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Abstract
AIM: To compare the phenotypic and neural differen-
tiation potential of human bone marrow derived multi-
potent adult progenitor cells (MAPC) and mesenchymal 
stem cells (MSC). 

METHODS: Cultures of MAPC and MSC were estab-
lished in parallel from same samples of human bone 
marrow (n  = 5). Both stem cell types were evaluated 
for expression of pluripotency markers including Oct-4 
and Nanog by immunocytochemistry and reverse-
transcription polymerase chain reaction (RT-PCR) and 
expression of standard mesenchymal markers includ-
ing CD14, CD34, CD44, CD45, CD73, CD90, CD105 and 

human leukocyte antigen (HLA)-ABC by flow cytome-
try. After treatment with neural induction medium both 
MAPC and MSC were evaluated for expression of neu-
ral proteins [neuronal filament-200 (NF-200) and glial 
fibrillar acidic protein (GFAP)] by immunocytochemistry 
and Western blotting and neural genes [NF-200, GFAP, 
Tau, microtubule-associated protein (MAP)-1B, MAP-2, 
neuron-specific enolase (NSE) and oligodendrocyte-1 
(Olig-1)] by quantitative real-time-PCR.

RESULTS: MAPC had small trigonal shaped while MSC 
had elongated spindle-shaped morphology. The MAPC 
expressed Oct-4 and Nanog both at gene and protein 
levels, whereas MSC were negative for these pluripotent 
markers. MAPC were negative for HLA-ABC while MSC 
had high expression of HLA-ABC. In addition, MAPC as 
compared to MSC had significantly lower expression of 
CD44 (36.56% ± 1.92% vs  98.23% ± 0.51%), CD73 
(15.11% ± 2.24% vs  98.53% ± 2.22%) and CD105 
(13.81% ± 3.82% vs  95.12% ± 5.65%) (P < 0.001, for 
all) MAPC cultures compared to MSC cultures treated 
with neural induction medium had significantly higher 
fold change expression of NF-200 (0.64), GFAP (0.52), 
Tau (0.59), MAP-2 (0.72), Olig-1 (0.18) and NSE (0.29) 
proteins (P  < 0.01 for Olig-1 and P  < 0.001 for rest) 
as well as higher fold change expression of genes of 
NF-200  (1.34), GFAP (1.12), Tau (1.08), MAP-1B  (0.92), 
MAP-2  (1.14) and NSE  (0.4) (P  < 0.001 for all).

CONCLUSION: MAPC can be differentially character-
ized from MSC as Oct-4 and Nanog positive stem cells 
with no expression of HLA-ABC and low expression of 
mesenchymal markers CD44, CD73 and CD105 and 
when compared to MSC they possess greater predilec-
tion for differentiation into neuro-ectodermal lineage.
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INTRODUCTION
Multipotent adult progenitor cells (MAPC) and mesen-
chymal stem cells (MSC) are two predominant non-hema-
topoietic stem cell types of  the bone marrow stroma, that 
have enormous therapeutic properties including regen-
erative therapy for neurodegenerative disorders[1,2]. The 
MAPC are pluripotent stem cells with capacity to differ-
entiate into cells of  all the three germ layers[3-5]. They have 
been variously described in literature as multipotent adult 
stem cells (MASC)[6], mesodermal/multipotent progeni-
tor cells (MPC)[7], marrow-isolated multi-lineage inducible 
cells[8], adult pluripotent stem cells[9] and embryonic like 
stem cells (ELSC)[10] by different groups. The expression 
of  pluripotent and neural markers in MAPC and their 
increased mobilization in patients with neurodegenerative 
diseases like stroke show potential role of  these stem cells 
in neurogenesis[11-13]. The MSC are mesodermal progeni-
tors that are committed to differentiate into cells of  me-
sodermal lineage[14]. However, some studies have shown 
that in addition to their mesodermal commitment they 
also differentiate into cells of  neuro-ectodermal lineage, 
claiming their role in neurogenesis[15,16]. However, it is not 
known whether MAPC or MSC possess superior neuro-
genic potential and very less information is available on 
phenotypic differences between MAPC from MSC so it 
is also difficult to distinguish them from each other. 

Therefore, the aim of  the present study was to evalu-
ate the expression of  pluripotency and mesenchymal 
markers and to carry out a parallel comparison of  neural 
differentiation potential of  MAPC and MSC derived 
from the same samples of  human bone marrow.

MATERIALS AND METHODS
Isolation, culture and characterization of MAPC and MSC
Subjects included in the study (n = 5) consisted of  2 
healthy donors for bone marrow transplant patients and 
3 patients with suspected iron deficiency anemia where 
bone marrow (BM) was done to look for iron stores, who 
otherwise had a normal BM. After informed consent, 5mL 
of  BM aspirate was collected from each individual for this 
study, and it was divided into two equal parts for growing 
MAPC and MSC from the same sample in parallel.

The MAPC were cultured using Verfaillie’s protocol[3]. 
Briefly, bone marrow mononuclear cells (BMNC) of  
the marrow aspirates were depleted of  CD45 and GlyA 
positive cells were cultured in growth medium consist-

ing of  53.8% 1.5 mg/mL bovine serum albumin (BSA) 
mixed Dulbecco’s modified Eagle’s medium (DMEM)-
low glucose medium (Gibco, www.invitrogen.com), 40% 
MCDB-201 (Sigma, www.sigmaaldrich.com), 2% fetal bo-
vine serum (FBS) (Hyclone, www.thermoscientific.com), 
1% ITS+1 Supplement (Sigma), 0.5 µmol/L dexametha-
sone (Sigma), 0.1 mmol/L L-ascorbic acid (Sigma), 1% 
LA-BSA (Sigma), 1% penicillin/streptomycin (Gibco), 10 
ng/mL each of  platelet-derived growth factor-BB (R and 
D, www.rndsystems.com) and epidermal growth factor (R 
and D) under hypoxic condition. The sub-confluent cul-
tures were trypsinized and further expanded under same 
culture conditions to get optimal number of  cells. The 
MAPC were characterized by expression of  Pluripotency 
markers Oct-4 and Nanog and their differentiation into 
cells of  three germ layers viz. neuronal (ectodermal cells), 
endothelial (mesodermal cells) and hepatocytes (endoder-
mal cells). 

The culture of  MSC was carried out using Prockop’s 
protocol[17]. Briefly, BMNC were cultured in complete me-
dium consisting 88% of  α-MEM Medium, 10% of  FBS, 
2 mmol/L of  L-Glutamine and 100 units/mL of  pen-
strep (all from Gibco) under normoxic condition. The 
MSC were characterized by expression of  conventional 
mesenchymal markers and their differentiation into me-
sodermal cell including bone and fat cells.

Flow-cytometry
The phenotypes of  MAPC and MSC were analyzed by 
two color flow cytometry at 3rd passage using human leu-
kocyte antigen (HLA)-ABC [fluorescein isothiocyanate 
(FITC)]/CD44 [phycoerythrin (PE)], CD34 (FITC)/
CD73 (PE), CD14 (FITC)/CD105 (PE) and CD45 
(FITC)/CD90 (PE) (all from Serotec, www.abdserotec.
com). The flow-cytometer used was FACS-calibur (Becton 
Dickinson) and data analysis was done using FACS ex-
press software.

Reverse-transcription polymerase chain reaction
Expression of  Oct-4 and Nanog genes was done by re-
verse-transcription polymerase chain reaction (RT-PCR). 
Total RNA of  the cells was extracted using RNeasy mini 
RNA isolation kit (Invitrogen). Two µg of  total RNA was 
reverse transcribed into cDNA using random hexamers 
(Invitrogen). The cDNA was normalized by amplification 
of  β-actin, The PCR conditions included denaturation at 
94 ℃ for 4 min, amplification cycles 35 and elongation 
temperature 72 ℃ for 30 s with annealing. The amplicons 
were resolved on 2% agarose gel (Sigma-Aldrich) and 
pictures acquired using gel documentation system (Alpha 
Imager, www.proteinsimple.com).

Immunocytochemistry
The expression of  pluripotency genes Oct-4 and Nanog on 
MAPC and MSC was analyzed by immunocytochemistry. 
The cells were fixed with 4% para-formaldehyde (Sigma 
Aldrich) in PBS for 1 h at room temperature. The fixed 
cells were incubated overnight at 4 ℃ with following 
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primary antibodies: Nanog and OCT-4 (1:200 dilution) 
(Chemicon, www.millipore.com) After washing with 
PBS, cells were incubated with 1:500 diluted goat anti-
mouse immunoglobulin G (IgG) (Fab)2 FITC (Abcam, 
www.abcam.com) as secondary antibody and stained with 
Hoechst dye. The pictures were acquired by fluorescent 
microscope (Nikon 80i, Japan).

Differentiation into neuro-ectodermal cells 
We used following protocol for differentiation of  MAPC 
and MSC into neuronal cells. The cells were plated 
into 12-well plates at a density of  2000-2500 cells/cm2 

and incubated in neuro-ectodermal induction medium 
consisting of  98% basal medium (57% DMEM low glu-
cose, 40% FBS, 1% Pen-strip, 1% ITS+1, 0.1 mmol/L 
L-ascorbic acid, 0.5 µmol/L dexamethasone), 100 ng/mL 
basic fibroblast growth factor (R and D systems), 100 
ng/mL Noggin (R and D systems), 20 ng/mL NT-3 (R 
and D systems), 10 ng/mL brain-derived neurotrophic 
factor (R and D systems), 10 ng/mL glial cell line-derived 
neurotrophic factor (R and D systems), 20 µmol/L RA 
(Sigma), 1X B-27 supplement (Gibco), 1X 2-ME (Gibco). 
The differentiated cells were characterized as neuronal 
cells by immunocytochemical detection of  neuronal fila-
ment-200 (NF-200), microtubule-associated protein 2 
(MAP-2) and glial fibrillary acidic protein (GFAP) on the 
cells using MAP-2 (Abcam), NF-200 and GFAP primary 
antibodies (Biovision). Goat anti-mouse IgG (Fab) 2 FITC 
(Abcam) as secondary antibody and Hoechst dye staining 
as described above. 

Western blotting
Western blotting was done using primary antibody NF-200 
(200 kDa), GFAP (51-52 kDa) (Biovision), Tau (52 kDa), 
MAP-2 (280 kDa), Olig-1 (28 kDa) and neuron-specific 
enolase (NSE) (47 kDa) (Abcam) and β-actin (42 kDa) 
(Abcam) and horseradish peroxidase conjugated corre-
sponding secondary antibodies. The signals were detected 
using an enhanced chemiluminescence detection system 
(Amersham Biosciences. www.gelifesciences.com).

Real-time PCR
The quantification of  neuronal gene expression in MAPC 
and MSC was carried out by real time PCR. Total mRNA 
was isolated from the undifferentiated and neuro-ecto-
dermal differentiated cells following single step mRNA 
isolation method using RNA isolation kit (Invitrogen). 
Total mRNA (2 µg) was reverse transcribed to cDNA 
using RT-PCR kit (Applied Biosystems) following manu-
facturer’s instructions. Real time analysis for NF-200, 
GFAP, MAP-2, MAP-1B, Tau, oligodendrocyte-1 (Olig-1), 
NSE and normalizing gene glyceraldehyde 3-phosphate 
dehydrogenase (Table 1) was performed using Sybr Green 
Master mix as per the manufacturer’s instruction (Applied 
Biosytems), analysis were done on Light-cycler 480 (Roche) 
and fold changes in gene expression was calculated using 
2-ΔΔCT method.

Statistical analysis
The results were calculated as mean ± SE. The statisti-
cal significance between MAPC and MSC comparisons 
was determined by using one-way analysis of  variance 
test. P values < 0.05 were considered to be statistically 
significant.

RESULTS
Morphology and phenotypes
The MAPC and MSC both grew as adherent cells in cul-
ture but they were morphologically distinct from each 
other. The MAPC had small trigonal morphology while 
the MSC were large cells having elongated spindle shaped 
morphology (Figure 1A).

The MAPC had no expression of  HLA-ABC (0%) 
while MSC had high expression of  HLA-ABC (93.32% ± 
2.58%). The MAPC compared to MSC had significantly 
lower expression of  CD44 (36.56% ± 1.92 % vs 98.23% 
± 0.51%), CD73 (15.11% ± 2.24% vs 98.53% ± 2.22%), 
CD105 (13.81% ± 3.82% vs 95.12% ± 5.65%) (P < 0.001 
for all). Both MAPC and MSC had high expression of  
CD90 (99.80% ± 0.14% vs 99.47% ± 0.44%; P > 0.5) and 
no expression of  CD14, CD34 and CD45 (Figure 1B).

Expression of pluripotency markers
The MAPC expressed pluripotency markers Oct-4 and 
Nanog at gene and proteins levels while MSC expressed 
none of  these markers either at gene or protein levels 
(Figure 2).
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 No. Primer Sequence Accession number

  1 4-Oct f: 5’-CGTGAAGCTGGAGAAGGAGAAGCTG–3’ NM_002701.4
r: 5’-CAAGGGCCGCAGCTTACACATGTTC-3’

  2 Nanog f: 5’-GCCGAAGAATAGCAATGGTGTG-3' NM_024865.2
r: 5'-CCAGGACTGGATGTTCTGGGTC-3'

  3 NF-200 f: 5’-CAGAGCTGGAGGCACTGAA-3’ NM_021076.3
r: 5’-CATCTCCCACTTGGTGTTCC-3’

  4 GFAP f: 5’-GAGTACCAGGACCTGCTCAA-3’ NM_002055.4
r: 5’-TTCACCACGATGTTCCTCTT-3’

  5 MAP-1B f: 5’-GCGGAGACAGTACCTTCGGAG-3’ NM_005909.3
r: 5’-CCGACGACCACCAGCAAGTAG-3’

  6 MAP-2 f: 5’-TCAGAGCCAATTCGCAGAG-3’ NM_002374.3
r: 5’-TGTTGTC TGTTGATCCGATTTT-3’

  7 Tau f: 5’-TCATTAGGCAACATCCATCATA-3’ NM_001203252.1
r: 5’-CACCTCGTCAGCTAGCGT-3’

  8 NSE f: 5’-TCTGCAGTCCCGAGATCCCAGC-3’ NM_001975.2
r: 5’-CTGATGAGGGCTGGCGCGAT-3’

  9 Olig-1 f: 5’-GCCCCACCAAGTACCTGTCTC-3’ NM_138983.2
r: 5’-GGGACCAGATGCGGGAAC-3’

  10 β-actin f: 5'-GCTCGTCGTCGACAACGGCTC-3’ NM_001101.3
r: 5'-CAAACATGATCTGGGTCATCTTCTC-3'

  11 GAPDH f: 5'-GATTTGGTCGTATTGGG-3’ NM_002046.3
r: 5'-TCCACGACGTACTCAGC-3'

Table 1  Sequence of primers used in reverse-transcription poly-
merase chain reaction and real time-polymerase chain reaction

NF-200: Neuronal filament-200; GFAP: Glial fibrillar acidic protein; Olig-1: 
Oligodendrocyte-1; NSE: Neuron-specific enolase; GAPDH: Glyceral-
dehyde-3-phosphate dehydrogenase; MAP-1B: Microtubule-associated 
protein-1B; MAP-2: Microtubule-associated protein-2.  
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significantly higher in MAPC derived neuronal cells com-
pared to those derived from MSC (P < 0.001 for all) but 
there was no difference in the fold change expression 
of  Olig-1 gene (0.08) in neuronal cells derived from both 
stem cell types (P > 0.5) as revealed by real time quantita-
tive PCR (Figure 3D).

DISCUSSION
Our study shows that MAPC and MSC differ from each 
other in terms of  morphology, phenotypic and pluripo-
tency markers, and their neuro-ectodermal differentiation 
potential. Morphologically, MAPC are small trigonal cells 
while MSC are elongated spindle shaped cells. Pheno-
typically MAPC have no expression of  HLA-ABC and 

Neuro-ectodermal differentiation efficiency
Following treatment with neurogenic induction medium, 
the cells which differentiated from both MAPC and 
MSC, had morphological characteristics of  neuronal like 
cells as revealed by their bipolar elliptical shape and/or 
multiple branching points and neuritis (Figure 3A) and 
they expressed NF-200, MAP-2 and GFAP as revealed by 
immunocytochemistry (Figure 3B). The MAPC derived 
neuronal cells compared to those derived from MSC, 
showed a significantly higher fold change expression of  
NF-200 (0.64), GFAP (0.52), Tau (0.59), MAP-2 (0.72), 
Olig-1 (0.18) and NSE (0.29) (P < 0.01 for Olig-1 and P 
< 0.001 for rest) (Figure 3C). Similarly the fold change 
expression of  NF-200 (1.34), GFAP (1.12), Tau (1.08), 
MAP-1B (0.92), MAP-2 (1.14) and NSE (0.4) genes were 
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A

B

(a) MAPC (b) MSC

Phenotype of MAPC

Figure 1  Morphology and phenotypic markers of multipotent adult progenitor cells and mesenchymal stem cells. A: Representative photomicrographs (×10, 
20 µm) of primary cultures showing (a) small trigonal morphology of multipotent adult progenitor cells (MAPC) and (b) large spindle shaped morphology of mesenchy-
mal stem cells (MSC); B: Representative flow-cytometric dot-plots showing expression of (a.1 and a.2) HLA-ABC (FITC)/CD44 (PE), (b.1 and b.2) CD34 (FITC)/CD73 
(PE), (c.1 and c.2) CD14 (FITC)/CD105 (PE), and (d.1 and d.2) CD45 (FITC)/CD90 (PE) on MAPC and MSC, respectively. FITC: Fluorescein isothiocyanate; PE: 
Phycoerythrin.
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Figure 2  Expression of embryonic markers by multipotent adult progenitor cells and by mesenchymal stem cells. A: Expression of Oct-4 and Nanog genes in 
multipotent adult progenitor cells (MAPC) and no expression of these genes in mesenchymal stem cells (MSC) as revealed by reverse-transcription polymerase chain 
reaction. β-actin represents the house keeping gene; B: Representative Immunocytochemistry photomicrographs (×40, 20 µm) of (a) MAPC showing fluorescein iso-
thiocyanate (FITC) and Hoechst staining for Oct-4 (a.1 and a.2, respectively), Nanog (a.3 and a.4, respectively) and of controls, i.e., cells with no primary antibody (a.5 
and a.6, respectively); and (b) MSC showing FITC and Hoechst staining for Oct-4 (b.1 and b.2, respectively) and Nanog (b.3 and b.4, respectively) and of controls, i.e., 
cells with no primary antibody (b.5 and b.6, respectively). 
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Figure 3  Neural differentiation potential of multipotent adult progenitor cells and of mesenchymal stem cell. A: Representative photomicrographs (×10, 20 µm) 
of neuronal cells differentiated from (a) multipotent adult progenitor cells (MAPC), and (b) mesenchymal stem cell (MSC); B: Representative immunocytochemical photo-
micrographs (×40, 20 µm) showing an overlay of fluorescein isothiocyanate (FITC) and Hoechst staining for (a.1 and a.2) neuronal filament-200 (NF-200), (b.1 and b.2) 
microtubule-associated protein 2 (MAP-2), and (c.1 and c.2) fibrillar acidic protein (GFAP) expression in neuronal cells differentiated from MAPC and MSC, respectively. 
Negative control represents cells with no treatment with neurogenic medium (d.1) MAPC and (d.2) MSC; C: Immunoblots analysis of neural proteins in MAPC and MSC 
derived neuronal cells. (a) Representative immunoblots of MAP-2, Tau, neuron-specific enolase (NSE), oligodendrocyte-1 (Olig-1), NF-200 and GFAP proteins in MAPC 
and MSC derived neuronal cells; (b) Error-bar diagrams showing fold change expression of proteins in MAPC (solid bars) and MSC (open bars) derived neuronal cells 
as revealed by densitometric quantification of immunoblots. bP < 0.01, dP < 0.001 vs MSC group; D: Error-bar diagrams showing expression of MAP-2, Tau, NSE, MAP-
1B, Olig-1, NF-200 and GFAP genes in MAPC (solid bars) and MSC (open bars) derived neuronal cells as revealed by real-time quantitative polymerase chain reaction. 
The values of MSC and MAPC treated with neurogenic medium and their untreated counterparts were normalized to housekeeping glyceraldehyde-3-phosphate dehy-
drogenase and the fold increase values of MAPC compared to MSC have been expressed as mean ± SE, bP < 0.001 vs MSC group.
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low expression of  CD44, CD73 and CD105 while MSC 
possess high expression of  all these markers. In addi-
tion, MAPC express Oct-4 and Nanog both at gene and 
protein levels but MSC lack expression of  these markers. 
The MAPC have higher neuro-ectodermal differentiation 
potential than MSC as revealed by their significantly high-
er expression of  NF-200, GFAP, Tau, MAP-2, Olig-1  
and NSE proteins and NF-200, GFAP, MAP-2, MAP-1B, 
Tau and NSE genes. To the best of  our knowledge this is 
the first study showing a parallel comparison of  pheno-
type, pluripotency markers and neuro-ectodermal differ-
entiation potential of  MAPC and MSC isolated from the 
same samples of  human bone marrow.

The existence of  MAPC in the stroma of  adult bone 
marrow has been described previously[1,3-5] by different 
groups and most of  these studies support our observa-
tion of  small triangular morphology of  MAPC. However 
despite this morphological difference, there are no well 
defined phenotypic markers distinguishing MAPC from 
MSC. We have observed that MAPC have low expres-
sion of  CD44, CD73, and CD105 and no expression of  
HLA-ABC, while MSC have high expression of  these 
markers.

Human embryonic stem cells also have no or neg-
ligibly low expressions of  HLA-ABC highlighting that 
MAPC have properties similar to embryonic stem cells[18]. 
We found that MAPC express pluripotency markers 
Oct-4 and Nanog both at gene and protein levels but 
MSC entirely lacked expression of  these pluripotency 
markers. The expression of  Oct-4 and Nanog on MAPC 
corroborates with expression of  these and other pluri-
potency markers in ELSC[10], MASC[6] and MPC[7]. A few 
studies have reported that Oct-4, Nanog and other pluri-
potency markers are also expressed in MSC derived from 
bone marrow and other adult tissues[19] and one study has 
shown that MSC express Nanog but not OCT-4[20]. In an-
other study, it has been shown that culture conditions of  
low serum content, induce expression of  Oct-4, Nanog 
and other pluripotency markers on MSC[21]. We have cul-
tured MSC under standard serum conditions, and thus 
the difference in expression of  pluripotency markers be-
tween our and these studies may be due to difference in 
culture conditions which either have induced expression 
of  Oct-4 and Nanog on MSC or promoted the growth 
of  a population of  MAPC in the cultures. Similar to our 
observation in MAPC, the expression of  Oct-4, Nanog 
and other pluripotency markers has been shown in fetal 
MSC, but not in adult MSC[22]. Thus lower expression of  
the conventional mesenchymal markers, no expression of  
HLA-ABC and expression of  Oct-4 and Nanog, may be 
used as suitable markers to distinguish MAPC from MSC. 

Bone marrow derived MSC have been reported to 
exhibit trans-differentiation into cells of  neuronal lineage, 
thereby claiming for a role of  these stem cells in therapy 
for neurological disorders[15,16]. More recently, MAPC 
have been shown to differentiate into neuronal cells and 
promote neuronal regeneration[12,13]. However, no data 
exists on comparative analysis of  neural differentiation 

potential of  MAPC and MSC. In the present study, we 
have carried out a parallel comparison of  neuro-ectoder-
mal potential of  MAPC and MSC at protein and gene 
levels. We studied both stem cell types for gene and pro-
tein expression of  markers of  axons (NF-200 and Tau), 
astrocytes (GFAP), dendrocytes (MAP-1B, MAP-2 and 
Olig-1) and neurons (NSE) and observed that MAPC 
show significantly higher expression of  NF-200, Tau, 
GFAP, MAP-1B, MAP-2 and NSE genes in comparison 
to MSC. Moreover, we compared the protein expression 
of  NF-200, Tau, GFAP, Olig-1, MAP-2 and NSE, and 
similar to gene expression, we found significantly in-
creased expression of  these proteins in MAPC compared 
to MSC. Thus MAPC appear to have a greater predilec-
tion for neural differentiation, which needs to be thera-
peutically evaluated in vivo in pre-clinical animal models 
of  neurological disorders.

In conclusion, our study showed that MAPC can 
be differentially characterized from MSC as Oct-4 and 
Nanog positive stem cells with no expression of  HLA-
ABC and low expression of  mesenchymal markers 
CD44, CD73 and CD105 and they possess higher neuro-
ectodermal differentiation potential than MSC indicating 
that MAPC may be more suitable cell type than MSC 
for cell based therapy for neurodegenerative disorders. 
Future studies directed towards the in vivo evaluation of  
the therapeutic potential of  MAPC in pre-clinical models 
would lead to development MAPC based therapies for 
neurological diseases. 

COMMENTS
Background
Multipotent adult progenitor cells (MAPC) and mesenchymal stem cells (MSC), 
the two predominant stem cell types of the bone marrow stroma, are currently 
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