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Abstract
AIM: To assess the capacity to isolate and expand 
mesenchymal stem cells (MSC) from bone marrow of 
CBA/Ca, ICR and Balb/c mice. 

METHODS: Bone marrow of tibia and femur were 
flushed, cultured and maintained in supplemented 
Dulbecco’s modified Eagle’s medium. MSC immuno-
phenotype of cultures were tracked along increasing 
passages for positivity to CD106, Sca-1 and CD44 and 
negativity to CD45, CD11b and MHC class Ⅱ. Differen-
tiation capacity of MSC towards osteogenic and adipo-
genic lineages were also assessed.

RESULTS: MSC were successfully cultured from bone 

marrow of all 3 strains, albeit differences in the temporal 
expression of certain surface antigens. Their differentia-
tion into osteocytes and adipocytes were also observed. 
MSC from all 3 mouse strains demonstrated a shift from 
a haematopoietic phenotype (CD106-CD45+CD11b+Sca-
1low) to typical MSC phenotype (CD106+CD45-CD11b-

Sca-1high) with increasing passages.

CONCLUSION: Information garnered assists us in the 
decision of selecting a mouse strain to generate MSC 
from for downstream experimentation.

© 2013 Baishideng. All rights reserved.
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INTRODUCTION
Mesenchymal stem cells (MSC) are a great therapeutic in-
terest for tissue regeneration and immunomodulation. To 
elucidate the role of  MSC in these two paradigms, experi-
mentation is often performed with MSC generated from 
mouse bone marrow. For this, researchers have a choice 
to make in selecting the mouse strain to generate their 
MSC from. Here, we provide a report on the compara-
tive description of  mouse MSC derived from 3 different 
strains under the same experimental conditions. The 
mouse strains assessed were CBA/Ca, ICR and Balb/c. 

MSC are stromal cells with self-renewal and differen-
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tiation properties[1]. MSC have been isolated from vari-
ous tissues including bone marrow, adipose, skin, bone, 
synovial membrane, placenta and umbilical cord[2-4] and 
proliferate in vitro as plastic-adherent cells with fibroblast-
like morphology[5]. The long term self-renewal and mul-
tilineage differentiation properties of  MSC reflect their 
potential for tissue regeneration and cell/gene therapy-
based treatment of  diseases[6] including acute graft-vs-host 
disease[7], osteogenesis imperfecta[8], cardiomyopathy[9] and 
Crohn’s disease[10]. Recent findings that MSC have immu-
nosuppressive properties[11-14] have also increased the need 
for a suitable supply of  MSC for experimental research. 
The expansion of  undifferentiated MSC is a research tool 
for functional and genetic studies for subsequent devel-
opment of  preclinical protocols to treat a wide range of  
diseases. Murine sources of  MSC are of  great use for the 
extensive preclinical studies that are required within this 
research area. 

Murine MSC is commonly isolated from the bone 
marrow aspirates of  the femur and tibia. Studies dem-
onstrate that isolation of  MSC from murine bone mar-
row using standard methods usually results in a het-
erogeneous cell population with a high degree of  non-
mesenchymal contaminants[2,15-17]. Furthermore, there are 
reports of  preferential growth of  MSC from different 
mouse strains[17]. MSC isolated from four different 
inbred mouse strains C57Bl/6J, Balb/c, FVB/N and 
DBA1 showed great variation in growth rate, differen-
tiation capacity and immunophenotype[17]. In this study, 
we compare phenotypic characteristics of  MSC derived 
from bone marrow of  3 strains of  mice (CBA/Ca, ICR 
and Balb/c) to determine a suitable source for these 
cells for downstream experimentation. As MSC that are 
cultured lack specific markers[5], cells were immunophe-
notyped for a range of  surface markers classically associ-
ated with MSC expression. The differentiation capacity 
of  MSC confirmed the multipotency of  these stem cells. 
Although there were differences in temporal pattern of  
surface marker expression and preferential differentia-
tion, bone marrow cultures from all 3 strains of  mice 
tested successfully yielded MSC.

MATERIALS AND METHODS
Isolation and culture of bone marrow-derived MSC
Bone marrow-derived MSC were generated from 3 dif-
ferent strains of  mice, namely CBA/Ca, Balb/c and ICR. 
Mice used were male and between the ages of  6-10 wk. 
Animals were sacrificed by a CO2 overdose and bone 
marrow cells were obtained by flushing femurs and tibias 
with Dulbecco’s modified Eagle’s medium (DMEM). 
Cells were centrifuged at 289 g for 10 min, resuspended 
and seeded into three 25 cm² flasks in DMEM with high 
glucose supplemented with 10 nmol/mL GlutaMAX™-I 
Supplement, 100 U/mL penicillin and 100 μg/mL strep-
tomycin, 1 mL/L gentamycin, 250 μg/mL Fungizone 
(all Invitrogen), 1.5 g/L sodium bicarbonate and 15% 
Mesenchymal Stem Cell Stimulatory Supplement (STEM-

CELL Technologies, Canada). Cultures were maintained 
at 37 ℃ in 95% humidified air and 5% CO2. After 48 
and 72 h, cells were washed gently using 1X PBS and 
replaced with fresh culture media. Adherent cells were 
further cultured with a medium change every 3-4 d. At 
approximately 80% confluency (occasionally localised), 
cells were harvested by treating with 0.25% trypsin con-
taining 1 mmol/L EDTA for 5 min at 37 ℃. Trypsin was 
neutralised with culture medium and detached cells were 
replated in a new 25 cm2 culture flask. Cell cultures were 
routinely assessed using an inverted phase contrast mi-
croscope and cell viability was determined via trypan blue 
staining. 

Flow cytometry analysis of cell surface markers
The following antibodies were obtained from Becton 
Dickinson: fluorescein isothiocyanate-conjugated anti-
mouse CD106 (vascular adhesion molecule-1), CD11b, 
and MHC Ⅰ; phycoerythrin-conjugated anti-mouse 
CD45, Sca-1, and MHC Ⅱ and allophycocyanin-conjugat-
ed anti-mouse CD44. Cells were trypsinised, washed with 
0.1% BSA/PBS and incubated with antibody (1 μL per 
106 cells) for 30 min at 4 ℃. Cells were then resuspended 
in 0.1% BSA/PBS and analysed by a FACS Calibur cy-
tometer (BD Biosciences, San Jose, CA) using CellQuest 
Pro software. Ten thousand gated events were recorded. 
For each antibody, gating was determined based on ap-
propriate isotype-stained controls. 

MSC differentiation
Mouse bone marrow cultures of  passages 10-16 were 
plated at a density of  6 × 104 cells/well in a 24-well plate 
and incubated at 37 ℃ in 95% humidified air, 5% CO2 till 
confluency was reached. For adipocytic differentiation, 
the Mesenchymal Stem Cell Adipogenesis Kit (Chemicon; 
Cat. No. SCR020) was used. Briefly, cells were stimu-
lated with induction medium (DMEM with high glucose 
supplemented with 10% FBS and 1X penicillin and 
streptomycin, 1 μmol/L dexamethasone, 0.5 mmol/L 
IBMX, 10 μg/mL insulin and 50 μmol/L indometha-
cin) and maintained with maintenance medium (DMEM 
with high glucose supplemented with 10% FBS and  
10 μg/mL insulin) according to kit instructions. For 
analysis, cells were fixed with 4% paraformaldehyde and 
stained with 0.36% Oil Red O solution for 50 min. For 
osteogenic differentiation, the Mesenchymal Stem Cell 
Osteogenesis Kit (Chemicon; Cat. No. SCR028) was used. 
Briefly, cover slips were coated with 12 μg/mL vitronec-
tin and 12 μg/mL collagen prior to cell seeding. Cells 
were then stimulated with induction medium (DMEM 
with high glucose supplemented with 10% FBS and 1X 
penicillin and streptomycin, 0.1 μmol/L dexamethasone,  
0.2 mmol/L ascorbic acid 2-phosphate, 10 mmol/L glyc-
erol 2-phosphate and 1X glutamine). Cells were replaced 
with fresh induction medium every 2 d. For analysis, 
osteocytes were fixed with 70% ethanol and stained with 
Alizarin Red S. For both differentiation assays, controls 
were MSC cultures without adipocytic/osteogenic induc-
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tion medium.

RESULTS
Morphology of bone marrow cell cultures 
Bone marrow cells were isolated from the femurs and tib-
ias of  a total of  11 mice (4 ICR, 2 CBA/Ca and 5 Balb/c 
mice) and plated onto culture flasks. Non-adherent cells 
were removed by replacing media and cultures were ob-

served via phase-contrast microscopy for their morphol-
ogy. Initially, cells of  all 3 strains of  mice were small and 
exhibited spindle-shaped morphology (Figure 1, first and 
second row). Cells also tended to be locally confluent, 
growing in distinct colonies (as seen for ICR mice, first 
row; Balb/c mice, second row). A small number of  round 
and flattened cells were observed within the colonies. As 
cells approached confluency within culture flasks, they 
were trypsinised and replated into new flasks. Bone mar-
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Figure 1  Morphology of mouse bone marrow cultures. Cells shown here represent passages 0-19 of bone marrow cells from CBA/Ca, ICR and Balb/c mice. Origi-
nal magnification: × 200.
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Figure 2  Bone marrow cultures acquire CD106+CD45- immunophenotype at later passages. Bottom right quadrants show percentage of CD106+CD45- cells for 
mesenchymal stem cells of CBA/Ca, ICR and Balb/c mice. Numbers in the upper right region indicate passage number. 
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row cultures became increasingly homogeneous, with 
cells displaying a fibroblast-shape (Figure 1, third and last 
row). At this point within the culture protocol, cells from 
all 3 mouse strains took 3-4 d to reach confluency within 
a 25 cm2 flask. Bone marrow cells continued to prolifer-
ate in culture beyond passage 35.

Immunophenotypic profile of bone marrow cultures
Immunophenotyping of  bone marrow cultures derived 
from the 3 mouse strains were performed at various pas-
sages throughout the culture period. Presence of  MSC 
were confirmed by positivity to CD106, CD44, Sca-1 and 
MHC Ⅰ markers and negativity to CD45, CD11b, and 
MHC Ⅱ by flow cytometry. 

Flow cytometric analyses revealed that MSC demon-
strated a shift from a haematopoietic phenotype to typi-
cal MSC phenotype with increasing passages. MSC of  all 
3 strains of  mice showed this shift in phenotype from 
CD106-CD45+ cells at earlier passages to CD106+CD45- 
at later passages (Figure 2). ICR mice maintained their 
CD106 positivity for longer, remaining > 77% from pas-
sage 8 to 19. For CBA/Ca and Balb/c mice, CD106 ex-

pression began reverting after passage 17 and passage 18 
respectively. Expression of  CD45 (a common leukocyte 
antigen) was strong (70%-99%) at early passages for all 
3 strains but decreased with increasing passages to < 9% 
positivity. Cultures derived from Balb/c mice took longer 
to lose their CD45 positivity compared to CBA/Ca and 
ICR strains (Figure 2).

Similar to CD45, expression of  haematopoietic marker 
CD11b also revealed a shift from CD11b+ to CD11b- 
with increasing passages (Figure 3). MSC cultures from 
all 3 strains of  mice showed high positivity to CD11b 
(69%-99%) at early passages. Positivity for CD11b de-
creased with later passages. Cultures from CBA mice 
achieved CD11b- phenotype earlier than the other strains, 
beginning from passage 5. For the MSC marker Sca-1, 
cultures showed lower positivity to Sca-1 at early passages 
with only 24%-50% cells positive (Figure 3). Sca-1 expres-
sion increased to a higher percentage after passage 5 for 
CBA/Ca mice, passage 6 for ICR mice and passage 9 
for Balb/c mice. At late passages, MSC from all 3 mouse 
strains showed strong positivity for Sca-1 at 84%-100%. 
ICR mice demonstrated a distinctly positive (96%-100%) 
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Figure 3  Bone marrow cultures show decreased CD11b and increased Sca-1 expression at later passages. Histograms show the shift of CD11b+ at earlier pas-
sages to CD11b- at later passages for each strain of mice. Expression of Sca-1 is increased with mesenchymal stem cells passages. 
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population for Sca-1 after passage 6, while expression in 
CBA/Ca and Balb/c mice were 91%-97% after passage 
15 and 84%-99% after passage 12 respectively.

Next, CD44, MHC Ⅰ and MHC Ⅱ expression was ex-
amined in bone marrow cultures with CD106+CD45- phe-
notype. For CD44 expression, cells from ICR and Balb/c 
mice had the highest expression (77%-99% and 79%-99% 
accordingly), compared to CBA/Ca mice that had varying 
CD44 expression ranging from 13%-90% (Figure 4). All 
3 strains of  mice consistently demonstrated positivity to 
MHC Ⅰ but not MHC Ⅱ (< 2%) (Figure 4).

Results from MSC immunophenotyping shown above 
suggest that bone marrow cultures from all 3 strains of  
mice acquire an MSC phenotype (CD106+CD44+Sca-
1+MHCⅠ+CD45-CD11b-MHCⅡ-) after multiple rounds 
of  passaging. Also, amongst the 3 mouse strains tested, 
bone marrow cells for ICR and Balb/c maintained MSC 
phenotype for longer compared to CBA/Ca.

Differentiation assay
Bone marrow cultures from all 3 strains of  mice differ-
entiated into adipocytes and osteocytes when stimulated 

with adipocytic and osteogenic induction medium re-
spectively (Figure 5). Three weeks of  exposure to an adi-
pocytic induction medium resulted in formation of  lipid 
vacuoles in cultured MSC that could be observed with 
phase-contrast microscope. When cultured MSC were ex-
posed to osteogenic induction medium, they aggregated 
and formed calcium deposits after 2 wk. Both of  these 
cell differentiations were confirmed with cell-specific 
stains - Oil Red O for adipocytes and Alizarin Red S for 
osteocytes. Oil Red O-stained lipid vacuoles appeared 
bright red whereas Alizarin Red S stained precipitated 
calcium deposits dark red (Figure 5). 

DISCUSSION
Isolation of  mouse MSC is generally more difficult 
than human and rat MSC due to a high number of  con-
taminating haematopoietic lineage cells and slow cell 
growth[2,15,17]. Studies have also demonstrated mouse 
strain-dependent variability of  MSC in terms of  growth 
kinetics, surface markers and potential for differentia-
tion[16-18]. With the protocol described here for bone 
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Figure 4  Mesenchymal stem cells cultures from all 3 strains of mice show positivity to CD44 and MHC Ⅰ but negativity to MHC Ⅱ. Numbers within plots 
indicate the percentage of positivity to each marker. 
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marrow-derived MSC expansion, we provide descriptive 
data that MSC can be successfully generated from 3 dif-
ferent mouse strains, namely CBA/Ca, ICR and Balb/c. 
Bone marrow cells were cultured and each culture was 
characterised for their morphology, immunophenotype 
and differentiation potential. MSC from all strains tested 
showed expression of  relevant surface markers and dif-
ferentiation potential into osteogenic and adipocytic cells, 
albeit some differences in terms of  time to achieve MSC 
immunophenotype.

Isolation of  MSC from mouse bone marrow usu-
ally results in a highly heterogenous cell population with 
a high degree of  haematopoietic contaminants such as 

macrophages and fibroblasts[2,16]. Immunophenotyping 
analysis revealed early passages of  our bone marrow cul-
tures to be positive for haematopoietic markers CD45 
and CD11b (a macrophage-specific marker). Continuous 
change of  cell culture medium removes non-adherent 
haematopoietic populations from the cultures[3]. Passaging 
bone marrow cultures also helps eliminate haematopoi-
etic contaminants and yield purer MSC cultures[17]. With 
these approaches, we accordingly observed the MSC 
cultures become increasingly homogenous at later pas-
sages with minimal CD45 expression profile by P7-P8, 
although it took a little longer for cells from Balb/c mice. 
Better quality MSC cultures were also obtained by dis-
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Figure 5  Mesenchymal stem cells from all 3 strains of mice differentiate into adipocytes and osteocytes. First and second row: images of non-induced mesen-
chymal stem cells (MSC) control and MSC differentiated into adipocytes, stained with Oil Red O. Third and fourth row: images of non-induced MSC control and MSC 
differentiated into osteocytes, stained with Alizarin Red S. Differences in quality of images are because they were taken using different camera/microscope systems.
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carding cells that remained attached to flasks following 
trypsinisation. These firmly adherent cells are probably 
contaminating fibroblasts and have been reported by 
other laboratories[17,19]. Expression of  stem cell marker 
Sca-1 also increased at later passages. Sca-1 is a marker 
associated with MSC and also haematopoietic and endo-
thelial progenitors[20]. MSC also expressed positivity to 
CD44 and CD106 and negativity to MHC Ⅱ. To further 
encourage MSC growth and colony formation, we used 
15% of  a mouse mesenchymal supplement (MesenCult®,  
STEMCELL Technologies) instead of  the routine 10% 
FBS to obtain enriched MSC cultures. 

In addition to morphology and phenotype, the char-
acterisation of  MSC is complete with demonstration of  
their capacity for multilineage mesenchymal differentia-
tion[15,18,19,21]. All 3 mouse strains exhibited multilineage 
potential in vitro, differentiating into adipocytes and osteo-
cyte when stimulated with appropriate induction media. 
MSC from Balb/c mice more readily differentiate into 
adipocytes than the other strains, also shown by Peister 
and colleagues who found Balb/c more readily differ-
entiating into adipose cells than C57Bl/6J and DBA 1 
mice[17]. Conversely, MSC from Balb/c took longer to dif-
ferentiate into osteocytes compared to the other 2 strains 
tested in our study. In view of  the duration that MSC 
cultures remained in suitable phenotype and their ease to 
differentiation, our group has primarily utilised ICR mice 
for downstream experimentation where we show these 
stem cells to have immunomodulatory properties[13].

MSC from all 3 different strains of  mice tested were 
suitable sources for bone marrow-derived MSC as they 
showed typical morphology, immunophenotype and dif-
ferentiation capacities of  MSC. However, bone marrow 
cultures from Balb/c mice took longer than the other 
strains to achieve MSC immunophenotype.
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