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A B S T R A C T

Various classifications have been proposed for human amniotic subpopulations, including classification of
spindle-shaped (SS) and round-shaped (RS) cells, as well as the more referred triple-category of epithelioid (E-
type) cells, amniotic fluid-specific (AF-type) cells and fibroblastoid (F-type) cells. The present study aims to
investigate these amniotic subpopulations regarding the expression of some stem cell markers, including OCT4,
NANOG, SOX2, C-KIT (CD117), C-MYC, KLF4, and THY1 (CD90). Flow cytometry was performed to characterize
the isolated clonal subpopulations for a hematopoietic and a mesenchymal marker using PE-CD31 and FITC-
CD90, respectively. A semi-quantitative RT-PCR analysis was carried out on the isolates in the second half of
their lifespan when the cells were at the stationary phase of the growth curve. Characterization of isolated cells
demonstrated that all clones including both epithelioid and fibroblastoid cells, had mesenchymal, not hema-
topoietic, lineage. RT-PCR analysis also revealed a higher expression of the target genes in epithelioid cells.
Furthermore, the expression pattern of the genes and their correlations were remarkably different between
primary- and long term-cultured amniocytes. Taken together, our results showed that the primary-cultured cells
express the stemness genes equally, whereas the long term-cultured amniocytes exhibited a highly variable
manner in the expression pattern of the genes. Diverse derivation site of amniocytes and individual genetic
background can potentially explain the observed variation in the expression level of the target genes. These can
also explain why amniocytes differ in many respects observed in our study, including survival rate, plastic
adhesion, and growth characteristics.

1. Introduction

Amniotic fluid contains a heterogeneous population of amniocytes,
from totally differentiated and lineage-committed progenitor cells to
pluripotent and highly multipotent stem cells [1,2], and even some
maternal cells [3]. Depending on gestational age, amniocytes have
various morphologies, activities, and features. So far amniocytes have
been differently categorized based on morphology and growth char-
acteristics. Some authors have grouped these cells into adherent and
non-adherent cells using conventional culture methods [4], while
others have further classified adherent amniocytes into two or three

main groups, including classification of spindle-shaped (SS) and round-
shaped (RS) cells [5], as well as the triple-category of epithelioid (E-
type), fibroblastoid (F-type) and amniotic fluid-specific (AF-type) cells
[6,7]. Many studies have revealed that amniotic fluid stem cells
(AFSCs) are a special population of amniocytes with unique char-
acteristics. AFSCs have numerous features making them distinctive
from other sources of stem cells, including pluripotent cells such as
embryonic stem cells (ESCs), multipotent cells like adult stem cells
(bone marrow- or adipose tissue-derived), and even those derived from
extra-embryonic tissues [8–16]. Therefore, many authors have sug-
gested an intermediate state for AFSCs, meaning that their cellular
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phenotype is between ESCs and mesenchymal stem cells (MSCs). On the
other hand, AFSCs express both markers and transcription regulators of
pluripotency and mesenchymal commitment [6,14,15]. Moreover,
these cells exhibit higher proliferative and clonogenic potentials com-
pared with other fetal stem cells, including neonatal bone marrow and
preterm umbilical cord blood [17]. Unlike MSCs which have a higher
tendency for mesodermal differentiation, AFSCs are able to differentiate
into multiple lineages including endodermal (epithelial lung lineages)
[18], mesodermal (chondrocytes) [19] and ectodermal (neural pre-
cursors) cells [20].

For the first time in 1990s, two studies by Torricelli et al. [21] (who
reported hematopoietic progenitors in amniotic fluid) and Streubel
et al. [22] (who proved the presence of non-hematopoietic precursors in
amniotic fluid) disclosed that the amniotic fluid contains cells with
proliferation and differentiation potentials. However, the conclusive
proof of existing stem cells in amniotic fluid was provided by Prusa
et al. when they succeeded to isolate OCT4-positive stem cells from
human amniotic fluid [23]. OCT4 is a transcription factor expressed by
human embryonic stem cells (hESCs) and embryonal carcinoma cells as
a critical factor in maintenance of self-renewal and differentiation po-
tential [24]. In addition to OCT4, there are some other renowned
markers for stemness which are expressed in AFSCs. For example, in
2007, a subpopulation of AFSCs expressing C-KIT (or CD117) was iso-
lated by an immunoselection approach using magnetic microspheres.
These cells are characterized by the expression of the stem cell factor
(SCF) receptor, i.e. C-KIT, a surface antigen of the type III tyrosine ki-
nase [25]. It has been found that C-KIT+ AFSCs can be readily ex-
panded in culture as stable lines and would be able to differentiate into
the cells representative of all three germ layers [6]. In this regard,
Moschidou and colleagues revealed that C-KIT+ AFSCs have 82%
transcriptome identity with ESCs, in addition to capability of forming
embryoid bodies in vitro [26]. They also displayed expression of plur-
ipotency markers in these cells, including OCT4, NANOG, SOX2, C-MYC
and KFL4 [26]. Nonetheless, they cannot be rigorously considered as
pluripotent stem cells, because of lacking the pluripotency's distin-
guishing features, i.e. tumorigenesis and generating germline-compe-
tent chimeras in vivo [6].

In this study, we isolated 14 clones from human amniotic fluid
which are classified according to morphology into three main cate-
gories. The present paper aims to make a comparison between isolated
cell lines based on their morphology and expression of some well-
known stem cell markers, including OCT4, NANOG, SOX2, C-KIT
(CD117), KLF4, C-MYC and THY1 (CD90). We also investigated the
expression of stem cell markers in 5 primary-cultured samples when
amniocytes first appeared in the vessels without going through sub-
culturing process.

2. Materials and methods

2.1. Culture of human amniotic fluid cells

Amniotic fluid samples used in this study were taken from pregnant
women with their informed consent according to the guidelines of Yazd
Reproductive Sciences Institute. These samples were donated by
Genetics laboratory, PND (prenatal diagnosis) section, where fetuses
are routinely screened for genetic abnormalities. Due to the risk of
miscarriage (approximately 0.25%- 0.50%) and ethical issues sur-
rounding amniocentesis, it is only authorized to use this procedure for
women who are candidates because of high risk pregnancy. Indeed,
genetically normal samples were used in the study. At the beginning, a
total of 16 mL human amniotic fluid was collected by ultrasound in the
process of amniocentesis from fetuses at the second trimester, ranging
from 16th to 20th weeks of pregnancy. The obtained amniotic fluid was
centrifuged at 400 g for 15 min, supernatant was discarded and the cell
pellets were seeded in two glass Leighton tubes containing AmnioMAX
II complete medium supplemented with 20 mM HEPES (N-2-

hydroxyethylpiperazine-N-ethanesulfonic acid), 1% penicillin/strepto-
mycin or PenStrep (all from Gibco) and incubated at 37 °C in a dry
incubator without CO2. If one of the Leighton tubes was sufficient to
conclude the PND test, the other one would have been used for in-
vestigating stem cell markers in the primary culture (5 samples).

Between days 8–11 of seeding, when the cell clusters could be ob-
served by inverted microscope, non-adherent cells and cell debris were
discarded, and replaced with fresh medium. Following passages 1–3,
when diagnostic procedure had been accomplished, the amniocytes
were used for research purposes. At this time, cells were detached from
Leighton tubes by means of PBS (phosphate-buffered saline) and 0.25%
trypsin-EDTA and cultured in T25 flasks using a modified medium
composed of 2:1 (v/v) DMEM:AmnioMAX II. DMEM was supplemented
with 4 mM L-glutamine, 10 mM HEPES, 15% FBS (fetal bovine serum)
and 1% PenStrep (all from Gibco). The flasks were incubated at 37 °C
under 5% humidified CO2.

2.2. Flow cytometry analysis

One of the most common surface markers of mesenchymal stem
cells, CD90, was used to characterize the cell subpopulations pheno-
typically. Expression of the hematopoietic marker, CD31, was also
analyzed as a negative marker for amniocytes to evaluate cellular
heterogeneity. For this purpose, at least 1 × 105 cells for each assay
were collected by centrifugation at the same time when cells were in-
vestigated for RT-PCR analysis. The cell pellet was washed twice in PBS
containing 0.2% FBS. Cells were then incubated with the following
antibodies in a solution containing PBS supplemented with 1% bovine
serum albumin (BSA). The incubation was performed with phycoery-
thrin (PE)-conjugated anti-human CD31 (from Immunostep) and
fluorescein isothiocyanate (FITC)-conjugated anti-human CD90 (from
Exbio). Expressions were analyzed on a BD FACSCalibur and the gra-
phics were generated in FlowJo (v 10.1, Tree Star, Inc.) software.

2.3. RT-PCR

Determining when RT-PCR analysis will be performed depends on
the doubling time (DT) of the cells during the growth curve. That means
when the cells proliferate stably, the growth curve is in the stationary
phase and there is a higher possibility of having homogeneous popu-
lation in culture. The clones were semi-quantitatively analyzed by RT-
PCR for a seven-gene panel of stem cell markers including OCT4,
NANOG, SOX2, C-KIT (CD117), C-MYC, KLF4 and THY1 (CD90). To do
so, total RNA was isolated from three morphologically homogenous
cultures representing each type of amniocytes using the Qiagen
RNeasy™Mini Kit according to the manufacturer's instructions. Then 50
ng of extracted RNAs were used for reverse transcription process in
which cDNA synthesis was performed by means of the RevertAid First
Strand cDNA Synthesis Kit (Thermo Scientific) following the manu-
facturer's manual. Finally, cDNA samples were investigated doubly by
thermocycler in 35 cycles of 95 °C for 20 s, 58 °C for 30 s and 72 °C for 1
min, besides an initial denaturation step at 95 °C for 2 min and final
extension step of 72 °C for 7 min. Human specific primers were de-
signed for intron spanning regions, except for SOX2 because of its in-
tron-less structure. All primers were already tested by using the cDNA
samples of human ESCs and human adipose tissue-derived MSCs.
Table 1 lists primer sequences and the size of amplified products. Pri-
mers used to amplify SOX2, NANOG, KLF4 and C-MYC were taken from
Zhao et al. paper [27].

2.4. Semi-quantitation of RT-PCR products and statistical analysis

As cDNA samples were equally normalized (50 ng), the mean in-
tensity value of double bands on gel electrophoresis could be used to
compare the expression levels of targets in different samples. The semi-
quantitative measurement of PCR products was performed using the
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digital image analysis software ImageJ [28]. For this purpose, agarose
gel electrophoresis image of bands representative of each PCR amplicon
were compared to the corresponding band of 18S rRNA in the same
sample as calibrator. The t-test analysis was used to make a comparison
between expression levels of genes in epithelioid and fibroblastoid
isolates. Pearson’s and Spearman's coefficients were also used to de-
termine possible correlations between the levels of gene expressions
and ranked variables regarding samples, such as fetal age at the time of
amniocentesis, maternal age, type of isolated cells as well as their
lifespan. The data about each sample are listed in Table 2.

3. Results

3.1. There are different subpopulations in primary- and long term-cultured
human amniocytes

Based on previous studies, the adherent cells in amniotic fluid have
three entirely distinct morphologies including epithelioid, amniotic
fluid-specific, and fibroblastoid; which are called E-type, AF-type and F-
type, respectively. Our findings have confirmed these typical cellular
morphologies with clonogenic capability in primary-cultured human
amniocytes (Fig. 1). As it is obvious in Fig. 2, there were three cellular
groups in cultures, including epithelioid, short- and long-spindle fi-
broblastoid cells. Shape discrimination between these two fibroblastic
cells requires years of observation and skill, but based on what we have
found from precisely recorded data of 68 amniotic fluid samples, fre-
quency and growth properties of individual cell types were significantly

different among them (data not shown). Although here we call fibro-
blastic cells short- and long-spindle fibroblastoid cells, but based on
frequency and growth properties they must be AF-type and F-type cells,
respectively, as referred in the literature.

Follow-up of clonal cell lines showed that individual cell types
preserve their morphologies through long term cultures. However,
some E-type cell lines lose their typical morphology in a phenomenon
named epithelial to mesenchymal transition or EMT. It is believed that
maintenance of epithelial cells in culture may result in morphological
change into a fibroblastic-like shape, though we have not used such
lines for molecular analysis. Generally, E-type cells are large polygonal
cells, with cuboidal to columnar morphology and appear in culture as
cobblestone-shape clusters (Fig. 2a). E-type colonies have distinct
boundaries with smooth margins that grow actively in marginal regions
(Fig. 1a). AF-type cells, the most frequent amniocytes, are short-spindle
fibroblastic cells without needle-shape projections (Fig. 2b) that es-
tablish colonies with nearly soft margins (Fig. 1b). F-type cells that are
fibroblastic as well, but with long-spindle morphology and needle-
shape projections (Fig. 2c), constitute colonies with ruffled, jagged
margin and indistinct boundaries (Fig. 1c).

3.2. The primary-cultured human amniocytes uniformly express
pluripotency markers

The first set of analyses examined the expression of key transcrip-
tional factors associated with pluripotency in 5 samples of amniocytes
at their primary cultures when they had not been gone through se-
quential sub-culturing. To obtain a better understanding of the stem cell
state in amniocytes, we have focused on the ESC core regulatory circuit,
i.e. OCT4, NANOG, and SOX2, and some other well-known transcrip-
tion factors associated with stemness, including C-KIT (CD117), C-MYC,
KLF4 and THY1 (CD90). Regarding RT-PCR analysis, nearly all in-
vestigated stem cell markers were positive in these primary-cultured
amniocytes (Fig. 3). In this regard, the amounts of standard deviation
(SD) demonstrated that OCT4 (in fibroblastoid isolates) and THY1, have
the lowest variability across investigated markers whereas SOX2 and
NANOG exhibited the highest SD, meaning that they are expressed in a
variable manner in primary-cultured amniocytes. As depicted in the
heatmap of Fig. 3, KLF4 and C-KIT demonstrate remarkably higher
expression compared with other genes examined. Given the fact that
two cases (C-1 and C-2) exhibited a detectable trace of SOX2, the
pluripotency regulatory circuit, i.e. OCT4, NANOG and SOX2, was po-
sitive in all the primary-cultured amniocytes. Interestingly, Pearson's
correlation analysis showed a high degree of association between some
of the target genes in these cells, so that Pearson's coefficient was
greater than 0.9 or 90% in the correlated genes (Fig. 4). The results

Table 1
List of human-specific primer sequences used in RT-PCR.

Genes Primer sequence Product size

OCT4 Forward: GATGTGGTCCGAGTGTGGTT 245 bp
Reverse: AGAGTGGTGACGGAGACAGG

NANOG Forward: TTTGGAAGCTGCTGGGGAAG 194 bp
Reverse: GATGGGAGGAGGGGAGAGGA

SOX2 Forward: GCCGAGTGGAAACTTTTGTCG 154 bp
Reverse: GCAGCGTGTACTTATCCTTCTT

KLF4 Forward: GCGCTGCTCCCATCTTTCT 125 bp
Reverse: GGGGGAAGTCGCTTCATGT

C-MYC Forward: TGGTCGCCCTCCTATGTTG 151 bp
Reverse: CCGGGTCGCAGATGAAACTC

C-KIT Forward: CCAACACCGGCAAATACACG 250 bp
Reverse: TTGATCATGATGCCCGCCTT

THY1 Forward: TCAGCATCGCTCTCCTGCTA 120 bp
Reverse: TGCTGGTATTCTCATGGCGG

18S rRNA Forward: AGAAACGGCTACCACATCCA 150 bp
Reverse: CCCTCCAATGGATCCTCGTT

Table 2
Summary of general information of 14 amniotic fluid samples used for isolation of cell lines in long-term culture. Each isolate is outlined as reception code plus
number of passages they have been sub-cultured at the time of investigation.

Amniotic isolates Cell type Lifespan (passages) Maternal age (years) Gestational age (weeks) Karyotype

1 1011-P5 Fibroblastoid LS 12 34 18 w 46,XX
2 1020-P6 10 25 17 w 46,XX
3 939-P18 23 36 16 w 46,XY
4 1024-P5 SS 6 23 16 w 46,XX
5 1027-P5 6 31 17 w 46,XX
6 1023-P5 9 35 17 w 46,XY
7 1016-P10 12 42 16 w 46,XY
8 1044-P3 Epithelioid 4 36 17 w 46,XX
9 1041-P3 4 21 17 w 46,XX
10 1043-P5 6 24 16 w 46,XY
11 1039-P3 4 39 17 w 46,XX
12 1046-P3 4 32 17 w 46,XY
13 1007-P7 9 29 20 w 46,XX
14 972-P7 8 40 20 w 46,XY

Abbreviations: LS: long spindle, SS: short spindle.
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have shown that except for NANOG and SOX2, all other genes were
highly correlated, including OCT4, KLF4, C-MYC, C-KIT and THY1.

3.3. Long term-cultured individual isolates exhibit substantial variability in
expression of pluripotency markers

3.3.1. Growth characteristics and possible correlations with maternal and
fetal ages

Based on previous studies, the adherent cells in amniotic fluid
contain three clonogenic subpopulations with distinct morphologies
(Fig. 1). Long term follow-up of the colonies in culture demonstrated
that each subpopulation has individual characteristics. For example, in
a larger study (data have not been shown here), we calculated the
lifespan of amniocytes, i.e. the mean number of passages undergone by
a cell line, across 68 amniotic fluid samples. Statistical analysis of data
by t-test demonstrated significantly different lifespans among cell types,
so that F-type cells had longer lifespan (on average 15 passages) com-
pared with E-type cells (4.6 on average) and AF-type cells (6.6 on
average) [29].

In addition, the results obtained in present study were examined for
possible associations between gene expression and other qualitative
information on specimens, such as fetal age at the time of amniocent-
esis, maternal age, type of isolated cells and their lifespan. Except for
the last one, all the others are ranked variables, so Spearman's coeffi-
cient was used to measure the strength and direction of possible asso-
ciations among them. As expected, Spearman's coefficient analysis in-
dicated a correlation between the type of cells isolated and their
lifespan (p-value: 0.007). However, no correlation was found between
other qualitative variables, namely fetal and maternal age.
Furthermore, the analysis showed that there is no correlation between
the ranked variables with expression level of target genes.

3.3.2. Phenotypic analysis of surface antigens demonstrated mesenchymal,
and not hematopoietic origination of subpopulations

Two well-known markers of hematopoietic and mesenchymal stem
cells were used to characterize the isolated cells by flow cytometry,

including CD31 and CD90, respectively. The results pertaining to the
former revealed that all cell lines are negative for CD31 (more than
95% of cells in each line), confirming the non-hematopoietic origina-
tion of the cells (Fig. 5). In contrast to CD31, analysis of the latter re-
sulted in completely different outcomes, that means regardless of cell
type, a very high percentage of the cells (more than 90%) in each
sample expressed the mesenchymal marker of CD90 on their surface
(Fig. 5). For this reason, all isolated cells from individual samples could
be considered as homogeneous cell lines. Moreover, depending on the
plots depicted in Fig. 5, it seems that a higher percentage of the cells in
both fibroblastoid subpopulations exhibit the enhanced levels of CD90
rather than epithelioid ones. Accordingly, we have considered all fi-
broblastoid isolates as a single subpopulation and made a comparison
with epithelioid cells as another distinct subpopulation. The median
fluorescent intensity or MFI was used to compare expression levels of
CD90 between the two morphological groups. The t-test analysis of data
in terms of MFI demonstrated that fibroblastoid isolates (LS and SS in
total) expressed significantly (p-value: 0.0022) higher levels of CD90
(MFI: 84.50), compared to epithelioid cell lines (MFI: 50.30).

3.3.3. OCT4, NANOG and SOX2, hyper variably expressed genes in human
amniocytes

RT-PCR analyses were carried out on 14 isolates (in two groups of 7
cell lines, epithelioid and fibroblastoid) at the second half of their
lifespan. Our findings showed that the triple markers of pluripotency
regulatory circuit, OCT4, NANOG and SOX2, were simultaneously ex-
pressed in half of 14 isolates, including 4 epithelioid lines and 3 fi-
broblastoid lines (1 long-spindle and 2 short-spindle). However, con-
sidering single genes showed that OCT4 was positive in 10, NANOG in
11 and SOX2 in 9 out of 14 isolates, though the last one was expressed
at just detectable levels in most samples (Fig. 6, upper panel). Taken
together, our results indicate that, regardless of the cell type, there is a
substantial inter-patient variability in expression of the triple markers,
from totally negative (sample 1020) to highly positive (sample 1046).

As depicted in the heatmap of Fig. 6, considering the cell lines in-
dividually demonstrated higher expression of the triple genes in the

Fig. 1. Three kinds of amniotic clones with totally different morphologies in primary cultures: (a) epithelioid colonies (E-type) can grow from marginal regions; (b)
an amniotic fluid colony (AF-type) with central proliferating pattern; (c) fibroblastoid colonies (F-type) show a universally growing pattern.

Fig. 2. Human amniotic fluid cells are classified according to their morphology into three main categories: (a) epithelioid (E-type) amniocytes with large polygonal,
from cuboidal to columnar, morphology; (b) amniotic fluid-specific (AF-type) amniocytes are short-spindle fibroblastic cells without needle-shape projections; (c)
fibroblastoid (F-type) amniocytes that are fibroblastic cells, with long-spindle morphology and needle-shape projections.
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epithelioid area of the plot. In addition, the plot clearly exhibits high
diversity in the expressions of NANOG and SOX2 while OCT4 expres-
sion was less variable across different isolates, particularly in fibro-
blastoid ones. This can also be seen in Fig. 7 where extremely variable
expression of NANOG and SOX2 with high numeric values of SD re-
sulted in non-significant difference between epithelioid and fibro-
blastoid (LS and SS) cells. On the contrary, OCT4 is significantly ex-
pressed at different levels between epithelioid and fibroblastoid isolates
(with the p-value of 0.02) because of fairly lower differential rate of
expression and thus minor value of SD compared with NANOG and
SOX2 (Fig. 7). This finding was confirmed by Pearson’s coefficient
correlation where OCT4 expression was significantly correlated with
the cell type at the significance level of 0.04. Furthermore, investigating
possible relationships between these pluripotency markers revealed
their correlations, so that as depicted in Fig. 8b, OCT4 was directly
correlated with NANOG and SOX2 (p-value< 0.05), while there was
not a significant correlation between NANOG and SOX2 (Fig. 8).

3.3.4. KLF4 and C-MYC were expressed differently between amniotic
subpopulations

The results obtained from expression levels of classical pluripotency
markers, KLF4 and C-MYC, showed that 8 out of 14 isolates express

both markers coincidently (Fig. 6). However, considering the KLF4-
positive clones (10 isolates) and their expression level showed that the
epithelioid lines (6 isolates) express KLF4 more than fibroblastoid ones
(4 isolates). It seems KLF4-positive amniocytes, regardless of their
types, have revealed two levels of expression concerning KLF4, i.e. high
and low level-expressing isolates while C-MYC was expressed in a more
variable mood. In this regard, our findings have shown that fibro-
blastoid clones express C-MYC at a higher level compared to epithelioid
ones, though the difference was statistically non-significant (Fig. 7). As
depicted in Fig. 8, the relationship of KLF4 and C-MYC with other stem
cell markers revealed a totally different outcome. Although the results
of Pearson’s coefficient displayed no correlation for KLF4, but C-MYC
was directly correlated with C-KIT and THY1, at the 0.05 and 0.01
significance level, respectively.

3.3.5. C-KIT is expressed by epithelioid clones twice the number of
fibroblastoid ones

From a qualitative point of view, nearly all epithelioid (6 out of 7),
but only 3 fibroblastoid isolates were C-KIT-positive while the semi-
quantitative results revealed non-significant difference between ex-
pression level of C-KIT in these cell types (Fig. 7). As mentioned earlier,
examining the Pearson coefficient among the target genes confirmed

Fig. 3. Expression of specific pluripotency markers as detected by RT-PCR in human amniocytes at the first passage (cases 1–5). Left panel: gel electrophoresis images
of stemness genes. Right panel: the heatmap of semi-quantitative results obtained from ImageJ software according to the area under the plot.

Fig. 4. The heatmaps representing the relationships between semi-quantitative variables of gene expressions in primary-cultured human amniocytes based on
Pearson’s coefficient. (a) The plot illustrates correlation strength between the genes, so that Pearson’s coefficients of +1 and −1 imply perfect correlations between
two genes, directly and indirectly, respectively. A value of 0 implies that there is no correlation between the variables. (b) The plot demonstrates significant p-values
of the correlation in the range of 0 to 0.05. The non-significant p-values are excluded (white cells).
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the correlations of C-KIT with C-MYC and THY1 expressions, both at the
level of 0.05 (Fig. 8).

3.3.6. THY1 is consistently expressed in all clones
The results showed that, irrespective of the cell type, THY1 was

expressed in all clones. Compared to other target genes THY1 displayed
the lowest variability over the clones and there was no significant dif-
ference between the cell types. Regarding the relationship with other
markers, THY1 showed direct correlations with C-MYC and C-KIT.

4. Discussion

4.1. Growth characteristics and morphological properties of human
amniocytes

Amniotic fluid is composed of an extremely heterogeneous cell
population and the biochemical, morphological and growth character-
istics are widely used for classification of amniocytes [30]. In this re-
gard, our investigation showed that all three mentioned cell types are
clonogenic and have some distinguishable characteristics during long
term cultures. Furthermore, trauma caused by amniocentesis will lead
to some maternal blood interference in the samples, however, the in-
capability of these cells to adhere to the culture surface and proliferate
under such conditions reduces their possible cross contamination [7].
Compelling evidence to characterize each cell type needs antibody-
based approaches, whereas our findings depend simply on morphologic
features and growth properties, which is the main drawback of our
study. Usually immunostaining of cell populations against keratins and
vimentin is used for characterization of amniocytes. These proteins are
members of intermediate filament superfamily widely used as markers
of epithelial and stromal cells, respectively [31]. For the first time,
Hoehn et al. divided the amniotic fluid cells into three main subtypes
based on clonal characteristics and cellular morphology, including E-
type, AF-type, and F-type [32,33]. As both AF-type and F-type cells

have fibroblastic morphology, it is difficult to distinguish them using
morphological criteria, therefore co-expression of keratins and vi-
mentin are used as indicator of AF-type cells, in other words they ex-
hibit markers of epithelial and stromal cells simultaneously [34]. Al-
though we have used the triple classification in our descriptive study,
but only epithelioid and fibroblastoid (LS and SS) morphological groups
were considered for statistical analysis, including 7 isolates in each set.
Our observations in a larger study (68 samples) revealed that the fre-
quency and lifespan of each subpopulation are significantly different
[29].

As early mentioned, Roubelakis and coworkers categorized ad-
herent, clonogenic amniocytes into “round”- shaped (RS) epithelial
cells and “spindle”-shaped (SS) fibroblastic cells [5]. Their analysis
revealed that SS-amniocytes exhibited significantly higher proliferative
capacity (with the lifespan of 45 passages) compared with RS-amnio-
cytes (with the lifespan up to passage 4–7). Their results are nearly
consistent with our data in which fibroblastoid cells were long-lived as
compared with epithelioid ones. They have also shown that primary-
cultured amniocytes contained a mixture of SS and RS cells, none-
theless, after a couple of passages the cultures were overtaken by the RS
cells. Conversely, this was not consistent with our observations, as most
cultures were also heterogeneous mixtures of SS and RS cells at higher
passages. For example, our investigation displayed that from more than
70 amniocentesis samples, only 7 morphologically homogenous epi-
thelioid isolates were achieved.

4.2. RT-PCR analysis of stemness genes in amniotic subpopulations

Comparing qualitative results of RT-PCR with cell growth char-
acteristics demonstrated that there was an inverse relationship between
the number of isolates expressing pluripotency markers in each sub-
population and their lifespan. It means that although lower number of
fibroblastoid clones expressed stemness genes but the mean value of
their lifespan was greater than that of the epithelioid group. However,

Fig. 5. Flow cytometry plots represent CD90 and CD31 expression in adherent human amniocytes according to subpopulations. The y-axis represents forward scatter
(FSC-H), where increasing the signal indicates increased cell size. The x-axis indicates CD90 (in upper row) and CD31 (in lower row) fluorescence. (a) Flow cytometry
analysis of epithelioid (E-type) amniocytes. (b) Flow cytometry analysis of fibroblastoid (long-spindle and short-spindle) amniocytes.
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the semi-quantitative analysis of data revealed the non-significant dif-
ference of the genes between epithelioid and fibroblastoid lines (except
for OCT4). This is either as a result of the high variations in gene

expressions and consequently high numeric value of SD or due to
comparable expression levels between the two cell types. So we cannot
reach a definitive conclusion about the expression level of stem cell

Fig. 6. Expression of the stemness genes in long term-cultured human amniocytes as detected by RT-PCR at the second half of their lifespan. Upper panel: The image
shows gel electrophoresis of RT-PCR products in each isolate based on their cell type. Lower panel: The heatmap represents relative expression level of each gene
across individual isolates normalized to the quantity of 18S rRNA transcript in each sample. LS- and SS-fibroblastoid stand for long- and short-spindle fibroblastic-like
cells, respectively.

Fig. 7. Relative expressions of stem cell markers. The semi-
quantitative results are illustrated as the average expressions
in epithelioid and fibroblastoid isolates with SD. To normalize
the expression levels of individual genes, the area under each
plot was divided to the corresponding amount of 18S rRNA in
the same isolate. OCT4 is the only gene differentially expressed
in epithelioid and fibroblastoid isolates (with the p-value of
0.02).
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markers over the cell types, but obviously epithelioid isolates display
higher frequency of the target genes, particularly the triple markers of
pluripotency regulatory circuit, OCT4, NANOG and SOX2. The efficient
maintenance of pluripotency is based on the cooperation of OCT4,
NANOG and SOX2 proteins to transcriptionally regulate key stemness
genes [35]. Interestingly, this is in a good agreement with our findings
where missing the triple genes results in complete lack of other stem-
ness genes (Fig. 6).

Some studies categorized amniocytes into two groups depending on
the size, 8 μm and 15 μm cells. It has been reported that smaller cells
are OCT4, NANOG, SOX2 and C‐MYC positive, also express surface
markers of pluripotency including SSEA3, SSEA4, TRA‐1‐60 and
TRA‐1‐81, while the larger cells are fibroblastoid and do not express the
triple factors of OCT4, NANOG and SOX2 [15]. This is fairly consistent
with our findings but the results reported by Roubelakis and colleagues
have shown that, compared to epithelioid cells, fibroblastoid cells ex-
hibit higher expression of OCT4, NANOG and SOX2 [5], while in our
results epithelioid cells expressed higher levels of ESC markers. Li and
coworkers [36] have reported the lack of OCT4, NANOG and SOX2 in
long term-cultured human amniocytes, whereas our clones expressed
the genes differently, from total lack to highly-expressed ones. Re-
markably, Li and colleagues isolated a subpopulation of amniocytes
expressing OCT4 and C-KIT, and came up with this conclusion that
human amniocytes may contain pluripotent stem cells or represent a
precursor state that is prone to a rapid conversion into the pluripotent
state [36]. However, another study demonstrated that clones isolated
from amniotic fluid did not express OCT4 and SOX2 at both transcript
and protein levels [37].

Besides fetal tissues, human amniocytes might be derived from fetal
membranes, including epithelial and stromal cells released by amnion
layer into the amniotic fluid [6,30]. Human amniotic epithelial cells
(hAECs) isolated from amnion are round-shaped epithelial-like cells
that probably have a common origin with amniotic fluid-derived epi-
thelioid cells. It has been theorized that the hAECs may preserve mo-
lecular characteristics of pluripotency in epiblast stem cells originated
from epiblast layer. Since the amnion is separated from the epiblast
during early development of embryo, epiblast stem cells may escape
from distinctive signals that make epiblast differentiate into the germ
layers, ectoderm, mesoderm, and endoderm [38]. In this regard, high
expression of OCT4, NANOG and SOX2 detected in our epithelioid
isolates is sensible. Although it is very difficult to achieve an accurate
conclusion, but there are some evidences that need to be addressed
more, such as molecular profile of pluripotency observed in both hAECs
and amniotic fluid-derived epithelioid cells, as well as their similarities
in size, morphology and growth characteristics. For example, it has

been revealed that in a culture condition without epidermal growth
factor (EGF), hAECs gradually turn into giant multinucleated cells, a
situation reminiscent of trophoblastic differentiation in hESCs that has
also been realized within epithelioid cultures in our work [39].

C-MYC not only plays an important role in proliferation of MSCs and
their expansion in vitro, but also is involved in cell cycle progression,
differentiation and apoptosis [40]. For the first time, Wilson and col-
leagues indicated that the stem cells’ homeostasis between self-renewal
and differentiation is preserved by c-Myc [41]. Remarkably, most of
isolates expressing high levels of C-MYC were the short-lived ones with
lifespan of 4 passages (Table 2 and Fig. 6). It means that higher ex-
pression of C-MYC stimulates differentiation and consequently attenu-
ates proliferation of the cell lines.

For the first time, in 2007, De Coppi and colleagues described a new
stem cell fraction in human amniotic fluid named CD117 (C‐KIT)-po-
sitive amniotic fluid stem cells [25]. Since then, many research groups
have isolated the same cells similarly [9,12,16]. It is believed these cells
are broadly multipotent with intermediate state between ESCs and
adult MSCs, in other words, the cells are able to differentiate into me-
sodermal, endodermal and ectodermal lineages [15]. Arnhold and
coworkers showed that C‐KIT-positive AFSCs have a fibroblastic mor-
phology, whereas C‐KIT-negative amniocytes exhibit epithelial mor-
phology [9]. However, some authors have reported that C‐KIT-positive
AFSCs display different morphological features in culture conditions,
ranging from epithelioid (oval or polygonal) to fibroblastoid shapes [6]
which is in agreement with our results. Roubelakis and colleagues re-
ported that both epithelioid and fibroblastoid amniocytes similarly
expressed C-KIT at very low/undetectable levels, as was previously
demonstrated by some other authors [42,43]. This was inconsistent
with our findings because high expression of C-KIT was detected in
some isolates.

4.3. Flow cytometry analysis of surface antigens

Flow cytometry analysis of all clones was carried out to characterize
the subpopulations and their lineage commitment concerning re-
nowned mesenchymal and hematopoietic markers, CD90 and CD31,
respectively. Flow cytometry analysis of CD90 and CD31 showed that
all cell lines are basically a homogeneous population of non-hemato-
poietic mesenchymal cells. Moreover, RT-PCR analysis has also re-
vealed a universal expression pattern of THY1 in all subpopulations
which could potentially be a sign of mesenchymal origination in our
isolates. There are many reports displaying high THY1 expression in
almost all sources of MSCs, especially in undifferentiated state. It has
also been demonstrated that lineage commitment of MSCs in vitro leads

Fig. 8. The heatmaps representing the relationships between semi-quantitative variables of gene expression in long term-cultured human amniocytes based on
Pearson’s coefficient. (a) The plot illustrates correlation strength between the genes, so that Pearson’s coefficient of +1 and −1 implies perfect correlation between
two genes, directly and indirectly, respectively. A value of 0 implies that there is no correlation between the variables. (b) The plot demonstrates significant p-values
of the correlation in the range of 0 to 0.05. The non-significant p-values are excluded (white cells).
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to decreased THY1 expression [44]. It is similarly reported that fibro-
blastoid cells express higher level of CD90 than epithelioid cells [5].
These results were in good agreement with our findings in which, based
on the MFI, the expression level of CD90 were greater in fibroblastoid
isolates compared with epithelioid cells.

4.4. Correlation of stemness genes in primary- and long term-cultured
amniocytes

As the results show, the target genes exhibited heterogeneity and
variability in both cell types. Although some authors have reported
various conditions of the culture or different gestational ages as the
effective factors responsible for this variation [43], but it is still unclear
exactly which factors account for such substantial differences. Diverse
derivation site of amniocytes and individual genetic background can
potentially explain the observed variation in the expression level of the
target genes. It has been suggested that amniocytes maintain an in-
dividual expression profile during long term culture [43], whereas
naïve amniocytes in primary culture express the markers in the fairly
similar level. It is reflected in the assessment of correlation among the
target genes between primary- and long term-cultured amniocytes.
Such differences have been also confirmed by other studies, for in-
stance, making a comparison between primary and culture-expanded
BM-MSCs disclosed a considerable number of differentially expressed
genes [45].

Many studies have shown a remarkable reduction in the expression
of key pluripotency markers, OCT4, NANOG, and SOX2, throughout the
long-term culture of different human MSCs [46–48]. Although the ex-
planation for such differences is challenging, it seems that the core
pluripotency markers, OCT4, NANOG, and SOX2, are expressed only in
specific cells that contain a small percentage of amniocytes in primary
cultures, whereas other target genes, C-KIT, C-MYC, KLF4, and THY1,
are expressed in a large proportion of naïve amniocytes, so their ex-
pression levels are similar in different samples. As amniocytes expanded
during long term cultures, only multipotent stem cells expressing the
core pluripotency markers can proliferate by sequential subculture.
Results from other studies have also shown that such cells express
stemness markers in a hypervariable manner [43,49]. Generally, the
present study suggests that the partial correlation between OCT4,
NANOG, and SOX2 is probably due to the potential of long term-cul-
tured amniocytes to express the triple genes in most of the samples.

5. Conclusion

Characterization of isolated cells demonstrated that all cell lines,
both epithelioid and fibroblastoid, have mesenchymal, not hemato-
poietic lineage. RT-PCR analysis of the stemness genes revealed a
higher level of expression in the epithelioid isolates. This reinforces the
hypothesis that the epithelioid cells are derived from the hAECs and the
possibility of their origination from epiblast. Taken together, our results
indicate that amniotic isolates express the core pluripotency markers,
OCT4, NANOG, and SOX2, in highly variable manner, but similarly
exhibit KLF4, C-MYC, and C-KIT. Furthermore, THY1 showed the least
variability over the all isolates. These results made that possible to draw
a comparison with the expression level of target genes in the primary-
cultured amniocytes. It is concluded that correlation between the genes
can profoundly change during long term culture. Such apparent
variability observed in the clones may be due to the existence of cells
from different origins which can explain why amniocytes differ in many
respects, including survival rate, plastic adhesion, growth character-
istics and responses to environmental factors. It is worth noting that the
heterogeneous nature of human amniocytes is a potential contributor to
different results observed in independent studies regarding the isolation
of clones with different characteristics. Therefore, further character-
ization of the isolated cells is of great importance.

Declaration of Competing Interest

The authors declare that there is no conflict of interest regarding the
publication of this article.

Acknowledgments

This work was carried out within the framework of a project
sponsored by Ferdowsi University of Mashhad (grant no. 45141) and
Yazd Reproductive Sciences Institute. Authors wish to thank Mrs.
Fatemeh Sadeghian, for her valuable advice in this work. We also
gratefully acknowledge Mr. Saeed Ghasemi-Esmailabad and Mr. Hassan
Heidarian Meimandi for their technical assistance.

References

[1] Fauza DO, Bani M. Fetal stem cells in regenerative medicine: principles and trans-
lational strategies. Springer; 2016.

[2] Murphy SV, Atala A. Amniotic fluid and placental membranes: unexpected sources
of highly multipotent cells. Semin Reprod Med 2013;31(1):62–8.

[3] Medina-Gomez P, del Valle M. [The culture of amniotic fluid cells. An analysis of the
colonies, metaphase and mitotic index for the purpose of ruling out maternal cell
contamination]. Ginecol Obstet Mex 1988;56:122–6.

[4] Prusa A-R, Hengstschlager M. Amniotic fluid cells and human stem cell research: a
new connection. Med Sci Monit 2002;8(11):RA253–7.

[5] Roubelakis MG, et al. In vitro and in vivo properties of distinct populations of
amniotic fluid mesenchymal progenitor cells. J Cell Mol Med 2011;15(9):1896–913.

[6] Cananzi M, De Coppi P. CD117(+) amniotic fluid stem cells: state of the art and
future perspectives. Organogenesis 2012;8(3):77–88.

[7] Wang D, et al. Levels of CD105(+) cells increase and cell proliferation decreases
during S-phase arrest of amniotic fluid cells in long-term culture. Exp Ther Med
2014;8(5):1604–10.

[8] Antonucci I, et al. Amniotic fluid stem cells: a promising therapeutic resource for
cell-based regenerative therapy. Curr Pharm Des 2012;18(13):1846–63.

[9] Arnhold S, et al. Amniotic-fluid stem cells: growth dynamics and differentiation
potential after a CD-117-based selection procedure. Stem Cells Int
2011;2011:715341.

[10] Baghaban Eslaminejad M, Jahangir S. Amniotic fluid stem cells and their applica-
tion in cell-based tissue regeneration. Int J Fertil Steril 2012;6(3):147–56.

[11] Chen WQ, et al. Variations of protein levels in human amniotic fluid stem cells
CD117/2 over passages 5-25. J Proteome Res 2009;8(11):5285–95.

[12] Di Trapani M, et al. Immune regulatory properties of CD117(pos) amniotic fluid
stem cells vary according to gestational age. Stem Cells Dev 2015;24(1):132–43.

[13] Gholizadeh-Ghalehaziz S, et al. A mini overview of isolation, characterization and
application of amniotic fluid stem cells. Int J Stem Cells 2015;8(2):115–20.

[14] Klemmt PA, Vafaizadeh V, Groner B. The potential of amniotic fluid stem cells for
cellular therapy and tissue engineering. Expert Opin Biol Ther
2011;11(10):1297–314.

[15] Loukogeorgakis SP, De Coppi P. Concise review: amniotic fluid stem cells: the
known, the unknown, and potential regenerative medicine applications. Stem Cells
2017;35(7):1663–73.

[16] Moorefield EC, et al. Cloned, CD117 selected human amniotic fluid stem cells are
capable of modulating the immune response. PLoS One 2011;6(10):e26535.

[17] Kunisaki SM, et al. A comparative analysis of cartilage engineered from different
perinatal mesenchymal progenitor cells. Tissue Eng 2007;13(11):2633–44.

[18] Carraro G, et al. Human amniotic fluid stem cells can integrate and differentiate
into epithelial lung lineages. Stem Cells 2008;26(11):2902–11.

[19] Kolambkar YM, et al. Chondrogenic differentiation of amniotic fluid-derived stem
cells. J Mol Histol 2007;38(5):405–13.

[20] Mareschi K, et al. Multipotent mesenchymal stem cells from amniotic fluid originate
neural precursors with functional voltage-gated sodium channels. Cytotherapy
2009;11(5):534–47.

[21] Torricelli F, et al. Identification of hematopoietic progenitor cells in human am-
niotic fluid before the 12th week of gestation. Ital J Anat Embryol
1993;98(2):119–26.

[22] Streubel B, et al. [In vitro transformation of amniotic cells to muscle cells–back-
ground and outlook]. Wien Med Wochenschr 1996;146(9-10):216–7.

[23] Prusa AR, et al. Oct-4-expressing cells in human amniotic fluid: a new source for
stem cell research? Hum Reprod 2003;18(7):1489–93.

[24] Matin MM, et al. Specific knockdown of Oct4 and β2‐microglobulin expression by
RNA interference in human embryonic stem cells and embryonic carcinoma cells.
Stem Cells 2004;22(5):659–68.

[25] De Coppi P, et al. Isolation of amniotic stem cell lines with potential for therapy. Nat
Biotechnol 2007;25(1):100–6.

[26] Moschidou D, et al. Valproic acid confers functional pluripotency to human am-
niotic fluid stem cells in a transgene-free approach. Mol Ther 2012;20(10):1953–67.

[27] Zhao HX, et al. Rapid and efficient reprogramming of human amnion-derived cells
into pluripotency by three factors OCT4/SOX2/NANOG. Differentiation 2010;80(2-
3):123–9.

[28] Antiabong JF, Ngoepe MG, Abechi AS. Semi-quantitative digital analysis of

S.M. Hoseini, et al. Reproductive Biology 20 (2020) 338–347

346

http://refhub.elsevier.com/S1642-431X(20)30016-4/sbref0005
http://refhub.elsevier.com/S1642-431X(20)30016-4/sbref0005
http://refhub.elsevier.com/S1642-431X(20)30016-4/sbref0010
http://refhub.elsevier.com/S1642-431X(20)30016-4/sbref0010
http://refhub.elsevier.com/S1642-431X(20)30016-4/sbref0015
http://refhub.elsevier.com/S1642-431X(20)30016-4/sbref0015
http://refhub.elsevier.com/S1642-431X(20)30016-4/sbref0015
http://refhub.elsevier.com/S1642-431X(20)30016-4/sbref0020
http://refhub.elsevier.com/S1642-431X(20)30016-4/sbref0020
http://refhub.elsevier.com/S1642-431X(20)30016-4/sbref0025
http://refhub.elsevier.com/S1642-431X(20)30016-4/sbref0025
http://refhub.elsevier.com/S1642-431X(20)30016-4/sbref0030
http://refhub.elsevier.com/S1642-431X(20)30016-4/sbref0030
http://refhub.elsevier.com/S1642-431X(20)30016-4/sbref0035
http://refhub.elsevier.com/S1642-431X(20)30016-4/sbref0035
http://refhub.elsevier.com/S1642-431X(20)30016-4/sbref0035
http://refhub.elsevier.com/S1642-431X(20)30016-4/sbref0040
http://refhub.elsevier.com/S1642-431X(20)30016-4/sbref0040
http://refhub.elsevier.com/S1642-431X(20)30016-4/sbref0045
http://refhub.elsevier.com/S1642-431X(20)30016-4/sbref0045
http://refhub.elsevier.com/S1642-431X(20)30016-4/sbref0045
http://refhub.elsevier.com/S1642-431X(20)30016-4/sbref0050
http://refhub.elsevier.com/S1642-431X(20)30016-4/sbref0050
http://refhub.elsevier.com/S1642-431X(20)30016-4/sbref0055
http://refhub.elsevier.com/S1642-431X(20)30016-4/sbref0055
http://refhub.elsevier.com/S1642-431X(20)30016-4/sbref0060
http://refhub.elsevier.com/S1642-431X(20)30016-4/sbref0060
http://refhub.elsevier.com/S1642-431X(20)30016-4/sbref0065
http://refhub.elsevier.com/S1642-431X(20)30016-4/sbref0065
http://refhub.elsevier.com/S1642-431X(20)30016-4/sbref0070
http://refhub.elsevier.com/S1642-431X(20)30016-4/sbref0070
http://refhub.elsevier.com/S1642-431X(20)30016-4/sbref0070
http://refhub.elsevier.com/S1642-431X(20)30016-4/sbref0075
http://refhub.elsevier.com/S1642-431X(20)30016-4/sbref0075
http://refhub.elsevier.com/S1642-431X(20)30016-4/sbref0075
http://refhub.elsevier.com/S1642-431X(20)30016-4/sbref0080
http://refhub.elsevier.com/S1642-431X(20)30016-4/sbref0080
http://refhub.elsevier.com/S1642-431X(20)30016-4/sbref0085
http://refhub.elsevier.com/S1642-431X(20)30016-4/sbref0085
http://refhub.elsevier.com/S1642-431X(20)30016-4/sbref0090
http://refhub.elsevier.com/S1642-431X(20)30016-4/sbref0090
http://refhub.elsevier.com/S1642-431X(20)30016-4/sbref0095
http://refhub.elsevier.com/S1642-431X(20)30016-4/sbref0095
http://refhub.elsevier.com/S1642-431X(20)30016-4/sbref0100
http://refhub.elsevier.com/S1642-431X(20)30016-4/sbref0100
http://refhub.elsevier.com/S1642-431X(20)30016-4/sbref0100
http://refhub.elsevier.com/S1642-431X(20)30016-4/sbref0105
http://refhub.elsevier.com/S1642-431X(20)30016-4/sbref0105
http://refhub.elsevier.com/S1642-431X(20)30016-4/sbref0105
http://refhub.elsevier.com/S1642-431X(20)30016-4/sbref0110
http://refhub.elsevier.com/S1642-431X(20)30016-4/sbref0110
http://refhub.elsevier.com/S1642-431X(20)30016-4/sbref0115
http://refhub.elsevier.com/S1642-431X(20)30016-4/sbref0115
http://refhub.elsevier.com/S1642-431X(20)30016-4/sbref0120
http://refhub.elsevier.com/S1642-431X(20)30016-4/sbref0120
http://refhub.elsevier.com/S1642-431X(20)30016-4/sbref0120
http://refhub.elsevier.com/S1642-431X(20)30016-4/sbref0125
http://refhub.elsevier.com/S1642-431X(20)30016-4/sbref0125
http://refhub.elsevier.com/S1642-431X(20)30016-4/sbref0130
http://refhub.elsevier.com/S1642-431X(20)30016-4/sbref0130
http://refhub.elsevier.com/S1642-431X(20)30016-4/sbref0135
http://refhub.elsevier.com/S1642-431X(20)30016-4/sbref0135
http://refhub.elsevier.com/S1642-431X(20)30016-4/sbref0135
http://refhub.elsevier.com/S1642-431X(20)30016-4/sbref0140


polymerase chain reaction-electrophoresis gel: potential applications in low-income
veterinary laboratories. Vet World 2016;9(9):935–9.

[29] Hoseini S, et al. Human amniocytes: a comprehensive study on morphology, fre-
quency and growth properties of subpopulations from a single clone to the senes-
cence. Cell Tissue Biol 2020;14(2):102–12.

[30] Simoni G, Colognato R. The amniotic fluid-derived cells: the biomedical challenge
for the third millennium. J Prenat Med 2009;3(3):34–6.

[31] Wilson PG, et al. Clonal populations of amniotic cells by dilution and direct plating:
evidence for hidden diversity. Stem Cells Int 2012;2012:485950.

[32] Hoehn H, Salk D. Morphological and biochemical heterogeneity of amniotic fluid
cells in culture. Methods Cell Biol 1982;26:11–34.

[33] Davydova DA, et al. Cell phenotypes in human amniotic fluid. Acta Naturae
2009;1(2):98–103.

[34] Virtanen I, et al. Cultured human amniotic fluid cells characterized with antibodies
against intermediate filaments in indirect immunofluorescence microscopy. J Clin
Invest 1981;68(5):1348–55.

[35] Tsai CC, et al. Oct4 and Nanog directly regulate Dnmt1 to maintain self-renewal and
undifferentiated state in mesenchymal stem cells. Mol Cell 2012;47(2):169–82.

[36] Li C, et al. Pluripotency can be rapidly and efficiently induced in human amniotic
fluid-derived cells. Hum Mol Genet 2009;18(22):4340–9.

[37] Ginsberg M, et al. Efficient direct reprogramming of mature amniotic cells into
endothelial cells by ETS factors and TGFβ suppression. Cell 2012;151(3):559–75.

[38] Dobreva MP, et al. On the origin of amniotic stem cells: of mice and men. Int J Dev
Biol 2010;54(5):761–77.

[39] Amniotic membrane: origin, characterization and medical applications. New York,

NY: Springer Berlin Heidelberg; 2015.
[40] Melnik S, et al. Impact of c-MYC expression on proliferation, differentiation, and

risk of neoplastic transformation of human mesenchymal stromal cells. Stem Cell
Res Ther 2019;10(1):73.

[41] Watt FM, Frye M, Benitah SA. MYC in mammalian epidermis: how can an oncogene
stimulate differentiation? Nat Rev Cancer 2008;8:234.

[42] Ditadi A, et al. Human and murine amniotic fluid c-Kit+Lin- cells display hema-
topoietic activity. Blood 2009;113(17):3953–60.

[43] Maguire CT, et al. Genome-wide analysis reveals the unique stem cell identity of
human amniocytes. PLoS One 2013;8(1):e53372.

[44] Moraes DA, et al. A reduction in CD90 (THY-1) expression results in increased
differentiation of mesenchymal stromal cells. Stem Cell Res Ther 2016;7(1):97.

[45] Ghazanfari R, et al. Human primary bone marrow mesenchymal stromal cells and
their in vitro progenies display distinct transcriptional profile signatures. Sci Rep
2017;7(1):10338.

[46] Diomede F, et al. Stemness maintenance properties in human oral stem cells after
long-term passage. Stem Cells Int 2017;2017.

[47] Greco SJ, Liu K, Rameshwar P. Functional similarities among genes regulated by
OCT4 in human mesenchymal and embryonic stem cells. Stem Cells
2007;25(12):3143–54.

[48] Rodrigues M, Blattner C, Stuppia L. Amniotic fluid cells, stem cells, and p53: can we
stereotype p53 functions? Int J Mol Sci 2019;20(9):2236.

[49] Riekstina U, et al. Embryonic stem cell marker expression pattern in human me-
senchymal stem cells derived from bone marrow, adipose tissue, heart and dermis.
Stem Cell Rev Rep 2009;5(4):378–86.

S.M. Hoseini, et al. Reproductive Biology 20 (2020) 338–347

347

http://refhub.elsevier.com/S1642-431X(20)30016-4/sbref0140
http://refhub.elsevier.com/S1642-431X(20)30016-4/sbref0140
http://refhub.elsevier.com/S1642-431X(20)30016-4/sbref0145
http://refhub.elsevier.com/S1642-431X(20)30016-4/sbref0145
http://refhub.elsevier.com/S1642-431X(20)30016-4/sbref0145
http://refhub.elsevier.com/S1642-431X(20)30016-4/sbref0150
http://refhub.elsevier.com/S1642-431X(20)30016-4/sbref0150
http://refhub.elsevier.com/S1642-431X(20)30016-4/sbref0155
http://refhub.elsevier.com/S1642-431X(20)30016-4/sbref0155
http://refhub.elsevier.com/S1642-431X(20)30016-4/sbref0160
http://refhub.elsevier.com/S1642-431X(20)30016-4/sbref0160
http://refhub.elsevier.com/S1642-431X(20)30016-4/sbref0165
http://refhub.elsevier.com/S1642-431X(20)30016-4/sbref0165
http://refhub.elsevier.com/S1642-431X(20)30016-4/sbref0170
http://refhub.elsevier.com/S1642-431X(20)30016-4/sbref0170
http://refhub.elsevier.com/S1642-431X(20)30016-4/sbref0170
http://refhub.elsevier.com/S1642-431X(20)30016-4/sbref0175
http://refhub.elsevier.com/S1642-431X(20)30016-4/sbref0175
http://refhub.elsevier.com/S1642-431X(20)30016-4/sbref0180
http://refhub.elsevier.com/S1642-431X(20)30016-4/sbref0180
http://refhub.elsevier.com/S1642-431X(20)30016-4/sbref0185
http://refhub.elsevier.com/S1642-431X(20)30016-4/sbref0185
http://refhub.elsevier.com/S1642-431X(20)30016-4/sbref0190
http://refhub.elsevier.com/S1642-431X(20)30016-4/sbref0190
http://refhub.elsevier.com/S1642-431X(20)30016-4/sbref0195
http://refhub.elsevier.com/S1642-431X(20)30016-4/sbref0195
http://refhub.elsevier.com/S1642-431X(20)30016-4/sbref0200
http://refhub.elsevier.com/S1642-431X(20)30016-4/sbref0200
http://refhub.elsevier.com/S1642-431X(20)30016-4/sbref0200
http://refhub.elsevier.com/S1642-431X(20)30016-4/sbref0205
http://refhub.elsevier.com/S1642-431X(20)30016-4/sbref0205
http://refhub.elsevier.com/S1642-431X(20)30016-4/sbref0210
http://refhub.elsevier.com/S1642-431X(20)30016-4/sbref0210
http://refhub.elsevier.com/S1642-431X(20)30016-4/sbref0215
http://refhub.elsevier.com/S1642-431X(20)30016-4/sbref0215
http://refhub.elsevier.com/S1642-431X(20)30016-4/sbref0220
http://refhub.elsevier.com/S1642-431X(20)30016-4/sbref0220
http://refhub.elsevier.com/S1642-431X(20)30016-4/sbref0225
http://refhub.elsevier.com/S1642-431X(20)30016-4/sbref0225
http://refhub.elsevier.com/S1642-431X(20)30016-4/sbref0225
http://refhub.elsevier.com/S1642-431X(20)30016-4/sbref0230
http://refhub.elsevier.com/S1642-431X(20)30016-4/sbref0230
http://refhub.elsevier.com/S1642-431X(20)30016-4/sbref0235
http://refhub.elsevier.com/S1642-431X(20)30016-4/sbref0235
http://refhub.elsevier.com/S1642-431X(20)30016-4/sbref0235
http://refhub.elsevier.com/S1642-431X(20)30016-4/sbref0240
http://refhub.elsevier.com/S1642-431X(20)30016-4/sbref0240
http://refhub.elsevier.com/S1642-431X(20)30016-4/sbref0245
http://refhub.elsevier.com/S1642-431X(20)30016-4/sbref0245
http://refhub.elsevier.com/S1642-431X(20)30016-4/sbref0245

	Investigating the expression of pluripotency-related genes in human amniotic fluid cells: A semi-quantitative comparison between different subpopulations, from primary to cultured amniocytes
	Introduction
	Materials and methods
	Culture of human amniotic fluid cells
	Flow cytometry analysis
	RT-PCR
	Semi-quantitation of RT-PCR products and statistical analysis

	Results
	There are different subpopulations in primary- and long term-cultured human amniocytes
	The primary-cultured human amniocytes uniformly express pluripotency markers
	Long term-cultured individual isolates exhibit substantial variability in expression of pluripotency markers
	Growth characteristics and possible correlations with maternal and fetal ages
	Phenotypic analysis of surface antigens demonstrated mesenchymal, and not hematopoietic origination of subpopulations
	OCT4, NANOG and SOX2, hyper variably expressed genes in human amniocytes
	KLF4 and C-MYC were expressed differently between amniotic subpopulations
	C-KIT is expressed by epithelioid clones twice the number of fibroblastoid ones
	THY1 is consistently expressed in all clones


	Discussion
	Growth characteristics and morphological properties of human amniocytes
	RT-PCR analysis of stemness genes in amniotic subpopulations
	Flow cytometry analysis of surface antigens
	Correlation of stemness genes in primary- and long term-cultured amniocytes

	Conclusion
	Declaration of Competing Interest
	Acknowledgments
	References




