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ABSTRACT 
Recently the fetal membranes are regarded to be 
abundant, ethically acceptable and easily ac-
cessible sources of mesenchymal stem cells, 
which cause only minor immunogenic troubles. 
In addition, these membranes have been studied 
as an alternative to adult and embryonic stem 
cells. The chorion develops firstly as a layer of 
simple avascular epithelium (trophoblast). The 
amnion, as the chorion is also an avascular 
membrane. It is derived from the ectoderm, and 
forms a very thin membrane which surrounded 
the embryo in development. The hypoblast and 
exocoelomic membrane together originates the 
yolk sac which late will give rise to the allantois. 
The study of the origin and development of 
these tissues is of vital importance for obtaining 
stem cells. Different cell lineages can be ob-
tained from the fetal placental tissues: the he-
matopoietic lineage is found in the chorion, al-
lantois and, yolk sac, and the mesenchymal 
lineage is found in the chorion and amnion. The 
properties and potential for differentiation of 
fetal stem cells isolated from placental tissues 
must be characterized in order for them to be 
used in the treatment of several diseases. The 
chorion, yolk sac, allantois, and amnion contain 
heterogeneous cell populations. However, few 
studies have focused on characterizing these 
alternative stem cells sources. The amnion has a 
significant advantage over the other fetal mem-
branes, mainly due to its easily accessibility for 
collection in humans and rodents and also be-
cause it contains populations of pluripotent and 
multipotent cells. In some other species (dogs, 
ruminants, horses, cats, and swine) the allantoic 
fluid is more easily accessible, but there is little 
information regarding the characterization of the 
cell population. This review will address ad-
vances in the isolation of stem cells from fetal 
placental tissues and describe their characteri-

zation and possible use in cell therapy, as well 
as their origin and development. 
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1. INTRODUCTION 

1.1. Development of the Placental, 
Embryonic and Fetal Tissues 

The fusion of a male and female gamete results in a 
zygote. During repeated cell divisions, the zygote devel-
ops progressively into a blastocyst, an embryo, and upon 
organ differentiation, into a fetus. In viviparous verte-
brates, the embryo develops extra-embryonic membranes 
which showed several and important functions during the 
embryo and fetal life. However, during this period, 
physiological exchange processes, such as respiration 
and nutrition, require special provisions [1]. These func-
tions are provided by an intimate connection between 
parts of the fetal membranes and the endometrium, 
which is followed by the implantation process. The com-
bined organ formed from this process, the placenta, con-
sists of a fetal component and the modified uterine wall 
[2]. The fetus and the fetal placenta together form the 
conceptus. The development and joining of the fetal 
membranes to the uterine epithelium result in the devel-
opment of the placenta, i.e. placentation [3]. In this way, 
in all those places that these fetal membranes are ap-
posed or even fusing with the uterine mucosa for the 
purpose of maternalfetal exchange a placenta is formed 
[3] (Figure 1). 

The blastocyst wall is composed of a unilaminar epi-
thelium, called the trophoblast, which develops before 
the inner cell mass differentiates into germ layers. A 
layer of mesoderm is then added and the composite 
membrane is known as the chorion. An ectodermal vesi-
cle also lined with mesoderm, the amnion, surrounds the 
embryo and sustains it in liquid. An endodermal vesicle, 
the yolk sac, which is in communication with the poste-
rior intestine, the allantois, participates in the formation 
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of the placenta as well. The mesoderm of the chorion and 
amnion is part of the extraembryonic somatopleure, 
while the mesoderm of the yolk sac and allantois origi-
nates from the extraembryonic splanchnopleure [4]. 

The chorion develops first as a single layer of avascu-
lar epithelium, the trophoblast. Growth of the leafy 
chorion results in the vast increase in the contact area 
between the trophoblast and the endometrial tissue [4]. 

The allantois is a small diverticulum that originates 
from the posterior wall of the yolk sac after the appear-
ance of the cloacal membrane [5]. It is thought that the 
allantois guides the formation of umbilical vessels. In 
mammals, it takes on respiratory function and storage of 
excreted materials [6]. Allantoic vasculogenesis begin 
from the distal tip of the allantois, which contains meso-
derm, and progresses in two directions: distally to fuse 
with the chorion and form the placental labyrinth, and 
proximally to connect with the dorsal aorta [7]. 

Amniogenesis is the result of the gradual displacement 
of epiblast cells toward the embryonic pole by the accu-
mulation of fluids, where they differentiate into a thin 
amniotic membrane that separates the new cavity from 
cytotrophoblast, resulting in formation of the amniotic 
cavity. After a few weeks, the amniotic cavity surrounds 
the entire embryo. Thus, the amniotic cavity is covered 
by amnioblasts and sits on epiblast [6]. The amniotic 
membrane is a tissue of fetal origin and is composed of 
three layers: a layer of simple epithelium, a thick basal 
membrane and an avascular mesenchyme [8]. This 
membrane receives oxygen and nutrition from the 
chorionic fluid, the amniotic fluid and surface fetal ves-

sels [9]. 
The vitelline cavity is the first of the embryonic an-

nexes to form. In birds, it is formed just before the amni-
otic cavity. In placental mammals, unlike monotremes, it 
undergoes atrophy during embryonic development. A 
cavity lined with hypoblast and flattened cells forms first, 
probably originating from mesodermal differentiation of 
the cytotrophoblast. During embryonic development, the 
hypoblast develops to completely line the previously 
formed primitive vitelline cavity. Then, having already 
differentiated into an endoblast, it fully delimits the sec-
ondary vitelline cavity [10]. 

Placental tissues may harbor cells that show plasticity, 
which is characteristic of pre-gastrulation embryonic 
cells, and which have the potential to differentiate into 
different lineages. This notion is well supported by the 
fact that these tissues are generated during embryonic 
development, always before the onset of gastrulation [11]. 
The human placenta is an alternative source of mesen-
chymal stem cells that bypass the limitations of other 
sources such as bone marrow, umbilical cord, peripheral 
blood and adipose tissue. Mesenchymal stem cells from 
these sources are promising [12], but in some cases are 
limited in terms of accessibility and utility [13,14]. 

Studies by [15] showed that mesenchymal stem cells 
are present in the human placenta. Using routine cell 
culture techniques, placental mesenchymal stem cells can 
be successfully isolated and expanded in vitro. Although 
the starter culture consists of fibroblastoid and non-fi- 
broblastoid cell types, only the fibroblastoid population 
remains after enzymatic digestion and passages. 

 

 

Figure 1. Schematic representation of the different types of placenta in various domestic spe-
cies. 1: Human placenta; 2: Equine; 3: Feline; 4: Rodent; 5: Ruminant; 6: Swine. Am = amnion, 
Al = allantois, V: yolk sac, and C: chorion. Adapted from Leiser and Kaufmann (1994). 
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1.2. Stem Cells Derived from the Chorion 

and Allantois 

As described in the literature cells isolated from the 
chorionic membrane showed only mesenchymal proper-
ties [16]. The isolation of mesenchymal cells can be per-
formed by culture of fetal chorionic villi explants, al-
though this entails a high risk of maternal contamination 
[17-19]. Another technique used for isolation of mesen-
chymal cells from human chorion is dispase and colla-
genase treatment [18,20]. Recent studies suggest that 
stromal mesenchymal cells derived from human chorion 
(SMCHCs) isolated in the first trimester proliferate better 
than cells obtained in the third gestation trimester [20]. 

Overall, the ultrastructural characteristics of SMCHCs 
resemble those of hematopoietic progenitors and tumors 
of small round blue cells (e.g., Ewing sarcoma), sug-
gesting they are positioned at the highest level of the 
stem cell hierarchy [16]. The profile of surface markers 
in cultured human mesenchymal stromal cells from the 
amnion and chorion is similar to that of mesenchymal 
stromal cells from adult bone marrow. They all express 
typical mesenchymal markers but are negative for he-
matopoietic markers (CD34 and CD45) and monocytic 
markers (CD14) [18,20,21]. SMCHCs differentiate into 
classical mesoderm lineages (osteogenic, chondrogenic 
and adipogenic) [18,20,21] demonstrated their capacity 
for myogenic (MyoD1+) and neurogenic (CD133+) dif-
ferentiation. In vivo tests showed that human chorionic 
cells persisted successfully in grafts in multiple organs, 
as they were detected in the brain, lung, bone marrow, 
thymus, spleen, kidney and liver after intraperitoneal or 
intravenous transplantation in neonatal swine and mice. 
This finding was indicative of active migration and 
molecule adhesion [22]. 

The pre-fusion allantois and chorion are good sources 
of hematopoietic progenitor cells. Prior to fusion, cells 
express CD41, a marker for early hematopoiesis [23], 
and also give rise to definitive myeloid and erythroid 
lineages in culture [24]. Two morphologically distinct 
cell populations are established in the allantois [25] and 
[26]: an outer layer of “mesothelium”, and an inner core 
of vascularized mesoderm, defined initially by a plexus 
of endothelial cells. The early appearance of hematopoi-
etic stem cells in the placenta suggests that the allantoic 
mesoderm and its derivatives may be involved in the 
generation of hematopoietic stem cells and/or maturation 
of these cells in adults [27]. Suzuki and Nakano [28] 
analyzed the hematopoietic potential of the chorion and 
allantois. They isolated these tissues before the conceptus 
established a connection with the circulatory system, first 
culturing explants of the allantois and chorion on a layer 
of Op9 stromal cells in the presence of hematopoietic 
cytokines that support the growth and differentiation of 
cells in the myeloid lineage (IL3, IL6, G-CSF, GM-CSF). 

Both the allantois and chorion from the conceptus gave 
rise to many non-adherent, round cells as efficient as 
those seen in paraaortic splanchnopleura, demonstrating 
the presence of a hematopoietic stem cell environment. 

1.3. Stem Cells Derived from the Amnion 

It is expected that the amniotic membrane can main-
tain pluripotent potential for differentiation. During de-
velopment, the inner cell mass of the blastocyst, from 
which embryonic stem cells are derived, gives rise to the 
epiblast (from which the embryo is obtained) and hypo-
blast (from which the yolk sac is derived). The epithelial 
layer of amniotic membrane (amniotic ectoderm) is ob-
tained from the epiblast (embryonic ectoderm), whereas 
the mesenchymal cells (amniotic mesenchyme) are de-
rived from the primitive lineage of extra-embryonic 
mesoderm [29]. Amniotic epithelial cells are thought to 
possess the capacity to originate the three germ layers, 
since the epiblast develops into all the germ layers of the 
embryo. Furthermore, the epithelial layer of the amniotic 
membrane originates before gastrulation, i.e., before cel-
lular differentiation and specification. Thus, amniotic 
epithelial cells are expected to retain the plasticity of the 
pregastrulation cells of the embryo [30]. 

Int’Anker et al. [21] found that the growth curve of 
mesenchymal stem cells obtained from amniotic fluid 
and the amniotic membrane were similar. Based on this 
data, they hypothesized that mesenchymal stem cells 
derived from amniotic fluid are at least in part derived 
from the amnion. They also analyzed amniotic fluid from 
the second and third trimester of human gestation and 
confirmed that both are rich in mesenchymal stem cells. 
Moreover, these cells showed a significantly greater po-
tential for expansion compared to mesenchymal stem 
cells isolated from adult bone marrow. 

The human amnion can be easily obtained from a pla-
centa at birth and thus carries no ethical problems related 
to its use. Previous studies have demonstrated the capac-
ity of differentiation of mesenchymal cells derived from 
human amniotic fluid in osteogenic, adipogenic and 
chondrogenic lineages [31]. The in vivo therapeutic po-
tential of mesenchymal cells derived from human am-
nion is already being investigated [32]. Furthermore, 
stem cells from amniotic fluid express Oct-4, a specific 
marker of pluripotent stem cells, and also exhibit high 
proliferative and differentiation capacity [33]. 

A specific cellular subpopulation of morphologically 
distinct cells was mechanically isolated and selectively 
expanded from amniotic fluid of pregnant sheep, and the 
immunocytochemical profiles of many specific cell sub-
populations were determined, in addition to the follow-
ing cell lineages: mesenchymal, fibroblast/myofibroblast. 
Expression of vimentin, smooth muscle actin, cy-
tokeratins 8 and 18, and fibroblast surface protein were 
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detected, but the cells were negative for desmin and 
CD31. They also had significantly faster proliferation 
rates than fetal and adult cells [34]. 

1.4. Stem Cells Derived from the Yolk Sac 

In rodents, the yolk sac is structurally diverse showing 
different cell types (Figure 2) which shows several im-
portant functions during embryonic development, e.g. the 
yolk sac is responsible for the development of the vascu-
lar system [35-37] primordial germ cells migrate to the 
developing gonad [38]; and contributes to form the mid-
gut [38]. In addition, the endodermal cells promote ma-
ternal-fetal exchange [39]. Normal embryonic develop-
ment is highly dependent on the proper functioning of 
the yolk sac for transport through the endodermal layer, 
metabolization of maternal macromolecules and synthe-
sis of serum proteins, and as the layer of mesoderm that 
produces the first blood cells within blood islands [40]. 
All different types of blood cells are derived from hema-
topoietic stem cells, which largely represent a quiescent 
population that demonstrates self-renewal [41]. 

The main sites of hematopoiesis change in time and 
space during human development. Blood cells arise ini-
tially in the yolk sac, followed sequentially by fetal liver 
and finally, the development in long bones [43,44]. As in 
the mouse, the human yolk sac gives rise to primitive 
erythrocytes and macrophages [41]. The yolk sac can 
also repopulate the newly formed recipients, contributing 
to hematopoiesis in normal adult development [42]. 
However, the role of the yolk sac in the biology of he-
matopoietic stem cells remains partially unclear. 

Due these several important functions during the em-  

bryo development and organogenesis, the yolk sac may 
be a promising source of progenitor stem cells as had 
been shown for instance for some laboratorial species 
and human. 

Wenceslau et al. [45] described that the canine yolk 
sac after culture was able to differentiate in bone and 
cartilage. In addition, the authors suggested that these 
mesenchymal progenitor cells could be an appropriate in 
vitro model to study mesenchymal progenitor cells biol-
ogy to understand the hematopoietic territories that sup-
port the fetal hematopoiesis. 

During the embryonic stage, mesenchymal progenitor 
cells isolated from human yolk sac were able to express 
not only mesenchymal stem cells markers, but also 
pluripotent stem cells markers as Oct3/4 and Nanog. Af-
ter treatment with specific mediums these mesenchymal 
progenitor cells were able to differentiate into only bone 
and adipose cells [46]. 

The Figure 3 show in detail the different cells types 
that can be obtained from the amnion, chorion, yolk sac, 
and allantois. 

1.5. Therapeutic Application 

Recently, human mesenchymal amniocytes showed to 
be able to be expanded ex vivo in the absence of animal 
serum while maintaining the progenitor phenotype. This 
property is a prerequisite for regulatory compliance with 
the requirements for human clinical testing [47]. The 
presence of human nuclei (NH-positive cells) in the stri- 
atum was identified in all normal and ischemic mice 10, 
30 and 90 days after transplantation of mesenchymal 
stem cells derived from human amniotic fluid, indicating 

 
 (a) (c)

(b) 

 

Figure 2. Histology and squematic view of the structural characteristics of the yolk sac and vascular islands 
in a rodent specie from South America, i.e. Necromys lasiurus (Rodentia, Cricetidae). In (a) and (b) details of 
the endodermic cells, mesothelium, endothelial cells, and hemangioblasts; (c) squematic view. Stained using: 
Hematoxylin and eosin. 
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Figure 3. Possible differentiation of stem cells from fetal placental tissues. Adapted from Pountos and 
Giannoudis (2005). 

 
that these cells could survive for a long time in a new 
microenvironment. The NH-positive cells were found at 
all injection sites, in a dense deposit around the trans- 
plantation site in 10 days and more diluted at 30 and 90 
days. In normal animals, the migrated cells were distrib- 
uted in several regions, including the septum, corpus 
callosum and cerebral cortex. In contrast, in ischemic 
brains, NH-positive cells were seen in the striatum adja- 
cent to or near the corpus callosum, while most of the 
transplanted cells were found migrating to the border of 
the ischemic lesion [48]. 

Fuchs et al. [49] examined sheep amniocyte grafts 
(marked with GFP) in diaphragmatic reconstruction of 
sheep neonates, versus a control group in which the re-
construction was done without the addition of amnio-
cytes. Few cells were observed by histology in the acel-
lular grafts. High cellularity and higher organization was 
observed in the cellular implants, where each GFP-posi- 
tive cell was more obviously aligned parallel to the col-
lagen fibers. Another study of sheep amniocytes used the 
transplantation of amniocytes after chondrogenic differ-
entiation in the treatment of tracheal repair in newborn 
lambs. Of the seven treated animals, five survived, and in 
these, the histological findings showed a line of pseu-
dostratified epithelium and fibrous cartilage, causing 
tracheal reconstruction. From these results, the authors 
concluded that grafts derived from mesenchymal am-
niocytes may be a viable alternative in tracheal repair [47, 
50]. 

2. FINAL CONSIDERATIONS 

The ease of isolation of the different fetal placental 
tissues (the chorion, allantoic, amniotic and yolk sac), 

varies according to the species, as shown in Figure 1. 
Although some of these tissues are difficult to access, 
they are currently all available in each species. The ease 
in obtaining these tissues is closely related to placental 
location and layout, where the higher the proximity of 
the attachment to the uterus, the easier the access. In 
dogs, cats, equines, ruminants and swine, the easiest tis-
sue to access is the allantois, because it is more external 
to the conceptus, whereas in humans and rodents the 
amniotic is most readily obtained. 

Once these tissues are collected, stem cells can be iso-
lated. From the chorion, allantois, amniotic and yolk sac, 
we can isolate both mesenchymal and/or hematopoietic 
cell lineages. Pasquinelli et al. [16] reported that cells 
isolated from the chorion have exclusively mesenchymal 
properties. Int’Anker et al. [21], Portman et al. [20] and 
Soncini et al. [18] confirm these studies, showing that 
the isolated cells expressed typical mesenchymal mark-
ers and were negative for CD34 and CD45 hematopoietic 
markers. These studies also showed that these cells could 
differentiate into osteogenic, chondrogenic and adipo-
genic lineages. In contrast, [23] found that chorion-de-
rived stem cells, expressed hematopoietic markers, such 
as CD41, prior to fusion of the allantois. However, [51] 
reported that these cells can generate myeloid and 
erythroid lineages in culture. Thus, we conclude that 
cells isolated from the chorion have both mesenchymal 
and hematopoietic properties, and therefore these tissues 
are good sources of cells of hematopoietic and mesen-
chymal lineages. 

The allantois has hematopoietic characteristics and is 
usually studied along with the chorion, since the focus of 
such studies are rodents that serve as placental models 
for humans, in which these two tissues fuse in the 
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chorioallantoic placenta. The hematopoietic properties of 
the chorion are also seen in the allantois, whereas mes-
enchymal properties have to date only been observed in 
the chorion. 

The yolk sac, present in all domestic animals and in 
humans, differs in size and development among the spe-
cies. However, it is generally largest in early gestation, 
since it is responsible for the development of the blood 
cells. According to [42] the yolk sac gives rise to imma-
ture hematopoietic stem cells. There are also differences 
between the embryonic annexes, as primitive lineages of 
many cell types could be easily obtained. 

The amnion, which is present in large quantities in 
humans, is routinely used for prenatal diagnosis of ge-
netic diseases. Thus, we can use the amnion for collec-
tion and isolation of stem cells that have mesenchymal 
properties. The amnion is a good source of stem cells 
because its epithelial layer originates before gastrulation 
[52], and is therefore thought to retain pluripotent prop-
erties [53]. As gastrulation is important in differentiation 
and specification of cell fate, it is expected that the cells 
retain plasticity before gastrulation [30]. Int’Anker et al. 
[21] showed that cells from amniotic fluid and mem-
brane have similar characteristics. Kim et al. [31] 
showed that these cells could be differentiated into os-
teogenic, adipogenic and chondrogenic lineages. Siegel 
further confirmed that amnion cells express Oct-4, a 
marker of pluripotent cells, as shown by [53]. Thus, we 
can use the material that is most easily accessible ac-
cording to gestation time, puncture amniotic fluid (am-
niocentesis) during gestation and the conceptus mem-
brane at birth, without the need for surgical intervention. 
The amnion is the most well studied fetal membrane be-
cause it has the greatest volume and is most easily acces-
sible in humans. Furthermore, the heterologous trans-
plantation of human amniocytes into animals is a major 
advance in medicine today, and so far, these injected 
cells are not rejected by the body, do not form tumors, 
and are found among the other cells. 

Fetal stem cells are more primitive than adult stem 
cells, which gives them a greater capacity for differentia-
tion, but more developed than embryonic cells, which 
reduced the risk of tumors. Moreover, obtaining fetal 
placental tissues does not carry significant ethical prob-
lems. Consequently, these cells are becoming more 
widely studied, and current research indicates that fetal 
stem cell therapy will be an accurate and effective treat-
ment strategy in the near future. 
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