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Introduction

Stem cell transplantation is a recent attractive
therapeutic approach for tissue regeneration in both
human and veterinary medicine (Aruna and
Hemalata, 2010; Yen and Yelick, 2011; Marklein and
Burdick, 2012). Various types of stem cells have been
recognized to restore and regenerate lost tissues
(Horst et al., 2012). In 1966, Friedenstein et al.

isolated mesenchymal stem cells (MSCs) for the first
time from bone marrow (Friedenstein et al., 1966).
These stem cells were defined by three characteristic-
s: plastic-adherence, expression of surface markers,
and differentiation capacity into multiple mesen-
chymal lineages (Guo et al., 2011; Hodgkiss-Geere et
al., 2012). MSCs are applied to enhance tissue
regeneration with self-renewal, proliferative and
immunomodulatory properties (Mitrano et al., 2010;
Kisiel et al., 2012). Among multiple MSCs, bone
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Abstract:

BACKGROUND: Stem cell therapy in small animal medicine
is still in its infancy and few in vitro and in vivo research projects
regarding animal Mesenchymal Stem Cells (MSCs) have been
carried out. On the other hand, Cell tracking is the first 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 Mesenchymal 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; CONCLUSIONS: We found that GFPlabeling
is an easy and effective technique to track transplanted cBM-
MSCs. Our results also provide fundamental information about
canine BM-MSCs in order to use in veterinary medicine.



marrow-derived mesenchymal stem cells (BM-
MSCs) have been introduced as easily accessible and
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, is still in its infancy
and few ex vivo and in vivo researches about animal
MSCs have been carried out (Kisiel et al., 2012;
Takemitsu et al., 2012). So, further studies are
required to investigate the isolation, characterization
(differentiation and identification of cell surface
markers) and labeling of animal MSCs, especially
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
approach to solve some of these issues is cell tracking.
It is the 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 al.,
2011).

Despite the rapid progression in stem cell field and
the considerable importance of stem cell therapy in
small animal practice, few studies have been
performed regarding cBM-MSCs basic information
and tracking. The aim of the present study is to isolate
cBM-MSCs and characterize them based on morpho-
logy, differentiation and surface marker expressions.
Finally, this study aims at labeling the cultured cells
by GFPfor tracking BM-MSCs after transplantation.

Materials and Methods

Animal Model: Three intact, 1 year old, male,
mongrel dogs weighing (20±5 kg) with apparently
good general condition and appetite were used in this
study. To select healthy animals, general clinical
examination and complete blood count (CBC)
measurement were done. Dogs were maintained two
weeks before the beginning of the study for adapting
to the keeping environment and taking Polyvalent
and Rabies vaccines (Biocan®, Biovita, Czech

Republic) plus antiparasitic drug (univerm,
Larmrose, UK). The dogs were kept in a kennel 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.

Isolation and expansion of cBM-MSCs: 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 skin incision over the iliac crest of each animal,
bone marrow (10 mL) was aspirated by sterilized
Jamshidi needle (16G) into syringe containing 200
units of heparin (SalariSedigh et al., 2010). Bone
marrow samples were immediately transported on
ice to the reference cell culture laboratory. Culture of
cBM-MSCs was performed as previously described.
Briefly, dilution of aspirate was achieved with PBS
(1:3). Then, separation of mononuclear cell fraction
was carried out with density centrifugation over a
Ficoll-Hypaque gradient (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) and incubated in a humidifi-
ed atmosphere consisting of 95% air with 5% CO2 at
37oC. 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. Finally,
trypan blue dye exclusion method was used for cell
counting and viability measurement (SalariSedigh et
al., 2010; Rahbarghazi et al., 2013). 

For each animal, Ceftriaxone (Dana pharma co,
Iran, 30 mg/kg q12h), metronidazole (Alborzdarou,
Iran, 20 mg/kg q12h) and Tramadol (Alborzdarou,
Iran, 2 mg/kg) were administered for three consecut-
ive days, 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 µg/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. To investigate adipocyte

Isolation, characterization and transduction... Rokn, A.R.

IJVM (2013), 7(3):193-199194



differentiation capacity, the authors treated cells with
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
analysis with a panel of antibodies, including mouse
anti-dog FITC: CD34 (10ul for 106 cells, catalog
No.MCA2411F; Serotec, UK), mouse anti-dog
CD44 (20μL for 106 cells, catalog No. ab95138;
Abcam, UK) and mouse IgG1 (FITC) isotype control
(10μL for 106 cells, Catalog No. ab106163; abcam,
UK). In sum, passage 3 cells were trypsinized,
harvested, and centrifuged at 3,500 rpm for 10 min at
4 °C. After twice washing by PBS, 1×106/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 at room
temperature, then centrifuged 1500 rpm for 5 min 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°C in the
dark. Finally, the cells were washed 3 times by
centrifugation at 1500 rpm for 5 minutes and re-
suspended in 200 μL of ice cold paraformaldehyde
(1%). Flow cytometry was performed by FACSCalibur
(Becton Dikinson), and the output data was processed
with WinMDI 2.8 software (Rahbarghazi et al.,
2013).

Transduction of cBM-MSCs with GFP-encod-
ing Lentiviral Vector: To label cBM-MSCs, cultur-
ed cells at 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
presence of 5 mg/mLpolybrene followed by a second
transduction after 48h. Four days later, the cells were
evaluated for expression of GFP using inverted
fluorescent microscope (IX70, Olympus, Japan)
(Gheisari et al., 2012).

Results

Isolation and expansion of cBM-MSCs: In the
present study, isolation and expansion of cMSCs was
performed on the bone marrow of three dogs. After 3
days of initial seeding, several colonies of adherent

fibroblast-like cells were observed at the bottom of
tissue culture flasks and became 80-100% confluent
after 1 week. These cells were then sub-cultured and
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Figure 1. In vitro morphology of cBM-MSCs (passage 2) by
Phase-contrast microscope.

Figure 2. In vitro osteogenic differentiation capacity of cBM-
MSCs by Alizarin Red staining, scale bar: 500 μm.

Figure 3. In vitro adipogenic differentiation capacity of cBM-
MSCs by Oil Red O staining, scale bar: 100 μm.



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.

Differentiation potential: In vitro osteogenic,
differentiation capacity of cultured cBM-MSCs was
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
confirmed in induced cells (Figure 3).

Surface marker analysis: Furthermore, in vitro
immunophenotype, characterization of cBM-MSCs
was analyzed by detection of expressed cell surface
CD markers with flow cytometry. Based on the flow
cytometry results, isolated cells were positive for cell
surface antigen CD44 and negative for hematopoietic
markers CD34. cBM-MSCs showed high expression
of CD44 (Figure 4).

Transduction of cBM-MSCs with 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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Figure 4. Histogram of flow cytometric analysis (The data demonstrated that cBM-MSCs were positive for CD44 but negative for CD34).

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



efficiency (70%) and low toxicity. Using an inverted
fluorescent microscope, cBM-MSCs were 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 cells is consider-
ed one of the critical events in successful healing
(Zhang et al., 2007; Chen et al., 2010; Hughes et 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 al., 2012). Basic information about stem
cells, their best sources, isolation, characterization,
and enrichment  are some of the major obstacles in the
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-MSCs.

In general, 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
manipulation of stem cells for in vivo transplantation
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 MSCs (Shim et al., 2004), which are spindle-
shaped, triangular, or elongated. We observed
clonogenicity and morphologic heterogenicity in the
primary passage of cells. Isolated cBM-MSCs show-
ed a high rate of proliferation in the present study.

Moreover, we confirmed in vitro differentiation

abilities of cBM-MSCs into osteocytes and adipocytes
as reported regarding canine BM-MSCs (Hodgkiss-
Geere et al., 2012; Kisiel et al., 2012; Takemitsu et al.,
2012). In addition, the investigations demonstrated
that BM-MSCs of other species could differentiate to
adipocyte and osteoblast (Czernik et al., 2013). In the
present study, adipogenic induction of cBM-MSCs
was done in a 3-week period compared with a 2-week
period in human MSCs (Hodgkiss-Geere et al., 2012;
Kisiel et al., 2012). 

To investigate in vitro immunophenotype
characterization of MSCs, a range 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 et 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
MSCs studies (Hodgkiss-Geere et al., 2012; Kisiel et
al., 2012; Takemitsu et al., 2012), our results showed
that these cells were CD44 positive and CD34
negative. Our findings are also comparable to 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
(more than 95% of isolated cells).

Although investigating stem cell therapies have
contributed to a rapid progress, much more research
should be done about the fate and distribution of
transplanted cells. It is also important to determine
safety and efficacy of therapeutic approaches.
Understanding the stem cell's fate after trans-
plantation is achieved by cell tracking. Finding a non-
invasive method to track transplanted stem cells is an
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, green fluores-
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
techniques are false positive results (Guo et al., 2011).

Among these methods, GFP labeling is a safe and
simple technique for in vivo cell tracking. This
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method enables us to monitor labeled cells and
proteins non-invasively (Xu et 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 loss of GFP
expression because of the migration, differentiation,
and death of the cells. Consequently, precise time of
post transplantation tracking still remains unknown
and should be investigated later (Guo et al., 2011).

For the first 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-MSCs after
4 days, and their characteristics reserved until
transplantation. In comparison with the results of
Czernik et al. 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
remains to be investigated further.
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ìXéú  |ÆI kAìþ AüpAó, 2931, kôoû 7, yíBoû 3, 991-391

WlAuBqÿ, OíBür ôðzBðlAouBqÿ uéõë|øBÿ GñýBkÿ ìrAðzýíþ ìÓr AuPhõAó uä

ìùlüú oÂBDþ
1

yùpAï Wízýlÿ
1

|@ðB ¾×BoKõo
2

ìùlÿ ÎByõoÿ
3

kAôôk ypü×þ
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|cBìl qìBó gBó ìçüpÿ
1
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1

AìýpoÂB oÞò
5*

1)| |âpôû GýíBoüùBÿ kAgéþ, kAðzßlû» kAìLryßþ kAðzãBû OùpAó, OùpAó, AüpAó
2)| |âpôû KpüõkðPõèõsÿ, Kpküw Gýò Aèíééþ kðlAðLryßþ kAðzãBû Îéõï Kryßþ OùpAó, OùpAó, AüpAó| |

3)| |âpôû @uýI yñBuþ køBó ôÖà ô¾õoR, kAðzßlû» kðlAðLryßþ kAðzãBû yBøl, OùpAó, AüpAó
4)| |âpôû oAküõèõsÿ ôWpAcþ, kAðzßlû» kAìLryßþ kAðzãBû OùpAó, OùpAó, AüpAó

5) âpôû KpüõkðPõèõsÿ, kAðzßlû» kðlAðLryßþ kAðzãBû Îéõï Kryßþ OùpAó, OùpAó, AüpAó

|(||koüBÖQ ìÛBèú:  5  |OýpìBû  2931  ,  Knüp} ðùBüþ:  6  yùpüõoìBû  2931)| |

|̂ßýlû 
qìýñú ìÇBèÏú:||uéõë koìBðþ GB AuP×Bkû Aq uéõë|øBÿ GñýBkÿ koÆI kAï|øBÿ Þõ̂à, koìpAcê Aôèýú gõk ÚpAokAok ôOÏlAk AðlÞþ OdÛýÛBR

koypAüÈ @qìBüzãBøþ ôüB koGló ìõWõk qðlû kooAGÇú GB uéõë|øBÿ GñýBkÿ ìrAðzýíþ uä AðXBï âpÖPú AuQ. Aq ÆpÖþ küãp, oküBGþ uéõë|øB,

Aôèýò Úlï kokoìBó|øBÿ ìHPñþ Gpuéõë ìþ|GByl. Aüò ÞBoGú ìñËõoOzhýÀ upðõyQ uéõë|øBÿ Kýõðl kAkû ylû koGló ìõWõk qðlû Âpôoÿ

AuƒQ. øƒlÙ:øƒlÙ Aq Aüƒò ìƒÇƒBèÏú, WlAuBqÿ, OíBürôðzBðlAouBqÿ uéõë|øBÿ GñýBkÿ ìrAðzýíþ ìÓrAuPhõAó uä Gõk. oô} ÞBo:

uéƒõë|øƒBÿ GñýƒBkÿ ìƒrAðzýíþ Aq ìÓrAuPhõAó uä WlAuBqÿ ôGpìHñBÿ oühQ yñBuþ, ÚBGéýQ OíBürôGýBó ÖBÞPõoøBÿ uÇdþ ìPíBür

âpkülðl. GpAÿ Aôèýò GBo, ìB OõAðvPýî uéõë|øBÿ GñýBkÿ ìrAðzýíþ ìÓrAuPhõAó uä oA Gú Þíà ôÞPõoèñPþ ôüpôuþ Þl Þññlû» KpôOEýò uHr

ÖéõouBðQ Gú ìñËõooküBGþ Aüò uéõë|øB koGló, ðzBðlAoÞñýî. ðPBüY:|koìÇBèÏú» cBÂpuéõë|øBÿ ìrAðzýíþ ìÓrAuPhõAó uä Gú ÆõoìõÖÛýQ

@ìýrÿ WlAuBqÿ âpkülû ôOßTýpüBÖPñl. GpAuBx oühQ yñBuþ, Aüò uéõë|øB GB küãpuéõë|øBÿ ìrAðzýíþ WlA ylû Aq uBüpGBÖQ|øB ôküãp

âõðú|øB ìzBGùQ kAyPñl ôkAoAÿ ÚBGéýQ OíBürGú AuPEõuýQ ô@küLõuýQ Gõkðl. uéõë|øBÿ GñýBkÿ ìrAðzýíþ ìÓrAuPhõAó uä, ìBoÞpuÇdþ

|44DC| oA GýBó Þpkðl, AìB ðPõAðvPñl ìBoÞp|43DC| oA GýBó ðíBüñl. Gú kðHBë ðzBðlAouBqÿ, OÛpüHB« 07% uéõë|øB GB KpôOEýò uHrÖéõouBðQ ðzBðlAo

yƒlðƒl. ðPýXƒú âýpÿ|ðùBüþ:|GñBGpAüò oô} ðzBðlAouBqÿ GB KpôOEýò uHrÖéõouBðQ Oßñýßþ @uBó ôìõöSpWùQ oküBGþ uéõ|ë|øBÿ GñýBkÿ

ìrAðzýíþ ìÓrAuPhõAó uä Gú kðHBë Kýõðl ìþ|GByl. øí̀ñýò ðPBüY Aüò ìÇBèÏú AÆçÎBR KBüú kooAGÇú GB uéõë|øBÿ GñýBkÿ ìrAðzýíþ ìÓr

AuPhõAó uä oA Gú ìñËõoAuP×Bkû Aq Aüò uéõë|øB kokAìLryßþ AoADú ìþ||køl.

ôAsû øBÿÞéýlÿ:| uéõë|øBÿ GñýBkÿ ìrAðzýíþ ìÓrAuPhõAó, OíBür, ðzBðlAoÞpkó, KpôOEýò uHrÖéõouBðQ

∗)ðõüvñlû ìvõöôë: Oé×ò: 42359822 (12)89+     ðíBGp:  72383466(12)89+      | ||moc.oohay@nkorra||:liamE|
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