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embryonic and providing relatively easy access 
for cell harvesting makes these cells very 
attractive candidates to further study their dif-
ferentiation potential as well as their suitability 
for their application in therapeutic transplanta-
tions [1, 3, 4]. In the meantime it has become 
obvious that the amniotic fluid contains rather 
heterogenous cell populations, which have 
been classified according to mainly morphologi-
cal criteria. There are epithelial-like cells, amni-
otic fluid specific cells and fibroblast like cells 
[5]. However, after the identification of Oct-4 
positive stem cells in amniotic fluid, increasing 
effort was made to trace the possible differen-
tiation lineages of these cells. Thus, the differ-
entiation of amniotic fluid derived mesenchy-
mal stem cells (AF-MSCs) into astrocytes, 
oligodendrocytes and neurons has been report-
ed in vitro and in vivo [6, 7]. In order to have a 
closer look at this neural differentiation poten-

Original Article
Amniotic fluid derived stem cells give rise to  
neuron-like cells without a further differentiation 
potential into retina-like cells

K Hartmann1, O Raabe1, S Wenisch2, S Arnhold1

1Institute of Veterinary-Anatomy, Histology and Embryology, Justus-Liebig University Giessen, Germany; 2Clinic for 
Small Animals, Department of Veterinary Surgery, Justus-Liebig University of Giessen, Germany

Received March 1, 2013; Accepted April 29, 2013; Epub June 30, 2013; Published July 15, 2013

Abstract: Amniotic fluid contains heterogeneous cell types and has become an interesting source for obtaining fetal 
stem cells. These stem cells have a high proliferative capacity and a good differentiation potential and may thus be 
suitable for regenerative medicine. As there is increasing evidence, that these stem cells are also able to be directed 
into the neural lineage, in our study we investigated the neuronal and glial differentiation potential of these cells, so 
that they may also be applied to cure degenerative diseases of the retina. Mesenchymal stem cells were isolated 
from routine prenatal amniocentesis at 15 to 18 weeks of pregnancy of human amniotic fluid and expanded in 
the cell culture. Cells were cultivated according to standard procedures for mesenchymal stem cells and were dif-
ferentiated along the neural lineage using various protocols. Furthermore, it was also tried to direct them into cell 
types of the retina as well as into endothelial cells. Cells of more than 72 amniotic fluid samples were collected and 
characterized. While after induction neural-like phenotypes could actually be detected, which was confirmed using 
neural marker proteins such as GFAP and ßIII tubulina further differentiation into retinal like cells could not reliably 
be shown. These data suggest that amniotic fluid derived cells are an interesting cell source, which may also give 
rise to neural-like cells. However, a more specific differentiation into neuronal and glial cells could not unequivocally 
be shown, so that further investigations have to becarried out.
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Introduction

Fetal stem cells derived from the amniotic fluid 
have in recent years attracted an increasing 
attention as they have recommended them-
selves as an interesting cell source for cellular 
therapies and tissue engineering approaches. 
They show a remarkable ability to self-renewal 
and differentiate into cell types of all three 
germ lines, sharing some overlapping proper-
ties with pluripotent ES-cells [1] The main char-
acteristics of amniotic fluid stem cells are their 
fetal origin, the high number of isolated cells, 
their wide differentiation properties and their 
rapid expansion in vitro revealing a higher ther-
apeutic potential than adult stem cells [2]. 
These fetal stem cells can be isolated from the 
amniotic fluid during routine prenatal diagnos-
tic procedures in order to carry out cytogenetic 
investigations. The combination of being extra-
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formed after 5 days in order to avoid any 
mechanical stress. After 10 to 14 days, when 
the cultures had reached 80% confluence, cells 
were harvested using Accutase (PAA, Cölbe, 
Germany), and were replated at 2000 cells/
cm2. Adherent cells consisted of cells of epithe-
lial and mesenchymal morphology. In order to 
exclusively isolate cells with mesenchymal mor-
phology for further experiments cloning cylin-
ders were used. Obtained cells were kept in 
culture for up to 6 passages. For the experi-
ments cells were exclusively taken from pas-
sage 3. Experiments were carried out in 
triplicates.

Characterisation of stem cell properties and 
differentiation potential of AF-MSCs

To determine the pureness of the acquired cell 
population according to their surface marker 
expression and their identification as stem 
cells 2 x 105 cells of random patient material 
were incubated with the primary mouse anti-
human CD 29, CD 44, CD 105 (monoclonal 
antibodies, DSHB, University of Iowa, USA, 
1:500) and the CD 90 antibody (BD Biosciences 
Pharmingen, Belgium, 1:800) and labelled with 
the secondary antibody anti-mouse IgG1-FITC 
(Southern Biotech, USA, 1:300) carrying the 
fluorochrome fluorescein isothiocyanate (FITC). 
For CD 105 an IgG 2a secondary antibody (Cy3-
conjugated affinity-purified goat anti-mouse 
IgG (Rockland, Gilbertsville, PA, USA) 1:1000) 
was used. The fluorescence emitted by FITC 
was induced by a laser (Argon, 488 nm) and 
measured by the flow cytometer (FACSCaliburTM, 
Becton Dickinson, USA). As negative control 2 x 
105 cells diluted in a solution of PBS containing 
1% BSA, 0, 1% sodium acid (Sigma-Aldrich, 
Deisenhofen, Germany) and 0,5% goat serum 
(Sigma-Aldrich) were used. The antibody mouse 
IgG1 (AbDSerotec, UK, 1:800) combined with 
the secondary IgG 2a antibody was used for 
isotype control. The measured results were 
analysed with the software FACS Express, 
Version 2 (De Novo, Canada). 

In vitro differentiation was carried out as 
described previously for mesenchymal stem 
cells [8]. Cells were analysed for their capacity 
to differentiate into the osteogenic and chon-
drogenic lineage. 

Osteogenic differentiation was performed in a 
monolayer. Cells were plated at a density of 3 × 
103 cells/cm2, and cultured at 37°C in a humidi-

tial of AF-MSCs and to elaborate a broader ther-
apeutic applicability, in this work we thoroughly 
investigated the expression of neural and glial 
markers in amniotic fluid derived cells. 
Beforehand, the common differentiation poten-
tial of mesenchymal stem cells into adipocytes-, 
chondrocytes- and osteoblast-like cells was 
determined. For a possible application of 
AF-MSCs in degenerative disease of the retina 
such as retinitis pigmentosa or retinopathy of 
prematurity we also had a look for the expres-
sion of retinal markers like rhodopsin as well as 
for endothelial markers like PECAM and ofvon 
Willebrand factor after an appropriate 
stimulation. 

Our data suggest, while the expression of cell 
markers of the commonly investigated cell lin-
eages could be detected, a further differentia-
tion potential into retinal-specific cells, i.e. pho-
toreceptor cells could not be carved out.

Material and methods

Cell isolation and culture

Amniotic fluid was harvested from women 
undergoing amniocentesis, which is a clinical 
routine procedure performed during week 
15-18 of gestation for prenatal diagnostics. All 
patients gave written informed consent and 
were informed in detail about our procedures 
for diagnostic fulfillment according to the proto-
col of this study. The investigation was approved 
by the local hospital ethics committee of the 
university hospital Giessen and Marburg and 
are in compliance with the Helsinki Declaration 
of 1975. 

The volume of each fluid sample was 0.5 to 5 
ml. Cells of 72 amniotic fluid samples were 
used for the study. Cell samples were only used 
when no major abnormalitiessuch as trisomy 
21 were revealed by the cytogenetic analysis. 

AF-MSCs were routinely cultured in Minimum 
Essential Medium (α-MEM; Invitrogen, 
Karlsruhe, Germany) supplemented with 20% 
fetal bovine serum (FBS, PAA, Cölbe, Germany) 
in a 100 mm culture dish and incubated at 
37°C with 5% humidified CO2. Alternatively cell 
culture was carried out in Dulbeccos Modified 
Eagles medium (DMEM, Invitrogen) supple-
mented with 15% FBS + 20% Chang Medium 
(Irvine Scientific, CA) + L-Glutamin, Amniomax 
(Invitrogen) The first medium change was per-
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The assay was carried out using the Axio 
ObserverZ1 microscope based life-cell imaging 
system by Zeiss (Oberkochen, Germany) at 
37°C and 5% CO2. Pictures were taken every 10 
minutes over at least 36 hours.

The microphotographs were analyzed using the 
adobe Photoshop cs5 software (Adobe, San 
Jose, CA), looking at the cell uncovered area in 
% over the same time period.

Neural induction of AF-MSCs

For the enhancement of neural differentiation 
characteristics AF-MSCs were transferred to a 
specific neural induction medium NPMM 
(Lonza, Basel, Switzerland) [10]. This neural 
basal medium was supplemented with the 
basic Fibroblast growth factor (bFGF, 20 ng/ml, 
Lonza) as well as the Epithelial growth factor 
(EGF, 20 ng/ml, Lonza). Cells were cultivated 
for 3 weeks in these induction media prior pro-
cessing for immunocytochemical investigation.

Stimulation of differentiation into retina-typical 
neurons and endothelial cells

Following differentiation of AF-cells into neural 
cells a further differentiation into retina specific 
cells and endothelial cells was anticipated. For 
the differentiation induction into retina-specific 
neurons AF-MSCs were confronted with a medi-
um containing the factors activin A (100 ng/ml) 
or alternatively taurine (50 µM) [11]. Besides 
photo-receptor cell differentiation also differ-
entiation into endothelial cells was investigat-
ed. For endothelial cell differentiation AF-MSCs 
were cultivated in a medium containing 2% FBS 
and vascular endothelial growth factor (VEFG, 
50 ng/ml, Lonza).

RT-PCR and RT-qPCR analysis

Total RNA was extracted from a minimum of 5 x 
105 cells using Tri Reagent (Sigma-Aldrich) 
according to manufacturer’s protocol. 
Specimens were adjusted to 200 ng/µl RNA, 
treated with a recombinant DNAse I (Roche) 
and subsequently reverse transcribed using 
GeneAmp® Gold RNA PCR Core Kit (Applied 
Biosystems) according to manufacturer’s proto-
col. Minus RT samples for each specimen were 
included. PCR was conducted using 10 µl 
cDNA, 2 µl MgCl2, 4 µl 10x PCR Gold Buffer, 
32.75 µl nuclease-free water, 0.25 µl AmpliTaq 
Gold® (Applied Biosystems) and 1 µl of a 10 

fied atmosphere (5% CO2) for various periods. 
The medium was changed three times a week. 
Osteogenic differentiation was induced by cul-
turing AF-cells for 3 weeks in osteogenic medi-
um (OM). OM consisted of DMEM (Invitrogen) 
containing 10% FCS, 0.05 mM ascorbic acid-
2-phosphate (Sigma-Aldrich), 10 mM 
β-glycerophosphate (Sigma-Aldrich), and 0.1 
μM dexamethasone (Sigma-Aldrich). Osteogenic 
differentiation of ASCs was assessed by evalu-
ating morphological changes and calcified 
extracellular matrix (ECM) deposition. 

Induction of chondrogenic differentiation was 
carried out in a three-dimensional (3D) pellet 
culture. For 3D pellet cultures AF-cells were 
resuspended at a density of 5 × 105 cells/ml. 
The chondrogenic medium was supplemented 
with insulin-transferrin-selenium (ITS) 1:100 
v/v (1.0 mg/ml insulin from bovine pancreas, 
0.55 mg/ml human transferrin, and 0.5 μg/ml 
sodium selenite) (Sigma-Aldrich), 0.1 µM dexa-
methasone, 0.05 mM ascorbic acid, 50 μM 
l-proline (Sigma-Aldrich), 1 mM sodium pyru-
vate (Sigma-Aldrich). Cell suspension (500 µl) 
was aliquoted into 15 ml polypropylene centri-
fuge tubes (Eppendorf, Hamburg, Germany), 
and centrifugated at 500 g for 5 min. as 
described previously [8]. The chondrogenic 
medium was supplemented with 5 ng/ml of 
TGF-β1 (Sigma-Aldrich). Fresh medium was 
added every third day. The medium without 
TGF-ß1 was used as the control medium for 
control 3D cultures. The tubes were placed in 
anincubator at 37°C in a humidified atmo-
sphere with 5% CO2 for up to 3 weeks. The caps 
of the tubes were loosened to allow air 
exchange.

Investigation of the migratory potential of AF-
MSCs

For the assessment of the migration potential a 
wound and healing assay was conducted [9]. In 
order to study the migration capacity of the 
cells we used the ibidi culture insert (ibidi, 
Planegg, Germany). Cryopreserved cells of pas-
sage 3 were seeded at a density of 35 x 103 
cells in each well of the insert, which had been 
placed in a 3.5 cm² cell culture dish (Greiner 
Bio-one, Frickenhausen, Germany). After 24 
hours the cells were appropriately attached 
and the culture insert was carefully removed 
from the culture dish with sterile tweezers. The 
consequent cell-free gap is about 500 µm wide.



Differentiation potential of amniotic fluid stem cells

111 Am J Stem Cells 2013;2(2):108-118

The primary antibodies used were β-III-Tubulin 
(Covance, München, Germany 1:8000), Nestin 
(BD Biosciences, Heidelberg, Germany 1:500), 
α-internexin (Abcam, Cambridge, UK, rabbit 
polyclonal AB, 1:1000) GABA (Sigma-Aldrich, 
Steinheim, Germany, rabbit polyclonal AB, 
1:1000) Glutamate (Sigma-Aldrich, rabbit poly-
clonal AB, 1:1500) and GFAP (polyclonal anti-
body, Sigma-Aldrich, 1:1000), PECAM (CD31 
Dianova, Hamburg, Germany, 1:100), and von-
Wille-Brand-Faktor (Dianova, 1:100). 

Incubations were performed over night at 4°C. 
Secondary antibodies were used at the follow-
ing dilutions:

Cy3-conjugated affinity-purified goat anti-
mouse or anti-rabbit IgG (Rockland, Gilbertsville, 
PA, USA) 1:1000 or by a Biotin-conjugated goat 
anti-guinea pig (Sigma-Aldrich, Deisenhofen, 
Germany) at a dilution of 1:400 followed by 
FluoroLinkTMCyTM3 labelled streptavidin 
(Amersham Pharmacia Biotech, Freiburg, 
Germany) at a dilution of 1:1000.

After antibody incubations nuclear DNA was 
stained with Hoechst Dye 33342 (Sigma-
Aldrich). Preparations were coverslipped with 
Entellan (Merck, Darmstadt, Germany). Analysis 
of mounted specimens was carried out using 
an Axiophot Fluorescence microscope (Zeiss, 
Oberkochen, Germany).

Negative controls were performed by omitting 
the primary antibodies. Specificity of neural 

pmol forward and reverse primer mix. All prim-
ers were purchased from Eurofins MWG Operon. 
Cycling conditions were as follows: 95°C for 10 
min, following 39 cycles of 95°C for 1 min , 
60°C for 1 min, 72°C for 1.30 min and finally at 
72°C for 10 min. PCR products were separated 
using a 2% agarose gel electrophoresis and 
visualized by SYBR Green (Sigma-Aldrich).

RT-qPCR for β-III-Tubulin, BDNF (Brain derived 
nerve factor) und NGF (nerve growth factor) 
was carried out on a CF X 96 Realtime Cycler 
(Bio-Rad, München, Germany) using IQ 
SybrGreenSupermix (Bio-Rad) with the follow-
ing protocol: 3 min 95°C, following 40 cycles of 
15 sec 95°C and 1 min 60°C, with a subse-
quent melting curve. Data was analyzed using 
the CFX Manager software 1.6 (Bio-Rad) apply-
ing the ΔΔCT-method for relative gene expres-
sion relative to GAPDH as housekeeping gene.

Immunocytochemical staining of cells

For the investigation of neural marker expres-
sion by amniotic fluid derived cells, cells were 
fixed after rinsing in 0.1 M PBS in 4% PFA. 
Immunocytochemistry was performed at room 
temperature. Cells and tissue sections were 
treated for 30 min with a blocking solution com-
posed of 2% goat serum and 5% FBS. In experi-
ments requiring the labelling of intracellular 
epitopes, the cells and tissue sections were 
further treated with 0.025% Triton X-100 
(Sigma-Aldrich) for 30 min and rinsed in PBS. 

Figure 1. Morphologic analysis of cells isolated from the amniotic fluid. A: spindle shaped cells of the AF type. B: 
epithelial-like cells of the AE type, inset in B) immunostaining with the specific marker for epithelial cells cytokeratin 
(red), stining of the total cell population with the nuclear marker Hoechst dye (blue). Scale bar in A) and B) = 20 µm, 
in the inset = 15 µm.
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cells with elongated processes as well as cells 
with an epithelial-like morphology can be iden-
tified. All together heterogeneity of the cell pop-
ulation is apparent (Figure 1A and 1B). Some of 
the cells grow in colonies and reveal a markedly 
higher proliferation capacity then cells growing 
as single cells outside the colonies. As an aver-
age one to three colonies can be observed until 
the first passage, which is usually carried out 
on day 10. Using cloning cylinders from 12 out 
of 73 cell samples it was possible to isolate 
cells with a mesenchymal morphology, which 
showed a proliferation capacity typical for mul-
tipotent mesenchymal stem cells. Cells of the 
other 51 cell samples showed mainly epithelial-
like morphologies with partially huge cell 
bodies.

markers was tested using appropriate cell pop-
ulations such as neural stem cells and neural 
stem cell derived neurons and glial cells.

Statistical analysis of data 

A two sided t-test was performed for compari-
son of groups. Subsequently, the groups of 
treated and untreated cells were compared 
pairwise. P values of < 0.05 were taken as sig-
nificant. For all tests the statistical software 
program, SPSS 19.0, was used (IBM, Germany).

Results

As reported before after the first passage plas-
tic adherent AF-cells show marked morphologi-
cal differences [11]. Mainly spindle shaped 

Figure 2. FACS analysis of AF derived MSC. More than 98% of analysed cells express the surface markers A) CD 90, 
B) CD 44 and C) CD 29. C) a simultaneous expression of CD 90 and CC 105 can be detected in 69.5 % of the total 
cell population.
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In order to further detect stem cell characteris-
tics of the selected AF derived cell populations, 
pluripotency was analyzed by induction of dif-
ferentiation into the osteogenic, chondrogenic 
and adipogenic lineage. Using the appropriate 
histologic staining procedures differentiation 
into all three lineages could actually be detect-
ed (Figure 3).

To further characterize the general neural dif-
ferentiation capacity, after treatment with a 
neural induction medium in the presence of 
EGF, bFGF and NGF there was no morphological 
alteration of cells to a more neuronal pheno-
type detectable, not even after a cultivation 
period of 21 days. However, the expression of 

After isolation and expansion of mesenchymal 
cells using cloning cylinders cells were charac-
terized by flow cytometry (FACS) using the stem 
cell specific surface markers CD 29, CD 44, CD 
105 und CD 90. Most of the cells (more than 
98%) were positive for the markers CD 29, CD 
44 und CD 90 (Figure 2). Only the percentage 
of cells expressing CD 105 varied among the 
different populations derived from different cell 
samples. A parallel expression of CD 105 and 
CD 90 could be detected in 69% of the cells 
(Figure 2). Because of the high percentage of 
cells expressing the stem cell marker CD 90 a 
further selection procedure using magnetic 
assisted cell sorting (MACS) was renounced.

Figure 3. Functional characterization of AF derived MSC 
by stimulation of differentiation into the osteogenic, ad-
ipogenic and chondrogenic lineage. A: osteogenic dif-
ferentiation as shown by the ALP staining, B) adipogenic 
differentiation shown by the Red oil O staining and C) 
chondrogenic differentiation as shown by the Alcian 
blue staining, Inset in C) higher magnification of a chon-
drogenic pellet. Scale bar for A-C = 30 µm, for the inset 
= 25 µm.
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Under the influence of the test substances IL-1-
Beta and SDF-1-Alpha there was only a slight, 
non-significant, increase in migration velocity 
to be detected (Figure 7).

In order to achieve a differentiation into retina 
typical neurons using Taurin and Activin A no 
expression of RHOS a specific marker for reti-
nal neurons could be detected in any of the cell 
populations studied. Similar negative data 
could also be obtained for the differentiation 
into endothelial cells. After induction of cells in 
the presence of VEGF a weak expression of the 
endothelial marker PECAM could be found in 
cells of the undifferentiated as well as in the 
differentiated cell fraction. In contrast, no 
immunopositivity using the antibody for the von 
Wille-Brand factor could be documented (data 
not shown).

Discussion

In this study we have investigated a progressive 
differentiation potential of AF cells, which have 
recommended themselves as a promising cell 
source of fetal stem cells for regenerative med-
icine. Amniotic fluid holds great promise as a 
stem cell source, especially in neonatal appli-
cations where autologous cells can be isolated 
and used. Because there are hardly any ethical 
concerns associated with this cell source, 
which can be obtained during routine prenatal 
diagnostics, the scientific and therapeutic use 
of these cells is worthwhile having a closer look 

common neural markers such as βIII-tubulin 
nestin, α-internexin, GABA, glutamate and 
GFAP could be shown (Figure 4). The analysis of 
neural marker expression using PCR the 
expression of β-III Tubulin, brain derived neuro-
trophic factor (BDNF) and nerve growth factor 
(NGF) could be analyzed after mRNA isolation 
in all cell populations, differentiated and non-
differentiated (Figure 5). However, data were 
not as uniform as expected. The quantitative 
analysis revealed that while transcripts for NGF 
could be detected in undifferentiated as well as 
in differentiated cells, in some cell populations 
after the three week induction period a mark-
edly higher expression of ß-III Tubulin and BDNF 
could be shown in the cells treated with the 
induction medium (Figure 6).

The migratory potential of AF-derived cells was 
analyzed using the scratch- or wound and heal-
ing- assay. After plating of 2 x 35.000 cells in 
culture inserts, cell migration was documented 
for 24 hours using a connected digital camera 
taking photos every 10 minutes. Migration of 
cells cultivated in the standard medium was 
compared with that of cells stimulated either by 
interleukin-1-beta (IL-1ß) or by stomal cell 
derived factor (SDF-1a). The time until com-
plete closure of the cell free zone varied 
between the analyzed cell populations in the 
passages 2, 3 and 4 under standard culture 
conditions and it took between 17.5 and 40 
hours with a mean culture time of 29.1 hours. 

Figure 4. Immunocytochemical analysis of AF derived MSC after neuronal induction using the NPMM Lonza me-
dium. A: fluorescence microscopical analysis of the expression of nestin, B) ßIII tubulin and B) GFAP. Scale bar for 
a-c = 12 µm.
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First of all with this study we can confirm previ-
ous data stating, that within the amniotic fluid 
there is a rather heterogenous cell population 
[12, 13]. In contrast to earlier own findings 

on their differentiation capacity for various 
applications even in the central nervous sys-
tem or in degenerative ophthalmologic 
disorders. 

Figure 5. RT-PCR analysis of the expression of neurotrophic factors. A: using primers for a 302 bp fragment of the 
brain derived neurotrophic factor (BDNF) cDNAs of four different AF derived MSCs 3 weeks after incubation with the 
neuronal induction medium NPMM were analysed in lanes 1, 3, 5 and 7. In lanes 2, 4, 6, 8 the reults of cDNAs of 
cells cultivated in the standard medium without neuronal induction are shown. In lanes 9 and 10 the negative con-
trols without c DNA are shown. B: using prmers for the neurotrophic factors NGF an NGF-expression can be equally 
detected in stimulated (lanes 1, 3 and 5) as well as in non-stimulated cells (lanes 2, 4, 6 and 8).
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Figure 6. qPCR analysis of the expression of the neuronal markers BDNF, ßIII tubulin and NGF in AF derived MSCs 
in neuronally induced cells (left columns) and non-stimulated cells (right columns).

about the possibility to select cells using the 
surface marker CD 117 [13] in this study we 
have refrained from carrying out a MACS based 
pre-selection procedure as the analysis by flow 
cytometry using antibodies against the surface 
markers CD 29, CD 44, CD 105 and CD 90 
revealed a very high expression of these mark-
ers in AF- derived stem cells anyway (almost 
98%) so that a further antibody associated 
purification of the cell population would not 
have guaranteed any further improvement of 
purity. Instead of using a MACs based selection 
procedure in the presented work, cells with a 
mesenchymal or fibroblastoid morphology were 
selected using cloning cylinders as described 
by Zhang and Chang 2010 [14]. After this mor-
phology- based selection step a pure popula-
tion of elongated cells with a mesenchymal 
morphology could be obtained and were used 
for all further experiments. Thus, the resulting 
cell population in part meets the criteria set up 
by the International Society of Cellular Therapy 
to define MSCs: (i) adhesion to plastic, (ii) 
expression of specific immunophenotypic 
marker combinations (CD 73, CD 90, and CD 
105), accompanied by lack of expression of 
hematopoietic markers (CD 14, CD 34, and CD 
45) and class II major histocompatibility com-
plex (MHC) molecules; (iii) capability of differen-
tiating into mesodermal lineages (adipocytes, 
osteoblasts, and chondrocytes) [15, 16] The 
mesodermal differentiation capacity of the 

Figure 7. Functional analysis of the migratory poten-
tial of AF derived MSC under the influence of inflam-
matory stimuli. A: MSCs cultivated in the standard 
medium after 12 hours observation period, B) after 
18 hours, C) MSCs cultivated in the presence of IL1- 
ßeta after 12 and D) after 18 hours, E) time course 
of the migratory potential of MSC under control con-
ditions as well as under the stimulation of IL1-ßeta 
and SDF-1. Scale bar for A)-D) = 50 µm.
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together our findings indicate, that although 
amniotic fluid derived stem cells possess sev-
eral advantages over embryonic and adult stem 
cells and are thus suitable especially for neona-
tal applications one has to be careful with too 
high expectations in these cells. Because of 
the heterogeneous cell population to be found 
in the amniotic fluid, cell cultures have to be 
thoroughly screened to obtain a similar paren-
tal cell population. Furthermore, due to the 
decrease of prenatal diagnostic procedures 
involving amniocenteses, the supply with suffi-
cient material may also hamper continuous 
research with this cell population in the near 
future. Moreover, ethical concerns associated 
with obtaining more amniotic fluid than is need-
ed for cytogenetic prenatal diagnostics will 
additionally prevent a thorough investigation of 
these cells and unless the donors do not see a 
direct benefit for themselves or their child will 
hardly support to give a higher volume of the 
fluid. 
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