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Abstract 
The aim of the study was the isolation and the genotypic and phenotypic characterization of mesenchymal stem cells from the amniotic 
membrane. The placentas included in the study were derived from pregnancies with a normal evolution. Along with the placentas, umbilical 
cord blood and maternal peripheral blood samples were taken. The isolation and the culture of cells from the amniotic membrane was 
followed by the determination of the markers of these cells. The cells expressed markers characteristic of stem cells. Immunofluorescence 
and evaluation of the gene expression evidenced the pluripotential properties of these cells. HLA expression provides information that 
might help explain the immunological mechanisms of tolerance between the maternal organism and fetal structures. 
Keywords: mesenchymal stem cells, placenta, amniotic membrane. 

 Introduction 

Recent progress in the study of stem cells has 
opened new perspectives for their use in cell therapy. 
The current sources of stem cells are embryonic stem 
cells and adult type stem cells; however, these pose 
many problems, both ethically and technically.  
The finding of other stem cell sources that do not raise 
ethical problems, easily accessible and sufficiently 
numerous to be used for therapeutic purposes has been 
attempted. A new source that meets all these 
requirements is human placenta. In this study, we 
focused on mesenchymal stem cells of the amniotic 
membrane because these are less studied and are 
supposed to have an increased differentiation potential 
toward an important number of cell types, which is 
significantly higher than that of adult type stem cells. 
Being situated at the interface between the maternal and 
the fetal organism, they seem to have a high 
immunological tolerance, which makes them easy to be 
used in transplantation.  

The aim of this study was the isolation and the 
genotypic and phenotypic characterization of 
mesenchymal cells from the amniotic membrane in 
order to evidence their stem cell properties. 

 Material and Methods 

Patient selection 
Term placentas from pregnancies with a normal 

evolution were taken after obtaining the informed 
consent of the pregnant women (Clinic of Gynecology 

II, Cluj-Napoca). The group of pregnant women 
included in the study was selected on a volunteer basis, 
after a previous examination of the general medical 
history and of pregnancy evolution. The patients with 
obstetric diseases or other associated systemic diseases 
were excluded from the study. Infectious pathology was 
excluded by the performance of HIV, toxoplasmosis, 
CMV infection, rubella tests. 

Sampling and transportation 
Of all placentas harvested, three were from natural 

deliveries and one from a delivery by cesarean section. 
They were transported in cold PBS (phosphate buffered 
saline) solution in a thermally insulated container on ice. 
The fetal adnexae were processed within 3–24 hours, 
without a major influence of the time interval on the 
viability of cells and the possibility of their culture 
being noted. Along with the placentas, umbilical cord 
blood and maternal peripheral blood samples were 
taken. These were immediately processed, the mono-
nuclear cell fraction being separated by centrifugation 
using a Ficoll density gradient and stored in liquid 
nitrogen until its subsequent use.  

The placentas were assessed macroscopically and 
microscopically. Hematoxylin–Eosin (HE) stained 
histological preparations were completed. 

Isolation and culture 
The amniotic membrane was mechanically separated 

from the subjacent chorion by detachment. The memb-
rane fragment was transferred to Petri plates with a 
DMEM medium supplemented with 10% fetal bovine 
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serum (FBS), 2 mM L-glutamine, 100 U/mL penicillin, 
100 µg/mL streptomycin, and 1% NEA (non-essential 
amino acids) (Sigma). Isolation was carried out from the 
amnion at the level of the reflected portion of the 
membranes in order to minimize the presence of 
maternal cells. Initially, the amniotic membrane was 
mechanically fragmented, and the resulting pieces were 
washed with PBS several times and were submitted  
to an enzymatic digestion treatment in two stages:  
(1) incubation with 0.25% trypsin (Sigma) at 370C for  
5 minutes in order to remove epithelial amniotic cells; 
(2) treatment with 0.25% trypsin + 0.1% collagenase IV 
(Gibco) for 5 minutes at 370C, followed by inactivation 
with fetal serum. Then, the cell suspension was filtered 
and the cells were seeded in 25 cm2 Cole flasks in the 
previously mentioned culture medium and incubated at 
370C in a 5% CO2 atmosphere. 

Immunofluorescence 

The cells were cultured on chamber slides until 
confluence was reached, after which they were fixed with 
4% formaldehyde solution in PBS for 20–45 minutes at 
room temperature. The membrane was permeabilized 
with a 0.1% Triton X-100 solution in PBS for 20 minutes, 
and for blockage various solutions corresponding to the 
antibody used, i.e. 1% BSA (bovine serum albumin)  
in PBS, normal donkey serum or 10% BSA in PBS  
for 45 minutes at room temperature, was used.  
The primary monoclonal antibodies used were Nanog, 
Sox-2 (R&D), Oct-3/4, alkaline phosphatase, SSEA-4, 
CD105 (Santa Cruz Biotechnologies) and CD29 
(Bekton–Dickinson), all mouse anti-human antibodies, 
and the secondary goat anti-mouse antibodies IgG1 and 
IgM were marked with FITC, Texas Red and PE (Santa 
Cruz Biotechnologies). Incubation with the primary 
antibody was performed at 40C for one hour or during 
the night, and in the case of the secondary antibody for 
45–60 minutes at 370C. The slides were assembled with 
an antifade medium containing DAPI in order to 

evidence the nuclei and were examined using a Zeiss 
Axiovert microscope by reversed phase fluorescence. 

RNA extraction and RT–PCR 

RNA was extracted from amniotic mesenchymal 
cells in the culture passage 3–4 (80% confluence) and 
from the mononuclear fraction of umbilical cord blood 
stored in liquid nitrogen. Total RNA was extracted from 
approximately 0.5×107 cells using the PureYield RNA 
Midiprep System kit (Promega). The synthesis of cDNA 
corresponding to messenger RNA was carried out using 
the ImProm Reverse Transcription System kit 
(Promega). The reaction mixture consisted of 0.5–1 µg 
RNA, 15 u/µg AMV reverse-transcriptase; buffer 
solution (10 mM Tris-HCl with pH 9.0 at 250C, 50 mM 
KCl, 0.1% Triton X-100); dNTP solution 1 mM each; 
MgCl2 5 mM; recombinant ribonuclease inhibitor  
1 u/µL; oligo-dT 0.5 µg/µg RNA; nuclease-free ultra 
pure water. The described mixture was incubated at 
450C for 45 minutes, followed by heating at 950C for  
5 minutes and cooling at 0–50C for another 5 minutes. 
Subsequently, the cDNA obtained was stored at -200C 
until its use in PCR amplification reactions. 
Amplification was performed under standard conditions, 
using the components of the GoTaq PCR Core System 
II kit (Promega). The cDNA amount was generally  
5–10 ng/µL and negative controls were always prepared 
(ultrapure water instead of standard DNA). The reaction 
also included: Taq polymerase 0.025 u/µL; buffer 
solution; dNTP solution 0.2 mM each; MgCl2 1.5 mM; 
primers and nuclease-free ultra pure water.  

The program used was a standard amplification 
scheme in which the melting temperatures of specific 
primers varied: denaturation 950C, 2 min.; 35–45 cycles 
of 950C, 30 sec. – t0C (depending on primers), 1 min. – 
720C, 2 min.; 720C, 5 min.; storage at 40C. The primer 
sequences, the size of the amplification product and the 
melting temperature used are indicated in the table 
below (Table 1). 

Table 1 – The primer sequences, the size of the amplification product and the melting temperature used 
Primers Sequence (5’→3’) Size of the product [bp] Melting temperature [0C] 

Oct-4 aggagtcccaggacatcaaagtcgtttggctgaataccttc 146 56 
Rex-1 atggctatgtgtgctatgagcctcaacttcctagtgcatcc 447 50 
TERT catcatcaaaccccagaacaccaaacagcttgttctccatgt 371 55 
Nanog attataaatctagagactccagtcctgaataagcagatccatg 407 52 
Sox-2 aagcgctttttttgatcctgattcaccacaccatgaaggcattcatg 363 57 
β2-microglobulin actccaaagattcaggtttactccatgatgctgcttacatgtc 302 52 
HLA-DRα ttgaagaatttggacgatttgaaactcccagtgcttgagaagag 407 54 
Vimentin ttcagagagaggaagccgaaaactttaagggcatccacttcacag 422 56 
c-kit (CD117) ttcagcgagagttaatgattctgtgtattcacataaacattaaatg 400 50 
Thy-1 (CD90) aaagaagcacgtgctctttggcactcagagaagtaggatctctg 379 56 
GATA-4 cacaagatgaacggcatcaaccagacatcgcactgactgagaa 439 56 
GAPDH acaactttggtatcgtggaaaaattcgttgtcataccagg 458 50 
 

After the amplification reaction, the resulting 
products were examined by electrophoresis in a 2% 
agarose gel impregnated with ethidium bromide and 
photographed with a UV trans-illuminator. 

HLA typing 
Two HLA types, class I (HLA-A) and class II 

(HLA-DQB1) were assessed in DNA samples from 

mesenchymal stem cells of the amniotic membrane 
(AM), from umbilical cord (UC) blood and from 
maternal peripheral blood (PB). Like in the case of  
RT–PCR, DNA was extracted from culture cells for AM 
and UC and from the cryopreserved mononuclear 
fraction for UC blood and PB. For DNA extraction, the 
cells (approximately 0.5×107) were vigorously washed 
with cold PSB and were first lysed by suspension and 
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stirring in a special buffer solution containing Tris-HCl, 
EDTA, NaCl and SDS, followed by protein digestion of 
a strong enzymatic treatment with proteinase K (final 
concentration 400 µg/µL) at 560C for at least 12 hours.  

The resulting proteins were extracted several times 
with a 1:1 mixture of phenol and chloroform. 
Isopropanol precipitation and several washings with 
ethanol followed, and after the complete evaporation of 
ethanol, the DNA was stored at -200C in a Tris-HCl and 
EDTA solution.  

HLA typing was performed using the Dynal RELI 
SSO HLA Typing kit in combination with Dynal RELI 
SSO Strip Detection Reagent kit (both from Dynal, 
Invitrogen), based on three important stages:  
(1) PCR amplification of HLA sequences from genomic 
DNA; (2) hybridization of the amplified products on  
the surface of strips on which sequence-specific 
oligonucleotide probes (SSO) were immobilized;  
(3) detection of the amplified products bound to the 
probes by a color reaction). 

 Results 

In the experiments performed, we succeeded in 
isolating and culturing mesenchymal cells from the 
placental amniotic membrane. Cell adhesion occurred  
2–3 days after the initiation of the primary culture, at 
first the cells having a round shape and as this process 
progressed they became elongated, finally acquiring a 
typical fibroblastic morphology (Figure 1).  

 
Figure 1 – Mesenchymal stem cells of the amniotic 
membrane (A) on day 29 (passage 1), and (B) at 
subconfluence (passage 4). 

The isolated cells readily initiated adhesion and 
proliferation, reaching a 70–80% confluence after two 
weeks from harvesting. At the following passages, the 
cells had a higher growth rate, reaching a 90–100% 
confluence after a week or even sooner. The most 
adequate medium proved to be DMEM, 10% fetal 
serum, penicillin-streptomycin, 2 mM L-glutamine,  
1% NEA, 1 mM sodium pyruvate, 55 µM β-mercapto-
ethanol for the primary culture and the same medium 
with a 15% fetal serum concentration in secondary 
cultures. Erythrocyte lysis with NH4Cl had no favorable 
effect on the primary culture. 

Regarding the determination of the markers of cells 
obtained from the amniotic membrane, these expressed 
characteristic stem cells markers (Figures 2 and 3). 
Pluripotency markers, alkaline phosphatase, Oct-3/4  
and SSEA-4 had an intensely positive expression, and 
SOX-2 and Nanog a weakly positive expression. 
Mesenchymal stem cell markers CD29 and CD105 had 
a moderate expression. 

 
Figure 2 – Expression of markers in immuno-
fluorescence: (A) Alkaline phosphatase; (B) CD29; 
(C) SEEA-4; (D) CD105. 

 
Figure 3 – Expression of markers in immuno-
fluorescence: (A) Oct-3/4; (B) Nanog; (C) SOX-2. 

The gene expression levels are shown in Figure 4.  
A moderate expression level of Oct-3/4, the gene 
involved in the maintenance of the regeneration 
capacity of stem cells in general and of the 
undifferentiated state in embryonic stem cells in 
particular, is noted. Interestingly, this is also present in 
rather high amounts in UC blood. 

Also, Rex-1, another gene involved in the 
functioning of embryonic stem cells, whose role in these 
placental mesenchymal cells is not clear, has a variable 
expression from one placenta to another. This gene is 
not expressed in umbilical cord cells. The levels of 
telomerase reverse transcriptase (TERT) and of the 
protein encoded are usually very high in embryonic 
stem cells, but in the case of our cells, they were 
obviously undetectable. 
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Figure 4 – Gene expression levels obtained from the 
mesenchymal cells of the amniotic membrane. 

A somewhat surprising fact, contrary to the literature 
data, is the absence of two genes frequently found in 
stem cells, i.e. Nanog and Sox-2. In our experiments,  
it seems that their protein levels assessed by immuno-
fluorescence is also extremely low, being present in a 
very small number of cells. An extremely important 
finding, with crucial practical implications in the future 
transplantation of these placental cells in particular, is 
the absence of the HLA-DRα transcript from chorionic 
and amniotic mesenchymal cells in all the tested cases. 
The expression of other genes did not provide new 
information compared to what is already known, i.e. the 
presence of the Thy-1 marker in some placental stem 
cells or the absence of CD117 expression (c-kit).  

The HLA-A and HLA-DQB1 phenotype determined 
for amniotic membrane cells compared to that of UC 
and maternal blood is shown in Figure 5. It can be noted 
that the phenotype of the analyzed cells is identical to 
that of the mother. 

 
Figure 5 – Expression of HAL-A and HLA DQB1 
phenotype in the studied cells. 

 Discussion 

The mesenchymal cells of the amniotic membrane 
can represent an important source of cells with 
pluripotential characteristics [1–6]. In this study, we 
succeeded in isolating and culturing these cells in the 
attempt to characterize them phenotypically and 
genotypically. For an optimal isolation, the essential 
element is the duration of the second stage of enzymatic 

treatment with trypsin and collagenase IV, which should 
not exceed 5 minutes. The prolongation of this stage 
results in cell destruction and a lower viability in 
culture. In the case of amniotic mesenchymal cells that 
were treated with NH4Cl before culturing in order to 
lyse the erythrocytes, it was found that the primary 
culture had a better evolution than in the absence of this 
treatment, but during the following passages, cell 
proliferation was low and some cells started to die.  
The presence of erythrocytes might play a positive role 
in cell growth through release of various nutrient 
factors. When initial lysis was performed, the release 
was massive but of short duration. In the case in which 
the erythrocytes were not damaged, these were capable 
of gradually releasing these factors over a longer period, 
which had a positive influence on cells during the 
following passages. 

The main characteristic of stem cells is their 
pluripotency and their self-regeneration capacity, 
properties conferred by the presence of some cell 
transcription factors, of which the most studied are  
Oct-3/4 and Nanog. Oct-3/4 and Nanog are expressed in 
embryonic stem cells, tumor germ cells and adult stem 
cells. They are essential in the formation of the internal 
cell mass and are necessary for the self-regeneration 
function [1, 7]. Another glycoprotein, SSEA-4, is 
expressed in early embryonic development and the 
maintenance of the non-differentiation state of stem 
cells. L-alkaline phosphatase or TRA-2-39 is also a 
glycoprotein expressed by non-differentiated cells and 
teratocarcinoma cells [8–11, 14]. Adult stem cells 
characteristically express other markers such as CD29, 
CD105, CD73, CD90, and CD166 [12, 13, 15, 16]. 
Surface markers expressed by isolated cells from the 
amniotic membrane and the chorion are pluripotentiality 
markers. Oct-3/4 and SSEA-4 were positive or weakly 
positive for Nanog and Sox-2. Isolated cells from the 
membrane and the chorion also showed specific 
markers for mesenchymal stem cells such as CD29, 
CD105, CD73, CD49e, and negativity for CD45 and 
CD34 [17, 18, 20]. The presence of Oct-3/4 in 
sufficiently high amounts in UC blood can be explained 
by the presence in this structure of numerous and 
various stem cell populations. The levels of telomerase 
reverse transcriptase (TERT) and of the protein encoded 
by it are usually extremely high in embryonic stem 
cells, but in the case of our cells, they were obviously 
undetectable. This aspect has two sides: placental cells 
do not have such a long life in culture, but on the other 
hand, they do not have the risk of generating various 
benign or malignant tumors (teratoma, teratocarcinoma) 
after transplantation [19, 20]. 

A somewhat surprising fact, contrary to the literature 
data, is the absence of two genes that are frequently 
found in stem cells, i.e. Nanog and Sox-2 [21, 22].  
In our experiments, it seems that their protein levels 
assessed by immunofluorescence are also extremely 
low, being present in a very small number of cells. 
Another surprise was the absence of vimentin (the protein 
from the intermediate filaments of the mesenchymal cell 
cytoskeleton) from chorionic cells, while it had a high 
level in umbilical cord blood, which is contrary to what 
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should be expected, but which is a phenomenon that 
constantly occurred in RT–PCR reactions in cells at 
various passages and from several placentas. 

An important finding is the absence of the HLA-DRα 
transcript from amniotic mesenchymal cells in all the 
tested cases. It is already known that one of the 
mechanisms, which ensure the immunological tolerance 
of the maternal organism towards the fetal organism, is 
the reduction of the expression of HLA molecules on 
the surface of fetal cells and of some placental cells [7, 
10, 23]. This mechanism which we also found will be 
further investigated during the next stages of the project. 

 Conclusions 

In this study, we succeeded in isolating and culturing 
mesenchymal cells from amniotic membranes. The fibro-
blast morphology of these cells in culture is 
characteristic to mesenchymal cells. Immunofluores-
cence and the assessment of the gene expression 
evidenced the pluripotential properties of these cells, 
whose capacity of differentiating into various cell lines 
will be evaluated in subsequent studies. Also, the HLA 
expression provides information that might help explain 
the immunological mechanisms of tolerance between 
the maternal organism and fetal structures. 

Note 
This article is based on the studies performed within 

the research grant no. 41–077/2007, entitled Placental 
stem cells, an alternative source for cell therapy, won 
by competition, Partnership Program 2007, coordinator 
“Iuliu Haţieganu” University of Medicine and Pharmacy, 
Cluj-Napoca, project manager Associate Professor 
Carmen Mihaela Mihu, MD, PhD. 
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