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Article Overview
• In veterinary medicine, there are options available for both small and large animal practitioners to utilize
autologous adipose-derived stem/stromal cells (AD-SCs) to promote healing for injuries and degenerative joint
disease.1
• By provision of a living bioscaffolding to encourage stem cell adherence–proliferation, the additional cell
availability can be further enhanced with addition of high-density platelet-rich plasma (HDPRP).
• The potential of stem/stromal cells, coupled with important inflammatory promotion (HDPRP), is recognized as
safe and efficacious in both open wound surgical care and guided placement.
• The ability to prepare a site for skin graft by placement of AD-SCs in recalcitrant full-thickness wounds speeds
the healing and recuperation of small and large defects in animals.
• AD-SCs are of significant value in musculoskeletal tissue injury or disease because there is gradual depletion of
native stem/stromal cells in chronic injury or degenerative states.
• Multiple studies support the effectiveness of AD-SCs for use in connective tissue and joint repair, among other
potential uses.
• Controlled veterinary clinical trials are continuing, which will provide statistical documentation of the safety and
efficacy of AD-SCs, as well as comparisons of different protocols for administration.
• Utilization of AD-SCs, with or without HDPRP concentrates, have proven very effective in several thousand
injections in preclinical and clinical use by both human and veterinary physicians in the U.S. and elsewhere.
Reference
1. Alderman D, Alexander B, Harris G, Astourian P. Stem cell prolotherapy: Background, research and protocols. J Prolother, August 2011.
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steoarthritis aff licts 10
to 12 million dogs in the
United States and is the
most common cause of chronic pain
in dogs.1 Tendon and ligament injuries are common in performance
horses and potentially more threatening than a fracture to the horse’s
athletic ability.2
Clinical evidence is growing that
autologous adipose-derived stem/
stromal cells (AD-SCs) can dramatically improve healing of injuries and
decrease degenerative processes.3
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• Extraction of a fat sample from
the animal
Figure 1. Flow chart elucidating possible commitment, lineage progression, and
maturation of adipose-derived mesenchymal stem cells
• Sample sent to a laboratory for
stem/stromal cell processing
• Processed sample returned to
animal veterinarians for dogs and cats, with more than
treating veterinarian for direct placement or injection 1000 cases of connective tissue and joint repair reported
into the injured tissue or joint.
through 2009,9 and a greater than 80% success rate in
Successful outcomes from this treatment have been blinded, placebo-controlled canine clinical trials.10
shown in horses treated from 2003 to 2008, with:5-8
Recently in-office stem cell procedure kits have become
• 77% returning to prior level of performance
available, allowing for treatment at the clinic or on the
• 94% stable 1 year or more after treatment for acute farm, depending on the species of animal receiving therapy.
and chronic suspensory ligament injuries
• 57% with joint injuries returning to prior level of per- STEM CELL CHARACTERISTICS
formance.
There are 2 kinds of stem cells:
No systemic adverse events were reported and less than
• Embryonic (prenatal) stem cells
0.5% had local tissue reactions.
• Adult (postnatal) stem cells.11
Although most lay people recognize the term embryonic
Companion Animals
stem cells, the important potentials of adult stem cells have
In 2007, this technology was made available to small been recognized in the veterinary and human medical literature since 1963, when Becker, et al, reported on the
regenerative nature of bone marrow.12
Defining Potency

• Totipotency is the ability of a single cell to divide
and produce all the differentiated cells in an organism, including extraembryonic tissues.
• Pluripotency refers to a stem cell that has the potential to differentiate into any of the 3 germ layers:
1. Endoderm (interior stomach lining, gastrointestinal tract, lungs)
2. Mesoderm (muscle, bone, blood, urogenital)
3. Ectoderm (epidermal tissues, nervous system).
• Multipotency refers to cells that retain the capability to differentiate into a variety of cellular phenotypes derived from 1 germ layer.
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Embryonic Stem Cells
Embryonic stem cells are, in theory, able to transform
into any type of tissue; they are totipotent when an egg
is fertilized; then after several divisions are pluripotent.13
Although less of an issue in veterinary than human medicine, there are religious, political, and ethical issues that
limit the use of fetal stem cells.
Adult Stem Cells
Postnatal adult stem cells:
• Retain regenerative or reparative capabilities as undifferentiated cells
• Maintain homeostasis in all tissues

Advances in Stem Cell Therapy |

• Are capable of repair or regeneration in a tissue or
organ system.
These multipotent cells are locally activated to proliferate and differentiate into some, or all, of the major
specialized cell types of tissue when required for maintenance or repair. They facilitate tissue maintenance,
regeneration, growth, and wound healing throughout life with the capability of differentiation to a wide
variety of types of adult cells, such as muscle, bone,
cartilage, tendon-ligament, and adipose tissues.14
Adult stem cells are found in all tissues in the
body15 in varying quantities, with major reservoirs
in adipose tissue16 and, to a lesser extent, bone
marrow.17 Both bone marrow and adipose tissue are
derived from embryonic mesodermal tissues and
contain a microvascular network, including extracellular matrix and extensive perivascular stroma,
which is credited for clinical promise in regenerative
medicine applications.18
Adipose-Derived Adult Stem Cells
Adipose stroma contains large numbers of undifferentiated stem/stromal cells capable of producing all
tissue types derived from the mesodermal layer.19,20
These AD-SCs have the potential to differentiate to
tenoligamentous, skeletal muscle, smooth muscle, and
cardiac muscle.21,22 AD-SCs also have the potential to

differentiate into tissue derived from ectodermal and
endodermal origins, such as organ tissue, nerves, and
skin, suggesting that they have pluripotent and multipotent capabilities (see Figure 1).23-32
Recent studies have determined the safety and efficacy of implanted/administered AD-SCs in various
animal models as well as human clinical trials. AD-SCs
also meet certain criteria described for the ideal stem
cell for regenerative medicinal applications:33,34
• Found in abundant quantities
• Harvested with a minimally invasive procedure
• Can be differentiated along multiple cell lineage
pathways in a regulatable and reproducible manner
• Can be safely and effectively transplanted.
As a result, adipose tissue has become an important
resource for research and patient care applications in
human and veterinary medicine.
HIGH-DENSITY PLATELET-RICH PLASMA
CONCENTRATES
Enhanced healing capability is possible when platelet
concentrations are increased within injured or damaged tissue.35 Platelet-rich plasma has been used successfully as a treatment modality in both veterinary
(equine) and human medicine.
High-density platelet-rich plasma (HDPRP) is defined
as plasma with platelet concentrations > 4 times the
levels found in circulating blood. It is isolated and
concentrated from a peripheral venous blood sample
by bidirectional centrifugation.36
Various portable commercial centrifugation units
exist for in-office use; however, there are only a few that

Naming Adipose-Derived Stem/
Stromal Cells
There has been some variation and question
regarding the correct terminology for stem/stromal
adipose cells.
At first, mesenchymal stem cells (discovered
to have an active role in connective tissue repair
in the early 1990s1) were thought to be the most
important contributor to tissue regeneration;
however, it became evident that within the adipose
tissue complex is a key extracellular matrix, which
included mature adipocytes and adipocytic precursors (known as progenitor cells). In addition, there
Figure 2. Adipose tissue with (A) adipose cells, (B) extracelluwas a variety of additional nucleated, undifferentilar matrix (most stem cells there), (C) pericytes (surround vesated, multipotent, and pluripotent cells, includsels; important in angiogenesis), (D) mesenchymal stem cells
ing pericytes and endothelial cells, which are all
(small cells), and (E) pre-adipocytes (progenitor cells)
thought to play important roles in mesenchymal/
stromal-derived tissue regeneration (Figure 2).
Therefore the term adipose-derived stem/stromal cells (AD-SCs), rather than simply “mesenchymal
stem cell,” is used to describe this population of cells.
Reference
1. Caplan A, Fink D, Goto T, et al. Mesenchymal stem cells and tissue repair. In Jackson DW (ed): The Anterior Cruciate Ligament: Current and
Future Concepts. New York: Raven Press, 1993, p 405-417.
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Table. Common Growth Factors
Found in Platelet-Rich Plasma
Fibroblast growth factor

FGF

Insulin-like growth factor

IGF

Interferons: Alpha, Gamma

I-A, I-G

Interleukin 1

IL-1

Platelet-derived
angiogenesis factor

PDAF

Platelet-derived epidermal
growth factor

PDEGF

Platelet-derived growth
factor aa,bb,ab

PDGF

Platelet factor 4

PF-4

P-selectin

GMP-140

Transforming growth factor
B1, B2

TGF-B1, TGF-B2

are capable of consistently concentrating platelets to high-density
therapeutic levels, including the
Harvest Technologies Smart PReP2
centrifugation system (harvesttech.com), which has been cleared
by the FDA.
The Inflammatory Cascade
Platelets contain a significant number of growth factors, key signal
proteins, chemokines, cytokines,
and other proinflammatory bioactive factors that initiate and regulate most basic aspects of the
inflammatory cascade, resulting in
natural wound healing (Table).37
• Elevated platelet concentrations are known to stimulate proliferation and differentiation, recruitment, and
migration of mesenchymal
and stromal repair cells to an
injury site.38
• Circulating platelets, when activated, begin a degranulation
process that secretes a variety
of important growth factors
and cytokines/chemokines.39
• Activated platelets also secrete
stromal cell-derived factor 1
alpha (SDF-1a), which supports primary adhesion and
migration of mesenchymal
stem/stromal cells.40
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Platelet’s Role in Wound Healing
In many human stem/stromal cell protocols and some
veterinary stem cell protocols, HDPRP is combined
with AD-SC for placement into specific injury sites.
There are also many examples of utilization of HDPRP,
with and without stem/stromal cell additives, that
have proven effective in acute and chronic full-thickness wound defects. Stimulation of the inflammatory
cascade, coupled with the addition of AD-SC, remarkably shortens the healing process by promoting tissue
regeneration (see Figure 3).41
RESEARCH
Multiple studies, both in the human and veterinary
literature, have clearly demonstrated the ability of
AD-SCs to actively participate in tissue homeostasis,
regeneration, and open wound healing.42-65 AD-SCs
also differentiate into and repair musculoskeletal connective tissue, including:
• Ligament
• Tendon
• Cartilage

A

B

C

D

Figure 3. Use of high-density platelet-rich plasma in equine open wound defect: (A)
Pre-operative avulsion, 4-degree tissue loss, bone surface exposed, wound 8 days old;
(B) postoperative wound at 48 hours with 1 sharp debridement and thrombin-activated
HDPRP topical concentrate; (C) postoperative wound on day 8 with 2 debridements
plus second activated HDPRP topical concentrate; (D) split-thickness skin graft taken
from left chest, suture fixed, and meshed, with activated HDPRP under graft and platelet-poor plasma as fibrin gel on surface.
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• Disk
• Muscle
• Nerve tissue
• Bone
• Hematopoietic-supporting stroma.
In vitro, AD-SCs have demonstrated pluripotent
capabilities to differentiate into a variety of nonmesodermally derived tissues, including hepatic, pancreatic, and keratocytic tissue, and to be effective in
skin anti-aging and tissue regeneration, cardiovascular muscle and vascular tissue repair, rheumatoid
arthritis, diabetes, and other diseases.66-75
For many years in human medicine, studies have
focused on bone marrow-derived mesenchymal
and hematopoietic undifferentiated cells. It is well
documented that bone marrow possesses very few
true mesenchymal stem cells, compared to AD-SCs,
which are becoming the primary tissue source in
clinical applications. Adipose is a complex cellular–vascular tissue that is not only easier to harvest,
but offers markedly higher nucleated, undifferentiated stem cell counts than bone marrow.76 Research
has shown as much as 500 to 1000 times as many

Technology for Stem Cell & Plasma
Concentrate Harvesting
Stem Cell Harvesting
Currently, 2 companies provide stem cell technology for
veterinary medicine. Vet-Stem (vet-stem.com), the first
company to commercially offer stem cell use, provides a
practical “as needed” approach: Veterinarians can remove
fat from an animal and ship it overnight to the Vet-Stem
laboratory. There, the fat sample is processed by chemical
digestion, isolation, and concentration, then returned to the
veterinarian for injection into the animal’s injury site.
MediVet America (medivet-america.com) offers the
ability to do stem cell procedures at point of care, within
clinical surgical facilities. Both companies have reported
favorable results in their treatment protocols and reported
case studies.1,2

Plasma Concentrate Harvesting
Various portable commercial centrifugation units exist that
process blood samples, resulting in platelet-rich plasma
concentrates. The one used for our investigation was the
patented Harvest Technologies (harvesttech.com) Smart
PReP2 centrifugation system: This system uses a sterilized
blood collection kit that allows in-office phlebotomy and
processing in a tabletop bidirectional centrifugation unit.3
It is capable of consistently concentrating 4 to 5 times, or
more, the patient’s circulating level of platelets, achieving
the needed therapeutic level of HDPRP.
References
1.	Vet Stem case studies: vet-stem.com/equine/casestudies.php, vet-stem.com/
smallanimal/casestudies.php
2. MediVet America case studies: medivet-america.com/casestudies.html
3. Harvest Technologies product information: harvesttechnologies.com/products/
smartprepmain.html

mesenchymal and stromal vascular stem-like cells
exist in adipose as compared to bone marrow.77-79 For
further information on ongoing stem cell research,
go to todaysveterinarypractice.com.
STEM CELL HARVESTING & ADMINISTRATION
The ability of AD-SCs to support and serve as
a cell reservoir for connective tissue and joint
repair is the basic theory for their use in joint
regenerative medicine.
Autologous AD-SC therapy involves:
1. Harvesting fat from the available sites
2. Isolating the stem and regenerative cells
3. Administering the cells back to the patient.
In veterinary practice, these cells are typically
found in the adipose deposits near the tail (horses)
and from the ventral fat pad (dogs). In these cases,
fat is either lipoaspirated80 or, if taken surgically, en
bloc, morselized to permit separation of the stem–
stromal elements within the adipose complex. After
preparation, this tissue, combined with HDPRP, can
then be injected during open surgical intervention
or by guided injection.
It is important to understand that undifferentiated stem/stromal cells must adhere to other cells
(cell-to-cell contact) or to extracellular matrix/perivascular tissues in order to proliferate effectively.
Within an injured or degenerative site, the stem/
stromal cell fate is controlled by a complex set of
physical (cell-to-cell) and chemical signals (paracrine-autocrine effects) dictated by the cellular and
chemical microenvironment (niche).81
Further, these cells are believed to proliferate
and differentiate from signaling based on the environment in which they are placed. Therefore, if
AD-SCs are placed within and adherent to damaged
connective tissue, uncommitted progenitor and
stem/stromal elements within the AD-SC graft are
activated and differentiate toward the specific connective tissue lineages for growth and repair.
CONCLUSION
Stem cell therapy in regenerative veterinary medicine is a viable option for the equine as well as the
small animal veterinarian, offering a safe and clinically effective tool for the clinician to assist in his/
her treatment of the animal with difficult wounds
or unresolved musculoskeletal or joint pain. n
AD-SC = adipose-derived stem/stromal cell;
HDPRP = high-density platelet-rich plasma
Go to TodaysVeterinaryPractice.com for
further information on how adipose-derived
stem cells were originally introduced for use in
medicine as well as details regarding current
research taking place.
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Discovery of Mesenchymal Stem Cells
In the early 1990s, adult mesenchymal stem cells
were discovered to have an active role in connective tissue repair.1 These cells were first labeled as
mesenchymal stem cells (MSCs)2 because of the
ability to differentiate to lineages of mesenchymal
tissue, and were recognized to be an essential
component of the tissue repair process.3
An interesting observation made about MSCs
was the ability to “home in” and help repair areas
of tissue injury using chemotactic mechanisms.1
While bone marrow has historically been used as a
source of MSCs, adipose-derived stromal elements
were shown to have nearly identical fibroblast-like
morphology and colonization, immunophenotypic
capabilities, successful rate of isolation, and differentiation capabilities.4-6 The healing potentials of
the very heterogenic, adipose-derived stem/stromal
cells (AD-SCs) were demonstrated in early clinical
use for cranial defect and chronic fistula repair,
without side effects.7,8
MSCs, along with other cells within the adipose
stroma (together making up AD-SCs), react to cellular and chemical signals, and have been shown to
differentiate and assist in healing for a wide variety
of cellular types. This includes cartilage repair,
angiogenesis in osteoarthritis, tendon defects, ligament tissue, intervertebral disk repair, ischemic
heart tissue, graft-versus-host disease, and osteogenesis imperfecta.6,9-21
Of particular interest in musculoskeletal medicine is the observation in degenerative diseases,

such as advanced osteoarthritis, that an individual’s
local adult stem cell frequency and potency may be
depleted, with reduced proliferative capacity and
ability to differentiate.22,23 It has been suggested that
addition of these missing stem cell elements might
help these conditions. Studies have demonstrated
such improvement with adult stem cell therapy by
successful regeneration of osteoarthritic damage
and articular cartilage defects.24,25

AD-SC Use in Human Cosmetic Surgery
Cosmetic-plastic surgeons have studied, and safely
and successfully utilized, autologous fat grafting
for structural augmentation via transplantation of
lipoaspirants for many years. In the past decade,
better understanding of the cellular mechanisms
responsible for successful soft tissue augmentation
has been better defined, focusing on the plentiful
undifferentiated stem/stromal elements rather than
the survival of mature adipocytes.26
During the 1990s, further understanding and
enhancements by cosmetic plastic surgeons to
improve the “take” of fat grafts led to the effective addition of high-density, platelet-rich plasma
(HDPRP) concentrates to further enhance the
success of autologous fat grafts (AFG).27
Several publications within the human cosmeticplastic surgical literature have reported significant
contributions to successful adipose tissue transplantation when these autologous grafts were
blended with highly concentrated platelet elements
(PRPs).28-30 Recognition of the
significant clinical contribution to structural fat grafting
when transplanted with the
multitude of platelet-derived
growth factors, cytokines,
and chemokines, became
a valuable aid in retaining
improved structural augmentation.
It is believed that these
effects are largely a result
of provision of a undifferentiated cell population and
HDPRP’s ability to improve
active angiogenesis, stimulation and promotion of
undifferentiated cell adherence, proliferation, and differentiation activities of precursor cells in the grafts,
Figure. Photomicrograph of adipose-derived MSCs treated with PRP in vitro
reflecting the niche in which
they are received (Figure).
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Research At This Point in Time
When adipose-derived stem cells are placed
within osteoarthritic degenerated cartilage,
chondrogenic differentiation is believed to be
encouraged.31-34 In the 1990s, Young, et al, showed
repair of an Achilles tendon tear when placed in a
collagen matrix, then placed in a tendon defect.35
In 2003, Murphy, et al, reported significant
improvement in medial meniscus and cartilage
regeneration with autologous stem cell therapy
in an animal model. Not only was there evidence
of marked regeneration of meniscal tissue, but
the usual progressive destruction of articular
cartilage, osteophytic remodeling, and subchondral sclerosis commonly seen in osteoarthritic
disease was reduced in MSC-treated joints compared with controls.36
In 2008, Centeno, et al, reported significant
knee cartilage growth and symptom improvement in a human case report using cultureexpanded autologous MSCs from bone marrow.37
In 2010, Little, et al, demonstrated the successful differentiation of human AD-SCs to ligamental tissue following placement in a simulated
ligament matrix composed of native ligamentous
material combined with collagen fibrin gel. Cells
placed in this manner showed changes in gene
expression consistent with ligament growth and
expression of a ligament phenotype.38
In 2011, Albano and Alexander successfully
reported an autologous fat graft as a mesenchymal stem source and living bioscaffold (autologous regenerative matrix) to repair a persistent patellar tendon tear.133 Growth factors and
chemical elements, such as present in HDPRP, are
believed to provide favorable influences within
the microenvironment to enhance adherence,
proliferation, differentiation and migration of
cells towards this end.39
Continuing Research
There are more than 43 ongoing U.S. human
controlled clinical trials with approximately half
of them still recruiting participants.40 Studies
include the use of AD-SCs for degenerative
arthritis. In that trial, AD-SCs will be culture
expanded, then administered into a cartilage
tissue lesion via orthopedic surgery.41
Another trial pending (Scarpone and Alexander,
sponsored by Trinity Health Systems) explores
the use of PRPs alone versus AD-SC alone versus
PRPs and AD-SCs together. A similar planned
veterinary study will also explore PRP with and
without AD-SCs.
Other ongoing human studies include AD-SCs
for the treatment of diabetes, rectovaginal and

perianal fistulas, peripheral vascular disease,
ischemic heart disease, coronary arteriosclerosis,
hemifacial atrophy, liver cirrhosis, breast reconstruction after breast cancer, anti-aging, polycystic ovary syndrome, metabolic syndrome X, fecal
incontinence, graft versus host disease, chronic
critical limb ischemia in diabetic patients, lipodystrophy, Crohn’s Disease, spinal cord injury,
Buerger’s disease, and neurologic diseases such
as amyotrophic lateral sclerosis.42
The use of stem cell on equine tendonitis
and articular cartilage regeneration has been
reported from research centers including Cornell
University School of Veterinary Medicine. In
2010, Fortier, et al, compared concentrated bone
marrow aspirate compared with microfracture
for full-thickness cartilage repair in the equine
model. At 8 months there was superior and
statistically significant improvement in repair
tissue in the bone marrow concentrate group
compared with the microfracture group, with
MRI evidence of increased filling of the defects
and improved integration of repair tissue into
surrounding normal cartilage, greater type-II
collagen content, and improved orientation of
the collagen.43
In another study at Cornell, the histologic
evaluation of stem cell treated tendons versus
controls revealed a significant improvement in
tendon fiber architecture, reductions in vascularity and inflammatory cell infiltrate, and improvements in tendon fiber density and alignment in
AD-SC treated tendons. The study concluded that
the use of adipose stem cell therapy in horses
with tendonitis appears warranted.44
Small animal studies include 2 double-blinded,
placebo-controlled studies in canine osteoarthritis, 1 for the hip and the other for the elbow. In
both cases a small amount of fat was extracted
from the animal, placed in a temperature-controlled (28° C) transport box, and shipped overnight to Vet-Stem laboratory for processing and
return of concentrated stem/stromal cells.
Veterinary evaluation incorporated history,
physical examination, and lameness determination. Eighteen dogs completed the 90 day study.
Statistically significant improvement in lameness, pain, and range of motion was noted in
the stem–cell-treated group compared with a
blinded, saline-injected control group, with significant improvement over time from baseline.
Three of the owners were considering euthanasia
prior to the study because of their animals’ pain
and functional disability. At the time of writing
the publication those animals were reported to
be living relatively pain free.45

July/August 2011

Today’s Veterinary Practice

29

| Advances in Stem Cell Therapy

References
1. Caplan A, Fink D, Goto T, et al. Mesenchymal stem cells
and tissue repair. In Jackson DW (ed): The Anterior Cruciate
Ligament: Current and Future Concepts. New York: Raven Press,
1993, pp 405-417.
2. Caplan A. Mesenchymal stem cells. J Orthop Res 1991; 9:641650.
3.	DePuy Orthopedics and Case Western University. Chemotactic
and mitogenic stimulation of human mesenchymal stem cells by
platelet rich plasma suggests a mechanism for enchancement
of bone repair. Orthop Res Soc Proc 2002; available at perstat.
com/ortho1.pdf.
4. 	Izadpanah R, Trygg C, Patel B, et al. Biologic properties of
mesenchymal stem cells derived from bone marrow and adipose
tissue. J Cell Biochem 2006; 99:1285-1297.
5. Kern S, Eichler H, Stoeve J, et al. Comparative analysis of
mesenchymal stem cells from bone marrow, umbelicial cord
blood or adipose tissue. Stem Cells 2006; 24:1294-1301.
6. Uysal AC, Mizuno H. Tendon regeneration and repair with
adipose derived stem cells. Curr Stem Cell Res Ther 2010;
5(2):161-167.
7. Fraser JK, Wulur I, Alfonso Z, Hedrick MH. Fat tissue: An
unappreciated source of stem cells for biotechnology. Trends
Biotechnol 2006; 24(4): 150-154.
8. Tobita M, Orbay H, Mizuno H. Adipose-derived stem cells:
Current findings and future perspectives. Disc Med 2011; 11(57):
160-170.
9. Guilak F, Awad H, Fermor B, et al. Adipose-derived adult stem
cells for cartilage tissue engineering. Biorheology 2004; 41(34):389-399.
10. Murphy J, Fink D, Hunziker, E, Barry F. Stem cell therapy in a
caprine model of osteoarthritis. Arthritis Rheum 2003; 48:34643474.
11. Centeno C, Busse D, Kisiday J, et al. Increased knee cartilage
volume in degenerative joint disease using percutaneously
implanted, autologous mesenchymal stem cells. Pain Physician
2008; 11(3):343-353.
12. Murphy J, Fink D, Hunziker E, Barry F. Stem cell therapy
in a caprine model of osteoarthritis. Arthritis Rheum 2003;
48(12):3464-3474.
13. 	Rios C, McCarthy M, Arcierco C, et al. Biologics in shoulder
surgery: The role of adult mesenchymal stem cells in tendon
repair. Tech Orthop 2007; 22(1):2-9.
14. Obaid H, Connel D. Cell therapy in tendon disorders: What is the
current evidence? Am J Sports Med 2010; 38(10):2123-2132.
15. Little D, Guilak F, Ruch D. Ligament derived matrix stimulates
a ligamentous phenotype in human adipose-derived stem cells.
Tissue Eng Part A 2010; 16(7):2307-2319.
16. Hsu WK, Wang JC, Liu NQ, et al. Stem cells from human fat as
cellular delivery vehicles in an athymic rat posterolateral spine
fusion model. J Bone Joint Surg Am 2008; 90:1043-1052.
17. Hoogendoorn RJ, Lu ZF, Kroeze RJ, et al. Adipose stem cells for
intervertebral disc regeneration: Current status and concepts for
the future. J Cell Mol Med 2008; 12(6A):2205-2216.
18. Kraitchman D, Tatsumi M, Gilson W, et al. Dynamic imaging
of allogenic mesenchymal stem cells trafficking to myocardial
infarction. Circulation 2005; 107(18):2290-2293.
19. Amado L, Saliaris A, Schuleri K, et al. Cardiac repair with
intramyocardial injection of allogenic mesenchymal stem cells
after myocardial infarction. Proc Natl Acad Sci USA 2005;
102(32):11-474 to 11-479.
20. Le Blanc K, Rasmusson I, Sundberg B, et al. Treatement
of severe acute graft-verus-host disease with with third
party haploidentical mesenchymal stem cells. Lancet 2004;
363(9419):1438-1441.
21. Horwitz E, Gordon P, Koo W, et al. Isolated allogenic bone
marrow-derived mesenchymal cells engraft and stimulate growth
in children with osteogenesis imperfect: Implications for cell
therapy of bone. Proc Natl Acad Sci USA 2002; 99(13):89328937.
22. Murphy J, Dixon K, Beck S, et al. Reduced chondrogenic and
adipogenic activity of mesenchymal stem cells from patients with
advanced osteoarthritis. Arthritis Rheum 2002; 46:704-713.
23. Luyten F. Mesenchymal stem cells in osteoarthritis. Curr Opin
Rheumatol 2004; 16:559-603.

30

Today’s Veterinary Practice July/August 2011

24. 	Wakitani S, GotoT, Pineda S. Mesenchymal cell-based repair of
large, full-thickness defects of articular cartilage. J Bone Joint
Surg (Am) 1994; 76:579-592.
25. 	Wakitani S, Imoto K, YamamotoT, et al. Human autologous
culture expanded bone marrow mesenchymal cell transplantation
for repair of cartilage defects in osteoarthritic knees. Osteo Cart
2002; 10:199-206.
26. Alexander R. Use of platelet-rich plasma to enhance effectiveness
of autologous fat grafting. In Shiffman M (ed): Autologous Fat
Transfer. Art, Science and Clinical Practice. Berlin: Springer,
2010.
27. Abuzeni P, Alexander RW. Enhancement of autologous fat
transplantation with platelet-rich plasma. Am J Cosm Surg 2001;
18:59-71.
28. Alexander RW. Use of platelet-rich plasma (PRP) in autologous
fat grafting. In Shiffman M (ed): Autologous Fat Grafting. Berlin:
Springer; 2010: 140-167.
29. Alexander RW, Sadati K, Corrado A. Platelet-rich plasma (PRP)
utilized to promote greater graft volume retention in autologous
fat grafting. Am J Cosm Surg 2006; 23(4):203-221.
30. Alexander RW. Fat transfer with platelet-rich plasma for breast
augmentation. In Shiffman M (ed): Autologous Fat Transfer. Art,
Science and Clinical Practice. Berlin: Springer, 2010.
31. Ohlstein B, Kai T, Decotto E, et al. The stem cell niche: Theme
and variations. Curr Opin Cell Biol 2004; 16:693-699.
32. Schaffler A, Buchler C. Concise review: Adipose tissue-derived
stromal cells—basic and clinical implications for novel cell-based
therapies. Stem Cells 2007; 25:818-827.
33. Burdick J, Vunjak-Novakovic G. Engineered microenvironments
for controlled stem cell differentiation. Tissue Eng Part A 2009;
15(2):205-219.
34. Lund AW, Yener B, Stegemann JP, et al. The natural and
engineered 3D microenvironment as a regulatory cue during stem
cell fate determination. Tissue Eng Part B 2009; 15(3):371-380.
35. Young R, Butler D, Weber W, et al. Use of mesenchymal stem
cells in a collagen matrix for Achilles tendon repair. J Orthop Res
1998; 16:406-413.
36. Murphy J, Fink D, Hunziker E, Barry F. Stem cell therapy in a
caprine model of osteoarthritis. Arthritis Rheum 2003; 48:34643474.
37. Centeno C, Busse D, Kisiday J, et al. Increased knee cartilage
volume in degenerative joint disease using percutaneously
implanted, autologous mesenchymal stem cells. Pain Physician
2008; 11(3)343-353.
38. Little D, Guilak F, Ruch D. Ligament derived matrix stimulates
a ligamentous phenotype in human adipose-derived stem cells.
Tissue Engineering Part A 2010; 16(7):2307-2319.
39. Mishra A, Tummala P, King A, et al. Buffered platelet-rich plasma
enhances mesenchymal stem cell proliferation and chondrogenic
differentiation. Tissue Eng Part C 2009; 15(3):431-435.
40. Search results in clinicaltrials.gov: http://clinicaltrials.gov/ct2/result
s?term=adipose+adult+stem+cells&recr=&rslt=&type=&cond=&int
r=&outc=&lead=&spons=&id=&state1=&cntry1=&state2=&cntry2=
&state3=&cntry3=&locn=&gndr=&rcv_s=&rcv_e=&lup_s=&lup_e
41. Autologous adipose tissue derived mesenchymal stem cells
transplantation in patient with degenerative arthritis (identifier:
NCTO1300598).
42. Search results in clinicaltrials.gov: http://clinicaltrials.gov/ct2/result
s?term=adipose+adult+stem+cells&recr=&rslt=&type=&cond=&int
r=&outc=&lead=&spons=&id=&state1=&cntry1=&state2=&cntry2=
&state3=&cntry3=&locn=&gndr=&rcv_s=&rcv_e=&lup_s=&lup_e
43. Fortier L, Potter H, Rickey E, et al. Concentrated bone marrow
aspirate improves full-thickness cartilage repair compared with
microfracture in the equine model. J Bone Joint Surg Am 2010;
92:1927-37.
44. Nixon AJ, Dahlgren LA, Haupt JL, et al. Effect of adiposederived nucleated cell fractions on tendon repair in horses with
collagenase-induced tendinitis. Am J Vet Res 2008; 69(7):923937.
45. Black LL, Gaynor J, Gahring D, et al. Effect of adipose-derived
mesenchymal stem cell and regenerative cells on lameness in
dogs with chronic osteoarthritis of the coxo-femoral joints: A
randomized, double-blinded, multicenter, controlled trial. Vet Ther
2007; 8(4):272-284.

Advances in Stem Cell Therapy |

References
1. Johnson JA, Austin C, Breur GJ. Incidence of canine appendicular
musculoskeletal disorders in 15 veterinary teaching hospitals from 1980
to 1989. Vet Comp Orthop Traumatol 1994; 7:56-69.
2. Gillis C. Rehabilitation of tendon and ligament injuries. AAEP Proc 1997;
43:306-309.
3. Zuk P. The adipose-derived stem cell: Looking back and looking ahead.
Mol Biol Cell 2010; 21(11):1783-1787.
4. Harman R, Cowles B, Orava C, et al. A retrospective review of 62 cases
of suspensory ligament injury in sport horses treated with adiposederived stem and regenerative cell therapy. Vet Orthop Soc Proc 2006.
5. Harman R, Cowles B, Orava C, et al. A retrospective review of 52 cases
of suspensory ligament injury in sport horses treated with adiposederived stem and regenerative cell therapy. Vet Ortho Soc Proc 2007.
6. Harman R, Cowles B, Orava C, et al. A retrospective review of 60 cases
of joint injury in sport horses treated with adipose derived stem and
regenerative cell therapy. Vet-Stem internal data, 2006.
7. Nixon A, Dahlgren L. Adipose-derived pluripotent stem cells for tendon
repair. Submitted to Equine Vet J 2006.
8. Harman R, Cowles B, Orava C, et al. A retrospective review of 62 cases
of suspensory ligament injury in sport horses treated with adiposederived stem and regenerative cell therapy. Vet Orthop Soc 2006.
9. 	Dahlgren LA. Use of adipose derived stem cells in tendon and ligament
injuries. Am Coll Vet Surg Symp Equine Small Anim Proc, 2006, pp
150-151.
10. Black LL, Gaynor J, Gahring D, et al. Effect of adipose-derived
mesenchymal stem cell and regenerative cells on lameness in dogs with
chronic osteoarthritis of the coxo-femoral joints: A randomized, doubleblinded, multicenter, controlled trial. Vet Ther 2007; 8(4): 272-284.
11. Stem cell basics: What are adult stem cells? http://stemcells.nih.gov/
info/basics/basics.asp (accessed May 22, 2011).
12. Becker AJ, McCulloc EA, Till JE. Cytological demonstration of the clonal
nature of spleen colonies derived from transplanted mouse marrow
cells. Nature 1963; 197:452-454.
13. Schöler H. The potential of stem cells: An inventory. In Knoepffler
N, Schipanski D, Sorgner SL (eds): Human Biotechnology as Social
Challenge. Surrey, UK: Ashgate Publishing, Ltd, 2007, p 28.
14. Metallo C, Mohr J, Detzel C, et al. Engineering the stem cell
microenvironment. Biotechnol Prog 2007; 23:18-23.
15. Schuster S, Phillips M. Commentary: The seven challenges of stem cell
education in biochemistry. Biochem Mol Biol Educ 2007; 35(1):73.
16. Zuk PA, Ashjian ZM, et al. Human adipose tissue is a source of
multipotent stem cells. Mol Biol Cell 2002; 13:4279-4295.
17. Friedenstein AJ, Petrakova KV, Kurolesova AI, Frolova GP. Heterotopic
of bone marrow. Analysis of precursor cells for osteogenic and
hematopoietic tissues. Transplantation 1968; 6:230-247.
18. Tapp H, Hanley E, Patt J, Gruber H. Adipose-derived stem cells:
Characterization and current application in orthopaedic tissue repair.
Exp Biol Med 2009; 234(1):1-9.
19. Zuk PA, Zhu M, Mizuno H, et al. Multilineage cells from human adipose
tissue: Implications for cell-based therapies. Tissue Eng 2001; 7:211228.
20. Zuk PA, Zhu M. Ashjian P, et al. Human adipose tissue is a source of
multipotent stem cells. Mol Biol Cell 2002; 13:4279-4295.
21. Mizuno H, Zuk P, Jones N, et al. Myogenic differentiation by human
processed lipoaspirate cells. Plast Reconstru Surg 2002; 109:199-209.
22. Okura H, Matsuyama A, Lee CM, et al. Cardiomyoblast-like cells
differentiated from human adipose tissue-derived mesenchymal stem
cells improve left ventricular dysfunction and survival in a rat myocardial
infarction model. Tissue Eng Part C Methods 2010; 16(3):417-425.
23. Liang L, Ma T, Chen W, et al. Therapeutic potential and related signal
pathway of adipose-derived stem cell transplantation for rat liver injury.
Hepatol Res 2009; 39:822-832.
24. Kang SK, Putnam LA, Ylostalo J. Neurogenesis of rhesus adipose
stromal cells. J Cell Sci 2004; 117:4289-4299.
25. Safford KM, Hicok KC, Safford SD, et al. Neurogenic differentiation of
murine and human adipose-derived stromal cells. Biochem Biophys Res
Commun 2002; 294:371-379.
26. Kingham PJ, Kalbermatten DF, Mahay D. Adipose-derived stem cells
differentiate into a Schwann cell phenotype and promote neurite
outgrowth in vitro. Exp Neurol 2007; 207:267-274.
27. Xu Y, Liu L, Li Y, et al. Myelin-forming ability of Schwann cell-like cells
induced from rat adipose-derived stem cells in vitro. Brain Res 2008;
1239:49-55.
28. 	Di Summa PG, Kingham PJ, Raffoul W, et al. Adipose-derived stem
cells enhance peripheral nerve regeneration. J Plast Reconstru Aesthet
Surg 2010; 63(9):1544-1552.

Donna Alderman, DO, is the medical
director of Hemwall Family Medical Centers
in California. She has extensive training in
prolotherapy, platelet-rich plasma, and stemcell prolotherapy. Dr. Alderman is a lecturer
and Board of Trustees member for the
American Osteopathic
Association of
Prolotherapy
Integrative Pain
Management and an
editorial board member
for the Journal of
Prolotherapy. She also
authored the book
Free Yourself from
Chronic Pain and
Sports Injuries (Family Doctor Press, 2007). Dr.
Alderman is a graduate of Western University
of Health Sciences, College of Osteopathic
Medicine of the Pacific, in Pomona, California,
with an undergraduate degree from Cornell
University. She can be reached through her
website (prolotherapy.com).
Robert W. Alexander, MD, DMD, FICS,
practices general cosmetic and reconstructive
surgery in both Stevensville, Montana, and
Edmonds, Washington. He is also on faculty at
University of Washington School of Medicine
and Dentistry. Dr.
Alexander is the
author of multiple
publications and
book chapters on the
subject of aesthetic,
reconstructive, and
craniomaxillofacial
surgery. He is
the recipient of
many awards
and recognitions
for advancement in each of these areas.
In 2005, his presentations on use of
HDPRP concentrates led to important
contributions in use of AD-SCs with HDPRP
for musculoskeletal, wound healing, and
regenerative applications. Dr. Alexander
received doctorates in medicine (University of
Florida) and dentistry (St. Louis University). He
completed his surgical and specialty residency
training at University of Texas Southwestern
Medical School. Following residency training,
he served as departmental chairman at the
University of Florida (Jacksonville Hospital
Education Program).

July/August 2011

Today’s Veterinary Practice

31

| Advances in Stem Cell Therapy

29. Brzoska M, Geiger H, Gauer S, Baer P.
Epithelial differentiation of human adipose
tissue-derived adult stem cells. Biochem
Biophys Res Commun 2005; 330:142-150.
30. Trottier V, Marceau-Fortier G, Germain L, et
al. IFATS collection: Using human adiposederived stem/stromal cells for the production
of new skin substitutes. Stem Cells 2008;
26:2713-2723.
31. Zuk P. Retrospective: The adipose-derived
stem cell: Looking back and looking ahead.
Mol Biol Cell 2010; June 21:1782-1787.
32. Tobita M, Orbay H, Mizuno H. Adiposederived stem cells: Current findings and future
perspectives. Discovery Medicine 2011;
11(57):160-170.
33. Gimble J, Katz AJ, Bunnel B. Adipose-derived
stem cells for regenerative medicine. Circ Res
2007; 100:1249-1260.
34. Gimble J. Adipose tissue-derived
therapeutics. Expert Opin Biol Ther 2003;
3:705-713.
35. Marx R, Garg A. Dental and Craniofascial
Applications of Platelet-Rich Plasma.
Hanover, IL: Quintessence Publishing Co, Inc,
2005.
36. Mishra A, Woodall J, Viera A. Treatment of
tendon and muscle using platelet-rich plasma.
Clin Sports Med 2009; 28(1):113-125.
37. Foster T, Puskas B, Mandelbaum B, et al.
Platelet-rich plasma: From basic science
to clinical applications. Amer J Sports Med
2009; 37(11):2259-2272.
38. Haynesworth SE, Kadiyala S, Liang LN, et al.
Mitogenic stimulation of human mesenchymal
stem cells by platelet release suggest a
mechanism for enhancement of bone repair
by platelet concentrates. Proc Ortho Res Soc,
2002.
39. Creaney L, Hamilton B. Growth factor delivery
methods in the management of sports
injuries: The state of play. Br J Sports Med
2008; 42:314-320.
40. Marx R, Kevy S, Jacobson M. Platelet rich
plasma (PRP): A primer. Practical Pain
Management 2008; 8(2).
41.	El-Sharkawy H, Kantarci A, Deady J, et al.
Platelet-rich plasma: Growth factors and
pro- and anti-inflammatory properties. J
Periodontol 2007; 78(4):661-669.
42. Little D, Guilak F, Ruch D. Ligament-derived
matrix stimulates a ligamentous phenotype
in human adipose-derived stem cells. Tissue
Engineering: Part A 2009; 16(7):2307-2319.
43. Che X, Zou X, Yin G, Ouyang H. Tendon
tissue engineering with mesenchymal stem
cells and biografts: An option for large tendon
defects? Front Biosci (School Ed) 2009;
1(1):23-32.
44. Uysal AC, Mizuno H. Tendon regeneration
and repair with adipose derived stem cells.
Curr Stem Cell Res Ther 2010; 5(2):161-167.
45. Uysal AC, Mizuno H. Differentiation of
adipose-derived stem cells for tendon repair.
Methods Mol Biol 2011; 702:443-451.
46. Uysal AC, Mizuno H. Tendon regeneration
and repair with adipose derived stem cells.
Curr Stem Cell Res Ther 2010; 5(2):161-167.
47. Jung M, Kaszap B, Redohl A, et al.
Enhanced early tissue regeneration after
matrix-assisted autologous mesenchymal
stem cell transplantation in full thickness
chondral defects in a minipig model. Cell
Transplantation 2009; 18(8):923-932.
48. Lee K, Hui J, Song I, et al. Injectable
mesenchymal stem cell therapy for large
cartilage defects—a porcine model. Stem

32

Cells 2007; 25:2965-2971.
49. 	Dragoo JL, Samimi B, Zhu M, et al. Tissueengineered cartilage and bone using stem
cells from human infrapatellar fat pads. J
Bone Joint Surg Br 2003; 85:740-747.
50. Hsu WK, Wang JC, Liu NQ, et al. Stem cells
from human fat as cellular delivery vehicles
in an athymic rat posterolateral spine fusion
model. J Bone Joint Surg Am 2008; 90:10431052.
51. Bacou F, el Andalousi RB, Daussin PA, et
al. Transplantation of adipose tissue-derived
stromal cells increases mass and functional
capacity of damaged skeletal muscle. Cell
Transplant 2004; 13:103-111.
52. 	Rodriguez LV, Alfonso Z, Zhang R, et al.
Clonogenic multipotent stem cells in human
adipose tissue differentiate into functional
smooth muscle cells. Proc Natl Acad Sci USA
2006; 108:12167-12172.
53. Goudenege S, Pisani DF, Wdziekonski B, et
al. Enhancement of myogenic and muscle
repair capacities of human adipose-derived
stem cells with forced expression of MyoD.
Mol Ther 2009; 17:1064-1072.
54. Santiago LY, Clavijo-Alvarez J, Brayfield C, et
al. Delivery of adipose-derived precursor cells
for peripheral nerve repair. Cell Transplant
2009; 18(2):145-158.
55. 	Di Summa PG, Kingham PJ, Raffoul W,
et al. Adipose-derived stem cells enhance
peripheral nerve regeneration. J Plast
Reconstr Aesthet Surg 2010; 63(9):15441552.
56. Nakada A, Fukuda S, Ichihara S, et al.
Regeneration of central nervous tissue using
a collagen scaffold and adipose-derived
stromal cells. Cells Tissues Organs 2009;
190:326-335.
57. Cowan CM, Shi YY, Aalami OO, et al.
Adipose-derived adult stromal cells heal
critical-size mouse calvarial defects. Nat
Biotechnol 2004; 22:560-567.
58. 	Dudas JR, Marra KG, Cooper GM, et al. The
osteogenic potential of adipose-derived stem
cells for the repair of rabbit calvarial defects.
Ann Plast Surg 2006; 56:543-548.
59. Yoon E, Dhar S, Chun D, et al. In vivo
osteogenic potential of human adiposederived stem cells/poly lactide-co-glycolic
acid constructs for bone regeneration in a rat
critical-sized calvarial defect model. Tissue
Eng 2007; 13:619-627.
60. 	Rosenbaum A, Grande D, Dines J. The use of
mesenchymal stem cells in tissue engineering:
A global assessment. Organogenesis 2008;
4(1):23-37.
61. Cousin B, Andre M, Arnaud E, et al.
Reconstitution of lethally irradiated mice by
cells isolated from adipose tissue. Biochem
Biophys Res Commun 2003; 21:1016-1022.
62. Puissant B, Barreau C, Bourin P, et al.
Immunomodulatory effect of human adipose
tissue-derived adult stem cells: Comparison
with bone marrow mesenchymal stem cells.
Br J Haematol 2005; 129:118-129.
63. Kim WS, Park BS, Sung JH, et al. Wound
healing effect of adipose-derived stem cells:
A critical role of secretory factors on human
dermal fibroblasts. J Dermatol Sci 2007;
48(1):15-24.
64. 	Ebrahimian TG, Pouzoulet F, Squiban C, et
al. Cell therapy based on adipose tissuederived stromal cells promotes physiological
and pathological wound healing. Arterioscler
Thromb Vasc Biol 2009; 29(4):503-510.
65. Trottier V, Marceau-Fortier G, Germain L, et

Today’s Veterinary Practice July/August 2011

66.

67.
68.

69.

70.

71.

72.

73.

74.

75.

76.

77.

78.
79.
80.

81.

al. IFATS collection: Using human adiposederived stem/stromal cells for the production
of new skin substitutes. Stem Cell 2008;
26:2713-2723.
Liang L, Mat T, Chen W, et al. Therapeutic
potential and related signal pathway of
adipose-derived stem cell transplantation for
rat liver injury. Hepatol Res 2009; 39:822832.
	Deng W, Han Q, Lia L, et al. Mesenchymal
stem cells regenerate skin tissue. Tissue
Engineering 2005; 11:110-119.
Long JL, Zuk P, Berke GS, Chhetri DK.
Epithelial differentiation of adipose-derived
stem cells for laryngeal tissue engineering.
Laryngoscope 2009:125-131.
Park BS, Jang KA, Sung JH, et al. Adiposederived stem cells and their secretory factors
as a promising therapy for skin aging.
Dermatol Surg 2008; 34:1323-1326.
Okura H, Matsuyama A, Lee CM, et al.
Cardiomyoblast-like cells differentiated from
human adipose tissue-derived mesenchymal
stem cells improve left ventricular dysfunction
and survival in a rat myocardial infarction
model. Tissue Eng Part C Methods 2010;
16(3):417-425.
Gonzalez-Rey E, Gonzalez MA, Varela N, et
al. Human adipose-derived mesenchymal
stem cells reduce inflammatory and T cell
responses and induce regulatory T cells in
vitro in rheumatoid arthritis. Ann Rheum Dis
2010; 69:241-248.
Lin G, Wang G, Liu G, et al. Treatment of
type 1 diabetes with adipose tissue-derived
stem cells expressing pancreatic duodenal
homeobox 1. Stem Cells Dev 2009; 18:13991406.
Lee ST, Chu K, Jung KH, et al. Slowed
progression in models of Huntington disease
by adipose stem cell transplantation. Ann
Neurol 2009; 66:671-681.
	Riordan NH, Ichim TE, Min WP, et al. Nonexpanded adipose stromal vascular fraction
cell therapy for multiple sclerosis. J Transl
Med 2009; 7:29.
Lin G, Wang G, Banie L, et al. Treatment
of stress urinary incontinence with adipose
tissue-derived stem cells. Cytotherapy 2010;
12:88-95.
Mizuno H. Adipose-derived stem cells for
tissue repair and regeneration. Ten years of
research and a literature review. J Nippon
Med Sch 2009; 76(2):56-66.
Fraser JK, Wulur I, Alfonso Z, et al. Fat tissue:
An underappreciated source of stem cells
for biotechnology. Trends Biotechol 2006;
24:150-154.
Strem B, Hicok K, Zhu M, et al. Multipotential
differentiation of adipose tissue-derived stem
cells. Keio J Med 2005; 54:132-139.
Prockop D, Phinney D, Bunnell B.
Mesenchymal Stem Cells, Methods and
Protocols. Clifton, NJ: Humana Press, 2008.
Alexander B. Autologous fat grafts as
mesenchymal stormal stemcell source for use
in prolotherapy: A simple technique to acquire
lipoaspirants. J Prolother, August 2011.
Metallo C, Mohr J, Detzel C, et al. Engineering
the stem cell microenvironment. Biotechnol
Prog 2007; 23:18-23.

Suggested Reading
Alderman D. The new age of prolotherapy.
Practical Pain Management, May 2010.

