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INTRODUCTION

Bone marrow mononuclear cells (BM-
MNC) contain a subset of hematopoietic progenitor 
cells and several cells of non-hematopoietic lineage 
(KAMIYA et al., 2008; GIRALDI-GUIMARÃES et 
al., 2009). Several clinical studies have focused on 
the use of the entire BM-MNC fraction, assuming 
that functional effects depend on a correct balance 
among multiple cell types and stem cell precursors 
(MATHIEU et al., 2009). These cells may be easily 
obtained by a low-cost method and isolated in a 
short time just before transplantation, minimizing 
the risks of contamination. Besides, the isolation 
of BM-MNC does not require a laboratory with a 
more complex structure, which makes it a more 
accessible procedure in clinical trials with animals 
(KAMIYA et al., 2008; GIRALDI-GUIMARÃES 

et al., 2009; KAMIYA et al., 2014; TAMURA & 
MAETA, 2020). 

Despite the fact that BM-MNC have been 
used as regenerative strategies for tissue injuries, there 
are many challenges associated with this therapeutic 
approach. One of them is the characterization of 
canine BM-MNC that is poorly defined compared to 
human cells. The limited knowledge of phenotype 
of the canine BM-MNC is partly due to the lack of 
species-specific monoclonal antibodies for many of 
the cellular markers used for the characterization of 
human cells (SCREVEN et al., 2014; TAMURA & 
MAETA, 2020). Conversely, some canine monoclonal 
antibodies are commercially available and some cross-
reacting antibodies have been compared to those of 
the target species (COBBOLD & METCALFE, 1994; 
ALLDINGER et al., 2000; SCHUBERTH et al., 2007; 
TAMURA & MAETA, 2020), but there are no studies 
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ABSTRACT: Bone marrow mononuclear cells (BM-MNC) have been used to treat various diseases. These cells are chemo-attracted to 
sites of injury and may produce cytokines and trophic factors that act in tissue regeneration. Nevertheless, a challenge associated with this 
procedure is the lack of studies on the characterization of canine BM-MNC. This study contributed with BM-MNC characterization data. Bone 
marrow mononuclear cells from four donors were labeled with anti-CD8a, CD9, CD14, CD29, CD34, CD44, CD45, and CD90 for phenotypic 
characterization. In this study, was obtained strong expression of CD9 (79.48% ± 7.71%), CD29 (96.10% ± 1.71%), CD44 (89.60% ± 3.14%) 
and CD45 (94.33% ± 4.09%). Therefore, these markers should be considered in the definition of panel for characterization of canine BM-MNC.
Key words: cells characterization, phenotypic characterization, canine CD markers.

RESUMO: Células mononucleares da medula óssea (CMN-MO) têm sido utilizadas para tratar diversas doenças. Essas células são atraídas 
quimicamente para locais de lesão e podem produzir citocinas e fatores tróficos que atuam na regeneração tecidual. No entanto, um desafio 
associado a esse procedimento é a falta de estudos sobre a caracterização de CMN-MO caninas. Nesse sentido, o objetivo deste estudo foi 
contribuir com dados de caracterização de CMN-MO. Para isso, as células mononucleares da medula óssea de quatro doadores foram marcadas 
com anticorpos anti-CD8a, CD9, CD14, CD29, CD34, CD44, CD45 e CD90 para caracterização fenotípica. Os resultados obtidos foram 
uma forte expressão de CD9 (79,48% ±7,71%), CD29 (96,10% ±1,71%), CD44 (89,60% ±3,14%) e CD45 (94,33% ±4,09%). Portanto, esses 
marcadores devem ser considerados na definição de painel para a caracterização de CMN-MO canina.
Palavras-chave: caracterização celular, caracterização fenotípica, marcadores CD-canina.
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in the literature on the characterization of BM-MNC. 
Therefore, the use of specific or validated antibodies 
for canine cells characterization may contribute to the 
definition of a panel of cellular markers to identify 
canine BM-MNC.

MATERIALS   AND   METHODS

Bone marrow harvesting and BM-MNC isolation 
Four healthy mixed-breed dogs, two males 

and two females, weighing between 12 and 20 kg, 
aged between 18 and 36 months were used as bone 
marrow donors. The routine pretreatment evaluations 
included a complete medical history, physical 
examination and hematology and biochemical 
profiles (serum proteinogram, urea, creatinine, 
alkaline phosphatase and alanine aminotransferase) 
to assess the health status of donors.

Animals received general anesthesia 
with propofol (Propovan® Cristalia) and meperidine 
(Dolosal® Cristalia) for bone marrow aspiration, 
which was performed by puncturing the iliac crest 
with disposable hypodermal needles (16 G) and 
disposable 10 mL syringes containing 1.0 mL 
heparin (5,000 IU/mL) anticoagulant solution. All 
bone marrow was diluted in Dulbecco’s modified 
Eagle medium (DMEM, Gibco) at a ratio 1:3. 
Bone marrow was carefully loaded onto Ficoll-
Hypaque (Histopaque, Sigma Chemical) density 
gradient (density 1,077 g/cm3) to isolate BM-MNC.  
Mononuclear cells were isolated by centrifugation at 
400g for 30 minutes, at room temperature (BÖYUM, 
1968). After isolation, the BM-MNC were washed 
twice with DMEM to remove excess Ficoll-Hypaque 
and finally resuspended in DMEM. Cell counting 
and cell viability were determined using Trypan 
blue (Sigma Chemical) exclusion test in a Neubauer 
chamber (STROBER, 1997).

Phenotypic characterization of BM-MNC
For phenotypic characterization, the 

samples of BM-MNC were incubated with commercial 
monoclonal antibodies to analyze canine cell-surface 
expression of typical marker proteins: anti-CD8a 
(PerCP-conjugated, clone YCATE55.9; eBioscience), 
anti-CD9 (RPE-conjugated, clone MM2/57; AbD 
Serotec), anti-CD14 (APC-conjugated, clone M5E2; 
BD Pharmingen), anti-CD29 (PE-conjugated, clone 
HL1255; ABCAM), anti-CD34 (PE-conjugated, 
clone 1H6; eBioscience), anti-CD44 (Alexa fluor 
488-conjugated, clone YKIX337.8.7; ABD Serotec), 
anti-CD45 (FITC-conjugated, clone YKIX716.13; 
eBioscience), anti-CD90 (PE-conjugated, clone 

5E10; BD Pharmigen). For labeling, aliquots at 1 x 
106 mononuclear cells were resuspended in 1.0 mL 
of PBS. Samples were centrifuged at 400 g for 5 
minutes and then incubated in the dark for 30 min 
with fluorochrome-conjugated specific antibodies, 
according to the manufacturers’ instructions. 
Apoptosis and cell viability were assessed using 
Annexin (PE conjugated; BD Pharmigen) and 
7-amino-actinomycin D (7-AAD; BD Pharmigen). 
The cells were washed with PBS and resuspended in 
500 µL of a solution containing 1% formaldehyde. 
Isotypic IgG1 antibodies were used as controls. 
Approximately 1 × 105 cells were acquired on a BD 
FACSCalibur Flow Cytometer (BD Bioscience, San 
Jose, USA) and were analyzed using FlowJo v8.0.2 
software (Tree Star, Ashland, USA).

RESULTS   AND   DISCUSSION

The bone marrow harvest volume varied 
from 18 to 36 mL. The average number of BM-MNC 
cells obtained per mL was 1.14 x 107 (±0.32 x 107), 
and the cells viability was estimated by trypan blue as 
91.7% (± 5.6%).

BM-MNC cell-surface antigen expression 
was evaluated by flow cytometry in four samples 
(Figure 1). The average cell viability by 7AAD staining 
and flow cytometry was 83.36% (±5.92%). The 
results were expressed as the intensity of expression 
of these markers in cells. With few exceptions, all 
four sources displayed similar immunophenotypes 
for the markers analyzed (Table 1).

The number of BM-MNC isolated from 
canine bone marrow in this study (1.14 x 107 BM-
MNC/mL ± 0.32 x 107) was consistent with those 
reported by other authors (KAMISHINA et al., 2008; 
SPENCER et al., 2012; TAMURA & MAETA, 
2020). It was also evaluated the expression of some 
cell surface molecules, some of which are commonly 
used for mononuclear cells and mesenchymal stem 
cells characterization as CD8a, CD9, CD29, CD44 
and CD90 (JUNG et al., 2009; TAKEMITSU et al., 
2012; KANG & PARK, 2014; QUINTANILHA et al., 
2014; SCREVEN et al., 2014; HUMENIK et al., 2019; 
TAMURA & MAETA, 2020; KREŠIĆ et al., 2021) as 
well as CD14, CD34 and CD45, which are negative 
markers for mesenchymal cells, but that are used 
for characterization of mononuclear cells, including 
progenithor endothelial cells (HENRICH et al., 2015; 
TAMURA & MAETA, 2020; KREŠIĆ et al., 2021).

The results of the expression of CD9, 
CD29, CD34 and CD44 were consistent with the 
results obtained by other authors (ALVES et al., 
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2014; JUNG et al., 2009; SCREVEN et al., 2014) for 
characterization of mesenchymal stem cells harvested 
from dogs. However, compared to the values found 
by TAMURA & MAETA (2020) for the canine-BM-
MNC characterization, we found similar labeling 
values for CD14, but lower values for CD34.

In relation to markers with strongly positive 
result, it was observed that the expression of CD29 
ranged between 93.20 and 97.40% in this study, 
consistent with the results obtained by TAKEMITSU et 
al. (2012), ALVES et al. (2014) and HUMENIK et al. 
(2019) that showed high expression of CD29 (96.00% 

± 3.00%, 98.90% ± 0.80% and 98.41% ± 0.53% 
respectivelly) in canine bone marrow MSC, while 
KREŠIĆ et al. (2021) showed expression of CD29 
in more than 95% of canine adipose-derived MSC in 
culture. Nonetheless, SCREVEN et al. (2014) showed 
that CD29+ cells ranged between 2.06 and 2.96% also 
in canine bone marrow MSC, while TAMURA & 
MAETA (2020) obtained expression of CD 29 ranged 
between 10.1-16.6% in canine-BM-MNC.

The expression of CD45 obtained in this 
study ranged from 87.70 to 98.50%. CD45 is a pan 
leukocyte marker, expressed on all hematopoietic 

Figure 1 - Immune phenotype by flow cytometry. The bone marrow mononuclear cells were labeled with antibodies against the indicated 
antigens, and analyzed by flow cytometry. Representative histograms of sample 4 are displayed. On the y-axis is the % of Max 
(the cell count in each bin divided by the cell count in the bin that contains the largest number of cells) and the x-axis is the 
fluorescence intensity in a log (100 - 104) scale. Isotype control is shown as a thick red line histogram.

 

Table 1 - Expression of surface proteins of mononuclear cells derived from four samples of canine bone marrow analyzed by flow 
cytometry. Cell viability and apoptosis were assessed using 7-amino-actinomycin D (7-AAD) and Annexin. 

 

BM-MNC sample -----------------------------------------------Cell surface molecule labelling (%)----------------------------------------------- 

 CD8a CD9 CD14 CD29 CD34 CD44 CD45 CD90 7AAD Annexin 
1 18.50 69.60 38.90 96.50 1.04 92.70 96.70 0.40 23.70 3.01 
2 16.90 88.80 35.60 97.30 1.47 91.20 98.50 1.41 21.00 5.05 
3 18.00 84.90 8.92 97.40 0.50 90.10 87.70 1.83 12.70 10.60 
4 21.50 74.60 12.90 93.20 1.58 84.40 94.40 0.85 9.16 0.61 
Mean  18.73 79.48 24.08 96.10 1.15 89.60 94.33 1.12 16.64 4.82 
SD 1.70 7.71 13.30 1.71 0.42 3.14 4.09 0.54 5.92 3.69 
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cells and is also in endothelial progenitor cells and 
hematopoietic stem cells, but is not expressed in 
platelets and MSC-precursor; therefore, this marker 
is used as a negative marker for MSC (BRODERSEN 
et al., 1998; HENRICH et al., 2015; KREŠIĆ et 
al., 2021). TAKEMITSU et al. (2012), ALVES et 
al. (2014) and HUMENIK et al. (2019) obtained 
expression of CD45 in 1.45% (± 0.60%), 2.00% (± 
1.20%) and 0.24% (± 0.07%) of canine bone marrow 
MSC, respectively. Although, HENRICH et al. (2015) 
have used CD45 expression to characterize human 
BM-MNC, these authors showed only concomitant 
expression of this marker with CD34 or with CD34 
and CD133.

The result of CD9 expression obtained 
in this study (69.60 to 88.80%) is consistent with 
those reported by JUNG et al. (2009), who used 
this marker to characterize canine bone marrow 
MSC. CD9 is expressed in young B cells, platelets, 
eosinophils, basophils and activated T lymphocytes 
(BOUCHEIX et al., 1991; ANTON et al., 1995), but 
is not expressed by hematopoietic progenitors or non-
activated lymphocytes (BOUCHEIX et al., 1991).

In this study, a strong expression of CD44 
(84.40 to 92.70%) was also observed in canine BM-
MNC. This result is consistent with those reported by 
TAKEMITSU et al. (2012) that showed expression 
of CD44 in 98.90% (0.25%) of canine bone marrow 
MSC. However, SCREVEN et al. (2014) obtained 
CD44+ cells that ranged between 19.90 and 34.20% in 
canine bone marrow MSC. CD44 is a multifunctional 
cell adhesion molecule expressed on the surface 
endothelial cells, epithelial cells, fibroblasts, 
keratinocytes, leukocytes, MSC and others cells with 
transendothelial migratory capacity. CD44 antigen 
functions include cell-cell and cell-substrate adhesion 
(LEWINSOHN et al., 1990; KREŠIĆ et al., 2021).

In this study, a moderate expression of 
CD8a (16.90 to 21.50%) and CD14 (12.90 to 38.90%) 
was also observed. CD8a is a surface glycoprotein 
expressed in NK cells and thymocytes that facilitates 
specific antigen recognition. In addition, CD8a 
antibody binds to major histocompatibility complex 
class I (MHC-I) and plays a role in mature T cell 
activation (MOORE et al., 1992; LIN et al., 2010). 
SCREVEN et al. (2014) showed great variation on 
expression of MHC-I (4.07 to 12.80%) in canine 
bone marrow-derived MSC.

In relation to markers with weak positive 
result, it was observed that the expression of CD34 
ranged from 0.50 to 1.58%. The result of CD34 
expression is consistent with the result obtained by 
HENRICH et al. (2015) that showed expression 

of this marker around 1-2% in human BM-MNC. 
SCREVEN et al. (2014) obtained expression of CD34 
between 1.11 and 2.65% in canine bone marrow-
derived MSC. However, TAMURA & MAETA 
(2020) showed expression of CD34 ranged from 2.6 
to 9.1% in phenotypic characterization of canine-BM-
MNC. CD34 is expressed in hematopoietic stem cells 
and endothelial progenitor cells, and is considered 
as a negative marker for MSC (BARA et al., 2015; 
HENRICH et al., 2015).

The result of CD90 expression obtained 
in this study (0.40-1.83%) was significantly lower 
than those obtained by ALVES et al. (2014) that 
showed high expression of CD90 (80.04% ± 1.96) 
and SCREVEN et al. (2014), that showed CD90+ 
cells ranging from 17.1 to 27.8%, both in canine 
bone marrow-derived MSC. Our result to CD90 
was also significantly lower than those obtained by 
TAMURA & MAETA (2020) that showed labeling 
values for CD90 ranged from 19.6 to 39.3 in canine-
BM-MNC. This marker is expressed in MSC, T 
lymphocytes and monocytes, with weak expression 
in granulocytes (COBBOLD & METCALFE, 1994; 
SCREVEN et al., 2014). HENRICH et al. (2015) 
have not used this marker to characterize human 
BM-MNC. Therefore, the results of this study are 
consistent with those reported by HENRICH et al. 
(2015) that BM-MNC are a heterogenous mixture of 
diverse cell types. Nevertheless, these results should 
be confirmed by other researchers, given the limited 
number of studies in the literature about canine BM-
MNC characterization.

The main limitations of this study included 
the small number of samples and the impossibility of 
simultaneous labeling with the antibodies used.

CONCLUSION

This study showed the characterization of cell 
surface molecule that may contribute to defining a panel of cellular 
markers to identify canine BM-MNC, with the use of CD9, CD29, 
CD44 and CD45 markers being recommended, due to their strong 
expression in this study, as well as CD8a and CD14 with moderate 
expression.
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