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Abstract 

 

Mesenchymal stem cells (MSCs) have become an important component in stem cell therapies 

and can be isolated from various adult tissues. The human placenta is a fetomaternal organ 

having a high population of multipotent stem cells with better plasticity and differential 

potential. It is interesting to see the molecular phenotypes of these stem cells in placenta 

obtained from aborted fetus to understand the mechanism of spontaneous abortion. In the 

present study, we have proposed to isolate multipotent stem cells from human aborted 

placental tissue and characterized them by using molecular and morphological analysis. Our 

study has shown that the placenta derived Mesenchymal stem cells (hPMSCs)  have elongated 

epithelioid like morphology and showed high pluripotency potential by expressing Oct4, Nanog 

and Sox2 along with expression of Mesenchymal, hematopoietic, cytokine and chemokine 

markers. We have further shown that hPMSCs cells have the capacity for spontaneous 

differentiation into cardiomyocytes and osteocytes which have confirmed the expression of 

specific cardiac and osteogenic markers. Interestingly, this study has clearly shown that there is 

an abnormal expression of CD 73, CD 100, CD 45, Ki67 and Vimentin in aborted fetal tissue thus 

indicates some role of these genes in the maintenance of pregnancies. Thus, this study 

concludes that hPMSCs cells can be used as an in vitro model system for the evaluation of the 

mechanism of spontaneous abortion. Similarly, due to their multipotent characteristic they can 

be used for future regenerative therapies for various disorders.  

 

Keywords: Placenta, placental stem cells, stem cell markers, drug discovery, high risk 

pregnancy. 

 

Introduction  

 

The human placenta is a fetomaternal 

organ, developed by both fetal and 

maternal tissue. It plays a very essential 

role in growing embryo by facilitating gas 

and nutrient exchange between the mother 

and fetus (Parolini and Soncini, 2006; 

Parolini et al., 2008; Parolini and Caruso, 

2011; Bhattacharya et al., 2011; 

Abdulrazzak et al., 2010). Besides this, 

human placenta is a possible source of 
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progenitor or stem cells and these 

progenitor or stem cells are termed as 

placenta derived multipotent stem cells 

(PDMCs) (Linju Yen et al., 2005). However, 

studies have shown that placenta contains 

several times more stem cells than 

umbilical cord blood therefore, the  use of 

placental stem cells can increase the 

chance for making stem cell from placenta 

for stem cell therapies in near future. 

PDMCs are unlikely to have the 

differentiation and proliferative potentials 

of embryonic stem cells (ESCs) though they 

may be more superior to adult stem cells in 

many aspects (Yumi et al., 2004).  

Furthermore, placenta is generally 

discarded after birth of neonate and can be 

available easily in great supply, secondly 

the recovery of placental cells from this 

tissue does not involve any invasive 

procedures and their use does not put up 

any ethical problems (Evangelista et al., 

2008). Similarly, the accessibility, 

phenotypic plasticity and 

immunomodulatory properties of placenta-

derived stem cells are useful characteristics 

for their use in stem cell therapy and tissue 

engineering (Ilancheran et al., 2009; 

Nazarov et al., 2012). Recently Parolini et 

al. (2011) have explained updates on 

studies on placenta derived stem cells and 

their potential clinical application in 

various diseases (Parolini et al., 2011). 

Many researchers are still working on 

placental stem cells which acquired 

multipotent properties that can help using 

them in transplantation, reprogramming to 

make induced pluripotent stem (iPS) cells 

and in therapeutic application (Ilancheran 

et al., 2009; Nazarov et al., 2012).Similarly, 

many investigators have been extensively 

worked on human fetal MSCs and MSCs 

derived from Wharton jelly. These isolated 

MSCs were well characterized and 

evaluated for their self renewal, 

proliferative, differentiating capacity and 

proved to be a promising feature for 

immune-modulatory and immune-

regulatory capacities with a potential 

transplantable advantages for various 

disease and further clinical applications (  

 

 

 

O’ Donoghue et al, 2006; Wang H. S., et al., 

2004; Hass, R., 2011;Kim, D., 2013; 

Cardosa, T. C., 2012).  

 

Multipotency of PDMCs can be evaluated 

well by using molecular markers. Numbers 

of molecular stem cell markers are being 

used to characterize stem cell populations 

derived from specific tissues along with 

combinations of markers which identify a 

particular cell type of stem cells (Potdat 

and Sutar, 2010; Potdar and Chaugule, 

2011). Several studies have been carried 

out to demonstrate pluripotency of stem 

cells and have shown that Oct4, Nanog and 

Sox 2 are major genes expressed by these 

cells (Olamura-Nakanishi et al., 2005; Shi et 

al., 2006). Similarly, mesenchymal and 

heamatopoietic phenotypes can be 

confirmed by expression of CD105, CD73, 

CD13 (Zhang et al., 2006; Soncini et al., 

2007; In’t Anker et al., 2004) and CD34, 

CD45 markers respectively (Catherine et al, 

2009). Cytokine and chemokine  play very 

important roles in stem cell proliferation 

and differentiation and also their use in cell 

based therapies therefore evaluation of 

cytokine markers like IL-6, TNFα and 

chemokine markers CXCR4, CXCR7, 

CCR5and SDF1α are studied by various 

investigators (Dimitriadis et al., 

2005;Keelan et al., 2003). All these markers 

are indications of specific phenotypes of 

stem cells. Differential potential of 

placental stem cells in to cardiomyocytes 

and osteocytes can be confirmed by 

expression of cardiac β heavy chain 

myosin, cardiac troponin and cardiac actin 

and ALP and OCN markers respectively 

(Sabapathy et al., 2012; Sun and ji, 2012; 

Susman et al., 2010; Chien et al., 

2006;Okamoto et al., 2007). Few studies 

have shown an importance of some of the 

genes such as CD73, CD45, CD100, 

Vimentin and Ki67 in maintenance of 

human pregnancy. However there are 

many lacunae to understand exact 

mechanism of spontaneous abortion in 

these women and need further 

investigation. 
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Therefore, in this study we have proposed 

to isolate multipotent stem cells from 

placenta of aborted fetus and characterized 

these cells by using various specific stem 

cell molecular markers along with the 

markers involved in development and 

implantation of fetus. Thus, this study will 

provide an excellent in vitro model system 

to study the exact mechanism of 

spontaneous abortion as well as if these 

cells found to be multipotent then these 

cells can be used for regenerative therapies 

for various disorders. 

 

Material and Method 

 

Isolation of Stem Cells from Human 

Placental Tissue 

 

The aborted fetal placental tissue from 

miscarriage pregnancy and normal 

placental tissues specimens were sent to 

molecular diagnostic lab for DNA 

extraction which were collected in sterile 

1X PBS after delivery with prior consent 

according to the guidelines of the ethical 

committee of the Jaslok Hospital and 

Research Centre, Mumbai, India. The part 

of this tissue was then used for isolation of 

PDMCs stem cell line. Placental tissue was 

initially harvested and washed thoroughly 

in sterile phosphate buffered saline (PBS) 

and processed within 1-2 hours after 

delivery. The washed placental tissue was 

then minced and enzymatically digested 

with 0.25% Trypsin-EDTA (HiMedia) for 

approximately 30 minutes at 37oC.  The 

digested tissue pieces were explanted in 65 

mm culture dishes (nunc) and  were fed 

with Dulbecco’s modified Eagle’s medium 

(DMEM, HiMedia) supplemented with 10% 

fetal bovine serum (FBS, Invitrogen), 1% 

penicillin-streptomycin (HiMedia), 1μl/ml 

insulin (Sigma) and 2μl/ml L-glutamine 

(HiMedia). Explant cultures were 

maintained and incubated in CO2 incubator 

at 37oC with 5% CO2.  

 

Explant cultures were daily observed 

under an inverted phase contrast 

microscope for the outgrowth of cells from 

digested tissue. After 7-8th days, many cells 

were seen outgrowing from tissue, adhered 

to the bottom of the culture dish without 

any substratum. Culture medium was 

replaced 2-3 times every week. The areas 

of cell colonies were located and marked 

and these marked cells were isolated 

separately by using the puck cylinder 

method as described in previously 

published research article (Potdar and 

Chaugule, 2012). These isolated cells 

readily initiated adhesion and proliferation 

and reached to confluence within 15 to 20 

days. After confluency, these cells were 

passaged by trypsinization method to 65 

mm culture flasks for expansion. The same 

procedure was repeated at every 

confluency and cells were cryopreserved at 

–850C for further experimentation. 

 

Phase Contrast Microscopy  

 

The morphology of cultured cells was 

examined under phase contrast microscope 

equipped with TSview soft-ware (Tucsen 

Imaging, Fuzhou, PR China) and capturing 

the images. Cells were regularly monitored 

and photographed for analysis.  

 

Cell Growth Study by MTT Assay 

 

Cell growth was assessed by monitoring 

the conversion of MTT (3-(4, 5-

Dimethylthiazol-2-yl)-2, 5-

diphenyltetrazolium bromide, a tetrazole) 

into formazan crystals. The MTT reduction 

is catalyzed by mitochondrial 

dehydrogenase enzymes and is therefore a 

measure for cell viability (Mosmann, 1983). 

Briefly, placental cells were seeded at 

densities of 1 X 103 cells in each well into 

96 well plates (HiMedia) in triplicates for 

this experiment and these cells were 

incubated at 37oC with 5% CO2 for different 

time period of 24 hrs to 216 hrs. After each 

time point, growth medium was removed 

and replaced by 90 µl of fresh complete 

DMEM media and 10 µl of MTT solution (5 

mg/ml in stock PBS) in each well (Final 

volume 100 µl). The plate was then 

incubated at 37oC for 4 hrs. Until purple 

formazan crystals were formed due to 

reduction of MTT by viable placental cells. 

Then media was discarded and 200 µl of 

Dimethyl sulfoxide (DMSO) was added to 

each well and mixed properly to dissolve 

formazan crystals. The plate was then 

swirled gently and absorbance was 

measured at 490 nm using a Microplate 
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reader (TECAN, sunrise, India) including 

blank. The absorbance was plotted against 

a number of hrs to calculate growth rate for 

this cell line. 

 

Cytogenetic Analysis 

 

Karyotyping of human Placental 

Mesenchymal Stem Cells (hPMSCs) was 

carried out to verify the chromosomal 

integrity. Cytogenetic was performed 

according to the standard procedure 

(Cardosa T. C., 2012). Briefly, cell line was 

processed with colchicine (Himedia) at 

10µg/ml for 10-14hrs for metaphases 

arrest. Cells that were under metaphase 

stage were submitted to KCl (0.075M) 

solution for 25 min followed by three 

washes in fixative (3 methanol: 1 glacial 

acetic acid) and then spread onto chilled 

slides for giemsa staining. Morphology was 

analyzed and chromosomes were counted.  

 

Molecular Characterization of Placental 

Stem Cells 

 

Total RNA was isolated from placental 

tissue (In vivo) and from cultured placental 

stem cells at passage3. RNA Extraction was 

performed using Trizol reagent 

(Invitrogen) according to manufactures’ 

instruction. Total RNA was transcribed into 

cDNA by using Applied Biosystems high 

capacity cDNA kit (Invitrogen, USA). 

Subsequently, cDNA obtained was stored at 

-20oC until it is used in PCR reaction 

amplification. Molecular study was carried 

out for specific stem cells and molecular 

markers. The primer sequences for CD105, 

CD13, CD34, CD45, LIF, Sox2, Oct4, Nanog, 

Keratin18, β actin, CD 44, EGFR, TNFα, IL 6, 

CXCR4 and the size of amplification 

product were described previously (Potdar 

and Sutar, 2010; Potdar and Chaugule, 

2011) whereas, sequences and size of 

primers other than reported genes are 

indicated in the table below (Table 1). The 

PCR products were then separated by 

electrophoresis on 2% Agarose gel and 

photographed under UV transilluminator. 

 

 

 

 

    

Table 1: Shows Respective Primer Sequences Used for Molecular Markers for Placental 

Stem Cells 

 
Primers Sequence 5’→3’ Annealing  

(oC) 

Size  

(bp) 

CD 133 Upstream ACCTGCGTAACTCCATCT 55 378 

Downstream TTGTCCGACCAGTTCTTC 

c-Kit Upstream AAGGACTTGAGGTTTATTCCT 60 344 

Downstream CTGACGTTCATAATTGAAGTC 

CXCR 7 Upstream TGGGTGGTCAGTCTCGT 60 293 

Downstream CCGGACGTAGGTCTCAT 

CCR 5 Upstream CTTCATCATCCTCCTGACAATCG 60 261 

Downstream GACCAGCCCCAAGTTGACTATC 

Ki 67 Upstream GGAAAGTAGGTGTGAAAGAAGAGG 68 357 

Downstream GCCTTTATCCTCATCTCCTGGTAC 

Vimentin Upstream TTCAGAGAGAGGAAGCCGAAAAC 62 421 

Downstream TTTAAGGGCATCCACTTCACAG 

SSEA 4 Upstream TGGACGGGCACAACTTCATC 62 118 

Downstream GGGCAGGTTCTTGGCACTCT 

CD 100 Upstream GTCTTCAAAGAAGGGCAACAGG 68 297 

Downstream GAGCATTTCAGTTCCGCTGTG 

Cardiac Actin Upstream TCTATGAGGGCTACGCTTTG 60 260 

Downstream GCCAATAGTGATGACTTGGC 

Cardiac Troponin  Upstream AGAGCGGAAAAGTGGGAAGA 60 235 

Downstream CTGGTTATCGTTGATCCTGT 

Cardiac beta Myosin Upstream CGAGGCAAGCTCACCTACAC 60 319 

Downstream CATTAACAGCCTCCACGGCC 

Alkaline phosphatase 

(ALP)  

Upstream CCAACGTGGCTAAGAATGTC 60 433 

Downstream CATCTCGTTGTCTGAGTACC 

Osteocalcin (OCN) Upstream GGTGCAGCCTTTGTGTCCAAGC 60 158 

Downstream GTCAGCCAACTCGTCACAGTC 
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Results 

 

Development of Human Placenta 

Mesenchymal Stem Cell Line from 

Placenta of Aborted Fetus 

 

Human placental Mesenchymal stem cell 

line was developed from human fetal 

placental tissue as per the protocol 

described in material and method. The 

tissue explants cultured in growth medium 

were regularly monitored under phase 

contrast microscope for the out - growth of 

the cells as shown in figure 1. The 

outgrowths of cells were extended and 

formed small colonies of cells. Single 

colony emerged from placental tissue 

explants were then isolated and cultured 

into 35mm culture dishes to generate stem 

cell line. Once these transferred cells 

became confluent, cells were passaged by 

trypsinization with 0.25% Trypsin-EDTA 

and transferred to 60mm culture dishes 

and latter in 50mm flasks for further 

expansion. This process was continued 

several times after cells reached confluency 

and cryopreserved at different passages at 

–85°C for future experimentation. Thus, 

this study has established fetal placental 

derived Mesenchymal stem cells and was 

designated as human Placental 

Mesenchymal Stem Cells (hPMSCs) line 

subsequent to confirmation of phenotypes 

by molecular markers. The morphology of 

these cells was observed under phase 

contrast microscope as shown in figure 1a, 

1b, 1c and 1d.  

 

Phase Contrast Microscopy of hPMSCs 

Cell Line 

 

Morphologically, these cells were elongated 

epithelial like appearance with high degree 

of adherence to substratum without feeder 

layer as shown in Figure 1a and 1b and 1c.  

These placental stem cells also have shown 

the capacity of pluripotent clone formation 

after passage 7 as shown in figure 1d. 

Figure 2a and 2b showed spontaneous 

differential potential of placental stem cells 

into cardiomyocytes and adipocytes 

respectively. Geimsa stained placental stem 

cells showed general morphological 

features having large spindle shaped cells 

with large nucleus and one or two nucleoli 

with scanty cytoplasm as shown in figure 

2c. 

 

 
 

Figure 1a, 1b, 1c and 1d Show Phase Contrast Microphotographs (5X Magnification) of 

Isolated Human Placental Mesenchymal Stem Cells (hPMSCs). 1a and 1b Shows the 

Placental Cell Coming out of Explants and Form Epithelial Like Colonies, 1c Shows 

Confluent Placental Stem Cells and1d Shows Pluripotent Clone Formation after Passage 

7. 
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Figure 2a, 2b Show Phase Contrast Photographs (5X Magnification) of Spontaneous 

Differentiation of Placental Stem Cells into Cardiomyocytes and Adipocytes Respectively 

Whereas, 2c Shows Geimsa Stained Elongated Placental Stem Cells Having Faint 

Cytoplasm and Large Nucleus 

 

Cell Proliferation Study by MTT Assay  

 

Cell growth study by MTT assay is used to 

evaluate viability of cells and cell 

proliferation rate. The formations of 

resultant purple formazan crystals are 

directly proportional to the level of energy 

metabolism in the cells. The plot of MTT 

assay showed that these placental stem 

cells proliferation was increasing with the 

progression of days (up to 8 days) and cells 

were in exponential phase as shown in 

Figure 3. 

 
Figure 3 Shows Graph of in Vitro Placental Mesenchymal Stem Cells by MTT Assay. 

Placental Mesenchymal Stem Cells were Plated at Density of 1 x 103cells/ Well in 

Triplicate Cultures and were Harvested Every Day for 8 Days. 
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Cytogenetic Analysis of Human Placental 

Mesenchymal Stem Cell (hPMSCs) Line 

 

Cell line was processed for cytogenetic 

analysis using standard chromosome 

preparation methods as described in 

Materials and method. More than 20 well 

spread metaphase cells were counted and 

found to have diploid 46 chromosomes as 

shown in figure 4. 

 

 
Figure 4a and 4b Show Cytogenetic Analysis of hPMSCs Cell Line by Giemsa Staining 

 

Molecular Profiling of Human Placental 

Mesenchymal Stem Cell (hPMSCs) Line 

 

Present work was undertaken to study 

multipotency of human placenta (In vivo) 

and human placental stem cells (In vitro) 

derived from the same tissue by using 

various stem cell molecular markers to 

evaluate their phenotypic and 

differentiating characteristic to confirm 

their mutipotent characteristics. The 

molecular markers defining their 

characteristic are defined as follow. 

 

Selection of Positive Controls 

 

RNA from CML (Chronic Myeloid leukemia) 

cells, Normal blood cells, hBCMSCs cell line 

(Potdar and Chaugule, 2011), hDMSCs cell 

line (Potdar and Prasanan, 2013) and 

chondrocytes cultures from articular 

cartilage (data was not published) 

developed in our laboratory were used as 

positive controls.  CD45, CD34 were 

expressed in CML whereas, Oct4, Nanog, 

SOX2, LIF, Keratin18, CD100 and Ki 67 

were expressed in normal blood cells. CD 

105, CD13, CD73, CD44, CD133, Vimentin, 

CXCR4, CXCR7, CCR5, SDF-1α, c-Kit and IL-

6 were expressed in hBCMSCs cell line. 

While β myosin heavy chain, cardiac 

troponin and cardiac actin were expressed 

in 5-Azacytidine treated hDMSCs cell line 

and ALP and OCN were expressed in 

chondrocytes culture cells. Confirmation of 

gene sequences of amplified PCR products 

was done by sequence analysis. The 

sequences obtained for each gene were 

confirmed from NCBI database using 

BLAST software [data not shown] and 

showed 100% match for these specific 

genes reported here. On the basis of this, 

positive controls were selected for this 

study. 

 

Expression of Pluripotency and 

Differentiation Markers 

 

Maintenance of pluripotency is an 

important characteristic of stem cells. In 

the present study, we have used very 

specific stem cell markers such as Oct 4, 

Nanog and SOX2 along with the 

differentiation makers LIF and Keratin 18 

to define the pluripotency phenotypes of 

hPMSCs cells as well as placental tissue at 

in vitro and in vivo conditions respectively. 

Figure 5a showed that all these genes were 

expressed normally in placental tissue as 

well as in hPMSCs cell lines indicating that 

the cells in tissue as well as in culture are 

stem cells and maintain their 

undifferentiated phenotypes and 

pluripotent phenotypes at in vivo and in 

vitro conditions.  

 

This study suggests that hPMSCs cells can 

be used for future regenerative therapies of 

various disorders. The expression of LIF 

clearly showed the undifferentiated status 
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of these cells at in vivo and in vitro 

condition whereas; Keratin 18 is suggestive 

of their epithelial phenotypes. 

 

Expression of Mesenchymal and 

Hematopoietic Stem Cell Markers 

 

The common molecular markers used for 

identifying Mesenchymal and 

hematopoietic phenotypes are CD105, CD 

73, CD 13 and CD 34, CD 45 respectively. 

Figure 5b showed that placental stem cells 

(In vitro) expressed CD 105, CD 13, CD 73 

and CD 34, CD45  genes whereas, placental 

tissue (In vivo) also showed expression of 

all these markers except CD 73 which is 

one of the Mesenchymal stem cell marker. 

Overall it showed that human placental 

stem cells preserved both Mesenchymal 

and hematopoietic phenotypes at in vivo 

and in vitro condition. However, down 

regulation of CD 73 in placental tissue of 

aborted fetus is indicating its role in 

maintenance of fetus during implantation. 

 

Expression of Additional Stem Cell 

Markers for Placental Cells 

 

Figure 5cshows four additional stem cell 

markers expressed by the placental tissue 

and hPMSCs in culture. It was shown that 

placental tissue and hPMSCs cells strongly 

expressed c-Kit, SSEA 4, CD 133 and CD 44 

genes showing multipotent stem cell 

property of human placental cells.  

 
 

Figure 5a Shows Gene Expression of Pluripotency and Differentiation Markers, Whereas 

Figure 5b Shows Gene Expression Profile of Mesenchymal and Hematopoietic Stem Cells 

Markers in Placental Tissue Cells and in Cultured Placental Stem Cells. Down Regulation 

of CD73 is Clearly Observed in Aborted Placental Tissue, and Figure 5c Shows Gene 

Expression of Additional Stem Cell Markers in Placental Tissue Cells and Cultured 

Placental Stem Cells 
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Expression of Cytokine and Chemokine 

Marker 

 

Several studies showed that cytokine and 

chemokine play very important role in 

normal tissue homeostasis. We therefore 

thought to study these markers in fetal 

placenta and hPMSCs cell line derived from 

the same tissue. Figure 6b showed 

expression of cytokines such as IL6 and 

TNF α in placenta and hPMSCs cell line. 

Both these genes normally expressed in 

placenta as well as in hPMSCs cell line.  

 
 

Figure 6a and 6b Show Gene Expression of Chemokine and Cytokine Markers in Placental 

Tissue and Cultured Placental Stem Cells 

 

Similarly, chemokines are also an 

important for immunosurveillance and 

tissue homeostasis. Both the placental 

tissue and hPMSCs cells were strongly 

expressed all chemokines such as CXCR4, 

CXCR7, CCR5 and SDF-1α as shown in 

figure 6a. 

 

Markers for Aborted Human Placental 

Cells 

 

Several studies have shown that CD45, 

CD100, CD73, Ki67 and Vimentin are the 

specific genes involved in maintenance of 

pregnancy as well as responsible for the 

failure of the fetal immune system in 

aborted fetal cells (Lorenzi, et al., 2012; 

Kawashima, et al., 2000; Erfanian, et al. 

2009; Hu, et al., 2004; Behman, et al. 1988). 

In the present study, we have seen 

expression of these genes in aborted fetal 

placenta and hPMSCs cells derived from the 

same tissue to compare their expression at 

in vivo and in vitro level. The present study 

has shown that glycoprotein CD45 is 

expressed in aborted fetus and hPMSCs 

cells whereas; CD 100 is completely down 

regulated in aborted fetus as well as in  

placental cells (figure 7a )indicating that 

the cells derived from aborted fetus 

retained this phenotype of tissue even at 

culture condition suggesting the use of 

hPMSCs cell line as an in vitro model 

system for understanding  the mechanism 

of spontaneous abortions as well as being 

useful in developing drug discovery 

program for this abnormality. It was 

further shown that CD 73, Ki 67 and 

Vimentin were completely down regulated 

in aborted fetal tissue as shown in Figure 

7a & b indicating their important role in 

maintenance of pregnancy in women which 

needs further investigation.  

 

Similarly, we have analyzed the above 

genes expression in normal pregnant 

woman with normal pregnancy. We have 

investigated  the expression of CD 45, CD 

100, CD 73, Ki 67 and Vimentin genes in 

normal placenta which revealed that all 

above genes were normally expressed in 

vivo placental tissue which may proved the 

role of these genes in maintenance of 

pregnancy.  
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Figure 7a Shows Gene Expression of Markers in Placental Tissue and Cultured Placental 

Stem Cells and Figure 7b Shows the Same Markers’ Expression in Controlled Normal 

Pregnant Woman in Vivo Placental Tissues 

 

Markers for Differentiated hPMSCs into 

Cardiomyocytes and Osteocytes  

 

The multipotency of the placental stem 

cells has been reported in several studies. 

We have observed that some of the 

placental stem cells spontaneously 

differentiate into cardiomyocytes and 

osteocytes in culture condition. The 

spontaneous differentiation of hPMSCs cell 

line into cardiomyocytes cells and 

adipocytes was shown in figure 8a and 8b  

since theses cells were stained with 

Alizarin red and Oil red O as has  been 

shown in figure 8a and 8b. Figure 8c 

showed the expression of β myosin heavy 

chain, cardiac troponin and cardiac actin in 

placenta as well as in hPMSCs cell line. 

Similarly, we have also checked specific 

markers for osteocytes differentiation. 

Figure 8d showed expression of alkaline 

phosphates (ALP) and osteocalcin (OCN) in 

both placenta as well as hPMSCs cell line 

indicating their presence in fetal placenta 

as well as in the cell line developed from 

this tissue. 
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Figure 8a and 8b Show Alizarin Red and Oil red O Staining of hPMSCs Cells and Figure 8c 

and 8d Show Gene Expression of Cardiomyogenic and Osteogenic Markers in Placental 

Tissue Cells and Cultured Placental Stem Cells 

 

Discussion 

 

Placenta is a potent niche source of stem 

cells and has been studied extensively over 

the past few years. It has been shown that 

placenta can be easily available during 

delivery as well as from aborted fetus for 

stem cell studies (Parolini and Soncini, 

2006; Parolini et al., 2008; Parolini and 

Caruso, 2011; Bhattacharya et al., 2012; 

Abdulrazzak et al., 2010). Recently 

researchers have proved that fetal and 

extra embryonic tissues have not only 

existed with multipotent stem cells but also 

contain pluripotent subpopulation of stem 

cells (O’Donoghue and Fisk, 2004; Cananzi 

et al., 2009). Therefore, placenta fulfills two 

main necessities for cell therapy; one is to 

obtain higher number of cells and second is 

the use of non-invasive procedures for 

their harvesting. Placental derived 

stem/progenitor stem cells show 

phenotypic plasticity, immunomodulatory 

properties which are useful characteristics 

of cell therapy and tissue engineering 

(Kanemura, 2010; Ilancheran et al., 2009; 

Nazarov et al., 2012; Drygalski and 

Adamson, 2000; Abdulrazzak et al., 2010). 

In the present study, we have taken a 

placenta of aborted fetus and succeeded in 

isolating and characterizing placental stem 

cells phenotypically and genotypically by 

using various molecular stem cell markers. 

It was observed that the placental stem 

cells showed high proliferative rate at in 

vitro level. This phenomenon was well 

correlated by formation of pluripotent 

clones within culture conditions while 

attending confluency. This cell line was 

designated as a human Placental 

Mesenchymal Stem Cell (hPMSCs) line 

which is presently at passage 10 and 

growing well in culture. 

 

Role of Mesenchymal and Hematological 

Markers in Placental Stem Cells 

 

Recent studies have shown that adult stem 

cells derived from tissues were expressed 

mesenchymal stem cell markers such as CD 

105, CD 13, and CD 73 along with 

hematopoietic stem cell markers like CD 45 

and CD 34 (Rusciucă et al., 2011; Potdar et 

al., 2010, 2011, 2012).  In the present 

study, we have also studied the expression 

of mesenchymal and hematopoietic 
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markers in placental and hPMSCs cells 

from the same placenta. It was observed 

that placental tissue expressed CD 105, CD 

13, CD 45 and CD 34 except CD 73 whereas, 

hPMSCs cell line expressed all these 

markers. The study has shown that the CD 

73 besides a Mesenchymal stem cell 

marker is highly regulated during 

pregnancy and maintain the fetal growth 

(Airas et al., 1997). Our finding has shown 

that there is a complete down regulation of 

CD 73 gene indicating that lack of CD73 

expression may be responsible for the 

spontaneous fetal abortion. However, the 

hPMSCs cell line derived from the same 

fetal placenta expressed normal level of 

CD73 indicating that when the aborted 

fetal stem cells grew in cultures with 

growth medium, they maintain their 

normal phenotypes. Thus the factors such 

as insulin, growth factors etc. present in 

growth media can be useful in elevating the 

level of CD73 for maintenance of aborted 

fetus in women with high risk pregnancy 

which need further investigation.  

 

Role of Pluripotency and Differentiation 

Markers in Placental Stem Cells 

 

The crucial characteristic of stem cells is 

their pluripotency and their self-

regeneration capacity which are confirmed 

by transcriptional factors, Oct3/4, Nanog 

and Sox2 (Matikainen et al., 2005; Barry et 

al., 2005). Similarly LIF helps in 

maintaining developmental potential of 

embryonic stem cells and protect them 

from differentiation (Keelan et al., 2003; 

Olamura-Nakanishi et al., 2005; Shi et al., 

2006). In the present study, all these 

transcription factors such asOct4, Nanog, 

Sox 2 and LIF were well expressed by fetal 

placental cells as well as derived hPMSCs 

cell line indicating that these cells are stem 

cells and retain their stem cell nature in 

culture conditions and it showed that there 

is no effect shown on pluripotent 

properties of fetal stem cells in aborted 

placenta. 

 

Role of Additional Stem Cell Markers in 

Placental Stem Cells 

 

Placenta has been already described for 

having multipotent stem cells by many 

investigators. We therefore thought of 

studying some additional stem cell markers 

which may be useful in evaluating the 

multipotency of placental stem cells and 

their use in therapies for various disorders. 

Several key transcriptional factors and 

stem cell markers were studied including 

CD 133, CD 44, c-Kit, Ki 67, Vimentin and 

SSEA4 by various investigators (Sölder et 

al., 2012; Bhattacharya et al., 

2012;Abdulrazzak et al., 2010; Erfanianet 

al., 2009;Ivaska et al., 2007; Irmaet 

al.,2013; Lim et al., 2012).  In the present 

study, we have shown the expression of 

these markers in placental tissue as well as 

in hPMSCs line. Interestingly, it has been 

seen that placental tissue does not express 

vimentin which was highly expressed in 

hPMSCs line along with other stem cell 

markers as shown in Figure 6. Vimentin is a 

major intermittent filament protein which 

is shown to be responsible for implantation 

in human pregnancy (Magroet al., 1995; 

Korgunet al., 2007). Our study clearly 

showed that vimentin is totally down 

regulated in human aborted placental 

tissue. Thus this can be used as a marker to 

evaluate the miscarriage in women who 

have a history of spontaneous abortion. 

 

Role of Cytokine and Chemokine Markers 

in Placental Stem Cells 

 

Cytokines have been expressed in the 

placenta and associated fetal and maternal 

membranes during pregnancy and play 

important role in immunomodulatory 

functions (Keelan et al., 2003). Cytokines 

appear to be an important constituent of a 

regulatory network operating within the 

feto-maternal interface during normal 

pregnancy. Imbalances in the cytokine 

milieu during the time of implantation and 

invasion may play a causative role in 

disorders linked with early pregnancy 

failure and in trophoblastic disease 

(Dimitriadis et al., 2005; Keelan et al., 

2003). Similarly, Chemokines are a large 

superfamily of structurally and functionally 

related cytokines with chemotactic activity 

induced in response to an inflammatory 

stimulus. Recent evidence showed the 

constitutive expressions of chemokines are 

responsible for immunosurveillance and 

tissue homeostasis (Dimitriadis et al., 
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2005). Studies on chemokines revealed 

that they are essential determinants of 

implantation and placentation by their 

chemoattracting actions which are critical 

factors at the embryo–maternal interface 

and by additional functions such as cell 

proliferation and modification of adhesion 

molecule expression (Dimitriadis et al., 

2005). In present study, it has been shown 

that there is no change in the overall 

cytokine and chemokine expression in 

human aborted fetal placenta as well as 

hPMSCs line indicating that these factors 

may not be involved in the process of 

spontaneous abortion. 

 

Expression of CD45 and CD100 in Fetal 

and hPMSCs Cell Line 

 

Lorenzi et al., 2012 have shown that the 

expression of CD100 and CD45 in placental 

tissue plays a crucial role in the immune 

system during pregnancy, which has 

predictable factor in miscarriage. In 

present study, we have studied the 

expression of these two proteins in fetal as 

well as in hPMSCs cells derived from the 

same tissue. Our study has shown that 

there is an up regulation of CD45 gene and 

down regulation of CD100 in both tissue 

and hPMSCs cell line indicating that these 

factors may be responsible for spontaneous 

abortion of fetus in these women. As the 

status of genes expression in tissue and 

hPMSCs cells are similar which indicates 

that hPMSCs cell line can be used as an in 

vitro model system to study mechanism of 

abortion and also useful in drug discovery 

program for possible treatment for this 

disorder. 

 

Expression of Cardiomyocytes and 

Osteocytes Genes in Fetal and hPMSCs 

Cells 

 

Numerous studies have demonstrated the 

differential potential and multilineage 

capacity of the placental derived stem cells 

through in vitro characterization and 

differentiation experiments (Sabapathy et 

al., 2012; Sun and ji, 2012; Susman et al., 

2010; Chien et al., 2006). Recently, it has 

been reported that the placental derived 

stem cells differentiate into osteocytes, 

chondrocytes, adipocytes, hepatocytes and 

cardiomyocytes under specific culture 

conditions (Sabapathy et al., 2012; Sun and 

ji, 2012; Susman et al., 2010; Chien et al., 

2006;Okamoto et al., 2007).We have 

selected differentiation pathways which 

are more important for  the future program 

of stem cell transplantation at our institute 

- one is the use of cardiomyocytes in 

myocardial infarction and  the another one 

is the use of osteocytes for bone disorders 

and bone tissue engineering(Sharma et al., 

2013 (In press); Gupta et al., 2013 (In 

press); Potdar and S Kumar. 2013;Potdar 

and Prasanan, 2013). In the present study, 

we have shown that hPMSCs cells have a 

tendency to spontaneous differentiation 

into cardiomyocytes as well as osteocytes 

and further confirmed the same with 

molecular markers such as β myosin heavy 

chain, cardiac troponin and cardiac actin 

for cardiomyocytes and alkaline 

Phosphates (ALP) and osteocalcin (OCN) 

markers for Osteocytes differentiation 

indicating that the hPMSCs cells are 

multipotent stem cells and can be used for 

regenerative therapies in cardiac as well as 

bone disorders. 

 

Overall, it shows that placental 

mesenchymal stem cells are multipotent 

stem cells and have the great advantages in 

the therapeutic program of stem cell 

research. Moreover, because placental stem 

cells can be expanded to large numbers 

compared with adult stem cells, they are 

ideal candidates for tissue engineering, cell 

based therapeutic applications, and for iPS 

generation. Besides this, the present study 

has clearly shown that the abnormal 

expression of CD 73, CD 100, CD 45, Ki 

67and vimentin are involved in fetal 

abortion in high risk pregnancy, and 

hPMSCs cell line can be used as an in vitro 

model system to study the mechanism of 

fetal abortion as well as for future 

regenerative therapies. 
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