoon	  Session	   	   	   	   	   	   	   	   	   	   CE	  CODE:	  B202

12:20	  -‐	  12:30	  	   	   Break	  and	  Box	  Lunch	  Distribution	  	   	   “Industry	  Forum	  Luncheon”	  	  
Presented	  By:

12:30	  -‐	  1:00	   FDA	  regulatory	  update
	   	   	   Karl	  L.	  Nobert	  Esq.	  Of	  Counsel	  -‐	  Squire	  Sanders	  (US)	  LLP

Industry	  Partner	  Presentations
1:00	  -‐	  1:15	   	   PSGAG,	  Unique	  and	  proprietary	  manufacturing	  process.	  

Allyn	  Mann	  (Adequan)	  
1:15	  -‐	  1:30	   	   The	  science	  behind	  IRAP	  II	  and	  ACP	  	   	  

Dr.	  Hank	  Gendron	  (Arthrex	  	  Vet	  Systems)
1:30	  -‐	  1:45	   Best	  Practices	  in	  Cell	  and	  Tissue	  Biopreservation	  for	  Regenerative	  

Medicine	  
Dr	  Aby	  Mathew	  (BioLife	  Solutions	  Inc.)

1:45	  -‐	  2:00	   	   Break

2:00	  -‐	  2:15	  	   	   Standing	  procedures	  enabled	  by	  Micro-arthroscopy	  
John	  Small	  (Biovision	  Technologies	  LLC)

2:15	  -‐	  2:30	  	   Evidence-based	  Regenerative	  Medicine	  for	  Tendon	  and	  Ligament	  Injuries	  
Dr	  Roger	  K	  Smith	  (Equine	  Partners	  America	  LLC)
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2:30	  -‐	  2:45	  	   Advanced	  Process	  for	  Preparation	  of	  Regenerative	  Therapies	  at	  Point-of-
use.	  
Dr.	  Michael	  Coleman	  (InGeneron	  LLC)

2:45	  -‐	  3:00	   	   Stem	  cells	  in	  today’s	  market	   	   	  
Kristin	  Comella	  (StemLogix)

3:00	  -‐	  3:15	   Peer-reviewed	  Evidence	  for	  Adipose	  Stem	  Cell	  Therapy	  –	  A	  Brief	  Review	  
Dr	  Bob	  Harmon	  (Vet-‐Stem)

3:15	  -‐	  3:30	   	   Break	   	   “Regenerative	  Medicine	  and	  the	  Skin:	  State	  of	  Art	  Session”

3:30	  -‐	  4:00	   	   Regenerative	  medicine	  advances	  in	  cutaneous	  wound	  care	  
Dr.	  Susan	  Volk	  (Invited	  Speaker)

4:00	  -‐	  4:30	   Role	  of	  light	  and	  electrical	  therapy	  in	  accelerating	  cutaneous	  healing	  and	  
preventing	  Kibrosis
Dr.	  Ardeshir	  Bayat	  (Invited	  Speaker)

4:30	  -‐	  5:00	   DeKining	  a	  regenerative	  matrix:	  The	  role	  of	  type	  III	  collagen	  in	  directing	  
progenitor	  and	  reparative	  cell	  activities	  	  
Dr.	  Susan	  Volk	  (Invited	  Speaker)

5:00	  -‐	  5:30	   Understanding	  the	  pathophysiology	  of	  wound	  healing	  and	  abnormal	  
scarring	  using	  novel	  ex	  vivo	  models
Dr.	  Ardeshir	  Bayat	  (Invited	  Speaker)

6:00	  	   	   	   Dinner	  Reception	  at	  Golf	  Resort	  Pavilion
Contributed	  to	  by:
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SATURDAY	  NOVEMBER	  10TH	  

Morning	  Session	   	   “Inflammation	  and	  Stem	  Cell	  Tracking”	   	   	   CE	  CODE:	  C301

7:45	  -‐	  8:00	   	   Introductory	  remarks	  and	  conference	  announcements	   Organizing	  Committee

8:00	  -‐	  8:30	  	   Immunomodulatory	  and	  anti-inKlammatory	  properties	  of	  mesenchymal	  
stem	  cells:	  Advances	  and	  applications	  in	  veterinary	  medicine
Dr.	  Dori	  Borjesson	  (Invited	  Speaker)

8:30	  -‐	  9:00	   	   Application	  of	  molecular	  imaging	  in	  regenerative	  medicine
Dr.	  Shannon	  Holmes	  (Invited	  Speaker)

ABSTRACTS

9:00	  -‐	  9:20	   Scintigraphic	  in	  vivo	  tracking	  of	  MSCs	  in	  an	  equine	  model	  of	  tendinopathy
Dr	  M.	  Spriet

9:20	  -‐	  9:40	   Lighting	  the	  way	  to	  cell	  tracking	  in	  equines;	  Establishment	  of	  a	  novel	  
reporter	  system
Dr.	  Jennifer	  Mumaw	  

9:40	  -‐	  10:00	   Scintigraphic	  comparison	  of	  4	  different	  techniques	  of	  administration	  of	  
MSCs	  to	  the	  equine	  foot
Dr	  M.	  Spriet	   	  

10:00	  -‐10:10	   	   	   Break	   	   	  

ABSTRACTS	  	  	   	   	   	   	   	  

10:10	  -‐	  10:30	   The	  use	  of	  superparamagnetic	  iron	  oxide	  particles	  to	  track	  mesenchymal	  
stem	  cells	  in	  a	  large	  animal	  model	  of	  tendonitis
Alexandra	  Scharf

10:30	  -‐	  10:50	   Multiple	  injections	  of	  allogeneic	  equine	  MSCs	  do	  not	  induce	  a	  systemic	  
inKlammatory	  response	  or	  alter	  lymphocyte	  reactivity	  in	  healthy	  horses	  
Dr.	  Dori	  Borjesson	  (Invited	  Speaker)

10:50	  -‐	  11:10	  	   Mechanisms	  of	  equine	  mesenchymal	  stem	  cell	  inhibition	  of	  T	  cell	  
proliferation	  
Dr.	  D.	  Carrade

11:10	  -‐	  11:30	  	   In	  vitro	  modulation	  of	  feline	  neutrophil	  free	  radical	  formation	  of	  bone	  
marrow-derived	  mesenchymal	  stem	  cells
Dr.	  Chad	  Schmiedt

11:30	  -‐	  11:50	  	   Preclinical	  assessment	  of	  scaffold	  based	  approach	  to	  reconstruction	  of	  the	  
equine	  larynx	  
Dr.	  Bernard	  Grevemeyer



north american veterinary 
regenerative medicine association

11:50	  -‐	  12:10	   Equine	  adipose-derived	  cells	  as	  trophic	  mediators	  of	  tendon	  regeneration	  
Dr.	  Linda	  A.	  Dahlgren

12:10	  -‐	  12:30	  	   Comparison	  of	  the	  SVF	  from	  equine	  adipose	  processed	  for	  point	  of	  care	  use	  
and	  bone	  marrow	  aspirate	  
Dr.	  Scott	  R.	  McClure

12:30	  –	  12:50	   Is	  chondrogenic	  differentiation	  affected	  equally	  by	  inKlammation	  in	  
different	  equine	  MSCs?
Dr.	  Lise	  C.	  Berg	  

Program	  Conclusion

THE MOST VERSATILE IN-CLINIC REGENERATIVE MEDICINE SYSTEM AVAILABLE TO VETERINARIANS!

TM
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KEYNOTE	  PRESENTATION

Friday,	  November	  9th	  2012	   8:00	  am
Oglethorpe	  	  Auditorium

Robert	  E.	  Guldberg	  Ph.D.

The	  Petit	  Director’s	  Chair	  in	  Bioengineering	  and	  Bioscience
Executive	  Director,	  Parker	  H.	  Petit	  Institute	  for	  Bioengineering	  and	  Bioscience	  
Professor,	  George	  W.	  Woodruff	  School	  of	  Mechanical	  Engineering
Georgia	  Institute	  of	  Technology	  
Atlanta,	  GA

Preclinical	  Models	  and	  Imaging	  of	  Musculoskeletal	  Degeneration	  and	  Regeneration

Severe	  limb	  trauma	  commonly	  produces	  significant	  injuries	  to	  multiple	  tissues,	  including	  bone,	  
skeletal	  muscle,	  nerve,	  and	  vasculature.	  Extremity	  trauma	  remains	  the	  predominant	  combat	  casualty	  
for	  U.S.	  military	  personnel,	  resulting	  in	  penetrating	  wounds	  with	  large	  zones	  of	  injury	  and	  a	  high	  
incidence	  of	  bone	  and	  soft	  tissue	  trauma	  (Owens,	  Kragh	  et	  al.	  2007;	  Owens,	  Kragh	  et	  al.	  2008).	  Multi-‐
tissue	  injuries	  also	  occur	  in	  the	  civilian	  population	  as	  result	  of	  high	  energy	  accidents	  such	  as	  motor	  
vehicle	  collisions	  (Burgess,	  Dischinger	  et	  al.	  1995;	  Richter,	  Pape	  et	  al.	  2005).	  These	  injuries	  present	  
very	  high	  clinical	  challenges	  and	  frequently	  respond	  poorly	  to	  conventional	  reconstruction	  
techniques.	  Furthermore,	  due	  to	  the	  complex	  nature	  of	  these	  injuries,	  there	  is	  little	  consensus	  on	  
optimal	  intervention	  strategies	  (Yazar,	  Lin	  et	  al.	  2004;	  DeFranco	  and	  Lawton	  2006;	  Nauth,	  McKee	  et	  al.	  
2011).	  Multi-‐stage	  treatment	  is	  routinely	  required,	  and	  patients	  are	  often	  encumbered	  with	  
diminished	  long-‐term	  function	  even	  if	  limb	  salvage	  is	  successfully	  achieved	  (Bosse,	  MacKenzie	  et	  al.	  
2002;	  MacKenzie,	  Bosse	  et	  al.	  2005).

The	  inherent	  limitations	  associated	  with	  tissue	  grafting	  for	  large	  defect	  reconstruction	  have	  driven	  the	  
development	  of	  biomaterials-‐based	  regenerative	  strategies	  to	  effectively	  delivery	  exogenous	  stem	  
cells,	  recombinant	  proteins,	  small	  molecules,	  or	  genes	  designed	  to	  enhance	  endogenous	  repair	  
mechanisms.	  Rigorous	  evaluation	  of	  new	  regenerative	  approaches	  requires	  preclinical	  models	  that	  
simulate	  challenging	  clinical	  scenarios	  in	  combination	  with	  outcome	  measures	  that	  provide	  
quantitative	  assessment	  of	  functional	  restoration.	  An	  emerging	  regenerative	  strategy	  involves	  
spatiotemporal	  delivery	  of	  biophysical	  and/or	  biological	  cues	  to	  promote	  functional	  restoration	  of	  
damaged	  or	  degenerated	  tissues.	  To	  assess	  spatiotemporal	  delivery	  strategies	  for	  limb	  regeneration,	  
we	  have	  recently	  developed	  composite	  injury	  models	  in	  the	  rat	  combining	  critically	  sized	  nerve,	  
muscle,	  vascular,	  and	  bone	  defects.	  In	  addition	  to	  serving	  as	  test	  beds	  for	  tissue	  regenerative	  
therapies,	  these	  new	  models	  provide	  the	  opportunity	  to	  assess	  mechanisms	  of	  interaction	  between	  
different	  tissues	  during	  limb	  repair.

The	  local	  mechanical	  environment	  is	  also	  recognized	  as	  a	  potent	  regulator	  of	  tissue	  formation	  and	  
repair.	  Cellular	  differentiation	  and	  matrix	  synthesis	  are	  strongly	  influenced	  by	  perturbations	  in	  local	  
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biomechanical	  conditions,	  a	  regulatory	  mechanism	  that	  is	  conserved	  across	  multiple	  types	  of	  tissues.	  
Bone	  cells,	  for	  example,	  are	  highly	  mechanosensitive	  and	  coordinate	  to	  adaptively	  remodel	  their	  
surrounding	  extracellular	  matrix.	  Likewise,	  endothelial	  cells	  and	  vascular	  networks	  respond	  
dynamically	  in	  vitro	  to	  mechanical	  stimuli,	  including	  both	  fluid	  shear	  stress	  and	  mechanical	  strain.	  
However,	  few	  studies	  have	  assessed	  the	  role	  of	  functional	  loading	  on	  neovascular	  network	  formation	  
in	  vivo	  and	  the	  subsequent	  consequences	  for	  tissue	  regeneration.

We	  recently	  examined	  the	  effects	  of	  functional,	  in	  vivo	  mechanical	  loading	  on	  neovascular	  growth	  and	  
subsequent	  tissue	  regeneration	  in	  the	  context	  of	  BMP2-‐mediated	  repair	  of	  large	  segmental	  bone	  
defects	  (Boerckel,	  Kolambkar	  et	  al.	  2011;	  Boerckel,	  Uhrig	  et	  al.	  2011).	  While	  early	  loading	  disrupted	  
neovascular	  ingrowth	  and	  prevented	  bone	  healing,	  delayed	  loading	  stimulated	  vascular	  network	  
remodeling	  and	  enhanced	  functional	  bone	  regeneration.	  Together,	  these	  data	  demonstrate	  the	  
mechanosensitivity	  of	  neovascular	  networks	  in	  vivo	  and	  highlight	  the	  capacity	  of	  mechanical	  
stimulation	  to	  regulate	  post-‐natal	  vascular	  growth	  and	  tissue	  regeneration.	  This	  talk	  will	  introduce	  
several	  models	  of	  bone,	  cartilage,	  vascular,	  and	  muscle	  injury	  and	  present	  data	  on	  the	  ability	  of	  
biomaterials-‐based	  deployment	  of	  biological	  and	  biophysical	  cues	  to	  restore	  limb	  function.
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Stem	  Cell	  Basics:	  Current	  Practice	  and	  Future	  Possibilities
Jennifer	  G.	  Barrett,	  DVM,	  PhD,	  Diplomate	  ACVS
Marion	  duPont	  Scott	  Equine	  Medical	  Center;	  Virginia-‐Maryland	  Regional	  College	  of	  Veterinary	  
Medicine,	  Virginia	  Tech;	  Leesburg,	  Virginia

Therapeutic	  use	  of	  stem	  cells	  or	  progenitor	  cells	  for	  veterinary	  patients	  has	  become	  more	  
commonplace.	  	  The	  exciting	  possibility	  of	  regenerating	  damaged	  tissues,	  especially	  tissues	  that	  heal	  
poorly,	  has	  spurred	  growth	  in	  this	  area.	  	  However,	  the	  more	  the	  technology	  has	  been	  studied,	  the	  more	  
we	  realize	  it	  may	  not	  work	  exactly	  as	  originally	  thought.	  Questions	  about	  which	  approach	  or	  which	  
cell	  type	  is	  best	  for	  which	  type	  of	  injury	  have	  not	  been	  answered.	  The	  complexity	  of	  defining	  a	  cell	  as	  a	  
stem	  cell	  has	  muddied	  the	  waters	  further.	  This	  presentation	  will	  outline	  what	  is	  currently	  known	  
about	  adult	  tissue-‐derived	  stem	  cells,	  progenitor	  cells,	  and	  cell	  mixtures,	  and	  what	  we	  need	  to	  know	  to	  
utilize	  these	  techniques	  fully	  and	  appropriately.
In	  the	  early	  1960’s	  Till	  and	  McCulloch	  initiated	  work	  transplanting	  bone	  marrow	  from	  healthy	  mice	  
and	  injecting	  them	  into	  anemic	  mice1.	  	  They	  observed	  formation	  of	  colonies	  of	  cells	  in	  the	  spleen	  that	  
were	  capable	  of	  generating	  blood	  cells.	  This	  exciting	  work	  led	  to	  the	  field	  of	  adult	  stem	  cell	  biology,	  
demonstrating	  the	  first	  hallmark	  of	  a	  stem	  cell:	  the	  capability	  of	  self-‐renewal.	  Self-‐renewal	  specifically	  
refers	  to	  the	  ability	  to	  go	  through	  multiple	  divisions	  and	  maintain	  an	  undifferentiated	  state.
The	  second	  hallmark	  of	  a	  mesenchymal	  stem	  cell	  is	  the	  ability	  to	  form	  multiple	  tissue	  types2.	  This	  is	  
called	  multipotency.	  Embryonic	  stem	  cells	  have	  the	  characteristic	  of	  forming	  most	  of	  the	  tissues	  of	  the	  
body,	  and	  are	  referred	  to	  as	  pluripotent.	  The	  number	  of	  tissues	  that	  a	  specific	  stem	  cell	  can	  
differentiate	  into	  varies	  depending	  on	  the	  tissue	  origin	  of	  the	  cells,	  and	  how	  the	  cells	  are	  grown3.	  The	  
three	  tissue	  differentiation	  pathways	  that	  have	  been	  used	  to	  test	  multipotency	  are	  cartilage,	  adipose	  
and	  bone.	  This	  “tri-‐lineage	  differentiation”	  is	  considered	  a	  critical	  hallmark	  for	  mesenchymal	  stem	  
cells.	  	  However,	  these	  three	  pathways	  do	  not	  represent	  all	  the	  therapeutic	  potentials	  the	  cells	  have,	  nor	  
do	  these	  assays	  determine	  how	  functional	  the	  cells	  will	  be	  once	  implanted4.
More	  recently,	  it	  has	  been	  shown	  that	  stem	  cells	  interact	  with	  the	  inflammatory	  process,	  and	  recruit	  
circulating	  cells	  to	  areas	  of	  injury5.	  These	  functions	  have	  been	  referred	  to	  as	  trophic	  effects.	  The	  anti-‐
inflammatory	  and	  anti-‐scarring	  effects	  seen	  post-‐treatment	  may	  be	  more	  important	  than	  integration	  
and	  differentiation	  toward	  the	  tissue	  lineage	  that	  is	  being	  treated6.	  	  The	  stem	  cells	  appear	  to	  regulate	  
the	  immune	  response,	  which	  opens	  the	  possibility	  of	  using	  stem	  cells	  to	  treat	  inflammatory	  conditions	  
and	  systemic	  disease7.	  	  
In	  equine	  medicine,	  bone	  marrow,	  adipose,	  muscle,	  umbilical	  cord	  blood,	  tendon	  and	  fetal	  cells	  have	  
all	  shown	  promise	  in	  research	  studies	  and/or	  clinical	  retrospectives.	  This	  presentation	  will	  review	  
current	  veterinary	  treatments	  and	  literature	  in	  light	  of	  current	  research	  to	  give	  a	  broad	  overview	  and	  
context	  of	  stem	  cell	  biology	  pertinent	  to	  veterinary	  practitioners.
References
1.	  Becker	  AJ,	  McCulloch	  EA,	  Till	  JE.	  Nature,	  197,	  452-‐4,	  1963
2.	  Pittenger,	  MF,	  Mackay,	  AM,	  et	  al.	  Science	  284,	  143–147,	  1999



north american veterinary 
regenerative medicine association

3.	  Mrksich	  M.	  Nature	  Materials,	  10,	  559–560,	  2011
4.	  Jiang	  Y,	  Jahagirdar	  BN,	  et	  al.	  Nature	  418	  (6893):	  41–49,	  2002
5.	  Ortiz	  LA,	  DuTreil	  M,	  et	  al.	  Proc	  Natl	  Acad	  Sci	  USA	  104:11002–11007,	  2007;	  Horwitz	  EM,	  Gordon	  PL,	  
et	  al.	  Proc	  Natl	  Acad	  Sci	  USA;	  99:8932–	  8937,	  2002
6.	  Phinney	  DG,	  Prockop	  DJ.	  Stem	  Cells,	  25:2896–2902,	  2007
7. Ringden	  O,	  Uzunel	  M,	  et	  al.	  Transplantation,	  81:1390	  –1397,	  2006

The	  potential	  effects	  of	  stem	  cells	  on	  soft	  tissue	  healing
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Introduction:
The	  goal	  of	  regenerative	  medicine	  has	  been	  to	  recapitulate	  the	  events	  in	  the	  formation	  of	  
mesenchymal	  tissues	  	  to	  result	  in	  true	  regeneration	  of	  a	  damaged	  organ.	  	  This	  goal	  is	  believed	  to	  be	  
best	  achieved	  by	  the	  combination	  of	  three	  components	  –	  a	  scaffold,	  an	  anabolic	  stimulus	  (eg	  growth	  
factor	  or	  mechanical	  load),	  and	  a	  cell	  source,	  usually	  consisting	  of	  stem	  cells.	  	  Given	  the	  poor	  success	  
of	  current	  treatment	  regimes	  for	  soft	  tissue	  injuries	  where	  the	  most	  importance	  aspect	  of	  therapy	  is	  
restoring	  function	  has	  not	  been	  demonstrated,	  regeneration	  offers	  an	  exciting	  prospect	  for	  this	  goal.	  
Materials	  and	  Methods:
We	  have	  investigated	  the	  effect	  of	  mesenchymal	  stem	  cells	  cultured	  in	  vitro	  on	  tendon	  explants	  and	  in	  
vivo	  when	  implanted	  into	  naturally-‐occurring	  injury	  followed	  by	  analysis	  of	  the	  resulting	  tissue	  using	  
histology	  and	  compositional	  analysis	  of	  matrix	  proteins.	  	  
Results:
These	  data	  have	  shown	  relatively	  poor	  evidence	  for	  the	  differentiation	  of	  stem	  cells	  into	  tenocytes	  and	  
the	  synthesis	  of	  new	  tendon	  tissue	  but	  rather	  findings	  of	  reduced	  cellularity,	  and	  improved	  
organization	  rather	  than	  a	  change	  in	  the	  composition	  of	  repair	  tissue	  which	  we	  propose	  is	  more	  
consistent	  with	  a	  modulation	  of	  the	  inflammatory	  process	  occurring	  after	  injury.	  	  	  
Discussion:
When	  interpreted	  in	  the	  light	  of	  other	  recent	  experimental	  findings,	  these	  data	  support	  a	  paracrine	  
action	  for	  stem	  cells	  in	  soft	  tissues	  and	  while	  this	  conclusion	  may	  reduce	  the	  attractiveness	  of	  stem	  
cells	  for	  regenerating	  many	  soft	  tissue	  diseases	  in	  the	  horse,	  this	  mechanism	  of	  action	  still	  justifies	  the	  
technology	  for	  the	  treatment	  of	  equine	  soft	  tissue	  lesions,	  albeit	  with	  a	  paradigm	  shift	  in	  what	  we	  are	  
aiming	  to	  achieve	  with	  the	  treatment.	  	  Understanding	  these	  mechanisms	  helps	  inform	  the	  optimal	  
dose	  and	  time	  of	  treatment.
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Application	  of	  Blood	  and	  Cell	  Therapies	  for	  Musculoskeletal	  Diseases
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The	  equine	  industry	  has	  been	  quick	  to	  embrace	  the	  world	  of	  cell	  therapy	  and	  other	  biologic	  therapies	  
in	  an	  attempt	  to	  regenerate	  musculoskeletal	  tissues.	  The	  most	  advancement	  in	  application	  has	  been	  
with	  the	  healing	  of	  equine	  bone	  injury	  and	  equine	  articular	  cartilage	  injury.	  With	  the	  increased	  use	  of	  
MRI,	  many	  subtle	  articular	  cartilage	  lesions	  and	  bone	  lesions	  can	  be	  identified.	  	  The	  use	  of	  stem	  cells	  
and	  other	  cells	  such	  as	  dermal	  fibroblasts,	  particularly	  engineered	  cells,	  	  to	  accelerate	  bone	  repair	  has	  
been	  an	  active	  area	  of	  research	  resulting	  in	  studies	  confirming	  efficacy	  for	  their	  application	  in	  horses.	  
This	  work	  will	  be	  briefly	  reviewed	  and	  results	  of	  our	  ongoing	  clinical	  trial	  summarized	  and	  described	  
with	  examples	  of	  clinical	  cases	  treated	  with	  these	  cells.	  	  Articular	  cartilage	  is	  another	  injury	  in	  strong	  
need	  of	  enhanced	  reparative	  and	  ideally	  regenerative	  methods.	  A	  brief	  review	  of	  the	  work	  in	  the	  study	  
of	  regenerative	  medicine	  in	  articular	  cartilage	  in	  horses	  and	  the	  application	  of	  cell	  therapy	  and	  protein	  
therapy	  (blood	  products)	  in	  horses	  will	  be	  described	  using	  clinical	  examples.

Factors	  affecting	  outcome	  for	  stem	  cell	  treatments	  of	  tendon	  injuries	  in	  different	  equine	  
disciplines
Roger	  K.W.	  Smith
Dept.	  of	  Veterinary	  Clinical	  Sciences,	  The	  Royal	  Veterinary	  College
Hawkhurst	  Lane,	  North	  Mymms,	  Hatfield,	  Herts.	  	  AL9	  7TA,	  UK
E-‐mail:	  rksmith@rvc.ac.uk

Introduction:
Since	  the	  first	  report	  of	  stem	  cell	  implantation	  into	  injured	  equine	  superficial	  digital	  flexor	  tendons	  
[1],	  mesenchymal	  stem	  cell	  treatment	  of	  over-‐strain	  injuries	  of	  tendon	  and	  ligaments	  in	  the	  horse	  has	  
gained	  popularity	  because	  of	  the	  potential	  the	  therapy	  offers	  in	  restoring	  function.	  	  	  Recently,	  clinical	  
outcome	  data	  has	  been	  published	  for	  racehorses	  in	  the	  UK	  [2]	  which	  has	  demonstrated	  a	  significantly	  
reduced	  frequency	  of	  re-‐injury	  following	  the	  implantation	  of	  cultured	  bone	  marrow-‐derived	  
mesenchymal	  stem	  cells	  supporting	  this	  hypothesis.
Materials	  and	  Methods:
For	  this	  study,	  we	  have	  analysed	  outcome	  in	  terms	  of	  re-‐injury	  rate	  with	  respect	  to	  a	  number	  of	  
variable	  factors	  –	  severity	  of	  injury,	  interval	  between	  injury	  and	  implantation,	  cell	  number,	  and	  
discipline	  –	  in	  a	  population	  of	  racehorses	  (n=97)	  and	  sports	  horses	  (n=68)	  treated	  with	  bone	  marrow-‐
derived	  cultured	  mesenchymal	  stem	  cells	  (VetCell	  protocol).
Results:
The	  racehorses	  had	  an	  overall	  re-‐injury	  rate	  of	  25%.	  	  A	  dose	  effect	  was	  observed	  with	  36%	  re-‐
injurying	  when	  less	  than	  10	  million	  cells	  were	  implanted,	  27%	  for	  10-‐19	  million,	  and	  10%	  for	  more	  
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than	  20	  million.	  For	  sports	  horses,	  85%	  return	  to	  competitive	  exercise,	  with	  76%	  returning	  to	  their	  
previous	  level	  of	  activity.	  	  The	  re-‐injury	  rate	  was	  only	  19%	  and	  this	  increased	  with	  increasing	  interval	  
between	  injury	  and	  implantation.	  	  Severity	  of	  injury	  appeared	  to	  have	  no	  effect	  on	  outcome.
Discussion:
The	  re-‐injury	  rate	  in	  this	  group	  of	  racehorses	  was	  almost	  identical	  to	  that	  reported	  for	  a	  previous	  set	  
of	  racehorses	  [2].	  	  In	  comparison,	  re-‐injury	  rates	  in	  sports	  horses	  after	  stem	  cell	  treatment	  were,	  not	  
surprisingly,	  less	  than	  in	  racehorses.	  	  This	  analysis	  has	  also	  demonstrated	  influences	  of	  cell	  number	  
and	  interval	  between	  injury	  and	  implantation	  on	  outcome.	  	  Re-‐injury	  rates	  were	  lower	  when	  the	  cells	  
were	  implanted	  earlier	  and	  based	  on	  these	  data,	  the	  current	  recommendation	  is	  that	  bone	  marrow	  is	  
aspirated	  within	  60	  days	  (2	  months)	  of	  injury,	  with	  implantation	  by	  ~12	  weeks.	  	  This	  matches	  well	  
with	  the	  best	  results	  reported	  for	  experimental	  studies	  on	  timing	  of	  stem	  cell	  implantation	  in	  sheep	  
(Little,	  personal	  communication).	  	  The	  lowest	  re-‐injury	  rates	  were	  by	  the	  implantation	  of	  20	  million	  or	  
more	  cells.	  	  Although	  the	  number	  of	  cells	  implanted	  varied	  with	  the	  size	  of	  the	  lesion,	  the	  absence	  of	  
an	  effect	  relating	  to	  severity	  suggests	  that	  this	  dose	  response	  gives	  confidence	  on	  efficacy	  and	  informs	  
optimal	  cell	  numbers.	  	  This	  number	  is	  large,	  presumably	  because	  of	  the	  large	  numbers	  lost	  after	  
implantation	  [3].
Disclosure:	  	  
RKWS	  is	  a	  technical	  adviser	  for	  VetCell,	  from	  which	  this	  data	  was	  obtained.
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The	  heart,	  with	  a	  scarce	  number	  of	  resident	  stem	  cells	  and	  a	  limited	  capacity	  of	  cardiomyocytes	  to	  re-‐
enter	  into	  the	  cardiac	  cycle,	  has	  an	  inadequate	  capacity	  to	  repair	  itself.	  	  Stem	  cell	  therapy	  has	  recently	  
emerged	  as	  a	  novel	  means	  to	  repair	  diseased	  hearts.	  	  The	  term	  ‘stem	  cell’	  arose	  from	  the	  concept	  that	  
these	  cells	  have	  properties	  analogous	  to	  those	  of	  the	  stem	  of	  a	  plant.	  	  They	  have	  the	  ability	  to	  not	  only	  
renew	  themselves	  for	  long	  periods	  of	  time	  through	  cell	  division,	  but	  can	  also	  differentiate	  into	  a	  
number	  of	  different	  cell	  types	  under	  the	  right	  conditions.	  	  
DCM	  is	  a	  common	  cardiac	  affliction	  in	  people	  and	  dogs.	  Cardiac	  cellular	  transplantation	  of	  adult	  stem	  
cells	  has	  emerged	  as	  a	  novel	  means	  to	  improve	  cardiac	  pump	  function	  of	  chronically	  infarcted/
ischemic	  hearts	  with	  encouraging	  results	  in	  animal	  research	  models	  and	  early	  clinical	  trials	  in	  
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humans.	  Nonischemic	  heart	  disease,	  such	  as	  idiopathic	  DCM,	  has	  only	  been	  addressed	  in	  research	  
animals,	  but	  with	  positive	  results	  as	  well.	  Idiopathic/non-‐ischemic	  DCM	  is	  a	  cardiac	  disease	  which	  
results	  in	  chronic	  cardiac	  dysfunction	  and	  heart	  failure.	  It	  is	  a	  combination	  of	  injury,	  necrosis	  and	  
eventual	  fibrosis	  leading	  to	  impaired	  mechanical	  function.	  Once	  begun,	  the	  pathology	  of	  DCM	  is	  
incessant,	  cumulative,	  and	  eventually	  fatal.	  Cardiac	  cellular	  transplantation	  of	  allogenic	  mesenchymal	  
stem	  cells	  (MSCs)	  has	  emerged	  as	  a	  novel	  means	  to	  repair	  left	  ventricular	  pump	  function	  of	  
chronically	  infarcted/ischemic	  hearts	  with	  encouraging	  results.	  There	  is	  limited	  data	  on	  the	  effects	  of	  
cellular	  transplantation	  in	  the	  setting	  of	  non-‐ischemic	  heart	  disease	  such	  as	  DCM.	  Registered	  studies	  
in	  cardiac	  stem	  cell	  therapy	  have	  shown	  that	  transplantation	  of	  mesenchymal	  stem	  cells	  improves	  the	  
cardiac	  function	  in	  rabbits	  and	  rats	  with	  DCM.	  In	  human,	  several	  studies	  have	  shown	  not	  only	  that	  
mesenchymal	  cell	  treatment	  is	  safe	  and	  feasible,	  but	  also	  could	  lead	  to	  improved	  ventricular	  
remodeling,	  better	  exercise	  tolerance	  and	  potentially	  improved	  survival	  in	  patients	  with	  DCM.	  In	  
children	  with	  DCM,	  therapy	  with	  stem	  cells	  can	  reduce	  the	  waiting	  list	  mortality,	  improve	  clinical	  
status	  and	  provide	  more	  time	  on	  the	  waiting	  list	  to	  receive	  a	  suitable	  organ,	  or	  even	  to	  make	  
transplantation	  unnecessary
While	  there	  is	  great	  potential	  for	  stem	  cell	  therapy	  and	  heart	  disease,	  there	  is	  still	  much	  to	  be	  learned	  
and	  many	  hurdles	  to	  overcome	  before	  this	  therapy	  can	  replace	  current	  medical	  management.	  
Selection	  of	  the	  appropriate	  cell	  type,	  delivery	  method,	  maximizing	  environmental	  conditions	  and	  
achieving	  long	  term	  viability	  of	  cells	  and	  possible	  inclusion	  of	  gene	  therapy	  for	  regeneration	  are	  only	  
some	  of	  the	  many	  issues.	  	  Thus	  far,	  the	  various	  case	  series	  and	  clinical	  trials	  have	  demonstrated	  that	  it	  
is	  a	  safe	  treatment	  which	  provides	  improvements	  in	  cardiac	  function	  but	  perhaps	  is	  no	  better	  than	  
current	  medical	  therapy.	  	  There	  are	  still	  many	  questions	  which	  need	  to	  be	  answered	  and	  too	  many	  
gaps	  in	  our	  knowledge	  which	  need	  to	  be	  filled	  before	  stem	  cells	  should	  find	  their	  way	  into	  routine	  
clinical	  cardiac	  practice.	  	  Nevertheless,	  the	  prospect	  and	  promise	  of	  this	  exciting	  field	  of	  intense	  
research	  and	  investigation	  is	  just	  gearing	  up.

Future	  Directions	  in	  Stem	  Cell	  Therapies	  for	  Tendon	  Overuse	  Injuries
Johnna	  S.	  Temenoff,	  Ph.D.
Coulter	  Department	  of	  Biomedical	  Engineering
Georgia	  Tech/Emory	  University,	  Atlanta,	  GA

Multipotent	  mesenchymal	  stem	  cells	  (MSCs)	  have	  been	  widely	  explored	  as	  a	  means	  to	  repair	  a	  variety	  
of	  orthopaedic	  injuries,	  including	  tendon	  overuse	  injuries	  (tendinopathy/tendinitis).	  	  However,	  
questions	  remain	  about	  how	  to	  promote	  the	  healing	  potential	  of	  these	  cells	  prior	  to	  implantation,	  as	  
well	  as	  their	  engraftment	  and	  viability	  after	  cell	  transplantation.	  	  This	  presentation	  will	  describe	  
current	  stem-‐cell	  based	  therapies	  for	  tendon	  overuse	  injuries	  and	  highlight	  the	  potential	  use	  of	  pre-‐
treatment	  techniques,	  as	  well	  as	  biomaterial	  carriers,	  to	  develop	  more	  efficacious	  future	  therapies	  for	  
tendon	  repair.
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Introduction	  and	  Factors	  in	  Case	  Selection
Moderate	  to	  severe	  injury	  to	  the	  SDF	  tendon	  is	  considered	  an	  indication	  for	  injection	  of	  cell	  and	  
growth	  factor	  rich	  biologics,	  and	  at	  least	  for	  racehorses,	  bilateral	  proximal	  check	  desmotomy.	  	  
Ultrasonographic	  evidence	  of	  core	  lesions	  generally	  indicates	  the	  need	  for	  cell	  injection	  combined	  
with	  insulin-‐like	  growth	  factor	  -‐I	  (IGF-‐I)	  injection,	  or	  other	  biologics	  such	  as	  platelet	  enriched	  plasma	  
(PRP)	  or	  bone	  marrow	  aspirate,	  to	  stimulate	  the	  deposition	  of	  new	  tendon	  matrix.	  
Proximal	  check	  desmotomy,	  and	  injection	  of	  cells,	  growth	  factors,	  PRP,	  or	  bone	  marrow,	  may	  be	  
combined.	  	  Involvement	  of	  the	  DDF	  is	  less	  frequent	  than	  the	  SDF	  in	  Thoroughbreds,	  and	  can	  require	  
annular	  ligament	  transaction	  in	  addition	  to	  injection	  of	  biologics	  to	  the	  core	  itself.	  This	  abstract	  
focuses	  on	  stem	  cells,	  growth	  factors	  and	  plasma-‐based	  biologics	  for	  the	  treatment	  of	  core	  lesions.	  
Treatment	  with	  Biologics	  and	  Cells	  -‐	  Summary
Selection	  of	  recombinant	  forms	  of	  growth	  factors	  (which	  ones,	  how	  much,	  and	  in	  what	  vehicle),	  bone	  
marrow	  aspirate,	  cultured	  stem	  cells,	  PRP,	  or	  mixtures	  of	  several,	  for	  injection	  to	  acute	  and	  subacute	  
tendonitis	  is	  still	  based	  only	  on	  empirical	  evidence	  with	  limited	  experimental	  and	  controlled	  case	  
studies	  to	  support	  the	  choices.	  
Available	  products	  include:
 Bone	  marrow	  aspirate.	  Anecdotal	  evidence	  supports	  the	  injection	  of	  bone	  marrow	  aspirate.	  It	  

is	  quick	  and	  economical,	  and	  contains	  high	  levels	  of	  TGFB	  and	  PDGF.	  Both	  growth	  factors	  
induce	  collagen	  synthesis.	  

 Platelet	  enriched	  plasma	  (PRP)	  provides	  a	  more	  concentrated	  source	  of	  PDGF	  and	  TGFB	  than	  
marrow,	  and	  numerous	  other	  growth	  factors	  such	  as	  VEGF	  and	  PDAF,	  thromboxane,	  and	  
fibronectin/vitronectin.	  	  Additionally,	  WBCs	  are	  concentrated	  2X	  to	  4X.	  All	  potentially	  
contribute	  to	  healing	  of	  tendon	  and	  ligament,	  although	  the	  potential	  pro-‐inflammatory	  effect	  of	  
WBCs	  are	  poorly	  defined	  and	  may	  be	  detrimental.	  Recent	  research	  favored	  PRP	  for	  tendonitis	  
and	  marrow	  aspirate	  for	  suspensory	  desmitis.1

 Centrifuged	  bone	  marrow	  aspirate	  concentrate	  (BMAC).	  Heparinized	  bone	  marrow	  can	  be	  
separated	  and	  the	  stem	  cells	  and	  small	  leukocyte	  population	  concentrated	  using	  a	  modified	  
floating	  specific	  density	  shelf	  along	  the	  same	  principle	  as	  PRP.	  This	  device	  not	  only	  
concentrates	  MSCs	  but	  improves	  content	  of	  growth	  factors.	  

 Cultured	  MSCs.	  Several	  studies	  suggest	  equine	  MSCs	  can	  be	  derived	  from	  bone	  marrow	  or	  fat.	  
Cultured	  MSCs	  have	  been	  shown	  to	  improve	  tendonitis	  in	  a	  case	  report.	  The	  use	  of	  10	  to	  20	  
million	  cultured	  MSCs	  admixed	  with	  PRP	  or	  bone	  marrow	  aspirate	  would	  appear	  to	  hold	  the	  
most	  promise	  from	  a	  theoretical	  standpoint.	  However,	  no	  case	  series	  have	  been	  published	  to	  
date.	  	  

 Concentrated	  adipose	  tissue	  digest	  (adipose	  derived	  nucleated	  cells	  i.e.	  vasculostromal	  
fraction)	  contains	  MSCs	  and	  other	  nucleated	  cells	  and	  proteins	  active	  in	  tissue	  healing.	  	  Equine	  
studies	  show	  it	  improves	  tendonitis	  healing	  in	  collagenase	  induced	  lesions.	  	  Reduced	  further	  
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degeneration	  may	  be	  a	  key	  component	  of	  fat	  derived	  nucleated	  fractions,	  reducing	  apoptosis,	  
enzymatic	  propagation,	  and	  necrosis.	  A	  case	  series	  also	  suggests	  adipose	  derived	  cells	  may	  
improve	  return	  to	  successful	  racing	  (Harman;	  AAEP	  Proceedings,	  2006).	  

 Fetal	  derived	  ESCs	  –	  fetal	  derived	  stem	  cells	  can	  be	  exposed	  in	  culture	  to	  agents	  that	  select	  for	  
an	  ESC	  like	  cell,	  capable	  of	  continued	  propagation	  without	  senescence.	  These	  cells	  have	  
improved	  repair	  in	  a	  tendonitis	  model	  in	  horses6,	  but	  no	  clinical	  data	  have	  been	  published.	  

 Induced	  pluripotent	  stem	  cells	  (iPS)	  –	  developing	  pluripotent	  cells	  from	  adult	  fibroblasts	  or	  
other	  mesenchymal	  tissue	  by	  genetic	  transformation	  is	  a	  new	  and	  interesting	  progression	  of	  
research.	  These	  iPS	  cells	  essentially	  behave	  like	  ESCs	  without	  the	  stigma	  of	  embryo	  harvest.	  
They	  have	  been	  developed	  in	  the	  horse	  but	  no	  clinical	  application	  in	  musculoskeletal	  tissue	  
repair	  has	  been	  published.
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Jennifer	  G.	  Barrett,	  DVM,	  PhD,	  Diplomate	  ACVS
Marion	  duPont	  Scott	  Equine	  Medical	  Center;	  Virginia-‐Maryland	  Regional	  College	  of	  Veterinary	  
Medicine,	  Virginia	  Tech;	  Leesburg,	  Virginia

Many	  studies	  have	  been	  performed	  in	  recent	  years	  that	  quantify	  PDGF	  and	  TGF-‐β	  release	  and/or	  
evaluate	  efficacy	  of	  platelet	  rich	  plasma	  in	  horses.	  One	  driving	  force	  behind	  these	  studies	  is	  the	  fact	  
that	  current	  PRP	  processing	  systems	  were	  not	  specifically	  developed	  for	  equine	  blood,	  and	  validation	  
is	  needed.	  One	  controversy	  in	  the	  literature	  and	  in	  clinical	  practice	  is	  what	  concentration	  of	  platelets	  is	  
optimum	  or	  sufficient,	  and	  whether	  the	  presence	  of	  white	  blood	  cells	  in	  PRP	  is	  desirable.	  Studies	  on	  
storing	  platelet	  rich	  plasma	  for	  transfusion	  show	  that	  WBC	  contamination	  increases	  pro-‐inflammatory	  
cytokines.	  However,	  the	  use	  of	  PRP	  is	  not	  completely	  analogous	  to	  storage	  of	  platelets	  for	  transfusion.	  
SDF-‐1	  is	  an	  important	  factor	  for	  chemotaxis	  of	  lymphocytes	  and	  progenitor	  cells	  during	  healing.	  This	  
factor	  has	  not	  been	  investigated	  in	  equine	  PRP.

Our	  laboratory	  has	  used	  an	  approach	  to	  titrate	  varying	  concentrations	  of	  platelets	  and	  white	  blood	  
cells,	  and	  to	  evaluate	  released	  growth	  factors	  after	  activation	  in	  20	  different	  PRP	  preparations.	  Our	  
hypothesis	  is	  that	  the	  ratio	  of	  platelets	  and	  WBCs	  affect	  the	  release	  of	  GFs	  and	  cytokines.	  We	  further	  
hypothesize	  that	  PDGF,	  TGF-‐β,	  FGF-‐2	  and	  SDF-‐1	  would	  correlate	  with	  platelet	  concentration,	  and	  IL-‐1	  
would	  correlate	  with	  WBC	  concentration.	  Concurrently,	  we	  evaluated	  platelet	  activation	  using	  P-‐
selectin	  release	  to	  the	  surface	  of	  platelets	  using	  flow	  cytometry.	  P-‐selectin	  is	  a	  protein	  present	  in	  
platelet	  granules	  that	  becomes	  a	  cell	  surface	  marker	  once	  activation	  occurs.	  Thus,	  we	  were	  able	  to	  
validate	  our	  isolation	  procedure	  to	  ensure	  that	  early	  release	  of	  growth	  factors	  and	  cytokines	  did	  not	  
occur	  during	  PRP	  processing.	  

Our	  results	  indicate	  that	  PDGF,	  TGF-‐β,	  FGF-‐2	  and	  SDF-‐1	  increase	  with	  increasing	  platelet	  
concentration.	  We	  also	  have	  evidence	  that	  WBC	  concentration	  is	  positively	  correlated	  to	  IL-‐1	  
concentration.	  P-‐selectin	  positive	  platelets	  were	  less	  than	  5%	  in	  our	  initial	  preparations,	  no	  different	  
from	  whole	  blood,	  and	  several	  activation	  protocols	  were	  assayed.	  Activation	  protocols	  included	  use	  of	  
glass	  beads,	  calcium	  chloride,	  ADP,	  and	  collagen	  type	  I.	  Collagen	  type	  I	  was	  effective	  to	  activate	  
platelets,	  and	  resulted	  in	  release	  of	  high	  levels	  of	  growth	  factors.

In	  conclusion,	  our	  work	  supports	  the	  hypothesis	  that	  increasing	  platelet	  concentration	  is	  sufficient	  to	  
increase	  many	  growth	  factors	  thought	  to	  be	  important	  for	  soft	  tissue	  healing.	  Further,	  our	  work	  
supports	  the	  hypothesis	  that	  increasing	  WBC	  concentration	  may	  be	  undesirable	  in	  PRP.	  Finally,	  we	  
validated	  that	  our	  processing	  does	  not	  activate	  equine	  platelets	  prematurely,	  and	  we	  developed	  a	  
reproducible	  approach	  to	  release	  growth	  factors	  from	  platelets	  to	  produce	  autologous	  conditioned	  
serum.
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Trueman	  Family	  Endowed	  Chair	  and	  Professor
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Veterinary	  Medical	  Center
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Use	  of	  biotherapies	  for	  the	  treatment	  of	  tendonitis	  and	  desmitis	  have	  become	  a	  treatment	  choice	  that	  
in	  some	  areas	  of	  the	  country	  are	  standard	  of	  care.	  Many	  centrifugation	  based	  devices	  and	  kits	  have	  
been	  validated	  for	  equine	  blood	  and	  bone	  marrow	  and	  are	  on	  the	  market.	  These	  products	  and	  the	  
literature	  surrounding	  their	  use	  will	  be	  reviewed,	  including	  studies	  on	  efficacy,	  clinical	  evidence	  and	  
safety.	  Use	  of	  blood	  products	  in	  joint	  disease,	  particularly	  osteoarthritis	  is	  a	  rapidly	  growing	  industry	  
and	  practice.	  Currently,	  autologous	  conditioned	  serum	  (ACS;	  Arthrex,	  Inc.)	  is	  approved	  for	  use	  for	  
osteoarthritis	  in	  horses	  and	  has	  gained	  popularity	  and	  in	  use.	  This	  product	  is	  termed	  Autologous	  
Conditioned	  Serum	  and	  includes	  the	  presence	  of	  serum	  proteins,	  such	  as	  IGF,	  multiple	  doses	  from	  one	  
processing,	  and	  the	  ability	  to	  freeze	  and	  ship	  the	  product.	  Other	  blood	  products,	  including	  platelet-‐
rich	  product	  (E-‐PET,	  Pall	  corp),	  platelet-‐rich	  plasma,	  concentrated	  bone	  marrow	  (Harvest	  System),	  
and	  autologous	  protein	  solution	  (APS,	  Biomet),	  to	  name	  a	  few,	  have	  been	  used	  in	  equine	  joints	  with	  
anecdotal	  success,	  and	  investigative	  studies	  are	  just	  now	  being	  completed	  and	  presented	  at	  national	  
meetings.	  In	  our	  work,	  we	  have	  recently	  completed	  a	  clinical	  trial	  using	  APS	  in	  horses	  with	  OA	  which	  
demonstrated	  sign-‐modifying	  results	  for	  joint	  pain,	  lameness	  and	  inflammation.	  The	  goal	  of	  this	  
presentation	  will	  be	  to	  review	  the	  current	  products	  being	  used	  in	  horses	  and	  humans	  and	  the	  
available	  efficacy	  work	  completed	  to	  date	  to	  suggest	  potential	  benefit	  for	  use	  in	  equine	  joints	  and	  
present	  the	  results	  of	  our	  clinical	  trial.

Prospective	  Blinded	  Controlled	  Clinical	  Trial	  of	  Autologous	  Protein	  Solution	  Derived	  from	  
Whole	  Blood	  in	  Treatment	  of	  Horses	  with	  Osteoarthritis
AL	  Bertone,	  A	  Ishihara,	  L	  Zekas,	  M	  Wellman,	  K	  Lewis,	  R	  Schwarz,	  A	  Barnaba

Study	  hypothesis:	  Intra-‐articular	  APS	  therapy	  can	  reduce	  pain	  and	  discomfort	  in	  OA	  joints
Study	  objectives:	  To	  demonstrate	  efficacy	  and	  safety	  of	  APS	  therapy	  in	  naturally-‐occurring	  equine	  OA	  
using	  a	  prospective,	  placebo-‐controlled,	  randomized,	  double-‐blinded	  clinical	  trial.	  	  	  
Methods:	  Forty	  client-‐owned	  horses	  meeting	  inclusion	  criteria	  were	  randomly	  assigned	  to	  receive	  
intra-‐articular	  injection	  of	  5ml	  of	  saline	  [n=20]	  or	  APS	  [n=20]).	  Horses	  enrolled	  were	  diagnosed	  with	  
lameness	  due	  to	  OA	  in	  a	  high-‐motion	  joint	  defined	  as	  the	  fetlock,	  carpus,	  stifle,	  or	  upper	  hock	  joint.	  
Radiographic	  changes	  accepted	  as	  OA	  included	  joint	  space	  narrowing,	  osteophytes,	  and	  irregular	  joint	  
space.	  Exclusion	  criteria	  included	  a	  fracture	  in	  the	  joint,	  active	  infection,	  or	  history	  of	  chronic	  infection	  
associated	  with	  the	  joint.	  Horses	  were	  housed	  at	  the	  primary	  clinical	  trial	  site	  for	  two	  weeks	  and	  
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exercised	  days	  -‐1,	  4,	  7,	  10,	  and	  13	  by	  use	  of	  a	  high-‐speed	  equine	  treadmill	  (Sato	  I	  equine	  treadmill,	  
Uppsala,	  Sweden)	  with	  the	  following	  regimen:	  walking	  (7.2	  km/h)	  for	  10	  minutes,	  followed	  by	  trotting	  
(14.4	  km/h)	  for	  10	  minutes,	  walking	  (7.2	  km/h)	  for	  10	  minutes.
APS	  was	  prepared	  at	  Day	  0	  by	  processing	  110	  ml	  of	  venous	  blood	  containing	  8.3%	  ACD-‐A	  
(anticoagulant)	  using	  two	  dual-‐device	  APS	  systems	  to	  produce	  a	  final	  volume	  of	  ~5	  ml.	  For	  the	  control	  
group,	  saline	  solution	  (5ml)	  was	  injected.	  Horses	  were	  assessed	  at	  baseline	  and	  serially	  after	  injection	  
for	  2	  weeks	  by	  measurement	  of	  joint	  circumference,	  pain-‐free	  range	  of	  joint	  motion	  (goniometer),	  
lameness	  score	  (AAEP	  scale),	  force	  plate	  analysis	  (vertical	  force	  peaks	  and	  impulses),	  and	  synovial	  
fluid	  analysis.	  Clients	  completed	  a	  questionnaire	  before	  and	  3	  months	  after	  APS	  injection.	  
Repeated-‐measured	  ANOVA	  and	  Proc	  Mixed	  statistical	  post-‐tests	  were	  used	  to	  compare	  lameness,	  VPF,	  
joint	  assessments,	  and	  synovial	  fluid	  parameters	  between	  saline	  and	  APS-‐treated	  horses.	  Significance	  
level	  was	  set	  at	  p<0.05	  for	  all	  analyses.
Results:	  APS-‐injected	  horses	  showed	  significant	  improvement	  in	  lameness	  grade,	  vertical	  force	  
(expressed	  as	  a	  difference	  ratio	  between	  contralateral	  limbs	  to	  normalize	  for	  fore	  and	  hindlimbs),	  and	  
pain-‐free	  range	  of	  motion	  at	  Days	  7	  and	  14	  post-‐	  injection	  compared	  to	  pre-‐treatment	  and	  control	  
group	  (Figures	  1-‐3).	  No	  adverse	  effects	  associated	  with	  APS	  injection	  were	  evident,	  and	  joint	  
circumference	  was	  not	  significantly	  different	  between	  the	  APS-‐	  and	  saline-‐injected	  joints.	  In	  the	  
subjective	  assessments	  by	  clients,	  pasture/stall	  lameness	  and	  comfort	  levels	  were	  significantly	  
improved	  from	  baseline	  at	  the	  3-‐month	  followup.
Discussion:	  Our	  study	  demonstrated	  that	  intra-‐articular	  APS	  (Biomet,	  Inc.)	  had	  a	  clinical-‐modifying	  
effect	  to	  improve	  lameness	  and	  joint	  pain	  in	  a	  clinical	  trial	  using	  naturally	  occurring	  OA.	  APS	  is	  
generated	  from	  a	  dual-‐device	  product	  that	  enriches	  platelet	  growth	  factors	  and	  concentrates	  plasma	  
and	  WBC	  growth	  factors	  including	  IGF	  and	  IL-‐1Ra.	  	  Intra-‐articular	  APS	  therapy	  could	  have	  disease-‐
modifying	  effects	  on	  equine	  OA	  due	  to	  the	  chondrogenic	  and	  chondroprotective	  proteins	  in	  the	  APS,	  
but	  this	  was	  not	  evaluated	  fully	  in	  this	  study.	  Because	  of	  the	  relatively	  short	  time	  required	  for	  APS	  
preparation	  and	  portable	  centrifugation	  equipment,	  intra-‐articular	  APS	  therapy	  could	  be	  a	  quick,	  
point-‐of-‐care,	  ambulatory-‐based	  equine	  procedure.	  
Clinical	  relevance:	  Intra-‐articular	  APS	  can	  be	  considered	  as	  an	  effective	  and	  safe	  treatment	  option	  for	  
equine	  OA	  with	  clinical	  sign-‐modifying	  effects	  on	  lameness	  and	  joint	  pain,	  and	  potential	  disease-‐
modifying	  effects	  on	  joint	  inflammation	  or	  cartilage.	  
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Distribution	  and	  effects	  of	  tendon-derived	  cells	  on	  tendon	  healing	  over	  time
Allison	  A.	  Stewart,	  Sushmitha	  Durgam,	  Matthew	  Stewart,	  Holly	  Pondenis	  
University	  of	  Illinois	  School	  of	  Veterinary	  Medicine	  Urbana	  IL

Introduction	  and	  Hypothesis/Objectives:	  Tendon	  injuries	  in	  horses	  are	  common	  cause	  of	  loss	  of	  
athleticism.	  Thousands	  of	  horses	  with	  tendon	  injuries	  have	  been	  treated	  with	  intralesional	  injections	  
of	  mesenchymal	  stem	  cells.	  Only	  a	  few	  studies	  have	  evaluated	  the	  distribution	  and	  effects	  of	  
intralesional	  mesenchymal	  stem	  cells	  on	  tendon	  healing	  over	  time.	  The	  purpose	  of	  this	  study	  was	  to	  
evaluate	  the	  distribution	  and	  effects	  of	  tendon-‐derived	  cells	  on	  healing	  of	  injured	  tendons	  over	  time.
Material	  and	  Methods:	  Eight	  horses	  with	  superficial	  digital	  flexor	  tendon	  injuries	  were	  treated	  with	  
intralesional	  injections	  of	  tendon-‐derived	  progenitor	  cells	  three	  weeks	  following	  injury.	  Tendon-‐
derived	  cells	  were	  obtained	  from	  each	  horses	  lateral	  digital	  extensor	  tendon.	  All	  tendon-‐derived	  cells	  
were	  stained	  with	  DiI.	  At	  1,	  2,	  4,	  and	  6	  weeks	  following	  injury	  two	  tendons	  from	  each	  horse	  were	  
evaluated.	  For	  each	  time	  point	  a	  ratio	  of	  DiI	  stained	  cells	  to	  DAPI-‐stained	  cells	  was	  quantified.	  mRNA	  
expression	  for	  Tenomodulin,	  COMP,	  Collagen	  III,	  and	  Collagen	  I	  was	  also	  quantified	  for	  each	  time	  
point.	  Statistical	  significance	  was	  determined	  using	  a	  2	  way	  ANOVA	  with	  a	  P	  value	  of	  0.05.
Results:	  Tendon	  DNA	  content	  was	  significantly	  (p=0.041)	  higher	  than	  the	  control	  tendon	  at	  the	  1	  week	  
time	  point.	  Similarly,	  DiI	  stained	  cells	  were	  more	  abundant	  during	  the	  first	  week	  following	  injection.	  
The	  DiI	  labeled	  progenitor	  cells	  were	  evident	  in	  large	  clusters.	  By	  2	  weeks	  the	  progenitor	  cells	  were	  
beginning	  to	  integrate	  longitudinally	  into	  the	  native	  tendon.	  At	  4	  weeks	  the	  cells	  were	  more	  dispersed,	  
less	  abundant,	  but	  still	  distributed	  longitudinally.	  Six	  weeks	  following	  injection	  there	  were	  still	  a	  small	  
number	  of	  cells	  evident	  within	  the	  tendon.	  At	  four	  weeks	  following	  injection	  MRNA	  expression	  levels	  
of	  Collagen	  I	  and	  Collagen	  III	  were	  significantly	  increased	  compared	  to	  the	  contralateral	  control	  
tendon.	  There	  were	  no	  significant	  differences	  in	  Tenomodulin	  and	  COMP	  expression	  levels.	  
Discussion:	  Tendon-‐derived	  progenitor	  cells	  were	  present	  in	  high	  numbers	  for	  up	  to	  four	  weeks	  
following	  injection.	  Many	  of	  the	  expression	  markers	  of	  tendon	  matrix	  were	  up-‐regulated	  during	  the	  
healing	  phase	  compared	  to	  normal	  tendon.	  Future	  work	  needs	  to	  be	  directed	  at	  how	  the	  injected	  cells	  
interact	  with	  the	  surrounding	  cells	  and	  matrix	  during	  the	  healing	  phase.
References:	  	  1.	  Guest,	  EVJ,	  2010.	  	  	  	  2.	  Guest,	  EVJ,	  2010	  	  	  3.	  Sole,	  EVJ,	  2012
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Soft	  tissue	  injuries	  are	  common	  conditions	  afflicting	  sporting,	  performance	  and	  active	  dogs	  due	  to	  the	  
repetitive	  forces	  placed	  on	  tendons	  and	  ligaments	  during	  activities.	  	  It	  is	  reported	  that	  tendon	  and	  
ligament	  injuries	  account	  for	  nearly	  45%	  of	  all	  musculoskeletal	  injuries	  in	  humans	  yearly	  in	  the	  U.S.	  
Tendons	  and	  ligaments	  are	  susceptible	  to	  major	  stress	  during	  sports,	  and	  if	  injured	  through	  repetitive	  
microtrauma,	  heal	  slowly	  due	  to	  poor	  vascularity	  compared	  with	  other	  connective	  tissues.	  While	  
tendon	  ruptures	  or	  avulsions	  are	  typically	  treated	  through	  primary	  surgical	  repair,	  this	  is	  not	  typically	  
an	  option	  for	  core	  lesions	  (intratendonous	  disruptions).	  Core	  lesions	  typically	  heal	  by	  secondary	  
intention	  or	  fibrosis	  rather	  than	  regeneration.	  	  Because	  of	  the	  loss	  of	  organized	  matrix	  these	  tissues	  
have	  lost	  their	  elasticity	  and	  are	  predisposed	  to	  reinjury.	  
Regenerative	  medicine	  therapy	  has	  been	  shown	  in	  equine	  literature	  to	  allow	  for	  healing	  and	  
regeneration	  of	  tendon	  core	  lesions.	  A	  similar	  response	  has	  been	  noted	  in	  dogs	  with	  tendon	  injury.	  
Regenerative	  medicine	  technology	  using	  stem	  cell	  and	  platelet	  rich	  plasma	  therapy	  gives	  new	  hope	  for	  
extending	  the	  careers	  and	  improving	  the	  quality	  of	  life	  of	  the	  canine	  athlete.	  Almost	  all	  veterinary	  
research	  has	  focused	  on	  adult	  stem	  cells,	  specifically	  mesenchymal	  stem	  cells,	  derived	  from	  bone	  
marrow	  (BM-‐MSC)	  or	  adipose	  tissue	  (AD-‐MSC).	  In	  dogs,	  the	  stem	  cells	  may	  be	  obtained	  from	  bone	  
marrow	  or	  subcutaneous	  adipose	  tissues.	  	  To	  date,	  there	  is	  no	  definitive	  evidence	  in	  dogs	  that	  
supports	  one	  tissue	  source	  over	  the	  other	  for	  regenerative	  treatments.	  	  
Platelet	  rich	  plasma	  (PRP)	  is	  thought	  to	  hasten	  healing	  of	  tissues	  when	  applied	  directly	  to	  the	  site	  of	  
injury.	  The	  use	  of	  PRP	  for	  athletic	  injuries	  is	  an	  area	  of	  intense	  research	  and	  clinical	  applications.	  The	  
growth	  factors	  contained	  in	  the	  platelets	  are	  significant	  for	  use	  in	  tissue	  injuries.	  The	  two	  factors	  
thought	  to	  have	  the	  most	  influential	  role	  in	  tissue	  healing	  are	  transforming	  growth	  factor-‐beta	  (TGF-‐β)	  
and	  platelet-‐derived	  growth	  factor	  (PDGF).	  
The	  PRP	  used	  by	  the	  Veterinary	  Orthopedic	  &	  Sports	  Medicine	  Group	  (VOSM)	  is	  processed	  by	  the	  
Regenerative	  Medicine	  Laboratory	  at	  the	  Leesburg,	  Virginia,	  campus	  of	  Virginia	  Tech,	  which	  uses	  a	  
manual	  centrifugation	  method.	  This	  laboratory	  is	  able	  to	  yield	  platelet	  counts	  7	  to	  10	  times	  above	  
normal,	  with	  few	  white	  blood	  cells	  present	  in	  the	  product.
By	  combining	  cultured	  adipose	  derived	  progenitor	  cells	  (ADPC)	  with	  PRP	  it	  is	  possible	  to	  achieve	  the	  
positive	  effects	  of	  both	  regenerative	  therapies.	  	  Combination	  ADPC-‐PRP	  therapy	  provides	  cells	  for	  
regeneration,	  growth	  factors,	  as	  well	  as	  a	  scaffold	  to	  provide	  a	  template	  for	  cell	  attachment.	  
Veterinary	  Orthopedic	  &	  Sports	  Medicine	  Group	  (VOSM)	  has	  utilized	  combination	  ADPC-‐PRP	  therapy	  
for	  the	  treatment	  of	  tendinopathies	  in	  dogs.	  	  VOSM	  collaborates	  with	  the	  Regenerative	  Medicine	  
Laboratory	  at	  the	  Marion	  DuPont	  Equine	  Medical	  Center	  at	  Virginia	  Tech	  for	  the	  processing	  of	  the	  
combination	  therapies.	  
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Our	  study	  includes	  the	  supraspinatus,	  biceps,	  subscapularis,	  flexor	  carpi	  ulnaris,	  iliopsoas	  and	  achilles	  
tendons.	  Tendon	  injuries	  are	  confirmed	  via	  MRI	  and/or	  diagnostic	  musculoskeletal	  ultrasound	  and	  
tissues	  (adipose	  tissues	  from	  the	  falciform)	  and	  blood	  (for	  PRP)	  are	  collected	  and	  submitted	  for	  
processing.	  	  Cultured	  ADPC	  and	  PRP	  are	  returned	  to	  VOSM	  in	  10-‐14	  days	  and	  injected	  under	  
ultrasound	  guidance	  into	  the	  lesions.	  	  Long-‐term	  objective	  follow-‐up	  includes	  diagnostic	  ultrasound	  
and	  objective	  gait	  analysis.	  	  This	  talk	  will	  discuss	  case	  selection,	  diagnostics,	  tissue	  processing,	  
treatments	  and	  objective	  follow-‐up	  and	  assessments.	  	  

Allogenic	  and	  autologous	  stem	  cell-based	  therapies?
Dr.	  Madhu	  Dhar
Associate	  Professor,	  Department	  of	  Large	  Animal	  Clinical	  Sciences,
College	  of	  Veterinary	  Medicine,	  University	  of	  Tennessee,
Knoxville,	  TN37996
mdhar@utk.edu

Stem	  cell	  research	  has	  the	  potential	  to	  substantially	  improve	  equine	  medical	  care.	  	  The	  prospective	  
clinical	  use	  of	  bone	  marrow-‐derived	  adult	  mesenchymal	  stem	  cells	  holds	  enormous	  promise	  for	  
improved	  treatment	  of	  a	  large	  number	  of	  diseases	  in	  horses.1	  Although	  the	  use	  of	  bone-‐marrow-‐
derived	  mesenchymal	  stem	  cells	  appears	  to	  be	  a	  popular	  therapy	  in	  human	  and	  equine	  medicine;	  the	  
therapy	  suffers	  from	  the	  donor-‐to-‐donor	  variation	  in	  the	  quality	  and	  quantity	  of	  harvested	  cells.	  	  This	  
observation	  holds	  true	  across	  species,	  and	  has	  been	  reported	  in	  humans,	  in	  mice,	  and	  recently	  in	  dogs.
2-‐5	  	  A	  critical	  biological	  factor	  that	  researchers	  and	  clinicians	  must	  take	  into	  account	  is	  this	  variability	  
and	  how	  it	  may	  affect	  the	  clinical	  outcome	  when	  using	  regenerative	  therapy.	  	  The	  importance	  of	  this	  
variation	  both	  in	  vitro	  and	  in	  vivo	  is	  a	  major	  focus	  of	  our	  current	  research.	  	  Allogenic	  (artificially	  
synthesized	  polymers)	  and	  autologous	  (platelet-‐rich	  plasma,	  extracellular	  matrix)	  scaffolds	  are	  being	  
designed	  and	  tested	  to	  overcome	  some	  of	  the	  challenges	  described	  above.	  	  We	  will	  present	  data	  to	  
demonstrate	  that	  a	  native	  and	  surface	  modified	  bacterial	  cellulose	  hydrogel	  supports	  the	  proliferation,	  
viability,	  osteogenic	  and	  chondrogenic	  potentials	  of	  equine	  bone	  marrow-‐derived	  stem	  cells.	  	  
Alternatively,	  for	  autologous	  therapy,	  results	  to	  demonstrate	  a	  positive	  effect	  of	  platelet	  rich-‐plasma	  on	  
growth	  and	  proliferation	  will	  be	  presented.
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Bone	  marrow	  derived	  mesenchymal	  stem	  cells:	  where	  to	  get	  and	  how	  to	  inject.
Laurie	  Goodrich,	  DVM,	  PhD,	  Diplomate	  ACVS
	  Associate	  Professor	  in	  Equine	  Surgery	  and	  Lameness	  
College	  of	  Veterinary	  Medicine	  Colorado	  State	  University	  Fort	  Collins	  CO.

Currently,	  harvest	  location	  is	  completely	  dependent	  on	  clinician	  preference,	  as	  there	  is	  minimal	  
research	  comparing	  the	  cell	  quality	  of	  MSCs	  derived	  from	  each	  site.	  The	  objective	  of	  this	  study	  was	  to	  
determine	  if	  cells	  from	  equine	  sternum	  or	  ilium	  have	  differences	  in	  trilineage	  potential	  or	  cell	  surface	  
markers.	  	  We	  hypothesized	  there	  would	  be	  no	  differences	  between	  stem	  cell	  populations	  derived	  from	  
5	  mls	  of	  marrow	  drawn	  from	  the	  sternum	  or	  the	  ilium.	  	  Bone	  marrow	  aspirates	  from	  sternum	  and	  
ilium	  were	  acquired	  from	  5	  horses.	  Cells	  were	  centrifuged	  and	  cultured	  expanded	  and	  passaged	  three	  
times	  in	  monolayer	  before	  being	  cryogenically	  preserved	  for	  differentiation	  assays.	  Differentiation	  
assays	  (adipogenic,	  osteogenic	  and	  chondrogenic)	  and	  cell	  surface	  markers	  were	  performed.
No	  significant	  differences	  were	  noted	  in	  adipogenesis,	  osteogenesis,	  chondrogenesis	  or	  tenogenesis	  in	  
stem	  cell	  populations	  derived	  from	  the	  sternum	  or	  the	  illium.	  	  	  Third	  passage	  MSCs	  were	  positive	  for	  
CD	  90	  and	  CD	  44	  and	  negative	  for	  CD	  34	  and	  CD11/18a.	  	  No	  differences	  were	  observed	  between	  MSCs	  
derived	  from	  sternum	  or	  ilium.	  	  Our	  data	  confirm	  that	  either	  location	  for	  bone	  marrow	  aspiration	  
produces	  high	  quality	  MSCs.	  	  This	  is	  consistent	  with	  other	  studies	  examining	  equine	  bone	  marrow	  
drawn	  from	  either	  or	  both	  aspiration	  locations.	  Practitioners	  can	  feel	  confident	  the	  first	  5	  mls	  from	  
either	  sternum	  or	  ilium	  will	  most	  likely	  not	  be	  different	  in	  ability	  to	  heal	  the	  majority	  of	  
musculoskeletal	  tissues	  currently	  treated	  with	  MSC	  therapy.	  	  	  
Technique	  of	  BMDMSC	  injection:
Prior	  to	  aseptic	  preparation,	  the	  ultrasound	  machine	  setting	  should	  be	  adjusted	  to	  maximize	  
visualization	  of	  the	  area	  and	  specifically	  the	  lesion.	  
The	  clinician	  should	  have	  one	  hand	  holding	  the	  probe	  while	  the	  other	  is	  positioning	  the	  needle.	  	  It	  is	  
important	  to	  direct	  the	  needle	  with	  the	  opposite	  hand	  and	  insert	  the	  needle	  in	  the	  plane	  parallel	  with	  
the	  longitudinal	  axis	  of	  the	  probe	  and	  the	  ultrasound	  beam.	  The	  needle	  should	  be	  identified	  as	  it	  is	  
advanced	  into	  the	  lesion	  and	  the	  stem	  cell	  solution	  can	  be	  injected	  either	  by	  the	  ultrasonographer	  or	  
another	  individual.	  	  
The	  most	  important	  aspect	  of	  the	  technique	  is	  to	  visualize	  the	  needle	  using	  the	  ultrasound	  probe	  and	  
adjust	  the	  direction	  of	  the	  needle	  to	  insert	  the	  end	  of	  the	  needle	  into	  the	  area	  of	  lesion.	  	  The	  volume	  of	  
cell	  solution	  utilized	  should	  not	  exceed	  the	  volume	  of	  the	  lesion	  as	  this	  may	  result	  in	  damage	  of	  the	  
surrounding	  tissues.	  	  
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Presently,	  there	  exists	  very	  little	  information	  as	  to	  ideal	  numbers	  of	  cells	  or	  whether	  multiple	  
injections	  into	  lesions	  improves	  healing	  and	  prognosis.	  	  When	  cells	  are	  expanded,	  typical	  numbers	  are	  
10	  million	  to	  30	  million	  cells	  resulting	  from	  expansion.	  	  For	  a	  lesion	  in	  a	  DDF,	  SDF	  or	  suspensory	  
ligament	  that	  is	  1	  cm	  in	  diameter	  1	  million	  to	  3	  million	  cells	  might	  be	  injected	  (1-‐3	  million	  cells/cm).	  	  
Future	  research	  will	  guide	  clinicians	  in	  determining	  ideal	  cell	  numbers	  and	  appropriate	  numbers	  of	  
injections	  over	  time.	  	  	  
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Intra-Articular Effects of Platelet-Rich Plasma in Horses 
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Abstract 
Introduction, Objectives and Hypothesis: Platelet-rich plasma (PRP) is an autologous biological 
product used for treatment of various musculoskeletal lesions in horses, dogs, and people. PRP is now 
commonly used to treat equine joint pathologies ranging from synovitis to osteoarthritis, despite the lack 
of any published data on intra-articular PRP use in horses. There are several different methods for PRP 
preparation and usage, and different clinical outcomes could therefore result from inconsistent clinical 
practices. The objective of this study was to evaluate clinical and synovial effects of platelet-rich products 
administered into normal equine joints. We hypothesized that intra-articular injection of PRP would alter 
the synovial fluid cytology, cytokine and growth factor concentrations when compared to pre-injection 
values. Our secondary hypothesis was that these responses would also differ between different PRP 
products.  
Methods: A platelet-rich saline product (PRPr) was prepared from 7 normal horses using a gravity 
filtration system. The product was divided into 3 treatments: a resting, a CaCl2-activated (23mM), and a 
bovine thrombin-activated (10 U/mL) treatment.  Each horse underwent 3 concurrent randomly assigned 
intra-articular PRPr treatments in their metacarpophalangeal/metatarsophalangeal joints. The fourth limb 
was injected with saline as a control. Blinded clinical assessments, cytologic analysis of synovial fluid 
and hemograms were performed at 6, 24, 48, and 96 hours after injection. Cellular composition of the 
PRPr was determined by an automated hematology analyzer. Growth factor (PDGF-BB, TGFβ1) and 
cytokine (IL-6, TNFα) concentrations in both PRPr and synovial fluid were determined by ELISAs. 
Statistical analysis was performed using ANOVA or by non-parametric (Kruskal-Wallis) tests when 
necessary. 
Results: The gravity filtration system produced a moderately concentrated platelet-rich product. At 6 and 
24 hours, all PRPr treatments caused a significant increase in synovial WBC concentration (P<.0059) and 
neutrophil percentage (P<.0005) when compared to control values. Bovine thrombin-activated PRPr 
injection consistently caused a clinically significant flare reaction. At all timepoints, the synovial WBC 
concentration after thrombin-activated PRPr was significantly greater(P<.001) than control, CaCl2-
activated or resting PRPr, and was attended by severe effusion and periarticular swelling. Cytokine 
concentrations in synovial fluid were also significantly elevated (P<.01) after thrombin-activated PRPr 
injection only. IL-6 concentrations in the PRPr itself were barely detectable. TNFα concentrations in the 
PRPr were undetectable in the majority of samples, but were significantly higher (P<.05) in CaCl2-
activated PRPr than in resting or thrombin-activated PRPr. PDGF in synovial fluid was significantly 
increased at 6 hours only, in joints treated with resting PRPr only. TGFβ1 was also significantly increased 
(P<.05) at 6 hours only, for both resting and thrombin-activated PRPr groups.  
Conclusions: Resting and CaCl2-activated PRPr are safe for intra-articular use in horses, but bovine 
thrombin activation is not recommended for PRPr use in joints. Cytokine concentrations in synovial fluid 
after PRPr injection were believed to derive from the influx of leukocytes, since these values paralleled 
the synovial WBC concentration and were relatively low in the PRPr itself. Growth factor concentrations 
in synovial fluid were lower than expected but still suggested spontaneous activation of resting platelets 
upon exposure to synovial fluid, indicating that exogenous activation may not be necessary for PRP 
treatment of joints. 
This project was funded by the UC Davis Center for Equine Health, with support from the Oak Tree 
Racing Foundation.     
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The Effect of PRP on Endometrial Proinflammatory Cytokines in PMIE Mares following 
Insemination 

Elizabeth S. Metcalf, MS, DVM, Diplomate ACT1.Kirsten Scoggin2, MS, PhD, and Mats H.T. Troedsson, 
DVM, PhD, DACT, DECAR2 
1. Presenting author: Honahlee PC 14005 SW Tooze Rd Sherwood OR 97140 voice 503-682-3898, fax 
503-685-9501, honahlee@imagina.com 2. University of Kentucky Lexington, KY 40546-0099 
 
Introduction. Mares that are susceptible to persistent mating-induced endometritis (PMIE) following 
semen deposition are a source of substantial economic inefficiency.  Many susceptible mares fail to 
respond to conventional therapies that include uterine irrigation and ecbolic agents, thus leading 
researchers to target specific biomarkers of inflammation for treatment and prevention of PMIE.  Recent 
studies report that although endometrial samples from normal mares show no change in expression of 
pro-inflammatory cytokine IL-8 obtained pre- vs. post- insemination (Nash et al, 2010), there is a 
significant up-regulation of the anti-inflammatory cytokines IL-10 and IL-Ra compared to susceptible 
mares (Woodward et al, 2011). As well, significantly increased and prolonged expression of the cytokines 
IL-1b, IL-6, IL-8, and IL1Ra has been found in the endometrium of susceptible mares following 
intrauterine inoculation with E.coli (Christoffersen et al, 2012). Nitric oxide (NO) too is suspected to play 
a significant role in uterine clearance, not only because of its regulatory effects on smooth muscle 
contraction and uterine vascular perfusion (Honnes et al, 2011), but because increased endometrial 
expression of inducible nitric oxide synthetase (iNOS) has been reported in susceptible mares following 
insemination (Alghamdi et al, 2005). Because platelets contain alpha-granules that, upon activation, 
secrete bioactive molecules with regenerative capacity in the form of growth factors, cytokines, and 
chemokines, this study was designed to determine the effect of PRP on the expression of inflammatory 
biomarkers of uterine biopsies obtained from susceptible mares following insemination. 
 
Materials and Methods: Barren mares with a history of PMIE (n=9) underwent daily ultrasonographic 
examination of the reproductive tract per rectum while in estrus. All mares underwent an untreated (no 
PRP) cycle followed by a treated (PRP) cycle. When a dominant follicle >35 mm in diameter and 
evidence of endometrial edema were detected, an injection of deslorelin acetate (1.0 mg IM SucromateR 
Bioniche Animal Health Pullman, WA) was administered. On the treatment cycle, 180 ml of citrated 
whole blood was obtained for PRP processing in a specialized blood fraction separating centrifuge system 
(AngelTM Cytomedix, Inc. Gaithersburg, MD).  Cellularity was set at 7% HCT, thereby eliminating >80% 
leukocyte content in the product. The resultant PRP (2-3 ml) was brought to a final volume of 10 ml with 
platelet poor plasma and infused into the uterus.  All mares were inseminated with >200 million motile 
sperm 24-36 hours following deslorelin administration. An endometrial biopsy obtained the following day 
was preserved in RNAlater (Sigma Inc., St Louis, MO) for reverse transcription polymerase chain 
reaction (RT–PCR) analysis as previously described  (Alghamdi et al, 2005) for mRNA expression of 
inflammatory biomarkers IL-1b, IL1-Ra, TNFa, IL-6, IL-8, IL-10, and iNOS. Results are expressed as 
mean relative quantification values, which were calculated using the 2-ΔΔCT method (Livak and 
Schmittgen, 2001). Data were analyzed using SAS (SAS Institute, Cory NC) with Wilcoxon signed-rank 
test (non-parametric). Comparisons were made between pre-treatment and post-treatment groups. 
Significance was set to p < 0.05. 
 
Results: In susceptible mares treated with an intrauterine infusion of PRP, the mRNA expression of, IL-
1b, IL-6, IL-8 and iNOS was significantly down-regulated (p < 0.05) when compared with untreated 
mares. All other cytokines were similar in treated and untreated mares.  
 
Conclusion: Following semen deposition, PRP influences the mRNA expression of endometrial pro-
inflammatory cytokines and iNOS in mares susceptible to PMIE. 
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“EXPERIMENTAL REPAIR OF TENDONS WITH MESENCHYMAL STEM CELLS WITH 
OR WITHOUT PLATELET RICH PLASMA IN HORSES” 

aDe la Rosa Ruiz P, aMasri Daba M, bMadrigal Fernández A, cDíaz Martínez E, dIbarra Ponce de León 
C, eBruno I. bGómez. 

School of Veterinary MedicineS, Universidad. Nacional Autonoma de México. bInstituto Nacional de 
Rehabilitación, cInstituto de Fisiología Celular, U.N.A.M. dInstituto Anthony Nolan de London,  

eInGeneron Inc. 

INTRODUCTION 
Tendons connect muscle to bone and serve as force transmitters that allow every movement of the 
body. The basic cell unit is the tenocyte that produces a hierarchical system of tendon fibers. Tendon 
injuries repair slowly and repaired tendons are inferior to original tendon tissue, which often leads to 
re-injury. Poor vascularization limits the healing potential. Current therapies use autologous products 
such as platelet rich plasma (PRP) and mesenchymal stem cells (MSC). Many genes are involved in 
the formation of tendon including Decorin (DCN), tenosin (TNC), Sox-9, Scleraxis (SCX), COMP, 
Col I, II and III. This study aims to quantify gene expression markers in the healing process of an 
experimental surgically induced lesion in the lateral digital extensor tendon of horses.  
MATERIAL AND METHODS 
Peripheral blood was obtained and platelet rich plasma (PRP) was prepared by double centrifugation. 
Mesenchymal stem cells (MSC) from bone marrow were cultured and expanded from 4 horses. 
Lesions were surgically induced in both lateral digital extensor tendons by excising a core using a 4 
mm biopsy punch. One week later, the left hind lesion was treated by 1 ml injection with PRP alone 
on two horses and 1ml of PRP and cultured MSC (5 x 106 cells) in another two. The right hind lesion 
was treated with saline in all 4 horses as a control. 
Lameness was evaluated according to the grading system of the American Association of Equine 
Practitioners (AAEP). Ultrasonographic assessments were performed weekly. At 8 weeks the tendon 
was removed and examined histologically by polarized light. Gene expression was measured for the 
following markers: DCN, TNC, Sox-9, SCX, COMP, Col I, II and III using quantitative (qPCR). We 
compared the gene expression in treated vs. saline control tendons.  
 

RESULTS 
The horses were lame grade 1 or 2/5 for up to 3 days after creation of the lesion.  Sonographically, 
lesions decreased in size during the 8-week observation period in all cases. Histologically fibers were 
better aligned in horses treated with PRP and MSC, compared to PRP alone or saline controls. 
Expression of genetic marker COL1A2 (P = 0.002) was greater and expression of TNC-C was lower 
which is representative of tendon cell phenotype (P = 0.001). The relative expression of SCX did not 
differ between treated groups and control (P = 0.001). 

 

DISCUSSION 
The use of PRP and MSC expressed higher levels of genes representing tenogenesis compared the use 
of PRP alone. Our results indicate that the combined use of PRP and SC may results in an additive or 
synergistic response in the healing, regeneration and remodeling of horse tendons. Findings in this 
pilot study warrant further investigations.  

 



Effect of autologous and allogenic platelet-rich plasma on viability, proliferation, and 
chondrogenesis of equine bone marrow derived mesenchymal stem cells in vitro 
Lindsey H. Boone, DVM; Jennifer L. Mumaw, PhD; John F. Peroni, DVM, MS, DACVS 
Department of Large Animal Medicine College of Veterinary Medicine University of Georgia, 
Athens Georgia. 
 
Objective: Platelet rich plasma (PRP) provides a provisional biological scaffold and growth factor 
enhancement to the site of tissue injury. PRP is used in combination with mesenchymal stem cells 
(MSCs) to enhance the biological repair at the site of injury. The aim of this study was to evaluate 
the effect of autologous and allogenic PRP on viability, proliferation, and chondrogenesis of 
equine bone marrow derived mesenchymal stem cells (BMSCs).  
 
Animals: Six healthy horses aged 8 - 14years old from the University of Georgia research heard 
were used to complete the study. 
 
Procedures: BMSCs were obtained, culture expanded, and characterized through trilineage 
differentiation. BMSCs were cultured for 48-72 hours in Dulbecco’s modified eagle’s media 
(DMEM) supplemented with either 25% or 50% autologous or allogenic PRP. Cellular viability 
was measured at 48 and 72 hours using the LIVE/DEAD® cell viability assay. Cellular 
proliferation was measured at 48 hours using the clik-iT® Edu cell proliferation assay and DNA 
quantification with the Hoescht 33258 cellular staining. Chondrogenesis was quantified after 28 
days in culture using Alcian Blue staining for polysulfated glycosaminoglycan production.  
 
Results: The average platelet concentration after plasma processing was 2.67 x106 platelets/µl. No 
statistically significant difference in viability was seen between groups (media, 25% autologous 
PRP, 50% autologous PRP, 25% allogenic PRP, 50% allogenic PRP) after 48 and 72 hours of 
culture. No statistically significant difference in proliferation was seen between groups at 48 
hours measured by the clik-iT® Edu cell proliferation assay. No statistically significant 
difference in chondrogenesis was seen between groups after 28 days of chondrogenic culture.  
 
Conclusions and Clinical Relevance: BMSCs cultured in 25% and 50% autologous or allogenic 
PRP showed similar responses in cellular viability, proliferation, and chondrogenesis. BMSCs 
can be suspended in either autologous or allogenic PRP for regenerative therapies without 
altering BMSC viability, proliferation, and capacity for chondrogenic differentiation.  
 



INFLUENCE OF CULTURE CONDITIONS ON PHENOTYPE OF CANINE BONE
MARROW AND ADIPOSE DERIVED STEM CELLS

Kristina Kiefer, G. Elizabeth Pluhar, Michael Conzemius

Introduction: Currently stem cell therapy is offered as an autologous preparation of harvested fat,
referred to as the stromal vascular fraction (SVF), which contains adipose-derived mesenchymal stem
cells (ADSC), among many other nucleated cells.  Studies assessing the outcome of ADSC therapy of
osteoarthritis in canines demonstrate improved clinical symptoms of the disease, providing an innovative
option for therapy. Bone marrow derived stem cells (BMSC) provide an alternative source. Stem cells are
suspected primarily to mediate outcome through paracrine effects, modulating the inflammatory
processes. The characterization, standardization and understanding of what the stem cell preparations
contain and how it provides effective outcomes is lacking. The product may be variable between patients,
providing unpredictable responses to therapy. Standardizing treatments and tailoring potential beneficial
paracrine effects would allow for a greater understanding of the mechanisms of this therapy and provide
optimal treatment of osteoarthritis with stem cells.  This would require expanding a population of stem
cells through cell culture and providing selection criteria that can be applied across cell lines. The use of
allogeneic stem cells as the primary means of therapy for osteoarthritis requires the selection of a culture
medium that provides consistent, desirable cellular products. We hypothesize that 1) a difference of
phenotype exists between initially harvested cells and cells in culture and 2) medium type will influence
the phenotype of cells, allowing selection of a specified cellular product for clinical applications.
Materials & Methods:  Fat and bone marrow samples were gathered from six healthy hound dogs and
processed to extract nucleated cells. Cells were exposed to the following medium conditions: basic
growth medium, keratinocyte n-acetylcysteine medium (KNAC), serum free medium (SFM), or
multipotent adult progenitor cell medium (MAPC). Cells were assessed before culture exposure, and
following several passages for proinflammatory (cyclooxygenase 2 (COX-2), interleukin 1 beta (IL-1B))
and anti-inflammatory (interleukin 1 receptor antagonist (IL-1ra), tissue inhibitor of metalloproteinase 2
(TIMP-2)) cytokine messenger RNA levels measured by quantitative real-time polymerase chain reaction.
Cell surface marker expression evaluating immunostimulatory potential (MHCI, MHCII), mesenchymal
stem cell markers (CD44 and CD90) and hematopoietic stem cell markers (CD34 and CD45) were
evaluated by flow cytometry. Cells were evaluated for multipotential differentiation into bone, adipose
tissue, and cartilage.
Results: All cell lines demonstrated a change in gene expression between initial harvested tissue and
passaged cells in all cytokine markers.  Similar trends in expression were noted between the markers IL-
1beta and IL-1ra, and markers COX-2 and TIMP2. IL-1beta and Il-1ra decreased expression levels with
culture, becoming minimal within the first passage. COX-2 and TIMP-2 profoundly decreased expression
with the first passage in all lines, having a moderate rise in ADSC lines and increasing to levels similar or
greater than initially harvested tissue in BMSC lines in subsequent passages. These differences were
statistically significant in BMSC expression of IL-1B, TIMP-2 and Il-1ra only. Cells cultured in SFM
medium conditions did not expand adequately to allow assessment. TIMP-2 expression was most
consistently higher in KNAC medium conditions.  All cells had a decrease in MHCII expression after cell
culture, while only basic growth media and KNAC maintained MHCI levels.  KNAC treated cells had the
greatest expression of CD44 and CD90, while culture in all conditions eliminated the presence of CD34
and CD45 in adipose derived stem cells. Cells grown in KNAC medium most consistently differentiated
into bone, fat and cartilage.
Discussion/Conclusion: We accept our hypotheses that culturing and medium type alters cellular
phenotype.  Our results indicate that culture of stem cells provides a more predictable, consistent product
when compared with unprocessed stem cells. This is likely in part due to a change in cell populations with
stem cells presumably becoming a more prominent component of cultured cells. Maintenance medium
condition also appears to influence the cell’s propensity for multipotency and immunogenic potential.
Therefore, we expect ideal medium condition should be selected based on the intended use of stem cell
therapy.



Defining Markers of “Stemness” in Canine Mesenchymal Stem Cells from Various Tissue Sources 
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Introduction and objectives: 
The International Society for Cellular Therapy (ISCT) defines human mesenchymal stem cells (MSCs) as 
cells exhibiting plastic adherence in culture, mesenchymal tri-lineage differentiation potential, and a 
consistent cell surface marker profile. While human MSCs are well-characterized, canine MSCs are less 
so, with no reliable MSC surface marker panel currently available.  This investigation seeks to identify 
potential cell surface markers of canine MSCs via the isolation and propagation of bone marrow- and 
adipose-derived canine cells containing putative MSCs. The ISCT human MSC guidelines were used as a 
basis for this canine MSC study. 
Materials and methods: 
Putative canine MSCs were derived from adipose and bone marrow tissues, with three independent cell 
lines per tissue type. The putative MSC populations were isolated and purified using standard MSC tissue 
culture methods. Putative canine MSC cell lines were purchased from Dr. Dori Borjesson (UC Davis) 
with varying donor age, sex, and breed.  Only early passage bone marrow- and adipose-derived canine 
cell lines (P2-5) were evaluated in this study. Canine peripheral blood mononuclear cells (PBMC) 
isolated from whole blood were used as a comparative cell type (purchased from Bioreclamation).  Ten 
putative canine MSC cell surface markers were selected based on current canine MSC literature and 
assayed by flow cytometry (FlowJo v7/9). 
Results: 
Three canine bone-marrow and three adipose-derived cell lines were established and confirmed to be 
plastic adherent.  Each cell line was shown to differentiate into adipocytes, chondrocytes, and osteoblasts 
(Dr. Borjesson).  Cell surface marker analysis was performed on both canine PBMCs and canine MSC 
cell lines.  The canine PBMCs expressed cell surface markers CD90, CD29, MHC I, and MHC II.  In 
comparison the canine adipose- and bone marrow-derived putative MSCs expressed cell surface markers 
CD90, CD29, MHC I, and CD44.  Uniquely, the putative canine MSCs exhibited negative MHC II 
expression and positive CD44 expression compared to the canine PBMCs.  Cell surface markers 
CD14/CD11b, CD34, CD105, and CD140a were undetectable in any of the cell populations examined.  
Discussion/conclusions: 
Using the ISCT criteria for human MSCs outlined above, our cultured canine bone-marrow and adipose-
derived cell lines exhibited plastic adherence and tri-lineage differentiation.  However, in the absence of a 
canine specific MSC cell surface marker profile, a preliminary investigation was conducted to better 
understand canine MSC cell surface marker expression.  Our results show that canine bone marrow- and 
adipose-derived cell lines contain a population that express cell surface markers CD90, CD29, MHC I, 
CD44, and lack MHC II expression independent of donor, age, sex, and breed. Together with the previous 
results, our findings suggest that the canine bone marrow and adipose-derived cell lines contain a 
population of MSC-like cells. These markers could potentially serve as candidates in determining a future 
canine MSC cell surface marker profile.  Our study indicates that canine PBMCs were not an ideal control 
cell type as we were unable to detect expression for certain cell surface markers.  These surface markers 
CD14/CD11b, CD34, CD105, and CD140a were undetectable by flow cytometry and could genuinely 
represent a lack of expression or potential weak binding affinity of the selected antibodies.  PBMCs were 
initially chosen for comparison because they are terminally differentiated and relatively inexpensive.  
Future studies will include positive and negative controls for each cell surface marker and mRNA 
expression analysis.   



Biodistribution of retrograde coronary sinus delivery of mesenchymal stem cells: a pilot study  
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Florida; Mincey B, BS, University of Florida; Shih A, DVM; DACVA; Conlon TJ, PhD 
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Introduction: Genetic modification of stem cells (SC) using viral vectors is a relatively new approach that 
represents an important advance in regenerative therapy as it has the potential to enhance the long-term 
function of delivered SC, while also providing gene replacement therapy. A critical issue to measure the 
success of this approach lies in the ability to monitor cells’ migration and homing following delivery and 
to assess engraftment efficiency and functional capability in vivo. To track the real-time changes of cell 
location, viability, and functional status, cell imaging techniques have been introduced. Iron derivatives 
are commonly used contrast agents due to the decrease in T2 signal intensity that occurs secondary to the 
magnetic susceptibility effect. The aim of this pilot study was to evaluate the bioavailabilty of adipose 
derived mesenchymal SCs (MSCs) delivered to the heart via retrograde coronary sinus delivery in the 
dog, using tyrosine-mutant adeno-associated virus (tmAAV2) -ferritin as our reporter gene.  Our 
hypothesis was that once the tmAAV2-ferritin has successfully infected cardiomyocytes, they will begin 
expressing the ferritin gene which will lead to increased iron sequestration in these cells. The gene 
reporter construct can thus be visualized via MRI and would allow us to differentiate successful gene 
expression within new cardiomyocytes versus uptake of tmAAV2  by macrophages.  
Materials and methods: Prior to coronary sinus injection, commercial canine MSCs (Science Cell) were 
incubated with tmAAV2 containing the ferritin gene driven by a ubiquitous promoter. Two purpose-bred 
beagle dogs were anesthetized and labeled cells were injected retrograde into the venous coronary sinus 
using a balloon-tipped end-hole catheter introduced through a jugular vein access site. Attempted 
selective left ventricular delivery of cells was performed based on retrograde venogram. The balloon 
catheter was inflated proximal to the delivery exit port and held inflated with pressure for 20 minutes post 
delivery to avoid wash out of cells. Dogs were imaged pre-injection, and at weekly intervals for 5 weeks 
post injection using a 1.5 T MRI unit. All images were acquired using cardiac gating and breath-hold 
techniques. For T2 calculations, a freehand ROI was drawn to include the left ventricular free wall. Dogs 
were then euthanized and samples of heart (left ventricle, interventricular septum, left atrium, coronary 
sinus, right atrium, and right ventricle), lungs, liver, and spleen were harvested in a manner to avoid 
cross- contamination, snap frozen in liquid nitrogen and stored at -80 °C. gDNA was extracted using a 
DNeasy blood and tissue kit and rAAV genome copies were quantified by quantitative-PCR with an ABI 
7900 HT sequence detection system. DNA samples were assayed in triplicate and results were analyzed 
using SDS 2.3 software.   
Results: T2 relaxation time decreased in both dogs. (dog 1: 84 ms preinjection, 41 ms 5 weeks post 
injection and dog 2: approximately 84 ms preinjection, 39 ms 4 weeks post injection). rAAV vector 
genomes were found in right atrium, right ventricle, liver and spleen in both dogs, and samples of left 
ventricle of only 1 dog.  
Conclusions: Decreases inT2 relaxation time indicate the presence and activity of ferritin locally, and is 
an indirect indicator of the presence of live cells within the heart in both dogs.  Viral DNA was also found 
in the heart of both dogs. Preliminary results show that retrograde coronary sinus delivery of cells/vector 
to the ventricular myocardium of dogs is possible, and subsequent gene transcription associated with local 
delivery of cells/vector can be demonstrated using MRI. 
 
 
 



Isolation and Characterization of Fresh and Revitalized Multipotent Cells from Excised 
Feline Tissue  
Nan Zhang, BS, nzhang7@lsu.edu and Mandi J. Lopez, DVM, MS, PhD, 
mlopez@vetmed.lsu.edu, Laboratory for Equine and Comparative Orthopedic Research, 
School of Veterinary Medicine, Louisiana State University,   
 
Introduction and hypothesis/objectives: Adult multipotent stromal cell (MSC) therapies are 
gaining popularity, but thorough characterization is necessary prior to clinical application. 
This study was designed to optimize feline adipose-derived MSC (ASC) isolation from 
tissues excised during routine castration. We hypothesized that 107~108 ASCs would be 
available within three cell passages to give a dose of 106~107 ASCs/kg from individual cat 
epididymal adipose.  
 
Materials and methods: Epididymal adipose from 15 male domestic short hair cats (1.0 ± 0.2 
years, 2.9 ± 0.3 kg, mean±SEM) was used in this study. Tissues were digested one of three 
ways: 1) 0.1% type I collagenase in DMEM (classic); 2) 0.3% type I collagenase in Kreb’s 
Ringer buffer with stirring (150 rpm) for 0.5 hr (new); 3) 1hr. Colonies/g tissue was 
determined for each method. Cells from the highest yield method were evaluated for surface 
marker expression, cell doublings (CD), doubling times (DT) and colony forming unit (CFU) 
frequencies for passages 0-5 with fresh and revitalized cells (P<0.05).  
 
Results: The new method had the highest ASC yield (71.1±21.2 colonies/g) which exhibited 
trilineage differentiation. The overall (P0-5) CD was 0.7 ± 0.1 CD/day. The CFU-fibroblastic, 
adipogenic, and osteogenic frequency percentages for P0 were 2.2±0.2%, 0.3±0.02%, and 
0.7±0.2%, respectively. The majority of P0, 1, and 3 cells (>80%) were positive for ASC 
markers CD9, CD29, CD44, CD90 and CD105.  
 
Discussion/conclusions: With the new method, sufficient ASCs were isolated for a dose of 
7x106 cells/kg within three cell passages for immediate application following 
cryopreservation.  
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Adult Multipotent Stromal Cells in Normal and Laminitic Equine Hooves 
Mandi J Lopez, DVM, MS, PhD; Dejiang Feng, PhD; Vanessa Pinto, MS; Jenna H Dessauer; Raeanna 
Simcoe 
Laboratory for Equine and Comparative Orthopedic Research, Veterinary Clinical Sciences, School of 
Veterinary Medicine, Louisiana State University, Baton Rouge, LA 70803  
 

Introduction and Hypothesis: Laminitis is a multifactorial disease making identification of specific causes 
and treatments difficult. The condition afflicts about 15% of horses in the United States each year, and 
75% of those affected lose their lives.  Studies have shown that regenerated tissues are not identical to the 
original structure. Progenitor cell alterations may occur in the laminae that contribute to lasting 
abnormalities. The hypothesis tested in this study was that equine adult laminar progenitor cells are 
irreversibly altered in laminitis.  

Materials and Methods: Progenitor cells from unaffected (UC) and laminitic (LC) hooves were evaluated 
with a novel in vitro model of equine lamina.  Cell doublings (CD) and doubling times (DT) were 
quantified for passage (P) 0-5 cells.  For P0, 2, and 5, fibroblastic colony forming units (CFU-F), 
progenitor (OCT4, SOX-2, CD29, CD44, and CD105) and keratin (K14, K15, and K19) target gene 
mRNA levels (qRT-PCR) and protein expression (flow cytometry) as well as multipotentiality were 
assessed.  Keratins were localized with immunohistochemistry.   

Results: Overall LC CD was significantly higher than UC.  Between groups, progenitor gene mRNA 
levels were significantly higher in P0 LC versus UC.  Within groups, P0 UC had significantly lower 
progenitor mRNA levels than P5.  Levels of K15 and K19 mRNA were significantly lower in P0 versus 
P5 in LC.  CD44 mRNA levels were significantly higher in P5 versus P0 in LC and UC.  Flow cytometry 
showed significantly higher percentages of CD105+ and CD44+ cells in P0 versus P5.  Keratins were 
localized to secondary epidermal lamina.  Osteogenic, adipogenic and chondrogenic differentiation was 
confirmed in both cell types.   

Discussion & Conclusions: Results suggest that progenitor cells in laminitic hooves are in a constant state 
of hyperproliferation without maturation.  These findings may provide a target for future treatment and 
prevention strategies. 
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In vitro analysis of mesenchymal stem cells exhibits differences in age and gender matched horses 
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From the Departments of Large Animal Clinical Sciences (Carter-Arnold, Amelse, and Dhar), and 
Biomedical and Diagnostic Sciences (Neilsen), College of Veterinary Medicine, University of Tennessee, 

Knoxville 37996. 

 

Introduction and hypothesis/objectives:  Stem cell research has the potential to significantly improve 
equine medical care. The prospective clinical use of bone marrow-derived mesenchymal stem cells holds 
enormous promise for the treatment of a large number of diseases. Although the use of bone marrow 
concentrates or culture expanded mesenchymal stem cells appears to be a popular therapy in human and 
equine medicine, their use suffers from the major challenge of donor-to-donor variation in the quality and 
quantity of harvested cells.  A critical biologic factor that researchers and clinicians must account for is 
this variability in mesenchymal stem cell populations among the patients or donors, and how it may affect 
the clinical outcome to regenerative therapy. The importance of this variation both in vitro and in vivo 
should be a major focus of current research.  In view of the published reports, our objectives were to 
describe the in vitro adherence, proliferation, and potential for differentiation of equine bone marrow 
derived mesenchymal stem cells from equine donors.  Using these results we will identify an optimal 
donor that produces bone marrow-derived mesenchymal stem cells with superior qualities. 

Materials and Methods:  Bone marrow-derived mesenchymal stem cells from six age and gender – 
matched horses were cultured in vitro and evaluated for viability, proliferation, osteogenesis, 
chondrogenesis, adipogenesis, and expression of mesenchymal stem cell markers.   

Results: In accordance to the three criteria required for mesenchymal stem cell classification all six 
donors demonstrated fibroblastic cellular morphology, adherence to plastic, and expression of cluster-of- 
differentiation markers.  They however varied in their rate of proliferation and tri-lineage differentiation.  
Only one of six donors was superior in all in vitro assays. 
 
Discussion and Conclusions: The results of this study confirm that equine bone marrow-derived 
mesenchymal stem cell cultures are composed of a heterogeneous mixture of cells with significant 
variations in their rates of proliferation and ability to differentiate into osteocytes and chondrocytes.  Our 
in vitro assays demonstrate that this variation maybe related to the proportion of osteocyte – and 
chondrocyte-specific progenitors.  Our data gives support to the use of allogenic bone marrow-derived 
mesenchymal stem cells in clinical applications.  Conversely, if autologous cells are required, they should 
be expanded in culture and characterized in vitro prior to use.  These analyses will strongly influence and 
aim towards improved clinical outcomes.  The results of this study support the donor variation previously 
reported in humans and strengthens the concept that autologous mesenchymal stem cells need to be 
characterized prior to implantation. 
�
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Point-of-Care Adipose Stem Cell Therapy for the Treatment of Meniscus Tears: A Case Study 
Dr. Kim Braeutigam, DVM; Dr. Brad Hill, DVM; and Dr. Austen Epp, DVM  
      
     Authors' address: Michigan Equine Surgical Associates, 8715 Townline 
     Rd., Bridgeport, MI 48722; email: info@fourwindsequine.com. 

Introduction 
The latest regenerative medicine equipment and stem cell kit technology1 now allows for millions of 
regenerative stem cells to be isolated from adipose tissue within two hours at the point-of-care (stall-side 
or in-clinic).  The portable equipment and kits allow for the production of a large number of highly viable 
(nearly 100%) regenerative stem cells that can be provided to patients in a same-day treatment. 
There is a need for improved treatment options for degenerative joint disease (DJD) as well as cartilage 
tears in equine patients due to the large number patients that suffer from these conditions and the poor 
prognosis of these patients.  The objective was to evaluate the effect of treating meniscus tears with 
adipose stem cell therapy produced at the point-of-care. 
Materials and Methods 
A 9yr. old QH gelding named Cody was admitted to Michigan Equine Surgical Associates (MESA) 
suffering from chronic right hind lameness.  A recent pasture injury had resulted in acute RH lameness 8 
weeks prior to exam that was not improving despite intra-articular injection of Vetalog/Hyaluronic acid, 
Bute, and stall rest.  On physical exam Cody was grade 4/5 lame (toe-touching only) on his RH.  There 
was moderate effusion of his right MFT joint and he was very uncomfortable with attempts to flex the 
leg.  Radiographs revealed chronic DJD of both stifles.  Ultrasound exam revealed significant effusion of 
his right MFT joint along with a torn medial meniscus and collateral ligament damage.   
Adipose tissue was harvested lateral to the tail-head using a minimally invasive lipoaspirate procedure.  
The tissue was processed on site to isolate stem cells within 2 hours of harvesting the fat sample.  Blood 
was obtained and processed to concentrate platelets and  remove white blood cells.  Stem cells were 
diluted using 6ml of prepared PRP and administered via ultrasound guided direct injection into the right 
medial meniscus and MFT joint. 
Results 
Following stem cell/PRP treatment, Cody demonstrated steady improvement with a substantial reduction 
in lameness to a grade 1/5 allowing pleasure riding 3-4 days per week 6 months post-treatment with 
continued use at 14 months post-treatment.  No other medications or intra-articular injections have been 
given.  Ultrasound examinations show reduction of right MFT joint effusion and repair of the medial 
meniscus tear.  Pre-treatment image on left (June 2011) and post-treatment image on right (March 2012). 
 

              
Discussion 
This case provides an example of the regenerative and healing capabilities of adipose stem cell therapy 
produced at the point-of-care in treating meniscal tears.  Stem cell therapy improved the quality of life in 
this horse when there was no response to traditional treatments. 
1 Stemlogix LLC/Stemlogix RegenMed SystemTM, Adipose Tissue-Derived Stem Cell Kits, Stemlogix, LLC, 1640 
Sweetgum Terrace, Weston, FL 33327. 



Point-of-Care Adipose Derived Stem Cell Therapy in Treating Chronic Laminitis    
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Introduction          
The latest regenerative medicine equipment and stem cell kit technology1 now allows for millions of 
regenerative stem cells to be isolated from adipose tissue within two hours at the point-of-care (stall-side 
or in-clinic).  The portable equipment allows for the production of a large number of highly viable (nearly 
100%) and potent regenerative stem cells that can be provided to patients in a same-day treatment.1  There 
is a need for improved treatment options for laminitis in equine patients due to the large number of 
patients that suffer from this condition and the poor prognosis of these patients.  Emerging scientific and 
anecdotal evidence is supporting the use of adipose tissue derived stem cell therapy to treat a number of 
conditions in horses.  The objective was to evaluate the effects of treating chronic laminitis with adipose 
stem cell therapy produced at the point-of-care. 
 
Materials and Methods 
Seven horses with severe chronic laminitis that presented with grade 4/5 lameness, coffin bone rotation, 
and were unresponsive to a variety of previous treatments (e.g., ice, foot casts, corrective shoeing, DDF 
tenotomy, hoof wall resection, anti-inflammatory therapy, stall rest etc.) were selected to receive point-of-
care adipose stem cell therapy  in combination with platelet rich plasma (PRP). 
Adipose tissue was harvested lateral to the tail head using a minimally invasive lipoaspirate procedure.  
The tissue was processed on-site to isolate stem cells within 2 hours of harvesting the fat sample.  Blood 
was obtained and processed to concentrate platelets and remove white blood cells.  Concentrated stem 
cells mixed with 6ml of PRP were administered via regional limb perfusion. 
The effects of the stem cell therapy were assessed using radiographs taken pre- and post-treatment along 
with lameness evaluations. 
 
Results 
Following one stem cell and PRP treatment all seven horses showed substantial reduction in lameness 
within 3 to 14 days.  Rapid hoof growth with increased depth of sole and progressive correction of coffin 
bone rotation occurred up to 6 months.  Within 3 to 6 months of treatment, 3 of 7 horses (43%)  were able 
to return to full work and 4 of 7 (57%) relapsed and were euthanized due to old age and/or complications 
related to Cushing's Disease and other factors. 
 
Discussion 
These cases provide examples of the regenerative and healing capabilities of adipose stem cell therapy 
produced at the point-of-care for treating severe laminitis in horses.  Stem cell therapy improved the 
quality of life in these horses when they were not responding to traditional treatments.  Our findings 
support the use of autologous adipose tissue-derived stem cell therapy for the treatment of chronic 
laminitis. 
 
 
 
 
 
 

 
1 Stemlogix LLC/Stemlogix RegenMed SystemTM, Adipose Tissue-Derived Stem Cell Kits, Stemlogix, 
LLC, 1640 Sweetgum Terrace, Weston, FL 33327.                        
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Introduction and hypothesis/objectives: Some degenerative pathologies in orthopedics, neurology, 
dermatology and ophthalmology  are disabling and treatment refractory. The inability of the organism to 
regenerate certain tissues guides the  treatment with  drugs towards the inhibition or increase of the 
organism’s  compensation  mechanisms  without  being  able    to  determine  lesion    regression  and  restoration  of  
the  function.  Recent studies have shown that  Blood Derived Stem Cells (BDSCs), under specific 
conditions, differentiate into cells with different tissue specificity and have the prospect of versatile cells for 
tissue regeneration. In this research we have experimented the use of BDSCs injected intravenously and 
locally into patients affected with degenerative orthopedical, neurological, dermatological and ophthalmic 
pathologies. Our protocol  with autologous and allogenic BDSCs  has 5 aspects that make it highly 
innovative:                                                                                                                                                           
1-Direct action on tissue regeneration  with the possibility of acting on restorative function.                              
2- Easy and noninvasive withdrawal, 5 ml of blood.   
3- Short preparation time, 72 hours.  
4- Easy  therapy  administration ( locally, local perfusion and slow intravenous injection)                                  
5- the lack of major histocompatibility complex I and II  has allowed us to make allogenic injections without 
side effects.  
Materials and methods:The experiments have been conducted with this method:                                                                                           
1-Selection of patients affected by orthopedical, neurological, dermatological and ophthalmic degenerative 
pathologies refractory  to  traditional treatments.     
2- Clinical and U.S., X Ray , photos and films  evaluation  in stages  of the existing pathology.                             
3- BDSCs preparation and administration.     
 4- Short term clinical and image progress evaluation after administration of the stem cell therapy.                                                                                                                                                                       
5- Long-term monitoring.    
We selected 2 orthopedic  horse cases with SDFT lesions, 1- sclerotic, proximal that caused lameness for 
over a year in a 15 year old horse, 2- catastrophic in an 18 year old. Two cases with chronic navicular 
syndrome.      In neurology a case of  Cervical vertebral stenotic myelopathy present for 9 years in a 10 year 
old horse.         2 cases of headshaking, one seasonal, one not. In dermatology a serious case of burns 
refractory to treatment and one“non  - neoplastic exuberant  granulation”  that  had    re-formed  after previous 
surgery.  In  ophthalmology  one  case  of    “Indolent-like  corneal  ulcers”  in  a  20  year  old  horse,  one  immune- 
mediated keratitis present for 15 months, one corneal abscess in a 25 year  old pony, one serious corneal 
ulcer caused by a hornet sting, one Equine Recurrent Uveitis that in 2 years provoked  a panophtalmitis. 
Every pathology   had already been treated with a traditional therapeutic protocol. Staging of pathologies was 
carried out following these criteria: -Preparation & administration of the stem cell therapy. In this paper, we 
use autologous and allogenic stem cells directly obtained from mammal  peripheral blood cells (Patent n°:07 
820 134.0-1222.). Stem cells (hematopoietic stem cell population,   ‘mesenchymal   stem   cells’   and  
‘pluripotent-like   stem   cells’)   were   sorted   with   phenotypic   analyzes   by   FACSAriaII.   Administration   was  
made, locally ,local perfusion and slowly intravenously. -Clinical and tissues improvement through imaging, 
monitoring  the   pathologies’   progress   and   their      re- evalutation was performed for up to 2 years.                                                                               
Results: All patients showed  substantial improvement and this study demonstrates that BDSCs technology 
offers new tools for tissue repair in many incurable diseases.                                                    
Discussion/conclusions: the BDSCs are adult, haemoderivated ,quantified and qualified by the presence of 
only stem cell receptors, therefore they have the necessary characteristics to allow the  legal application of 
this technology in human medicine . 

                                                 

 

 



Use of Mesenchymal Stem Cells for Clinical Tendinitis 

Therapy in Equine. 
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Introduction and hypothesis/objectives: 

Tendinitis remains a catastrophic injury among race horses. Mesenchymal stem cells (MSCs) have 
recently been investigated for use in the treatment of tendinitis. This study examines the effects of 
autologous transplantation of MSCs derived from bone marrow taken from the tuber coxae. 
Materials and methods: 

Case history: The day after the competition (17th October 2011) were found swelling, pain and 
temperature on the front left limb. We used NSAID for 6 days from 20th October (2 days i.v., 4 days 
p.o.) 
Diagnosis: Tendinitis (inflammation) of superficial digital flexor tendon (SDFT) was diagnosed by 
ultrasound investigation on 6th Novemberber 2011. Size of tendon lesion was 75% tissues. 
Therapy: Collection of bone marrow was carried out with anesthetics. 20ml of bone marrow was taken 
by aspiration biopsy with the help of a 14G needle (syringe with heparine). 
The mononuclear stem cells were separated from the bone marrow immediatelly after the collection 
with help of Histopag. Afterwards the stem cells were cultured in A-MEM 89%, FBS 10%, PenStrep 
1% (37°C, 5% CO2 ). Number, viability, and CD markers (CD44, CD90, CD105) were determined 
using Bürker´s chamber and flow cytometry. After the tenth day we performed trypsinisation (0,05-
0,25% trypsin) and then we split the sample into more bottles. 
1st Aplication: 18th day after collection of bone marrow (37th day after the injury) 
Preparation of cells: Trypsinization , PBS (5ml) was added after deadheration of cells, 3x washed in 
F1/1. Then the pellet was resuspended to 2ml. We took 1ml of resuspended cells into two screw-in 
2ml syringes (each containing 5 mil. cells). Cells were identified as CD44+, CD90+, CD105+. 
Preparation of the spot for puncture: The spot was shaved. We prepared a tendon area (3x betadine 
washing, 3x desinfection). The first puncture was aplicated palmarodorzalis and second one was done 
lateromedialis. The limb was covered by a three layer Robert-Johnson bandage. 
2nd Aplication: 23rd day after 1st aplication (60th day after the injury). The 2nd aplication was the same 
as the 1st aplication. 
Results (Ultrasonographic inspection): 

In two weeks after the injury, the tendon was made of 25% healthy tissues only. In five weeks after the 
injury, the healthy tissue of the injured tendon was about 30%. In eight weeks after the injury, the 
tendon constsisted of 40% healthy tissue.  
In eighteen weeks after the injury, the healthy tissue of the injured tendon was 100%. 
Discussion/conclusions: 

The patient resumed a complete training process from March 2012. He started at an international 
competition in eventing in Strzegom (POL) in May and June 2012 and he is without any health 
problems. It seems that  treatment of MSCs was succesful, but we treated only one patient with this 
type of injury. Certainly it will be appropriate to treat group of more horses. 
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Introduction and Objective 
Equine osteoarthritis (OA) is a highly prevalent joint disease primarily characterized by the progressive 
degradation of articular cartilage. Although the pathogenesis underlying this disease is unclear, 
inflammatory cytokines IL-1β and TNFα are believed to be critical mediators of OA pathophysiology.   
Serum amyloid A (SAA) is an acute phase protein that may also play a role in OA.  Small non-coding 
RNA species known as microRNAs have recently emerged as important regulators of cartilage 
development and homeostasis.  The objective of this study was to investigate the expression of select 
microRNAs associated with OA in other species, in response to inflammatory stimuli in equine 
chondrocyte cultures. 

Materials and Methods 
Articular cartilage was harvested from the distal aspect of MCIII of 5 horses, aged 2-11 years, which had 
no clinical signs of joint or systemic disease and were euthanized for reasons unrelated to the study. 
Chondrocytes were released from the cartilage by pronase and collagenase digestion and plated at 
2x105cells/cm2.  The cells were maintained in chondrocyte culture media for 2 days before treating them 
with equine rIL-1β, equine rTNFα or human rSAA for 24 and 48 hours.  Total RNA, including small 
RNAs, was isolated using TRI Reagent and cDNA was prepared for mRNAs and microRNAs.  
Quantitative real-time PCR was used to determine the expression of select microRNAs, miR-146a, -140, -
9 and -155, cartilage genes and inflammatory markers. 

Results 
Of the selected miRNAs, only miR-146a was significantly upregulated in response to the inflammatory 
stimuli, IL-1β and SAA, compared to untreated controls.  This upregulation coincided with decreased 
expression of ECM components collagen type II and aggrecan, and increased expression of matrix 
metalloproteinases -1, -3 and -13. 

Discussion 
These results suggest that miR-146a may be involved in inflammatory pathways in equine OA. They also 
support a role for SAA in OA pathogenesis. Currently, the only identified miR-146a target in cartilage is 
Smad4, an important downstream mediator of TGFβ signaling.  Investigating Smad4 and novel targets of 
miR-146a in chondrocytes may lead to a better understanding of the role of this microRNA in OA 
pathogenesis and consequently improve the diagnostic and or therapeutic options for the treatment of OA. 
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Introduction: Volume reduction and red blood cell (RBC) depletion of equine bone marrow 
(BM) is a necessary processing step that permits immediate therapeutic use of BM in regenerative 
medicine applications or that promotes mesenchymal stem cell (MSC) expansion via cell culture. 
The purpose of this study was to evaluate the ability of the PrepaCyte-CB Processing System to 
reduce volume, deplete RBCs and recover mononuclear cells (MNC) from equine BM.  
 
Methods: 120 mLs of heparinized BM was obtained from 90 horses for processing via the 
PrepaCyte-CB system.  A CBC was performed on the BM pre- and post-PrepaCyte-CB 
processing. Volume, RBC reduction and total nucleated cell (TNC) and MNC recoveries were 
calculated.  
 
Results: PrepaCyte processing reduced BM volume from 120 mL to 21.0 mL with a mean RBC 
depletion of 88.3%. The pre-processing TNC absolute number was 2.42 ± 0.1 x 109 (range 0.46 - 
7.9 x 109), with a post-processing absolute number of 1.8 ± 0.08 x 109 (P<0.0001) and a mean 
recovery of 82.5 ± 5.2%. The pre-processing absolute MNC number was 1.0 ± 0.07 x 109 (range 
0.10 - 4.7 x 109), with a mean post-processing absolute MNC number of 0.9 ± 0.05 x 109 (range 
0.1 - 2.7 x 109) (P=0.06) and a mean recovery of 117 ± 13.7%.  
 
Conclusion: The PrepaCyte-CB Processing System can be used to deplete both volume and 
RBCs and recover MNCs from equine BM samples. The PrepaCyte-CB Processing System 
would be an economical option for facilitating the development of MSC rich products for 
therapeutic use in equine patients.  
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Testing different forms of bacterial cellulose scaffolds for equine models of bone and cartilage 
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Introduction and hypothesis/objectives:  Bacterial cellulose is a natural polysaccharide, with promise as a 
scaffold for tissue engineering. It is synthesized extracellularly by non-pathogenic bacterium such as 
Gluconacetobacter sp in the form of a hydrogel. This natural biopolymer is highly pure, biocompatible, 
hydrophilic, crystalline, moldable, cost-effective, nanofibrous and possesses high mechanical strength and 
water content.  Bacterial cellulose has been previously used as a scaffold for the treatment of second- and 
third-degree burn ulcers and chronic venous leg ulcers.  While mesenchymal stem cells and 3D 
biomaterial scaffolds have been used to create cell-type specific constructs, there is no report on the 
successful application of a single 3D natural biopolymer to support equine-derived bone marrow 
mesenchymal stem cell growth and differentiation along the chondrocyte and osteocyte lineages. We 
hypothesize that bacterial cellulose can serve as a single 3D and biocompatible scaffold capable of 
adapting to various connective tissue microenvironments, while supporting selective lineage-specific 
differentiation of mesenchymal stem cells. Prior to testing bacterial cellulose in an equine model, in vitro 
analysis to assess the growth, proliferation and differentiation patterns of equine mesenchymal stem cells 
in presence of bacterial cellulose needs to be investigated. 
 
Materials and Methods:  Native 3D nanofibrous and surface modified bacterial cellulose hydrogel 
scaffolds were prepared to mimic native bone and cartilage.  Calcium-deficient hydroxyapatite was 
biomimetically deposited in the bacterial cellulose, and amination and carboxylation of scaffolds were 
performed to mimic bone and cartilaginous tissues, respectively, in the animal body.  Resulting scaffolds 
were then characterized for their ability to support and maintain growth, proliferation, osteogenic and 
chondrogenic differentiation of equine mesenchymal stem cells in vitro. These parameters were compared 
to cells grown on tissue culture treated plastic.   
 
Results: Various forms of bacterial cellulose hydrogel scaffolds exhibited distinct differences on the rate 
of proliferation and in vitro differentiation potential of equine bone marrow-derived mesenchymal stem 
cells.  Compared to native cellulose, chemical amination and carboxylation did not enhance the rate of 
cell proliferation after 14 days. Cell morphological changes were observed in the carboxylated and 
aminated scaffolds. Cells cultured on the tertiary-aminated bacterial cellulose showed excellent extension 
and adhesion.  Comparatively, the carboxylated, secondary- and primary-aminated forms demonstrated 
reduced adhesion to the membrane.  Similarly, the native and the tertiary-aminated forms presented the 
best osteo- and chondrogenic potential for differentiation.  Although proliferation rate and differentiation 
potentials varied between the scaffolds, cells were viable on all modified scaffolds.  
 
Discussion and Conclusions: These findings demonstrate that native and specifically modified bacterial 
cellulose hydrogels are promising constructs for equine bone and cartilage tissue engineering therapies.�



THE EFFECT OF CULTURE MEDIUM TYPE ON CANINE ADIPOSE DERIVED STEM CELLS
Kristina Kiefer, G. Elizabeth Pluhar, Michael Conzemius

Introduction: Canine adipose derived stem cells hold great promise for the therapy of osteoarthritis.
Current therapy is an autologous, stromal vascular fraction (SVF) generated from the patient in need of
treatment. Allogeneic stem cells provide many advantages over autologous stem cells, including efficient,
cost effective treatments without the need for a surgical procedure on the diseased patient. Culture
expansion of allogeneic stem cells also allows verification of multipotency and selection for desirable
qualities prior to use.  The use of allogeneic stem cells as the primary means of therapy for osteoarthritis
requires the selection of a culture medium that provides consistent, desirable cellular products.
Supplements to the medium can greatly influence cellular phenotypes, or even differentiate stem cells into
a specific cell type.  A propensity to form cartilage and express anti-inflammatory mediators would be
ideal qualities for stem cells to treat osteoarthritis. We hypothesize that medium type will influence the
phenotype of cells, allowing selection of a specified cellular product for clinical applications.
Materials & Methods: Falciform fat from six purpose bred dogs was obtained, and processed to generate
a SVF. Each cell line was placed in the following medium conditions: basic growth medium, keratinocyte
n-acetylcysteine medium (KNAC), serum free medium (SFM), and multipotent adult progenitor cell
medium (MAPC).  Each cell line was expanded for three passages and evaluated for multiple properties at
each subsequent cell passage. Proinflammatory (cyclooxygenase 2 (COX-2), interleukin 1 beta (IL-1B))
and anti-inflammatory (interleukin 1 receptor antagonist (IL-1ra), tissue inhibitor of metalloproteinase 2
(TIMP-2)) cytokine messenger RNA levels were measured by quantitative real-time polymerase chain
reaction.  Cell surface marker expression evaluating immunostimulatory potential (MHCI, MHCII),
mesenchymal stem cell markers (CD44 and CD90) and hematopoietic stem cell markers (CD34 and
CD45) were evaluated by flow cytometry. Cells were evaluated for multipotential differentiation into
bone, adipose tissue, and cartilage following the third passage in each medium condition.
Results: Cells cultured in SFM medium conditions did not expand adequately to allow assessment. The
expression of pro-inflammatory cytokines decreased dramatically after the first passage in any of the
other medium conditions with no statistical differences among any of the medium conditions. Anti-
inflammatory cytokine expression also decreased following culture in any culture condition, with no
statistically significant difference in expression levels among conditions. TIMP-2 expression was most
consistently higher in KNAC medium conditions.  All cells had a decrease in MHCII expression after cell
culture, while only basic growth media and KNAC maintained MHCI levels.  KNAC treated cells had the
greatest expression of CD44 and CD90, while culture in all conditions eliminated the presence of CD34
and CD45. Cells grown in KNAC medium most consistently differentiated into bone, fat and cartilage.
Discussion/Conclusion: We accept our hypothesis that medium type influences cellular phenotype.  Our
results indicate that culture of stem cells provides a more predictable, consistent product when compared
with stromal vascular fraction.  While the influences between medium types were minimal in most
conditions, there were consistent differences. Culture in any media type greatly reduces the pro-
inflammatory potential of the cell population. MAPC cultured cells may have a greater potential for
elimination after transplantation due to low levels of expression of MHCI. All culture conditions assessed
dramatically reduce MHCII expression, a means for host recognition of non-self.  KNAC medium
produces cells with a higher expression of mesenchymal stem cell markers, while culture in any condition
decreased the expression of hematopoietic cell markers.  Maintenance medium condition also appears to
influence the cell’s propensity for multipotency.  Therefore, we expect ideal medium condition should be
selected based on the intended use of stem cell therapy.
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INTRODUCTION  
There has been considerable interest in stem cell treatment of humans and animals for osteoarthritis and 
other conditions in recent years. Quality and accuracy of the methods of isolation and counting of cells for 
therapeutic dosing is of great concern to practitioners whether their patients have two or four legs.  
Intrigued by the high cell numbers (5 to 20 million cells/gram) reported by kit/device manufacturers such 
as MediVet-America (Lexington, KY), Intellicell Biosciences (New York, NY), and Adistem, Ltd. (Hong 
Kong) in adipose stem cell therapy compared to other methods.  The cell yields reported for the Medivet 
Kits are five to more than ten times higher than the yields routinely obtained by INCELL from freshly 
harvested human or animal adipose tissue using our adipose tissue processing methods. These yields are 
also tenfold or higher than those reported in the literature by most academic researchers. 
 
MATERIALS AND METHODS 
A comparative analytical study of three dog donors of adipose tissue was designed to evaluate the cell 
yields using the MediVet Kit as an example of this class of isolation system. All kit procedures were 
followed as per the instructions provided.   Each SVF sample was first counted using a Cellometer 
(Nexcelom Biosciences), as recommended for use by MediVet.  Next, a Coulter-type counter was used, 
also a Medivet recommended method. Third, a NucleoCounter (ChemoMetec; Denmark) was used, a 
method reported in the literature by human adipose stem cell companies (e.g. Cytori, San Diego, CA) and 
by at least one veterinary stem cell company (Vet-Stem, Inc., Poway, CA). Lastly, a hemocytometer was 
used for a manual count with a combination of DAPI (blue wavelength fluorescent nuclear stain) and 
trypan Blue (dye excluded by viable cells), which provides an approximation of the “true” nucleated, live 
cells in a population.  The Medivet light activation system was also tested using pre and post light 
exposure samples of the SVF. 
 
RESULTS 
In this study the most inaccurate counting came from the Cellometer.  When used according to kit-
recommended guidelines and on-site training provided by Nexelcom for counting cells by the MediVet 
procedure, the Cellometer overstated the DAPI-hemocytometer cell count by up to 20X or more. The 
Coulter Counter protocols also led to incorrect, high cell numbers. The cell counts from the 
NucleoCounter are more in line with the manual hemocytometer counts and more closely reflect the 
outgrowth of live cells in culture as colony-forming units. Processing methods or reagents (e.g., Solution 
E or lecithins) can generate micelles that may be erroneously counted as cells, as evidenced by the high 
“cell” count of Solution “E”, a reagent without cells.  Also, in this study the percent CFU (cell growth) 
was reduced in two of the three samples, demonstrating a potentially detrimental effect of this step.  
 
DISCUSSION/CONCLUSIONS 
This study shows that incorrect counting of adipose-derived SVF cells can result in inaccurate dosing, 
both in direct therapeutic applications and in cryostorage of cells for future use. In summary, the authors 
caution that great care must be taken when using kits and automated cell counting for stem cell dosing 
and cryobanking of cells intended for clinical use. Overestimated cell numbers can be a major 
confounding source of variation affecting the efficacy of stem cells injected or when cryostored cells are 
aliquoted for use based on specific cell numbers as a treatment dose. 
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Introduction and Hypothesis 
Chronic kidney disease (CKD) in the feline is a major cause of debilitation and death.  Recent reviews 
suggest that CKD may be the number one cause of morbidity and mortality in the aged cat. Therapies 
available include medical management, dietary control, dialysis and kidney transplant.  For most cat 
owners, dialysis and kidney transplant are beyond economic and practical reach.  In the last decade, 
refereed journal articles have been published showing the possibility of using mesenchymal stem cells as 
a therapeutic option. The authors hypothesized that intravenous mesenchymal stem cell therapy could 
improve the clinical course of CKD.  This review will examine the data from 25 clinical cases treated by 
veterinarians using intravenous administration of adipose-derived stem cells for CKD.   
 
Materials and Methods 
A protocol was developed for compassionate use therapy of cats with CKD.  For enrollment in the study, 
the veterinarian submitted age, weight, breed, physical exam, CBC and clinical chemistry, and renal 
ultrasound.  Animals were excluded that had significant urinary tract infections, genetic renal disease, or 
significant non-renal disease(s).  For each case, an adipose sample was surgically collected and shipped 
refrigerated to the Vet-Stem central laboratory where the stromal vascular fraction was isolated from the 
sample by methods previously reported (Black et al, 2008).  The initial dose was returned in a 5ml volume 
of PBS for slow push infusion.  Repeat doses were provided to the veterinarian based upon clinical 
response.  All initial doses were fresh SVF except for one patient where cultured cells were used. 
 
Results 
A total of 25 cats were treated.  The average follow-up time was 776 days.  The average dose was 5.4 x 
106 nucleated cells (1.47 x 106/kg) using a Nucleocounter™ with an average number of doses per case of 
1.7.  There were 21/25 of the treated cats remaining alive as of this analysis.   In cats followed at least 2 
years, the survival per IRIS group was: II: 3/3 (100%), III: 5/8 (63%), IV: ¾ (75%). A large survey of 
survival by Boyd et al (2008) showed survival rates of: IIb: 75%, III: 50%, IV: 22%). The veterinary 
assessment of quality of life showed 7.7% worse, 23.1% no change, 15.4% mild improvement, and 53.8% 
significant improvement from baseline.  Clinical pathology follow-up was provided for 14 cases: BUN 
improved 19.6%, creatinine improved 3.8%, RBC count increased 15.6% and the IRIS staging improved 
from 3.0 to 2.8.  The average follow-up time for these changes was 450 days. 
 
Discussion/Conclusions 
There was a trend to improvement in BUN, creatinine, RBC and IRIS staging in a population of 
significantly diseased patients in which these parameters would have been expected to deteriorate.  There 
were no reported adverse events in the treated cats.  This study was not blinded.  These limitations make 
outcome conclusions more difficult, but the study measures indicate that the therapy may be providing 
clinical benefit with low risk.  A controlled, blinded study is underway at the Animal Medical Center of 
New York as a result of this initial positive outcome.   
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Biologically-based	  treatments	  to	  optimize	  fracture	  repair	  
Kurt	  D	  Hankenson,	  DVM,	  PhD	  
Department	  of	  Clinical	  Studies-‐	  New	  Bolton	  Center,	  School	  of	  Veterinary	  Medicine,	  
University	  of	  Pennsylvania

Recent	  advances	  in	  augmented	  fracture	  repair,	  through	  bone	  grafting,	  biologics,	  and	  biophysical	  
stimulation	  have	  resulted	  in	  signiEicant	  progress	  towards	  enhancing	  bone	  regeneration,	  but	  future	  
research	  is	  needed	  to	  further	  optimize	  fracture	  healing.	  	  This	  talk	  will	  focus	  on	  understanding	  risk	  
factors	  for	  the	  development	  of	  hard	  to	  heal	  fractures	  and	  the	  cellular	  and	  molecular	  dysfunctions	  that	  
may	  contribute	  to	  poor	  healing.	  	  	  Next	  we	  will	  consider	  biologically-‐based	  methodologies	  to	  promote	  
bone	  regeneration	  in	  both	  veterinary	  medicine	  and	  human	  medicine,	  and	  consider	  what	  therapies	  
may	  be	  available	  in	  the	  future.	  	  	  	  Current	  commercially	  available	  growth	  factor	  based	  therapies,	  as	  well	  
as	  novel	  promising	  approaches,	  will	  be	  discussed.	  	  The	  use	  of	  external	  devices	  such	  as	  electrical	  
stimulation,	  ultrasound,	  shock,	  and	  vibration	  will	  be	  presented.	  	  	  Finally,	  we	  will	  discuss	  
methodologies	  that	  aim	  to	  deliver	  cells	  to	  healing	  bone	  in	  order	  to	  promote	  healing.	  

Improving	  Cartilage	  Repair	  with	  Regenerative	  Medicine	  Approaches	  -	  Where	  are	  we	  after	  20	  
years?
Alan	  J.	  Nixon,	  BVSc,	  MS,	  Diplomate	  ACVS
Cornell	  University,	  Ithaca,	  NY,	  14853
E-‐mail:	  ajn1@cornell.edu
	  
Introduction
Cartilage	   resurfacing	   implies	   repair	   to	   an	   organized	   hyaline	   architecture	   not	   evident	   in	   simple	  
manipulative	  techniques	  used	  in	  mature	  horses.	  Methods	   that	  may	  enhance	  the	  quantity	  and	  hyaline	  
characteristics	   of	   cartilage	   repair	   tissue,	   while	   at	   the	   same	   time	   maintaining	   the	   efEiciencies	   of	  
arthroscopic	   surgery,	  allow	   the	  surgeon	  to	   improve	  the	  long-‐term	  outcome	  when	  debriding	  cartilage	  
lesions.	  No	  system	  routinely	  provides	  all	  of	  these	  advantages.	   	  Indeed,	   those	  with	  inherent	  simplicity	  
such	   as	   cartilage	   debridement,	   forage,	   and	   microfracture	  meet	   many	   of	   the	   criteria	   for	   simplicity,	  
economy,	   and	  minimal	  delay	  between	  diagnosis	  and	  repair,	  but	  provide	  less	  assured	  hyaline	  cartilage	  
and	   cartilage	   durability.	   	   Techniques	   for	   cartilage	   repair	   that	   strive	   to	   improve	   chondrocyte	  
preponderance	  and	  organized	  matrix	  architecture	  include	  cell	  and	  tissue	  engineered	  transplantation	  
techniques.	   Most	   are	   better	   than	   local	   debridement	   or	   marrow	   stimulation	   procedures,	   but	   add	  
complexity	   to	   the	   surgery.	   Transplantation	   procedures	   can	   be	   divided	   into	   several	   currently	  
acceptable	   areas,	   according	   to	   the	   type	   of	   transplant	   tissue:	   1)	   osteochondral	   transplantation	  
(mosaicplasty,	  2)	  chondrocyte	  transplantation,	   3)	  pluripotent	  stem	  cell	   transplantation,	   and	  4)	  bone	  
marrow	   aspirate	   concentrate	   (BMAC)	   implantation.	   Transplantation	   of	   whole	   tissues	   and	   tissue	  
engineered	  products	  usually	  requires	  arthrotomy	  approaches	  which	  are	  unsatisfactory	  in	  most	  equine	  
joints.	  	  These	  include	  osteochondral	  plugs	  and	  chondrocytes	  cultured	  on	  collagen	  (MACI),	  polyglycolic	  
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acid	  (PGA),	  or	  HA	  membranes.	  This	  practical	   limitation	  has	  tempered	  interest	  in	  using	  these	  implants	  
in	  horses	   and	  current	  work	   is	   directed	  at	  arthroscopic	   implantation	  of	  self-‐polymerizing	   liquid	  and	  
composite	  materials.

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	  
marrow-‐derived	  MSCs	  can	  be	  harvested	  and	  directed	  down	  the	  chondrocyte	  lineage.	  	  In	  vivo	  studies	  in	  
the	  horse	   indicate	   improved	  early	  healing	   in	   a	   femoral	   trochlear	  ridge	  healing	  model.	   	   Methods	   to	  
induce	  chondrogenesis	   in	  MSCs	   are	  becoming	   better	  deEined,	   and	  exposure	   to	   TGF-‐β1,	   2,	   or	   3,	   and	  
Sox5,6	   &	   9,	   all	   induce	   chondrocytic	   transformation.	   Clinical	   cases	   are	   currently	   grafted	   with	  
autogenous	   Eibrin	  or	  PRP	   containing	  20	  to	   30	  million	  MSCs/ml	  of	   vehicle	   (Fig	  1).	   Fat-‐derived	  stem	  
cells	  may	  also	   be	  a	  useful	   source	  of	  MSCs	   for	  cartilage	   repair,	   although	  simple	  overnight	   isolation	  of	  
nucleated	  cells	  from	  fat	  and	  implantation	  or	  injection	  to	  cartilage	  defects	  has	  not	  achieved	  signiEicant	  
healing	  compared	  to	   bone	  marrow	   derived	  MSCs	   or	   longer-‐term	  ADSC	   cultures,	   and	  even	   the	   long-‐
term	  cultured	  fat	  derived	  stromal	  cells	  have	  been	  slow	  to	  form	  chondrocyte	  lineages.	  
Culture	   propagation	   and	   Einal	   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	  Einal	  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	  stiEle,	  and	  third	  carpal	  bone	  lysis	  and	  bone	  cysts	  of	  other	  carpal	  bones.	   	  Results	  
for	  stiEle	  OCD	  and	  subchondral	  cyst	  grafting	  of	  the	  stiEle	  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.

! Figure'1.!(Left)!PRP!containing!
cultured!stem!cells!in!larger!
syringe!and!thrombin!in!smaller!
syringe,!being!injected!into!stifle!
cyst.!PRP!gels!in!20!to!30!
seconds!to!form!confluent!
surface!in!cartilage!(right).!
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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.	  	  However,	  MSCs	  have	  been	  thought	  to	  have	  more	  
generalized	  anti-‐inElammatory,	  anti-‐apoptotic,	  and	  cell	  signaling	  effects	  that	  reElect	  inEluences	  on	  
constitutive	  cells.	  	  MSCs	  home	  to	  and	  engraft	  the	  synovial	  lining	  and	  modulate	  the	  inElammatory	  
response	  through	  synergistic	  down-‐regulation	  of	  pro-‐inElammatory	  cytokines	  and	  up-‐regulation	  of	  
both	  pro-‐survival	  and	  anti-‐inElammatory	  factors.	  In	  addition,	  MSCs	  possess	  remarkable	  
immunosuppressive	  properties,	  suppressing	  T-‐cell,	  NK	  cell	  functions,	  and	  also	  modulating	  dendritic	  
cell	  activities.	  	  These	  constitutive	  anti-‐inElammatory	  effects	  can	  be	  bolstered	  by	  gene	  induced	  cytokine	  
suppression.	  	  Hence	  direct	  MSC	  injection	  may	  have	  a	  role	  in	  OA	  control	  by	  disrupting	  the	  self-‐
perpetuating	  cycle	  of	  matrix	  loss	  and	  cytokine	  Elux	  that	  is	  a	  profound	  feature	  of	  OA.
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Enhancing	  bone	  regeneration	  by	  manipulating	  Notch	  signaling	  
Mike	  I.	  Dishowitz,	  Fengchang	  Zhu,	  Derek	  Dopkin,	  Christina	  B.	  Bales,	  Kathy	  M.	  Loomes,	  Jaimo	  Ahn,	  Kurt	  
D.	  Hankenson	  Department of Clinical Studies- New Bolton Center, School of Veterinary Medicine, 
University	  of	  Pennsylvania

Notch	  signaling	  is	  a	  ubiquitous,	  developmentally-‐conserved	  cell-‐to-‐cell	  signaling	  process	  that	  
regulates	  stem	  cells.	  	  Notch	  signaling	  is	  mediated	  by	  a	  ligand	  (DSL	  family)	  expressed	  on	  one	  cell	  
interacting	  with	  a	  Notch	  receptor	  (Notch	  1-‐4)	  on	  an	  adjacent	  cell.	  	  In	  mouse	  models	  Notch	  signaling	  
has	  been	  shown	  to	  regulate	  endochondral	  and	  intramembranous	  bone	  development	  by	  stimulating	  
progenitor	  cell	  proliferation	  while	  inhibiting	  differentiation;	  however,	  the	  signiEicance	  of	  Notch	  
signaling	  in	  fracture	  repair	  has	  not	  been	  described.	  	  
The	  Jagged1	  (Jag1)	  ligand	  is	  highly	  expressed	  during	  skeletal	  development	  and	  by	  cells	  of	  the	  
osteoblast	  lineage.	  	  Loss	  of	  function	  mutations	  in	  JAG1	  cause	  Alagille	  Syndrome	  (ALGS)	  in	  humans.	  	  
The	  syndrome,	  which	  causes	  pediatric	  cholestatic	  liver	  disease,	  also	  results	  in	  various	  skeletal	  
developmental	  defects	  including	  facial	  abnormalities,	  growth	  failure,	  butterEly	  vertebrae	  and	  
radioulnar	  synotosis.	  	  In	  addition	  to	  skeletal	  development	  defects,	  human	  patients	  experience	  
signiEicant	  morbidity	  as	  a	  consequence	  of	  recurring	  fractures	  that	  heal	  poorly.	  This	  suggests	  that	  Jag1	  
plays	  an	  important	  role	  in	  regulating	  bone	  formation	  and	  regeneration.	  
We	  have	  utilized	  a	  variety	  of	  in	  vitro	  approaches	  with	  mouse	  and	  human	  mesenchymal	  stem	  cells	  
(MSC)	  and	  in	  vivo	  approaches	  with	  Cre-‐mediated	  conditionally	  regulated	  mice	  to	  perturb	  Notch	  
signalling	  during	  osteoblastogenesis,	  bone	  formation,	  and	  bone	  regeneration.	  	  In	  vitro	  studies:	  	  
Primary	  mouse	  and	  human	  MSC	  were	  cultivated	  and	  plated	  onto	  Jag1	  ligand	  to	  activate	  Notch	  
signaling.	  	  Osteoblastogenesis	  was	  evaluated	  using	  gene	  expression	  analysis,	  Alk	  Phos	  activity,	  and	  
Alizarin	  red	  S	  staining.	  	  	  Bone	  regeneration	  models:	  We	  utilized	  a	  guillotine	  tibial	  fracture	  model	  to	  
evaluate	  long-‐bone	  healing,	  and	  a	  3	  mm	  calvarial	  defect	  to	  study	  craniofacial	  regeneration.	  Jag1	  
conditional	  disruption:	  	  Jag1	  was	  selectively	  ablated	  in	  the	  developing	  mouse	  skeleton	  by	  breeding	  
Jag1-‐loxP	  mice	  with	  mice	  expressing	  Cre	  recombinase	  in	  osteoblasts	  (Col2.3Cre/Jag1)	  and	  pre-‐
osteoblasts	  (Prx1Cre/Jag1).	  	  dnMAML	  overexpression:	  	  Cre-‐regulated	  dominant	  negative	  Mastermind	  
Like	  (dnMAML)	  mice	  were	  crossed	  with	  mice	  expressing	  Cre	  recombinase	  in	  osteoblasts	  (Col2.3Cre/
Jag1)	  and	  pre-‐osteoblasts	  (Prx1Cre/Jag1),	  as	  well	  as	  with	  inducible	  Cre	  mice	  (Mx1-‐Cre).	  	  	  Bone	  
analysis:	  	  To	  evaluate	  differences	  in	  bone,	  microcomputed	  tomography	  (microCT)	  was	  performed	  
with	  a	  Scanco	  viva40	  microCT.	  	  	  Bone	  was	  decalciEied	  and	  embedded	  in	  parafEin	  for	  sectioning	  and	  
subsequent	  evaluation	  using	  histomorphometry	  and	  IHC.
We	  have	  conducted	  extensive	  studies,	  characterizing	  the	  expression	  of	  Notch	  ligands,	  receptors,	  and	  
target	  genes	  during	  bone	  regeneration	  and	  in	  MSC.	  	  	  Notch	  signalling	  is	  highly	  active	  during	  bone	  
regeneration,	  and	  in	  particular	  Jag1	  is	  highly	  upregulated	  during	  the	  mesenchymal	  phase	  of	  fracture	  
healing.	  	  Intriguingly,	  plating	  MSC	  onto	  Jag1	  has	  potent	  osteoblastogenic	  effects,	  which	  requires	  
signalling	  through	  PKCdelta.	  	  	  The	  conditional	  disruption	  of	  Jag1	  in	  bone	  results	  in	  alterations	  in	  
trabecular	  bone	  mass,	  while	  overexpression	  of	  dnMAML	  similarly	  adversely	  affects	  bone	  mass	  and	  
also	  disrupts	  normal	  bone	  regeneration.	  	  The	  development	  of	  methodologies	  to	  deliver	  Jag1	  ligand	  in	  
vivo	  holds	  great	  promise	  as	  a	  potential	  therapeutic	  for	  enhancing	  bone	  regeneration.
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Chondrogenesis of Equine Cord Blood-Derived MSCs in Membrane Cultures and Expression of 
MicroRNA-140  
 
Midori E. Buechli, MSc Candidate1; Jonathan LaMarre, DVM, PhD1; Thomas G. Koch, DVM, PhD1,2,* 

From the Department of Biomedical Sciences, Ontario Veterinary College, University of Guelph, 
Canada1 and the Orthopaedic Research Lab, Aarhus University, Denmark2. Presenter*. 
 
Introduction and Objectives 
Cartilage repair is a major challenge due to its poor regenerative capacity. Stem cell-based therapies have 
considerable potential in the treatment of focal cartilage injuries. Previous studies have shown that 
mesenchymal stromal cells (MSCs) derived from equine cord blood (eCB-MSCs) may have superior 
chondrogenic potential compared to bone marrow and adipose tissue-derived MSCs. In vivo studies 
applying undifferentiated bone marrow-derived MSCs did not show long-term benefits compared to 
acellular therapy. Lineage induction of CB-MSCs towards the chondrogenic cell fate prior to clinical use 
may be advantageous. However, chondrogenesis using micromass pellet culture results in heterogenous 
cartilage formation and only lends itself to the differentiation of low numbers of MSCs per pellet. 
MicroRNAs are a class of short non-coding RNAs that negatively regulate target genes. MicroRNA-140 
(miR-140) has been identified as a cartilage specific microRNA with several targets involved in cartilage 
development and homeostasis. The objectives of this study were: 1) to optimize a membrane-based 
chondrogenic differentiation protocol and compare this system to standard micromass pellet culture as a 
way of differentiating more MSCs at a time and generating more homogenous cartilage, and 2) to gain 
mechanistic insight into the role of microRNA-140 during chondrogenesis of equine cells.  
 
Material and Methods 
Cryopreserved eCB-MSCs (N=4) were thawed and expanded, and then chondrogenesis was induced on 
coated polytetrafluoroethylene membrane inserts (2.0x106 cells/insert) or in micromass pellet cultures in 
96-well V-bottom plates (2.5x105 cells/pellet) for 14 days. Chondrogenic potential was evaluated by 
histology (Toluidine Blue O) and immunostaining (Collagen I and II). Quantitative real-time PCR (qRT-
PCR) was used to determine the expression of miR-140 and previously identified miR-140 targets, 
HDAC4, IGFBP5 and ADAMTS5, in equine articular cartilage (N=3), undifferentiated eCB-MSCs (N=5) 
and eCB-MSC pellet cultures (N=5).  
 
Results  
Positive proteoglycan staining revealed chondrogenic responses in both pellet and membrane systems. 
Immunostaining was more homogeneous in the membrane system and a lower collagen I/collagen II ratio 
was observed in the membrane system, likely as a result of reduced surface tension compared to the pellet 
system. Additionally, we demonstrated both that miR-140 is highly expressed in normal equine articular 
cartilage and that eCB-MSCs express significantly higher levels of this microRNA after 14 days of 
chondrogenic differentiation. Of the three selected miR-140 targets, only ADAMTS5 was repressed at the 
mRNA level in cells with increased miR-140. 
 
Conclusions 
eCB-MSCs exhibit better chondrogenic potential when differentiated in a membrane-based culture 
system. This system allows for the pre-differentiation of a higher number of cells that could be utilized in 
chondrocytotherapy. Furthermore, miR-140 is an important regulator of cartilage development and 
homeostasis in eCB-MSCs that may act in part through the regulation of ADAMTS5. Additional studies 
will indicate whether miR-140 is a useful biomarker or inducer of chondrogenesis. 
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VIABILITY OF CANINE ADIPOSE DERIVED STEM CELLS EXPOSED TO SYNOVIAL FLUID

FROM OSTEOARTHRITIC JOINTS

Kristina Kiefer, G. Elizabeth Pluhar, Michael Conzemius

Introduction: Canine adipose derived stem cells (ADSC) have been investigated and utilized for the

treatment of osteoarthritis, and show great promise in their effectiveness. They have been administered as

an intravenous or intra-articular injection, but most studies investigate outcome following intra-articular

administration.  Osteoarthritis provides a very inflammatory environment that can be quite destructive to

local cells. While stem cells have been demonstrated to have an immunomodulatory effect on the local

environment, the influence this environment has on injected stem cells is not well characterized. The

viability of canine ADSCs exposed to this environment has not been investigated to the authors’

knowledge.  We hypothesize that canine ADSCs exposed to synovial fluid from an osteoarthritic

environment reduces cell population viability significantly.  We also hypothesize that dilution of

osteoarthritic synovial fluid reduces this effect.

Materials and Methods: Falciform fat from five healthy dogs undergoing a laparotomy for unrelated

reasons were obtained, and processed to generate a stromal vADSCular fraction (SVF). Each cell line was

placed in a keratinocyte n-acetylcysteine medium (KNAC), and expanded to allow three passages of the

cell line. Multipotency of the cells were verified by differentiation into adipose, bone and cartilage tissue.

Synovial fluid from dogs with radiographic osteoarthritis and clinical signs associated with arthritis and

synovial fluid from normal, healthy dogs were obtained and centrifuged to sediment any cells within the

sample. The supernatent was collected, and underwent four freeze-thaw cycles to eliminate any residual

cells to minimize the potential for cellular cross reactivity.  Samples with obvious frank blood

contamination were discarded. ADSCs from each line at passage three were exposed to the following

conditions: media, normal synovial fluid, osteoarthritic synovial fluid, or serial dilutions of 1:1 to 1:10 of

osteoarthritic synovial fluid with media. Each condition was run in duplicate and cells were exposed to

the treatment for twelve hours. The cells were than harvested and assessed for viability using a dye

exclusion method with trypan blue.  A percent viability was calculated by dividing the number of viable

cells by the total number of cells. Data was analyzed using a Wilcoxon signed-rank test. A p-value <0.05

was considered significant.

Results: There were no significant difference in viability of cells exposed to media or normal synovial

fluid.  There were significant differences of viability between cells exposed to any concentration of

osteoarthritic synovial fluid and normal synovial fluid.  There were significant differences in the viability

of cells exposed to undiluted osteoarthritic synovial fluid and any serial dilution.  Undiluted osteoarthritic

synovial fluid was most toxic to cells, and subsequent dilutions reduced cytotoxicity.

Discussion/Conclusion: We accept our hypothesis that canine ADSCs exposed to osteoarthritic synovial

fluid reduces cell population viability significantly and that dilution of osteoarthritic synovial fluid

diminishes this effect. While this study is an in vitro investigation, this preliminary data raises concerns

about the current method of practice and its effectiveness.  Perhaps flushing a joint prior to ADSC

administration may provide a greater therapeutic impact on outcome. This data also raises interesting

postulations on the paracrine affects of ADSCs in this type of environment if low cellular viability is

expected following injection, and yet a positive therapeutic effect is still noted.  A clinical trial

investigating dilution of pathologic joint fluid prior to ADSCs administration and its impact on treatment

effect appears warranted. Further investigations into the mechanisms of cytotoxicity may elucidate some

aspects of the pathophysiology of osteoarthritis. Further objective assessments of outcomes following

intra-articular ADSC injections may provide further support for the paracrine affects ADSCs are

suspected to have in a cytotoxic environment.
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Comparing Allogeneic and Autogenous BM-MSCs with Scaffolding in an Equine Bone Healing Model.  
 

L.K. Bohannon, DVM1, T.L. Sarrafian, DVM1, T.C. Garcia-Nolan, BS, MS5,  N. J. Walker, BA4, D.D 
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DACVP4, D. L. Borjesson, DVM, PhD, DACVP4 , S.M. Stover, DVM, PhD, DACVS5, L.D. Galuppo, 
DVM, DACVS1 

University of California Davis, Davis, CA 95616  School of Veterinary Medicine, 1Department of 
Surgical and Radiological Sciences, 2Department of Population Health and Reproduction,  4Department of 
Pathology, Microbiology, and Immunology, 5Department of Anatomy/Physiology and Cell Biology, and 
School of Engineering, Department of Biomedical Engineering3  
 

Introduction and hypothesis/objective: A cylindrical mandibular defect model for use in horses has 
been established to test the ability of various regenerative medicine therapies to augment bone healing.  
This model lends itself to use in paired design experiments, as defects can be created bilaterally in each 
ramus of the mandible.  We hypothesized that allogenic BM- derived MSCs combined with synthetic 
biological scaffolding material would promote similar bone healing when compared to autologous BM-
MSCs combined with scaffolding material, and that the combination of MSCs and scaffolding would 
enhance healing compared to, allogenic BM-MSCs alone, scaffolding alone, autogenous bone graft or an 
open defect. The study aims were to determine the feasibility of having a readily available source of 
MSCs and synthetic biological scaffolding material for treating bone fractures in all species. If the 
combination of these materials can promote bone healing, it would provide a vital resource for both 
human and veterinary medicine. 
 

Materials and Methods: Ten horses were randomly assigned into 3 groups. Group 1 (4 horses) received 
allogenic BM-MSCs combined with synthetic biological scaffolding in the left mandibular defect and 
autologous BM-MSCs combined with synthetic biological scaffolding in the right mandibular defect. 
Group 2 (3 horses) received allogenic BM-MSCs only in the left mandibular core defect and synthetic 
biological scaffolding only placed in the right core defect.  The control group (3 horses) had bone graft 
harvested from the right tibia placed in the left core defect and the right core defect was left open. After 
the initial surgery, all horses were monitored every 2 weeks with radiographic imaging. After 7 weeks, 
Core 2 was removed, encompassing the original defect.  Micro-CT and histology were used to 
characterize the bone structure of core 1 and to quantify the amount and quality of defect healing within 
core 2.  A paired t-test was used to determine bone volume fraction (BVF), mineralization of tissue within 
the core (BMD) and mean density of only mineralized tissue of the core within the entire sample (TMD) 
of core 2 samples from each treatment group.  A p-value of 0.05 was considered significant. 
 

Results:  Radiographic images of the mandibular defects were used for subjective purposes only. From 
Micro-CT evaluation, there was no significant differences in healing as measured by core 2 BVF, BMD, 
and TMD between the 2-paired groups (allogenic BM-MSCs and scaffolding or autologous BM-MSCs 
and scaffolding, allogenic BM-MSCs alone or scaffolding alone, and autogenous bone graft or an open 
defect). Histopathological evaluation of the bone structure is pending.  
 

Discussion/Conclusions: There is variation noted in healing among different animals, but no significant 
difference in BVF was noted from one side to the other among all created defects and products used.  This 
non-terminal model is suitable for comparing regenerative therapies aimed to augment quality and speed 
of healing.  However, this study was limited by the small sample size and number of variables applied.  
Future studies would be aimed at limiting the number of variables and increase the sample size.   
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Introduction: Progenitor cells (MSC) are present in many tissues and are capable of considerable 
proliferation and multi-lineage differentiation, including osteogenesis, chondrogenesis and adipogenesis. 
The osteogenic capacity of MSCs is particularly relevant to clinical applications involving bone repair 
and regeneration. It is well-established that MSC populations from different tissue sources express 
lineage- and tissue-specific predispositions and capacities that relate, at least in part, to their tissue/organ 
of origin. This study had three objectives: 1. To compare osteogenesis of MSCs from bone marrow (BM), 
synovium (SYN) and adipose tissue AD), 2. To determine if any of these MSC sources express an 
‘osteogenic predisposition’ under basal conditions, and 3. To determine whether differential osteogenic 
capacity was associated with osteogenic TGF-β/BMP ligand up-regulation under osteogenic conditions. 
 
Methods: BM, SYN and AD were collected from the tuber coxae, tail butt and carpal joints, respectively, 
of six healthy young adult horses. After processing, primary cells were seeded in monolayers at an initial 
density of 5 x 103 cells/cm2. After two passages, cells were maintained in basal medium or transferred to 
standard osteogenic medium. After 7 and 14 days, the phenotypic status was assessed by staining for 
mineralized matrix (Alizarin red and Von Kossa) and alkaline phosphatase (ALP) activity, ALP activity 
measurement and QPCR of osteogenic genes (Runx2, Osterix, ALP). Expression of TGF-βs 1, 2 and 3, 
and BMPs-2, 4, 6 and 7 mRNAs, were also assessed. Data were analyzed by two-way repeated measures 
ANOVA and, where appropriate, a Holm-Sidak nonparametric test for pair-wise comparisons. 
 
Results: In control cultures, there was no spontaneous osteogenesis, and Runx2, ALP, and TGF-β/BMP 
ligand mRNA levels were remarkably similar in the three cell groups. In contrast, Osterix expression was 
over ten-fold higher in BM control cultures than AD and SYN cultures, although this did not reach 
statistical significance, due to inter-animal variability. In osteogenic media, BM cells developed 
prominent cellular aggregates within 7 days. Aggregation was slower and less pronounced in SYN and 
AD cultures. All three cell sources generated a mineralized matrix as demonstrated by Alizarin red and 
Von Kossa staining, although staining was far more intense in the BM cultures. ALP staining showed a 
similar pattern. Differential increases in ALP activities (app 15-fold in BM; 3-fold in SYN; 10-fold 
increase in AD) and in ALP mRNA induction (60-fold in BM; 4-fold in SYN; 7-fold in AD) were 
consistent with the staining results. BM cells significantly up-regulated RUNX2 (6-fold) and OSX (8-
fold) expression, whereas expression did not change significantly in the SYN and AD cultures. Only 
BMP-4 mRNA levels were consistently up-regulated in BM osteogenic cultures; however, this was also 
evident in SYN cultures, suggesting that BMP-4 induction might be necessary, but is not sufficient, for 
MSC osteogenesis. 
 
Discussion: These findings indicate that all three tissue sources are capable of osteogenesis by qualitative 
criteria, but BM MSCs have a far greater capacity for osteogenesis than SYN or AD cells. Under control 
conditions, osteogenic marker expression (apart from Osterix) was remarkably similar in the three cell 
types, suggesting that BM cells are not pre-committed to the osteogenic lineage. Analyses of osteogenic 
TGF-β and BMP mRNA induction did not identify a strong link between ligand up-regulation and robust 
osteogenesis. Finally, these results emphasize the variable and potentially misleading conclusions that can 
be drawn from qualitative osteogenesis assays such as mineralized matrix staining and ALP localization, 
since these assays did not accurately reflect the more rigorous quantitative outcome measures of 
osteogenic differentiation. 
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Introduction and hypothesis/objectives:  
It is no secret that stem cell therapy is rapidly growing into one of the largest alternatives for regenerative 
medicine in veterinary science. Currently, it is being used to improve the lives of animals that suffer from 
osteoarthritis as well as tendon and ligament damage, joint injuries and fractured bones. Osteoarthritis is a 
disease affecting millions of animals nationwide that involves the deterioration of cartilage and smooth 
muscle tissue lining the joints—which generally leads to chronic pain, loss of range of motion, lameness 
and joint inflammation. While traditional treatment methods of non-steroidal anti-inflammatory drugs 
(NSAID’s) have proven to be therapeutic at best, this only temporarily masks or “numbs” a more severe 
problem. Stem cells, found in bone marrow, adipose tissue, but also liver tissue, blood vessels and 
neurons, are the body’s personalized repair cells. They have the ability to both divide and differentiate 
into numerous cell types—depending on what is necessary for repair by the recipient.  Adipose tissue 
yields a high concentration of adult mesenchymal stem cells (ASC’s).  And while high yield is essential 
to therapies based around regenerative medicine, adipose-derived ASC’s present several more advantages 
in comparison to other sources.  Adipose tissue is abundant, excision is minimally invasive, and ASC’s 
are easily and rapidly isolated by this method. 
 
Materials and methods:  
15-30 grams of adipose tissue was harvested from 155 canines ranging in age from 1 to 17-years-old. The 
adipose tissue was digested using an enzyme and cell extraction media. The final product, or stromal 
vascular fraction (SVF), was reconstituted with platelet-rich plasma (PRP) and activated by 
photobiostimulation using LED light technology.  Canines were treated with the autologous stem cells via 
injection to the affected area and/or intravenously. 
 
Results:  
Canines were evaluated in independent clinics across the country by four different veterinarians. Canines 
were included in this study if they suffered from moderate to severe osteoarthritis, treated using adipose-
derived stem cell therapy, and subsequently graded on a scale of 1-5 in the categories of pain, lameness 
and range of motion at day 1, 30 and 60. These numbers were reported for a collective 155 subjects, and 
the information was extrapolated to yield the following results. Of the subjects observed, 98% showed 
improvement in pain with an average decrease of felt pain of 77%, 95% of the subjects showed an 
improvement in the lameness category with a decrease of 65%, 96% of the subjects showed an 
improvement in range of motion with an average increase of 51%.  
 
Discussion/conclusions:  
Based on the results, the stark decreases at pain, lameness and range of motion suggest that stem cell 
therapy is an excellent way to not only treat, but also attempt to alleviate the difficulties of moderate to 
severe osteoarthritis in canine subjects. Considering the positive results, the information derived from this 
study can be used to conduct additional studies to analyze the benefits of stem cell therapy for other 
ailments aside from osteoarthritis and joint deterioration.  
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Introduction 

Glycosaminoglycans (GAG) are known for their ability to regulate cellular responses involved in 

proliferation, migration, and key cellular events during differentiation.  GAG activity requires binding to 

several cell surface receptors that initiate signaling cascades to regulate cellular behavior.  We 

investigated the effects of GAG formulations on characteristics of canine and human adipose derived 

mesenchymal stem cells (Ad-MSC) in vitro.  

 

Materials and Methods  

Adipose derived stromal vascular cells were obtained from canine adipose tissue taken at spay procedures 

and from human lipoaspirate samples procured under IRB protocol and with informed consent from 

patients undergoing elective lipoplasty.  Primary cell preparations were obtained using a point-of-care 

tissue processing system and associated disposables and reagent (InGeneron ARC System and 

Matrase
TM

, InGeneron, Inc. Houston, TX).  Ad-MSC were obtained by culture of primary cells in Alpha 

DMEM, 20% (v/v) FBS, with antibiotic (pen/strep). Commercially available GAG formulations 

(Adequan, Novartis Animal Health, Greensboro, NC; Polyglycan, Arthrodynamic, Lexington, KY), a 

proprietary hyaluronic acid (HA) formulation, and individual GAGs were tested at concentrations up to 

50 % (v/v).  Assays for cell proliferation, colony forming units (CFU), gene expression analyses, cell 

surface markers, and chondrogenic and osteogenic differentiation were performed.  Gene expression 

analysis was performed by quantitative RT-PCR profiling. FACS analyses were performed at M.D. 

Anderson Cancer Center FACS Core Facilities, Houston, TX.  For osteogenic and chondrogenic 

differentiation, cells were cultured in induction media (Invitrogen) for 14 days, fixed in 4% formalin, and 

stained with Alzarin red and Alcian Blue, respectively.   

 

Results 

We observed that Ad-MSC exposed in vitro to low concentrations of Polyglycan, HA, or combinations of 

GAGs containing hyaluronic acid increased cell proliferation  and colony forming potential (P<0.05), and 

enriched the proportion of cultured cells expressing key regenerative cell markers such as CD90, CD146, 

CD117, CD73, and CD105. In addition, these formulations significantly increased Sox2 levels, (a marker 

of a cell’s stemness) (P<0.05), and appeared to influence cellular pathways such as the Wnt pathways, 

which are known to be key in the regulation of stem cell proliferation.  Noted effects were markedly dose 

dependent.  The presence of these GAGs in vitro promoted proliferation and self-renewal, even in the 

presence of differentiation cues in the culture media.  These effects were reversible as efficient 

differentiation was observed in the absence of GAG formulations.  

 

Discussion/Conclusions 

GAGs, including hyaluronic acid, are commonly used as therapeutic agents to aid with inflammation and 

tissue regeneration.  The combinatorial use of Ad-MSCs with an optimized GAG carrier formulation may 

yield enhanced clinical benefit. 



 

 

Outcome of 84 Horses with Suspensory Injuries Treated with Adipose-Derived Regenerative Cells 
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: Suspensory ligament injuries are relatively common in performance horses. These injuries can 
be refractory to treatment, have high re-injury rates, and long recovery times. Previous studies evaluating treatment of 
suspensory injuries with regenerative/stem cells had low case numbers and limited follow-up. Our hypothesis was that 
treatment of suspensory injuries with adipose-derived regenerative cells could improve their outcomes over other therapies, 
and reduce re-injury rates. 
2.   Materials & Methods: This was a single-center retrospective study, from 2005 to 2010, of 84 horses (representing 148 
distinct fore- and hindlimb origin, body, and/or branch suspensory segment injuries) that were treated with Adipose-Derived 
Regenerative Cells (ADRC’s). 154 horses with suspensory injuries were treated with ADRC’s during this time period, but 
complete records and follow-up data were only available for 84 horses. Of these 84 horses, 66 had single limb suspensory 
injuries, 8 had bilateral forelimb suspensory injuries, 7 had bilateral hindlimb injuries, and 3 had front and hind suspensory 
injuries (1 of these 3 had suspensory injuries of all 4 limbs). All suspensory injuries were diagnosed by dynamic lameness 
examination with diagnostic anesthesia, MRI and/or ultrasonography, and were classified by severity and location. 
Intralesional injections of the injured suspensory ligaments with ADRC’s were performed using ultra-sonographic guidance. 
All horses completed a standardized, post-treatment exercise program. Horses that returned to, and stayed in, full work for 
greater than 1 year, without re-injury, was our measure of success.  
3.   Results: 85.7% of horses (72/84 horses) returned to, and remained in, full work at their prior- or higher-level of 
performance for more than 1 year. 13.1% (11/84 horses) returned to full work, but at a lower level. 1.2% (1/84 horses) did not 
return to full work. Age, breed, discipline, chronicity, severity, fore- or hindlimb, and location of injury in the suspensory 
ligament had little, to no, effect on successful treatment. Table 1 presents outcomes for all 84 horses  (shaded columns) with 
suspensory ligament injuries.  Data was also provided for each individual ligament injury (unshaded columns), since some 
horses had injuries to multiple suspensory ligaments, or multiple injuries within different segments of the same suspensory 
ligament. No adverse reactions occurred in any of the treated horses. 
 
TABLE 1 – Outcomes for all 84 injured horses, and for all injured ligament segments in the 84 horses. 

Location of 
Suspensory 
Injury 

Full Work-
PRIOR  Level: 

# of Horses 

Full Work-
PRIOR Level: 

# Ligament 
Segments 

Full Work-
LOWER Level: 

# of Horses 

Full Work-
LOWER Level: 

# Ligament 
Segments 

Unresponsive 
to Treatment: # 

of Horses 

Unresponsive 
to Treatment: 
# Ligament 
Segments 

Forelimb  44   (84.6%) 77   (89.5%) 8   (15.4%) 9   (10.5%) 0   (0%) 0   (0%) 

Hindlimb  25  (86.2%) 51 (82.3%) 3   (10.3%) 9   (14.5%) 1  (3.4%) 2  (3.2%) 

Forelimb & 
Hindlimb 

3 (100%) 18 (100%) 0 0 0 0 

Total  72   (85.7%) 128   (83.1%) 11   (13.1%) 18   (11.6%) 1  (1.2%) 2   (1.3%) 
 
 
4.   Discussion: This study demonstrates excellent treatment results for suspensory ligament injuries treated with ADRC’s, 
(85.7% successful treatment for fore- and hindlimb). It supports the continued use of ADRC’s for successful, and safe (no 
adverse reactions), treatment of suspensory ligament injuries, and for the reduction of suspensory ligament re-injury. Future 
work could include prospective controlled studies. This retrospective study focused on a large series of clinical cases, with a 
standardized post-treatment rehabilitation program, and using a stringent criterion for success. Return to full work at their prior 
level of performance, or higher, for greater than 1 year without reinjury (84.6% forelimb, 86.2% hindlimb) compares 
favorably to other reported treatments: 14% rest alone for hindlimb acute proximal suspensory disease (PSD) (Dyson, 2000); 
18.2% for chronic hindlimb PSD treated with focused ESWT (Lischer, 2006); 55.9% for chronic forelimb PSD treated with 
focused ESWT (Boening, 2000).  



Clinical outcomes using cell therapy for the treatment of tendon injury in flat racehorses in Japan.	  
Y. Kasashima1, 2., T. Nukada1., K. Seki1., N. Tamura1., R.K.W.Smith2., A.E.Goodship3. 

 
1Equine Research Institute, Japan Racing Association, 321-4, Tokami-cho, Utsunomiya, Tochigi, Japan 
2Dept of Veterinary Clinical Sciences, The Royal Veterinary College, Hawkshead Lane, North Mymms, 
Hatfield, Herts.  AL9 7TA. UK 
3UCL Institute of Orthopaedics and Musculoskeletal Science, Royal National Orthopaedic Hospital, 
Stanmore, Middlesex.  HA7 4LP. UK 
 
Introduction: 
One decade has passed since stem cell therapy for equine tendon and ligament injury was first introduced. 
Many reports have indicated an excellent clinical outcome using this therapy in the sport horse, National 
Hunt, and Standardbreds. However, only a few reports relate to the Flat racehorse. We report here the 
clinical outcome of stem cell therapy for overstrain injury of the superficial digital flexor tendon (SDFT) 
of Thoroughbred racehorses used for Flat racing in Japan. 
Material and Methods: 
All horses which had suffered an overstrain injury to the SDFT, were treated with autologous bone 
marrow derived mesenchymal stem cells, suspended in bone marrow supernatant over a 6 year period 
(2006–11). After cell implantation, a standardised rehabilitation programme was conducted. Horses were 
excluded if still under rehabilitation, retired due to change of use and those lost to follow-up, as of March 
2012. Sixty one treated horses were used in the final analysis. Sixty four matched horses with tendon 
injury, which entered same facility and rehabilitation programme during the same period (2006–11), but 
were not treated with cell therapy were used as controls. Data recorded for each horse included the 
percentage size of lesion at the maximum injury zone (MIZ%); the interval between injury and return to 
racing; the number of starts and whether the horse had suffered a re-injury before resuming racing. The 
severity of injury in each of treated and control groups was compared using the number of horses in four 
categories of MIZ% (I: <10%, II: 10-<20%, III: 20-<30% and IV: >30%). Wilcoxon test was used in 
comparison of the all data between treated and control groups. 
Result:  

The percentage of horses in each severity category in the treated group was I: 14%, II: 37%, III: 
30% and IV: 19% and was 42%, 37%, 10% and 11% in the control group, respectively. The average of 
MIZ% of treated group (20.3±9.3%) was significantly higher (p=0.0003) than control  (13.6±11.1%). The 
rate of re-injury before return to racing in treated group (29.5%) was higher than control (18.8%). No 
significant difference was observed in the number of starts after injury between both groups (4.7±6.0 races 
in treated group and 5.4±5.9 races in control group). The resting period in treated group (554.8±181.6 
days) was significantly (p=0.0025) longer than control group (450.6±158.0 days). MIZ% of treated horses 
was significantly higher than it in control group on 3-5R (p=0.0075) and 5-9R (p=0.0014), however, no 
significant difference was observed in ≦ 2R and 10R≦. 
Discussion:  

MIZ% of nearly 50% of horses belonging to treated group was over 20% (III and IV), although in 
nearly 80% of horses in control group it was under 20% (I and II). This indicates that the treated horses 
had more in general a more severe injury than in the control horses. It is possible that practical constraints 
to the trial meant that trainers and owners selected cell therapy for the more  severe cases of tendon injury 
and confirm the difficulties of performing truly matched clinical trials within the equine industry.  We 
expected treated horses would show an increase in the number of race starts compared to control, because 
of the potential capacity to withstand greater racing frequency after treatment, although many other factors 
contribute to this value. It was worthy of note that the MIZ% of treated horses that could sustain more 
than 3 starts was significantly higher than in controls, although no significant differences were seen in the 
horses with less than 2 racing starts. This result might suggest that stem cell therapy gave a better chance 
of increased racing starts in severe injuries as would be seen with untreated milder injuries.  
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Industry	  Forum	  Luncheon	  	  (See	  Conference	  Program	  for	  details)
The	  Industry	  Forum	  is	  meant	  to	  serve	  as	  a	  venue	  for	  our	  Sponsoring	  Partners	  to	  showcase	  the	  science	  
behind	  their	  products.	  We	  are	  conAident	  that	  these	  brief	  presentations	  will	  be	  helpful	  in	  allowing	  our	  
attendees	  to	  make	  informed	  choices	  regarding	  product	  selections	  for	  their	  everyday	  practice.

FDA	  regulatory	  update.
Karl	  M.	  Nobert	  Esq.	  Of	  Counsel-‐	  Squire	  Sanders	  (US)	  LLP
The	  rapid	  development	  of	  cell-‐based	  and	  other	  regenerative	  therapies	  in	  veterinary	  medicine	  has	  
provided	  additional	  options	  for	  safe	  and	  effective	  alternatives	  to	  traditional	  treatment	  methods.	  	  	  
Keeping	  pace	  with	  the	  evolution	  of	  the	  veterinary	  regenerative	  industry,	  the	  U.S.	  Food	  and	  Drug	  
Administration	  has	  taken	  signiAicant	  steps	  over	  the	  past	  twelve	  months	  to	  clarify	  how	  it	  intends	  to	  
regulation	  the	  commercialization	  of	  such	  products	  and	  the	  requirements	  with	  which	  industry	  needs	  to	  
comply	  to	  ensure	  the	  safety	  and	  welfare	  of	  the	  patient	  animals.
	  This	  presentation	  will	  provide	  an	  overview	  of	  some	  of	  the	  new	  developments	  in	  the	  area	  of	  veterinary	  
regenerative	  medicine	  regulation	  in	  2012.	  	  Among	  other	  topics,	  some	  of	  the	  issues	  to	  be	  discussed	  
include	  FDA’s	  current	  thinking	  on	  the	  regulation	  of	  veterinary	  regenerative	  products,	  the	  availability	  
of	  fee	  waivers	  and/or	  fee	  reductions	  for	  companies	  entering	  the	  market;	  and	  an	  overview	  of	  what	  the	  
Agency	  appears	  to	  requiring	  in	  support	  of	  the	  safety	  and	  efAicacy	  of	  a	  proposed	  product.

Regenerative	  medicine	  advances	  in	  cutaneous	  wound	  care	  
Susan	  W.	  Volk,	  VMD,	  PhD,	  Diplomate	  ACVS
Departments	  of	  Clinical	  Studies	  and	  Animal	  Biology,	  University	  of	  Pennsylvania	  School	  of	  Veterinary	  
Medicine,	  Philadelphia,	  PA

Normal	  wound	  healing	  requires	  the	  orchestrated	  activity	  of	  inAlammatory,	  vascular,	  connective	  tissue,	  
and	  epithelial	  cells,	  growth	  factors	  and	  cytokines,	  as	  well	  as	  the	  surrounding	  extracellular	  matrix	  
(ECM)	  and	  the	  enzymes	  that	  modify	  that	  ECM.	  	  Dysregulation	  of	  these	  events	  lead	  to	  inadequate	  
healing	  or	  excessive	  scar	  formation.	  	  Chronic	  wounds	  create	  a	  formidable	  clinical	  problem	  resulting	  in	  
considerable	  morbidity	  and	  healthcare	  expenditure	  in	  both	  human	  and	  veterinary	  medicine.	  	  
Treatment	  options	  using	  regenerative	  medicine	  approaches,	  including	  the	  use	  of	  soluble	  factors,	  
biomaterials,	  tissue	  engineering,	  gene	  therapy	  and	  stem	  cell	  transplantation	  have	  been	  used	  to	  
rejuvenate	  healing	  in	  problematic	  wounds.	  	  	  	  Recent	  advancements	  in	  the	  Aield	  of	  regenerative	  
medicine	  have	  highlighted	  the	  potential	  of	  mesenchymal	  stem	  cells	  (MSCs)	  as	  a	  source	  of	  cells	  capable	  
of	  differentiating	  and	  mediating	  repair	  of	  a	  variety	  of	  tissues,	  including	  the	  skin.	  	  Our	  work	  in	  a	  
preclinical	  model	  of	  ischemic	  wound	  repair	  suggests	  cell-‐based	  therapies	  using	  MSCs	  offer	  promise	  to	  
restore	  healing	  of	  chronic	  wounds	  by	  their	  ability	  to	  signiAicantly	  improve	  granulation	  tissue	  
formation,	  neovascularization	  and	  reepithelialization.	  	  These	  vulnerary	  effects	  are	  mediated	  through	  
direct	  contribution	  of	  reparative	  cells	  and	  ECM	  as	  well	  as	  indirect	  contributions	  via	  the	  production	  of	  
paracrine	  factors	  which	  support	  tissue	  repair.	  	  
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Role	  of	  light	  and	  electrical	  therapy	  in	  accelerating	  cutaneous	  healing	  and	  preventing	  Nibrosis
Ardeshir	  Bayat	  BSc	  (Hons)	  MB	  BS	  MRCS	  PhD	  University	  of	  Manchester

As	  early	  as	  the	  17th	  century,	  electrical	  stimulation	  (ES)	  in	  its	  various	  forms	  has	  been	  shown	  to	  enhance	  
wound	  healing.	  In	  undamaged	  skin,	  there	  is	  a	  difference	  in	  electrical	  potential,	  termed	  as	  “skin	  
battery,”	  which	  is	  characterized	  by	  an	  electronegative	  potential	  in	  the	  stratum	  corneum	  and	  an	  
electropositive	  potential	  in	  the	  sub-‐epidermal	  layer.	  Endogenous	  electric	  Aields	  (EF)	  are	  generated	  
(also	  termed	  as	  current	  of	  injury)	  and	  then	  maintained	  following	  any	  damage	  in	  the	  epithelial	  layer,	  
until	  the	  remodeling	  stage	  of	  wound	  healing	  and	  the	  re-‐establishment	  of	  trans-‐epithelial	  potential	  are	  
complete.	  Alternating	  current,	  direct	  current	  and	  pulsed	  currents	  have	  all	  been	  reported	  to	  promote	  
healing	  of	  skin	  wounds	  of	  various	  aetiologies.	  However,	  there	  are	  considerable	  variations	  in	  the	  ES	  
protocols	  used	  in	  clinical	  studies	  and	  these	  reports	  are	  usually	  based	  on	  small	  case	  series.	  	  Moreover,	  
the	  biological	  response	  of	  cells	  to	  different	  types	  of	  ES	  remains	  incompletely	  understood.	  
In	  this	  context	  and	  in	  order	  to	  better	  understand	  the	  effect	  of	  ES	  on	  wound	  healing,	  we	  developed	  a	  
novel	  in	  vitro	  model	  system	  for	  evaluation	  of	  ES.	  This	  model	  was	  able	  to	  sustain	  any	  type	  of	  ES	  to	  
mammalian	  cells	  and	  thereby	  allow	  exploration	  of	  the	  optimal	  electrical	  stimulus	  and	  its	  effect	  on	  a	  
variety	  of	  cells	  including	  stem	  cells.	  Following	  a	  successful	  in	  vitro	  assessment	  of	  existing	  ES	  
waveforms	  using	  this	  model	  system,	  we	  then	  developed	  a	  novel	  ES	  waveform,	  which	  we	  used	  to	  
stimulate	  human	  cutaneous	  wounds	  with.	  	  The	  effect	  of	  this	  in	  vivo	  application	  was	  subsequently	  
assessed	  in	  a	  clinical	  study	  using	  sequential	  punch	  biopsies	  taken	  from	  the	  upper	  inner	  arm	  of	  twenty	  
healthy	  volunteers	  before	  and	  after	  application	  of	  ES.	  This	  unique	  study	  allowed	  for	  the	  assessment	  of	  
key	  molecular	  and	  cellular	  events	  in	  normal	  wound	  healing,	  which	  were	  correlated	  to	  the	  ES,	  assisted	  
wound	  healing.	  Precisely,	  we	  quantiAied	  the	  genomic	  regulators	  and	  mediators	  in	  wound	  healing	  and	  
demonstrated	  that	  our	  novel	  waveform	  was	  able	  to	  enhance	  wound	  healing	  by	  reducing	  the	  
inAlammation	  phase	  whilst	  increasing	  angiogenesis	  and	  accelerating	  remodelling.
On	  a	  different	  note,	  Photodynamic	  therapy	  (PDT)	  is	  an	  accepted	  therapeutic	  modality	  which	  has	  been	  
available	  for	  the	  treatment	  of	  a	  number	  of	  skin	  conditions,	  mostly	  skin	  malignancy	  but	  with	  limited	  
exposure	  to	  cutaneous	  healing.	  BrieAly,	  PDT	  uses	  a	  speciAic	  light	  source	  and	  a	  precursor	  drug	  for	  an	  
intracellular	  photosensitizer	  (PS)	  which	  when	  combined	  produces	  cytotoxic	  agents.	  The	  most	  widely	  
used	  precursors	  of	  PS	  are	  aminolevulinic	  acid	  (5-‐ALA)	  and	  its	  esteriAied	  derivate	  methyl	  
aminolevulinate	  (M-‐ALA).	  The	  subcellular	  damage	  in	  PDT	  is	  mainly	  caused	  by	  the	  generation	  of	  
singlet	  oxygen	  and	  other	  reactive	  oxygen	  species	  (ROS)	  according	  to	  the	  site	  and	  concentration	  of	  the	  
PS	  within	  the	  tissue.	  The	  lethal	  effects	  of	  PDT	  are	  initiated	  with	  immunosuppression	  in	  tissues	  which	  
further	  induces	  apoptosis,	  necrosis	  or	  autophagy.
We	  showed	  in	  a	  series	  of	  published	  in	  vitro	  experiments	  that	  cytotoxicity	  post-‐PDT	  in	  scar	  Aibroblasts	  
is	  dependent	  on	  the	  lesional	  site,	  precursor	  of	  intracellular	  photosensitiser	  and	  the	  Aluence	  rate.	  
Therefore,	  there	  may	  be	  potential	  for	  site-‐targeted	  therapy	  of	  scars	  using	  PDT	  in	  the	  future.	  In	  a	  recent	  
in	  vitro	  study,	  the	  additional	  application	  of	  PDT	  to	  electrical	  stimulation	  was	  shown	  to	  be	  cytotoxic	  in	  
keloid	  Aibroblasts	  when	  compared	  with	  normal	  skin	  Aibroblasts,	  indicating	  for	  the	  Airst	  time,	  the	  utility	  
of	  this	  potential	  combinatorial	  therapy.	  Finally,	  I	  will	  present	  our	  recent	  Aindings	  from	  the	  clinical	  
application	  of	  PDT	  in	  patients	  presenting	  with	  abnormal	  skin	  scarring.
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DeNining	  a	  regenerative	  matrix:	  The	  role	  of	  type	  III	  collagen	  in	  directing	  progenitor	  and	  
reparative	  cell	  activities	  
Susan	  W.	  Volk,	  VMD,	  PhD,	  Diplomate	  ACVS
Departments	  of	  Clinical	  Studies	  and	  Animal	  Biology,	  University	  of	  Pennsylvania	  School	  of	  Veterinary	  
Medicine,	  Philadelphia,	  PA
Repair	  of	  injured	  post-‐natal	  tissue	  is	  associated	  with	  the	  formation	  of	  scar	  tissue	  which	  replaces	  the	  
normal	  tissue	  architecture.	  	  Directing	  cell	  activities	  to	  efAiciently	  heal	  wounds	  while	  minimizing	  the	  
development	  of	  scar	  tissue	  is	  a	  major	  goal	  of	  wound	  management	  and	  the	  focus	  of	  intensive	  research	  
efforts.	  	  Therefore,	  the	  identiAication	  of	  components	  within	  the	  extracellular	  matrix	  which	  promote	  a	  
regenerative	  response	  in	  progenitor	  and	  reparative	  cell	  types	  is	  critical	  to	  identify	  novel	  strategies	  to	  
improve	  tissue	  repair.	  Type	  III	  collagen	  (Col3)	  has	  been	  proposed	  to	  play	  a	  prominent	  role	  in	  tissue	  
repair	  due	  to	  its	  expression	  early	  in	  the	  course	  of	  healing	  in	  most	  tissues,	  although	  little	  is	  known	  
about	  its	  role	  in	  this	  process.	  	  We	  have	  recently	  identiAied	  a	  role	  for	  Col3	  in	  cutaneous	  wound	  repair.	  	  
Using	  an	  excisional	  wound	  model,	  Col3	  was	  shown	  to	  improve	  the	  regenerative	  response	  following	  
injury	  by	  supporting	  early	  GT	  formation	  and	  neovascularization,	  while	  limiting	  myoAibroblast	  
differentiation	  (and	  subsequent	  scar	  formation).	  	  Importantly,	  Col3	  is	  also	  able	  to	  improve	  
reepithelialization	  by	  promoting	  keratinocyte	  migration.	  	  Additional	  studies	  in	  non-‐cutaneous	  tissues	  
suggest	  Col3	  plays	  a	  critical	  role	  in	  modulating	  mesenchymal	  activities	  during	  tissue	  repair	  that	  is	  
conserved	  in	  cutaneous	  and	  non-‐cutaneous	  tissues	  and	  may	  serve	  as	  a	  novel	  target	  for	  therapeutic	  
intervention	  for	  tissue	  Aibrosis.

Understanding	  the	  pathophysiology	  of	  wound	  healing	  and	  abnormal	  scarring	  using	  novel	  ex	  
vivo	  models
Ardeshir	  Bayat	  BSc	  (Hons)	  MB	  BS	  MRCS	  PhD	  University	  of	  Manchester
Abnormal	  raised	  skin	  scarring	  in	  the	  form	  of	  keloid	  scars	  are	  common	  Aibroproliferative	  dermal	  
disorders	  of	  unknown	  aetiopathogenesis.	  Keloid	  management	  remains	  ill-‐deAined	  as	  there	  is	  no	  
effective	  form	  of	  treatment	  regime	  and	  there	  is	  an	  extremely	  high	  rate	  of	  recurrence	  post-‐therapy.	  
Therefore,	  keloids	  and	  other	  abnormal	  skin	  scars	  potentially	  constitute	  a	  major	  unmet	  health	  care	  
challenge	  and	  a	  substantial	  health	  care	  burden.
Scar	  tissue	  models	  are	  needed	  in	  order	  to	  better	  characterize	  the	  disease	  and	  to	  evaluate	  potential	  
new	  therapies.	  To	  date,	  keloid	  research	  has	  predominantly	  relied	  upon	  the	  study	  of	  isolated,	  keloid-‐
derived	  cells	  under	  two-‐dimensional	  cell	  culture	  conditions.	  Evidently,	  this	  fails	  to	  preserve	  the	  
complex	  molecular	  and	  cellular	  interactions	  normally	  present	  in	  an	  intact	  keloid	  and	  their	  speciAic	  
environment,	  including	  keloid-‐associated	  epidermis	  and	  peri-‐keloid	  derived	  Aibroblast	  skin	  
mesenchyme.	  	  In	  order	  to	  mimic	  the	  in	  vivo	  condition	  more	  closely,	  keloid-‐derived	  cells	  have	  been	  
grown	  in	  a	  three-‐dimensional	  format	  using	  selected	  extracellular	  matrix	  (ECM)	  components,	  and	  
human	  skin	  “equivalents”	  have	  been	  constructed	  from	  keloid-‐derived	  epithelial	  and	  mesenchymal	  cell	  
populations.
However,	  even	  these	  research	  models	  still	  lack	  important	  elements	  to	  recreate	  the	  true	  in	  vivo-‐
condition,	  since	  they	  lack	  important	  components	  that	  normally	  occur	  in	  vivo	  and	  the	  full	  composition	  
of	  mature,	  processed	  ECM	  characteristic	  of	  such	  scars.	  The	  transplantation	  of	  human	  keloid	  cells	  onto	  
nude	  mice	  is	  also	  unsatisfactory,	  as	  this	  technique	  destroys	  the	  native	  keloid	  architecture	  and	  imposes	  
the	  innate	  immune	  system	  as	  well	  as	  the	  endocrine	  and	  growth	  factor	  controls	  of	  a	  another	  species	  
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onto	  keloid	  pathobiology,	  which	  questions	  the	  clinical	  relevance	  of	  observations	  made	  in	  such	  
chimeric	  models.	  	  To	  overcome	  these	  methodological	  problems,	  the	  organ	  culture	  (OC)	  of	  keloid	  tissue	  
offers	  an	  attractive	  alternative,	  since	  this	  preserves	  the	  native	  keloid	  architecture	  and	  all	  major	  
cellular	  and	  structural	  elements	  that	  have	  been	  implicated	  in	  the	  pathobiology	  of	  keloid	  yet	  excludes	  
confounding	  vascular,	  neural	  and	  other	  systemic	  inputs.	  	  Therefore,	  I	  will	  present	  a	  novel,	  long-‐term	  
human	  organ	  culture	  (OC)	  assay,	  in	  which	  air-‐exposed,	  keloid	  explants	  are	  grown	  on	  collagen	  gel	  in	  
fully	  deAined,	  supplemented,	  serum-‐free	  William’s	  E	  medium.	  These	  OC	  conditions	  preserve	  keloid	  
tissue	  architecture,	  phenotype,	  and	  cell	  morphology	  for	  up	  to	  6	  weeks.	  They	  permit	  use	  of	  a	  large	  set	  
of	  qualitative	  and	  quantitative	  read-‐out	  parameters	  besides	  routine	  histology	  and	  
immunohistomorphometry,	  testing	  of	  candidate	  anti-‐scarring	  therapeutics,	  and	  even	  selective	  gene	  
knock-‐down.	  In	  this	  assay,	  treatment	  with	  dexamethasone	  or	  (-‐)-‐epigallocatechin-‐3-‐gallate	  (EGCG)	  
showed	  signiAicant	  reduction	  in	  keloid	  tumour	  volume	  and	  cellularity	  and	  reduced	  the	  number	  of	  
blood	  vessels,	  while	  both	  agents	  increased	  keloid	  apoptosis.	  EGCG	  signiAicantly	  reduced	  collagen	  I	  
(p<0.02)	  levels	  and	  the	  number	  of	  keloid-‐associated	  mast	  cells,	  while	  dexamethasone	  signiAicantly	  
increased	  connective	  tissue	  growth	  factor	  expression.	  siRNA-‐mediated	  knock-‐down	  of	  plasminogen	  
activator	  inhibitor-‐1	  (PAI-‐1)	  signiAicantly	  reduced	  intra	  keloid	  collagen	  I	  production	  .	  Thus,	  the	  novel,	  
highly	  deAined	  keloid	  OC	  system	  reported	  here	  provides	  an	  instructive,	  quantitative,	  and	  clinically	  
relevant	  model	  system	  for	  the	  long-‐term	  study	  of	  keloid	  pathobiology	  and	  for	  exploring	  the	  biological	  
effects	  of	  both,	  traditional	  and	  novel	  anti-‐scarring	  treatment	  options.	  This	  preclinical	  assay	  identiAies	  
EGCG	  and	  the	  down-‐regulation	  of	  PAI-‐1	  as	  promising	  new	  treatment	  strategies	  for	  keloid,	  perhaps	  
ideally	  in	  combination	  with	  glucocorticosteroids.

JOIN US FOR DINNER AT THE GOLF PAVILLION
Friday Evening 6pm.... 
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Immunomodulatory	  and	  Anti-in;lammatory	  Properties	  of	  Mesenchymal	  Stem	  Cells:	  Advances	  
and	  Applications	  in	  Veterinary	  Medicine
Dori	  L.	  Borjesson	  DVM,	  PhD,	  DACVP,	  Department	  of	  Pathology,	  Microbiology	  and	  Immunology,	  School	  
of	  Veterinary	  Medicine,	  University	  of	  California,	  Davis,	  CA	  	  95616.	  dlborjesson@ucdavis.edu

Mesenchymal	  stem	  cells	  (MSCs)	  are	  adult-‐derived	  multipotent	  stem	  cells	  that	  have	  been	  derived	  from	  
almost	  every	  tissue.	  MSCs	  help	  to	  regenerate	  tissues	  via	  their	  capacity	  to	  differentiate	  into	  speciJic	  cell	  
types,	  stimulate	  damaged	  tissue	  cellular	  progenitors,	  and	  modulate	  cells	  of	  the	  immune	  system.	  They	  
are	  immunoprivileged	  cells,	  due	  to	  the	  absence	  of	  MHC-‐II	  and	  T-‐cell	  costimulatory	  molecules	  on	  their	  
cell	  surface.	  MSCs	  need	  to	  be	  activated	  to	  become	  immunomodulatory	  and	  both	  IFNγ	  and	  TNFα	  are	  
likely	  important	  for	  cell	  activation	  in	  inJlammatory	  environments.	  Many	  of	  the	  details	  underlying	  the	  
mechanism(s)	  by	  which	  MSCs	  regulate	  and	  suppress	  the	  immune	  system	  have	  been	  deJined	  for	  human	  
and	  rodent	  MSCs	  in	  vitro.	  Through	  both	  soluble	  factors	  and	  cell-‐cell	  contact,	  MSCs	  inhibit	  proliferation	  
of	  T-‐	  cells,	  B-‐cells,	  natural	  killer	  (NK)	  cells	  and	  dendritic	  cells.	  MSCs	  can	  also	  recruit	  T-‐regulatory	  
lymphocytes	  and	  inhibit	  B	  cell	  maturation	  and	  antibody	  secretion	  and	  dendritic	  cell	  maturation,	  
activation	  and	  antigen	  presentation.	  
Studies	  with	  canine	  and	  equine	  MSCs	  highlight	  that	  MSCs	  from	  these	  species	  are	  also	  
immunomodulatory	  in	  vitro.	  MSCs	  from	  dogs	  and	  horses	  decrease	  lymphocyte	  proliferation	  and	  
secrete	  mediators	  that	  modulate	  inJlammation.	  In	  this	  presentation,	  I	  will	  review	  what	  is	  currently	  
known	  about	  MSCs	  and	  their	  immunomodulatory	  functions	  in	  dogs	  and	  horses,	  comparing	  and	  
contrasting	  how	  these	  MSCs	  are	  both	  similar	  to	  and	  different	  from	  human	  MSCs.	  Methods	  that	  have	  
been	  developed	  to	  assess	  MSC-‐immune	  cell	  or	  immune	  system	  interactions	  in	  vivo	  will	  be	  reviewed.	  
Findings	  will	  be	  placed	  in	  context	  of	  in	  vivo	  studies	  in	  animals	  and	  animal	  models	  that	  shed	  light	  on	  
many	  discrepancies	  regarding	  the	  immunomodulatory	  properties	  of	  MSCs.	  A	  comparative	  approach	  is	  
clearly	  necessary	  as	  the	  tissues	  from	  which	  MSCs	  are	  derived	  and	  the	  ways	  in	  which	  MSCs	  are	  used	  in	  
veterinary	  medicine	  clearly	  differ	  from	  our	  human	  medical	  counterparts.	  Deeper	  insight	  into	  how	  
MSCs	  function	  to	  regenerate	  tissues	  provides	  a	  unique	  opportunity	  to	  bring	  novel	  cell	  based	  therapies	  
to	  the	  veterinary	  market	  as	  well	  as	  enhance	  the	  utility	  of	  animal	  models	  for	  human	  disorders.	  

Application	  of	  Molecular	  Imaging	  in	  Regenerative	  Medicine
Shannon	  P.	  Holmes,	  DVM,	  MSc,	  DACVR
Department	  of	  Veterinary	  Biosciences	  &	  Diagnostic	  Imaging,	  University	  of	  Georgia,	  Athens	  GA

Regenerative	  medicine	  has	  great	  potential	  for	  the	  treatment	  of	  different	  biologic	  systems,	   such	  as	  the	  
endocrine,	  musculoskeletal	  and	  cardiovascular	  systems.	  The	  future	  of	  regenerative	  medicine	  is	  in	  vivo	  
studies,	   speciJically	   examining	   their	   behavior	   in	   living	   tissue	   and	   their	   incorporation	   into	   target	  
abnormal	  tissues.	  This	  requires	  determination	  of	  ideal	  routes	  of	  administration,	  type	  of	  stem	  cells	  for	  
speciJic	   tissues	  and	  disease	  processes	  and	  stem	  cell	  viability.	   	  Longitudinal	  evaluation	  of	  stem	  cells	  in	  
vivo	  is	  critical	  for	  the	  development	  of	  effective	  stem	  cell	  therapies.	  

mailto:dlborjesson@ucdavis.edu
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Molecular	   imaging	   modalities	   have	   been	   developed	   that	   make	   in	   vivo	   cellular	   imaging	   a	   reality.	  
Veterinary	  medicine	  is	  poised	  to	  make	  signiJicant	  contributions	  to	   the	  development	  of	  stem	  therapies	  
through	  the	  study	  of	  animal	  models	  of	  human	  diseases.	   	  These	  studies	  need	  to	   determine	  stem	   cell	  
location	  and	  movement,	   quantify	   and	  assess	   viability	   of	   transplanted	   stem	   cells	   and	  examine	   their	  
tissue	   interactions	  and	  differentiation.	  Therefore,	  the	   ideal	  stem	  cell	   imaging	  modality	  possesses	  the	  
ability	   to	   spatially	  resolve	  transplanted	  stem	  cell	   in	  vivo	  and	  have	  sufJicient	   sensitivity	  to	  detect	  the	  
lowest	   number	   of	   cells.	   	   	   Radionuclide	   imaging	   (ie.	   SPECT	   –	   single	   positron	   emission	   computed	  
tomography	   &	   PET	   –	   positron	   emission	   tomography)	   and	   Magnetic	   resonance	   imaging	   (MR)	  have	  
been	  the	  focus	  of	  initial	  research	  studies	  because	  of	  their	  potential	  for	  clinical	  application.	  	  	  
In	  radionuclide-‐based	  stem	  cell	  imaging,	   the	  cells	  are	  labeled	  with	  radionuclides	  that	  emit	  detectable	  
signal	   over	   a	   speciJic	   period	  of	   time,	   which	   is	   determined	   by	   the	   radionuclide’s	   physical	   half	   life.	  	  
These	  include	  Technitium-‐99m	  (T1/2	  =	  6	  hours),	   Indium-‐111	  (T1/2	  =	  2.8	  days),	  and	  Fluorine-‐18	  (T1/2	  =	  
109	  minutes).	   	   The	   principle	  advantage	  of	   radionuclide	  molecular	   imaging	   technique	   is	   sensitivity,	  
which	   for	   SPECT	   and	   PET	   has	   been	   reported	   at	   nanomolar	   and	   femtomolar	   concentrations,	  
respectively.	  These	  modalities	  have	  low	  spatial	  resolution,	  which	  has	  recently	  been	  improved	  with	  the	  
development	  of	  SPECT-‐Computed	  Tomography	  (SPECT-‐CT)	  and	  PET-‐CT.	  
Magnetic	  resonance	  imaging	  (MRI)	  techniques	  used	  in	  stem	  cell	   imaging	  are	  based	  around	  molecular	  
labels	  with	  high	  magnetism.	   Super	  paramagnetic	   iron	  oxide	  (SPIOs)	  nanoparticles	   a	  detected	  due	  to	  
alterations	   elicited	  regional	   T2	   relaxivity	  of	  a	   tissue	   with	   transplanted	   labeled	   stem	   cells.	   Gradient	  
recalled	  echo	   (GRE)	  imaging	  sequences	  are	  used	  and	  are	  advantageous	   because	  of	  their	  high	  spatial	  
resolution.	   	  The	  superior	   soft	   tissue	   contrast	   of	  MRI	   and	  sensitivity	   for	   pathologic	   tissue	  processes	  
enables	  localization	  of	  labeled	  stem	  cells	  within	  normal,	  diseased	  and	  healing	  tissues.	  Molecular	  MRI	  
techniques	   have	   reduced	   sensitivity	   because	   of	   the	   micromolar	   concentrations	   of	   the	   SPIO	   labels,	  
which	  limits	  the	  detection	  of	  smaller	  labeled	  cell	  populations.	  	  The	  availability	  of	  high	  Jield	  MR	  units	  (>	  
2	  Tesla)	   improves	   detection,	   while	  maintaining	  clinical	   applicability.	   	  Molecular	   MRI	   is	   an	  effective	  
imaging	  strategy	  for	  localizing	  labeled	  stem	  cells	  after	  delivery	  into	  a	  tissue	  and	  for	  a	  brief	  period	  of	  
time	   following	   transplantation.	   	   Long-‐term	   stem	   cell	   imaging	  with	  SPIO-‐based	   labels	   has	   not	  been	  
successful,	  but	  currently	  provide	  the	  greatest	  post-‐transplantation	  period	  of	  monitoring.
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Scintigraphic in-vivo tracking of MSCs in an equine model of tendinopathy 
 

A Sole, M Spriet, KA Padgett, ME Vaughan, LD Galuppo, DL Borjesson, ER Wisner, MA Vidal 
 
Introduction and hypothesis/objectives: Mesenchymal stem cells (MSCs) are commonly used for 
treatment of equine musculoskeletal injuries. Little is currently known about the behavior of MSCs after 
administration. Better knowledge of the distribution and persistence of MSCs after administration should 
elucidate the healing process and optimize routes of administration. Labeling of MSCs with Technetium-
HMPAO (Tc-HMPAO) allows scintigraphic in-vivo tracking up to 24 hours after injection. The objective 
of our study was to compare the distribution, uptake and persistence of MSCs after intra-arterial (IA) 
regional limb perfusions (RLP), intra-venous (IV) RLP and intra-lesional (IL) injections using a 
mechanical model of superficial digital flexor tendinopathy in the horse. 
 
Materials and Methods: Two lesions were induced in the superficial digital flexor tendon (SDFT) of both 
front limbs of 8 horses under general anesthesia, 13 and 20 cm distal to the accessory carpal bone, using a 
4.5 mm rotating burr. MSCs were injected 3 days after surgery in the first 6 horses: IA RLP, IV RLP and 
IL injections were each performed on 4 limbs, with each horse receiving a different technique on each 
limb. The last 2 horses were treated with IA RLP on one limb and IV RLP on the other limb, 10 days 
after lesion induction. Regional limb perfusion was performed under general anesthesia at the level of the 
distal antebrachium, using a pneumatic tourniquet left in place for 45 minutes. The median artery was 
catheterized for IA RLP and the cephalic vein was used for IV RLP. Two mL of saline containing 40 
millions of Tc-HMPAO-labeled MSCs were slowly injected through the catheter, and flushed with 20 mL 
of saline. IL injections consisted of injecting 20 million Tc-labeled MSCs suspended in 1 mL of saline, 
directly into the lesion, using ultrasound guidance. Scintigraphic images were obtained at 0 min (T0), 40 
min (T40), 45 min (T45), 75 min (T75), 6 hours (T6h) and 24 hours (T24h) post-injection. A region of 
interest was drawn at each time point from the carpus to the distal extremity (limb ROI) on the lateral 
images. A second ROI was drawn in the lesion area (lesion ROI). Lesion uptake was calculated at each 
time point for each technique as the ratio between the time-corrected activity in the lesion ROI and the 
number of injected counts. Persistence was calculated at each time point, both for the overall limb and for 
the lesion area, as the ratio of time-corrected activity and initial activity at T0.  
 
Results: Uptake of radioactivity after IA RLP was present in the entire distal limb on all 6 limbs. Uptake 
of radioactivity with IV RLP was present throughout the entire distal limb in only 1 limb, while 5 limbs 
showed absent or partial uptake distal to the metacarpus. Lesion uptake was higher with IL injection (0.51 
+/- 014 at T75) than with the RLP techniques (0.04 +/- 0.02 and 0.04 +/- 0.03 at T75 for IA and IV 
respectively). The overall limb radioactivity persistence decreased over time for all 3 techniques. At T75, 
the persistence was 0.87 +/- 0.07 for IA, 0.60 +/- 0.19 for IV and 0.81 +/- 0.07 for IL. The lesion 
persistence was similar to the overall limb persistence in all limbs injected 3 days after lesion induction at 
all time points. When compared with the lesions treated 3 days after surgery, the lesion uptake with IA 
RLP in the limbs injected 10 days after surgery was higher and kept increasing until T75. One horse 
developed severe thrombosis of the medial palmar artery secondary to the IA RLP. 
 
Discussion/conclusions: This study demonstrates that although MSC concentration at the lesion site is 
higher with IL injections compared with the RLP techniques, the persistence of radioactivity is similar 
between the different techniques. IA and IV RLP present the advantages of treating larger areas, however 
both techniques need improvement as the IV RLP led to poor distribution to the distal limb and IA RLP 
induced thrombosis in one of the horses. The higher lesion uptake of radioactivity observed with the IA 
RLP in the horses with 10-day old lesions, suggests the existence of a homing phenomenon. The absence 
of this finding with the 3-day old lesions reveals that this phenomenon is time dependent. 
 



Title: Lighting the way to cell tracking in equines; Establishment of a novel reporter system 
Abstract Authors:  1Jennifer Mumaw PhD, 1Lindsey Helms-Boone DVM, 1Merrilee Thoresen PhD, and 
1John Peroni DVM, MS, DACVS 
Author Affiliations:  1Department of large animal medicine and surgery.  College of Veterinary Medicine. 
University of Georgia, Athens, GA 
Introduction and Hypothesis/Objectives:  Mesenchymal stem cell (MSC) therapies are becoming more 
prominent in equine medicine, requiring methods to unravel the activity of the cells in vivo for 
improvement of stem cell application and therapeutic treatments. Current cell tracking methods are 
limited by the longevity of the tracking molecule and constraints of medical imaging machinery. Due to 
the migratory ability of MSCs, the cells are capable of engrafting in multiple regions within the animal 
distant from the injection site.  MSCs contribute to healing by both endocrine and paracrine factors, thus 
both regional and dispersed localization of MSCs may influence tissue regeneration; however, the current 
imaging methods are limited to visualizing cells in the extremities and the head and unable to accurately 
quantify the total number of cells within the horse.  To overcome these limitations a MSC line was 
genetically engineered to carry a novel secretory luciferase gene.  The hypothesis tested was that injection 
of 100 million luciferase expressing MSCs by either intra-articular or regional limb perfusion could be 
tracked in the peripheral blood and serum over the 5 day course of study by quantification of luciferase in 
the blood.  The objectives of the study were 1) Establish a linear relationship between the amount of 
secreted luciferase and number of MSCs in vitro 2) Demonstrate that the luciferase gene was not silenced 
during the chondrogenic, osteogenic or adipogenic differentiation of the engineered MSCs in vitro 3) 
Track the secreted protein in the blood and serum of horses receiving intra-articular injections or regional 
limb perfusions of 100 million luciferase MSCs.  
Materials and Methods:  MSCs were isolated from equine bone marrow and were transduced with a 
lentivirus containing the gene for the secreted luciferase. Luciferase MSCs were plated in increments 
between 100-10,000 MSCs per well and had media harvested 24 hours later for luciferase quantification. 
The luciferase expressing MSCs also underwent trilineage differentiation using Hyclone AdvanceStem 
differentiation kits.  Media samples from all differentiation conditions were collected following 28 days 
of differentiation for luciferase quantification.  3 horses were injected with 100 million cells into the 
tarsocrural joint and the expression of luciferase was quantified at the following time points post 
injection: 2 hours (h), 6h,12h, 1 day (d), 2d, 3d, 4d, 5d.  3 horses were injected using regional limb 
perfusion with 100 million cells into the lateral palmar vein. The expression of luciferase was quantified 
at the following time points post injection: 15 minutes (m), 30 m, 1 h, 12h, 1d , 2d, 3d, 4d, 5d. Luciferase 
was quantified following combination of collected serum or blood with a 100mM concentration of 
colenterazine.  RLUs were read using a luminometer.  
Results: The quantity of RLUs demonstrated a linear relationship with the number of luciferase MSCs. 
Additionally, the expression of luciferase was maintained following trilineage differentiation.  Both 
articular injection and regional limb perfusion of luciferase MSCs resulted in a statistically significant 
increase (p<0.05) of RLUs from analyzed blood and serum at all time points tested when compared to 
pre-injection blood.   
Discussions/Conclusions: These results demonstrate the utility of this tracking method in equines.  
Further experiments are required to demonstrate a relationship between cell number of RLUs in harvested 
blood or serum in vivo.  This tracking method has the potential to be combined with more localized 
imaging methods such as MRI or SPECT to provide both total cell quantification and regional 
localization.  



Scintigraphic comparison of 4 different techniques of administration of MSCs to the equine foot 
 

JM Trela, M Spriet, KA Padgett, MA Vidal, ME Vaughan, LD Galuppo 
 

Introduction and hypothesis/objectives: Regional limb perfusion (RLP) has been proposed as an 
alternative to direct intralesional administration of mesenchymal stem cells (MSCs) in the equine distal 
limb. Previous studies of in-vivo tracking of MSCs after RLP have demonstrated some limitations. Intra-
venous (IV) RLP through the cephalic vein resulted in poor distribution of MSCs to the foot and pastern 
area. Intra-arterial (IA) RLP through the median artery with a tourniquet demonstrated better overall 
distribution than compared to IV RLP but subsequent thrombosis of the medial palmar artery resulted in 
severe complications in a few cases. These limitations need to be overcome prior to further clinical use of 
both RLP techniques. We hypothesized that performing IV RLP through the lateral palmar digital vein 
and injecting the median artery without the use of a tourniquet would solve the previously mentioned 
limitations. The previous in-vivo tracking studies of RLP had been performed under general anesthesia. In 
order to investigate techniques more amenable to common clinical use, we evaluated the IV RLP 
technique both under general anesthesia and on the standing horse. Also we considered direct injection of 
MSCs in the coronary band as an alternative route of administration. 
 
Materials and Methods: Six normal horses were included in the study. For the first part of the study, the 
horses were placed under general anesthesia and MSC were injected in the median artery without the use 
of a tourniquet in one limb and through RLP of the lateral palmar digital vein of the opposite front limb. 
For the second part of the study, MSC were administered via RLP of the lateral palmar digital vein on one 
limb and via direct injection in the coronary band on the other limb. A pneumatic tourniquet inflated to a 
pressure of 450 mmHg was used for IV RLP. 30 to 50 million allogeneic bone marrow derived MSCs 
labeled with 3 to 5 mCi of Tc-HMPAO were used for each injection. The distal limb was imaged with a 
gamma camera at the time of injection, half an hour, 1 hour, 6 hours and 24 hours after administration of 
MSCs. The distribution, uptake and persistence of MSCs were evaluated. Ultrasound was performed 48 
hours after injection in order to investigate the appearance of the vessels. 
 
Results: Injection of MSC in the median artery resulted in ~60% of cells remaining in the limb 
immediately after administration despite the absence of a tourniquet. This technique resulted in a 
homogenous distribution of MSCs through the distal limb and no evidence of thrombosis was observed 
on ultrasound. The IV RLP performed under anesthesia resulted in a high uptake (median initial uptake 
78 %) and a good distribution within the hoof on 5 of 6 horses. The IV RLP performed on standing 
sedated horses resulted in lower and more variable uptake (median initial uptake 39 % with only 3/6 
horses > 50 % and 2/6 horses < 10 %). With IV RLP on standing horses, good distribution of MSCs was 
present in the fetlock and pastern area in 3/6 horses but none of the horses showed significant presence of 
MSCs within the hoof. Injection of MSCs in the coronary band lead to focal uptake at the injection site; 
over time MSCs appeared to migrate proximally through the vessels but no significant migration within 
the hoof was observed. At 24 hours after injection, the persistence of MSCs was 18% for IA injection, 8% 
for IV RLP under anesthesia, 7% for IV RLP standing and 14% for coronary band injection. 
 
Discussion/ Conclusions: Performing IA injection without a tourniquet avoided the previously reported 
complication of thrombosis and lead to good distribution and satisfactory uptake and persistence. IA 
injection might become useful in clinical patients, however the feasibility of this technique on standing 
patients remains to be investigated. IV RLP performed through the lateral palmar digital vein under 
anesthesia was a great improvement compared to IV RLP performed through the cephalic vein in terms of 
distribution of MSCs to the foot and pastern area. The IV RLP performed on standing horses showed 
disappointing results with low uptake due to failure of the tourniquet and lack of distribution within the 
hoof. The coronary band injection did not result in migration of MSC within the hoof on these normal 
horses; further work on horses with lesion of the lamina would be indicated. 



The use of superparamagnetic iron oxide particles to track mesenchymal stem cells in a 
large animal model of tendonitis 
Alexandra Scharf, BS1; Jennifer L. Mumaw, PhD2; Merrilee Thoresen PhD John. F. Peroni, DVM, MS, 
DACVS3 From the Departments of Large Animal Medicine College of Veterinary Medicine1-3 and the 

Department of Physiology and Pharmacology1, University of Georgia, Athens, GA 30602. 
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Introduction and hypothesis/objectives: To overcome the relative inadequacy of traditional 
treatment options for tendonitis, clinicians have begun to use regenerative approaches such as 
mesenchymal stem cell (MSC) therapy that have demonstrated beneficial effects in healing soft 
tissue injuries in animals and humans. Despite reports of clinical success, veterinary regenerative 
medicine is still lacking thorough scientific awareness and specific guidelines for practical 
applicability. This research project contains experiments that lay the groundwork necessary to 
elucidate MSC treatment of equine tendonitis using non-invasive cell imaging techniques, based 
on magnetic resonance imaging (MRI) cell tracking of superparamagnetic iron oxide (SPIO) 
particles. SPIO particles have well-established protocols for being detected with MRI and are 
readily available for use in standard imaging systems with high spatial resolution. Additionally, 
SPIOs have been shown to remain within cells at detectable levels for a period of weeks, are 
non-toxic, biodegradable, do not emit ionizing agents, and are readily endocytosed by adherent 
and non-adherent cells in culture. Various studies have applied SPIO cell tracking technology in 
lab animal models to investigate the spatial distribution, survival, proliferation, and fate of MSCs 
post-implantation. 
The overall goal of our research is to establish a cell tracking method in large animal tendon 
injury using SPIOs that can be used to more accurately understand the behavior of intra-
lesionally implanted MSCs, including migration patterns and rates of disappearance from the site 
of injury. Our general hypothesis is that SPIO labeled equine and ovine MSCs will demonstrate 
viability, proliferation, and ability to differentiate similar to unlabeled MSCs, and will be 
detectable in concentrations as low as 100,000 cells/cm3 in tendon using a clinical grade 3T MR 
scanner for a period of at least 2 weeks.  
Materials and Methods: Sheep BM-MSCs at 70-80% confluency were treated with 25 µg 
Molday ION C6Amine (Biopal)/mL cell culture media overnight, harvested, and re-plated for 
viability, proliferation, migration, and tri-lineage differentiation assays. For imaging, 1% agarose 
gel phantoms were created by layering suspensions of 1*103, 104, 105, 106 cells in 1 mL layers of 
gel or by pipetting 50 uL of cells at similar cell numbers into 3 mm diameter wells to create cell 
pellets. In addition, 4 sheep were given bilateral tendon lesions and injected with 500,000 or 
1*106 GFP+ SPIO-labeled MSCs. Sheep were euthanized at 7 and 14 days and tendons were 
collected for MRI and histology. 
Results: No significant differences were found between the viability, proliferation, migration or 
tri-lineage differentiation of labeled versus unlabeled MSCs. Cells were detectable at 
concentrations as low as 100,000 cells/cm3 and were similiarly detectable in ovine tendon at both 
7 and 14 days with similar distribution patterns seen between MRI images and histology sections 
stained with Prussian blue. Positive staining for GFP+ cells was also found in similar locations to 
those indicated on MRI in tendons of the treated sheep.  
Discussion/Conclusions: This pilot study demonstrate that MIC-labeled bone marrow derived 
ovine MSCs I) retain similar viability, proliferation, migration potential, and ability to 
differentiate as compared to unlabelled MSCs and II) emit a signal detectable by a clinical 3-
Tesla MRI unit when introduced within the deep digital flexor tendon using FIESTA or similar 
sequences in numbers as low as 100,000 cells/cm3. 



Multiple injections of allogeneic equine MSCs do not induce a systemic inflammatory response or alter 
lymphocyte reactivity in healthy horses 
 
 
D.D. Carrade PhD1, L.K. Bohannon DVM2, S.M.Puchalski DVM, DACVR2, N.J. Walker BS1, 
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DACVP1, S.D. Owens DVM, DACVP1, D.L. Borjesson PhD, DVM, DACVP1 

University of California Davis, School of Veterinary Medicine, Davis, CA 95616 1Department of 
Pathology, Microbiology, Immunology 2Department of Surgical and Radiological Sciences 
 
Introduction and hypothesis/objectives: Equine multipotent mesenchymal stem cells (MSCs) have been 
derived from multiple tissues and are used in equine medicine to treat a variety of inflammatory and 
orthopedic disorders. Similar to other species, equine MSCs decrease lymphocyte proliferation in vitro. 
Unmatched, allogeneic MSCs can be administered safely and they are thought to alter lymphocyte 
phenotype and induce Tregulatory cells in mice and humans in vivo. The systemic immune response and 
lymphocyte function after multiple MSC administrations has not been evaluated in horses. In this study, 
we examined the effects of sequential intravenous injections of allogeneic adipose tissue (AT) or bone 
marrow-derived (BM) MSCs in vivo by determining serum cytokines, splenic and peripheral blood 
lymphocyte subsets and lymphocyte proliferation and mediator secretion ex vivo,. We hypothesized that 
multiple injections of allogeneic equine MSCs would not induce a systemic inflammatory response or 
alter lymphocyte reactivity.  
 
Materials and Methods:  Twelve adult horses, ages 5-15, were administered 3 doses of 25 million 
allogeneic AT-MSCs (n=5), BM-MSCs (n=5) or saline (n=2) via jugular catheter at a rate of 2 million 
cells per minute, every 2 weeks for 6 weeks. Blood and serum were collected on day(D)-7, D0, D14, D28, 
and D35. Ultrasound guided splenic aspirates were performed on D0 and D35. At each time point, a full 
complete blood count (CBC) was performed. Splenic lymphocytes and PBMCs were isolated by Ficoll 
and numbers of CD4+, CD8+, CD21+, CD3+ and T-regulatory (CD4+CD25+FoxP3) cells were 
determined by flow cytometry. PBMCs were cultured with or without stimulation by phytohemagglutinin 
(PHA) for 72 hours. Serum and culture media were analyzed by ELISA for TNF-α, IFN-γ, IL-10, IL-6, 
IL-17 and TGF-β1. An MSC crossmatch was performed to determine if horses developed antibodies to 
MSCs.  
 
Results: There was no adverse systemic response to 3 IV allogeneic MSC injections as measured by heart 
rate, body temperature, or respiratory rate. There was a mild lymphocytosis noted on days 14, 28 and 35 
post injection. Allogeneic MSC injections did not elicit alterations in serum TNF-α, IFN-γ, IL-10, IL-6, 
IL-17 or TGF-β1 cytokine concentrations. Similarly, preliminary results indicate no significant 
differences in mediator production by baseline or activated cultured PBMCs between horses that received 
MSCs compared to control horses. Flow cytometric determination of blood and splenic lymphocyte 
subsets (CD3+, CD4+, CD8+, CD21+ and T regulatory cells) is ongoing. Only 1/10 (10%) of the injected 
horses developed detectable anti-MSC IgG antibodies after 3 IV injections.  
 
Discussion/Conclusions: Similar to research in other species, our study has shown that moderate doses of 
equine MSCs are safe for multiple IV administrations. Systemic inflammation or significant alterations in 
lymphocyte subsets were not noted in these healthy horses. In vitro, activation of MSCs by 
proinflammatory mediators is required to elicit large-scale production of immunomodulatory mediators 
by MSCs. Further studies in horses with inflammatory lesions are needed to determine if activation of 
MSCs in vivo will result in modulation of  lymphocyte function and phenotype in vivo. 



Mechanisms of equine mesenchymal stem cell inhibition of T cell proliferation  
 
Danielle D. Carrade PhD1, Jennifer L. Granick DVM, Dipl. ACVIM1, Kaitlin C. Clark BS1, and Dori L. 
Borjesson DVM, PhD, Dipl. ACVP1 
 
1Department of Pathology, Microbiology and Immunology, School of Veterinary Medicine, University of 
California, Davis, California 95616. 
 
Introduction and hypothesis/objectives: Mesenchymal stem cells (MSCs) are being increasingly used 
for their immunomodulatory capabilities, increasing blood flow and decreasing the cells and products of 
inflammation to facilitate healing. Understanding the mechanisms by which equine MSCs alter cells of 
the immune system will permit the tailored use of MSCs to treat a variety of equine diseases (e.g. 
laminitis, colitis, or dermatologic disease). Previously, we have shown that activated equine MSCs secrete 
mediators that decrease T-lymphocyte (T cell) proliferation. The objectives of this study were to 1) 
determine the mediator(s) responsible for the inhibition of T cell proliferation and 2) delineate the 
mechanism(s) by which MSCs inhibit T cell proliferation. We hypothesized that PGE2 is critical to MSC 
regulation of T cell proliferation and that MSCs decrease T cell proliferation by arresting T cells in G0 
and increasing T cell apoptosis. 
 
Materials and Methods: Adipose-derived MSCs (AT-MSCs), bone marrow-derived MSCs (BM-MSCs), 
umbilical cord tissue-derived MSCs (CT-MSCs) and umbilical cord blood-derived MSCs (CB-MSCs) 
were co-incubated with activated T cells in a mixed leukocyte reaction in the presence or absence of 
indomethacin (inhibits PGE synthesis), L-NAME (inhibits nitric oxide (NO) production) or a blocking 
antibody to interleukin (IL)-6.  Lymphocyte proliferation was determined using a BrdU incorporation 
assay. Activated lymphocytes were incubated with MSCs and T lymphocyte cell cycle (G phase, M phase 
and S phase) and apoptosis were determined via concurrent flow cytometric evaluation of 7-AAD 
staining.  
 
Results: MSC-induced inhibition of T cell proliferation was significantly reduced by blocking PGE2 
synthesis with indomethacin. Accordingly, blocking PGE2 restored interferon-γ (IFNγ) and tumor 
necrosis factor-α (TNFα) secretion and increased IL-10 secretion from activated T cells in MSC-
lymphocyte co-cultures. Blocking IL-6 had no effect on the ability of MSCs to inhibit lymphocyte 
proliferation and thus did not restore IFNγ, TNFα or IL-10 secretion. Blocking NO production did not 
significantly alter lymphocyte proliferation however there was a trend towards restoration of lymphocyte 
proliferation in the presence of CB-MSCs when NO was inhibited. This trend was associated with a mild 
increase in IFNγ production in T cell-CB-MSC co-incubations when NO was absent. In the presence of 
MSCs, activated T cells do not enter the S phase of the cell cycle between days 3 and 4 in culture. 
Preliminary data suggest that BM-MSCs may arrest T cells in G0 however AT-MSCs and CT-MSCs may 
alter lymphocyte apoptosis.  
 
Discussion/conclusions: Similar to other species, PGE2 appears to be the primary mediator used by 
equine MSCs to inhibit T cell proliferation, regardless of tissue source. Nitric oxide, only produced by 
BM-MSCs and CB-MSCs, may play a small role in inhibiting T cell proliferation by CB-MSCs. Equine 
MSCs derived from different tissues may interfere with T lymphocyte cell cycle in different ways, 
variably inducing cell cycle arrest or lymphocyte apoptosis. These data further our understanding of how 
equine MSCs interact with and alter T cell proliferation and function. A deeper understanding of MSCs 
function in the context of immune cells and inflammation may lead to increased therapeutic efficacy in 
defined inflammatory niches. 
 



In vitro modulation of feline neutrophil free radical formation of bone marrow-derived mesenchymal 
stem cells. 
Jennifer L. Mumaw PhDa, David J. Hurley PhDb, Chad W. Schmiedt DVM, DACVSc, John F. Peroni 
DVM, MS, DACVSa 
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Introduction and hypothesis/objectives: In cats there is a paucity of data regarding mesenchymal stem cell 
(MSC) efficacy and mechanism of action.  However, given the consistently positive data in other species 
regarding renal ischemia-reperfusion, one area of particular interest is the application of MSC for feline 
renal transplantation recipients.   Neutrophils (NPs) are critical initiators of post-transplantation 
inflammatory cascades, especially in acute rejection reactions. Our purpose in this experiment was to 
develop an in vitro model whereby the relationship between feline MSCs and NPs could be investigated 
and to evaluate the quenching response of induced reactive oxygen species (ROS) production by differing 
ratios of feline MSCs to stimulated NPs.  Our hypothesis was that MSCs, or MSC secreted factors, would 
reduce ROS production in a dose-dependent manner.    

Materials and methods: Feline MSCs and fibroblasts (FB) were isolated and cultured from the bone 
marrow of a humerus and skin, respectively, of a purpose-bred cat. Tri-lineage differentiation assays were 
performed on MSCs using a commercially available differentiation kit.  20 mL of heparinized whole 
blood was collected from 9 cats (MSC n=6, FB n=3).  NPs were isolated by centrifugation and Tris-
NH4Cl RBC lysis.  Assessment of the maximal ROS production by NPs was done using the radical 
indicator dihydrorhodamine-123.  To determine maximum ROS production, NPs were cultured in 
triplicate in medium alone or in medium with 10-7M phorbol myristate acetate and incubated for 2 hours 
at 37°C and measured for the production of fluorescence using a 485nm excitation filter and 538nm 
emission filter on an automated plate reader.  To assess the capacity of MSC or MSC supernatant to 
modulate the production of ROS, cultures as described above were prepared except that the cells were 
suspended in RPMI medium on plates containing either MSCs or FB plated at  7,800 cells/cm2 and 
78,000 cells/cm2 or with 25% or 50% supernatant from MSC or FB cultures.  Supernatant was taken from 
cultures with 36,000 MSCs/cm2 cells cultured for 24 hours prior to harvest.  The differential in production 
of ROS was determined relative to controls containing no culture supernatant or cells.  Cultures 
containing MSC or FB, but no NPs, were also prepared to assess the level of ROS produce by cells in 
culture. 

Results: MSCs co-cultured with 300,000 NPs completely inhibited the ROS production when greater than 
25,000 MSCs were added per culture well.  As few as 2,500 MSCs in culture with 300,000 neutrophils 
reproducibly inhibited ROS production (15-35%), but FB co-cultured with 300,000 NPs had no apparent 
effect on ROS production when up to 25,000 FB were included in cultures. MSC supernatant 
demonstrated dose-dependent inhibition of ROS production with ~50% inhibition when the medium 
contained 50% MSC supernatant.  FB supernatant did not alter ROS production when present in the 
medium at 25% or 50%.  

Discussion/conclusions: Feline MSCs or MSC supernatant inhibited ROS production in a dose dependent 
manner.  The mechanism of this interaction, the interaction of feline MSCs with other feline 
inflammatory cells, and the ultimate clinical utility of MSCs in feline transplantation medicine remains to 
be determined.  
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Preclinical Assessment of Scaffold Based Approach to Reconstruction of the Equine Larynx 
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Introduction and objectives 

The equine upper airway must be able to resist large fluctuation in airway pressure during exercise. 
Pharyngeal collapse and particularly “Dorsal Displacement of the Soft Palate” (DDSP) has been reported 
to occur in 10-20 % of racehorses. In addition structural abnormality of the epiglottic cartilage has been 
associated with the occurrence of intermittent or persistent DDSP. Various treatment options exists to 
stabilize DDSP by attempting to reduce the compliance of the nasopharynx by transendoscopic laser 
staphylectomy, sternothyrohyoideus myectomy, a combination of sternothyrohyoideus myectomy and 
soft palate photothermoplasty (laser), and surgical laryngeal tie-forward. However, these options have 
met with only modest long-term success. A regenerative medicine approach to reconstruction may 
provide the capability to stabilize laryngeal structures and encourage restoration of site-appropriate, 
functional, host derived tissue. Successful preclinical and clinical application of decellularized laryngeal 
tissues has recently been described. The objectives of the study were to characterize the biocompatibility 
of decellularized equine laryngeal cartilage samples in a pre-clinical evaluation model; and to evaluate the 
scaffold materials as upper airway implants in a equine clinical pilot study.  
 
Materials and Methods 

Equine larynx tissues were harvested from adult horses (3-5 years old) immediately following euthanasia 
were frozen, thawed, and decellularized using the method described by Remlinger, et al. (Biomaterials. 
2010 May;31(13):3520-6). Following decellularization, samples were lyophilized and sterilized. One 
sample was surgically implanted subcutaneously in the neck of ten donkeys, and harvested 4 weeks later 
to evaluate biocompatibility. In a pilot study the decellularized scaffold materials were placed into two 
separate locations within the larynx of one horse: (1) into the body of the arytenoid cartilage; and (2) the 
rostral half of the native epiglottis.  Hematoxylin and eosin, Safranin O, and Verhoeff’s elastic stain were 
used to examine overall tissue structure and the host response, maintenance of glycosaminoglycan 
content, and elastin organization, respectively.  All results were compared to native tissues as a control. 

Results 

In the subcutaneous model the samples were minimally degraded by one month post implantation; 
however, small reductions in both elastin and glycosaminoglycan content were noted in histologic 
sections. In contrast, implants placed in the equine upper airway were observed to be largely 
indistinguishable from newly formed tissues and were replaced by dense connective tissue with signs of 
new hyaline cartilage formation in the arytenoids and by connective tissue containing glandular 
structures, and an epithelial covering in the epiglottis.   

Discussion 

The results of the present study demonstrate the feasibility of a scaffold based regenerative medicine 
approach to reconstruction of the equine upper airway, however further studies investigating alternative 
decellularization protocols, long-term integration, and potential formation of new cartilage are needed. 



EQUINE ADOPISE-DERIVED CELLS AS TROPHIC MEDIATORS OF TENDON REGENERATION 
Linda A. Dahlgren, DVM, PhD, VA-MD Regional College of Vet Med, Blacksburg, VA, lad11@vt.edu; 
SL Stewart, E Donnini, SM Apple, AC Nichols, JG Barrett, WR Huckle, WH Eyestone 

Introduction and hypothesis/objectives:  Adult stem cells are used increasingly in equine and small 
animal practice to treat a variety of conditions, including tendon and ligament injuries.  The mechanisms 
by which adult stem cells may contribute to tissue healing include cell differentiation and the production 
of soluble factors such as growth factors and cytokines, but remain unclear.  The stromal vascular fraction 
(SVF) collected from adipose tissue via enzymatic digestion is a mixed population of nucleated cells 
including endothelial cells, pericytes, and mesenchymal stromal cells.  The growth factor expression 
profile and ability to induce cell migration of this cell population is unknown, but is important when 
elucidating the mechanism of action of adult stem cells.  The purpose of this study was to evaluate the 
ability of adipose-derived cells (ADC) to act as trophic mediators in vitro.  We hypothesized that ADC 
would exhibit high levels of expression for growth factors important in tendon healing, be capable of 
inducing cell migration, and stimulate an anabolic response in tendon fibroblasts (TF). 

Materials and Methods:  TF and SVF isolated from the tensile region of forelimb superficial digital 
flexor tendons and adipose tissue from the caudodorsal gluteal region of 8 mixed breed young adult 
horses were used for 3 experiments.  Animal protocols were approved by the IACUC.  (1) Growth factor 
gene expression was determined for TF and ADC grown in monolayer culture for 24 hours and from 
uncultured SVF.  (2) Microchemotaxis assays were performed using conditioned media from TF and 
ADC grown in monolayer for 72 hours.  (3) TF and ADC were grown in co-culture and TF were 
harvested for gene expression for extracellular matrix molecules, and DNA, glycosaminoglycan (GAG), 
and collagen content.  Data were compared using mixed model ANOVA with significance set at P<0.05. 

Results:  There were no significant differences in 
gene expression between TF and ADC for IGF-I, 
TGF-β3, PDGF-BB, FGF-2 or SDF-1 (Table).  
Gene expression for TGF-β1 was significantly 
higher in TF than ADC and in uncultured SVF 
compared to both TF and ADC for all genes. 
Conditioned media from TF and ADC stimulated 
migration of ADC in a dose-dependent manner (p<0.0001); 
however, there were no significant differences between the two cell 
types (Figure).  Co-culture of TF with ADC significantly increased 
expression for collagen types I and III, cartilage oligomeric matrix 
protein (COMP), and decorin compared to controls. 

Discussion/conclusions:  Our results support, in part, our hypothesis 
that adipose-derived cells may play an indirect role in tendon 
regeneration through the production of soluble factors.  Conditioned 
medium was a potent chemo attractant for stem cells, co-culture of 
ADC and TF resulted in modest increases in expression for matrix proteins, and growth factor expression 
by the SVF was impressive.  The substantial difference in growth factor gene expression between the 
cultured ADC and SVF suggest that even early passage ADC are substantially different from fresh cells 
whether it be due to alterations in gene expression due to the tissue culture environment, the process of 
passaging in vitro and/or selection of a more homogeneous cell type through plastic adherence.  Clearly 
the heterogeneous cell population of the SVF is biologically distinct from the end product of the cell 
culture process.  How these differences impact the clinical application of adult stem cells is unknown but 
requires further investigation and should be taken into consideration when selecting fresh or 
cryopreserved cells for therapy.  Results from in vitro studies may not accurately represent the clinical 
effects of freshly isolated cells and conclusions based on in vitro studies must be translated to clinical 
practice with caution.  Further studies investigating a larger sampling of growth factors and cytokines and 
the effects of culture on cell phenotype are warranted.   

 

 Relative Gene Expression (± SD) 

Growth Factor 
Tendon 

Fibroblasts 
Adipose-

Derived Cells 
Stromal Vascular 

Fraction 
IGF-I 1.00 ± 1.51a 0.42 ± 0.48a 6559 ± 4540c 
TGF-β1 1.00 ± 0.41a 0.42 ± 0.26b 4.37 ± 1.40c 
TGF-β3 1.00 ± 0.39a 0.58 ± 0.28a 4.53 ± 2.60c 
FGF-2 1.00 ± 0.20a 1.08 ± 0.31a 8.89 ± 6.18c 
SDF-1 1.00 ± 0.55a 0.82 ± 0.81a 1406 ± 1599c 
PDGF-BB 1.00 ± 0.94a 1.04 ± 1.60a 3516 ± 1854c 
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Comparison of the SVF from equine adipose processed for point of care use and bone marrow 

aspirate   

 

Scott R. McClure, DVM, PhD, DACVS1; Ivone Bruno, PhD2; Rudy Martinez, MS2; Amir Sanchez, MD, 
MS2; Carl Friddle, PhD2; Mark Haugland, DVM, DACVS3  1Iowa State University  2InGeneron, Inc., 
Houston, TX 3Spring, TX 
 
Introduction The use of MSCs to treat musculoskeletal injuries in the horse is common.  Differences 
in phenotype of MSC’s from adipose tissue and bone marrow have been discussed, but there is little 
direct comparison data.  The objective of this study was to compare nucleated cell fractions and MSCs 
from donor matched bone marrow and adipose tissue.     
Materials and Methods Adipose tissue and bone marrow were obtained from 5 healthy horses.  
Nucleated cell count, viability, total adherent cells on day 6 and CFUs were determined.   Chondrogenic, 
osteogenic, and adipogenic cell differentiation assays for each source were performed.  Gene expression 
for stemness, markers of differentiation and collagen formation were measured in day 6 cell cultures.  
Results Total nucleated cell count/gram was significantly higher for fresh bone marrow.  Total 
adherent cells/gram in culture and CFU/million nucleated cells on day 6 were significantly higher for 
adipose indicating a higher proportion of MSC in fresh adipose tissue.  Gene expression for 
hematopoietic, adipogenic, chondrogenic and collagen type 2 in day 6 cells were lower in the adipose 
derived cells.  Osteogenic and collagen type 1 expression were significantly higher in the adipose derived 
cells.  Cell density and total RNA were higher in differentiated adipogenic and osteogenic cultures of 
adipose cells and in chondrogenic cultures of bone marrow cells.    
Discussion The large proportion of cells with capacity for self-renewal and differentiation in the fresh 
nucleated fraction from adipose tissue obtained using a point-of-care device supports its use as a clinically 
relevant source of cells for immediate implantation.   
 
 



Is chondrogenic differentiation affected equally by inflammation in different equine MSCs? 

 

Lise C. Berg, DVM PhD. Veterinary Anatomy, Faculty of Health and Medical Sciences, 

University of Copenhagen, Denmark. lcb@sund.ku.dk 

Preben D. Thomsen, DVM PhD DVSc, Veterinary Biochemistry, Faculty of Health and Medical 

Sciences, University of Copenhagen, Denmark. pdt@sund.ku.dk 

 

Introduction and objectives 

Mesenchymal stromal cells (MSC) are a promising cell source for therapy in articular cartilage 

defects. A series of studies have documented the chondrogenic potential of MSCs from different 

tissues including bone marrow, umbilical cord blood, adipose tissue, and others. Several of these 

are already available commercially for clinical use. However, little is known about how an 

inflammatory environment may affect the desired chondrogenic process. In a clinical setting it is 

not unreasonable to assume that inflammation may be present in the injured joint, and cells used 

for therapy will therefore be exposed to inflammatory cytokines. 

 The objectives of this pilot study were to test the effect of inflammation on the 

chondrogenic process in MSCs, and to evaluate if MSCs from different tissues respond equally. 

 

Materials and methods 

Cells from three tissue sources from three independent donors were used: bone marrow, adipose 

tissue, and synovial fluid. All cells had previously been tested for trilineage differentiation 

potential. Chondrogenesis was induced using standard chondrogenic media containing 

transforming growth factor beta 3 (10 ng/mL) in DmEM (Glutamax, 4.5 g/L) + 10 % FCS + 1 % 

Penicillin/Streptomycin for 21 days in monolayer cultures with media change every three days. 

Three treatment protocols were used: 1 – addition of interleukin-1 beta (IL-1 ) 50 ng/mL to the 

chondrogenic media for the first six days, 2 – addition of IL-1  10 ng/mL to the chondrogenic 

media for 21 days, 3 – chondrogenic media for 21 days (controls). All experiments were 

performed in triplicate. Chondrogenesis was evaluated using quantitation of mRNA expression of 

collagen type 2 (COL2), aggrecan (ACN), and cartilage-derived retinoic-acid sensitive protein 

(CD-RAP), staining of proteoglycans using safranin O, and assessment of morphology. 

 

Results 

Control cultures from all three MSC types were positive for chondrogenesis shown by formation 

of nodules staining positive with safranin O, and expression of COL2, ACN, and CD-RAP 

mRNA. Chondrogenesis was markedly decreased in MSCs from adipose tissue and synovial fluid 

treated with IL-1 , when compared to controls from the same MSC type. IL-1  treatment did not 

appear to affect chondrogenesis in bone marrow derived MSCs. 

 

Discussion/conclusions 

The findings of this pilot study suggest that chondrogenic differentiation is not affected equally 

by inflammation in different MSCs. Bone marrow derived MSCs appeared more resilient to the 

effect of IL-1  on chondrogenesis than MSCs from adipose tissue and synovial fluid. The dosages 

of 50 ng/mL and 10 ng/mL were chosen to ensure a strong inflammatory response, however both 

must be considered higher than pathophysiologically normal. It will be interesting to repeat the 

study using treatments that closer resemble what would occur in a clinical setting both with 

regards to concentration of cytokines and duration of inflammatory stimulation. This work is 

ongoing, and the findings could potentially influence our choice of MSC type for treatment of 

cartilage defects. 
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“Once in every two or three decades comes along a new technology that can greatly enhance the practice of veterinary medicine. 
In the 1980’s that technology was ultrasound.  Now, in the 2000’s, Hyperbaric Oxygen Therapy has arrived and has that potential.”   

- Dr. Fairfield T. Bain, DVM, MBA, Diplomate, ACVIM, ACVP, ACVECC
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