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Human amniotic fluid stem cells: a new perspective
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Summary. The discovery of amniotic fluid stem cells initiated a new and

very promising field in stem cell research. In the last four years amniotic

fluid stem cells have been shown to express markers specific to pluripotent

stem cells, such as Oct-4. Due to their high proliferation potential, amni-

otic fluid stem cell lineages can be established. Meanwhile, they have been

shown to harbor the potential to differentiate into cells of all three em-

bryonic germ layers. It will be a major aim for the future to define the

potential of this new source of stem cells for therapies related to specific

diseases.
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Despite the wide and well-established usage of amniotic

fluid cells in routine genetic prenatal diagnosis, almost

nothing was known about their origins and properties

(Prusa and Hengstschläger, 2002). It was a report from

Dario Fauza’s group, in 2001, which has initiated a new

interest in amniotic fluid cells. The authors seeded a scaf-

fold with amniotic fluid cells derived from pregnant ewes.

Cells with an immunocytochemical profile of mesenchy-

mal, fibroblast=myofibroblast cell lineages were isolated

and expanded in vitro (Kaviani et al., 2001). When babies

are born with body-wall defects, they are often too small

for a graft to be taken from elsewhere on their bodies for

correctional surgery. These new findings suggested that

amniotic fluid cells could become a promising source

for autologous fetal tissue engineering.

The first evidence that human amniotic fluid could con-

tain stem cells was provided in 2003. The transcription

factor Oct-4 is a marker for pluripotent human stem cells

known to be expressed in embryonic carcinoma cells,

embryonic germ cells, and embryonic stem cells (Pesce

and Sch€ooler, 2001). RT-PCR, Western blot, and immuno-

cytochemical analyses demonstrated that in the back-

ground of Oct-4 negative cells, a distinct population of

cells expressing Oct-4 can be found in human amniotic

fluid. That these cells harbor proliferation potential

was suggested by the observation of high levels of co-

expressed cyclin A, a well-known proliferation marker

(Prusa et al., 2003). In the same year, in t’Anker and

colleagues demonstrated that human amniotic fluid con-

tains a cell population positive for mesenchymal markers

such as CD90, CD105, CD73, or CD166 but negative for

the hematopoietic markers such as CD45, CD34, and

CD14. The authors suggested that these mesenchymal

stem cells (proven to harbor adipogenic and osteogenic

differentiation capacity) could be used for co-transplanta-

tion, in conjunction with human umbilical cord blood-

derived hematopoietic stem cells (in t’Anker et al., 2003).

The existence of a human amniotic fluid stem cell type

expressing both, Oct-4 and the markers CD44 and CD105

(but being negative, e.g., for CD34), was first suggested

in 2004. These cells could also be induced to differentiate

into adipocytes and osteocytes (Tsai et al., 2004). Mean-

while, the presence of Oct-4 positive cells in human am-

niotic fluid has been confirmed (Karlmark et al., 2005;

Bossolasco et al., 2006). Despite these overlapping pat-

terns of marker expressions (Table 1), it remains unproven

whether all these studies describe the same cell type. Even

more importantly, to really prove that human amniotic

fluid contains pluripotent stem cells, it is essential to show

that, starting with a single cell, differentiation into differ-

ent cell lineages can be obtained.



The recent publication from Anthony Atala’s group

represents a real breakthrough in amniotic fluid stem cell

research (De Coppi et al., 2007). Clonal cell lines that are

positive for mesenchymal markers and, again, negative for

hematopoietic markers have been isolated. Over 90% of

these cells also express the transcription factor Oct-4. This

marker pattern again strongly suggests that all these re-

ports describe a very similar amniotic fluid stem cell type

(Table 1). Most importantly, using the technique of mark-

ing with a retroviral vector, the authors demonstrate for

the first time that, descending from a single cell, differen-

tiation along six distinct lineages (adipogenic, osteogenic,

myogenic, endothelial, neurogenic, and hepatic) can be

induced. This differentiation potential into cells of all

three embryonic germ layers together with the observed

high proliferation rate are two clear advantages over most

of the known adult stem cell sources. Both, embryonic

stem cells and these amniotic fluid stem cells, express

Oct-4. Importantly, unlike embryonic stem cells, the latter

do not form tumors in severe combined immunodeficient

mice. In addition, embryonic stem cell research raises

profound ethical issues, regarding when human life begins

and the moral status of few-days-old embryos.

Taken together, all these data provide evidence that

amniotic fluid represents a new and very promising source

for stem cell research. Amniotic fluid stem cells are,

obviously, an intermediate stage between embryonic

stem cells and lineage-restricted adult progenitor cells.

However, although all the above-discussed reports pre-

sented work on very similar amniotic fluid stem cell

populations, evidence for other stem cells in human

amniotic fluid already exists: unlike the cells discussed

above, which are CD133 negative (De Coppi et al.,

2007), another cell type has been detected in human am-

niotic fluid expressing markers for neuronal stem and

progenitor cells, such as CD133, and harboring the po-

tential to differentiate into neurogenic cells (Prusa et al.,

2004).

It is important to note that, before speculating about

amniotic fluid stem cell banking, further basic research

is essential and clinical studies must be initiated. Keeping

in mind the well-known risk in amniocentesis to cause a

woman to miscarry, it will be most important for the

future to invent medical approaches and instruments for

collecting amniotic fluid during natural labor of a term

patient. However, the data obtained so far clearly warrant

projects to investigate the therapeutic potential and usage

of these stem cells for specific human diseases. Very re-

cently, the European Union has funded KIDSTEM, a

Marie Curie Research Network, including several stem

cell research groups from partner institutions from Italy,

UK, Germany, and Austria (http:==www.kidstem.org).

The aim of this project is to design a stem cell based

therapy that will prevent end-stage renal failure caused

by reflux nephropathy in children. In this leading cause

of end-stage renal disease, progression to end-stage renal

failure typically takes several years, allowing time for

therapies to repair damaged kidneys before they become

completely non-functional. The properties of adult kidney

stem cells, human embryonic stem cells, and human am-

niotic fluid stem cells will be investigated to determine

which is most appropriate for the generation of functional

renal tissue, promoted by specifically designed biomater-

ials. Recent, fascinating advances make it tempting to

speculate that the discussed advantages of amniotic fluid

stem cells over embryonic stem cells (tumor development

and ethics) and adult stem cells (low proliferation rate and

lineage-restricted potential) might probably lead cells

from human amniotic fluid to win the race.
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