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Abstract 

Human amniotic fluid cells (H-AFC) have been used
as a diagnostic tool for the prenatal diagnosis of fe-
tal genetic anomalies for more than 50 years.
In the early 1990s small nucleated cells, which were
identified as he-matopoietic progenitors, were de-
tected  in the amniotic fluid. After this evidence sev-
eral other scientific novelties as been brought out to
the attention of the scientific community. In these
brief history of the Human amniotic fluid cells (H-
AFC) the last but not least evidence, provided in the
last 5 years, suggests that they can also harbor a
therapeutic potential for human diseases.
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Introduction

The definition of stem cells (SC) is actually one of the

big debates, far to be solved, in the scientific commu-

nity. There are, however, some characteristics which

are common to all of them: self-renewal, ability to ge-

nerate at least one daughter cell with characteristics si-

milar to the initial cell, multilineage differentiation po-

tential from a single cell, and capacity for functional re-

constitution of a specific tissue (1). Up to date, never-

theless, the best-known SC is the zygote with the abi-

lity to induce the formation of an entire living organism

and therefore, due to this capacity to be defined totipo-

tent. Following cell divisions make the fertilized egg lo-

se progressively some of its totipotency. In fact already

at the blastocyst stage, embryonic stem cells (ESCs)

isolated from the inner cell mass lose the totipotency,

but are still able to differentiate into the three germ la-

yers. These SCs are at this stage considered pluripo-

tent (2). An increasing number of SC types have been

described in the literature, derived from embryonic, fe-

tal or adult origin. Based on the self-renewal and diffe-

rentiation abilities, embryo-derived SCs are hierarchi-

cally higher than other cell types that have more re-

stricted properties. Taking for a wile apart the scientific

knowledge and the importance of stem cells research

there are also ethical and political problems among dif-

ferent countries for stem cells research. Considering

this latter remarks nevertheless as written by Prof.

Lee, professor of molecular biology, at Princeton Uni-

versity, on Nature: “..if genes and genomes represent

one of the pillar of the biomedical progresses on the

XXI century, the second one is the stem cells biology”.

Amniotic fluid-derived stem cells

Human amniotic fluid cells (H-AFC) have been used as

a diagnostic tool for the prenatal diagnosis of fetal gene-

tic anomalies for more than 50 years. Furthermore indi-

cations that amniotic fluid may contain cells that are not

fully differentiated were reported in the early 1990s

when small nucleated cells, which were identified as he-

matopoietic progenitors, were detected (3). After this

evidence several other scientific novelties as been

brought out to the attention of the scientific community

up to the 1999 when Mosquera and co-workers (4).

established a milestone in the amniotic fluid stem cell hi-

story. In fact they demonstrate that these cells possess

pluripotent properties due to the telomerase activity. In

these brief history of the H-AFC the last but not least

evidence, provided in the last 5 years, suggests that

they can also harbor a therapeutic potential for human

diseases.

Amniotic fluid cells represent a very heterogeneous po-

pulation that include both cell type derived from fetal

membranes and of the fetus itself. In order to give a

classification of the different cells populations, the mor-

phological, biochemical and growing features are widely

used. According to these latter issues they can be divi-

ded into three main groups: epitheloid E-type cells, am-

niotic fluid specific AF-type cells and fibroblastic-type

cells (5-7). Nevertheless, in general, H-AFC can be clas-

sified like having mesenchymal stem cells characteri-

stics. In fact these stem cells were the first to be descri-

bed; they display the higher proliferation and differentia-

tion plasticity of adult mesenchymal stem cells and are

able to differentiate towards all the three germ layers

cells populations. Amniotic fluid stem cell lines have a

typical doubling time of about 36 h and no need for fee-

der layers, cells maintained for over 250 population dou-

blings retained long telomeres (4) and a normal karyoty-

pe, do not form tumours when injected in vivo. 

H-AFC have shown to be cells derived from both embr-

yonic and extra-embryonic tissues. Moreover these type

of specific cells lineages can be found in a differentiated

and undifferentiated step. The types and characteristics

of H-AFC can nevertheless varying with parameters

such as: gestational age and presence of fetal patholo-

gies. Recently many literature data have demonstrated

the presence of fetal mesenchymal stem to possess a

great differentiation capacity to induce cellular types de-

rived from the three germ layers. In particular, since

2003, it has been demonstrated that the amniotic fluid

contains stem cells which are positive for the pluripotent
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marker Oct4 (5) and for mesenchymal markers

CD29,CD44, CD73, CD90, CD105, able to differ in a

osteogenetic and adipogenetic sense (8,9). The demon-

stration that the differentiation of dissimilar cellular types

(adipogenic, osteogenic, miogenic, endothelial, neuro-

genic ed hepatic) can be obtained by a unique cell which

is positive for mesenchymal markers and negative for

hematopoietic ones (10) has been fundamental to prove

that the amniotic fluid contains pluripotent stem cells.

The potential of H-AFC to induce the differential toward

cell types of the ECTODERMAL layer are coming from

studies related to neurogenic lineages, whereas for the

MESODERMAL lineage the differentiation into osteo-

blast, fibroblast, adipocytes, chondrocytes and endothe-

lial cells, were assessed. Currently, instead, very little in-

formation exist for what concerns the ENDODERMAL

differentiation potential.

ECTODERMAL lineages – For what regards this linea-

ge data on the potential capacity of H-AFC to became

ectodermal-type population are still controversy. In fact

Tsai and co-workers (9) demonstrate that H-AFC can be

differentiated into ectodermal neurons when culturing

under b-mercaptoethanol and bFGF conditioned media

together with the data presented by Prusa et al. (5),

which did not observed neuronal differentiation of am-

niotic fluid-derived cells in response to neurogenic diffe-

rentiation medium. Nevertheless it should underlined

that, when cultured in standard medium, after 3 weeks,

the same cells were able to express neuronal markers

such as CD133, nestin, neurofilament CNPase, BDNF

and NT3 (5).

MESODERMAL lineages – Recently it as been also

shown that upon an optimized 30 days differentiation

protocol, AF stem cells display a complete expression of

osteogenic markers (COL1, ONC, OPN, OCN, OPG,

BSP, Runx2) (11). In order to test the ability of these

cells to proliferate on surfaces commonly used in oral

osteointegrated implantology, Antonucci and co-workers

(11) carried out cultures onto different test disks, namely

smooth copper, machined titanium and Sandblasted

and Acid Etching titanium (SLA titanium), showing great

adhesion capacity.

ENDODERMAL lineages – Te information regarding the

possible application in endodermal cell type is still the

missing part of the whole story. Nevertheless De Coppi

et al. (10) have reported that cells, after 3 weeks of cul-

turing, were able to produce urea. These cells, CD117

positive, were seeded onto a collagen sandwich layer

and stimulated with a combination of growth factor and

cytokines. Together with a clear morphological changes

they were expressing an hepatocyte like phenotype.

Recently we have described, also, that H-AFC amniotic

fluid, for their ability to differentiate to various lineages,

could represent a good candidate for therapeutic appli-

cations. In fact a small aliquot of amniotic fluid obtained

by amniocentesis could be enough to generate, via clo-

nal expansion, a tissue engineered construct ready to

be implantated, immediately after birth, or prenatally, or

even later in life, the latter if the cells were frozen and

banked (12,13). For gene therapy purposes human cells

should be genetically modified with a therapeutic gene

and delivered systematically or injected directly into the

tissue of interest. In particular, on undifferentiated sta-

tus, stem cells continued to express both the transgenes

and stemness cell markers OCT4 and SSEA4. When

cultured under mesenchymal conditions, infected cells

could still differentiate into osteocytes and adipocytes

expressing lineage specific genes. Adenovirus may be

useful to engineer populations of pluripotent stem cells,

which may be used in a wide range of gene therapy

treatments (14,15).

Another evidence for the possibility to use these cells

type for gene therapy is coming from the work of Arnhold

et al. (15) in which the Authors were able to demonstra-

te that an efficient transformation of primary human am-

niocytes by E1 gene functions of human adenovirus se-

rotype 5 (Ad5) yield in stable cell lines, exhibiting mor-

phological features of epithelial like cells. Moreover a

thorough investigation using immunocytochemistry con-

firmed the expression of epithelial cell markers. The

analysis also revealed the expression of neuronal and

glial marker proteins, such as nestin, vimentin, A2B5

and GFAP. Using RT-PCR, transcripts of the neurotro-

phic factors nerve growth factor (NGF), brain derived

neurotrophic factor (BDNF), glial cell line derived neuro-

trophic factor (GDNF), and neurotrophin 3 (NT-3) could

be detected. The results suggest a co-expression of epi-

thelial and neuronal marker proteins in E1-transformed

human amniotic fluid derived cells and thus a preferen-

tial transformation into neuronal-like cells (15).

The “easy to handle”, in terms of laboratory procedures

and protocols, of the H-AFC is one of the main advanta-

ge for the amniotic fluid to be a key factor for the cellu-

lar and gene therapy. The phenotypic stability and the

possibility to maintain the functionality upon cryo-con-

servation, in fact suggest that this cell type could have

their role in both pediatric and adult regenerative medi-

cine 16).  In the view of the potential use of mesenchi-

mal stem cells, a new issue as been achieved by Mac-

chiarini and coworkers (17), which, on Lancet, were able

to show that the pre-treatment of a transplanted, cell

free, trachea, with chondrocytes-differentiated me-

senchymal adult stem cells, derived and isolated from

the receiver of the graft, were clearly able to reduce the

graft vs host disease, probably due to their immuno-mo-

dulatory activity. The paper state in the interpretation of

the results that: it could be possible to produce a cellu-

lar, tissue engineered airway with properties that allow

normal functioning, and which is free from risks of rejec-

tion.

The main issue is the concept of utilizing the amniotic

fluid or the placenta as stem cell sources for fetal tissue

engineering. Regarding this main topic some new publi-

cations start to be visible. Recently, fetal tissue enginee-

ring has emerged as a promising concept in surgical re-

construction of birth defects in the neonatal period

(18,19).

Ethical considerations
Since the discovery of the possibility to use these cell

types for gene or cellular therapy, the use of fetal tis-

sue/cells has always been object of ethical debates in

the scientific community. The main reason for the con-

troversies is mainly coming from the fact that the pri-

mary source of fetal tissue is induced abortion. The Na-

tional Institutes of Health, the American Obstetrical and
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Gynecological Society, have long regulated the use of

fetal specimens from this latter source in the United Sta-

tes (20-22). Nevertheless is actually not so difficult to

understand the big efforts of numerous national and in-

ternational ethical committees and governmental bo-

dies, to date a consensus, which nowadays has not yet

been reached, either in the US or in the European Com-

munity. This polemic is less evident instead when ar-

guing on the cryo-conservation and following isolation of

stem cells from the amniotic fluid and placenta, as a no-

vel development in fetal tissue processing. These new

procedures, with optimized and standardized protocols,

add a new discussion concerning the use of fetal tissue

for therapeutic or research purposes. In fact the key fac-

tor for the non-ethical problems raised by the use of am-

niotic fluid-derived stem cells, is coming from the fact

that these specimens can be obtained through routine

prenatal screening testing, without the need for invasive

fetal biopsy.

If amniotic-derived stem cells from a diseased fetus co-

uld/should be used for autologous therapeutic applica-

tion, no ethical discussion would be anticipated, as long

as the procedure is shown to be a valid therapeutic op-

tion for a given perinatal condition. In this scenario, the

ethical considerations are the very same that apply to

any fetal intervention. The other side of the coin is that

the use of these stem cells, in an allogeneic fashion,

makes ethical issues analogous to the ones involving

fetal tissue/organ transplantation, regardless of whether

the original specimen comes from a live or deceased

fetus.

At the same time, apart from whether an autologous or

allogeneic application is being considered, should the

amniotic fluid or the placenta be confirmed as reliable

sources of embryonic-like stem cells, the ethical objec-

tions to embryo disposal now plaguing the progress of

amniotic fluid-derived stem cells research could be com-

pletely avoided.

Conclusion

These characteristics, together with the absence of ethi-

cal issues concerning their employment, suggest that

stem cells present in the amniotic fluid might be promi-

sing candidates for tissue engineering and stem cell the-

rapy of several human disorders. Moreover taking into

account what as been above discussed, it should only

be a matter of time until amniotic fluid-derived stem cells

will be a relevant tool in tissue engineering, gene the-

rapy, research field.
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