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REVISÕES/REVIEWS

Adipose tissue as mesenchymal stem cells source in equine tendinitis 

treatment

Tecido adiposo como fonte de células tronco mesenquimais no 

tratamento da tendinite equina

Armando de Mattos Carvalho1*; Carlos Alberto Hussni2; Ana Liz Garcia Alves2

Abstract

Tendinitis is an important high-relapse-rate disease, which compromises equine performance and may 

result in early athletic life end to a昀昀ected animals. Many therapies have been set to treat equine tendinitis; 
however, just few result in improved relapse rates, quality of extracellular matrix (ECM) and increased 

biomechanical resistance of the treated tissue. Due to advances in the regenerative medicine, promising 
results were initially obtained through the implantation of mesenchymal stem cells (MSC) derived from 

the bone marrow in the equine tendon injury. Since then, many studies have been using MSCs from 
di昀昀erent sources for therapeutic means in equine. The adipose tissue has appeared as feasible MSC 
source. There are promising results involving equine tendinitis therapy using mesenchymal stem cells 
from adipose tissue (AdMSCs).
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Resumo

A tendinite é uma importante afecção com alta taxa de recidivas que compromete o desempenho de 

equinos e pode resultar no término precoce da vida atlética dos animais acometidos. Diversas terapias 
têm sido estabelecidas para o tratamento da tendinite equina, no entanto poucas resultam na melhora 

da taxa de recidiva, melhora da qualidade da matriz extracelular (MEC) e aumento da resistência 

biomecânica do tecido tratado. Com o advento da medicina regenerativa resultados promissores foram 
inicialmente obtidos com o implante de células tronco mesenquimais (CTMs) derivadas da medula 

óssea na lesão tendínea de equinos. Desde então, diversos estudos têm sido conduzidos utilizando CTMs 
de diferentes fontes para esta 昀椀nalidade terapêutica em equinos. O tecido adiposo tem se mostrado 
como uma fonte viável de CTMs e também há resultados promissores envolvendo a terapia da tendinite 

equina utilizando as células tronco mesenquimais derivadas do tecido adiposo (AdCTMs). Neste artigo, 
dados relacionados ao uso das AdCTMs na terapia da tendinite equina serão revisados.
Palavras-chave: Tendão. Terapia. Células tronco. Medicina regenerativa.
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Introduction

The tendon connects the bone to the muscle. It is 
essential to convey the strength, which produces the 

movement in the joints. The tendon injury leads to 
the lameness and decreased performance of athlete 

horses. There are studies indicating that tendinitis 
is the main injury in soft tissues and that it may 

result in the early end of the career of thoroughbred 

racehorses (KASASHIMA et al., 2004).

The tendon injury often requires a considerable 

rest period (from six months up to one year) in 

order to enable tissue repair. The conventional 
treatment options for tendinitis are basically clinical 

and surgical; however, the animals hardly present 

healing quality good enough to allow their return 

to competitions with the same performance they 

had before the injury (MARFE et al., 2012). It is 
common belief that the tendon is prone to ine昀케cient 
healing due to the tendinous structure, which is little 

vascularized, relatively acellular and has limited 

regeneration potential (YOUNG, 2012). It is also 
worth highlighting the importance of type I collagen, 
which is the most abundant one in the healthy 

tendon (approximately 95% of the total collagen) 

and responsible for strength and elasticity. The type 
III collagen is synthesized during tendinous healing 
and it results in the higher percentage of it (20-30%) 
in the injured tendon than in the healthy one (1%), 

thus leading to the formation of biomechanically 

inferior scar tissue, fact that increases the chance of 

relapses (MCCULLAGH et al., 1979; WILLIAMS 
et al., 1980).

The regenerative medicine is de昀椀ned as an 
innovative medical therapy that favors the repair, 

replacement, restoration and regeneration of 

damages and diseases of cells, tissues and organs 

(SPAAS et al., 2012). It o昀昀ers the perspective 
of restoring the structure and function of the 

compromised tendon, thus taking the tendon back 

to normal or to almost normal and enabling the 

restoration of its activity with lower relapse risk 

(BUTLER et al., 2008).

The biotechnology has been leading the 

signi昀椀cant evolution of the regenerative medicine. 
There are promising studies about the use of 

cellular therapy to treat equine tendinitis.  Clinical 
study results, for instance, have shown signi昀椀cant 
reduction in tendinitis relapse rates after at least 

two-year follow up applied to animals treated with 

cellular therapy in comparison to those treated with 

conventional therapies; their relapse rate was 27% 
and 56%, respectively (GODWIN et al., 2012). 

The option for the cellular therapy to treat equine 

tendinitis was initially reported through the use of 

mesenchymal stem cells (MSCs) from the bone 

marrow in tendon injuries of the super昀椀cial digital 
昀氀exor tendon (SDFT) (SMITH et al., 2003). Since 
then, many studies have been conducted using MSCs 

from di昀昀erent sources to treat equine tendinitis such 
as from the bone marrow (SMITH et al., 2013), the 
adipose tissue (NIXON et al., 2008), the peripheral 
blood (MARFE et al., 2012), the umbilical cord 
blood (VAN LOON et al., 2014) and from the 
amniotic membrane (LANGE-CONSIGLIO et al., 
2012).

So far, the MSCs from the bone marrow have been 

the most studied ones; they have been used in equine 

tendinitis therapy. Thus, there is more knowledge 
about the di昀昀erentiation potential of these cells, as 
well as more evidences about the improvement in 

experimental clinical cases involving the equine 

tendinitis therapy (WATTS, 2014). The adipose 
tissue is another important source, which stands out 

in equine tendinitis therapy (MUTTINI et al., 2012; 
REED; LEAHY, 2013). Recent studies show the 
tenogenic di昀昀erentiation potential of mesenchymal 
stem cells from adipose tissue (AdMSCs), and they 

evidence the therapeutic potential of this source for 

equine tendinitis treatment (RAABE et al., 2013). 

The 昀椀rst study about the assessment of 
experimental tendon repair using adipose tissue as 

cellular therapy source was conducted by Nixon et 
al. (2008). However, the stromal vascular fraction 
(SVF) replaced the AdMSCs that were isolated and 
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cultivated in the laboratory. The main results in the 
current study were the improved organization of 

treated tendons and the increased gene expression of 

cartilage oligomeric matrix protein (COMP). Other 
studies using AdMSCs to treat equine tendinitis 

were also conducted; they led to promising results 

(DEL BUE et al., 2008; CARVALHO et al., 2011, 
2013a, 2014a; RICCO et al., 2013).

Many forms of equine tendinitis therapy are 

already available in the market, although they were 

not completely assessed for their real e昀昀ectiveness 
and safety, due to the pressure performed by the 

marketing business (NIXON et al., 2012). The 
absence of a speci昀椀c review about the information 
on the use of AdMSCs in equine tendinitis therapy 

was also noticed. Thus, the aim of the current review 
is to focus on di昀昀erent methodologies regarding the 
use of AdMSCs, on experimental studies, as well as 

on the challenges that have to be overcome in order 

to get tendinous regeneration. 

The reasons for using AdMSCs in equine tendinitis 

treatment   

The tendon is prone to injuries and its intrinsic 

hypocellularity and hypovascularization make its 

natural healing slow and ine昀케cient when the tendon 
is severely damaged. Its limited self-repair skill 
along with the limitation of e昀昀ective treatments 
have encouraged the development of therapies 

based on the use of stem cells to explore the 

natural endogenous system of tissue regeneration 

(GONÇALVES et al., 2013). 

Among all the equine orthopedic diseases 

treated through cellular therapy, tendinitis 

is the one with stronger evidences of tissue 

regeneration and clinical improvement. Although 
it was also possible noticing histopathological and 

biomechanical improvement, the greatest and most 

tangible result seems to be the remarkable decrease 

in the relapse rate (WATTS, 2014). A recent 
clinical study followed - for more than two years 

- the relapse rate in animals with tendinitis treated 

with MSCs from bone marrow and in animals that 

have received conventional treatment. The group 
treated with cellular therapy presented relapse rate 

of approximately 27%, whereas the group treated 
with the conventional treatment presented relapse 

rate between 56% and 58% (GODWIN et al., 
2012).

The injuries in the SDFT are the cause of 
many additional elements necessary to the tissue 

engineering. The injuries often manifest in the 
central region of the tissue and build a natural sheath 

to the implantation, which - by the implantation 

time of the stem cells - is 昀椀lled with granulation 
tissue, which works as a supporting structure. The 
tendon injuries have the advantage of being highly 

vascularized and, consequently, they are able to 

give nutritional support to the implanted progenitor 

cells (ALVES et al., 2011). These features turn the 
equine SDFT injuries into an appropriate site to 
the implantation of MSCs, since they provide the 

necessary support to the action of these cells in 

tissue repair modulation. 

Another feature that has drawn even more 

attention to equine tendinitis studies is the 

pathogenesis and the histopathology resemblance 

between the equine SDFT injuries and the 
tendinopathy of the human Achilles tendon (LUI 
et al., 2011). Thus, studies about the therapy using 
MSCs in natural-occurrence injuries in equines may 

work as the basis of experimental models to the 

clinical application of MSCs in humans (SPAAS et 

al., 2012).

The action mechanism of MSCs

The action mechanisms of MSCs used to 

promote tissue repair have been better understood 

with time. At 昀椀rst, there was the belief that 
tissue repair was obtained through the in vivo 

di昀昀erentiation of the MSCs implanted to the 
prevailing cellular type in the tissue, i.e., when 
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the MSCs were implanted in the tendon they 

would become cells similar to the tenocytes, thus 

favoring the synthesis of extracellular matrix 

(ECM) components and establishing the tissue 

repair. However, so far, it is known that the MSCs 
have tenogenic di昀昀erentiation potential in vitro 

(RAABE et al., 2013). Evidences that the implanted 
MSCs may di昀昀erentiate from the tendon cells in 

vivo still lack (CARVALHO et al., 2014b). It is 
more evident that MSCs may result in expressive 

tissue repair and promote the reconstruction of 

the structure and function of the damaged organ 

without the di昀昀erentiation or fusion between the 
implanted cells and the specialized cells of the 

treated organ (STRIOGA et al., 2012).

Nowadays, it is known that the action 
mechanism of MSCs is complex and that it takes 

place through the secretion of bioactive molecules 

that have regenerative activities such as the 

secretion of bioactive factors. These bioactive 
factors are capable of inhibiting the formation of 

scar tissue, suppressing the apoptosis, stimulating 

the angiogenesis and improving mitosis in the 

progenitor cells of the intrinsic tissue. Such “pro-
regenerative” action of the MSCs dues to bioactive 

molecule actions has been referred to as “trophic 
activity” (NOTH et al., 2010). There are scienti昀椀c 
data con昀椀rming that MSCs release many growth 
factors in the implanted site, among them there are 

the vascular endothelial growth factor (VEGF), the 
hepatocyte growth factor (HGF) and the insulin-like 
growth factor (IGF-1) (WANG et al., 2006).

Equally, there is the description of the 

immunomodulatory action of the MSCs, since 

these cells seem to be hypo-immunogenic and 

perform signi昀椀cant suppression action over the 
T and dendritic cells, mainly with regard to the 

suppression of the allogenic rejection and, in some 

cases, to the modulation of the immunological 

system (CAPLAN; DENNIS, 2006). There are 
therapeutic studies about the equine species using 

the allogenic implantation (material from other 

animal) of AdMSCs in the tendon. These studies 
show that there was no in昀氀ammatory reaction in the 
animals implanted with progenitor cells from other 

animals (DEL BUE et al., 2008).

Nowadays, the anti-in昀氀ammatory action of 
MSCs stands out among the di昀昀erent action 
mechanisms of these cells. Although there is 
no record on how the in昀氀ammation modulation 
intermediated by the implanted MSCs takes 

place in the tendon, there is the belief that the 

anti-in昀氀ammatory action may favor tissue repair, 
either through the inhibition of IFN-γ and TNF-α 
or through the stimulation of metalloproteinases 

inhibitors and of anti-in昀氀ammatory interleukins 
such as the IL-10(CAPLAN, 2009). Recent 
studies show that the AdMSCs suspended in 

platelet concentrate were used in the experimental 

treatment of equine tendinitis two weeks after 

the induction, and it suggests the possible anti-

in昀氀ammatory action with consequent prevention 
of injury progression (CARVALHO et al., 2013a). 
It is believed that the anti-in昀氀ammatory action 
of MSCs is responsively modulated to the tissue 

injury microenvironment the cells were implanted 

in (PROCKOP; OH, 2012). Thus, the MSCs must 
have the adequate response to the injury degree and 

modulate the local environment in order to reduce 

the in昀氀ammation, the apoptosis and/or to increase 
the ECM synthesis through the endogenous 

progenitor cells and through the speci昀椀c cells of 
the tissue (WATTS, 2014).

The mesenchymal stem cells from adipose tissue 

(AdMSCs)

The 昀椀rst report about the isolation of precursor 
cells from human adipose tissue dates back to 

1976 (VAN et al., 1976). However, it was after 
the isolation and featuring of human AdMSCs 

conducted by Zuk et al. (2001) that the adipose 
tissue was acknowledged as an alternative source to 

the bone marrow in the obtainment of MSCs. 
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The most often used area to collect adipose 

tissue in equine is that atop the dorsal muscle of 

the gluteus and parallel to the basis of the tail; this 

collection can be performed in con昀椀ned animals. 
This area allows obtaining signi昀椀cant amounts of 
fat; however, it is possible getting a little bit of fat in 

case of racehorses with 昀椀t athletic body. The animal 
is sedated to the collection of adipose tissue; the 

paraxial caudodorsal gluteal region was clipped, 

as well as the antisepsis. Skin and subcutaneous 
desensitization is done through blocking in inverse 

L shape using 2% lidocaine. An approximately 
10cm long incision is performed 15 cm abaxial to 
the vertebral column in order to expose the adipose 

tissue between the skin and the musculature. 
The volume between 5 and 15mL of fat may be 

collected. The skin suture is then performed using 
nylon suture material (ALVES et al., 2011).

Routinely, the adipose tissue is digested 
through collagenase or through lytic enzymes 

in order to release the heterogeneous population 

called stromal vascular fraction (SVF) or adipose-
derived mononuclear cells, which consist of a 

heterogeneous mixture of cells including the 

endothelial cells, smooth muscle cells, MSCs, 

昀椀broblasts, mast cells and preadipocytes (ZUK 
et al., 2001).The SVF cells can be used right the 
way or they may be cultivated on plastic plates in 

order to select and expand the adherent population 

known as AdMSCs (GIMBLE et al., 2010). 
Although the expansion of the AdMSCs in the 

laboratory involves higher costs, more manpower 

and time interval from two to three weeks to get the 

desired number of AdMSC, there is the belief that 

their use is advantageous because their progenitor 

cells population is more homogeneous and larger 

than that in the SVF (ALVES et al., 2011). Another 
information that corroborates the use of AdMSCs 

is the possibility of transporting them at 4°C for up 
to 24 hours, fact that makes it feasible to use the 
cells expanded in laboratory to clinical application 

in the area(MERCATI et al., 2014).

The AdMSCs in equine were initially isolated 

and featured by Vidal et al. (2007). Since then, many 
isolation and featuring studies have been conducted 

(CARVALHO et al., 2009, 2013b; MAMBELLI 
et al., 2009; BARBERINI et al., 2014). A growing 
number of studies assessing the impact of stem cells 

from adipose tissue on large animals have been 

conducted. However, studies involving equines 
are hindered by the lack of monoclonal antibodies 

appropriate to cell tracking and immunophenotypical 

featuring (GIMBLE et al., 2010). It is crucial 
featuring the isolated cells in order to prove that they 

are progenitor cells. Accordingly, a standardization 
protocol was suggested for the correct featuring 

of MSCs in equine. The cells must be adherent 
to plastic within the culture; their adipogenic, 

chondrogenic and osteogenic di昀昀erentiation must be 
set in vitro, under speci昀椀c di昀昀erentiation conditions; 
and these cells must positively express the CD29, 
CD44 and CD90markers, as well as negatively 
express the CD14, CD79 and MHC-II markers (DE 
SCHAUWER et al., 2011).

What is the best source to be used, adipose tissue or 

bone marrow?

Most studies about equine tendinitis therapy 

involve MSCs from bone marrow; thus, it is 

inevitable comparing these cells to the AdMSCs. 
Truth is that, at this very moment, there are no 

data enough to allow comparing these two MSCs 

sources in order to point out the most adequate of 

them to the cellular therapy against equine tendon 

injuries. However, some features of the adipose 
tissue make its use more feasible than the clinical 

application of MSCs from bone marrow. Some 
examples of it are the easiness of collecting fat 

tissue from the base of the equine’s tail, since it 

does not demand the previous training or expertise 

of the veterinarian who will proceed with it. On the 
other hand, the bone marrow puncture in equines 

may be conducted in the 昀椀fth sternebrae or in the 
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coxal tuberosity (ilium). Therefore, it is necessary 
using speci昀椀c needles and having properly trained 
vets. There is a report about pneumopericardium 
after the puncture in the sternal region (DURANDO 
et al., 2006). The SVF of the adipose tissue has 
higher MSC concentration than the mononuclear 

bone marrow cells; thus, it is more interesting 

using the SVF when MSCs are not isolated and 
expanded in the laboratory (STRIOGA et al., 2012; 
ALVES et al., 2013).

There are also recent studies with equines that 

compare the expression of the main proteins in 

the extracellular tendinous matrix between the 

di昀昀erent MCS sources (bone marrow, adipose 
tissue, umbilical cord tissue, umbilical cord 

blood, tendinous tissue). The AdMSCs were those 
with greater type I and III collagen and decorin 
expression. Once the improvement in the cellular 
matrix has been pointed as the main bene昀椀cial e昀昀ect 
of the cellular therapy against tendinitis, the use of 

adipose tissue as stem cell source may result in 

therapeutic e昀昀ect better than that of other sources, 
since it has greater protein expressions such as type 

I collagen (BURK et al., 2014).

Data about human AdMSCs show that they are 
genetically and morphologically stable in long-term 

culture, have lower senescence rate and greater 

proliferation capacity, keep the di昀昀erentiation 
potential for longer in the culture than the MSCs 

from bone marrow (IZADPANAH et al., 2006). 
However, these data were not assessed for equine 

cells. 

At 昀椀rst, there was the belief that the MSCs 
from bone marrow had greater AdMSCs 

di昀昀erentiation potential in equines (VIDAL et 
al., 2007). However, recent studies have shown 
that the di昀昀erentiation potential of bone marrow 
progenitor cells and of the adipose tissue is 

similar (BARBERINI et al., 2014), and that the 
initially observed di昀昀erences would due to lack of 

adjustments in the di昀昀erentiation inducer medium 
necessary to the AdMSCs (STRIOGA et al., 2012). 
It is also worth highlighting that there are no 
studies comparing the therapeutic e昀昀ects of MSCs 
from di昀昀erent sources (adipose tissue x bone 
marrow) used in equine tendinitis therapy; thus, 

it is necessary to conduct further investigations 

about it, since there are signs that the adequate 

source selection may broaden the e昀昀ects of the 
cellular therapy (GARVICAN et al., 2014). 

SVF and AdMSCs in the equine tendinitis treatment

The cellular therapy against equine tendinitis 

using progenitor cells from adipose tissue is based 

on the administration of SVF or AdMSCs. Most 
studies, so far conducted, are based on the tendinitis 

treatment experimentally induced by collagenase; 

when the study is related to natural-occurrence 

tendinitis therapy, such information will be shown 

in Table 1. 

The 昀椀rst study using stem cells from equine 
adipose tissue to treat equine tendinitis used the 

autologous SVF suspended in PBS in the treated 
group, and PBS in the control group, to treat injuries 
in the SDF muscle. Weekly ultrasound assessments 
up to the sixth week, followed by the animal’s 

euthanasia and by histopathological, biochemical 

and molecular analyses were performed. There was 
improvement in the collagen 昀椀bers, vascularization 
reduction, in昀氀ammatory and type III collagen 
昀椀ber in昀椀ltrate. The gene expression assessment 
showed increased cartilage oligomeric matrix 

protein(COMP) in the treated tendons (NIXON et 
al., 2008). From this study on, other researchers 
used AdMSCs (CARVALHO et al., 2011, 2014a, 
2014b), or AdMSCs in combination with platelet 
concentrate (PC) in equine tendinitis therapies 

(DEL BUE et al., 2008; CARVALHO et al., 2013a; 
RICCO et al., 2013; GUERCIO et al., 2015).
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Table 1. The chronological order of studies using mesenchymal stem cells from adipose tissue in equine tendinitis 

therapy.

Therapy Suspension SDFT Lesion Results Reference

SVF PBS Collagenase induced

Histopathological improvement

Type III collagen decrease
COMP increase

(NIXON et al., 2008)

AdMSCs PC Natural occurrence 87.5% returned to the sport (DEL BUE et al., 2008)

AdMSCs Serum Collagenase induced
Histopathological improvement

Type I collagen increase (CARVALHO et al., 2011)

AdMSCs PC Natural occurrence 89.5% return to the sport (RICCO et al., 2013)

AdMSCs PC Collagenase induced
Improved histopathology
Improved ultrasound (CARVALHO et al., 2013a)

AdMSCs Serum Collagenase induced Increased vascularization (CARVALHO et al., 2014a)
AdMSCs DMEM Collagenase induced Viability of the AdMSCs in vivo (CARVALHO et al., 2014b)
AdMSCs PC Natural occurrence Improved ultrasound (GUERCIO et al., 2015)

SDFT: super昀椀cial digital 昀氀exor tendon, SVF: stromal vascular fraction, PBS: phosphate bu昀昀ered saline, COMP: cartilage 
oligomeric matrix protein, AdMSCs: mesenchymal stem cells from adipose tissue, PC: platelet concentrate, DMEM: Dulbecco’s 
modi昀椀ed eagle’s medium.

The best medium for MSCs suspension at 

therapy time remains unknown. Some studies 
use the supernatant of the bone marrow or the PC 

for the suspension of MSCs from bone marrow 

(SCHNABEL et al., 2013). There is the belief that 
the bone marrow supernatant has bene昀椀cial e昀昀ect 
when it is used along with the progenitor cells 

(SMITH; WEBBON, 2005). Something similar is 
done with the AdMSCs suspended in PC, which, 

after its activation, promotes the formation of a 

supporting structure so that the injected progenitor 

cells remain accommodated, as well as promotes 

the production of growth factors that may also help 

tissue repair (DEL BUE et al., 2008). It is worth 
highlighting that PC is an easily-obtained biological 

autologous product gotten through total blood 

platelet concentration; its processing is fast and 

demands low costs (TEXTOR; TABLIN, 2012). 
Just as the promising cited results about the use of 

AdMSCs, there are also studies showing favorable 

results about the use of PC in equine tendinitis 

therapies such as better ultrasound evaluations 

(ARGUELLES et al., 2008), increased local 
vascularization (BOSCH et al., 2010).

The 昀椀rst study associating the therapeutic use 
of autologous PC and allogenic AdMSCs to treat 

natural-occurrence tendinitis was conducted by Del 
Bue et al. (2008). The use of allogenic progenitor 
cells was justi昀椀ed by the availability of frozen 
cells, which were well featured through their 

di昀昀erentiation and proliferation potential; through 
the possibility of having an early treatment, without 

the need of waiting for the isolation, featuring and 

expansion necessary to the use of autologous cells; 

through the no need of collecting adipose tissue from 

the treated horse; through the possibility of using a 

number of cells adequate to the injury size. Among 
the 16 treated animals in the aforementioned study, 

14 recovered and returned to the athletic activity. 
There was a report about moderate local swelling 

and sensitivity in 50% of the animals; according 
to these authors, it was caused by intralesional 

administration. However, there was no assessment 
about a possible in昀氀ammatory reaction to the 
implanted allogenic AdMSCs. Ricco et al. (2013) 
associated allogenic AdMSCs and autologous PC to 

treat natural-occurrence tendinitis, before 20-days 
evolution. Clinical and ultrasound enhancement 
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was noticed in the treated animals after six months; 

after 24 months of therapy, 11% of the treated 
animals had a relapse. The study also showed no 
in昀氀ammatory reaction to the allogenic cells used 
in the therapy. Although the number of animals 
used in their study was smaller than 19 animals, in 

comparison to other previous study that has used 

MSCs from bone marrow to treat equine tendinitis 

in113 animals with 27.4% relapse (GODWIN et al., 
2012), these data depict repair improvement in the 
tendon treated with cellular therapy, regardless of 

the used source of MSCs. 

Although equine MSCs are considered 

immune-privileged (DE SCHAUWER et al., 
2014), the use of allogenic cells in the therapy 
remains controversial (WATTS, 2014). Even with 
the non-con昀椀rmation of di昀昀erences regarding the 
immediate immunological cellular reaction against 

the autologous or allogenic MSCs after the therapy 

against the SDF tendinitis in equine (GUEST et al., 
2008), this subject still requires major clari昀椀cations. 
A recent study showed heterogeneous expression 

of the main complex of class II histocompatibility 
(MHC class II) of the MSCs from bone marrow, 
as well as showed that the positive MHC class II 
MSCs are able to trigger an immunological reaction 

in vitro. Thus, it is recommended that the potential 

MSCs donors for future allogenic applications are 

negative MHC class II (SCHNABEL et al., 2014). 
However, this study also reported that even the 

negative MHC class II MSCs have the potential to 
increase the MHC class II expression when they 
are implanted in an active in昀氀ammation area. It 
was demonstrated in vitro through the stimulation 

of the negative MHC class II MSCs by using 
INFand these MSCs started expressing MHC class 
II (SCHNABEL et al., 2014). Thus, the need of 
additional studies regarding the administration of 

allogenic MSCs becomes evident, mainly in cases 

of repeated applications or in active in昀氀ammation 
areas (LOPEZ; JARAZO, 2015)`.

The development of new studies related to 

the implantation of allogenic progenitor cells is 

substantiated by the bene昀椀ts from this therapy 
type such as the reduced variability between 

treatments, di昀昀erent cultures among patients with 
di昀昀erent features (age), the reduced time between 
diagnosing and treating, and the possible increased 

therapeutic e昀昀ectiveness when using cells from 
young individuals (donors) in old patients (WATTS, 
2014). It is known that the osteogenic di昀昀erentiation 
potential of adult women AdMSCs decreases 

with aging (CONZE et al., 2014), and, in equine, 
there was great variation in the di昀昀erentiation and 
proliferation potential of mare AdMSCs in the 

age group 10-13 years (CARTER-ARNOLD et 
al., 2014). Therefore, the allogenic implantation 
of mesenchymal stem cells would favor the 

“standardization” of the cellular therapy; just the 
AdMSCs of young animals with proved viability, 

proliferation and di昀昀erentiation potential would be 
selected.

Another relevant factor to be considered is 

the moment for the cellular therapy. At 昀椀rst, it 
was recommended to treat the tendon after the 

in昀氀ammatory phase and before the formation of 
昀椀brosis, i.e., during the proliferative phase, between 
10 and 45 days after the emergence of the injury 
(FORTIER; SMITH, 2008). However, based on the 
anti-in昀氀ammatory e昀昀ects and on the ability of stem 
cells to modulate tissue repair and to regenerate 

through endogenous cellular recruiting and trophic 

factors production, the early therapy may be 

advantageous (SCHNABEL et al., 2013; WATTS, 
2014). By taking into consideration the time needed 
to isolate and expand the AdMSCs (2 weeks), it 

would be impossible instituting the therapy using 

autologous progenitor cells in the initial phase; 

therefore, it would be more important using the 

allogenic AdMSCs. Even if further studies prove 
the safety and e昀케ciency of using allogenic AdMSCs 
before the implantation of the commercial therapy 

in equine medicine, it will be necessary adopting a 

standard operational procedure in all laboratories in 

order to regulate the cellular isolation, cultivation 

and featuring practices. The content must also be 
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assessed in order to 昀椀nd the presence of aerobic and 
anaerobic bacteria, endotoxins, mycoplasma and 

viruses (GIMBLE et al., 2010).

A recent study used the implantation of 

autologous AdMSCs combined with autologous PC 

in natural-occurrence equine tendinitis therapy in 

athlete animals (GUERCIO et al., 2015). The study 
showed recovered tendon injury in the ultrasound, as 

well as the complete return to the physical activities 

in seven of the nine treated animals. The authors 
justify the inadequate rehabilitation period necessary 

to the complete tendon repair as the cause of relapse 

in one of the experiments. Another study combined 
PC and autologous AdMSCs in experimental equine 

tendinitis therapy after 14 days of injury induction 
(CARVALHO et al., 2013a). Similar to previous 
studies, the histopathological improvement became 

evident either due to the diminished in昀氀ammatory 
in昀椀ltrate or to the better organization of the collagen 
昀椀bers. The non-progression of the collagenase-
induced injury was also noticed by means of 

ultrasound comparison between the treated and 

the control groups (CARVALHO et al., 2013a). It 
is an interesting result, because there is evidence 

that the treatment using the early cellular therapy 

may avoid injury progression and help treating the 

pre-existing injuries. The possible explanation for 
such action would be that the early implantation 

could o昀昀er more bene昀椀ts to the tendon repair, by 
reducing in昀氀ammation, recruiting native stem cells, 
and stimulating collagen production, as well as the 

production of other MSCs (REED; LEAHY, 2013; 
WATTS, 2014). 

Among the studies using AdMSCs to treat 

tendinitis, one has described intralesional 

administration guided by ultrasound at 10x106 

AdMSCs after 30 days of tendon injury induction. 
Improved collagen 昀椀ber organization was 
observed, as well as lower in昀氀ammatory cell 
deposition and greater type I collagen expression 
in the immunohistochemical analysis of the treated 

tendons in comparison to the non-treated ones 

(CARVALHO et al., 2011). Such result is interesting, 

because the synthesis of type I collagen during 
healing is a crucial stage to increase the tendon 

strength (UYSAL et al., 2012). It could justify the 
lower relapse rate in equine treated with AdMSCs 

(RICCO et al., 2013). There is also a report about the 
increased tendon vascularization induced through 

AdMSCs therapy by means of histopathological 

analysis and ultrasound evaluation, using the power 

Doppler mode and the color Doppler (CONZE et al., 
2014; CARVALHO et al., 2014a). Other study using 
AdMSCs suspended in PC also showed increased 

tendon vascularization through power Doppler 
analysis after six weeks of therapy (CARVALHO et 
al., 2013a). Such increased tendon vascularization 
may favor tissue repair, since poor vascularization 

is one of the explanations for the slow tendon repair 

and for the formation of a biomechanically inferior 

MSC (GONÇALVES et al., 2013; BURK, 2014).

There is little knowledge about the migration 

capacity and viability of MSCs injected in the tendon 

injury. A recent study induced a tendon injury in the 
SDFT of both forelimbs and, after the administration 
of marked intralesional AdMSCs in the treated 

injuries, it assessed the possibility of migrating 

these cells to the non-treated tendon lesion. The 
migration of marked AdMSCs to the control tendon 

was not observed; however, there were marked 

cells in the blood stream and in the treated tendon 

after seven days of their administration. It proved 
the viability of part of the implanted AdMSCs and 

their capacity to be distributed through the organism 

via blood stream (CARVALHO et al., 2014b). 
This result meets that in previous studies, which 

have used MSCs from the bone marrow marked 

with technetium99m to intralesional administration 

in the SDFT. The presence of marked cells in the 
implantation area was observed, as well as their 

presence in organs such as the lung (BECERRA et 
al., 2013).

The analysis of data described in clinical studies 

about AdMSCs cellular therapy to treat natural-

occurrence tendinitis shows clinical improvement 

in the animals, since they return to the physical 
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activities and present lower tendinitis relapse rates. 
These results, along with the results of studies 

about experimental tendinitis, proved the bene昀椀cial 
e昀昀ects of the therapy with progenitor cells from 
adipose tissue, mainly based on morphological 

analysis (NIXON et al., 2008; CARVALHO et al., 
2011, 2013a). Although there was increased interest 
in using AdMSCs in equine tendinitis therapy, 

studies about the biomechanical assessment of 

tendons after the AdMSCs therapy in equines are 

still scarce. There is, for instance, a report about 
the increased resistance of rat tendons treated with 

AdMSCs suspended in PC (UYSAL et al., 2012), 
and there are no other similar studies that prove the 

action of AdMSCs in equines.

Final Considerations

The results of studies related to the use of 

progenitor cells from adipose tissue in equine 

tendinitis therapy are promising and justify the 

development of new studies aiming at enhancing 

the clinical improvement or even at setting the 

tendon regeneration. Another explanation lies on the 
equine 昀氀exor tendons, which have pathogenesis and 
histopathology similar to the tendinopathy of the 

Achilles tendon in humans. Thus, data from studies 
about equines may work as the basis to encourage 

the use of cellular therapy in humans (SMITH et al., 
2013). 

The advancement of the regenerative medicine 

applied to the equine species has demonstrated that 

the adipose tissue really is a feasible alternative 

source of MSCs to equine tendinitis therapy. It 
is worth highlighting that the knowledge about 

the application of MSCs and AdMSCs remains 

in initial stage and the results obtained through 

the clinical applications have been promising. 
However, detailed information about the dose to be 

administered, about the therapeutic bene昀椀t in using 
the AdMSCs expanded in vitro compared to the SVF, 
about the indication for the repeated administration 

of the cellular therapy, about the best solution for 

cell suspension, about the advantages of the early 

therapy, as well as about the safety in implanting 

the allogenic cells still lack. The continuity of well-
detailed experimental and clinical studies, besides 

the use of standardized methods to the isolation, 

expansion and featuring of the used AdMSCs, may 

optimize the results of the equine tendinitis therapy 

and contribute to the evolution of the tendinopathy 

therapies applied to humans. 
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