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Cell therapy represents an old therapeutic practice initiated with the transfusion of
whole blood in different clinical situations. There is now a breakthrough in the study of
multipotent stem cell therapy because of its functionality in regeneration of tissues, which
promotes attention of the scientific community. Bone marrow is one of the main sources of
multipotent stem cells, composed by hematopoietic stem cells responsible for the renewal
of the cellular components of the blood, and mesenchymal stem cells that aid in the rege-
neration of tissues. These cells have a strong potential for the treatment of several diseases,
due their main characteristics such as high plasticity, capacity for self-renewal and immu-
nomodulation. Although, there are many studies that show good results with the use of cell
therapy as a form of treatment for several diseases, some studies still show inconclusive or
unsatisfactory results. Therefore, the objective of this study was to review the application
of bone marrow stem cells in the canine model since improvements on the knowledge of

the technique are necessary to enable its applicability with safety and efficacy.

INDEX TERMS: Stem cells, bone marrow, hematopoietic, dogs.

RESUMO.- [Células tronco de medula dssea utilizadas
na clinica veterinaria canina.] A terapia celular represen-
ta uma antiga pratica terapéutica iniciada com a transfusao
de sangue total em diferentes situagdes clinicas. Atualmente
ha um avango no estudo da terapia com células-tronco me-
senquimais por conta de sua funcionalidade na regeneragao
de tecidos, o que promove uma crescente aten¢do do meio
cientifico. A medula éssea é uma das principais fontes de
células-tronco multipotentes, no qual se encontram as célu-
las-tronco hematopoiéticas, responsavel pela renovacdo dos
componentes celulares do sangue, e as células-tronco me-
senquimais que auxiliam na regeneracdo de tecidos. Essas
células tém um forte potencial para o tratamento de diver-
sas enfermidades, uma vez que possuem como principais
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caracteristicas alta plasticidade, capacidade de auto renova-
¢do e imunomodulagdo. Apesar de haver muitos trabalhos
que apresentam bons resultados com a utilizacdo da terapia
celular como forma de tratamento para diversas enfermi-
dades, alguns estudos ainda demonstram resultados incon-
clusivos ou ndo satisfatdrios, por isso, objetivou-se com este
trabalho revisar a aplicacdo das células-tronco derivadas da
medula 6ssea no modelo canino uma vez que é necessario
melhorias sobre o conhecimento da técnica para que possi-
bilite a sua aplicabilidade com seguranca e eficacia.

TERMOS DE INDEXACAO: Células-tronco, medula 6ssea, hemato-
poiéticas, caes.

INTRODUCTION

In the last decade, studies with stem cells have been gai-
ning more space in the veterinary and human medicine
(Colomé et al. 2008, Castro-Silva et al. 2010). This fact is re-
lated with the stem cell characteristics as undifferentiated
state, ability to differentiate into specialized cell lines, self-
-renew, and self-proliferation (Hamzé et al. 2009). These
cells can be classified according to their plasticity such as,
totipotent, pluripotent and multipotent, or/and according
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to their origin such as, embryonic or adult (Oliveira 2008,
Santos et al. 2013). Additionally, several studies demons-
trated, the regenerative function of these cells in damaged
tissues (Narazaki & Cristante 2011, Ryu et al. 2012, Bitten-
court et al. 2016, Stolfi et al. 2016).
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Adult stem cells can be isolated from various speciali-
zed tissues such as adipose tissue, bone marrow, tendon
and cartilage (Colomé et al. 2008, Oliveira et al. 2010, San-
tos et al. 2013). Consequently, the bone marrow stem cell
(BMSC), from all the other tissues that have stem cells in
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Fig.1. Studies performed in the last years on hematopoietic stem cells from canine bone marrow.
(Osgood et al. 1939, Thomas et al. 1962, Epstein et al. 1967, Escobar et al. 2012, Killian et al.
2013, Sato et al. 2013, Mathes et al. 2014, Vrecenak et al. 2014, Rosinski et al. 2015, Suter et
al. 2015, Luangphakdy et al. 2016, Lange et al. 2017)
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Fig.2. Studies performed in the last years on mesenchymal stem cells from canine bone marrow.
(Friedenstein et al. 1974, Tharasanit et al. 2011, Rici et al. 2012, Kim et al. 2013, Hu et al.
2014, Besaltetal. 2015, Guo etal. 2015, Hao et al. 2015, Lim et al. 2016, Das et al. 2017)
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postnatal life, is the most studied, having two lines of stem
cells: hematopoietic stem cells (HSC) and mesenchymal
stem cells (MSC) (Bittencourt et al. 2006, BydlowsKI et al.
2009, Narazaki & Cristante 2011) (Fig.1 and 2). Further-
more, BMSC is the main source of stem cells, because of
its easy isolation, and more than one to six millions of me-
senchymal or/and hematopoietic stem cell can be isolated,
cultured and applied without problem from one isolation
(Oliveira etal. 2010, Ryu et al. 2012, Bittencourt etal. 2016,
Stolfi et al. 2016).

In fact, the use of embryos in studies with embryonic
stem cells, face several obstacles in relation to ethical issues.
Thus, the use of BMSC is a promissory source of stem cell
once it did not involve the same philosophical, ethical, and
religious issues observed with the use of embryonic stem
cells, and the use of hematopoietic and mesenchymal bone
marrow cells opened up a new horizon in regenerative me-
dicine (Lo etal. 2003, Braun et al. 2006). Consequently, the-
re is a great enthusiasm about the possibilities of using bone
marrow stem cells to treat numerous diseases in several
species of animals, especially in the dogs (Suter et al. 2004).

In the veterinary clinic, hematopoietic stem cells can be
used for help in the restoration of blood cells and immune
cell lineages (Castania 2007, Pereira et al. 2008). On the
other hand, mesenchymal stem cell from BMSC can be used
in the veterinary clinic for example, in the treatment of
bone fractures, spinal cord damage and dermatitis (Pereira
et al. 2008, Bydlowski et al. 2009, Ryu et al. 2012, Bitten-
court et al. 2016, Stolfi et al. 2016). Thus, this study aimed
to carry out a short-review about bone marrow stem cell
and check their applicability in the treatment of various di-
seases in the canine.

BONE MARROW STEM CELLS
The bone marrow is a viscous material found inside of the
bones, with larger source of stem cells in adult animals
(Carlson 2009). Bone marrow stem cells are considered
multipotent stem cell and can give rise to differentiated
cells from the origin tissue (Roobrouck et al. 2008).

The bone marrow stem cell isolation is taken from an
intraosseous bone marrow by aspiration (punch). This pro-
cedure is suitable when it is desired to obtain cells espe-
cially for autologous disease therapy (Muller et al. 2009).
The aspiration usually occurs in the epiphysis of long bo-
nes, such as the greater trochanter of the femur and greater
tuberosity of the humeral bone, iliac crest and trans-iliac
area in vivo. In dogs, the region of the iliac crest is widely
used due to its location within easy reach (Raskin 1998,
Ryu et al. 2012, Bittencourt et al. 2016, Stolfi et al. 2016).

The bone marrow aspirate provides cell suspension
that can be handling easily (Muschler et al. 2004). Due to
the low extracellular matrix contained in the bone marrow,
the soft fragmentation can dissociate hematopoietic stem
cells and mesenchymal stem cells. Normally, the HSC and
MSC are separated in culture when plated at low-density
the bone marrow stem cell, then mesenchymal stem cells
will adhere to the plate, and the hematopoietic stem cell
will be floating in the culture medium (Bianco et al. 2001,
Oliveira et al. 2017).
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Hematopoietic stem cells

Hematopoietic stem cells are from the hematopoietic
microenvironment located in the bone marrow cavity from
long and plans bones, but other tissues and organs can hos-
ting these cells, such as the spleen, liver, lymph nodes and
thymus (Robb et al. 1995, Shivdasanl et al. 1995). Their
main feature is the ability of self-renewal, and the poten-
tiality of rise lymphoid and all myeloid cell lineages (Eaves
2015).

Thus, the appropriate stimulus results in the cell diffe-
rentiation of these precursor cells resulting in future line-
ages of red blood cells, monocytes, granulocytes, platelets,
T-cells and B-cells (Silveira 2000, Castania 2007, Eaves
2015). In dogs, the presence of HSCs have been observed
mostly in bone marrow and umbilical cord blood, being
used in cell therapy for neoplasia, hematological, metabo-
lic, and immunological diseases (Bruno et al. 2009, Nakage
et al. 2009, Ryu et al. 2012, Bittencourt et al. 2016, Stolfi et
al. 2016).

The evolution of clinical application of these cells beca-
me a reality in 1960 (Ehrlich 1988, Issaragrisil et al. 2006),
and one of the first study was realized in children suffering
from severe immunodeficiency with advanced leukemia,
which received bone marrow transfusions from family do-
nors (Ehrlich 1988). At the same time that emerged a new
line of research, which initially used unresponsive patients
to any treatment in terminal stages, and has become a the-
rapeutic strategy used for several diseases (Ehrlich 1988,
Maluf et al. 2009). In fact, there are limitations for its use
such as the choice of the donor which must be healthy and
compatible with the receiver, however nowadays, it is one
of the most cellular therapy used (Ehrlich 1988, Maluf et al.
2009, Bittencourt et al. 2016, Stolfi et al. 2016).

According to the progenitor stem cells donor, HSC trans-
plantation may be divided into three types: allogeneic,
syngeneic and allogeneic (Azevedo & Ribeiro 2000). The
allogeneic refers when the stem cells are derived from a ge-
netically distinct donor with HLA gene compatible or not,
thus, this type of transplant becomes very dangerous and
can presents complications related to immunological reac-
tions between recipient and donor (Brandao et al. 2008).
Synergic transplantation occurs between identical twin
siblings, where the antigenic identity between donor and
recipient is absolute and therefore there is no immunolo-
gical complication. The autologous is when the progenitor
cells used are the patient’s own (Ehrlich 1988, Gupta et al.
2009). Furthermore, this last type of transplant generates
a lower risk than the halogen, because there is no type of
immune response between recipient and donor, but with a
higher relapse rate (Ehrlich 1988, Gupta et al. 2009).

Mesenchymal stem cell

Mesenchymal stem cells are defined as a population of
somatic stem cells present in small amounts in perivascu-
lar regions of adult tissues, such as bone marrow, adipose
tissue, periosteum, and parenchymal organs. Bone marrow
mesenchymal stem cell also are known as bone marrow
stromal cells or multipotent stromal-mesenchymal cells,
receiving these denominations because they can be obtai-
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ned through the bone marrow stroma and they are able to
differentiate into several mesoderm and non-mesodermal
cell lines (Bydlowski et al. 2009, Tharasanit et al. 2011).

MSCs have characteristics of high renewal power and di-
fferentiation in several cell lineages, the cell lines of the me-
soderm that MSCs can originate are adipocytes, osteocytes,
chondrocytes, and connective stroma cells, which demons-
trates their high plasticity (Pereira et al. 2008, Nakage et al.
2009, Castro-Silva et al. 2010, Monteiro et al. 2010, Thara-
sanit et al. 2011). Thus, the MSCs have been use to recover
damaged organs and tissues by introducing them after a
differentiation induction into the compromised places and
restoring the lost function (Narazaki & Cristante 2011).

According to the International Society for Cellular The-
rapy, there are three minimum requirements for a cell
population to be considered as MSCs. The first, MSCs are
isolated from a population of mononuclear cells based on
their selective adherence to the plastic surface, whereas
the hematopoietic cells do not adhere. Second, the cells
need to be positive for CD105, CD73 and CD90, and ne-
gative for CD34, CD45, CD14, CD11b, CD79, or CD19 and
HLA-DR. Finally, the third, the cells need to differentiate
between osteoblasts, chondroblasts and adipocytes. Addi-
tionally, studies confirm that in culture and conditions for
culturing, MSCs exhibit fibroblastoid morphology (Cas-
teilla et al. 2011, Tharasanit et al. 2011, Manganares et al.
2015).

Furthermore, such as stem cell characteristics and the
potential benefits bring a new possibility in the treatment
of congenital, degenerative, vascular, traumatic, and iatro-
genic conditions (Hamzé et al. 2009, Oliveira et al. 2010).
Thus, this cellular type is being widely used in researches
because they do not present ethical barriers due to the ease
of obtaining them and still to be used in autologous trans-
plants, less probability of immunological rejection and the
need of cellular inventory, since they are apparently ine-
xhaustible (Castro-Silva et al. 2010). Nevertheless, as pre-
vious cited, MSCs have the potential to undergo to differen-
tiation into cells of the mesodermal lineage, such as bone,
fatand cartilage, and have the potential to differentiate into
cells of the endodermal and ectodermal linage (Nakage et
al. 2009, Pinto Filho et al. 2013).

APPLICATION OF BONE MARROW STEM CELLS
Studies for the use of bone marrow stem cells in the vete-
rinary medicine are being started and applied widely. The
canine is an animal model commonly used for studies, whi-
ch provide preclinical information to the human research
(Kolf etal. 2007, Lange et al. 2016). The use of stem cells is
being explored in the areas of ophthalmology, cardiology,
orthopedics, neurology, among others (Oliveira 2008, Ryu
etal. 2012).

In the veterinary medicine there are the use of these
cells in the assisted reproduction, for the preservation of
endangered species, and are also used to generate trans-
genic animals and production of biomedical models, and
studies aiming the cell transplantation as an alternative
for the treatment of pathologies in dogs (Kolf et al. 2007).
For example, studies with cell transfusion of CD6 periphe-
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ral blood stem cells in dogs for 6 days showed an attempt
of animal’s immune tolerance, and it was observed a sig-
nificant improvement non-graft and chimerism of the cells
(Zorn etal. 2011).

On the other hand, Dale & Graw (1974) reported that
after bone marrow cell transplantation treatment in a gray
collie dog that had clinical neutropenia, the patient had
normal granulocytopoise. In addition, Jung et al. (2009)’s
study compared the therapeutic effects of autologous and
allogenic bone marrow MSCs in dogs with spinal cord in-
jury, using thirty dogs, where mesenchymal stem cells were
transplanted subarachnoid in the lumbar spinal cord after
7 days of spinal cord injury. It was reported that in both the
autologous transplantation and the allogeneic transplant
groups, the dogs showed improvement in the neurological
signs of the pelvic limbs and increased mRNA expression
for neurotrophic factors during the 1st and 4th week after
transplantation. However, the rate of distribution of bone
marrow MSCs in wound injury in the allogeneic transfusion
group was significantly reduced at 4 weeks post-transplant,
concluding that autologous transplantation had a better
outcome than allogeneic transplantation, although both
presented improvements significant.

In a study carried out by Tharasanitetal. (2011) in order
to isolate, identify the differentiation capacity of mesenchy-
mal cells in dogs, bone marrow cells were aspirated, cultu-
red and the have expression of the CD34, CD44 and CD90
markers was assessed by flow cytometry. Additionally, it
was possible to observe that bone marrow MSCs had the
ability to differentiate into different mesodermal lines.

In orthopedics, Ribeiro (2009) studied the repair in
defects of bone dehiscence using implants of bone mar-
row cells by autogenous transplantation alone or in com-
bination with the technique of guided bone regeneration
in dogs. Bone marrow was obtained from the iliac crest of
eight adult male beagle dogs, where bone marrow MSCs
were isolated, cultured in vitro and phenotypically charac-
terized with respect to their osteogenic properties. In the
results the bone marrow stem cells isolated promoted good
results in relation to the bone formation within the threads
of the implant. Furthermore, Rici et al. (2012) conducted
a study about proliferation effects of canine bone marrow
mesenchymal stem cells and rhBMP-2 treated osteosarco-
ma cells. It was possible to observe that the treatment of
osteosarcoma using canine MSC with rhBMP-2 induced a
decrease in P53 marker expression, a decrease in Ki67 ex-
pression, significant increase in phosphorylated apoptosis
of caspase-3, and expression of pro-apoptotic Bax protein,
in addition to a decrease in expression of the anti-apoptotic
protein of Bcl-2.

In cardiology, in the Nakamuta (2008) study, it was pos-
sible to perceive the transplants performed up to 24 hours
after the ischemia presented a certain reestablishment of
intramyocardial cardiac cells, leading to an improvement
in the cardiac performance. In dermatology, a research car-
ried out with a Beagle breed realized by Kim et al. (2013)
evaluated whether BM-MSCs from allogeneic transplan-
tation could accelerate wound healing and/or alleviate
cutaneous inflammation. In addition, it was observed that
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there was an increase in collagen in wounds treated with
mesenchymal cells when compared to the control group,
with increased cell proliferation and reduction in post- in-
flammatory cytokines.

In a study carried out by Togonoli et al. (2009) where16
dogs were submitted to experimental corneal ulcer with
filter paper embedded in sodium hydroxide (NaOH), had
a subconjunctival transplantation of BM-MSCs, previously
marked with nanocrystals and after 15 days evaluated by
immunofluorescence and histopathology. It was possible
to observe that the mesenchymal cells were fixed in the
injured region and did not undergo chemotaxis. However,
although they diminished the inflammation, they did not
help the corneal healing process in the short term.

Additionally, Krause et al. (1994), McSweeney et al.
(1998), Ratajczak et al. (1998) and Bruno et al. (1999) rea-
lized studies with canine hematopoietic stem cells, because
of its similarity to hematopoietic stem cells from humans
and mice. They demonstrate that these cells have the ca-
pacity of hematopoietic reconstitution and plasticity. The
canine model is used in several scientific and therapeutic
proposals that provide preclinical information to the hu-
man research.

CONCLUSIONS

Cell therapy has been very successful as a treatment op-
tion for various diseases and could revolutionize veterina-
ry medicine in the future.

Bone marrow stem cells are promising in the treatment
of many hematologic and tissue pathology, but there are
still some difficulties to be faced in relation to the handling,
differentiation and application of these cells in vivo, but
there according to the studies there are great expectations
in the resolution of several diseases in the future.
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