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ABSTRACT 
Identification of mouse cell lines with properties 
of primary multipotential mesenchymal stromal 
cells (MSC) is required to facilitate the use of 
mouse models for evaluation of mechanisms in 
bone formation, hematopoiesis and cellular the- 
rapies for regenerative medicine. Primary mur- 
ine MSC vary between strains, are difficult to 
grow in vitro and have inconsistent properties. 
The main aim of the study was to establish OMA- 
AD cells as an appropriate model system to 
conduct studies on MSC, bone formation and 
hematopoiesis. OMA-AD cells were isolated by 
differential trypsinization of C57BL/6J mouse 
bone marrow (BM) cells. The cells were then re- 
passaged, cloned and characterized. OMA-AD 
cells were immortal and non-tumorigenic, dif-
ferentiated readily to all mesenchymal cell types 
including bone, supported mouse and human 
hematopoiesis and were immunosuppressive. 
Our results demonstrated that OMA-AD cells 
possessed the properties of primary MSC. In 
addition, these cells grew readily and consis-
tently, thereby facilitating future studies of bone 
formation, hematopoiesis and mesenchymal 
cells for regenerative medicine. 
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1. INTRODUCTION 

In recent years there has been increased interest in 
mesenchymal cells, their differentiation to cartilage and 
bone, their role in stem cell niches [1] and potential util-
ity in regenerative medicine. Although, originally MSC 

were used therapeutically for skeletal problems [2] and 
gene therapy [3,4] multiple additional therapeutic appli- 
cations have been evaluated, including promotion of he- 
matopoietic recovery in stem cell transplant recipients [5,6] 
severe, acute graft-versus-host disease [7], autoimmune 
diseases [8], muscle repair [9], skin healing [10], intes- 
tine healing following irradiation [11], stroke [12], myo- 
cardial ischemia [13,14] as well as other diseases. 

MSC were first identified in the bone marrow, where 
they are present with about ten-fold higher concentra- 
tions than the circulation and can be obtained from all 
tissues with varying frequencies [15,16]. In man, the 
number of viable, freshly isolated cells is limited due to 
dispensable bone marrow volume [17]. 

Consequently, animal studies are a powerful tool for 
investigations of diverse potential applications for MSC. 
Apart from the increasing applications of the functional 
properties of MSC, there is substantial interest in evalua-
tion of the role of these cells in the stem cell niche and 
mouse models of diseases [18]. The numbers of MSC 
obtained in murine models are adequate and can be ma- 
neuvered to differentiate into several cell types. However, 
primary MSC from murine sources do not grow readily in 
culture, and exhibit considerable variability in their bio-
logical properties from different strains of mice [19]. 
Consequently, there is substantial merit in identifying 
mouse cell populations that grow consistently and at the 
same time exhibit characteristics of primary mouse MSC. 

OMA-AD cells were obtained by differential trypsini-
zation of whole bone marrow cells from C57BL/6J mice. 
The cells were passaged several times and only rare ad-
herent cells that survived passaging were cloned and 
characterized further. Briefly, the cells were probed for 
their doubling time, phenotype and differentiation into 
various lineages. OMA-AD cells were seeded as the ad-
herent layer in long-term cultures with BM cells and 
added to mixed lymphocyte reactions. In addition, OMA- 
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AD cells were injected into non-irradiated and lethally 
irradiated recipients. A preosteoblast cell line with ap-
parently similar properties to OMA-AD cells has been 
described (D1 cells) and employed in orthopedic studies 
[20]. However, the D1 cell line is of Balb/c origin, 
whereas the OMA-AD cell line is of C57BL/6J origin 
therefore genetically compatible with most transgenic 
mouse models. OMA-AD cells have been employed and 
reported previously [21]. However, the isolation, deriva- 
tion, differentiation to cartilage and bone, support of 
mouse and human hematopoiesis and overall properties 
of these cells have not been described previously and is 
the primary aim of this report. 

2. MATERIALS AND METHODS 

2.1. Isolation of OMA-AD Cell Line 

C57BL/6J and C57BL/6J-EGFP (enhanced green 
fluorescent protein) expressing mice were purchased 
from Jackson Laboratories, or bred in the University of 
Nebraska Medical Center (UNMC) comparative medi-
cine department. These mice were used in the studies as 
approved by the UNMC Institutional Animal Care and 
Use Committee (IACUC). The mice were housed in in-
dividual microisolator cages and provided food and wa-
ter ad libitum. Bone marrow cells were gently aspirated 
from the femoral diaphysis and maintained in Fisher’s 
medium supplemented with 15% fetal bovine serum 
(FBS; Hyclone) and 15% horse serum (HS; Hyclone) 
The cultures were maintained at 33˚C in a mixture of 5% 
CO2 and air, as described previously for long term bone 
marrow cultures [22]. 

2.2. Cell Line Development 

In order to obtain cell lines, the supernatants were 
discarded and the remaining cells were trypsinized re-
peatedly until only rare adherent cells remained. Fisher’s 
medium with 15% FBS and 15% HS was added and sur- 
viving cells were maintained in culture. The cells were 
observed for areas (colonies) of outgrowths of cells. 
Most of the cells in the majority of flasks differentiated 
and died. However, rare outgrowths were observed. 
These were trypsinized and re-passaged. The majority of 
re-passages failed to grow, but a few cells survived pas-
saging. These cells were cloned in microtiter plates and 
progeny frozen for future studies. One of these clones, 
with the most robust and consistent patterns of growth, 
was designated as OMA-AD cell line and the properties 
of this cell line were characterized in more detail. 

2.3. Morphology and Cell Growth Analysis 

OMA-AD cells were plated in growth supporting me-
dium [RPMI-1640 (Gibco Inc.), 10% FBS, 10% HS, 1% 

Penicillin-Streptomycin (Gibco Inc.), 1% L-glutamine 
(Gibco Inc.)] in T25 cm2 flasks (Corning Inc.) with a con-
centration of 1 × 105 cells or 4000 cells/cm2. For mor-
phological analyses, the flasks were monitored for con-
fluence and photographed using a Nikon phase contrast 
microscope and Nikon Coolpix P5000 10 MegaPixel 
camera. For doubling time analyses, at each defined time 
point, 3 flasks were trypsinized and cell counts were ob-
tained using a cell counter (Beckman Coulter Inc.) The 
mean of the data points obtained were plotted (Sigmaplot 
Statistical Software 7.0) Doubling time was calculated 
from equation dt = t * ln2/ln(Ct/Co), where t = the time 
point in exponential growth of the plot, Ct = cell count at 
time “t”, Co = cell count when plated or initial time point 
on the exponential part of the growth curve. 

2.4. Surface Phenotype 

1 × 106 OMA-AD cells were placed into 12 × 75 mm 
test tubes, centrifuged for 2 minutes and resuspended in 
200 μl staining buffer (Phospaphate Buffered Saline 
(PBS) with 0.2% Bovine Serum Albumin (BSA) 2 μl 
(0.4 µg/ml concentration) of antibody was added to cells 
and vortexed. A 20-minute incubation was performed on 
ice in the dark. The mixture was washed with 1 ml of 
staining buffer and centrifuged for 2 minutes using an 
immufuge (Baxter Corp). The cells were resuspended in 
0.5 ml of staining buffer and 50 µl Vitalyse® fixative 
prior to analysis. Antibodies against mouse CD 3, 4, 8, 
11b, 14, 19, 24, 25, 31, 34, 40, 44, 45, 48, 49d, 73, 80, 
105, 133, 150, e-cadherin, SDF-1, Oct 3/4, B220, Mac-1, 
Gr-1, CXCR4, Thy 1.1 and 1.2, were purchased from BD 
Biosciences (San Jose, CA). Flow cytometric analysis 
was performed and analyzed using Cell Quest Pro (BD 
Biosciences) software. 

2.5. Differentiation to Adipocytes,  
Osteoblasts and Chondrocytes 

OMA-AD cells were seeded onto 3 - 6 coverslips in a 
60 mm petridish with growth supporting medium (RPMI 
1640 medium + 10% FBS + 10% HS + 1% Penicil-
lin-Streptomycin + 1% L-glutamine) Upon 60% - 70% 
confluence, adipocyte differentiation medium (ADM) 
(DMEM with 10% FBS, dexamethasone 1 µM, isobutyl-
methylxanthine 0.5 µM, Insulin 1 µg/ml, indomethacin 
100 mM) was added (day1) and changed every 2 days up 
to 2 weeks. The coverslips were mounted on slides using 
Permount solution on day 7. Adipogenic differentiation 
was monitored as lipid droplets formed inside the cells and 
as red droplets after Oil Red O staining at day 7. Os-
teoblast stimulating medium (OSM) (DMEM with 10% 
FBS, dexamethasone 100nM, beta-glycerophosphate 10 
mM, L-ascorbic-2-phosphate 50 nM, penstrep 1%) was 
added upon 60% confluence (day1) 0.5 ml medium was 

Copyright © 2012 SciRes.                                                                    OPEN ACCESS 



S. R. Tuljapurkar et al. / Stem Cell Discovery 2 (2012) 5-14 7

added to the culture every 3rd day. After 12 days, cover-
slips were mounted on a slide and stained for alkaline 
phosphatase using a kit (Sigma-Aldrich) to identify the 
osteoblasts. Chondrocyte differentiation was carried out 
as per the protocol provided by Miltenyi Biotech. Briefly, 
1 × 106 OMA-AD cells were centrifuged in a 15 ml 
conical polypropylene tube and formed into a compact 
pellet. Chondrocyte differentiation media (Miltenyi Bio-
tech) was added on top of the pellet. The tubes were in-
cubated at 37˚C, 5% CO2. Media was changed every 
other day for 24 days. The pellets were fixed in 3.7% 
neutral buffered formalin and subsequently embedded in 
paraffin. Chondrocytic differentiation was confirmed using 
Alcian blue-Periodic Schiff Staining. OMA-AD cells 
maintained undifferentiated in the growth supporting 
medium, were employed as controls and were confirmed 
by staining negative for Oil Red O, alkaline phosphatase 
and Alcian blue-PAS staining. All the slides were coun- 
terstained with wright giemsa stain (Fisher Scientific). 

2.6. Support of Murine Hematopoiesis 

The ability of OMA-AD cells to support mouse he-
matopoietic cells was evaluated by using OMA-AD cells 
as an adherent layer for long term bone marrow cultures. 
OMA-AD cells were seeded at 1 × 106 cells in a T25 
culture flask (Greiner Biosciences). Upon 60% conflu- 
ence, the flasks were seeded with whole bone marrow 
cells or bone marrow sorted side population (SP) cells 
from EGFP donors (EGFP expressing on background of 
C57BL/6J mice) so that any hematopoietic cells main- 
tained and/or generated could be identified by fluores- 
cence microscopy or by flow cytometric analyses. Cul-
tures were maintained at 33˚C for 6 months with inter- 
mittent change of culture medium. 

2.7. Support of Human Hematopoiesis 

The ability of OMA-AD cells to maintain human he-
matopoiesis was determined by evaluating their ability to 
sustain human hematopoietic cell production and granu-
locyte-monocyte progenitor cells (GM-CFC) as assayed 
in a clonal colony forming cell assay. Human cell sources 
evaluated were monocyte depleted cord blood, T cell 
depleted cord blood and granulocyte colony stimulating 
factor (G-CSF) mobilized blood cells. The comparison 
adherent cells were grown with or without a pre-estab- 
lished, irradiated mouse bone marrow stromal layer. The 
cord blood cells were obtained from full term deliveries 
with IRB (Institutional Review Board) approval and in-
formed consent of the donor. The cord blood samples 
were depleted of monocytes by employing 2 one hour 
adhesion incubations in culture dishes. After the first 
adhesion period, the non-adherent cells were removed 
and placed in the second culture dish. After the second 

adhesion period, the non-adherent cells were isolated and 
used in the experiments. T-cells were depleted employing 
magnetic bead separation. G-CSF mobilized blood dep- 
leted of T cells by anti-CD3 antibody were obtained with 
IRB approval and informed consent of a donor who re- 
ceived five consecutive daily subcutaneous injections of 
G-CSF (5 µg/kg) (Amgen Inc). The non-adherent cellu- 
larities of these co-cultures were determined weekly using 
an electronic cell counter. The GM-CFC assay was per-
formed, as described previously [23], every two weeks, 
on non-adherent cells and, at the termination of the co- 
cultures, on both the non-adherent and adherent cells. 

2.8. Precursor Frequency Determination 

For the G-CSF mobilized blood cells and human leu- 
kemic cell line; OMA-AML1 cells [24], a limiting dilu- 
tion of cobblestone area formation was employed to de- 
termine precursor frequencies. 

2.9. Radioprotection 

One of two doses of total body irradiation were ad-
ministered to C57BL/6J EGFP (to track the origin of 
cells) mice; a lethal dose (10 Gy) or a sub-lethal dose 
(7.5 Gy). Mice receiving the lethal dose (n = 7) and 
sub-lethal dose (n = 7) were injected with 1 × 106 OMA- 
AD cells in 200 µl Hank’s Balance Salt Solution (HBSS; 
Gibco Inc). Controls (mice receiving the sublethal dose) 
were not injected with OMA-AD cells (n = 7). Circulating 
blood cell numbers, GFP expression and survival were 
tracked. 

2.10. Tumorigenicity 

1 × 105 OMA-AD cells were injected in 200 µl HBSS, 
subcutaneously (n = 3) and intraperitonealy (n = 3) sub-
cutaneously in the flank (Ip and SQ are switched) of syn-
geneic C57BL/6J mice. The mice were examined twice 
weekly for 120 days and the site of injection palpated to 
detect any tumor growth. Any growths were examined 
histologically. 

2.11. Immunosuppression 

Spleen cells were obtained from DBA and C57BL/6J 
(referred to as B6) mice where DBA spleen cells were 
stimulators and B6 spleen cells were responders. 1 × 105 
cells of each type were added to each well in a 96-well 
flat bottom plate (Corning Inc). OMA-AD cells were 
titrated into this assay which employed allogeneic mix-
tures of mouse spleen cells to generate a mixed lympho-
cyte reaction (MLR). Samples were run in quadruplicate. 
Spleen cells from DBA mice, appropriate numbers of 
spleen cells from B6 mice and OMA-AD cells were irra- 
diated at 20 Gy. Irradiated DBA spleen cells along with 
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non-irradiated B6 cells comprised the “experimental” 
group. Irradiated B6 cells along with non-irradiated B6 
cells were the “control” group. Irradiated OMA-AD cells 
were plated 24 hrs prior to addition of other cell types to 
ensure adherence. The wells with OMA-AD cells along 
with irradiated DBA and non-irradiated B6 cells were 
termed “Experimental + OMA-AD” or control + OMA- 
AD (irradiated B6 + non-irradiated B6 + OMA-AD). 
Cells were grown in RF 10 (RPMI-1640; Gibco, Fetal 
Bovine Serum 10%; Hyclone, Penicillin/Streptomycin; 
Gibco) for 4 days. The cells were pulsed at day 3 and day 
4 with tritiated thymidine (1 microcurie/well) to measure 
cell proliferation. Upon 18 - 24 hrs incubation, cells were 
harvested using cell harvester (PHD cell harvester) and 
radioactivity determined using a liquid scintillation 
counter (Perkin Elmer, Shelton, CT). Stimulation of im-
mune response or inhibition of stimulation was deter-
mined by measuring cell proliferation. Experimental 
groups were plotted against cell proliferation (counts/ 
minute) using SigmaPlot (7.0) software. Three sets of 
independent experiments were conducted and the data 
obtained was averaged and plotted in Figure 5. 

2.12. Statistics 

The statistical differences amongst groups were ana-
lyzed using unpaired Student’s t-test. Significance was 
set at a p-value of less than 0.05. 

3. RESULTS 

3.1. Morphology and Doubling Time 

OMA-AD cells were isolated from a long-term (Dex-
ter) bone marrow cultures by differential trypsinization 
and limiting dilution cloning. Despite originating from a 
single cell, cultured unmanipulated OMA-AD cells ex-
hibited morphological heterogeneity (Figure 1(a)) with a 
doubling time of approximate 35 hrs (Figure 1(b)). 

3.2. Phenotype 

The phenotype of unmanipulated OMA-AD cells dem-
onstrated a minor representation of several cell types 
including mesenchymal, endothelial and even differenti-
ated hematopoietic cells (Table 1) but a predominant 
phenotypic marker was not identified and markers pre-
viously noted for MSC (CD 80, CD 90, CD 105) were 
not expressed at significant levels. Whether these data 
indicate that OMA-AD cells represent a primitive, en-
tirely undifferentiated multipotential progenitor cell with 
a capacity to differentiate along various lineages or re-
flects epigenetically generated variations in progeny of a 
single cloned precursor cell is unclear. Note that these 
options are not necessarily exclusive. 

3.3. Differentiation into Multiple Lineages 

The primary characteristic of a bonafide MSC is their 

 

 
(a) 

 
(b) 

Figure 1. In vitro characterization of OMA-AD cells. (a) OMA- 
AD cells: Undifferentiated cells, display heterogeneity (Nikon 
Coolpix P5000, 20× Magnification); (b) Doubling time plot. 
OMA-AD cells had a doubling time of approximately 35 hours. 
 
Table 1. Phenotypic characterization of OMA-AD cells. Based 
on the number of events (% positive OMA-AD cells), markers 
were segregated into biologically likely (>5% gated) and un- 
likely (<5% gated). The markers that were expressed <1% were 
considered as background. OMA-AD cells displayed heteroge-
neity in cell surface marker expression. 

Surface Marker % Positive OMA-AD Cells

CD 11b 12.0 

CD 24 10.0 

CD 25 6.0 

CD 31 6.0 

CD 34 5.0 

CD 44 5.9 

CD 45 8.0 

CD 48 18.3 

B220 18.4 

Gr-1 13.0 

CD 48-B220+ 17.0 

CD 3, 8, 14, 40, 49d, 73, 80, 105, 133, 
150, E-cadherin, NK, Oct 3 4 , Mac-1, 

SDF-1, TCR, Thy 1.2 
<5% 

CD 4, 19, 90, CXCR4, Thy 1.1 <1% (background) 
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ability to differentiate into multiple mesenchymal line- 
ages. OMA-AD cells were subjected to various different- 
tiation conditions to examine their ability to differentiate 
into adipocytic, osteoblastic and chondrocytic lineages. 
Upon incubation with ADM for 7 days, OMA-AD cells 
differentiated into adipocytes, with oil droplet accumula- 
tion observed at day 7 and confirmed by Oil Red O stain- 
ing (Figures 2(b) and (c)) OMA-AD cells were incubated 
with OSM for 20 days, alkaline phosphatase staining at 11 

days showed presence of osteoblasts, which was con- 
firmed by calcium deposition detected by von Kassa stain-
ing at day 20 (Figures 2(e) and (f)) indicating an ability to 
form bone. OMA-AD cells were incubated for 24 days in 
chondrocyte differentiation medium and stained with Al- 
cian blue-PAS to detect presence of chondrocytes (Figure 
2(h)) OMA-AD cells maintained undifferentiated were con-
firmed by staining negative for Oil Red O, alkaline phos-
phatase and Alcian blue-PAS (Figures 2 (a), (d) and (g)). 

 

 
(a)                                      (b)                                      (c) 

 
(d)                                      (e)                                      (f) 

 
(g)                                      (h)                                      (i) 

Figure 2. Differentiation and Hematopoietic Support. (a) Differentiation into adipocytes: Undifferentiated OMA-AD cells stain 
negative for Oil Red O (40× magnification); (b) Intracellular lipid accumulation observed adipocytes at day 7 (20× magnifica-
tion); (c) Oil Red O positive adipocytes at day 7 (40× magnification); (d) Differentiation into Osteoblasts: Undifferentiated 
OMA-AD cells stain negative for alkaline phosphatase (20× magnification); (e) On day 11, OMA-AD cells differentiated into 
alkaline phosphatase positive osteoblasts (20× magnification); (f) Calcium deposition confirmed by von Kassa staining at day 
20 (20× magnification); (g) Differentiation into chondroblasts: OMA-AD cells stained negative for Alcian blue-PAS staining 
(10× magnification); (h) OMA-AD cells differentiated to chondrocytes, Alcian blue-PAS staining (on day 24, 10× magnifica-
tion); (i) OMA-AD cells support murine hematopoiesis in vitro. Bone marrow from GFP + C57BL/6J mouse were seeded upon 
adherent layer of OMA-AD cells. The cultures were photographed at 11 weeks (10× magnification). All photographs were 
taken using a Nikon microscope and Nikon Coolpix P5000 10 Megapixel camera. 
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3.4. Hematopoietic Support 

OMA-AD cells promoted survival of mouse hemato-
poietic stem cells and their differentiation for 3 months 
(as demonstrated in Figure 2(i)) OMA-AD cells pro-
vided stromal support to human hematopoietic cells 
compared to ones grown without stroma or irradiated 
BM stroma (Figure 3(a)) (p < 0.05). Similarly, the num-
bers of granulocytes and macrophages were significantly 
higher on OMA-AD supported stroma compared to ones 
grown without a stromal layer (Figure 3(b)) (p < 0.05) 
and pre-irradiated stroma (did not reach statistical signifi-
cance) OMA-AD cells, grown as an adherent layer sup-
ported GM-CSF mobilized peripheral blood cells and hu-
man leukemic hematopoietic cells in culture (Figures 3(c) 
and (d)) OMA-AD cells supported human CFU-GM from 
T-cell and monocyte depleted cord blood cells (Tables 2 
(a) and (b)) These results demonstrated that OMA-AD 

cells promoted survival of quiescent mouse pluripotent 
hematopoietic stem cells, normal and human leukemic 
cells and permitted determination of hematopoietic pre-
cursor frequencies thereby establishing their ability to pro-
vide niches for mouse and human stem cells. 

3.5. Radioprotection 

In preliminary experiments, lethally irradiated mice 
that received 106 OMA-AD cells intravenously survived 
about 10 days in apparent good health, then succumbed.  
Since there is no exclusive marker on OMA-AD cells, 
mice expressing the green fluorescent protein, i.e. GFP 
mice, were employed as the recipients. C57BL/6J mice 
were irradiated with a lethal (10 Gy) and sub lethal (7.5 
Gy) doses of irradiation and subsequently injected intra-
venously with 1 × 106 OMA-AD cells. Control mice re-
ceived sub lethal dose of irradiation (7.5 Gy) and were 

 

      
(a)                                                            (b) 

    
(c)                                                            (d) 

Figure 3. OMA-AD long-term support of human hematopoietic cells and long-term culture initiating cells (LTC-IC). (a) He-
matopoietic cells grow better on an OMA-AD adherent layer than irradiated BM stroma (p < 0.05) or without stroma (p < 0.05); 
(b) Hematopoietic colony formation is improved in the presence of an OMA-AD adherent layer compared to controls i.e. 
without stroma (p < 0.05) and irradiated BM stroma (did not reach statistical significance); (c) Limiting dilution analysis of 
cobblestone area formation by GM-CSF mobilized blood cells with OMA-AD cells providing stromal support; (d) Limiting di-
lution analysis of cobblestone area formation by leukemic cells on OMA-AD cells as adherent layer.  
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Table 2. OMA-AD cells supported human long-term hemato- 
poiesis in vitro. (a) OMA-AD supported human CFU-GM from 
monocyte depleted cord blood. (b) OMA-AD supported CFU- 
GM from T-Cell depleted cord blood. CFU-GM were main- 
tained for a longer time in the presence of an adherent layer 
formed by OMA-AD cells compared to controls (p < 0.05) OMA- 
AD long-term support of human granulopoiesis did not require the 
presence of human T lymphocytes or monocytes. Controls were 
grown in the absence of OMA-AD as adherent layer. 

(a) 

Duration of 
Culture 

Time (Weeks) 

Culture 
Fraction 

OMA-AD Support 
Colonies/Flask 
(Mean ± sem) 

Control 
Colonies/Flask 
(Mean ± sem)

0 Non-adherent 18,700 ± 500 18,700 ± 500

2 Non-adherent 95,370 ± 7480 3040 ± 192 

4 Non-adherent 6708 ± 312 3762 ± 154 

6 Non-adherent 1280 ± 32 30 ± 8 

12 
Adherent & 

Non-adherent 
462 ± 44 <2 

(b) 

Duration of 
Culture 

Time (Weeks) 

Culture 
Fraction 

OMA-AD Support 
Colonies/Flask 
(Mean ± sem) 

Control 
Colonies/Flask 
(Mean ± sem)

0 Non-adherent 9450 ± 500 9450 ± 500 

2 Non-adherent 7514 ± 476 4680 ± 192 

4 Non-adherent 1158 255 

11 
Adherent & 

Non-adherent 
1416 ± 186 46 ± 5 

 

not injected with OMA-AD cells. Despite cell depletion, 
all mice injected with OMA-AD cells maintained 80% - 
90% circulating cells expressing GFP indicating that 
OMA-AD did not contribute significantly to the circulat-
ing cell pool. All lethally irradiated mice died 11 days after 
irradiation demonstrating that OMA-AD cells were unable 
to rescue hematopoiesis (Figure 4). However, mice re-
ceiving sub lethal irradiation and OMA-AD injection, sur-
vived several months post irradiation (Figure 4) up to 125 
days post irradiation  but did not have evidence of prog-
eny derived from OMA-AD cells (data not shown). 

3.6. Tumorigenicity 

No tumors were formed by OMA-AD cells injected 
subcutaneously or intraperitoneally into 6 syngeneic 
mice after monitoring them for over 120 days (data not 
shown). The non-tumorigenic properties of OMA-AD 
are vital for their use in homing studies as well as regen-
erative medicine. 

 

Figure 4. Injection of OMA-AD cells into lethally irradiated 
recipients for radioprotection. C57BL/6J mice were irradiated 
with lethal dose (10 Gy) or sub lethal dose (7.5 Gy) and subse-
quently injected with 1 × 106 OMA-AD cells. Control group 
received sub lethal irradiation but no OMA-AD injection. All 
mice receiving lethal dose died by 11 days after irradiation dem-
onstrating that OMA-AD did not rescue hematopoiesis. Mice 
receiving sub lethal dose had about 50% survival by 13 days, 
with all mice dead by 125 days post irradiation (not shown). 

3.7. Immunosuppression 

Irradiated DBA spleen cells stimulated an immune 
response from non-irradiated B6 cells (experimental 
group) greater than that in the control group, p < 0.05 
(irradiated B6 cells with non-irradiated B6 cells) (Figure 
5). When OMA-AD cells were added to the experimental 
group (irradiated DBA with non-irradiated B6); termed 
“Experimental + OMA-AD”, there was inhibition of 
immune response compared to the experimental group 
alone (p < 0.05). Similarly, control + OMA-AD (irradiated 
B6 + non-irradiated B6 + OMA-AD) suppressed the im-
mune response even further (p < 0.05). These data clearly 
show that OMA-AD cells were immunosuppressive in a 
mixed lymphocytic reaction (Figure 5) making them 
ideal for in vivo studies. 

4. DISCUSSION 

OMA-AD cells represent a spontaneously immortal-
ized mouse MSC line. OMA-AD cells are capable, under 
appropriate inductive conditions, of generating all of the 
primary differentiated cell lineages of mesenchymal 
(connective) tissue lineages: chondroblasts, osteoblasts 
and adipocytes. Further, OMA-AD cells not only main-
tained mouse quiescent pluripotent hematopoietic stem 
cells in vitro [21] but also supported human normal and 
leukemic cells in culture [24]. In addition to mimicking 
the properties of primary mouse MSC, this cell popula-
tion is non-tumorigenic, even though it is immunosup 
pressive. This is an important component of their function  
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Figure 5. Suppression of Mixed Lymphocyte Reactions (MLR). 
Spleen cells were obtained from DBA and B6 mice where DBA 
spleen cells were stimulators and B6 spleen cells were re-
sponders. Cell proliferation was measured by thymidine uptake. 
The presence of OMA-AD cells significantly suppressed the 
MLR as shown by decreased cell proliferation (p < 0.05). 
 
since they are able to ameliorate the consequences of 
graft versus host disease (GVHD) (data not shown). Al-
though cloned and subsequently re-cloned, OMA-AD 
cells continued to generate heterogeneous progeny in 
culture with a doubling time of approximately 35 hours. 
This is characteristic of MSC and is comparable to pri-
mary rat MSC described by Ho et al. 2008 [25]. Since 
OMA-AD cells are clonally derived, generation of such 
progeny indicates heterogeneity of their differentiation 
abilities, rather than origins from a heterogeneous collec-
tion of progenitor cells. Under appropriate culture condi-
tions, OMA-AD cells were able to differentiate into adi-
pocytes, osteoblasts and chondrocytes. However, when 
cultured, OMA-AD cells piled up and they differentiated 
spontaneously to osteoblasts, suggesting the possible 
involvement of locally acting autocrine or paracrine fac-
tors, although a role for cell-cell contact cannot be ex-
cluded. OMA-AD cells did not express markers typically 
associated with primary MSC. The reasons for this are 
unclear because they differentiated in a manner identical 
to primary MSC. They did have a low expression of sev-
eral markers of hematopoietic cells, although they 
showed no evidence of hematopoietic function (Table 1). 
Potentially, they represent an undifferentiated multipo-
tential stem/progenitor population with either little or no 
expression of differentiated cell markers. 

The primary role of MSC in the hematopoietic micro-
environment is support of hematopoietic stem cell sur-
vival as well as maintenance of quiescence and differen-
tiation. OMA-AD cells supported hematopoiesis in vitro 
when cultured with BM cells (from green fluorescent 
mice) for 11 weeks and also supported human hemato- 

poietic cells long term in vitro (Tables 2(a) and (b)). This 
demonstrated that OMA-AD mimic primary MSC in 
regulation of hematopoietic progenitors [25] and provi-
sion of stem cell niches. MSC can protect the ovaries 
from chemotherapy induced damage and potentially pro-
tect against radiation damage [26] therefore, an approach 
was devised to test the effects of OMA-AD cells in irra-
diated mice. Two doses of radiation were employed, one 
sufficient to eliminate most endogenous hematopoietic 
stem cells (10 Gy) and a second (7.5 Gy), a sub lethal 
dose that permits survival of some, albeit low numbers, 
of endogenous stem cells. In addition to survival, the 
repopulation of blood cells in these mice, if any, was 
tracked, as well as the expression of GFP by the nucle-
ated cells to determine the origins of the repopulating 
cells. No production of blood cells by OMA-AD cells 
was observed. OMA-AD cell injections into lethally ir-
radiated recipients did not rescue hematopoiesis.  This 
further confirmed that OMA-AD cells represented the 
nonhematopoietic component of BM and did not possess 
hematopoietic progenitors, or at least in sufficient num-
bers, to effect hematopoietic repopulation. However, the 
observation that a majority of the mice receiving a high 
sub lethal dose of irradiation and 1 × 106 OMA-AD cells 
survived for up to 125 days post irradiation, hints that 
OMA-AD cells might help support endogenous HSC.  

This study also demonstrated an approach that can be 
employed to isolate additional MSC cell lines which can 
be engineered to express fluorescent cell markers (data 
not shown). 

The MSC component of BM can be tracked and has 
the ability to give rise to rare types that integrate into 
injured target tissues [27]. Given that the frequency of 
cells with such ability is low and because intravenously 
injected MSC are found for only a short time in lung, 
liver and bone marrow (in that order) and are mostly 
undetectable after 72 hours (data not shown), this direct 
approach which depends on integration and plasticity is 
unlikely to result in significant tissue repair. More infor-
mation on the regulation of self renewal and differentia-
tion of MSC is needed as well as the mechanisms that 
target these cells to sites of tissue injury. Additionally, the 
relative contribution of these cells to target tissues by 
“plasticity”, as opposed to their ability to promote repair 
by stimulating endogenous cells and the mechanisms of 
these effects needs to be probed. Currently, it appears 
that their ability to immunosuppress and promote repair 
by tropic factors dominates [18]. Despite these uncer-
tainties, it is clear that MSC can support hematopoietic 
stem cells and can contribute to repair of tissue injury. 
OMA-AD cells provide a useful approach to improving 
our understanding of the mechanisms of these effects in 
mouse models [18]. 
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5. CONCLUSION 

OMA-AD cells are easier to grow and exhibit more 
consistent properties than primary mouse MSC. Conse-
quently, their use is more efficient and economical than 
that of primary cells. Most importantly, this consistency 
presents an opportunity to further investigate the mecha-
nisms of MSC differentiation to bone, support of hema-
topoietic stem cells, amelioration of GVHD and promo-
tion of tissue repair and regeneration which have previ-
ously been challenging given the heterogeneity of pri-
mary MSC populations. Consequently, OMA-AD mouse 
MSC line exhibits all of the properties of primary MSC, 
is easier to grow, exhibits consistent properties, is non- 
tumorigenic and immunosuppressive and has significant 
promise to advance our mechanistic understanding of the 
role of MSC in tissue repair and regenerative medicine. 
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