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Abstract:

BACK GROUND: Stem cell therapy insmall animal medicine
isstill initsinfancy andfew invitroandinvivoresearch projects
regarding animal Mesenchymal Stem Cells (M SCs) have been
carried out. Ontheother hand, Cell trackingisthefirst step of the
cell-based therapies and is essential to recognize cell fate post
transplantation. OBJECTIVES: The aim of this study was to
isolate, characterize, and transduce cBM-MSCs. METHODS:
Canine Bone Marrow-derived M esenchymal Stem Cells(cBM-
MSCs) were isolated from bone marrow of dogs and
characterized based on morphology, differentiation capacities,
and surface marker expressions. For the first time, we labeled
cBM-MSCs by GFP-encoding lentiviral vector to track them.
RESULTS: cBM-MSCs were successfully isolated and pro-
liferated. Morphologically, these cells were similar to other
MSCs from other sources and species and were able to
differentiate into osteocytes and adipocytes. cBM-MSCs
expressed surface marker CD44 but were not able to express
CD34. Approximately, 70% of cells efficaciously expressed
GFPafter labeling; cCONCLUSIONS: Wefound that GFPlabeling
is an easy and effective technique to track transplanted cBM-
M SCs. Our results also provide fundamental information about
canineBM-MSCsin order to usein veterinary medicine.

I ntroduction

Stem cell transplantation is a recent attractive
therapeutic approach for tissue regeneration in both
human and veterinary medicine (Aruna and
Hemalata, 2010; Yenand Yelick, 2011; Markleinand
Burdick, 2012). Varioustypesof stemcellshavebeen
recognized to restore and regenerate lost tissues
(Horst et a., 2012). In 1966, Friedenstein et al.
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isolated mesenchymal stem cells(M SCs) for thefirst
time from bone marrow (Friedenstein et a., 1966).
Thesestem cellsweredefined by threecharacteristic-
s. plastic-adherence, expression of surface markers,
and differentiation capacity into multiple mesen-
chymal lineages(Guoetd ., 2011; Hodgkiss-Geereet
a., 2012). MSCs are applied to enhance tissue
regeneration with self-renewal, proliferative and
immunomodulatory properties(Mitranoet al., 2010;
Kise et al., 2012). Among multiple MSCs, bone
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marrow-derived mesenchymal stem cells (BM-
M SCs) havebeenintroduced aseasily accessibleand
suitable sources of adult MSCs for cell trans-
plantation therapy (Caton et al., 2011; Fortier and
Travis, 2011).

Stem cell therapy in veterinary medicine,
especially small animal practice, isstill initsinfancy
and few ex vivo and in vivo researches about animal
MSCs have been carried out (Kisiel et al., 2012;
Takemitsu et a., 2012). So, further studies are
requiredtoinvestigatetheisolation, characterization
(differentiation and identification of cell surface
markers) and labeling of animal MSCs, especialy
canine MSCs. Moreover, many problems exist
regarding stem cell therapies, such as poor un-
derstanding of basic information, distribution and
cell fate after transplantation, and maintaining the
desired number of cells (Horst et al., 2012). These
points are key to the future of cell therapy. One
approachtosolvesomeof theseissuesiscell tracking.
It isthe first step of cell therapy (Yan et al., 2007)
which is essential to recognize cell's fate, post
transplantation. Various labeling techniques have
been announced for cell tracking, among which
labeling with green florescence protein (GFP) has
frequently been used by researchers (Guo et a.,
2011).

Despitetherapidprogressioninstemcell fieldand
the considerable importance of stem cell therapy in
small animal practice, few studies have been
performed regarding cBM-M SCs basic information
andtracking. Theaim of thepresent study istoisolate
cBM-M SCsand characterizethembased on morpho-
logy, differentiation and surface marker expressions.
Finally, thisstudy aims at labeling the cultured cells
by GFPfor tracking BM-M SCsafter transplantation.

M aterialsand M ethods

Animal Model: Three intact, 1 year old, male,
mongrel dogs weighing (20+£5 kg) with apparently
good general condition and appetitewereusedinthis
study. To select healthy animals, genera clinical
examination and complete blood count (CBC)
measurement were done. Dogswere maintai ned two
weeks before the beginning of the study for adapting
to the keeping environment and taking Polyvalent
and Rabies vaccines (Biocan®, Biovita, Czech
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Republic) plus antiparasitic drug (univerm,
Larmrose, UK). The dogs were kept in akennel and
fed with maintenance traditional ration two times a
day. The protocol of this study was approved by the
Animal Care Committee of Veterinary college of
University of Tehran.

I solation and expansion of cBM-M SCs: Under
general anesthesia using acepromazine (Alfasan,
Holland, 0.05 mg/kg, IM) and ketamine (Alfasan,
Holland, 20 mg/kg, IM), after scrubbing and creating
small skinincision over theiliac crest of eachanimal,
bone marrow (10 mL) was aspirated by sterilized
Jamshidi needle (16G) into syringe containing 200
units of heparin (SalariSedigh et a., 2010). Bone
marrow samples were immediately transported on
icetothereferencecell culturelaboratory. Culture of
cBM-MSCswas performed as previously described.
Briefly, dilution of aspirate was achieved with PBS
(2:3). Then, separation of mononuclear cell fraction
was carried out with density centrifugation over a
Ficoll-Hypaquegradient (d=1.077g/mL, Pharmacia-
Amersham, UK). The cells were cultured in high-
glucose DMEM (Dulbecco's modified Eagle's
medium; Gibco-BRL) supplemented with 10% FBS
(Gibco-BRL, Grand Island, NY), and 2 mM L-
glutamine(Gibco-BRL) andincubatedinahumidifi-
ed atmosphere consisting of 95% air with 5% CO, at
37°C. After 1 week, the adherent cells (with 70%-
80% confluence) were trypsinized, detached by
0.25% Trypsin-EDTA solution (Gibco-BRL) and
sub-cultured in T75 tissue culture flask. Finaly,
trypan blue dye exclusion method was used for cell
counting and viability measurement (Salari Sedigh et
al., 2010; Rahbarghazi et al ., 2013).

For each animal, Ceftriaxone (Dana pharma co,
Iran, 30 mg/kg gq12h), metronidazole (Alborzdarou,
Iran, 20 mg/kg g12h) and Tramadol (Alborzdarou,
Iran, 2 mg/kg) were administered for three consecut-
ivedays, post-surgery.

Differentiation: Osteogenic differentiation was
performed by osteo-inductive medium with supple-
mentation of the cells with 10 mM beta-glycerol-
phosphate (Merck), 50 pg/mL ascorbic acid bi-
phosphate (Sigma), and 100 nM dexamethasone
(Sigma) for three weeks. The medium was changed
twice a week. Alizarin Red staining was used for
evaluation of osteogenic differentiation capacity to
find mineralized depositions. Toinvestigateadipocyte
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differentiation capacity, theauthorstreated cellswith
250 nM dexamethasone and 0.5 mM 3-Isobutyl-1-
methylxanthine (Sigma) for three weeks. Accumul-
ation of oil droplets was assessed by Oil Red O
staining (SalariSedigh et al., 2010).

Surface marker analysis: The third passage of
cBM-MSCs was subjected to flow cytometry
analysiswith apanel of antibodies, including mouse
anti-dog FITC: CD34 (10ul for 10° cells, catalog
No.MCA2411F; Serotec, UK), mouse anti-dog
CD44 (20uL for 10° cells, catalog No. ah95138;
Abcam, UK) and mouselgG1 (FI TC) isotypecontrol
(10uL for 10° cells, Catalog No. ab106163; abcam,
UK). In sum, passage 3 cells were trypsinized,
harvested, and centrifuged at 3,500 rpmfor 10 min at
4°C. After twicewashing by PBS, 1x10%mL, single
cell suspension was collected in 15 mL conical tube.
The cell suspension was blocked by 1% Bovine
Serum Albumin (BSA) for 20 min a room
temperature, then centrifuged 1500 rpm for 5min at
4°C and supernants was discarded. After that, the
primary labeled antibody was added and cell
suspensions were incubated for 30 min at 4°Cinthe
dark. Finally, the cells were washed 3 times by
centrifugation at 1500 rpm for 5 minutes and re-
suspended in 200 pL of ice cold paraformaldehyde
(1%). Flow cytometry wasperformed by FACSCalibur
(BectonDikinson), andtheoutput datawasprocessed
with WinMDI 2.8 software (Rahbarghazi et a.,
2013).

Transduction of cBM-M SCswith GFP-encod-
ing Lentiviral Vector: Tolabel cBM-MSCs, cultur-
ed cellsat 70-80% confluence were exposed to GFP-
encoding lentiviral backbone vector, namely pLV-
IRES-GFP. The cells were transduced with pLV-
IRES-GFP at the multiplicity of infection in the
presenceof 5mg/mL polybrenefoll owed by asecond
transduction after 48h. Four dayslater, thecellswere
evaluated for expression of GFP using inverted
fluorescent microscope (1X70, Olympus, Japan)
(Gheisari etdl., 2012).

Results
I solation and expansion of cBM-M SCs: In the
present study, isolation and expansion of cM SCswas

performed on the bone marrow of threedogs. After 3
days of initial seeding, several colonies of adherent
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Figure 1. In vitro morphology of cBM-MSCs (passage 2) by
Phase-contrast microscope.
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Figure 3. In vitro adipogenic differentiation capacity of cBM-
MSCsby Oil Red O staining, scalebar: 100 um.

fibroblast-like cells were observed at the bottom of

tissue culture flasks and became 80-100% confluent
after 1 week. These cellswerethen sub-cultured and
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Figure4. Histogram of flow cytometric analysis(The datademonstrated that cBM-M SCswere positivefor CD44 but negativefor CD34).

»

Figure 5. Transducted cBM-MSCs with GFP- encoding
lentiviral vector (passage?2).

by high rate proliferation, passage 3 of cBM-MSCs
was achieved after 21 days. As shown in Figure 1,
morphology of cBM-MSCs was similar to other
MSCs with regard to being spindle-shaped, trian-
gular, and elongated. Cultured cells showed 100%
viability by trypan blue dye exclusion method.
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Differentiation potential: In vitro osteogenic,
differentiation capacity of cultured cBM-M SCswas
evaluated by Alizarin Red staining, and after the
incubation period; existence of mineralized deposits
was confirmed (Figure 2). Adipogenic induction of
cBM-MSCs was evaluated with Oil Red O staining
and accumulation of cytoplasmic oil droplets was
confirmedininduced cells(Figure3).

Surface marker analysis: Furthermore, in vitro
immunophenotype, characterization of cBM-MSCs
was analyzed by detection of expressed cell surface
CD markerswith flow cytometry. Based on the flow
cytometry results, isolated cellswerepositivefor cell
surfaceantigen CD44 and negativefor hematopoietic
markersCD34. cBM-M SCsshowed high expression
of CD44 (Figure4).

Transduction of cBM-M SCswith GFP- encod-
ing lentiviral vector: In this study, transduction of
cBM-MSCs was done by GFP-encoding lentiviral
backbone vector, namely pLV-IRES-GFP. Trans-
duction was successfully performed with high
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efficiency (70%) and low toxicity. Using aninverted
fluorescent microscope, cBM-M SCswere observed
as green florescent after 4 days and reserved their
characteristic until transplantation (Figure 5). The
morphologic and biologic characterizations of cells
did not change after transduction,; however, the
number of GFP positive cells was reduced by

passaging (approximately 5%).
Discussion

Cells are the key factors in tissue regeneration.
Therefore, recruitment of precursor cellsisconsider-
ed one of the critical events in successful healing
(Zhang et a., 2007; Chen et a., 2010; Hugheset al.,
2010). Despite growing interests in stem cell
therapies, many issues still remain to be elucidated
before clinical applications (Caton et al., 2011;
Yoshida et a., 2012). Basic information about stem
cells, their best sources, isolation, characterization,
and enrichment aresomeof themajor obstaclesinthe
field of stem cell research (Takemitsu et al., 2012),
still being investigated to optimize cell-based
therapies. For this purpose, the present study was
designed, and we successfully isolated, characteriz-
ed, and labeled cBM-M SCs.

In genera, the exact role of stem cells in
regeneration is not fully illustrated (Czernik et al.,
2013). The importance of such studies depends on
successful isolation, in vitro expansion, and
mani pul ation of stemcellsfor invivotransplantation
in therapeutic approaches. In the present study,
isolation and expansion of cBM-MSCs were suc-
cessfully carried out from bone marrow of dogs.
Cultured cells were comparable to MSCs of other
species. Therefore, isolated stem cells were defined
by three characteristics: plastic-adherence, expres-
sion of surface markers, and differentiation capacity
into multiple mesenchymal lineages (Kisiel et al.,
2012). Morphology of isolated cells resembled
MSCs of other sources or species such as canine
periodontal stem cells (SalariSedigh et al., 2010) or
human M SCs(Shim et al., 2004), which are spindle-
shaped, triangular, or elongated. We observed
clonogenicity and morphol ogic heterogenicity inthe
primary passageof cells. | solated cBM-M SCsshow-
ed ahighrateof proliferation in the present study.

Moreover, we confirmed in vitro differentiation
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abilitiesof cBM-M SCsinto osteocytesand adipocytes
asreported regarding canine BM-M SCs (Hodgkiss-
Geereetd.,2012; Kisiel etal.,2012; Takemitsuetal .,
2012). In addition, the investigations demonstrated
that BM-M SCsof other speciescould differentiateto
adipocyteand osteoblast (Czernik etal., 2013). Inthe
present study, adipogenic induction of cBM-MSCs
wasdoneina3-week period compared with a2-week
periodinhumanM SCs(Hodgkiss-Geereetal ., 2012;
Kisid etadl., 2012).

To investigate in vitro immunophenotype
characterization of MSCs, arange of surface marker
expressions have been evaluated. It is positive for
CD29, CD44 and CD90 and negative for CD34 and
CD45 in human and dogs (Hodgkiss-Geere €t al.,
2012; Kisiel et al., 2012; Takemitsu et al., 2012). In
the present study which used a standardized
technique, immunophenotype characterization of
cBM-MSCs was also performed based on surface
marker expression. In accordance with other canine
M SCsstudies(Hodgkiss-Geereet a., 2012; Kisiel et
a., 2012; Takemitsu et a., 2012), our results showed
that these cells were CD44 positive and CD34
negative. Our findingsare al so comparableto human
MSCs (Gronthos et al., 1994). Furthermore, in line
with the results of Takemitsu et al. (2012) high
expression of CD44 was considerable in our study
(morethan 95% of isolated cells).

Although investigating stem cell therapies have
contributed to arapid progress, much moreresearch
should be done about the fate and distribution of
transplanted cells. It is a'so important to determine
safety and efficacy of therapeutic approaches.
Understanding the stem cell's fate after trans-
plantationisachievedby cell tracking. Findinganon-
invasivemethodtotrack transplanted stem cellsisan
important step that should be taken before stem cell
researches (Yan et al., 2007). The current labeling
approaches to track MSCs include 5-bromo-2'-
deoxyuridine(BrdU), fluorescent dye, greenfluores-
cent protein (GFP), magnetic, and isotope labeling
techniques (Yan et al., 2007). Each method has its
strengths and limitations. BrdU and fluorescent dye
gradually disappear and cannot be detected after a
long period. The limitation of MRI and labeling
techniquesarefalsepositiveresults(Guoetal ., 2011).

Among these methods, GFPlabelingisasafeand
simple technique for in vivo cell tracking. This
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method enables us to monitor labeled cells and
proteinsnon-invasively (Xuet al., 2010). Because of
its biocompatible properties, this method is
frequently applied by researchers (Guo et al., 2011).
Detection of labeled cells in tissues has been done
with high sensitivity and specificity by immuno-
fluorescence and immunohistochemistry methods
(Guo et al., 2011). Nevertheless, high levels of GFP
result in cell toxicity (Yan et al., 2007). Another
disadvantage of this method is gradual |oss of GFP
expression because of the migration, differentiation,
and death of the cells. Consequently, precisetime of
post transplantation tracking still remains unknown
and should beinvestigated later (Guo et al ., 2011).

For thefirst time, we efficaciously labeled cBM-
MSCs by GFP-encoding lentiviral vector to track
them. Using an inverted fluorescent microscope, we
observed green-florescent labeled cBM-M SCs after
4 days, and their characteristics reserved until
transplantation. In comparison with the results of
Czernik et a. 2007 who could transduce 46.6% of
BM-MSCs, in this study, we were able to transduce
approximately 70%. The characterizations of cells
did not morphologically and biologically change
after transduction, but passaging reduced the number
of GFP-positive cells. We found this technique easy
and effective.

Finally, it should be noted that the application of
stem cells in veterinary medicine, alongside its
importance and great potential, is controversial and
remainsto beinvestigated further.
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