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Abstract: Recently, stem cell biology has become an interesting topic, 
especially in the context of treating diseases and injuries using transplantation 
therapy. Several varieties of human stem cells have been isolated and identified 
in vivo and in vitro. Ideally, stem cells for regenerative medical application 
should be found in abundant quantities, harvestable in a minimally invasive 
procedure, then safely and effectively transplanted to either an autologous or 
allogenic host. The two main groups of stem cells, embryonic stem cells and 
adult stem cells, have been expanded to include perinatal stem cells. 
Mesenchymal stem cells from perinatal tissue may be particularly useful in the 
clinic for autologous transplantation for fetuses and newborns, and after banking 
in later stages of life, as well as for in utero transplantation in case of genetic 
disorders. 
This review highlights the characteristics and therapeutic potential of three 
human mesenchymal stem cell types obtained from perinatal sources: Wharton's 
jelly, the amnion, and the chorion. 
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INTRODUCTION 
 
The term ‘stem’, originally derived from old botanical monographs, was used in 
reference to the apical root meristems responsible for the regenerative capacity 
of plants [1]. Nowadays, the term ‘stem cells’ may refer to various types of cells 
which (i) are unspecialized and can generate one or more cell lineage types of 
the germ layer, (ii) have the ability to replenish their own number (self-renewal).  
The ability of stem cells to differentiate into various mature cell types is variable 
for different cells. Stem cell division is organized hierarchically from the most 
primitive to the targeted cells into mature tissue, and on the basis of this criterion 
the following stem cell classification has been proposed: totipotent, pluripotent, 
multipotent and unipotent stem cells.  
The most primitive stem cell, with the greatest opportunities for differentiation, 
is the totipotent cell of the zygote or first blastomere, which dates from the first 
division of the zygote. These cells can divide to give rise to both the embryo and 
the placenta. At the 32-cell stage of the embryo, known as the morula, the cells 
have already lost their totipotency and are pluripotent. They contribute to all 
three germ layers in the developing embryo. The stem cells with lower potency 
are multipotent stem cells that can differentiate into a number of cells, but only 
in the same germ layer. Multipotent stem cells give rise to unipotent stem cells 
that are committed to particular organs/tissues [2].  
Stem cells are isolated from embryos, fetuses and adults. Based on their origin, 
they can be divided into four main types: (i) embryonic stem cells, (ii) fetal stem 
cells, (iii) perinatal stem cells, and (iv) adult/somatic stem cells (Fig. 1).  

 

 
 

Fig. 1. Diagram of human stem cell hierarchy and classification. 
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Embryonic stem cells (ESCs) are a prototype of progenitor cells which can give 
rise to the whole organism and yield all tissue types. However, there are still 
many ethical dilemmas concerning the use of these stem cells. Another potential 
limitation which involves the use of ESCs in regenerative medicine is their 
unlimited ability to proliferate – which can potentially increase the risk of 
malignancy in the medical use of these stem cells [3]. Tumorigenicity and 
ethical considerations have impeded the widespread use of embryonic stem cells 
in clinical applications.  
Fetal tissue as a source for human stem cells also raises important ethical 
considerations. Moreover, it is clear that the use of human fetal tissue involves 
allogenic transplantation [4]. 
Thus, adult stem cells have aroused much greater interest. The best known 
example of an adult stem cell is the bone marrow stem cell, hematopoietic and 
non-hematopoietic, that is able to specialize into blood cells and other 
mesenchymal lineages. Adult stem cells are isolated from several tissue sources, 
including the skeletal muscle, bone, pancreas, and adipose tissue. Most of these 
cells preferentially generate mature cells of the same germ line as their tissue of 
origin: hematopoietic stem cells generate blood cells; bone marrow 
mesenchymal stem cells generate mesodermal cell types. However, several 
recent transplant studies indicate that at least a fraction of stem cells in these 
populations can generate cells of a different embryonic lineage in vitro and in 
vivo, for example: adipose derived stromal/stem cells have the ability to form 
bone and muscle of a mesodermal lineage; hepatocytes and pancreatic islets of 
an endodermal lineage; and neurons and oligodendrocytes of an ectodermal 
lineage [5]. Unfortunately, adult stem cells are present in miniscule quantities, 
their self-renewal is not as successful as ESCs, and they do not proliferate to the 
same degree. Moreover, because adult stem cells are not as young as ESCs, they 
may contain more DNA abnormalities acquired with age.  
Regenerative medicine and tissue engineering are searching for a novel stem 
cell-based therapeutic strategy. Because of many limitations in the use of 
embryonic and adult stem cells, a perinatal source of stem cells seems to be an 
important potential source of stem cells. The term ‘perinatal’ refers to around the 
time of birth, but technically covers the period from 20 weeks of pregnancy 
through the first 28 days of the neonatal period. Normally discarded as medical 
waste, the umbilical cord and perinatal tissue proved to be a rich source of stem 
cells. The most popular perinatal stem cell source is the umbilical cord blood. 
Umbilical cord blood is collected at the time of birth, and provides a pool of 
undifferentiated cells which has been shown to be therapeutically useful for 
rescuing patients with bone marrow-related deficits and inborn metabolic defects [6]. 
In addition, cord blood may be banked, and thus is available for autologous and 
allogeneic cell replacement.  
Stem cells for applications in regenerative medicine should be obtained easily, 
non-invasively, in abundant quantities and then transplanted safely and 
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efficiently to either an autologous or allogenic host. Hence, many new studies 
are dedicated to finding new sources of stem cells. 
Due to the easy access, low immunogenicity, extensive proliferation potential, 
multipotency, cryopreservation, and minimal ethical concerns associated with 
stem cells from umbilical cord blood, intensive studies on the presence of stem 
cells in other perinatal tissues have been started. Multipotent cells have been 
found in the chorion, placenta, perivascular areas, amnion, amniotic fluid, and in 
the tissue surrounding the umbilical cord vessels, i.e., Wharton's jelly [7-9]. In 
this review paper we focus on the biology and therapeutic potential of 
mesenchymal stem cells derived from the umbilical cord, Wharton's jelly and 
two fetal membranes: the amnion and the chorion. 
 
WHARTON’S JELLY AS A MESENCHYMAL STEM CELL SOURCE  
 
Human umbilical cord is an extra-embryonic tissue linking the mother and fetus. 
In the umbilical cord two arteries and one vein are surrounded by a mucoid 
connective tissue, called Wharton's jelly. Wharton's jelly is composed of 
myofibroblast-like stromal cells, collagen fibers, and proteoglycans [10]. In 
2003, the existence of primitive cell types within the gelatinous connective 
tissue from the umbilical cord was reported for the first time [11]. Cells isolated 
from Wharton's jelly, referred to as umbilical cord mesenchymal stromal/stem 
cells (UC-MSCs), adhere to plastic. There are a few methods for the isolation of 
mesenchymal stem cells from the umbilical cord, e.g. density gradient 
centrifugation and two-step enzymatic digestion. The most efficient method is 
via enzymatic degradation of the extracellular matrix to release the cells from 
the Wharton's jelly. These cells can be isolated in large numbers, approximately 
~1.5x106 cells per centimeter of the umbilical cord [12]. Proliferation analysis 
revealed that human UC-MSCs have a faster population doubling time than 
BM-MSCs. Wharton's jelly cells may be isolated and cultured for more than  
80 population doublings with no indication of senescence or changes in 
morphology [11]. It was also shown that isolated cells are characteristic of other 
types of stem cells and are capable of multipotential differentiation. Cells 
isolated from Wharton's jelly of the umbilical cord (UC-MSCs) meet the basic 
criteria for mesenchymal stem cells established by the Mesenchymal and Tissue 
Stem Cell Committee of the International Society for Cellular Therapy in 2006. 
They (i) are plastic-adherent when maintained under standard culture conditions, 
(ii) have the capacity for osteogenic, adipogenic, and chondrogenic 
differentiation, and (iii) express CD73, CD90, and CD105, but do not express 
the hematopoietic lineage markers CD14, CD11b, CD34, CD45, CD19, and 
CD79 [13].  
In the last 5 years, MSCs derived from Wharton's jelly have been a particular 
point of interest because of their advantages over cells of embryonic and somatic 
origin. A few research groups have demonstrated that these cells are 
characterized by expression of key molecules which may exhibit 
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immunomodulatory activities [14, 15]. The immune properties of UC-MSCs 
were studied in detail, and the conclusion of Troyer and Weiss was that there is 
no evidence for a frank immune rejection of undifferentiated UC-MSCs in vivo, 
and they can be tolerated well in allogenic transplantation [16]. The 
transcriptome analysis of human UC-MSCs showed increased expression of 
genes associated with the immune system, including IL6, VEGF (important in 
the immunosuppressive properties of mesenchymal cells), and CD200 (prevents 
fetal rejection in pregnancies; a mouse model demonstrated a role of CD200 in 
immune tolerance of allogeneic skin and cardiac transplantation) [17-19]. 
Additionally, studies have demonstrated high expression of human leukocyte 
antigen G (HLA-G) belonging to HLA class I, which plays a role in immune 
tolerance during implantation and in pregnancy [20, 21]. Chen et al. for the first 
time demonstrated that the immunosuppressive effects of UC-MSCs depend on 
the prostaglandin E2 (PGE2) mechanism (blocking PGE2 biosynthesis completely 
abolished the immunosuppression activities of human UC-MSCs), which 
probably inhibits T-cell proliferation [22]. Published in 2011, the first report of 
detailed transcriptome profiling of stem cells isolated from Wharton's jelly 
revealed and provided answers concerning certain unique properties of human 
UC-MSCs compared to human embryonic and other mesenchymal stem cells. 
Human UC-MSCs express a low level of the molecular markers typical for the 
pluripotent embryonic stem cell phenotype – OCT4, Nanog, Sox2 and Lin28 – 
thus explaining why they do not produce teratomas in vivo, in immunodeficient 
mice and rats [12, 23]. It was demonstrated that human UC-MSCs attenuate the 
growth of human breast carcinoma cells in vitro, and also in vivo, in a mouse 
xenograft study [24]. The anticancer effects of UC-MSCs may include 
upregulated expression of some genes associated with the induction of apoptosis 
and a tumor suppressor (IL12). It was shown that un-engineered UC-MSCs 
attenuated the Akt and MAPK phosphorylation in cancer cells [18, 24]. The 
mechanism of tumor regression is not clear, but there are suggestions that it may 
be via cell-to-cell contact or via factors secreted by the UC-MSCs. It suggests 
that UC-MSCs are a potential cytotherapeutic tool for cancer therapy. 
The identification and characterization of the potential anticancer factors of 
UC-MSCs would be very important and of tremendous value for clinical 
application. No risk of malignant transformation and anticancer effects – these 
features strongly distinguish UC-MSCs from embryonic stem cells. 
Importantly, Wharton's jelly cells reveal telomerase activity, which is found in 
human embryonic stem cells [25]. High telomerase activity is correlated with an 
early stage of differentiation and a high level of division activity in the cells. 
Hence, UC-MSCs may have the capability to undergo a high number of cellular 
divisions. 
Stem cells isolated from Wharton's jelly are a highly homogeneous population of 
cells, which distinguishes these cells from the population of many other somatic 
stem cells. It has been shown that UC-MSCs may differentiate into several 
lineages, including adipose cells, chondrocytes, osteoblasts, neuronal cells, 
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endothelial cells, cardiomyocytes, hepatocyte-like and pancreas beta cells [26-28]. 
In this context, UC-MSCs are an example of multipotent or even pluripotent 
stem cells. 
 
Neuronal differentiation 
UC-MSCs express a marker of neural precursors, nestin, without exposure to 
differentiation signals [11]. Under neurogenic conditions (medium supplemented 
with DMSO, butylated hydroxyanisole, valproic acid, forskolin, hydrocortisone 
and insulin), Wharton's jelly cells undergo changes in morphology, and express 
at a higher level several proteins consistent with the neuronal, astrocyte and 
oligodendrocyte phenotype: neuron-specific enolase (NSE), glial fibrillary acidic 
protein (GFAP), and 2',3'-cyclic nucleotide-3'-phospodiesterase (CNPase), 
respectively. The potential for exploring the capacity of UC-MSCs to 
differentiate into mature neural cells holds much promise for treating a number 
of devastating neuronal diseases [11, 12]. Hence, Wharton's jelly of the 
umbilical cord may represent an alternative source of stem cells for central 
nervous system cell transplantations.  
 
Osteogenic differentiation 
Various studies have demonstrated that UC-MSCs possess osteogenic potential 
and may be an alternative cell source for bone repair in regenerative medicine 
[29-31]. For bone tissue engineering, it is important to analyze the in vitro 
behavior of cell-biomaterial hybrids concerning their integration in vivo into the 
injured tissue. UC-MSCs have expression and synthesis of many proteins which 
is different than BM-MSCs: upregulation of extracellular proteins, i.e. 
metalloproteinases MMP-1 and MMP-2; and downregulation of osteogenic 
markers, i.e. osteopontin and alkaline phosphatase on the collagenous matrix 
under osteogenic conditions [30, 32]. However, the observed differences did not 
affect the final result of osteogenic differentiation of these perinatal umbilical 
mesenchymal stem cells. The studies of Schneider et al. suggest a mechanism of 
UC-MSCs for bone formation which is different compared to bone marrow 
mesenchymal stem cells. The osteogenic differentiation properties of UC-MSCs 
are enhanced by their contact with collagen, whereas contact between 
BM-MSCs stimulates the synthesis of extracellular matrix proteins, including 
collagen type I, III and IV [32]. Also of interest is the impact of various factors 
associated with the set of properties of UC-MSCs. Their osteogenic potential 
does not depend on the baby's gender and mode of delivery. Interestingly, low 
birth weight and a shortened duration of pregnancy have a significant impact on 
the highest degree of osteogenic differentiation [33]. 
 
Endothelial differentiation 
Chen et al. showed that UC-MSCs have an endothelial differentiation potential 
which is even higher than in bone marrow mesenchymal stem cells – the ‘gold 
standard’ in cell-based therapies [34]. This property of cells is particularly 
important in the context of vascularization within engineered tissues. In addition, 
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the umbilical cord is also a rich source of vascular endothelial cells (hUVECs), 
which may be isolated from the umbilical cord vein [35]. UC-MSCs may also 
facilitate the engraftment of hematopoietic stem cells. 
Recent studies have provided encouraging results regarding the use of human 
UC-MSCs in tissue regeneration and repair in several models of disease, such as 
treating rat liver fibrosis, mice diabetes mellitus, rescuing the photoreceptors and 
the visual function in a rodent model of retinal disease, and ameliorating 
apomorphine-induced rotations in a rodent model of Parkinson's disease [12, 36-38]. 
UC-MSCs may be transfected with either DNA or mRNA, so they may be an 
efficient tool for cell-based gene therapy [39]. Wharton's jelly from the umbilical 
cord is a rich reservoir of mesenchymal stem cells, and has a high concentration 
of many growth factors (EGF – epidermal growth factor, FGF – fibroblast 
growth factor, IGF-I – insulin-like growth factor I), which may stimulate 
division and differentiation of these cells [40]. 
In many findings it is suggested that UC-MSCs offer advantages over stem cells 
as a source of therapeutic cells. Firstly, they are derived from an uncontroversial 
and inexhaustible source, and may be harvested noninvasively at low cost. 
Secondly, UC-MSCs did not induce teratomas – they have anticancer effects. 
Therefore, UC-MSCs are attractive cells for medical therapy. 
 
AMNION AS A SOURCE OF STEM CELLS 
 
The amnion is a membrane forming the amniotic sac that surrounds and protects 
the developing fetus. This fetal tissue is composed of three major layers: a single 
epithelial layer, a thick basement membrane, and an avascular mesenchyme [41]. 
The interior of the amniotic sac is filled with amniotic fluid, which creates the 
environment of the intrauterine life. Not only does it allow the fetus to move 
freely in the womb, but it also constitutes a kind of shock absorber protecting the 
fetus from mechanical injury. Besides protecting the fetus from drying out and 
temperature fluctuations, as well as isolating the child from strong stimuli from 
the outside world, it also participates in the metabolism of the fetus and the 
exchange to allow the transport of nutrients. Both the amniotic membrane and 
the amniotic fluid contain cells that may be of therapeutic interest. 
It has recently been shown that amniotic tissues are a rich source of adherent 
cells that meet the criteria for human mesenchymal stem cells proposed by the 
Mesenchymal and Tissue Stem Cell Committee of the International Society for 
Cellular Therapy [13], and in agreement with the recommendation, the cells, 
isolated from the membrane and the fluid, were named amniotic membrane 
mesenchymal stromal cells (AM-MSCs) and amniotic fluid-derived multipotent 
mesenchymal stromal cells (AFCs), respectively [42]. Both AM-MSC and AFC 
cells are free from ethical concerns and have the capacity for multi-lineage 
differentiation. In addition, amniotic membrane may also provide another cell 
type, i.e. amniotic epithelial cells (AECs), derived from the embryonic ectoderm. 
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Human AECs are unique cells exhibiting the characteristics of stem cells, i.e. in 
vitro the ability to produce cells of three germ layers [43]. 
 
Amniotic membrane – human mesenchymal stem/stromal cells (AM-MSCs) 
The transplantation of human amniotic membrane has been performed in 
ophthalmology since the 1950s in the treatment of ocular disorders. Amniotic 
membrane was used as a substitute, but also as a scaffold upon which cells may 
migrate and regenerate, forming healthy tissue. The existence of a high number 
of mesenchymal stem cells with osteogenic and adipogenic potential within the 
amniotic membrane was reported for the first time in 2004 by In 't Anker and 
colleagues [44]. AM-MSCs are easily isolated through mechanical and 
sequential trypsin and collagenase digestion, in a significant number, 
approximately 2x106 per gram of the amnion [45]. They exhibit a fibroblast-like 
morphology and have a capability to differentiate towards not only adipogenic 
and osteogenic, but also chondrogenic, skeletal myogenic and endothelial 
lineages [46]. AM-MSCs have the capacity to support the hematopoiesis of 
CD34+ cells in co-cultures, even in the absence of exogenous cytokines. There is 
a possibility that the co-transplantation of the umbilical cord blood-derived 
hematopoietic stem cells with AM-MSCs might induce earlier and more 
complete recovery of hematopoiesis. This was observed in a mouse model [47] 
and if this observation is also confirmed in humans, this method would provide 
new insights for cord blood stem cell transplants. Of note, the amniotic 
membrane is avascular tissue, which does not contain endothelial cells; 
nevertheless, AM-MSCs have angiogenic abilities. Alviano et al. showed that 
AM-MSCs spontaneously form capillary-like structures when they are cultured 
in semisolid medium. Supplementing the culture medium with vascular 
endothelial growth factor (VEGF) strengthens the AM-MSCs angiogenic 
behavior [46]. AM-MSCs are capable of secreting several growth factors that 
support angiogenesis and tissue remodeling, and decrease inflammation, such as: 
transforming growth factor-β (TGF-β), basic fibroblast growth factor (FGF), 
epidermal growth factor (EGF), keratinocyte growth factor, and hepatocyte 
growth factor (HGF) [48]. The AM-MSCs retained a stable morphology for 
more than 20 passages. The phenotype of AM-MSCs (CD29, CD73, CD44 
positive and CD14, CD34, CD45 negative) is similar to MSCs derived from 
adult bone marrow and umbilical cord blood [8]. The genetic profiles of the 
AM-MSCs were compared with the umbilical cord blood and bone marrow-
derived mesenchymal stem cells (BM-MSCs). The AM-MSCs express octamer-
binding transcription factors (Oct-4) – molecular markers typical for embryonic 
stem cells – at higher levels than BM-MSCs, which may suggest a higher 
position of these cells within the stem cell hierarchy compared with bone 
marrow derived-mesenchymal stem cells. The primitiveness of AM-MSCs also 
confirmed their anti-inflammatory and low immunogenic characteristics. It has 
been shown that AM-MSCs have the highest proliferation rates in vitro 
compared to fetal or adult stem cells [49]. 
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Amniotic fluid-derived mesenchymal stromal cells (AF-MSCs) 
It is known that amniotic fluid contains many cell types that come from  
a developing fetus. Amniotic fluid is easily obtained in a low-risk procedure of 
genetic diagnostics – amniocentesis – at any time point, from week 14 until the 
end of the pregnancy. The composition and origin of cells in the amniotic fluid 
change as the pregnancy progresses [50]. Due to their varied origins, these 
perinatal stem cells are a heterogeneous population. Among the cells in the 
amniotic fluid are found the epithelioid E-type cells, amniotic fluid-specific  
AF-type cells and fibroblast F-type cells [51].  
Numerous recent publications devoted to methods of cell isolation from the stem 
cell niche reflect a great interest in the cells present in the amniotic fluid. [52-55]. 
Unfortunately, so far a considerable number of tests have been carried out on  
a mixed population of adherent cells isolated from the amniotic fluid without 
division into E-type, AF-type and F-type cells. The class of adherent cells 
obtained from the amniotic fluid (AF-type) appears to fulfill the criteria for 
MSCs, and based on their morphology, phenotypes, and differentiation potential 
in vitro they may be considered as mesenchymal stem/stromal cells. Amniotic 
fluid mesenchymal stromal cells (AF-MSCs) are negative for hematopoietic 
markers CD45 and CD34, and positive for mesenchymal characteristics surface 
markers CD29, CD73, CD90 and CD105 [53]. The surface markers’ profile of 
AF-MSCs and the expression of Oct4 suggest that they represent an early stage 
of cell differentiation: multipotency or even pluripotency [56]. They have high 
in vitro proliferation potential of over 250 population doublings without 
doubling time changes. Only a few studies concerned mesenchymal cells isolated 
from the amniotic fluid or single-cell derived AF-MSC clones [53, 57, 58]. 
Approximately 1% of cells in a culture obtained from human amniocentesis 
comprises the population of mesenchymal stem cells. They may be isolated as  
c-kit-positive (CD117) cells [53]. The multilineage differentiation capacity of 
these cells is confirmed by in vitro differentiation assays while cultured under 
specific conditions. AF-MSCs are able to differentiate into neurogenic lineages 
and thus contribute to the ectodermal layer; into hepatocytic cells as part of the 
endodermal lineages; or into osteoblasts, fibroblasts, chondrocytes, and 
adipocytes, as part of the mesodermal lineages [59]. The in vivo applications of 
AF-MSCs are at an early stage. It should be mentioned that sometimes cells at 
an early stage of differentiation fail in vivo to reproduce the same results 
obtained in vitro. The studies of Chiavegato et al. demonstrated that human  
AF-MSCs are responsible for the spontaneous development of chondrogenic 
masses in the heart of immuno-deficient rat, despite the cardiomyocyte-like 
phenotype obtained in vitro [60]. 
None of the human AF-MSCs formed tumors in immunodeficient mice, which 
seems advantageous for eventual therapeutic applications [45]. Moreover, 
AF-MSCs are not subject to ethical debates, and the excess of the amniotic fluid 
collected during routine clinical amniocentesis, not used for genetic research, is 
normally destroyed. Although few comprehensive studies have been conducted 
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on cells isolated from the amniotic fluid, this source of stem cells is particularly 
interesting for pediatric tissue engineering. Since many malformations are 
detectable already during pregnancy, and should be corrected directly or shortly after 
birth, the ideal pediatric tissue engineering paradigm would comprise a prenatal 
cell harvest to provide time for the in vitro fabrication of an autologous implant 
that is ready to use at birth. With a minimally invasive procedure for the 
collection of amniotic fluid, amnion fluid-derived stem cells are particularly 
attractive for innovative therapies used in pediatrics and neonatology. Besides, 
in the future, the possibility of banking these cells may provide sources both for 
autologous cell replacement in later life and for allogenic transplants.  
 
CHORION AS A SOURCE OF STEM CELLS 
 
The chorion is the outermost membrane that is formed between the developing 
fetus and the mother's organism during pregnancy. In the first trimester of 
pregnancy the chorion undergoes rapid proliferation and forms numerous 
chorionic villi, which develop (vascular fingers) and give rise to the placenta. 
The placenta is a highly vascularised hematopoietic tissue, and contains 
immature hematopoietic progenitors and hematopoietic stem cells [61]. 
Potential mesenchymal stromal cells have been isolated from chorionic 
mesenchymal and trophoblastic regions of the chorion. Therefore, two classes of 
primitive cells may be distinguished: chorionic mesenchymal stem/stromal cells 
(C-MSCs) and chorionic villous/placenta mesenchymal stem/stromal cells 
(PMSCs). The morphological features of these cells isolated from the chorion 
are similar to those described for BM-MSCs and other types of mesenchymal 
stem cells, and include plastic adherence and fibroblast-like growth. The 
effectiveness of the procedures of isolation of mesenchymal cells from chorionic 
tissues was confirmed by the presence of surface markers characteristic for 
BM-MSCs (CD13, CD29, CD44, CD54, CD73, CD105, CD166), and the lack of 
hematopoietic (CD3, CD14, CD34, CD45) and endothelial (CD31) markers [62]. 
Mesenchymal cells derived from the chorion have a significantly better 
chondrogenic, osteogenic, myogenic, and neurogenic differentiation potential 
than amnion-derived cells [63]. This may be related to the different origins of 
these two membranes: the chorion is derived from the trophoblast, the amnion 
from the embryoblast – the inner layer of the blastocyst.  
Unfortunately, there are a few reports stating that to date mesenchymal chorion-
derived cells could not be cultured in vitro beyond five passages [63-65]. 
Despite this, the chorion and the placenta, as fetomaternal organs discarded 
following birth, represent important, valuable and promising sources of 
mesenchymal and hematopoietic stem cells.  
 
Chorionic mesenchymal stem/stromal cells (C-MSCs) 
After enzymatic digestion of the entire chorionic membranes, the isolation 
protocol typically yields 21x106 plastic-adherent and fibroblast-like chorionic 
mesenchymal stem/stromal cells (C-MSCs). An immunophenotypic analysis 
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immediately after the isolation and during the culture at passages showed marker 
expression similar to that of AM-MSCs and BM-MSCs [64]. However, after  
15 passages, discrete morphological changes were observed in the C-MSCs 
population. Many reports have shown that placenta-derived cells, including 
C-MSCs, are able to persist in culture for a maximum of 10 passages [62, 66]. 
Perhaps these cells have specific, unknown culture requirements. When the 
C-MSCs were cultured in differentiation media, they demonstrated broad 
morphogenetic plasticity and differentiated into osteoblasts, osteocytes, 
chondrocytes, myocytes, adipocytes, and neural cells [63, 64]. They can also 
differentiate into hepatocytes, endothelial cells, and cardiomyocytes [46, 67, 68]. 
Despite the high plasticity of these cells, there is little experience with chorion-
derived stem cells, which may be related to their poor survival in advanced 
passages.  
 
Placenta/chorionic villous mesenchymal stem/stromal cells 
In the first trimester chorionic villi are usually obtained from aborted fetuses or 
by a transcervical biopsy for a cytogenetic diagnosis [63, 65]. Very little definite 
information has been published on chorionic villous mesenchymal stem/stromal 
cells to date. An immunohistochemical and telomere length analysis of 
mesenchymal cells of the first trimester and of a term placenta showed no 
significant differences between early and late pregnancy-isolated cells, 
indicating that mesenchymal cells do not undergo a noticeable change after the 
first trimester [65, 69]. These observations and the more easily acquired material 
from mature placenta caused that the vast majority of research is carried out on 
mature placenta mesenchymal stem/stromal cells (PMSCs) instead of the 
mesenchymal stem/stromal cells collected from chorionic villi. The advantages 
of PMSCs are the lack of ethical controversies and the easily accessible source – 
without invasive procedures – of these cells for future experimental and clinical 
applications. The number of potential donors of tissue for isolating PMSCs is 
also high. PMSCs are readily isolated from placenta using a variety of methods. 
The most popular one involves mechanical mincing, hemolysis for removing red 
blood cells, and trypsin digestion. Cells may also be isolated during an ongoing 
pregnancy using relatively minimally invasive techniques such as chorionic 
villus sampling (CVS). 
It was shown that PMSCs are able to differentiate into adipocytes, osteoblasts, 
myofibroblasts, hepatic cells and neural-like cells under appropriate conditions 
[67, 70]. The potential of PMSCs to differentiate into different cell types, pre-
tested in experiments in vitro, is then confirmed in many experiments in vivo. 
Among them, Zhang et al. presented a model of repair of osteochondral defects 
in nude mice and rats [71], whereas the Parolini group demonstrated the usefulness 
of PMSCs transplantation in reducing the fibrotic process in mice lung [72]. An 
important aspect for clinical application is the immunomodulatory capacity of 
PMSCs. Preliminary observation provides additional evidence concerning the 
potential immunomodulatory properties of MSCs, which may play a role in the 
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induction of tolerance to allografts. Li and colleagues demonstrated that PMSCs 
do not induce allogenic lymphocyte proliferation and may inhibit a mixed 
lymphocyte reaction (MLR) [73]. However, the mechanisms underlying these 
processes remain unknown. Additionally, PMSCs also have the ability to 
support the proliferation of hematopoietic stem cells as feeder cells [62]. The 
fact that the placenta is one of the most important perinatal sources of stem cells 
is confirmed by the growing number of preclinical and clinical studies of their 
use (Tab. 2). In order to strengthen the links among researchers who use 
placenta-derived stem cells, in September 2009 the International Placenta Stem 
Cell Society (IPLASS) was established. 
 
PERSPECTIVES 
 
MSCs from perinatal tissue demonstrate greater proliferation capacity as 
compared to adult stem cells, and they are capable of differentiation into 
lineages of three germ layers, which confirms their pluripotentiality. Selected 
reports of the potential for differentiating mesenchymal stem cells derived from 
Wharton’s jelly, the amnion and the chorion are summarized in Tab. 1. 
 
Tab. 1. Reported differentiation potential of mesenchymal stem cells from Wharton's 
jelly (UC-MSCs), amniotic membrane (AM-MSCs), amniotic fluid (AF-MSCs), chorion 
membrane (C-MSCs) and placenta/chorionic villi (PMSCs). 
 

Differentiation potential 
Mesenchymal cell type 

UC-MSCs AM-MSCs AF-MSCs C-MSCs PMSCs 

Adipogenic differentiation [26] [44, 46, 63, 64] [59] [63, 64] [70] 

Chondrogenic differentiation [26] [44, 46, 63, 64] [59, 74] [63, 64]  [70, 71] 

Osteogenic differentiation [29-31] [44, 46, 63, 64] [59] [63, 64]  [70, 75] 

Myogenic differentiation [26] [46, 76] [59, 77-79] [63] [89] 

Neuronal differentiation [11] [63, 80] [81-83] [63, 64, 82, 84] [7, 84, 90] 

Endothelial differentiation [67] [46] [59] [46] [7, 84, 90] 

Hepatocyte-like cells [27, 86] [87] [88] [67] [67, 90] 

 
Scientists have long speculated about the mechanism associated with the 
tolerance of the mother to the developing fetus. One of the proposed 
explanations of the phenomenon of fetal-maternal tolerance is the antigenic 
immaturity of the fetus [91]. It is consistent with the lack of the major 
histocompatibility complex (MHC) in many stem cells isolated from fetal and 
perinatal tissues. The use of cells derived from perinatal tissues and adult stem 
cells is beyond doubt. Our current knowledge regarding perinatal stem cells has 
expanded greatly over what was known just a few short years ago. Perinatal 
stem cells are a versatile cell population, and they are interesting for both 
scientific and practical objectives. They can be used to investigate the culture 
conditions and molecular signals required for stem cells to assume a particular 
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cell destiny. Stem cell technology provides unprecedented opportunities for 
identifying new molecular targets, discovering and developing new drugs, and 
for testing them for safety. The practical applications of these human stem cells 
may be in toxicological screening of candidate drug molecules, especially in 
embryotoxicological approaches. Practically, the possibilities of their 
differentiation into diverse cell types have made them interesting candidates in 
transplantation studies for tissue reconstruction. The population of perinatal stem 
cells, secreting several growth factors at a high level, could also be used to 
deliver stimulatory factors to tissues and endogenous stem cells.  
The biological features and the absence of ethical issues concerning the 
application of fetal MSCs suggest that these cells might be promising candidates 
for tissue engineering and stem cell therapy. Although the understanding of the 
mechanisms and molecular processes underlying stem cell differentiation and 
cell fate determination is not complete, many clinical applications using the 
above cells have been described and applied.  
 
Tab. 2. Current status of Wharton's jelly and placenta mesenchymal stem cells in clinical 
trials (based on www.clinicaltrials.gov). 
 

Cell 
sources 

Indication 
(Title) Phase Country 

Wharton's 
jelly 

Myocardial Infarction 
(Intracoronary Human Wharton's Jelly- Derived Mesenchymal 
Stem Cells (WJ-MSCs) Transfer in Patients With Acute 
Myocardial Infarction) 

II China 

Placenta Severe Aplastic Anemia 
(Safety and Efficacy Study of Umbilical Cord/Placenta-Derived 
Mesenchymal Stem Cells to Treat Severe Aplastic Anemia) 

II China 

Myelodysplastic Syndromes 
(Safety and Efficacy Study of Umbilical Cord/Placenta-Derived 
Mesenchymal Stem Cells to Treat Myelodysplastic Syndromes) 

II China 

Hematologic Malignancies 
(A Single-Arm Safety Study of Transplantation Using Umbilical 
Cord Blood and Human Placental-Derived Stem Cells From 
Partially Matched Related Donors in Persons With Certain 
Malignant Blood Diseases and Non-Malignant Disorders 
(HPDSC)) 

I United 
States 

Stroke, Acute Middle Cerebral Artery Stroke, Posterior Cerebral 
Artery Stroke 
(Study of Human Placenta-derived Cells (PDA001) to Evaluate 
the Safety and Effectiveness for Patients With Ischemic Stroke) 

II United 
States 

Graft-Versus-Host Disease 
(Allogeneic Mesenchymal Stem Cells for Graft-Versus-Host 
Disease Treatment (MSCGVHD)) 

I and II Israel 

 
Based on the promising results of animal experiments using various disease 
models, certain clinical trials have also been initiated. However, compared with 
the more conventional sources of stem cells, the number of reports describing 
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the results of clinical investigations using stem cells from perinatal tissues is 
limited. No studies were found using stem cells from the amnion. The ongoing 
human clinical trials using mesenchymal stem cells isolated from Wharton’s 
jelly and placenta are summarized in Tab. 2. 
There are also some safety issues inherent in stem cell therapy. Like any other 
new technology, it is completely unknown what the long-term effects of such 
interference with nature could be. Once placed into a patient's body, stem cells 
intended to treat or cure a disease could end up wreaking havoc simply because 
they are no longer under the control of the clinician. Another disadvantage of 
perinatal stem cells is the poorly understood biology of these stem cells and 
molecular mechanisms of differentiation. Many issues must be explored before 
the safe application of these cells in the clinical setting. However, with 
appropriate validation of cell types and optimal performance, and further 
characterization, perinatal stem cells should yield a demonstrable benefit in cell 
therapy. 
 
SUMMARY 
 
Human perinatal tissue – Wharton's jelly, amnion and chorion/placenta – 
provides an abundant source of developmentally young somatic cells that can be 
stored, differentiated and/or even reprogrammed for regenerative medicine. 
Since the umbilical cord, amnion and placenta are normally discarded at birth, 
they provide an easily accessible alternative source of stem cells. These cells 
have a high expansion potential and genetic stability. In addition, they have 
strong immunosuppressive properties that can be exploited for successful 
autologous as well as heterologous transplantation. 
The stem cells described in the present article may emerge as a remarkable tool 
for the cell therapy of multiple diseased tissues. Advances in the purification, 
isolation and identification of stem cells and their success in clinical application 
would give a solid foundation for further development of regenerative medicine 
based on cell therapy. Stem cells may be used both in the regeneration of 
damaged tissue and to create ex vivo organ fragments in the future. Further 
studies are required to understand better the precise nature of perinatal stem cells 
and to explore their potential clinical applications. 
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