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Abstract 
Introduction: Placenta can become an attractive source of stem cells due to its known richness in cell number and accessible, non-invasive 
procedures to harvest them. The purpose of this study focuses on the pluripotecy of placental-derived mesenchymal stem cells through 
differentiation towards osteogenic and neurogenic lineages. Materials and Methods: The biological material was represented by populations of 
human mesenchymal stem cells isolated from chorionic villi (h-CMSCs) and amniotic membranes (h-AMSCs) of full-term placenta. The 
potential of h-CMSCs and h-AMSCs was assessed trough growth kinetics, differentiation towards osteogenic and neurogenic lineages and 
immunohistochemistry. Results and Discussion: Human chorionic and amniotic mesenchymal stem cells are CD44+ (adult mesenchymal 
stem cell marker), CD45-, CD34- (adult hematopoietic stem cell markers) and display specific osteogenic and neurogenic morphology. The 
immunohistochemistry assays show the presence of Osteopontin+ and Osteonectin+ cells (osteogenic differentiation) as well as Synaptophysin+, 
GFAP+ and S100+ cells (confirming the glial differentiation) and NSE+ cells, indicators of neuronal differentiation. Conclusions: Placental-
derived mesenchymal stem cells show remarkable differentiation potential under appropriate culture conditions. The expressions of osteogenic 
and neurogenic markers support the conclusion that placenta is an excellent mesenchymal stem cell source for osteogenesis as well as 
neurogenesis. Future research in this area will identify the best clinical applications for this new source of stem cells. 
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 Introduction 

Regenerative medicine is always in demand for new, 
available sources of mesenchymal stem cells (MSCs)  
as their remarkable plasticity progressively reveals itself 
to the scientific community. Stem cells present different 
potential as far as cell therapies are concern, mostly due to 
their ability (or lack of) to differentiate into all categories 
of specialized cells. 

Several types of stem cells have already been successfully 
identified and investigated all over the world: embryonic 
stem cells, fetal stem cells, adult stem cells and induced 
pluripotent stem cells. Among these categories, human 
embryonic stem cells face ethical and religious issues that 
prevent extended research and development of clinical 
applications. Adult mesenchymal stem cells were first 
identified and isolated more than 40 years ago and, to date, 
they present outstanding properties (self-renewal, multi-
potency and immunological tolerance) that lead to intense 
investigations for cell-based therapies [1]. Although adult 
stem cells cannot be expanded in culture indefinitely, the 
use of these cells does not present ethical problems. The 
main source of MSCs is represented by the adult bone 
marrow. However, harvesting mesenchymal stem cells 

from human adult bone marrow presents several problems: 
the use of invasive techniques, difficult access and low 
cell number as the percentage of MSCs in the bone 
marrow is very low (0.001–0.01%) and it decreases with 
age [1, 2]. For these reasons, it is important to find alter-
native sources of MSCs. 

A possible alternative source of mesenchymal stem 
cells for regenerative medicine use is represented by 
fetal tissue samples (amniotic fluid, umbilical cord, fetal 
membranes and placenta) [3]. Among fetal tissues, the 
placenta represents a highly specialized, transient organ 
with fundamental role in fetal protection and development 
[2]. With so many functions that are essential to human 
life, placenta may also represent a remarkable source of 
stem cells considering its increased cell population. In 
addition, the necessary procedures to harvest stem cells are 
non-invasive and free of any ethical issues [3]. Placental-
derived mesenchymal stem cells, either isolated from the 
chorionic villi or from the amniotic membranes, are consi-
dered to be in between embryonic and adult mesenchymal 
stem cells as they share properties with both, such as 
non-carcinogenic status and ability to differentiate in all 
three embryonic germ layers (endoderm, mesoderm and 
ectoderm) [2–4]. Moreover, their use is not ethically 
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restricted as fetal membranes are usually discarded after 
birth, unless otherwise specified [4, 5]. Four regions of 
fetal placenta can be distinguished: amniotic epithelial, 
amniotic mesenchymal, chorionic mesenchymal and 
chorionic trophoblastic. From these regions, the following 
cell populations can be isolated: human amniotic epithelial 
cells (h-AECs), human amniotic mesenchymal stromal 
cells (h-AMSCs), human chorionic mesenchymal stromal 
cells (h-CMSCs), and human chorionic trophoblastic cells 
(h-CTCs) [2, 6, 7]. 

In this context, the purpose of this study focuses on 
the plasticity of h-CMSCs and h-AMSCs by assessing 
their pluripotent stem cell characteristics through differ-
entiation towards osteogenic and neurogenic lineages. 

 Materials and Methods 

Sample collection, harvesting and processing of the 
placenta, isolation of human chorionic mesenchymal stem 
cells (h-CMSCs) and amniotic membrane mesenchymal 
stem cells (h-AMSCs) were performed according to 
protocols previously published [8, 9]. All placentas were 
harvested immediately after a term natural delivery in a 
sterile environment and were transported in cold PBS 
(phosphate-buffered saline) solution in a thermally insulated 
container on ice. They were processed within 3–24 hours, 
the latter being kept on ice in a mixture of PBS and anti-
biotics (Penicillin + Streptomycin), similar with the one 
used in culture. After thoroughly washing the placenta and 
detaching the fetal membranes, a small fragment from the 
chorion (approximately 2–3 cm3) was dissected from the 
chorionic plate, as far away from the maternal side as 
possible. The cells were isolated using several combinations 
of mechanical and enzymatic treatments [8]. The cell pellet 
was suspended in IMEM (Iscove’s Modified Dulbecco’s 
Media) (Sigma)/20% FBS (Fetal Bovine Serum, Hyclone), 
with 100 U/mL Penicillin, 100 μg/mL Streptomycin, MEM – 
NeAA (Minimum Essential Medium – Non-essential Amino 
Acid solution) (Sigma), 1% Glutamine (Sigma). Cultures 
were incubated in humidified 5% CO2 incubators, at 370C 
and plated into six 75 cm2 flasks, at 2×104 cells/cm2. Non-
adherent cells were removed (after 24 h) and replaced with 
fresh medium every two days; cultured cells underwent three 
passages before testing the differentiation potential. Adherent 
MSCs were trypsinized upon reaching 80% confluence with 
Trypsin-EDTA (Ethylenediaminetetraacetic acid) solution 
(0.25% Trypsin + 0.02% EDTA, Gibco–Invitrogen). 

Flow cytometry analysis 

Cells were initially washed twice with 20 mM PBS 
(pH 7.2) and trypsinized with 0.25% Trypsin, 0.02% 
EDTA; then, 20 μL of secondary conjugated antibodies 
were added (BD Biosciences, San Jose, CA) per approxi-
mately 106 cells in 100 μL PBS plus CD45, CD34, CD44. 
Following on, the final volumes of all the tubes were 
enhanced to 1 mL with PBS. In the next step, cells 
suspended with specific antibodies were incubated for 
45 minutes at 40C. Finally, after washing the samples twice 
in sterile PBS they were analyzed by flow cytometry 
(BD FACS Canto II flow cytometer; Becton Dickinson, 
USA) using the CellQuest software. All markers were 
stained with secondary conjugated antibodies (mouse 
anti-human antibodies) with Fluorescein Isothiocyanate 
(FITC) or Phycoerythrin (PE). 

Differentiation study of h-CMSCs 

Osteocyte and neurogenic differentiations were qualita-
tively determined using standard methods [10, 11]; chorionic 
fragments were trypsinized and transferred into replicate 
24-well plates for 24 hours incubation. All differentiation 
studies were conducted at passage three. For osteogenic 
and neurogenic differentiation, we used one differentiation 
medium per lineage and three different protocols: (a) cell 
culture onto pre-treated gelatin plates; (b) cell culture onto 
pre-treated ECM (ExtraCellular Matrix proteins) plates and 
(c) cell culture with untreated plates. Osteogenic different-
iation medium was composed by PromoCell Osteoblast 
Growth Medium (PromoCell) with supplementation of 
10% of FCS (Fetal Calf Serum, Sigma) and neurogenic 
medium included Neurobasal Medium (Sigma), GlutaMax 
(Gibco) and retinoic acid (Sigma). 

Differentiation study of h-AMSCs 

Mesenchymal stem cells were isolated from the 
reflected portion of the membranes in order to diminish 
the presence of maternal cellularity. After enzymatic 
digestion treatments (0.25% Trypsin, Sigma), the cell 
suspension was filtrated and the monocellular suspension 
was later transferred to culture plates containing standard 
medium. For neurogenic differentiation of h-AMSCs, we 
used three different media, as follows: Medium 1 – com-
posed by DMEM (Dulbecco’s Modified Eagle Medium) 
(Gibco) 1:1 low Glucose/F12 glioblastoma conditioning 
medium (0.5% BSA – Bovine Serum Albumin, 0.5% 
ITS – Insulin, Transferrin, Selenium, 10 ng/mL bFGF – 
basic Fibroblast Growth Factor, 0.5% N2, 0.5% B27); 
Medium 2 – 1:1 DMEM (1000 mg/L Glucose)/F12 (0.2% 
BSA, 0.5% N2, 0.5% B27) and Medium 3 – 1:1 DMEM 
(1000 mg/L Glucose)/F12 (1% ITS, 3 μM Retinoic Acid, 
10 nM Dexamethasone). 

Immunohistochemical analysis 

For immunohistochemistry experiments, the following 
primary antibodies were used: anti-osteopontin (IgM, 
Sigma, USA); anti-osteonectin (IgG2a, Sigma, USA); anti-
NSE (neuron specific enolase) (IgG2a, Sigma, USA); anti-
GFAP (glial fibrillary acidic protein) (Sigma, USA); anti-
synaptophysin (Sigma, USA) and anti-S100 (Sigma, USA). 
Secondary antibodies were chosen as follows: anti-mouse 
IgM-FITC (Jackson); anti-goat IgG-Cy3 (Jackson); anti-
mouse IgG-Cy3 (Jackson). 

 Results 

General characterization of cell morphology 

The h-CMSCs presented the typical morphology of 
fibroblastic cells (small cell body with a few long and 
thin cell processes; the cell body contains a large, round 
nucleus with a prominent nucleolus, which is surrounded 
by finely dispersed chromatin particles) and displayed a 
high capacity of adherence to the plastic disc (Figure 1). 
Following subculture, h-CMSCs showed a strong proli-
ferative ability as they adhered rapidly and expanded 
without visible changes in either growth patterns or mor-
phology. The cells reached confluence after approximately 
three days. 



Potential of placental-derived human mesenchymal stem cells for osteogenesis and neurogenesis 

 

991

 
Figure 1 – Inverted microscopy showing fibroblast-like 
morphology of isolated h-CMSCs. Inverted microscopy, 
40×. 

Cultures h-AMSCs also presented a fibroblastic-like 
morphology and increased rates of proliferation. The 
presence of FGF (fibroblast growth factor) in culture 
medium accelerated the differentiation process and proli-
feration rates. Due to prolonged cultivation periods in 
between passages, the cells partially detached. 

Flow cytometric analysis of h-CMSCs makers 

The cell-surface antigen profiles of these cells were 
analyzed by flow cytometry. The isolated cells were 
strongly positive for MSC-specific surface markers, 
such as CD44 (marker of adult mesenchymal stem cells) 
(Figure 2), but negative for CD34 and CD45 (markers 
for hematopoietic stem cells) (data not shown). 

 
Figure 2 – Flow cytometry assay reveals CD44+ as a 
surface marker for stem cells. 

Osteogenic differentiation of h-CMSCs with 
PromoCell Osteoblast Growth Medium 

(a) Culture onto pre-treated gelatin plates: day 4 after 
induction toward osteogenic differentiation, some cells 
displayed the well-known fibroblast-like morphology and 
others – epithelioid morphology. Day 8–12: gradually, 
the majority of fibroblast-like cells adopted a rounded 
shape and cellular volume increased (Figure 3, A–C). 

 

 
Figure 3 – Morphology of h-CMSCs after induction towards osteogenic lineage ( ): (A) Day 4; (B) Day 8; (C) Day 12. 
Inverted microscopy, 40×. 

 
Day 14: cultures displayed cell overlap, with forma-

tion of distinct cell colonies scattered unevenly on the 
plate surface. Daily examinations of these cell colonies 
revealed the appearance of cellular nodules (formed by 
cell overlap, first cellular layer composed by elongated 
cells with star-like morphology, second layer with round 
shape cells, slightly elongated, surrounded by a cellular 
monolayer with elongated shape cells) ranging from  
10–200 μm (Figure 4, A–C). By this time, very few 
cells maintained fibroblast-like morphology, meaning 
that the vast majority of initial cells underwent differ-
entiation. Also, we noticed the appearance of scattered 
lipid droplets, with accentuated multiplication rates 
(Figure 4D). 

(b) Culture onto pre-treated ECM plates: osteogenic 
nodules did not appear and cultures displayed elongated 
cells with star-like morphology much later (by day 16), 
overlapped by a layer of round shaped cells. 

(c) Cultures using untreated plates: cells displayed 
an elongated morphology late, by day 18; accentuated 
detachments of the cellular monolayer were visualized 
(data not shown). 

Neurogenic differentiation of h-CMSCs with 
Neurobasal Medium 

(a) Culture using untreated plates: 48 h after induction 
toward neurogenic lineage cells displayed a drastic change 
in morphology, with 60% star-shape cells (similar to 
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neurons) and a few flat cells along the regular fibroblast-
like cells (Figure 5A). Seventy-two hours after induction, 
cells displayed fine filaments, localized between cells 

(Figure 5B). Day 7: accentuated detachment of cells with 
increased number of cells in suspension. 
 

 

 

 

Figure 4 – Inverted microscopy (100×) shows the morphology of h-CMSCs after 
induction towards osteogenic lineage: (A) Day 14 – appearance of distinct  

cellular colonies; (B and C) Osteogenic nodules; (D) Lipid droplets. 

 

Figure 5 – Morphology of h-CMSCs  
after induction towards neurogenic 
lineage: (A) 48 h after induction;  
(B) 72 h after induction. Inverted 

microscopy, 40×. 

 
(b) Cultures performed on plates pre-treated with 

gelatin/ECM: the same morphologic changes described 
before appeared in a smaller percentage of cells, but 
without the presence of intercellular filaments. Day 14: 
increased number of cells with accentuated multipolarity, 
cells similar to glial cells, and a few cells similar to 
neurites (presenting uneven extensions, some short, 
some longer) (Figure 6). Shortly after, the cells regain 
their initial fibroblast-like morphology, suggesting that, 
in these particular culture conditions, they do not maintain 
their differentiation towards neurogenic lineage. 
 

 

Figure 6 – Day 14 
after neurogenic 
differentiation of 

h-CMSCs 
(neurites, straight 
arrow). Inverted 
microscopy, 40×. 

 

Neurogenic differentiation of h-AMSCs 

The morphology of h-AMSCs after induction of 
differentiation towards neurogenic lineage is shown in 
Figure 7. Day 17, we performed immunohistochemistry 
for GFAP and NF (neurofilaments) (Sigma). The media 
employed by us determined an initial change in cell 
morphology: h-AMSCs became similar to neuron pro-
genitors, with a round cellular body and slim intercellular 
filaments forming a network-like structure (Figure 7). 

Immunocytochemistry assay 

After differentiation towards osteogenic lineage,  
h-CMSCs tested positive for specific proteins, such as 
osteopontin and osteocalcin (Figure 8). Cells cultured 
with Neurobasal Medium also tested positive for the 
following specific proteins: GFAP, S100, synaptophysin, 
NSE as shown in Figure 9. For h-AMSCs, the capacity 
to differentiate towards neurogenic progenitors was 
assessed by determining the presence of two characteristic 
proteins: GFAP (usually present in glial cells) and NF. 
Both of these proteins tested positive in the h-AMSCs 
population (Figure 10). 
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Figure 7 – Morphology of h-AMSCs, 
passage 4 after induction towards 

neurogenic differentiation: (A) Day 7; 
(B) Day 17. Inverted microscopy, 20×. 

 

 

 

Figure 8 – Immunohistochemistry assay for h-CMSCs differentiated towards 
osteogenic lineage: (A and B) h-CMSCs positive for osteopontin; (C and D) 

Osteogenic nodules positive for osteocalcin. Nikon E 600 inverted  
microscope, with fluorescence filter: (A) 100×; (B–D) 200×. 

 

 

Figure 9 – Immunohistochemistry assay: (A) GFAP-positive h-CMSCs;  
(B) S100-positive h-CMSCs; (C) Synaptophysin-positive h-CMSCs;  

(D) NSE-positive h-CMSCs. Nikon E 600 inverted microscope,  
with fluorescence filter, 200×. 

 

 

Figure 10 – Immunohistochemistry assay 
of h-AMSCs, passage 4 after neurogenic 

induction, (A) NF-FITC+DAPI  
(4’,6-diamidino-2-phenylindole)  

and (B) GFAP-FITC. Nikon E 600  
inverted microscope, with fluorescence 

filter, 200×. 
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 Discussion 

Human placenta represents a transitory organ with 
complex structure and vital role in fetal development, but 
also contains a multitude of cells with special characte-
ristics best employed by regenerative medicine [2, 12, 
13]. Considering the complex structure of the placenta, 
we focused our attention in the present study on cells 
isolated from the chorionic villi and amniotic membranes. 
According to criteria proposed by Dominici et al. for 
bone marrow-derived mesenchymal stromal cells [3], 
mesenchymal cells isolated from chorionic villi should be 
termed chorionic mesenchymal stromal cells (h-CMSCs) 
and those isolated from the amniotic membranes – 
amniotic mesenchymal stromal cells (h-AMSCs) [2, 3]. 
No unique cell surface marker unequivocally distinguishes 
MSCs from other types of stem cells thus making a 
uniform definition difficult. The International Society for 
Cell Therapy (ISCT) proposed  criteria that comprises: 
(1) adherence to plastic in standard culture conditions; 
(2) expression of the surface molecules CD44, CD73, 
CD90, CD105 in the absence of CD34, CD45, HLA-DR, 
CD14 or CD11b, CD79a or CD19 surface molecules as 
assessed by FACS (Fluorescence Activated Cell Sorting) 
analysis; (3) capacity for differentiation to osteoblasts, 
adipocytes, and chondroblasts in vitro [3, 14–16]. As 
MSCs are isolated and expanded in culture it has also 
been proposed that certain in vivo surface markers may 
no longer be expressed after explantation, while new 
markers are acquired during expansion [17]. 

As previously reported [18, 19], mesenchymal stem 
cells from chorionic villi and amniotic membranes are 
relatively easy to isolate. These cells show great, in vitro 
proliferation capacity and can be differentiated towards 
different lineages. This is not surprising, as their theoretical 
plasticity was proven by us earlier when we determined 
the expression of pluripotency factors such as Oct3/4 
and Nanog, both at genetic and protein level [8]. In our 
study, both h-CMSCs and h-AMSCs adhere and proli-
ferate on culture dishes and they form fibroblast colony 
forming units. According to flow cytometry analysis, the 
surface markers profile of cultured h-CMSCs match what 
is described in literature [20–22], with positive expression 
of typical adult mesenchymal markers (CD44) but negative 
for hematopoietic markers (CD34 and CD45). 

Our results reinforce the data presented in the literature 
that cultured h-CMSCs differentiate toward “classic” 
mesodermal lineages (osteogenic, adipogenic), which are 
the most natural of all differentiation lineages [23–25], 
but also toward ectodermal lineages (neural) [26, 27], thus 
proving their special plasticity. As far as neurogenic 
differentiation is concerned, our protocols prove to be 
efficient, both for h-CMSCs and h-AMSCs. For h-CMSCs, 
we used an established neurogenic medium and different 
pre-/non-coated culture dishes. For h-AMSCs, we used 
simple differentiation media, in which Retinoic Acid 
played an essential role (1 μM), along bFGF and N2/B27. 
Fibroblast growth factors were reported to be implicated 
in differentiation towards other lineages (such as osteo-
genic and adipogenic) [28]. In our experiments, in order to 
limit the bFGF’s induction potential, we used laminin-
coated culture dishes to conduct differentiation. Our 
protocol is a good example of research in which growth 

factors can be combined with pre-coated culture dishes in 
order to maintain good control over the differentiation 
process towards the desired lineage. 

Immunohistochemistry assays performed showed h-
CMSCs being positive for osteopontin and osteocalcin 
(as surface markers for osteogenic lineages). Osteopontin 
is a highly phosphorylated sialoprotein that is a prominent 
component of the mineralized extracellular matrices of 
bones and teeth. It was first identified in 1986 in osteoblasts 
[29, 30]. Osteocalcin, also known as bone γ-carboxy-
glutamic acid-containing protein (BGLAP), is a non-
collagenous protein found in bone and dentin. Osteocalcin 
is a more bone-specific marker secreted by osteoblasts and 
thought to play a role in the body’s metabolic regulation, 
bone mineralization and calcium ion homeostasis [31]. The 
h-CMSCs were also positive for GFAP, S100, synapto-
physin and NSE (neuron specific enolase) – all surface 
markers present in neurogenic lineages. Glial fibrillary 
acidic protein (GFAP) is an intermediate filament protein 
expressed by numerous cell types of the central nervous 
system including astrocytes. GFAP represents an intracyto-
plasmic filamentous protein that maintains the mechanical 
strength of the astrocyte. Although its functions remain 
partially understood, it is considered to be the most specific 
marker for cells of astrocytic origin [32]. 

S100 proteins are implicated in the regulation of cell 
proliferation and differentiation; members of the S100 
family are present in all cells derived from the neural 
crest, such as Schwann cells, melanocytes or dendritic 
cells [29]. 

Synaptophysin is a synaptic vesicle protein present in 
neuroendocrine cells and neurons where it plays an essential 
role in synaptic vesicles recycling [31]. Neuron specific 
enolase (NSE) is one of the three enolase isoenzymes found 
in mammals; represents a hallmark in mature neurons and 
cells of neuronal origin [33, 34]. For h-AMSCs, immuno-
histochemistry assays showed GFAP- and NF-positive 
cells. The presented results contain undeniable proof that 
h-CMSCs and h-AMSCs have the capacity to transform 
into osteogenic and neurogenic progenitors. These results 
are encouraging and represent a great foundation for 
future research oriented towards regenerative therapies. 

Our results are consistent with those presented in the 
literature [24–26]. Differentiation towards one lineage or 
the other depends a great deal on the specific media and 
protocols employed [7, 10, 35]. Thus, differentiation towards 
osteogenic lineage benefits most from pre-coated culture 
dishes, as well as specific osteogenic differentiation media. 
Regarding neurogenic differentiation, we strongly recommend 
the employment of media supplementation with an inductor 
agent such as retinoic acid. 

 Conclusions 

The current study shows that h-CMSCs and h-AMSCs 
display an extraordinary capacity of multiplication and 
differentiation towards osteogenic and neurogenic lineages, 
which designates them as valuable resources for cell-based 
therapies. Changes in cell morphology towards cellular 
structures similar to osteogenic nodules and neurons as 
well as positive expression of specific markers underline 
the capacity of h-CMSCs and h-AMSCs to produce meso-
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dermal osteogenic and ectodermal neurogenic progenitors. 
Although our results are encouraging, the differentiation 
of h-CMSCs and h-AMSCs is strongly influenced by the 
chosen culture media and by the protocols employed. 
Given the difficulty to isolate and cultivate neurons, h-
CMSCs and h-AMSCs offer a unique opportunity to 
research cellular and molecular events involved in neuronal 
induction/regeneration. Patients diagnosed with neuro-
degenerative diseases, such as Parkinson’s, Alzheimer’s 
and Huntington’s diseases would benefit greatly from 
such future therapies. Nevertheless, clinical use of mesen-
chymal stem cells isolated from human placenta should 
be based on results derived from clinical trials, thus the 
need for continuous research and medical innovation. 
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