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SPECIAL ISSUE STEM CELLS

Placenta-derived stem cells: new hope for cell therapy?
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Abstract An urgent current need in regenerative
medicine is that of identifying a plentiful, safe
and ethically acceptable stem cell source for the
development of therapeutic strategies to restore
functionality in damaged or diseased organs and
tissues. In this context, human term placenta repre-
sents a prime candidate, as it is available in nearly
unlimited supply, is ethically problem-free and easily
procured. Placental cells display differentiation
capacity toward all three germ layers, while also
displaying immunomodulatory effects, therefore sup-
porting the possibility that they could be applied in an
allogeneic transplantation setting. Although promis-
ing data have been reported to date, further study is
required to fully characterize the differentiation
potential of placenta-derived cells and to identify
their possible clinical applications. Here, we provide
a snapshot of current knowledge regarding the
potential of cells from the amniotic membrane of
human term placenta to address current shortcomings
in the field of regenerative medicine.
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Current needs in regenerative medicine

Regenerative medicine is a newly emerging and
multidisciplinary field which draws on biology,
medicine and genetic manipulation for the develop-
ment of strategies aimed at maintaining, enhancing or
restoring the function of tissues or organs which has
been compromised through disease or injury. Due to
their ability to differentiate toward multiple cell
types, stem cells will undoubtedly play a key role in
the development of such strategies. However,
although stem cells hold great promise in this context,
the stem cell sources which have been most exten-
sively investigated to date have several limitations
which would need to be overcome in order to make
the development of effective and readily available
treatments a clinical reality. For example, embryonic
stem cells require destruction of the human embryo
for their procurement and are associated with a high
rate of tumor induction (teratoma) following trans-
plantation, while mesenchymal stromal cells from
bone marrow carry with them a risk of viral infection
(Eichna et al. 2008), and the differentiation capacity
of these cells has been seen to decrease with donor
age (D’Ippolito et al. 1999; Mareschi et al. 2006).
The need therefore remains to identify a source of
stem cells that is safe, easily accessible, provides a
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high cell yield and for which cell procurement does
not provoke ethical debate.

Why study placenta as a source of stem cells?

In addressing the complex scenario described above,
several groups have recently turned their attention to
the human term placenta as a possible source of
progenitor/stem cells. The fact that placental tissues
originate during the first stages of embryological
development supports the possibility that these
tissues may contain cells which have retained the
plasticity of the early embryonic cells from which
they derive. Meanwhile, the fact that the placenta is
fundamental for maintaining fetomaternal tolerance
during pregnancy suggests that cells present in
placental tissue may have immunomodulatory char-
acteristics. These two key aspects make cells from
placenta good candidates for possible use in cell
therapy approaches, with the possibility of providing
cells that are capable of differentiating into multiple
different cell types, and which also display immuno-
logical properties that would allow their use in an
allo-transplantation setting. Furthermore, given that
the placenta is generally discarded after birth, this
tissue is available in large supply, the recovery of
cells from this tissue does not involve any invasive
procedures for the donor, and their use does not pose
any ethical problems.

Embryological origin of human placenta—clues to
potentiality

The hypothesis that placental tissues may harbour
cells which display plasticity that is characteristic of
pre-gastrulation embryonic cells, and which may
therefore have the potential to differentiate toward
different lineages, is well-supported by the fact that
these tissues originate during early embryological
development, even before gastrulation occurs.

Four to five days after fertilization, the morula,
which results from the stepwise division of the zygote
to a cluster of around 16 cells (termed blastomeres),
enters the uterine cavity. Within the morula, a cavity
known as the blastocoel then forms, giving rise to the
blastula. Formation of the blastocyst follows,
whereby the inner blastomeres compact to form the
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inner cell mass, which is positioned to one side of the
blastocoel, while the outer, enclosing blastomeres
form a layer termed the trophoblast.

After the blastocyst has attached to the endome-
trium, the proliferating trophoblastic  cells
differentiate into two layers: the invasive, multinu-
cleated outer layer termed syncytiotrophoblast, which
is formed by fusion of neighbouring trophoblast cells,
and the inner mononucleated cytotrophoblast layer.
This arrangement of an outer trophoblastic layer
which is in contact with the endometrium and which
surrounds the inner cell mass represents the paradigm
which will be maintained for the rest of the gestation
period, whereby the trophoblast will continue to
differentiate into more specialized cell types that will
allow the formation of an interface between maternal
and fetal circulation for nutrient and waste exchange,
while the fetus itself will derive from cells of the
inner cell mass.

As implantation progresses into the second week
after fertilization, morphological changes occur in the
inner cell mass giving rise to the bilaminar embryonic
disc composed of two layers: the epiblast, which is
adjacent to the trophoblast, and the hypoblast, which
is closest to the blastocoel. At this point, the epiblast
separates from the trophoblast, thereby creating a
space that will later become the amniotic cavity, and
which is lined by cells derived from the epiblast
itself, termed amnioblasts, which will later form the
amniotic epithelium.

Meanwhile, some cells from the hypoblast migrate
along the inner wall of the blastocoel giving rise to the
exocoelomic membrane, while the former blastocoel
becomes the yolk sac. Cells of the exocoelomic
membrane and the adjacent trophoblast form the
extraembryonic reticulum. Some hypoblast cells then
migrate along the outer edges of extraembryonic
reticulum to form a connective tissue known as the
extraembryonic mesoderm, which surrounds the yolk
sac and amniotic cavity, and later forms the amniotic
mesoderm (AM) and chorionic mesoderm (CM).

Therefore, to summarize, the amniotic epithelial
region is derived from the epiblast, while the
mesodermal regions of both the amnion and chorion
are derived from the extraembryonic mesoderm. The
chorionic trophoblastic (CT) region, as its name
suggests, is derived from the trophoblast.

Gastrulation, the process through which the bila-
minar disc differentiates into the three germ layers
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(ectoderm, mesoderm and endoderm), then proceeds
during the third week after fertilization (Benirschke
and Kaufmann 2000; Moore and Persaud 1998).

Structure of human term placenta

Before considering whether the human term placenta
can provide a source of stem or progenitor cells for
research and clinical applications, a detailed under-
standing of its different regions is necessary to allow
undertaking of a precise and systematic analysis of
the cell types present in these regions.

The term placenta is discoid in shape with a
diameter of 15-20 cm and a thickness of 2-3 cm
(Fig. 1). It is composed of the chorionic plate, from
which villi extend and make intimate contact with the
uterine decidua during pregnancy, and the fetal
membranes (amnion and chorion), which enclose
the fetus.

The multilayered chorionic plate faces the amni-
otic cavity, and from this extend the chorionic villi,
which are composed of a central stromal core
containing embedded fetal capillaries as well as
fibroblasts and macrophages known as Hofbauer
cells, with an outer multinucleated layer of syncyti-
otrophoblast in direct contact with maternal blood. A
basement membrane separates the stromal core from
the syncytiotrophoblast. Between the syncytiotropho-
blast and its basement membrane are single or
aggregated cytotrophoblast cells (also known as
Langhans cells).

Most villi terminate in the intervillous space and
are bathed in maternal blood, while others invade the

decidua basalis, which forms the maternal portion of
the placenta, thereby anchoring the placenta to the
endometrium. Invasion of the decidua by anchoring
villi results in the formation of placental septa that
divide the trophoblastic region of the placenta into
irregular cotyledons.

The amniotic and chorionic membranes extend
from the margins of the chorionic plate, enclosing the
fetus in the amniotic cavity.

The amnion is a thin, avascular membrane com-
posed of an uninterrupted single layer of cuboidal and
columnar epithelial cells (termed the amniotic epi-
thelium, AE) which is bathed in amniotic fluid and is
contiguous over the umbilical cord with the fetal skin.
The AE is attached to a distinct basement membrane
that is, in turn, connected to the AM, an acellular
compact layer composed of collagens I, III and
fibronectin. Deeper in the AM, a network of dispersed
fibroblast-like mesenchymal cells and rare macro-
phages are observed. A spongy layer of loosely
arranged collagen fibers separates the AM and CM,
both of which are similar in composition. During
pregnancy, the greater part of the chorion is in
contact with the decidua capsularis, and over this
region, the contained vessels undergo atrophy to give
rise to the smooth region of chorion known as the
chorion leave, which consists of a mesodermal and
chorion trophoblastic region. The region of chorion in
contact with the decidua basalis, and from which the
chorionic villi extend toward the endometrium, is
known as the chorion frondosum. In the term
placenta, a basal lamina separates the CM from the
extravillous trophoblast cells, which represent the
only residue of the former villi of the chorion

Fig. 1 Human term
placenta. a Fetal surface. It
is possible to distinguish the
trophoblast, the fetal
membranes which continue
from the edge of the
placenta, and the umbilical
cord. b Maternal surface.
The placenta is subdivided
into irregular lobed
structures, termed
cotyledons
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Fig. 2 Hematoxylin/eosin staining of fetal membranes of
human term placenta. AE amniotic epithelial layer, AM
amniotic mesenchymal layer, CM chorionic mesenchymal
layer, CT chorionic trophoblastic layer. (magnification x400)

frondosum (Benirschke and Kaufmann 2000; Cunn-
ingham et al. 1997). A cross-sectional representation
of the human fetal membranes is shown in Fig. 2.

From the fetal membranes of human term placenta,
four principal cell types can be isolated for study, and
these have been defined in a recent review as human
amniotic epithelial cells (hAEC), human amniotic
mesenchymal stromal cells (hAMSC), human chori-
onic mesenchymal stromal cells (hCMSC) and human
chorionic trophoblastic cells (hCTC) (Parolini et al.
2008).

In this review, we will focus on the potentiality
and the phenotypic and immunological characteristics
of hAEC and hAMSC.

Human amniotic epithelial cells

Out of all of the cell types present in term placenta,
human amniotic epithelial cells (hAEC) have been
studied most extensively to date. These cells are
typically isolated by manual separation of the amni-
otic membrane from the chorion, followed by
digestion with trypsin or dispase to release the
epithelial cells, while the mesenchymal layer remains
intact and can be removed. Isolated hAEC adopt a
cobblestone-shaped morphology in vitro and can be
maintained for 2-6 culture passages before prolifer-
ation ceases (Parolini et al. 2008). In culture, a high
proportion of hAEC express epithelial markers such
as cytokeratins, while mesenchymal markers are
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generally absent. Interestingly, the mesenchymal
marker vimentin, although absent on freshly isolated
hAEC, has also been shown to appear during culture
(Miki and Strom 2006; Toda et al. 2007). The
significance of the expression of both epithelial and
mesenchymal markers by hAEC remains to be
elucidated, although it could be due to the spontane-
ous commencement of differentiation during culture,
or perhaps to the so-called epithelial to mesenchymal
transition in the amnion, as also suggested by
Sakuragawa et al. (2004).

Immediately after isolation, hAEC appear to
express very low levels of HLA-A B,C (Terada et al.
2000), however, by passage 2, significant levels are
observed.

Other antigens which are found on the surface of
hAEC include the ATP-binding cassette transporter
G2 (ABCG2/BCRP), CD9, CD24, E-cadherin, inte-
grins alpha 6 and beta 1, c-met (HGF receptor), stage
specific embryonic antigens (SSEA) 3 and 4 and
tumor rejection antigens (TRA) 1-60 and 1-81 (Miki
et al. 2005; Miki and Strom 2006), while hAEC are
thought to be negative for SSEA-1, CD34, and
CD133. Other markers such as CD117 (c-kit) and
CCR4 (CC chemokine receptor) are either absent or
may be expressed on some cells at very low levels.
Although initial cell isolates express very low levels
of CD90 (Thy-1), the expression of this antigen
increases rapidly in culture (Miki et al. 2005; Miki
and Strom 2006).

As alluded to previously, the fact that the amniotic
epithelium originates before gastrulation suggests
that some cells from this region may also display
pluripotency. In support of this, hAEC have been
demonstrated to express molecular markers of plu-
ripotent stem cells, including octamer-binding-
protein-4 (OCT-4), SRY-related HMG-box gene 2
(SOX-2), and Nanog (Ilancheran et al. 2007; Miki
et al. 2005).

The suggestion that hAEC may be pluripotent is
further supported by the report of Tamagawa et al.
(2004), whereby cells isolated from whole amnion
were mixed with mouse embryonic stem cells, in
order to create a xenogeneic chimera in vitro. This
chimeric embryo was maintained until all three germ
layers had formed, with demonstration that amnion-
derived cells had contributed to all three layers.

Several groups have shown that hAEC are able to
differentiate toward cells of the mesodermal lineage
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in vitro, with directed differentiation toward cells of
the osteogenic, chondrogenic and adipogenic lineages
reported (Ilancheran et al. 2007; Portmann-Lanz
et al. 2006; Wolbank et al. 2007).

Investigation of the neuronal differentiation poten-
tial of hAEC has shown that culture of these cells in
neuronal differentiation media results in expression
neural lineage markers including nestin, MAP2 and
the astrocytic protein GFAP, as well as a morpholog-
ical shift from the fibroblast-like morphology
observed under normal culture conditions to an
elongated, distinctly neuronal-like morphology
(Ilancheran et al. 2007; Miki et al. 2005). Pioneering
research by Sakuragawa et al. (1996) demonstrated
not only that hAEC express markers of glial and
neuronal progenitor cells, but also perform multiple
neuronal functions such as synthesis and release of
acetylcholine, catecholamines, neurotrophic factors,
activin and noggin (Elwan and Sakuragawa 1997,
Koyano et al. 2002; Sakuragawa et al. 1997; Uchida
et al. 2000). As well as performing functions that are
characteristic of neuronal cells, other studies report
evidence that cells of the amniotic epithelium also
provide support for growth of neuronal cell types in
vitro. hAEC conditioned medium has been shown to
have neurotrophic effects on rat cortical cells (Uchida
et al. 2000) and support the survival of chicken neural
retinal cells (Tcheng et al. 1994), while another study
has shown that chick dorsal root ganglia are able to
survive and grow on human amniotic membrane in the
absence of neurotrophic factors, and it appears that
these effects may be mediated at least in part by the
amniotic epithelial layer (Schroeder et al. 2007).

The in vitro results regarding neuronal differenti-
ation and neurogenic/neuroprotective properties of
hAEC are supported by results from pre-clinical
studies in animal models, which demonstrate that
hAEC may be useful for repairing central nervous
system damage by eliciting neuroprotective and
neuroregenerative effects during acute phases of
injury.

After transplantation into rat models of Parkin-
son’s disease, hAEC have been shown to produce
dopamine and prevent neuron degeneration (Kakish-
ita et al. 2000, 2003). The neuroprotective effect of
hAEC in an animal model of Parkinson’s disease is
further supported by the recent study of Kong et al.
(2008), who show that hAEC display neuroprotective
and neurogenic effects when transplanted into the

striatum of Parkinson’s disease mice, and result in
behavioural improvement in transplanted mice with
respect to controls.

After transplantation into brains of rats which had
undergone middle cerebral artery occlusion, hAEC
have been shown to survive and migrate to the
ischemic area and express neuronal markers, while
significant amelioration of behavioural dysfunction
and reduced infarct volume was also observed in cell-
treated animals compared to controls (Liu et al.
2008).

Finally, after transplantation into lesioned areas of
a contusion model of spinal cord injury in monkeys
without immunosuppression, hAEC survived up to
120 days with no evidence of inflammation or
rejection, with improved performance in locomotor
tests observed in cell-treated animals compared to
lesion control animals (Sankar and Muthusamy
2003), again suggesting that hAEC exert neuropro-
tective effects which result in functional
improvement after injury.

The potential of hAEC to differentiate toward the
hepatic lineage has also been investigated. In vitro
studies have shown that hAEC produce albumin
(Alb) and o-fetoprotein (AFP) (Sakuragawa et al.
2000), as well as performing other hepatic functions
such as glycogen storage and expression of liver-
enriched transcription factors including hepatocyte
nuclear factor (HNF) 3y and HNF4a, CCAAT/
enhancer-binding protein (CEBP) « and f and
CYP450 enzymes (Davila et al. 2004; Miki et al.
2005; Takashima et al. 2004).

Results showing hepatic differentiation of hAEC
in vitro have been extended through studies in animal
models. Following transplantation of hAEC into the
livers of SCID mice, positivity for both Alb and AFP
has been observed (Sakuragawa et al. 2000). Inter-
estingly, these authors also showed that hAEC which
had been genetically modified to express the LacZ
gene were able to integrate in liver parenchyma,
suggesting that hAEC could also be useful as gene
carriers for patients with congenital liver disorders.

Further evidence that hAEC are able to perform
hepatic functions in vivo comes from the observation
that human alpha 1 antitrypsin could be detected by
western blot in serum of SCID mice after transplan-
tation of these cells (Miki and Strom 2006), while
human albumin was detected in the sera and perito-
neal fluid of SCID mice which had received
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peritoneal implants of human amniotic membrane
(Takashima et al. 2004). Although the in vivo data
which have been generated to date are promising,
there are as yet no reports of the characterization of
hepatic gene expression in long-term recipients of AE
transplants, or that the transplantation of hAEC can
support animals with acute or long-term defects in
liver function. These important pre-clinical studies
will be needed before the therapeutic potential of
hAEC can be fully assessed.

Differentiation of hAEC to another endodermal
tissue, pancreas, has also been examined in a study by
Wei et al. (2003), who cultured hAEC for 2—4 weeks
in the presence of nicotinamide to induce pancreatic
differentiation. Subsequent transplantation of the
insulin-expressing hAEC corrected hyperglycemia
in streptozotocin-induced diabetic mice. Another
study in support of the pancreatic differentiation
potential of hAEC has shown that these cells adopt
morphological and ultrastructural features character-
istic of pancreatic cells, and also express the
pancreatic marker AMY2B and produce glucagon,
when grown in medium which promotes pancreatic
differentiation (Ilancheran et al. 2007).

Taken together, the studies discussed above pro-
vide strong support to the hypothesis that the
amniotic epithelium contains cells with stem charac-
teristics which could be useful for regeneration of
tissues derived from all three germ layers. Although
these data are very promising, further studies are
clearly needed to fully elucidate the conditions under
which differentiation of hAEC to functional cell
types of different lineages can be achieved.

Human amniotic mesenchymal stromal cells

Human amniotic mesenchymal stromal cells
(hAMSC), which are thought to be derived from
extraembryonic mesoderm (Moore and Persaud
1998), have been the subject of phenotypic studies
by several groups who have shown that, like hAEC,
these cells are also capable of multi-lineage differ-
entiation (Bilic et al. 2004; In ‘t Anker et al. 2004;
Portmann-Lanz et al. 2006; Sakuragawa et al. 2004;
Wolbank et al. 2007).

hAMSC can be isolated from first-, second- and
third-trimester mesoderm of amnion (Bilic et al. 2004;
In ‘t Anker et al. 2004; Portmann-Lanz et al. 2006;
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Sakuragawa et al. 2004; Soncini et al. 2007; Wolbank
et al. 2007), however the majority of studies on these
cells have been performed using term placenta.
hAMSC are generally isolated by mechanical separa-
tion of the amniotic membrane from the chorion,
followed by digestion with collagenase, or collage-
nase and DNAse, to release hAMSC from amniotic
mesodermal layer (Parolini et al. 2008).

The surface marker profile of cultured term
hAMSC is reminiscent of that seen on bone mar-
row-derived MSC, with both cell types expressing
typical mesenchymal markers including CD90,
CD105 and CD71, while being negative for hemato-
poietic (CD34 and CD45) and monocytic (CD14)
markers (In ‘t Anker et al. 2004; Portmann-Lanz et al.
2006; Soncini et al. 2007; Wolbank et al. 2007). In
support of the hypothesis that hAMSC may display
some degree of pluripotency, gene expression of stage
specific embryonic antigens SSEA-3 and SSEA-4 and
RNA for OCT-4 has been reported (Alviano et al.
2007; Wei et al. 2003; Wolbank et al. 2007; Zhao
et al. 2005), although immunofluorescence staining of
amniotic mesenchymal tissue failed to show positivity
for SSEA-3 or SSEA-4 (Miki et al. 2007).

Both first- and third-trimester hAMSC and chori-
onic mesenchymal stromal cells express low levels of
HLA-ABC, but not HLA-DR, (Portmann-Lanz et al.
2006; Wolbank et al. 2007) indicating that these cells
are immunoprivileged and may therefore be applica-
ble in a clinical transplantation setting. In support of
this hypothesis, human amniotic and chorionic cells
have been shown to successfully and persistently
engraft in multiple organs and tissues in vivo after
xenogeneic transplantation into neonatal swine and
rats, with human chimerism detection in the brain,
lung, bone marrow, thymus, spleen, kidney and liver
of these animals after either intraperitoneal or intra-
venous transplantation. The migratory ability of
placenta-derived cells which was observed in these
animals is consistent with the demonstrated expres-
sion by hAMSC of adhesion and migration molecules
(L-selectin, VLA-5, CD29, P-selectin Ligand 1), as
well as cellular matrix proteinases (MMP-2 and
MMP-9) (Bailo et al. 2004).

As for hAEC, support for the hypothesis that some
hAMSC may still display pluripotency that is charac-
teristic of the pre-gastrulation embryonic cells from
which they are derived has come from several recent
studies which show that these cells are able to
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differentiate toward “classic” mesodermal lineages
(osteogenic, chondrogenic and adipogenic) (Alviano
et al. 2007; In ‘t Anker et al. 2004; Portmann-Lanz
et al. 2006; Soncini et al. 2007; Wolbank et al. 2007),
as well as toward cell types of all three germ layers—
ectoderm (neural) (Portmann-Lanz et al. 2006; Saku-
ragawa et al. 2004), mesoderm (skeletal muscles,
cardiomyocytes and endothelial) (Alviano et al. 2007,
Ilancheran et al. 2007; Ventura et al. 2007; Zhao
et al. 2005) and endoderm (Wei et al. 2003).

Neuronal and glial marker expression by hAMSC,
as well as in vitro differentiation of these cells toward
a neuroglial phenotype has been demonstrated (Saku-
ragawa et al. 2004), although in vivo studies to assess
the possible neurogenic/neuroprotective effects of
hAMSC have not yet been reported.

In vitro and in vivo studies have provided prom-
ising evidence that hAMSC may be useful for the
regeneration of cardiac tissue after infarction. Co-
culture experiments with neonatal rat heart explants
has shown that hAMSC are able to integrate into
cardiac tissue and differentiate into cardiomyocyte-
like cells, while hAMSC transplantation into myo-
cardial infarcts in rat hearts showed that these cells are
able to survive for at least two months and differen-
tiate into cardiomyocyte-like cells (Zhao et al. 2005).
In attempting to enhance the cardiac differentiation of
placental cells, Ventura and co-workers found that a
mixed ester of hyaluronan and butyric and retinoic
acids (HBR) promoted cardiogenic/vasculogenic dif-
ferentiation of human amniochorionic (AC)-derived
cells and enhanced the expression of cardiomyogenic
genes (GATA4, NKX 2.5) and proteins (sarcomeric
myosin heavy chain and alpha sarcomeric actin).
Furthermore, cells treated with HBR were also seen to
express both cardiac and endothelial markers such as
von Willebrand factor (vVWF), and enhance cardiac
repair in infarcted rat hearts (Alviano et al. 2007,
Ventura et al. 2007), thereby providing valuable
indication as to the conditions which may prove most
useful in directing cardiac differentiation of hAMSC
for clinical application.

Immunological features of placenta-derived cells
Immunologically, pregnancy is an exceptional phe-

nomenon whereby the fully competent immune
system of the mother is rendered tolerant to the

immunologically distinct fetal allograft, thereby cre-
ating a situation in which rejection, which would
normally ensue in an allogeneic transplantation
setting in the absence of immunosuppression, is
avoided. Given that the placenta forms the interface
between the immunologically distinct mother and
fetus, it can therefore be hypothesized that cells from
this tissue are likely to have immunoregulatory
properties which contribute to fetomaternal tolerance.

Evidence which provides support to the hypothesis
that fetal membranes are non-immunogenic comes
from clinical studies in which amniotic membrane
has been used for treatment of skin wounds, burn
injuries, chronic leg ulcers, and prevention of tissue
adhesion in surgical procedures (Colocho et al. 1974;
Faulk et al. 1980; Gruss and Jirsch 1978; Subrah-
manyam 1995; Trelford and Trelford-Sauder 1979;
Ward and Bennett 1984; Ward et al. 1989) and, more
recently, in ocular surface reconstruction, where
amniotic membrane has been used for substrate
transplantation to promote the development of nor-
mal corneal or conjuntival epithelium (Gomes et al.
2005) without acute rejection in absence of immu-
nosuppressive treatment. Moreover, several clinical
trials in humans have proven that allogeneic trans-
plantation of amniotic membrane (Sakuragawa et al.
1992; Scaggiante et al. 1987; Tylki-Szymanska et al.
1985) or hAEC (Akle et al. 1981; Yeager et al. 1985)
does not induce acute immune rejection in the
absence of immunosuppressive treatment.

Intriguingly, various groups have demonstrated
prolonged survival of human amniotic membrane or
hAEC after xenogeneic transplantation into various
immuno-competent animals, including rabbits (Avila
et al. 2001), rats (Kubo et al. 2001), guinea pigs
(Yuge et al. 2004) and bonnet monkeys (Sankar and
Muthusamy 2003). Additionally, long-term engraft-
ment was observed after intravenous injection of
heterogeneous human amniotic and chorionic cells
into newborn swine or rats, with human microchim-
erism detected in several organs (Bailo et al. 2004),
suggesting active migration and integration into
specific organs, and indicating active tolerance of
the xenogeneic cells.

In vitro studies aimed at understanding the mech-
anisms underlying the immunomodulatory effects
observed after allo- or xenogeneic transplantation of
placenta-derived cells show that cells isolated from
amniotic and chorionic membranes do not induce an
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allogeneic or xenogeneic immune response in MLR,
and are able to actively suppress proliferation of
lymphocytes which has been induced either by an
allogeneic stimulus in a mixed lymphocyte reaction
or by stimulation via the TCR receptor (Fig. 3) (Bailo
et al. 2004; Li et al. 2005; Wolbank et al. 2007). The
immunomodulatory effects of hAMSC on MLR are
observed both in a direct contact setting, or when the
hAMSC are separated from lymphocyte responders
via a transwell, therefore suggesting that hAMSC
secrete soluble immunomodulatory factors. Very
recently, the presence of two subpopulations within
the amniotic mesenchymal layer, which display either
T-cell stimulatory or suppressive effects, has been
described (Magatti et al. 2008). Further characteriza-
tion of the different cell subpopulations present in
placental tissues will be required in order to under-
stand how opposing functions (stimulatory and
suppressive) may be integrated in order to contribute
to fetal tolerance. Such studies are also likely to
provide general mechanistic insight into the processes

a 25000 -
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£
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0
CD3/CD28 CD3/CD28 + hAMSC
b
3 i ‘“@ 5#
. »7,;' :
CD3/CD28 CD3/CD28 + hAMSC

Fig. 3 Human amniotic mesenchymal stromal cells are able to
suppress proliferation of T cells stimulated by anti-CD3 and
anti-CD28. a T-cell proliferation assessed by [3H]-thymidine
incorporation after stimulating T-cells with anti-CD3 plus anti-
CD28 antibody in the absence or presence of hAMSC.
Proliferation is expressed in counts per minutes (cpm). Data
are the mean of 10 independent experiments. ***p < 0.001 b
Presence and absence of activation clusters in CD3/CD28-
stimulated T-cell cultures in the absence or presence of
hAMSC
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of tolerance versus rejection, as well as indications of
better cell sources for the development of novel cell
therapy procedures with reduced rates of rejection.

Summary

The early embryological origin of placental tissues,
which begin to develop even before gastrulation
occurs, combined with the fact that these tissues play
a fundamental role in maintaining fetomaternal
tolerance, suggests that the term placenta may
harbour cells which have retained the plasticity that
is characteristic of the cells from which it is derived,
and which may also be able to prevent immune
rejection. These features represent the fundamental
aspects of regenerative medicine. Starting from these
considerations, and in addressing the current need to
identify new, ethically acceptable, readily available
sources of stem cells for regenerative medicine which
can overcome the shortcomings associated with other
stem cell sources, several groups have turned to the
term placenta and have shown that cells from this
tissue do indeed display plasticity and immunomod-
ulatory effects both in vitro and in vivo. Although
showing great promise, the study of placenta-derived
stem cells still represents a field in its infancy, and
further studies are needed to provide a complete
understanding of the mechanisms underlying the
differentiation potential and immunomodulatory
effects of placental cells, which will ultimately allow
the development of new and more effective strategies
for regenerative medicine and transplantation.
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