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Review article 
Ανασκόπηση

SUMMARY: Stem cells (SCs) are multipotent cells with differentiation and proliferation capacities in many cell 
lineages. The majority of literature applications are about bone marrow derived stem cells (BMSCs) and adipose de-
rived stem cells (ADSCs). Most clinical trials have been done for the treatment of musculoskeletal and neurological 
problems in canine patients. Hematopoietic SCs (HSCs), synovium (SDSCs) and cartilage (CSPCs) - derived SCs, 
umbilical cord blood-derived SCs (UCSCs), muscle, dental, cardiac and hepatic SCs have been used with promising 
results. Despite the overall progress crucial questions about SCs remain unanswered. It is still unclear if the regener-
ation mechanism of SCs owed to their differentiation into specific progenitor cells or due to their immunomodulatory 
and anti-inflammatory secretions. Also, there are questions about the best origin of stem cells, whether they should be 
delivered in situ or systemically, if they should be embedded into scaffolds or not and which is the suitable transplan-
tation stem cells number. Many of the published studies have limitation regarding to sample size, blind randomization, 
control groups and homogeneity of population. In addition,the long-term efficacy and safety of MSCs need further 
evaluation. This review is an update in usage of SCs, mainly focused on BMSCs and ADSCs in small animals and its 
purpose is to present the late developments in this field. Also, the advantages, the disadvantages and the limitations of 
the current literature review arediscussed.
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INTRODUCTION

Stem cells (SCs)are multipotent cells with differ-
entiation and proliferation capacities in many 

cell lineages. They produce factors with immuno-
modalityand angiogenesis properties (Takemitsu et 
al., 2012). They divided intoembryonic SCs(ESCs) 
and adult mesenchymal SCs(MSCs). The latter can 
be harvested by mesodermal, endodermal or ectoder-
mal tissues (de Bakker et al., 2013). Depending on 
their origin they have advantages and limitations. For 
example, bone marrow - derived mesenchymal SCs 
(BMSCs) have the higher differentiation capacity in 
musculoskeletal cells, but their culture is time con-
suming (Fortier and Travis, 2011). Their osteogenic 
potential is better than adipose tissue - derived SCs 
(ADSCs) (Park et al., 2012), while the latterexhibit 
higher proliferation rate (Webb et al.,2011). Also, al-
logeneic versus autologous transplantation is still de-
batable (Zhang et al., 2015). In vitro studies proved 
that allogeneic transplantation is safe (Ryan et al., 
2005), due to a protective mechanism against T and 
B cells that forms a safe micro-environment (Ryan et 
al., 2005). Moreover, xenogeneic SCs transplantation 
was also presented. Human SCs promoted healing in 
dogs with bone defects (Cruz et al., 2015, Zang et al., 
2016), dermatological problems(Ferrer et al., 2015) 
andneurological diseases (Lee et al., 2009,Chung et 
al., 2013).

SCs usage in tissue engineering is a progressive 
technique that continues to expand increasingly in the 
veterinary world. Many scientific papers have been 
published over the last 10years (Arinzeh et al., 2003, 
Yan et al. 2007,Cui et al. 2007, Wang et al. 2014, 
Nantavisai et al., 2019, Voga et al. 2020).

ADVANCES IN STEM CELLS

Adipose tissue - derived stem cells (ADSCs)

Dogs

Musculoskeletal applications

In 2007, Cui et al. (2007) showed that autologous 
ADSCsenhanced bone regeneration in critical sized 
bone defects in canine models. Same conclusions re-
trievedfrom trials on mandibular (Haghighat et al., 
2011) and long bone defects (Bigham-Sadegh et al., 
2012). In 2013, Luiet al. repeated the same model 
with allogeneic ADSCs and presented similar results 
without adverse reactions (Liu et al., 2013). 

Τhe application of autologous ADSCs in coxofem-
oral (Black et al., 2007) and humeroradial joints with 
osteoarthritis (Black et al., 2008, Guercio et al., 2012) 
resulted in clinical improvement. Another study re-
inforced these results with kinetic force assessments 
(Vilar et al., 2014). Equally effective was the appli-
cation of allogeneic ADSCs (Harman et al., 2016). 
Moreover, the combination of autologous ADSCs 
with platelet-rich plasma (PRP) (Vilar et al., 2013, 
Cuervo et al., 2016, Yun et al., 2016) reduced pain in 
cases of osteoarthritis, but the studies lacked of con-
trol groups.

In 2014, an innovative administration of alloge-
neic ADSCs for hip dysplasia, in acupuncture points, 
showed clinical improvement (Marx et al., 2014). 
Also, promising was the administration of allogeneic 
ADSCs in elbow dysplasia (Kriston-Pal et al., 2017). 
Nevertheless, these studies did not present arthro-
scopic findings. Recently, another research demon-
strated that the local injection of ADSCs was superior 
compared to intravenous for degenerative arthritis 
(Shah et al., 2018). Unfortunately, the outcomes were 
based only on clinical evaluation.

ADSCs combined with PRP accelerated the recon-
struction of partial ruptured anterior cruciate ligament 
(Canapp et al., 2016a). In contrast, the use of ADSCs 
during tibial tuberosity advancement procedure did 
not diminish the healing time (Dos Santos et al., 2018). 
The results about ADSCs advantages were controver-
sial, but both studies had heterogeneous populations 
and different rehabilitation protocols. Furthermore, 
preliminary results proposed the combination of AD-
SCs with PRP for refractory supraspinatus tendinopa-
thy (Canapp et al. 2016b), semitendinosus myopathy 
(Gibson et al., 2017) and tracheal cartilage defects 
(Hashemibeni et al., 2012). Lastly, the combination of 
ADSCs with growth factor showed promising results 
in a canine tendon injury model (Sheh et al.,2018).

Neurological applications

ADSCs were used for spinal cord injury (SCI) 
(Roszek et al., 2016). Canine models investigated 
ADSCs capacities in situ (Ryu et al., 2009). Inter-
estingly, ADSCs promoted functional improvement 
after SCI (Park et al., 2012) and accelerated disk 
regeneration after disk degeneration disease (DDD)
(Ganey et al., 2009). However, the results were based 
on experimental conditions. In clinical field, two stud-
ies described the benefits of ADSCs transplantation 
in dogs with thoracolumbar DDD (Kim et al., 2016) 
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and peripheral (facial) nerve trauma (Ghoreishian et 
al., 2013). Both confirmed clinical improvement, but 
lacked of histopathological confirmation.

Dentistry and ophthalmology applications

ADSCs were used successfully in periodontal 
trauma (Tobita et al., 2013), atonic oral ulcers (Alam-
oudi et al., 2014) and as an osseointegration factor for 
dental implants (Bressan et al., 2015). To the authors’ 
knowledge, no clinical studies are currently available. 
After the proof of ADSCs safety inperiocular (Wood 
et al., 2012) and intra-lacrimal (Park et al., 2013) in-
jections, interest was concentrated in ADSCsusage 
against keratoconjunctivitis sicca (KCS) (Villatoro et 
al., 2015). Peri- and intra-lacrimal ADSCs transplan-
tation leaded to KCS remission (Bittencourt et al., 
2016). However, possible adverse reactions were not 
studied.

Other applications

The in vitro differentiation of ADSCs into cells 
similar to hepatocytes (Banas et al. 2007) triggered-
further studies. In one preclinical study, ADSCsde-
creased hepatic parameters after liver trauma (Teshi-
ma et al., 2017), and increased survival time in one 
dog with hepatocutaneous syndrome (Nam et al., 
2017). Also, ADSCs were employed for dogs with 
inflammatory bowel disease (Perez-Merino et al., 
2015). The conclusions are suggestive, as these stud-
ies lacked of long term efficacy and safety data. De-
spite the fact that ADSCs improve the cardiac func-
tion after myocardial infarction, clinical trials failed 
to prove their benefits in dilated cardiomyopathy (Po-
gue et al., 2013). A current comparison of ADSCs and 
BMSCs intrarenal injection in a canine renal injury 
model revealed better level of protection for ADCSs 
(Osman et al. 2020). Lastly, ADSCs application was 
beneficial for one dog with an atonic ulcer (Han et 
al., 2015) and another with pemphigus (Zubin et al., 
2014), but was not helpful for allergies (Hall et al., 
2010). 

Cats

One pilot study showed improvement in renal 
function in cats with chronic kidney failure after intra-
renal administration of autologous ADSCs (Quimby 
et al., 2011). However, the intravenous administration 
of allogeneic ADSCs was associated with adverse ef-
fects (Quimby et al., 2013). Further research in order 
to attempt tominimize these reactions failed (Quimby 
et al., 2016). The intravenous injection of ADSCs in 

cats with inflammatory bowel disease leaded to (Webb 
and Webb, 2015) signs remission. Also, the intraperi-
toneal injection of ADSCs was showed to be safe and 
possibly effective for various feline diseases (Parys 
et al., 2016). ADSCs were employed successfully in 
autoimmune diseases like gingivostomatitis (Arzi et 
al., 2016), asthma (Trzil et al., 2015) and eosinophilic 
keratitis (Villatoro et al., 2018). Nevertheless, larger 
sample sizes are needed to obtain more reliable re-
sults. 

Bone marrow-derived mesenchymal stem cells 
(BMSCs) 

Dogs

Musculoskeletal applications

The implantation of autologous BMSCs embed-
ded into various scaffolds, encouraged bone forma-
tion in alveolar (Kim et al., 2009), mandible (Hu et 
al., 2014), orbital (Yang et al., 2014) and long bone 
defects (Ozdal-Kurt et al., 2014). Also, the combi-
nation of cell sheet and scaffolds resulted in healing 
in mandible injuries (Shan and Hu, 2017). All the 
macroscopic results were co-evaluated with imaging 
and histological findings. Despite the fact that these 
were control studies and their results were significant 
different between groups, their sample sizes were 
limited. Few experimental works studied the impor-
tance of scaffolds and the migration of systemically 
administrated BMSCs. The intra-osseous injection of 
allogeneic BMSCs into femurs promoted bone regen-
eration in mandible defects (Liu et al., 2014). Similar 
were the results of intra-arterialinfusion of autologous 
BMSCs in dogs with femoral head necrosis (Jin et 
al., 2016). Both studies concluded that the technique 
was not only promising for bone density problems, 
but it was also safe. Moreover, genetic modification 
of BMSCs enhanced specific capacities. The induced 
expression of vascular endothelial growth factor 165 
(VEGF165) (Hang et al., 2012) or bone morphogenet-
ic protein -2 (BMP-2) (Peng and Wang, 2017) stim-
ulated the quantity and quality of new formed bone 
in femoral head osteonecrosis. These suggestions 
resulted from control-based studies with big sample 
sizes. Additionally, smaller studies concluded that 
microRNA-31 and dentin matrix protein-1 (DMP-1) 
manipulated BMSCs enhanced bone formation with 
superior features compared to simple BMSCs (Deng 
et al., 2014, Liu et al., 2016). BMSCs have also been 
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used for cartilage repair (Bornes et al., 2014). In 2005, 
Wayne et al. proposed that the injection of BMSCs 
in canine joints with articular defects promoted su-
perior quality of new formed cartilage. Concurrent-
ly, the outcomes from intralesional injection of bone 
marrow into traumatized meniscus, implied healing 
properties of BMSCs (Abdel- Hamid et al., 2005). 
Equivalent findings concluded from the intravenous 
and intrarticular injection of BMSCs, in dogs with 
partial cruciate ligament rupture, despite the limited 
sample and volume of synovial fluid available for 
tests (Muir et al., 2016). Following studies focused on 
PRP combination with BMSCs, because it improved 
their proliferation rate (Chen et al., 2014) and chon-
drogenetic capacity (Kazemi et al., 2017). A large ret-
rospective study suggested that their injection in dogs 
with supraspinatus tendinopathy resulted in clinical 
and ultrasonography improvement (McDougall et al., 
2018). However, there are no immunohistochemical 
assessments of these findings. Lastly, BMSCs were 
used successfully in tendon repair not only in vitro 
(Ozasa et al., 2014) but also in vivo (Case et al. 2013) 
and esophagus reconstruction (Tan et al., 2013). Nev-
ertheless, the data were preliminary. 

Neurological applications

BMSCs were also helpful for neurological dis-
orders (Kamishina et al., 2006). In 2008, Hiyama et 
al.(2008) investigated the intralesional autologous 
BMSCs injection in a canine model of DDD.The his-
tological and imaging analysis showed alteration of 
the micro-environment and inflammation’s inhibition 
(Hiyama et al., 2008). However, this was an exper-
imental model. Therefore, scientists investigated the 
safety of the procedure in clinical cases of DDD. 
Their results were controversial. One study present-
ed improvement of nociception and proprioception 
after autologous BMSCs transplantation (Besalti et 
al., 2015). Another study concluded that the proce-
dure may be safe, but not useful (Steffen et al., 2017). 
Both reports failed to make a statement due to limited 
samples and heterogenous populations. Furthermore, 
clinical results highlighted BMSCs efficacy after de-
compression surgery, in SCI (Nishida et al., 2012, 
Besaltiet al., 2016) even in chronic cases (Nishida et 
al., 2011). The improvement was similar after autolo-
gous or allogeneic BMSCs implantation (Jung et al., 
2009, Sarmento et al., 2014). Concurrently investi-
gation about the most suitable time for BMSCs ap-
plication (Penha et al., 2014) and the number of im-
planted cells (Serigano et al., 2010) was made. These 

parameters affected the outcomes, but no protocols 
were proposed. Recently, Wu et al. (2018) created a 
canine model with complete transection of spinal cord 
and presented that BMSCs could be beneficial even 
for devastating cases. Moreover, autologous BM-
SCs combined with scaffolds were used successfully 
in sciatic (Ding et al., 2010) and ulnar nerve defects 
(Kaizawa et al., 2016). Degeneration was accelerated 
functionally and histologically. Lastly, BMSCs were 
proposed for cases of autoimmune meningoenceph-
alomyelitis. Although the diagnosis was made by 
clinical examination, there was noted signs remission 
(Zeira et al., 2015).

Dentistry and ophthalmology applications

One report studied autologous BMSCs implanta-
tion into alveolar clefts combined with scaffolds, PRP 
and bone grafts (Yuanzhneng et al., 2015). The com-
bination of BMSCs with PRP showed the best results. 
The findings were equivalent to studies that support 
PRP’s proliferation properties in BMSCs (Chen et al., 
2014, Kazemi et al., 2017, McDougall et al. 2018). 
Another study proposed autologous, alveoral BMSC-
sas a different origin of BMSCs, due to their access 
and osteogenic potentials (Wang et al., 2018). Never-
theless, the conclusions were preliminary. Additional-
ly, large oral (Aly et al., 2014), vocal fold (Kanemaru 
et al., 2003) and laryngeal ulcers (Iravani et al., 2017) 
were favoured by the intra-lesional administration of 
autologous BMSCs. These results were supported by 
histological findings, but more research is needed. In 
veterinary ophthalmology experimental models of 
corneal ulcer (Tognoli et al., 2008) and retinal degen-
eration (Tracy et al., 2016), showed that autologous 
BMSCs were safe and anti- inflammatory. 

Other applications

Canine models of cirrhosis (Matsuda et al., 2017), 
renal trauma (Lim et al., 2016) and chronic enteritis 
(Xu et al., 2016) were usedinvestigate other effects. 
Autologous BMSCs improved function in liver fail-
ure, inhibited fibrosis in renal injuries and diminished 
clinical signs in post radiation enteritis (Xu et al., 
2016). Also, the usage of allogeneic BMSCs promot-
ed healing in cutaneous wounds without adverse ef-
fects (Kim et al., 2013). Furthermore, Memon et al. 
(2005) presented that the intra-lesional injection of 
BMSCs accelerated regeneration in ischemic myo-
cardium. Also, their intracoronary injection reduced 
infractions’ areas, confirmed by histology and immu-
nochemistry analysis (Hao et al., 2015). In the same 
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model, the adjunct of basic fibroblast growth factor 
augmented the engraftment and the differentiation of 
BMSCs (Wang et al., 2015). Undoubtedly, the previ-
ous studies had preliminary value and more research 
should be done in dosage, time points and administra-
tion routes. 

Cats

Feline BMSCs morphology and isolation are simi-
lar to human and rodents, (Martin et al., 2002, Zhang 
et al., 2011,Munoz et al., 2012) with higher neuro-
genic properties (Zhang et al., 2011). Also, c-kit+ fe-
line BMSCs differentiated into cardiac myocytes with 
cardiac action potentials (Kubo et al., 2009). How-
ever, feline BMSCs had culture limitations referred 
to the donor health status (Quimby et al., 2011). In 
vivo applications are few. A randomized clinical trial 
failed to demonstrate significant effect of BMSCs in 
acute kidney injury. Also, it left unanswered questions 
about the ideal routes, doses and frequency of BMSCs 
administration (Rosselli et al., 2016). Additionally, a 
case report of a cat with lumbar fracture that gained 
clinical rehabilitation after intraoperative BMSCs 
transplantation reinforced their beneficial effects in 
SCI (Penha et al., 2012).

Different tissue derived mesenchymal stem cells

Synovium (SDSCs) and cartilage (CSPCs) - de-
rived stem cells

SDSCs showed osteogenic capacity similar to 
BMSCs and rapid proliferation like ADSCs (Bearden 
et al., 2017). As referred to chondrogenic differenti-
ation, SDSCs were found to be superior to ADSCs 
and BMSCs (Sasaki et al., 2018). In fact, the intra-ar-
ticular injection of autologous SDSCs combined with 
hyaluronic acid in a canine model for cartilage repair, 
resulted in better macroscopic and histological scores 
compared to the control group (Miki et al., 2015). 
However, the studies lacked of statistical analysis. 
Until now, only autologous CSPCs harvested from 
ear cartilage showed capacity to regenerate both elas-
tic and hyaline chondral tissue (Mizuno et al., 2014). 

Muscle stem cells

Satellite cells become activated after trauma, as 
muscle precursor cells (MPCs). Satellite cells have 
high myogenic capacities, but they are no good candi-
dates for transplantation, because of harvesting, sur-
vival and migration problems. However, their good 

expanding and long term survival in vivo (Eberli et 
al.,2012) promoted their usage for functional regu-
lation of urinary sphincter (Eberli et al., 2012) and 
re-innervated thyroarytenoid muscle (Paniello et al., 
2018) in canine models. Histological analysis of both 
studies revealed the formation of new innervated 
muscle fibres. Muscle- derived stem cells (MDSCs) 
can be differentiated not only in myogenic, but also 
in other lineages, such as osteogenic, chondrogenic 
and tenocyte-like cells. In fact, MDSCs were superior 
compared to BMSCs for tendon repair (Ozasa et al., 
2014). Nevertheless, these findings were concluded in 
vitro. The majority of studies investigated MDSCs ef-
ficacy in dystrophic models. In 2011, a study proposed 
the intra-arterial administration of allogeneic MDSCs 
in dystrophic dogs to promote muscle regeneration 
(Rouger et al., 2011). Despite the limitation of small 
sample size, clinical and histopathological outcomes 
were favourable. Additionally, MDSCs were studied 
in molecular lever (Robriquet et al., 2015, Lardenois 
et al., 2016). Furthermore, a trial to make their us-
age easier showed that transient immunosuppression 
of the hosts was sufficient (Lorant et al., 2018). Un-
doubtedly, more research is needed about the immu-
nology features of MSDSs. 

Cardiac derived stem cells (CSCs)

Despite the fact that the majority of cardiac cells 
have not potentials to further differentiation, there is a 
population of CSCs with capacities to form myocytes 
and promote angiogenesis. In contrast to MSDSs, 
which could differentiate into muscle cells when in-
jected into the myocardium (Yoon et al., 1995), CSCs 
could enhance both cardiac regeneration and function 
by producing functional cardiac cells (Welt et al., 
2013, Taghavi et al., 2015). Autologous CSCs helped 
cardiac remodelling in infraction canine model (Welt 
et al., 2013) and improved cardiac function in feline 
cardiomyopathy model (Taghavi et al., 2015). How-
ever, in both studies the delivery method was invasive 
and new methods should be tried in order to make 
CSCs usage a possible clinical approach. 

Hepatic stem cells

Hepatic progenitor cells (HPCs) differentiated 
into hepatocytes and chollangiocytes (Kruitwagen et 
al., 2014). The activation, reaction and identification 
of HPCs were evaluated in normal dogs (Ijzer et al., 
2010) and cats (Ijzer et al., 2009). Also, HPCs were 
assessed in dogs with various liver diseases, such as 
acute and chronic hepatitis, cooper toxicosis, cancer 
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or biliary problems (Ijzer et al., 2010, Kruitwagen et 
al. 2019) and in cats with feline cholangitis (Otte et 
al., 2018) and lipidosis (Valtolina et al., 2018). De-
spite the fact that HPCs could be an alternative to 
liver transplant, which is no feasible in veterinary 
medicine, no current trials of HPCs usage have been 
reported. 

Dental pulp (DSCs), skin and hair follicle (HFSCs) 
stem cells

DSCs have high proliferation rate, easy accessi-
bility and differentiation potentials into many cell 
lineage (Ashiry et al., 2018). Autologous DSCs were 
used successfully in canine models for pulp regenera-
tion (Nakashima and Iohara, 2014, Chen et al., 2015, 
Ashiry et al., 2018) and periodontal healing (Khor-
sand et al., 2013). Also, allogeneic DSCs application 
was efficacious for periodontitis management (Iohara 
et al., 2018). Moreover, allogeneic DSCs were used 
indegenerative heart disease (Petchdee and Sompee-
wong, 2016) and xenogeneic (human) DSCs in SCI 
in dogs (Feitosa et al., 2017). Despite the promising 
results, both studies lacked histological and imaging 
assessments. Also, periodontal stem cells (PDLSCs) 
were isolated as another tool for periodontitis therapy, 
but the studies were in vitro (Khoshhal et al., 2017). 
To the authors’ knowledge skin and hair follicle stem 
cells were identified and characterized in dogs (Bra-
chelente et al., 2013), but they have not been used in 
vivo. 

Umbilical cord blood-derived stem cells (UCSCs)

UCSCs exhibit less immunogenicity, higher plas-
ticity and production of cells per volume compared to 
MSCs (Jin et al., 2008).UCSCs were used mainly in 
SCI models (Lim et al., 2007, Park et al. 2011, Ryu 
et al. 2012) in order to promote clinical improvement 
and regulate inflammation (Park et al., 2011). How-
ever, histopathology and imaging evidence is needed 
(Lim et al., 2007, Ryu et al., 2012).

Hematopoietic stem cells (HSCs)

HSCs originate from bone marrow,umbilical cord 
and peripheral blood. HSCs form lymphoid and my-
eloid progenitor cells (Gomes et al., 2017). In 1962 
and 1974, bone marrow transplantation in dogs im-
plied its benefits (Thomas et al.,1962,Epstein et al., 
1967, Dale and Graw, 1974). Later, studies used au-
tologous hematopoietic stem cells transplantation 
(HSCT), against auto-immune diseases (Stolfi et al., 
2016). Also, allogeneic HSCT was employed in the 

modification of host-versus-graft reaction (Zorn et 
al., 2011, Mathes et al., 2014, Vrecenak et al., 2014, 
Rosinski et al., 2015). Interestingly, allogeneic HSCT 
improved hosts’ tolerance towards skin allografts, by 
T-cells regulation (Mathes et al., 2014). The first clin-
ical case of allogeneic HSCT was completed in a dog 
with lymphoma (Lupu et al., 2006). Then, two stud-
ies tried autologous HSCT for lymphoma (Escobar 
et al., 2012, Willcox et al., 2012) and acute leukemia 
(Suter et al., 2015). All agreed that HSCT increased 
the duration of signs remission. However, according 
to Schaefer et al. (2016) allogeneic HSCT had prob-
lems related to HSCs ability to reach bone marrow 
without being trapped in other tissues. Lange at al. 
(2017) tried to identify the best route of administra-
tion by comparing the intravenous and intraosseous 
HSCT. However, the study failed to prove superiority 
of one method over the other. Few are known about 
feline HSCs, which have similar proliferative capaci-
ties to canine (Abkowitz et al., 1993, Abkowitz et al., 
1995). Feline HSCs were used after genetical manip-
ulation for inhibition of coronavirus replication and 
development of feline infectious peritonitis (Anis et 
al., 2017). 

CONCLUSIONS
In conclusion, literature review cannot still an-

swer questions regardingthe best origin ofSC, the 
most suitable route of administration, whether they 
should be embedded into scaffolds or notas well as 
which is the ideal number of transplanted cells. Also, 
it remains unanswered if the therapeutic potentials of 
SCs exist due to their differentiation into progenitor 
cells or due to their immunomodulatory secretions. 
Many experimental models are used for preliminary 
data, while the clinical use of SCs is in early stages. 
Most of these studies focused on the usage of BMSCs 
and ADSCs, because of their easy collection and cul-
ture, their sufficient differentiation capacity in muscu-
loskeletal cells and high proliferation rate. However 
published data have limitations because of their small 
sample size, heterogeneity of population, lack of blind 
randomization and control groups. Therefore, a future 
research plan should involve methods and techniques 
capable to collect answers for all these questions. 

CONFLICT OF INTEREST
None declared.



J HELLENIC VET MED SOC 2021, 72(2)
ΠΕΚΕ 2021, 72(2)

2797A.A. ANATOLITOU, K.I. SIDERI, N.N. PRASSINOS

REFERENCES

Abdel-Hamid M, Hussein MR, Ahmad AF, Elgezawi EM (2005) En-
hancement of the repair of meniscal wounds in the red-white zone 
(middle third) by the injection of bone marrow cells in canine animal 
model. Int J Exp Pathol 86(2):117-123.

Abkowitz JL, Linenberger ML, Persik M, Newton MA, Guttorp P (1993) 
Behavior of feline hematopoietic stem cells years after busulfan ex-
posure. Blood 82(7):2096-2103.

Abkowitz JL, Persik MT, Shelton GH, Ott RL, Kiklevich JV, Catlin SN, 
Guttorp P (1995) Behavior of hematopoietic stem cells in a large ani-
mal. Proc Natl Acad Sci U S A 92(6):2031-2035.

Alamoudi NM, El Ashiry EA, Farsi NM, El Derwi DA, Atta HM (2014) 
Treatment of oral ulcers in dogs using adipose tissue-derived mesen-
chymal stem cells. J Clin Pediatr Dent 38(3):215-222. 

Aly LA,Menoufy H, HS,RagaeA,Sabry D (2014) Efficiency of systemic 
versus intralesional bone marrow-derived stem cells in regeneration 
of oral mucosa after induction of formocresol induced ulcers in dogs. 
Dent Res J 11(2): 212-221.

Anis EA, Dhar M, Legendre AM, Wilkes RP (2017) Transduction of he-
matopoietic stem cells to stimulate RNA interference against feline 
infectious peritonitis. J Feline Med Surg 19(6):680-686.

Arinzeh TL, Peter SJ, Archambault MP, van den Bos C, Gordon S, Kraus 
K, Kadiyala S (2003) Allogeneic mesenchymal stem cells regener-
ative bone in a critical -sized canine segmental defect. J Bone Joint 
Surg Am 85 (10):1927-1935.

Arzi B, Mills-Ko E, Verstraete FJ, Kol A, Walker NJ, Badgley MR, Fa-
zel N, Murphy WJ, Vapniarsky N, Borjesson DL (2016) Therapeutic 
Efficacy of Fresh, Autologous Mesenchymal Stem Cells for Severe 
Refractory Gingivostomatitis in Cats. Stem Cells Transl Med 5(1):75-
86.

Ashiry EA El, Alamoudi NM, Ashiry MK El, Bastawy HA, Derwi DA 
El, Atta HM (2018) Tissue Engineering of Necrotic Dental Pulp of 
Immature Teeth with Apical Periodontitis in Dogs: Radiographic and 
Histological Evaluation. J Clin Pediatr Dent 42(5):373-382.

Banas A, Teratani T, Yamamoto Y, Tokuhara M, Takeshita F, Quinn G, 
Okochi H, Ochiya T (2007) Adipose tissue-derived mesenchymal 
stem cells as a source of human hepatocytes. Hepatology 46(1):219-
228.

Bearden RN, Huggins SS, Cummings KJ, Smith R, Gregory CA, Saun-
ders WB (2017) In-vitro characterization of canine multipotent stro-
mal cells isolated from synovium, bone marrow, and adipose tissue: 
a donor-matched comparative study.. Stem Cell Res Ther 8(1):218.

Besalti O, Aktas Z, Can P, Akpinar E, Elcin AE, Elcin YM (2016) The use 
of autologous neurogenically-induced bone marrow-derived mesen-
chymal stem cells for the treatment of paraplegic dogs without noci-
ception due to spinal trauma. J Vet Med Sci 78(9):1465-1473.

Besalti O, Can P, Akpinar E, Aktas Z, Elcin AE, Elcin YM (2015) Intra-
spinal Transplantation of Autologous Neurogenically-Induced Bone 
Marrow-Derived Mesenchymal Stem Cells in the Treatment of Para-
plegic Dogs without Deep Pain Perception Secondary to Interverte-
bral Disk Disease. Turk Neurosurg 25(4):625-632.

Bigham-Sadegh A, Mirshokraei P, Karimi I, Oryan A, Aparviz A, Sha-
fiei-Sarvestani Z (2012) Effects of adipose tissue stem cell concur-
rent with greater omentum on experimental long-bone healing in dog. 
Connect Tissue Res 53(4):334-342.

Bittencourt MKW, Barros MA, Martins JFP,Vasconcellos JPC, Morais 
BP, Pompeia C, BittencourtMD,Evangelho KS, Kerkis I, Wenceslau 
VC (2016) Allogeneic Mesenchymal Stem Cell Transplantation in 
Dogs With Keratoconjunctivitis Sicca. Cell Med 8(3): 63-77.

Black LL, Gaynor J, Adams C, Dhupa S, Sams AE, Taylor R, Harman S, 
Gingerich DA, Harman R (2008) Effect of intraarticular injection of 
autologous adipose-derived mesenchymal stem and regenerative cells 
on clinical signs of chronic osteoarthritis of the elbow joint in dogs 
Vet Ther 9(3):192-200. 

Black LL, Gaynor J, Gahring D, Adams C, Aron D, Harman S, Gingerich 

DA, Harman R (2007) Effect of adipose-derived mesenchymal stem 
and regenerative cells on lameness in dogs with chronic osteoarthritis 
of the coxofemoral joints: a randomized, double-blinded, multicenter, 
controlled trial. Vet Ther 8(4): 272-284.

Bornes TD, Adesida AB, Jomha NM (2014) Mesenchymal stem cells in 
the treatment of traumatic articular cartilage defects: a comprehensive 
review. Arthritis Res Ther 16(5):432.

Brachelente C, PorcellatoI,Sforna M, Lepri E, Mechelli L, Bongiovanni 
L (2013) The contribution of stem cells to epidermal and hair follicle 
tumours in the dog. Vet Dermatol 24: 188-194.

Bressan E, Botticelli D, Sivolella S, Bengazi F, Guazzo R, Sbricoli L, 
Ricci S, Letizia Ferroni L, Gardin C, Velez JU, Zavan B (2015) Ad-
ipose-Derived Stem Cells as a Tool for Dental Implant Osseointe-
gration: an Experimental Study in the Dog Int J Mol Cell Med4(4): 
197-208. 

Canapp SO JR, Canapp DA, Ibrahim V, Carr BJ, Cox C, Barrett JG (2016) 
The Use of Adipose-Derived Progenitor Cells and Platelet-Rich Plas-
ma Combination for the Treatment of Supraspinatus Tendinopathy in 
55 Dogs: A Retrospective Study. Front Vet Sci 3:61b.

Canapp SO JR, Leasure CS, Cox C, Ibrahim V, Carr BJ (2016) Partial 
Cranial Cruciate Ligament Tears Treated with Stem Cell and Plate-
let-Rich Plasma Combination Therapy in 36 Dogs: A Retrospective 
Study 6. Sherman O. Front Vet Sci 3: 112 a. 

Case JB, Palmer R, Valdes-Martinez A, Egger EL, Haussler KK (2013) 
Gastrocnemius tendon strain in a dog treated with autologous mes-
enchymal stem cells and a custom orthosis. Vet Surg42(4):355-360.

 Chen KS, Chien KC, Huang YS, Chang CLT, Chang SC (2014) Prolif-
erative effect of platelet rich fibrin on canine bone marrow derived 
stromal cells Taiw Vet J 40(3):151-161.

Chen YJ, Zhao YH, Zhao YJ, Liu NX, Lv X, Li Q, Chen FM, Zhang M 
(2015) Potential dental pulp revascularization and odonto-/osteogenic 
capacity of a novel transplant combined with dental pulp stem cells 
and platelet-rich fibrin.. Cell Tissue Res 361(2):439-455.

Chung WH, Park SA, Lee JH, Chung DJ, Yang WJ, Kang EH, Choi CB, 
Chang HS, Kim DH, Hwang SH, Han H, Kim HY (2013) Percutane-
ous transplantation of human umbilical cord-derived mesenchymal 
stem cells in a dog suspected to have fibrocartilaginous embolic my-
elopathy. J Vet Sci 14(4):495-497.

Cruz AC, Caon T, Menin Á, Granato R, Boabaid F, Simões CM (2015) 
Adipose-derived stem cells incorporated into platelet-rich plasma 
improved bone regeneration and maturation in vivo. Dent Traumatol 
31(1):42-48.

Cuervo B, Rubio M, Sopena J, Dominguez JM, Vilar J, Morales M, Cugat 
R, Carrillo JM (2014) Hip osteoarthritis in dogs: a randomized study 
using mesenchymal stem cells from adipose tissue and plasma rich in 
growth factors. Int J Mol Sci 15(8):13437-13460. 

Cui L, Liu B, Liu G, Zhang W, Cen L, Sun J, Yin S, Liu W, Cao Y (2007). 
Repair of cranial bone defects with adipose derived stem cells and 
coral scaffold in a canine model. Biomaterials 28(36): 5477-5486.

Dale DC, Graw JR RG (1974) Transplantation of Allogeneic Bone Mar-
row in Canine Cyclic Neutropenia. Science 183(4120): 83-84 .

de Bakker E, Van Ryssen B, De Schauwer C, Meyer E (2013) Canine 
mesenchymal stem cells: state of the art, perspectives as therapy for 
dogs and as a model for man. Vet Q 33(4):225-233. 

Deng Y, Zhou H, Gu P, Fan X (2014) Repair of canine medial orbital bone 
defects with miR-31-modified bone marrow mesenchymal stem cells. 
Invest Ophthalmol Vis Sci 55(9):6016-6023.

Ding F, Wu J, Yang Y, Hu W, Zhu Q, Tang X, Liu J, Gu X (2010) Use 
of tissue-engineered nerve grafts consisting of a chitosan/poly(lac-
tic-co-glycolic acid)-based scaffold included with bone marrow mes-
enchymal cells for bridging 50-mm dog sciatic nerve gaps. Tissue 
EngPart A 16(12):3779-3790.

 Dos Santos RC, da Rocha Filgueiras R, Furtado Malard P, Rodrigues 
da Cunha Barreto-Vianna A, Nogueira K, da Silva Leite C, Maurício 



J HELLENIC VET MED SOC 2021, 72(2)
ΠΕΚΕ 2021, 72(2)

2798 A.A. ANATOLITOU, K.I. SIDERI, N.N. PRASSINOS

Mendes de Lima E (2018) Mesenchymal stem cells in osteotomy re-
pair after tibial tuberosity advancement in dogs with cranial cruciate 
ligament injury. J Exp Orthop 5(1):17

Eberli D, Aboushwareb T, Soker S, Yoo JJ, Atala A (2012) Muscle precur-
sor cells for the restoration of irreversibly damaged sphincter func-
tion. Cell Transplant 21(9):2089-2098.

Epstein RB, Bryant J, Thomas ED (1967) Cytogenetic demonstration of 
permanent tolerance in adult outbreed dogs. Transpl 5 (2):267.

Escobar C, Grindem C, Neel JA, Suter SE(2012) Hematologic changes 
after total body irradiation and autologous transplantation of hemato-
poietic peripheral blood progenitor cells in dogs with lymphoma. Vet 
Pathol 49(2):341-343.

Feitosa MLT, Sarmento CAP, Bocabello RZ, Beltrão-Braga PCB, Pigna-
tari GC, Giglio RF, Miglino MA, Orlandin JR, Ambrósio CE (2017) 
Transplantation of human immature dental pulp stem cell in dogs 
with chronic spinal cord injury. Acta Cir Bras 32(7):540-549.

Ferrer L, Kimbrel EA, Lam A, Falk EB, Zewe C, Juopperi T, Lanza R, 
Hoffman A (2016) Treatment of perianal fistulas with human embry-
onic stem cell-derived mesenchymal stem cells: a canine model of 
human fistulizing Crohn’s disease. Regen Med 11(1):33-43.

 Fortier LA, Travis AJ (2011) Stem cells in veterinary medicine. Stem Cell 
Res Ther 2 (3):9-14.

Ganey T, Hutton WC, Moseley T, Hedrick M, Meisel HJ (2009) Interver-
tebral disc repair using adipose tissue-derived stem and regenerative 
cells: experiments in a canine model. Spine 34(21):2297-2304.

Ghoreishian M, Rezaei M, Beni BH, Javanmard SH, Attar BM, Zalzali H 
(2013) Facial nerve repair with Gore-Tex tube and adipose-derived 
stem cells: an animal study in dogs. J Oral MaxillofacSurg 71(3):577-
587.

Gibson MA, Brown SG, Brown NO (2017) Semitendinosus myopathy 
and treatment with adipose-derived stem cells in working German 
shepherd police dogs.Can Vet J 58(3):241-246.

Gomes IS,de Oliveira VC , Pinheiro AO, Roballo KCS, de Araujo GSM, 
Veronezi JC, Martins DS, Ambrósio CE (2017) Bone marrow stem 
cell applied in the canine veterinary clinics. Pesq Vet Bras 37(10): 
1139-1145.

Guercio A, Di Marco P, Casella S, Cannella V, Russotto L, Purpari G, Di 
Bella S, Piccione G (2012) Production of canine mesenchymal stem 
cells from adipose tissue and their application in dogs with chronic 
osteoarthritis of the humeroradial joints. Cell Biol Int 36(2):189-194.

Haghighat A, Akhavan A, Hashemi-Beni B, Deihimi P, Yadegari A, 
Heidari F (2011) Adipose derived stem cells for treatment of mandib-
ular bone defects: An autologous study in dogs. Dent Res J 8(Suppl 
1):51-57. 

Hall MN, Rosenkrantz WS, Hong JH, Griffin CE, Mendelsohn CM (2010) 
Evaluation of the potential use of adipose-derived mesenchymal stro-
mal cells in the treatment of canine atopic dermatitis: a pilot study. 
Vet Ther 2010 11(2):1-14. 

Han SM , Kim HT, Kim KW, Jeon KO, Seo KW, Choi EW, Youn HY 
(2015) CTLA4 overexpressing adipose tissue-derived mesenchymal 
stem cell therapy in a dog with steroid-refractory pemphigus folia-
ceus BMC Vet Res 11:49

Hang D, Wang Q, Guo C, Chen Z, Yan Z (2012) Treatment of osteone-
crosis of the femoral head with VEGF165 transgenic bone marrow 
mesenchymal stem cells in mongrel dogs. Cells Tissues Organs 
195(6):495-506.

 Hao L, Hao J, Fang W, Han C, Zhang K, Wang X (2015) Dual isotope 
simultaneous imaging to evaluate the effects of intracoronary bone 
marrow-derived mesenchymal stem cells on perfusion and me-
tabolism in canines with acute myocardial infarction. Biomed Rep 
3(4):447-452.

Harman R, Carlson K,Gaynor J, Gustafson S, Dhupa S, Clement K, Hoe-
lzler,McCarthy MT, Schwartz P, Adams C (2016) A Prospective, 
Randomized, Masked, and Placebo-Controlled Efficacy Study of In-
traarticular Allogeneic Adipose Stem Cells for the Treatment of Os-
teoarthritis in Dogs Front Vet Sci 3: 81.

Hashemibeni B, Goharian V, Esfandiari E, Sadeghi F, Fasihi F, Alipur R, 
Valiani A, Ghorbani M, Emami ZM, Shabani F, Goharian M (2012) 

An animal model study for repair of tracheal defects with autologous 
stem cells and differentiated chondrocytes from adipose-derived stem 
cells. J PediatrSurg 47(11):1997-2003.

Hiyama A, Mochida J, Iwashina T, Omi H, Watanabe T, Serigano K, Ta-
mura F, Sakai D (2008) Transplantation of mesenchymal stem cells in 
a canine disc degeneration model. J Orthop Res;26(5):589-600.

Hu YC, Liu X, Shen JJ, He JC, Chen QE (2014) [Experimental study of 
canine bone marrow mesenchymal stem cells combined with calcium 
phosphate cement for repair of mandibular bone defects in Beagle 
dogs]. [Article in Chinese] Shanghai Kou Qiang Yi Xue 23(4):402-
408.

Ijzer J, Kisjes JR, Penning LC, Rothuizen J, van den Ingh TS (2009) The 
progenitor cell compartment in the feline liver: an (immuno)histo-
chemical investigation. Vet Pathol 46(4):614-621.

Ijzer J, Schotanus BA, Vander Borght S, Roskams TA, Kisjes R, Penning 
LC, Rothuizen J, van den Ingh TS (2010) Characterisation of the he-
patic progenitor cell compartment in normal liver and in hepatitis: 
an immunohistochemical comparison between dog and man. Vet J 
184(3):308-314.

Iohara K, Utsunomiya S, Kohara S, Nakashima M (2018) Allogeneic 
transplantation of mobilized dental pulp stem cells with the mis-
matched dog leukocyte antigen type is safe and efficacious for total 
pulp regeneration. Stem Cell Res Ther 9(1):116.

Iravani K, Sobhanmanesh A, Ashraf MJ, Hashemi SB, Mehrabani D, Zare 
S (2017) The Healing Effect of Conditioned Media and Bone Mar-
row-Derived Stem Cells in Laryngotracheal Stenosis: A Comparison 
in Experimental Dog Model. World J PlastSurg 6(2):190-197.

Jin GZ, Yin XJ, Yu XF, Cho SJ, Choi EG, Lee YS, Jeon JT, Yee ST, Kong 
IK (2008) Generation of neuronal-like cells from umbilical cord 
blood-derived mesenchymal stem cells of a RFP-transgenic cloned 
catJ Vet Med Sci 70(7):723-726.

JinH, XuT,Chen Q, Wu C, Wang P, Mao Q, Zhang S, Shen J, Tong P 
(2016) The Fate and Distribution of Autologous Bone Marrow Mes-
enchymal Stem Cells with Intra-Arterial Infusion in Osteonecrosis of 
the Femoral Head in Dogs. Stem Cells International 2016:1-10.

Jung DI, Ha J, Kang BT, Kim JW, Quan FS, Lee JH, Woo EJ, Park HM 
(2009) A comparison of autologous and allogenic bone marrow-de-
rived mesenchymal stem cell transplantation in canine spinal cord 
injury. J Neurol Sci 285(1-2):67-77.

Kaizawa Y, Kakinoki R, Ikeguchi R, Ohta S, Noguchi T, Oda H, Matsuda 
S (2016) Bridging a 30 mm defect in the canine ulnar nerve using 
vessel-containing conduits with implantation of bone marrow stromal 
cells. Microsurgery 36(4):316-324. 

Kamishina H, Deng J, Oji T, Cheeseman JA, Clemmons RM (2006) Ex-
pression of neural markers on bone marrow-derived canine mesen-
chymal stem cells. Am J Vet Res 67(11):1921-1928.

Kanemaru S, Nakamura T, Omori K, Kojima H, Magrufov A, Hiratsuka 
Y, Hirano S, Ito J, Shimizu Y (2003) Regeneration of the vocal fold 
using autologous mesenchymal stem cells.AnnOtolRhinolLaryngol 
112(11):915-920.

Kazemi D, Shams Asenjan K, Dehdilani N, Parsa H (2017) Canine artic-
ular cartilage regeneration using mesenchymal stem cells seeded on 
platelet rich fibrin: Macroscopic and histological assessments. Bone 
Joint Res 6(2):98-107.

Khorsand A, Eslaminejad MB, Arabsolghar M, Paknejad M, Ghaedi B, 
Rokn AR, Moslemi N, Nazarian H, Jahangir S (2013) Autologous 
dental pulp stem cells in regeneration of defect created in canine peri-
odontal tissue. J Oral Implantol 39(4):433-443.

Khoshhal M, Amiri I, Gholami L (2017) Comparison of in vitro proper-
ties of periodontal ligament stem cells derived from permanent and 
deciduous teeth. J Dent Res Dent Clin Dent Prospects 11(3):140-148.

Kim JW, Lee JH, Lyoo YS, Jung DI, Park HM (2013) The effects of top-
ical mesenchymal stem cell transplantation in canine experimental 
cutaneous wounds. Vet Dermatol 24(2):242-253.

Kim SH, Kim KH, Seo BM, Koo KT, Kim TI, Seol YJ, Ku Y, Rhyu IC, 
Chung CP, Lee YM (2009) Alveolar bone regeneration by transplan-
tation of periodontal ligament stem cells and bone marrow stem cells 
in a canine peri-implant defect model: a pilot study. J Periodontol 



J HELLENIC VET MED SOC 2021, 72(2)
ΠΕΚΕ 2021, 72(2)

2799A.A. ANATOLITOU, K.I. SIDERI, N.N. PRASSINOS

80(11):1815-1823.
 Kim Y, Lee SH, Kim WH, Kweon OK (2016) Transplantation of adipose 

derived mesenchymal stem cells for acute thoracolumbar disc disease 
with no deep pain perception in dogs. J Vet Sci17(1): 123-126. 

Kriston-Pál É, Czibula Á, Gyuris Z, Balka G, Seregi A, Sükösd F, Süth M, 
Kiss-Tóth E, Haracska L, Uher F, Monostori É (2017) Characteriza-
tion and therapeutic application of canine adipose mesenchymal stem 
cells to treat elbow osteoarthritis. Can J Vet Res 81(1):73-78.

Kruitwagen HS, Bart Spee B, Schotanus BA(2014) Hepatic progenitor 
cells in canine and feline medicine: potential for regenerative strate-
gies BMC Vet Res 10: 137.

Kruitwagen HS, Fieten H, Penning LC (2019) Towards bioengineered 
liver stem cell transplantation studies in a preclinical dog model for 
inherited copper toxicosis Bioeng 2019;6(4):88. 

Kubo H, Berretta RM, Jaleel N, Angert D, Houser SR (2009) c-Kit+ bone 
marrow stem cells differentiate into functional cardiac myocytes. Clin 
Transl Sci 2(1):26-32.

Lange S, Steder A, Killian D, Knuebel G, Sekora A, Vogel H, Lindner I, 
Dunkelmann S, Prall F, Murua H, Mathias E, Junghanss FC (2017) 
Biology of Blood and Marrow Transplantation Biology Engraftment 
Efficiency after Intra-Bone Marrow versus Intravenous Transplanta-
tion of Bone Marrow Cells in a Canine Nonmyeloablative Dog Leu-
kocyte Antigen-Identical Transplantation Model . Biology of Blood 
and Marrow Transplantation 23 (2): 247-254. 

Lardenois A, Jagot S, Lagarrigue M, Guével B, Ledevin M, Larcher T, 
Dubreil L, Pineau C, Rouger K, Guével L (2016) Quantitative pro-
teome profiling of dystrophic dog skeletal muscle reveals a stabilized 
muscular architecture and protection against oxidative stress after 
systemic delivery of MuStem cells. Proteomics 16(14):2028-2042.

Lee JH, Chang HS, Kang EH, Chung DJ, Choi CB, Lee JH, Hwang SH, 
Han H, Kim HY (2009) Percutaneous transplantation of human um-
bilical cord blood-derived multipotent stem cells in a canine model of 
spinal cord injury. J Neurosurg Spine 11(6):749-757.

Lim CY, Han JI, Kim SG, Lee CM, Park HM (2016) Evaluation of autol-
ogous bone marrow-derived mesenchymal stem cells on renal regen-
eration after experimentally induced acute kidney injury in dogs. Am 
J Vet Res 77(2):208-217.

Lim JH, Byeon YE, Ryu HH, Jeong YH, Lee YW, Kim WH, Kang KS, 
Kweon OK (2007)Transplantation of canine umbilical cord blood-de-
rived mesenchymal stem cells in experimentally induced spinal cord 
injured dogs. J Vet Sci 8(3):275-282. 

Liu G, Zhang Y, Liu B, Sun J, Li W, Cui L (2013) Bone regeneration in a 
canine cranial model using allogeneic adipose derived stem cells and 
coral scaffold. Biomaterials 34(11):2655-2664.

Liu X, Li Q, Wang F, Wang Z (2016) Maxillary sinus floor augmenta-
tion and dental implant placement using dentin matrix protein-1 
gene-modified bone marrow stromal cells mixed with deproteinized 
boving bone: A comparative study in beagles. Arch Oral Biol 64:102-
108.

Liu X, Liao X, Luo E, Chen W, Bao C, Xu HH (2014) Mesenchymal 
stem cells systemically injected into femoral marrow of dogs home to 
mandibular defects to enhance new bone formation. Tissue Eng Part 
A 20(3-4):883-892.

Liu Z, Yin X, Ye Q, He W, Ge M, Zhou X, Hu J, Zou S (2016) Periodontal 
regeneration with stem cells-seeded collagen-hydroxyapatite scaf-
fold. J BiomaterAppl 31(1):121-131.

Lorant J, Larcher T, Jaulin N, Hedan B, Lardenois A, Leroux I, Dubreil 
L, Ledevin M, Goubin H, Moullec S, Deschamps JY, Thorin C, An-
dré C, Adjali O, Rouger K (2018) Vascular Delivery of Allogeneic 
MuStem Cells in Dystrophic Dogs Requires Only Short-Term Immu-
nosuppression to Avoid Host Immunity and Generate Clinical/Tissue 
Benefits. Cell Transplant 27(7):1096-1110.

Lupu M, Sullivan EW, Westfall TE, Little MT, Weigler BJ, Moore PF, 
Stroup PA, Zellmer E, Kuhr C, Storb R (2006) Use of multigenera-
tion-family molecular dog leukocyte antigen typing to select a hema-
topoietic cell transplant donor for a dog with T-cell lymphoma. J Am 
Vet Med Assoc 228(5):728-732.

Martin DR, Cox NR, Hathcock TL, Niemeyer GP, Baker HJ (2002) Iso-

lation and characterization of multipotential mesenchymal stem cells 
from feline bone marrow. Exp Hematol 30(8):879-886.

Marx C,SilveiraMD,Selbach I, da Silva AS,Gomes de Macedo Braga LM, 
Camassola M, Nardi NB (2014)Acupoint Injection of Autologous 
Stromal Vascular Fraction and Allogeneic Adipose-Derived Stem 
Cells to Treat Hip Dysplasia in Dogs. Stem Cells Intern 2014:391274.

Mathes DW, Chang J, Hwang B, Graves SS, Storer BE, Butts-Miwong-
tum T, Sale GE, Storb R (2014) Simultaneous transplantation of he-
matopoietic stem cells and a vascularized composite allograft leads to 
tolerance. Transplantation 98(2):131-138.

Matsuda T, Takami T, Sasaki R, Nishimura T, Aibe Y, Paredes BD, Quin-
tanilha LF, Matsumoto T, Ishikawa T, Yamamoto N, Tani K, Terai S, 
Taura Y, Sakaida I (2017)A canine liver fibrosis model to develop a 
therapy for liver cirrhosis using cultured bone marrow-derived cells. 
Hepatol Commun 1(7):691-703. 

McDougall RA, Canapp SO, Canapp DA (2018) Ultrasonographic Find-
ings in 41 Dogs Treated with Bone Marrow Aspirate Concentrate and 
Platelet-Rich Plasma for a Supraspinatus Tendinopathy: A Retrospec-
tive Study. Front Vet Sci 5,98.

Memon IA, Sawa Y, Miyagawa S, Taketani S, Matsuda H (2005)Com-
bined autologous cellular cardiomyoplasty with skeletal myoblasts 
and bone marrow cells in canine hearts for ischemic cardiomyopathy. 
J Thorac Cardiovasc Surg130(3):646-653. 

Miki S, Takao M, Miyamoto W, Matsushita T, Kawano H (2015) Intra-Ar-
ticular Injection of Synovium-Derived Mesenchymal Stem Cells with 
Hyaluronic Acid Can Repair Articular Cartilage Defects in a Canine 
Model. J Cell Res Ther 5:314.

 Mizuno M, Kobayashi S, Takebe T, Kan H, Yabuki Y, Matsuzaki T, Yoshi-
kawa HY, Nakabayashi S, Ik LJ, Maegawa J, Taniguchi H (2014)Brief 
report: reconstruction of joint hyaline cartilage by autologous progen-
itor cells derived from ear elastic cartilage. Stem Cells 32(3):816-821. 

Muir P, Hans EC, Racette M, Volstad N, Sample SJ, Heaton C, Holzman 
G, Schaefer SL, Bloom DD, Bleedorn JA, Hao Z, Amene E, Suresh 
M, Hematti P (2016) Autologous Bone Marrow-Derived Mesenchy-
mal Stem Cells Modulate Molecular Markers of Inflammation in 
Dogs with Cruciate Ligament Rupture. PLoS One 11(8):1-21.

Munoz JL, Greco SG, Patel SA, Sherman LS, Bhatt S, Bhatt RS, Shrensel 
JA, Guan YZ, Xie G, Ye JH, Rameshwar P, Siegel A (2012) Feline 
bone marrow-derived mesenchymal stromal cells (MSCs) show sim-
ilar phenotype and functions with regards to neuronal differentiation 
as human MSCs. Differentiation 84(2): 214-222.

Nakashima M, Iohara K (2014) Mobilized dental pulp stem cells for pulp 
regeneration: initiation of clinical trial. J Endod 40(4 Suppl):26-32.

Nantavisai S, Egusa H, ThanaphumO ,Sawangmake C (2019) Mesenchy-
mal stem cell-based bone tissue engineering for veterinary practice. 
Heliyon 5(11):e 02808

 Nam A, Han SM, Go DM, Kim DY, Seo KW, Youn HY (2017) Long-
Term Management with Adipose Tissue-Derived Mesenchymal Stem 
Cells and Conventional Treatment in a Dog with Hepatocutaneous 
Syndrome. J Vet Intern Med 31(5):1514-1519.

Nishida H, Nakayama M, Tanaka H, Kitamura M, Hatoya S, Sugiura 
K, Suzuki Y, Ide C, Inaba T (2011) Evaluation of transplantation of 
autologous bone marrow stromal cells into the cerebrospinal fluid 
for treatment of chronic spinal cord injury in dogs. Am J Vet Res 
72(8):1118-1123.

Nishida H, Nakayama M, Tanaka H, Kitamura M, Hatoya S, Sugiura K, 
Harada Y, Suzuki Y, Ide C, Inaba T (2012) Safety of autologous bone 
marrow stromal cell transplantation in dogs with acute spinal cord 
injury. Vet Surg 41(4):437-442. 

Osman Y, Hamed SH, Barakat NM, Khater S, Gabr M, Mosbah A, 
Gaballah MA, Shaaban A (2020) Prophylaxis against renal isch-
emia-reperfusion injury in canine model: Stem cell approach. Indian 
J Urol 36(1):44-49.

Otte CM, Valtolina C, Vreman S, Hubers S, van Wolferen ME, Favier RP, 
Rothuizen J, Penning LC (2018) Immunohistochemical evaluation of 
the activation of hepatic progenitor cells and their niche in feline lym-
phocytic cholangitis. J Feline Med Surg 20(1):30-37.

Ozasa Y, Gingery A, Thoreson AR, An KN, Zhao C, Amadio PC (2014) A 



J HELLENIC VET MED SOC 2021, 72(2)
ΠΕΚΕ 2021, 72(2)

2800 A.A. ANATOLITOU, K.I. SIDERI, N.N. PRASSINOS

comparative study of the effects of growth and differentiation factor 5 
on muscle-derived stem cells and bone marrow stromal cells in an in 
vitro tendon healing model J Hand Surg Am 39(9):1706-1713. 

Özdal-Kurt F, Tuğlu I, Vatansever HS, Tong S, Deliloğlu-Gürhan SI 
(2015) The effect of autologous bone marrow stromal cells differ-
entiated on scaffolds for canine tibial bone reconstruction. Biotech 
Histochem 90(7):516-528.

Paniello RC, Brookes S, Bhatt NK, Bijangi-Vishehsaraei K, Zhang H, 
Halum S (2018) Improved adductor function after canine recurrent 
laryngeal nerve injury and repair using muscle progenitor cells. La-
ryngoscope 128(7):241-246.

Park SA, Reilly CM, Wood JA, Chung DJ, Carrade DD, Deremer SL, 
Seraphin RL, Clark KC, Zwingenberger AL, Borjesson DL, Hayashi 
K, Russell P , Murphy CJ (2013) Safety and immunomodulatory ef-
fects of allogeneic canine adipose-derived mesenchymal stromal cells 
transplanted into the region of the lacrimal gland, the gland of the 
third eyelid and the knee joint. Cytotherapy 15(12):1498-1510.

Park SS, Byeon YE, Ryu HH, Kang BJ, Kim Y, Kim WH, Kang KS, 
Han HJ, Kweon OK (2011) Comparison of canine umbilical cord 
blood-derived mesenchymal stem cell transplantation times: involve-
ment of astrogliosis, inflammation, intracellular actin cytoskeleton 
pathways, and neurotrophin-3. Cell Transplan 20(11-12):1867-1880. 

Park SS, Lee YJ, Lee SH, Lee D, Choi K, Kim WH, Kweon OK, Han HJ 
(2012) Functional recovery after spinal cord injury in dogs treated 
with a combination of Matrigel and neural-induced adipose-derived 
mesenchymal Stem cells. Cytotherapy 14(5):584-597.

Parys M, Nelson N, Koehl K, Miller R, Kaneene JB, Kruger JM, Yuzba-
siyan-Gurkan V (2016) Safety of Intraperitoneal Injection of Adipose 
Tissue-Derived Autologous Mesenchymal Stem Cells in Cats. J Vet 
Intern Med 30(1):157-163.

Peng WX, Wang L (2017) Adenovirus-Mediated Expression of BMP-2 
and BFGF in Bone Marrow Mesenchymal Stem Cells Combined with 
Demineralized Bone Matrix For Repair of Femoral Head Osteonecro-
sis in Beagle Dogs. Cell PhysiolBiochem 43(4):1648-1662.

Penha EM, Aguiar PHP, Barrouin-Melo SM, de Lima RS, da Silvei-
ra ACC, Otelo ARS, Pinheiro CMB, dos-Santos RR, Soares MBP 
(2012) Clinical Neurofunctional Rehabilitation of a Cat with Spi-
nal Cord Injury after Hemilaminectomy and Autologous Stem Cell 
Transplantation. Int J Stem Cells 5(2): 146-150.

Penha EM, MeiraCS,Guimarães ET, Mendonça MVP, Gravely FA, Pin-
heiro CMB,Pinheiro TMB, Barrouin-Melo SM, dos-Santos RR, 
Soares MBP (2014) Use of Autologous Mesenchymal Stem Cells 
Derived from Bone Marrow for the Treatment of Naturally Injured 
Spinal Cord in Dogs Stem Cells International 2014, 437521.

Pérez-Merino EM, Usón-Casaús JM, Zaragoza-Bayle C, Duque-Carrasco 
J, Mariñas-Pardo L, Hermida-Prieto M, Barrera-Chacón R, Gualtieri 
M (2015) Safety and efficacy of allogeneic adipose tissue-derived 
mesenchymal stem cells for treatment of dogs with inflammatory 
bowel disease: Clinical and laboratory outcomes. Vet J 206(3):385-
390. 

Petchdee S, Sompeewong S (2016) Intravenous administration of puppy 
deciduous teeth stem cells in degenerative valve disease Vet World 
2016 9(12): 1429-1434.

 Pogue B, Estrada AH, Sosa-Samper I, Maisenbacher HW, Lamb KE, 
Mincey BD, Erger KE, Conlon TJ (2013) Stem-cell therapy for di-
lated cardiomyopathy: a pilot study evaluating retrograde coronary 
venous delivery. J Small AnimPract 54(7):361-366.

Quimby JM, Webb TL, Gibbons DS, Dow SW (2011) Evaluation of intra-
renal mesenchymal stem cell injection for treatment of chronic kid-
ney disease in cats: a pilot study. J Feline Med Surg 13(6):418-426.

Quimby JM, Webb TL, Gibbons DS, Dow SW (2011) Evaluation of intra-
renal mesenchymal stem cell injection for treatment of chronic kid-
ney disease in cats: a pilot study. J Feline Med Surg 13(6):418-426.

Quimby JM, Webb TL, Habenicht LM, Dow SW (2013) Safety and effica-
cy of intravenous infusion of allogeneic cryopreserved mesenchymal 
stem cells for treatment of chronic kidney disease in cats: results of 
three sequential pilot studies . Stem Cell Res Ther 4(2): 48.

Quimby JM, Webb TL, Randall E, Marolf A, Valdes-Martinez A, Dow 

SW (2016) Assessment of intravenous adipose-derived allogeneic 
mesenchymal stem cells for the treatment of feline chronic kidney 
disease: a randomized, placebo-controlled clinical trial in eight cats. J 
Feline Med Surg 18(2):165-171.

Robriquet F, Lardenois A, Babarit C, Larcher T, Dubreil L, Leroux I, 
Zuber C, Ledevin M, Deschamps JY, Fromes Y, Cherel Y, Guevel 
L, Rouger K (2015) Differential Gene Expression Profiling of Dys-
trophic Dog Muscle after MuStem Cell Transplantation. PLoS One 
10(5) : 1-24.

Rosinski SL, Stone B, Graves SS, Fuller DH, De Rosa SC, Spies GA, 
Mize GJ, Fuller JT, Storb R (2015) Development of a Minor Histo-
compatibility Antigen Vaccine Regimen in the Canine Model of He-
matopoietic Cell Transplantation. Transplantation 99(10):2083-2094.

Rosselli DD, Mumaw JL, Dickerson V, Brown CA, Brown SA, Schmiedt 
CW (2016) Efficacy of allogeneic mesenchymal stem cell adminis-
tration in a model of acute ischemic kidney injury in cats. Res Vet 
Sci 108:18-24.

Roszek K, Makowska N, Czarnecka J, Porowińska D, Dąbrowski M, Dan-
ielewska J, Nowak W (2017) Canine Adipose-Derived Stem Cells: 
Purinergic Characterization and Neurogenic Potential for Therapeutic 
Applications. J Cell Biochem 118(1):58-65.

Rouger K, Larcher T, Dubreil L, Deschamps JY, Guiner C, Jouvion G, 
Delorme B, Lieubeau B, Carlus M, Fornasari B, Theret M, Orlando P, 
Ledevin M, Zuber C, Leroux I, Deleau S, Guigand L, Testault I, Ru-
meur E, Fiszman M, Chérel Y (2011) Systemic Delivery of Allogenic 
Muscle Stem Cells Induces Long-Term Muscle Repair and Clini-
cal Efficacy in Duchenne Muscular Dystrophy Dogs. Am J Pathol 
179(5): 2501-2518. 

Ryan JM, Barry FP, Murphy JM, Mahon BP (2005) Mesenchymal stem 
cells avoid allogeneic rejection. J Inflamm 2:1-11.

Ryu HH, Kang BJ, Park SS, Kim Y, Sung GJ, Woo HM, Kim WH, Kweon 
OK (2012) Comparison of mesenchymal stem cells derived from fat, 
bone marrow, Wharton’s jelly, and umbilical cord blood for treating 
spinal cord injuries in dogs. J Vet Med Sci 74(12):1617-1630.

 Ryu HH, Lim JH, Byeon YE, Park JR, Seo MS, Lee YW, Kim WH, Kang 
KS, Kweon OK (2009) Functional recovery and neural differentia-
tion after transplantation of allogenic adipose-derived stem cells in 
a canine model of acute spinal cord injury. J Vet Sci 10(4):273-284. 

Sarmento CA, Rodrigues MN, Bocabello RZ, Mess AM, Miglino MA 
(2014) Pilot study: bone marrow stem cells as a treatment for dogs 
with chronic spinal cord injury. Regen Med Res 2(1):9.

Sasaki A, Mizuno M, Ozeki N, Katano H, Otabe K, Tsuji K, Koga H, 
Mochizuki M, Sekiya I (2018) Canine mesenchymal stem cells from 
synovium have a higher chondrogenic potential than those from 
infrapatellar fat pad, adipose tissue, and bone marrow. PLoS One 
13(8):e0202922.

Schaefer S, Werner J, Lange S, Machka C, Knuebel G, Sekora A, Roolf C, 
Winkler T, Murua EH, Nolte I, Junghanss C (2016) Graft-versus-Host 
Disease in a Dog After Reduced-intensity Hematopoietic Stem Cell 
Transplantation from a DLA-identical Littermate. In Vivo 30(4):427-
432.

Serigano K, Sakai D, Hiyama A, Tamura F, Tanaka M, Mochida J (2010) 
Effect of cell number on mesenchymal stem cell transplantation in 
a canine disc degeneration model. J Orthop Res 28(10):1267-1275. 

 Shah K, Drury T, Roic I, Hansen P, Malin M, Boyd R, Sumer H, Ferguson 
R (2018) Outcome of Allogeneic Adult Stem Cell Therapy in Dogs 
Suffering from Osteoarthritis and Other Joint Defects. Stem Cells Int 
2018:1-7.

Shan X, Hu D (2017) Bone engineering by cell sheet technology to repair 
mandibular defects. Exp Ther Med 14(5): 5007-5011. 

Shen H, Jayaram R, Yoneda S, Linderman SW, Sakiyama-Elbert SE, Xia 
Y, Gelberman RH, Thomopoulos S(2018) The effect of adipose-de-
rived stem cell sheets and CTGF onearly flexor tendon healing in a 
canine model. Sci Rep 23;8(1):11078.

Steffen F, Smolders LA, Roentgen AM, Bertolo A, Stoyanov J (2017) 
Bone Marrow-Derived Mesenchymal Stem Cells as Autologous 
Therapy in Dogs with Naturally Occurring Intervertebral Disc Dis-
ease: Feasibility, Safety, and Preliminary Results. Tissue Eng Part C 



J HELLENIC VET MED SOC 2021, 72(2)
ΠΕΚΕ 2021, 72(2)

2801A.A. ANATOLITOU, K.I. SIDERI, N.N. PRASSINOS

Methods 23(11):643-651.
Stolfi JL, Pai CC, Murphy WJ (2016) Preclinical modeling of hematopoi-

etic stem cell transplantation - advantages and limitations. FEBS J 
283(9):1595-1606 .

Suter SE, Hamilton MJ, Sullivan EW, Venkataraman GM (2015) Alloge-
neic hematopoietic cell transplantation in a dog with acute large gran-
ular lymphocytic leukemia. J Am Vet Med Assoc 246(9):994-997.

Taghavi S, Sharp TE, Duran JM, Makarewich CA, Berretta RM, Starosta 
T, Kubo H, Barbe M, Houser SR (2015) Autologous c-Kit+ Mesen-
chymal Stem Cell Injections Provide Superior Therapeutic Benefit as 
Compared to c-Kit+ Cardiac-Derived Stem Cells in a Feline Model 
of Isoproterenol-Induced Cardiomyopathy. Clin Transl Sci 8(5):425-
431.

Takemitsu H1, Zhao D, Yamamoto I, Harada Y, Michishita M, Arai T 
(2012) Comparison of bone marrow and adipose tissue-derived ca-
nine mesenchymal stem cells. BMC Vet Res 8 (1):150-159.

Tan B, Wei RQ, Tan MY, Luo JC, Deng L, Chen XH, Hou JL, Li XQ, Yang 
ZM, Xie HQ (2013) Tissue engineered esophagus by mesenchymal 
stem cell seeding for esophageal repair in a canine model. J Surg Res 
182(1):40-48.

Teshima T, Matsumoto H, Michishita M, Matsuoka A, Shiba M, Nagashi-
ma T, Koyama H (2017) Allogenic Adipose Tissue-Derived Mesen-
chymal Stem Cells Ameliorate Acute Hepatic Injury in Dogs. Stem 
Cells Int 2017:3892514.

Thomas ED, Collins JA, Herman EC JR, Ferrebee JW (1962) Marrow 
Transplants in Lethally Irradiated Dogs Given Methotrexate. Blood 
19:217-228

Tobita M, Uysal CA, Guo X, Hyakusoku H, Mizuno H (2013) Periodontal 
tissue regeneration by combined implantation of adipose tissue-de-
rived stem cells and platelet-rich plasma in a canine model. Cytother-
apy 15(12):1517-1526.

Tognoli GK, Olsson DC, Martins DB, Júnior EBS, Salbego FZ, de Ol-
iveira GK, Braga FVA,Raiser AG, Dezengrini R, da Cruz FSF, de 
CastroV MB, Rosa MC, Carregaro AB, Pippi N L (2008) Transplan-
teautólogo de célulasmononucleares da medulaósseaemúlcera de 
córnea experimental emcães Bone marrow mononuclear cells auto-
transplant in experimental corneal ulcer in dogs . Cienc Rural 39 (1): 
148-155.

Tracy CJ,SandersDN,Bryan JN, Jensen CA, Castaner LJ, Kirk MD, Katz 
ML (2016) Intravitreal Implantation of Genetically Modified Autol-
ogous Bone Marrow-Derived Stem Cells for Treating Retinal Disor-
ders.. Adv Exp Med Biol 854:571-577.

Trzil JE, Masseau I, Webb TL, Chang CH, Dodam JR, Liu H, Quimby 
JM, Dow SW, Reinero CR (2016) Intravenous adipose-derived mes-
enchymal stem cell therapy for the treatment of feline asthma: a pilot 
study. J Feline Med Surg 18(12):981-990.

Valtolina C, Robben JH, Favier RP, Rothuizen J, Grinwis GC, Schotanus 
BA, Penning LC (2018). Immunohistochemical characterisation of 
the hepatic stem cell niche in feline hepatic lipidosis: a preliminary 
morphological study. J Feline Med Surg “in press’’.

Vilar JM, Batista M, Morales M, Santana A, Cuervo B, Rubio M, Cugat R, 
Sopena J, Carrillo JM (2014) Assessment of the effect of intraarticular 
injection of autologous adipose-derived mesenchymal stem cells in 
osteoarthritic dogs using a double blinded force platform analysis. 
BMC Vet Res 10:143.

Vilar JM, Morales M, Santana A, Spinella G, Rubio M, Cuervo B, Cugat 
R, Carrillo JM (2013) Controlled, blinded force platform analysis of 
the effect of intraarticular injection of autologous adipose-derived 
mesenchymal stem cells associated to PRGF-Endoret in osteoarthritic 
dogs. BMC Vet Res 9:131.

Villatoro AJ, Claros S,FernándezV,Alcoholado C, Fariñas F, Moreno A, 
Becerra J, Andrades JA (2018) Safety and efficacy of the mesenchy-
mal stem cell in feline eosinophilic keratitis treatment. BMC Vet Res 
14(1):116. 

Villatoro AJ, Fernández V, Claros S, Rico-Llanos GA, Becerra J, An-
drades JA (2015) Use of Adipose-Derived Mesenchymal Stem Cells 
in Keratoconjunctivitis Sicca in a Canine Model. BioMed Res Int 
2015:527926.

Voga M, Adamic N, Vengust M, Majdic G (2020) Stem cells in Veterinary 
Medicine - Current state and treatment options. Frontiers in Veteri-
nary Science 7:278.

Vrecenak JD, Pearson EG, Santore MT, Todorow CA, Li H, Radu A, Bhat-
ti T, Peranteau WH, Johnson MP, Flake AW (2014) Stable long-term 
mixed chimerism achieved in a canine model of allogeneic in utero 
hematopoietic cell transplantation. Blood 124(12):1987-1995.

Wang Y, Bi X, Zhou H, Deng Y, Sun J, Xiao C, Fan X (2014) Repair of 
orbital bone defects in canines using grafts of enriched autologous 
bone marrow stromal cells. J Tramsl Med12(1):123.

Wang F, Zhou Y, Zhou J, Xu M, Zheng W, Huang W, Zhou W, Shen Y, 
Zhao K, Wu Y, Zou D (2018) Comparison of Intraoral Bone Regener-
ation with Iliac and Alveolar BMSCs. J Dent Res 97(11):1229-1235. 

Wang X, Zhen L, Miao H, Sun Q, Yang Y, Que B, Lopes Lao EP, Wu X, 
Ren H, Shi S, Lau WB, Ma X, Ma C, Nie S (2015) Concomitant Ret-
rograde Coronary Venous Infusion of Basic Fibroblast Growth Factor 
Enhances Engraftment and Differentiation of Bone Marrow Mesen-
chymal Stem Cells for Cardiac Repair after Myocardial Infarction. 
Theranostics 5(9):995-1006.

Wayne JS, McDowell CL, Shields KJ, Tuan RS (2005) In vivo response of 
polylactic acid-alginate scaffolds and bone marrow-derived cells for 
cartilage tissue engineering. Tissue Eng 11(5-6):953-963.

 Webb TL, Webb CB (2015) Stem cell therapy in cats with chronic en-
teropathy: a proof-of-concept study. J Feline Med Surg 17(10):901-
908.

Welt FG, Gallegos R, Connell J, Kajstura J, D’Amario D, Kwong RY, 
Coelho-Filho O, Shah R, Mitchell R, Leri A, Foley L, Anversa P, 
Pfeffer MA (2013) Effect of cardiac stem cells on left-ventricular re-
modeling in a canine model of chronic myocardial infarction. Circ 
Heart Fail 6(1):99-106.

Willcox JL, Pruitt A, Suter SE (2012) Autologous peripheral blood he-
matopoietic cell transplantation in dogs with B-cell lymphoma. J Vet 
Intern Med 26(5):1155-1563.

Wood JA, Chung DJ, Park SA, Zwingenberger AL, Reilly CM, Ly I, 
Walker NJ, Vernau W, Hayashi K, Wisner ER, Cannon MS, Kass PH, 
Cherry SR, Borjesson DL, Russell P, Murphy CJ (2012) Periocular 
and intra-articular injection of canine adipose-derived mesenchymal 
stem cells: an in vivo imaging and migration study. J OculPharmacol-
Ther 28(3):307-317.

Wu GH, Shi HJ, Che MT, Huang MY, Wei QS, Feng B, Ma YH, Wang LJ, 
Jiang B, Wang YQ, Han I, Ling EA, Zeng X, Zeng YS (2018) Recov-
ery of paralyzed limb motor function in canine with complete spinal 
cord injury following implantation of MSC-derived neural network 
tissue. Biomaterials 181:15-34.

Xu W, Chen J, Liu X, Li H, Qi X, Guo X (2016) Autologous bone marrow 
stromal cell transplantation as a treatment for acute radiation enteritis 
induced by a moderate dose of radiation in dogs. Transl Res 171:38-
51.

Yang Y, Bi X, Zhou H, Deng Y, Sun J, Xiao C, Gu P, Fan X (2014) Repair 
of orbital bone defects in canines using grafts of enriched autologous 
bone marrow stromal cells. J Transl Med 12(1):123.

Yoon PD, Kao RL, Magovern GJ (1995) Myocardial regeneration. Trans-
planting satellite cells into damaged myocardium. Tex Heart Inst J 
22(2):119-125. 

Yuan J, Cui L, Zhang WJ, Liu W, Cao Y (2007) Repair of canine man-
dibular bone defects with bone marrow stromal cells and porous beta 
-tricalcium phosphate. Biomaterials 28(6):1005-1013.

Yuanzheng C, Yan G, Ting L, Yanjie F, Peng W, Nan B (2015) Enhance-
ment of the repair of dog alveolar cleft by an autologous iliac bone, 
bone marrow-derived mesenchymal stem cell, and platelet-rich fibrin 
mixture. PlastReconstrSurg 135(5):1405-1412.

 Yun S, Ku SK, Kwon YS (2016) Adipose-derived mesenchymal stem 
cells and platelet-rich plasma synergistically ameliorate the surgi-
cal-induced osteoarthritis in Beagle dogs. J OrthopSurg Res 11:9.

Zang S, Jin L, Kang S, Hu X, Wang M, Wang J, Chen B, Peng B, Wang Q 
(2016) Periodontal Wound Healing by Transplantation of Jaw Bone 
Marrow-Derived Mesenchymal Stem Cells in Chitosan/Anorganic 
Bovine Bone Carrier Into One-Wall Infrabony Defects in Beagles. J 



J HELLENIC VET MED SOC 2021, 72(2)
ΠΕΚΕ 2021, 72(2)

2802 A.A. ANATOLITOU, K.I. SIDERI, N.N. PRASSINOS

Periodontol 87(8):971-981.
Zeira O, Asiag N, Aralla M, Ghezzi E, Pettinari L, Martinelli L, Zahirpour 

D, Dumas MP, Lupi D, Scaccia S, Konar M, Cantile C (2015) Adult 
autologous mesenchymal stem cells for the treatment of suspected 
non-infectious inflammatory diseases of the canine central nervous 
system: safety, feasibility and preliminary clinical findings. J Neu-
roinflammation 12: 181.

Zhang J, Huang X, Wang H , Liu X, Zhang T, Wang Y, Hu D (2015) The 
challenges and promises of allogeneic mesenchymal stem cells for 
use as a cell-based therapy. Stem Cell Res Ther 6: 234.

Zhang Z, Maiman DJ, Kurpad SN, Crowe MJ, Alexanian AR (2011) Fe-
line bone marrow-derived mesenchymal stem cells express several 

pluripotent and neural markers and easily turn into neural-like cells 
by manipulation with chromatin modifying agents and neural induc-
ing factors. Cell Reprogram 13(5):385-390.

Zorn J, Schwamberger S, Panzer W, Adler H, Kolb HJ (2011)Transplan-
tation of CD6-depleted peripheral blood stem cells after DLA-hap-
loidentical bone marrow transplantation contributes to engraftment 
and tolerance in a preclinical model of stem cell transplantation. Vet 
Immunol Immunopathol 144(1-2):27-35.

Zubin E, Conti V, Leonardi F, Zanichelli S, Ramoni R, Grolli S (2015) 
Regenerative therapy for the management of a large skin wound in a 
dog. Clin Case Rep 3(7): 598-603.

Powered by TCPDF (www.tcpdf.org)

http://www.tcpdf.org

