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A B S T R A C T   

Object: Immunosuppressive and immunomodulatory activity of mesenchymal stem cells derived from different 
sources, such as placental membranes, umbilical cord, and amniotic fluid has been proved. The heterogeneous 
nature of human amniocytes have been confirmed due to different clonal subpopulations found in amniotic fluid. 
The aim of this study was to investigate a 17-gene panel of immunomodulatory markers in two clonal sub-
populations of CD90+ amniocytes, divided based on morphology into epithelioid and fibroblastoid cells. 
Method: Semi-quantitative RT-PCR was used to study the expression of the chosen genes. Flow cytometry analysis 
confirmed the non-hematopoietic mesenchymal origin of isolated cells, based on lacking the hematopoietic 
marker of CD31, and the presence of mesenchymal marker of CD90 (both on more than 90% of cells). 
Results: Our results showed that besides growth characteristics, the two cell groups were different in expressional 
profile, so that, fibroblastoid clones displayed higher level of immunosuppression genes as well as mesenchymal 
surface marker of CD90 compared to epithelioid ones. Our previous investigation on these clones showed that 
epithelioid cells have a more potential to express the pluripotency genes. It seems there is an inverse relationship 
between genes associated with immunosuppression and pluripotency. 
Conclusion: Although many reports have been published regarding the immunosuppressive properties of fetal 
stem cells, but few studies to date have explained whether the stemness state of human amniocytes may affect 
their immunosuppressive potential. Further study on amniocytes, which often has self-renewal ability and high 
immunomodulatory potential, can help to understand the details of this relationship.   

1. Introduction 

Human mesenchymal stem cells (hMSCs) have received much 
attention due to their ease of use in human clinical trials, as well as 
preservation and storage by cryopreservation techniques. Besides, some 
of their intrinsic properties are also important in regenerative medicine 
and tissue engineering, including anti-inflammatory and 
immunomodulatory-immunosuppressive activities, low immunoge-
nicity and chromosomal instability, differentiation ability, and homing 
[1,2[48]]. The immunomodulatory and immunosuppressive properties 

have been proven in a wide variety of fetal-derived MSCs, including 
placenta, umbilical cord, amnion and amniotic fluid, as well as amniotic 
epithelial cells (AECs) isolated from amnion. The amniotic fluid cells, 
generally called amniocytes, are a heterogeneous population of various 
fetal cell types, which derived from extra-embryonic structures (i.e., 
fetal membranes and placenta) and fetal tissues [3]. In terms of potency, 
these cells are in a wide range of developmental stages, including totally 
differentiated and lineage-committed cells, as well as pluripotent and 
highly multipotent stem cells [4,5]. The clonal subpopulations of 
amniocytes have been morphologically sorted into spindle-shaped (SS) 
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and round-shaped (RS) cells, which are fibroblastic-like and 
epithelial-like cells, respectively [6]. These have been also categorized 
to epithelioid (E-type), amniotic fluid-specific (AF-type), and fibro-
blastoid (F-type) cells depending on the surface antigens [7]. Most 
likely, the heterogeneous nature of amniocytes makes them functionally 
distinct from each other, including in terms of immunological aspects 
such as immunogenicity and immunomodulatory-immunosuppressive 
properties. For example, it was shown that the expression level of 
HLA-G, TGF-β, and IL-1β in amnion-derived MSCs could be influenced 
by where these cells are isolated from, placental amnion or reflected 
amnion [8]. Moreover, many studies have reported different levels of 
HLA-ABC in human AECs (hAECs), ranging from low or moderate to 
high expression [9]. 

As amnion and amniotic fluid are in a close proximity, hAECs iso-
lated from amnion might hypothetically have a common origin with 
amniotic fluid-derived epithelioid cells. Thus it would be possible that 
epithelioid (E-type) or RS cells isolated from amniotic fluid have the 
same immunosuppressive characteristics as reported for hAECs. In the 
literature, there have been reported immunomodulatory- 
immunosuppressive effects of human amniotic fluid-derived MSCs 
(hAF-MSCs) and their activity to alleviate immune cells [9–11]. How-
ever, such properties need to be more investigated depending on the cell 
type individually. The present study aims to investigate the expressional 
profile of 17 immunosuppressive genes (Table 1) in 12 clones isolated 
from human amniotic fluid. The isolates are morphologically sorted into 
two main groups, epithelioid or RS cells and fibroblastoid or SS cells, 
composed of 5 and 7 clones, respectively. 

2. Materials and methods 

2.1. Culture of human amniotic fluid cells 

Amniotic fluid samples used in the study have been taken from 
pregnant women who were given a referral to prenatal diagnosis (PND) 
section where fetuses have been routinely examined for genetic abnor-
malities through amniocentesis procedure. The patients have signed the 
informed consent form according to the guidelines of the Yazd repro-
ductive sciences institute. The PND results verified that these fetal 
samples were genetically normal. Moreover, other factors involved in 
the high risk pregnancy that might change expressional profile of the 
target genes were excluded from the study, including tobacco, alcohol, 
and maternal disease like preeclampsia. 

At the beginning, a total of 16 ml of human amniotic fluid was 
collected by ultrasound in the procedure of amniocentesis from fetuses 
in the second trimester, ranging from 16th to 20th weeks of pregnancy. 
The obtained amniotic fluid was centrifuged at 400 g for 15 min, then 
the supernatant was discarded and the cell pellets were seeded in glass 
Leighton tubes containing AmnioMAX-II complete medium supple-
mented with 20 mM HEPES, 1% penicillin/streptomycin or PenStrep (all 
from Gibco) and incubated at 37 ͦ C in a dry incubator without CO2. 
Following passages 1–3, when the diagnostic process had been accom-
plished, the amniocytes were collected for the research purposes. At this 
time, we started working on the samples with a colony-forming 
approach (using 6-well plate). Following colony isolation, the clones 
were expanded in T-25 flasks and monitored for the status of cell pro-
liferation during long-term culture. For this purpose, the cells were de-
tached from Leighton tubes by PBS and 0.25% trypsin-EDTA, then 
cultured in T25 flasks by a modified medium composed of 2:1 v/v 
DMEM:AmnioMAX II. DMEM was supplemented with 4 mM L-Glu, 10 
mM HEPES, 15% FBS, 1% PenStrep (all from Gibco). The flasks were 
incubated at 37 ͦ C under 5% humidified CO2. 

2.2. Characterization of human amniotic fluid cells 

As mentioned in Table 2, the lifespan of amniocytes is highly varied 
depending on the cell type. It would be insensible to investigate all 
clones in the same passage, because it can lead to investigate the cells in 
different proliferative status and make a bias in the research. In this 
regard, the growth curve of each clone was calculated during cell 
expansion in long-term culture (by using hemocytometer) and then the 
cells were used at the proper time for characterizing through molecular 
and flow cytometry analysis. Indeed, the clones were picked up when 
their doubling times (DT) had been stabilized and the cells proliferated 
stably (before start going through senescence). This means that the 
growth curves were at the late exponential phase when there was a high 
possibility of having homogeneous cell population in the culture. 

2.2.1. Flow cytometry analysis 
One of the most common surface markers of mesenchymal stem cells, 

CD90, was used to characterize the clonal subpopulations. The expres-
sion of the hematopoietic marker, CD31, was also analyzed as a negative 
marker for amniocytes to evaluate cellular heterogeneity. For this pur-
pose, at least 1 × 105 cells for each assay were collected by centrifu-
gation at the same time as molecular 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% 
BSA. The incubation was performed with PE-conjugated anti-human 
CD31 (from Immunostep) and FITC-conjugated anti-human CD90 (from 
Exbio). Expressions were analyzed on a BD FACSCalibur and the 
graphics were generated in FlowJo (v 10.1, Tree Star, Inc.) software. 

2.2.2. RT-PCR 
To evaluate the expression profile of clonal subpopulations con-

cerning target genes, RT-PCR analyses were carried out on the isolates at 

Table 1 
The panel of immunomodulatory genes and designed primers used in RT-PCR.  

Gene Primer Product Size 

IDO1 Forward: GGCAAAGGTCATGGAGATGT 
Reverse: TCCAGTTTGCCAAGACACAG 

127 bp 

IDO2 Forward: CTGGTCCTGAGCTTCCTCAC 
Reverse: CAGCACCAAGTCTGAGTGGA 

153 bp 

COX1 Forward: GAGCAGCTTTTCCAGACGAC 
Reverse: GCAGGAAATAGCCACTCAGC 

97 bp 

COX2 Forward: CCCATGTCAAAACCGAGGTG 
Reverse: TCCGGTGTTGAGCAGTTTTC 

102 bp 

HLA-G Forward: GTGGCTGAACAAAGGAGAGC 
Reverse: CTCAGGGTGGCCTCATAGTC 

152 bp 

IL-10 Forward: CCAAGACCCAGACATCAAGG 
Reverse: AAGGCATTCTTCACCTGCTC 

138 bp 

IL-6 Forward: AGTGAGGAACAAGCCAGAGC 
Reverse: GTTGGGTCAGGGGTGGTTAT 

104 bp 

IL-6R Forward: AGTGTCGGGAGCAAGTTCAG 
Reverse: TCTTGCCAGGTGACACTGAG 

131 bp 

ICAM-1 Forward: TGATGGGCAGTCAACAGCTA 
Reverse: GGTAAGGTTCTTGCCCACTG 

106 bp 

VCAM-1 Forward: ATGGAATTCGAACCCAAACA 
Reverse: CCTGGCTCAAGCATGTCATA 

139 bp 

LIF Forward: ACCAGATCAGGAGCCAACTG 
Reverse: GCCACATAGCTTGTCCAGGT 

113 bp 

TSG6 Forward: AAGCTCACCTACGCAGAAGC 
Reverse: CAACTCTGCCCTTAGCCATC 

136 bp 

FAS Forward: CGGACCCAGAATACCAAGTG 
Reverse: GGTGAGTGTGCATTCCTTGA 

120 bp 

FASLG Forward: TCTACCAGCCAGATGCACAC 
Reverse: CAGAGGCATGGACCTTGAGT 

132 bp 

PDCD1 Forward: AAGGCGCAGATCAAAGAGAG 
Reverse: AACCACCAGGGTTTGGAACT 

123 bp 

TGF-β Forward: TTGATGTCACCGGAGTTGTG 
Reverse: GAACCCGTTGATGTCCACTT 

125 bp 

TNF-α Forward: CTGCTGCACTTTGGAGTGAT 
Reverse: GGTTTGCTACAACATGGGCTA 

139 bp 

18s rRNA Forward: AGAAACGGCTACCACATCCA 
Reverse: CCCTCCAATGGATCCTCGTT 

158 bp  
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the second half of their lifespan. For this purpose, the cells were first 
detached from the culture vessel by the sub-culturing method similarly, 
and then RNA isolation was carried out using the Qiagen RNeasy Mini 
Kit. Following the quantitative and qualitative assessment of extracted 
RNA, cDNA synthesis was executed by 50 ng of RNA via the RevertAid 
First Strand cDNA Synthesis Kit (Thermo Scientific). Finally, cDNA 
samples were analyzed by thermocycler in 35 cycles of 95 ͦC for 20 s, 58 
Cͦ for 20 s and 72 ͦC for 40 s, besides initial denaturation step in 95 ͦC for 2 
min and final extension of 72 ͦC for 7 min. The quantification of each 
clone performed in double set with the same cDNA source in a way that 
each set was designed to investigate the housekeeping gene (18S rRNA) 
and the target genes during the same RT-PCR run. 

The target genes include indoleamine 2,3-dioxygenase 1 and 2 (IDO1 
and IDO2), prostaglandin-endoperoxide synthase 1 and 2 (PTGS1 and 
PTGS2), which are also known as cyclooxygenase 1 and 2 (COX1 and 
COX2), human leukocyte antigen-G (HLA-G), interleukin 10 (IL-10), 
interleukin 6 (IL-6) and its receptor (IL-6R), intercellular adhesion 
molecule 1 (ICAM-1), vascular cell adhesion molecule 1 (VCAM-1), 
leukemia inhibitory factor (LIF), TNF alpha-induced protein 6 (TSG6), 
Fas cell surface death receptor (FAS) and its ligand (FASLG), pro-
grammed cell death 1 (PDCD1 or PD1), transforming growth factor-beta 
(TGF-β) and tumor necrosis factor-alpha (TNF-α). Primer sequences and 
the size of amplified products are listed in Table 1. All primers are 
designed for human-specific, and intron-spanning targets. 

2.3. Statistical analysis of semi-quantitative results 

The semi-quantitative assessment of PCR products was performed by 
using the digital image analysis software ImageJ [12]. For this purpose, 
the mean value of double bands intensity representative of each PCR 
amplicon compared to the mean value of corresponding double bands of 
18S rRNA in the same sample as calibrator. The non-parametric Man-
n-Whitney test was used to make a comparison between epithelioid and 
fibroblastoid isolates regarding the expression level of target genes. 
Pearson’s and Spearman’s coefficients were also used to determine the 
possible correlations between the expression levels and sample-related 
variables, such as fetal gender, gestational age, and maternal age, as 
well as culture-related variables like the type and the lifespan of isolated 
clones (Table 2). 

3. Results 

3.1. Isolation and characterization of the clonal subpopulations 

Amniotic fluid contains all types of cells representing the fetal tis-
sues, a mixture of differentiated, progenitor, and stem cells. There are at 
least two types of colony-forming amniocytes with entirely distinct 
morphologies during primary culture, including epithelioid and fibro-
blastoid cells. Monitoring the cells displayed that these two types of 
clonal subpopulations are typically distinguishable during long term 

culture (Fig. 1a and b). The investigation of growth characteristics 
demonstrated that the lifespan of subpopulations was significantly 
different (Fig. 1c), so that the mean value of lifespans of fibroblastoid 
clones (11.14 passages) was nearly twice as many as the epithelioid ones 
(6.2 passages). Furthermore, the results have shown no significant cor-
relation between the growth characteristics and other variables namely 
fetal gender, gestational age, and maternal age. However, the type of 
isolated cells significantly correlated with the lifespan (p-value: 0.007). 

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 (Fig. 2a and b). The results 
pertaining to the former revealed that nearly 95% of the cells were 
negative for CD31 in each clone confirming their non-hematopoietic 
lineage, whereas the latter, CD90, was expressed on the surface of 
more than 90% of the cells. Moreover, the expression levels of CD90 
have been quantified as median fluorescent intensity (MFI) and pre-
sented for two groups of amniotic clones in Table 3. In this regard, the 
results have shown that the fibroblastoid cells exhibit enhanced levels of 
CD90 compared to the epithelioid ones (Fig. 2c). Indeed, the mean value 
of MFI in fibroblastoid isolates (MFI: 87.20 ± 24.45) was significantly 
higher than that in the epithelioid clones (MFI: 44.34 ± 18.22) (p-val-
ue< 0.01). 

3.2. Higher number of positive clones in the fibroblastoid group; a 
qualitative analysis 

Although the qualitative analysis of target genes (as number of 
positive clones in each group) is not a very reliable method for detailed 
examination, it can be useful in providing a general outline of immu-
nosuppressive capacity in the subpopulations. Accordingly, most of 
target genes have been detected in the cells, including COX1, COX2, 
IDO1, IDO2, FAS, HLA-G, ICAM-1, VCAM-1, IL-6, IL-10, LIF, TSG6, and 
TGF-β (Fig. 3a). Other genes of the panel have shown no trace of 
expression in the cells, including TNF-α, PDCD1, FASLG, and IL-6R. Of 
the positive ones, IDO1, IDO2, and IL-10, were found to be expressed in 
barely detectable amounts and were excluded from the semi- 
quantitative analysis. However, the number of such low expressing 
clones seems to be much higher in the fibroblastoid group, particularly 
in the case of IDO1 and IDO2. A similar pattern of more positive clones in 
the fibroblastoid group has also been found in other target genes, 
including LIF, FAS, HLA-G, and TGF-β. Conversely, some genes were 
expressed in almost equal number of clones between the two sub-
populations, such as IL-10, TSG6, IL-6, COX1, and COX2. 

3.3. Higher expression levels of the immunomodulatory genes in the 
fibroblastoid group; a semi-quantitative analysis 

Some of the target genes have shown a highly variable expression 
pattern across individual clones, particularly in fibroblastoid clones. 
However, a similar trend is observed in their expression, meaning that 

Table 2 
The general information of 12 human amniotic fluid samples used for isolation of clones in long-term culture. Each clone is outlined as reception code and passage 
number in which cells were harvested for analysis.   

Amniotic isolates Cell type Life span (Passages) Maternal Age (Years) Gestational Age (Weeks) Karyotype 

1 1011-P5 Fibroblastoid 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 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 1041-P3 Epithelioid 4 21 17 w 46,XX 
9 1043-P5 6 24 16 w 46,XY 
10 1039-P3 4 39 17 w 46,XX 
11 1007-P7 9 29 20 w 46,XX 
12 972-P7 8 40 20 w 46,XY  
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such genes with a high heterogenicity of expression, displayed a higher 
level of expression than the other genes, such as FAS, VCAM1, and TGF-β 
(Fig. 3b), which is reflected in their high numeric value of standard 

deviation (SD) as well, 18.55 ± 29.43, 48.68 ± 75.42, and 68.03 ±
119.43, respectively (Fig. 4). It seems the epithelioid cells generally 
exhibit lower heterogenicity than the fibroblastoid cells. The results 
have shown that the value of SD in the epithelioid clones is much lower 
than that in the fibroblastoid ones. This is clearly observed in FAS, 
VCAM1, and TGF-β, except for COX1 which is more variably expressed in 
the epithelioid cells. In general, most genes appear to be expressed at the 
same level between the two subpopulations, including COX2, HLA-G, 
ICAM-1, LIF, and TSG6, as well as to some extent IL-6. This is also 
evident in the lack of statistically significant differences between the two 
subpopulations (using t-test and Mann-Whitney test), nonetheless 
simultaneous comparison of all understudied genes by Wilcoxon 
matched-pairs test demonstrated that fibroblastoid clones express the 
target genes at a significantly higher level (p-value< 0.05). 

Fig. 1. Two types of clonal human amniocytes and growth characteristics, including morphology and lifespan. a) Round-shape, polygonal epithelioid (E-type) cells; 
b) Spindle-shape fibroblastoid (F-type) cells; c) The lifespan of the subpopulations based on passages that cells were expanded in vitro. As all samples were sub- 
cultured with 1–2 ratio, the average of lifespan represents the mean number of cell population doubling (NCPD) as well (p-values < 0.01). 

Fig. 2. Flow cytometry plots of CD90 and CD31 expression in the subpopulations. a) Flow cytometry analysis of epithelioid (E-type) cells. b) Flow cytometry analysis 
of fibroblastoid (F-type) cells. The y-axis represents forward scatter (FSC-H), where increasing the signal indicates increased cell size. The x-axis is designated for 
CD90-FITC (in upper row) and CD31-PE (in lower row) fluorescent intensity. c) The comparison of CD90 expression levels between the subpopulations (E− and F- 
type) depending on the median fluorescent intensity (MFI). 

Table 3 
The expression levels of CD90 based on the median fluorescent intensity (MFI) 
recorded in amniotic clones, epithelioid and fibroblastoid. Each clone is outlined 
as reception code and passage number in which cells were harvested for analysis.  

Epithelioid clones MFI Fibroblastoid clones MFI 

1041-P3 68.4 1011-P5 124 
1043-P5 51.6 1020-P6 70.3 
1039-P3 22.7 939-P18 117 
1007-P7 49 1024-P5 70.4 
972-P7 30 1027-P5 82.7   

1023-P5 86.3 
1016-P10 59.7 

Mean value of group 44.34 ± 18.22 Mean value of group 87.20 ± 24.45  
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3.4. Distinctive association of the immunomodulatory genes with each 
other between the two subpopulations; a correlation analysis 

Analysis of the average expression value of each gene among the 
clones has shown an individual pattern of gene correlation depending on 
the cell types. The plots of Fig. 5 illustrate the significant correlations (p- 
values < 0.01) in the two subpopulations as well as in all amniocytes as a 
whole (Fig. 5, a-c). As depicted in the heatmaps, correlations between 
the expression level of target genes have a particular arrangement in 
each cell type. For example, COX2 and FAS, VCAM1 and TGF-β, and LIF 
and TSG-6 are significantly correlated in the epithelioid cells (Fig. 5a), 

while more genes are remarkably correlated in the fibroblastoid cells, 
including VCAM-1, IL-6, LIF, TSG-6, and TGF-β, that exhibit significant 
correlations with FAS and HLA-G, and with each other as well. Inter-
estingly, some of these correlations were lost when all isolates were 
simultaneously examined as a whole (Fig. 5c). Furthermore, the results 
showed no correlation between the expression level of target genes and 
ranked variables such as fetal gender, gestational age (categorized as 
≤16 and > 16 weeks), maternal age (categorized as ≤34 and > 34 
years), as well as the culture-related variable of clones’ lifespan. 

Fig. 3. Expression level of immunomodulatory genes in two clonal subpopulations isolated from human amniotic fluid. a) Agarose gel electrophoresis image of bands 
representative of each PCR amplicon (a single copy of duplicate). b) The heatmap represents the variation in the relative expression level of the target genes across 
individual isolates. According to the scale of legends at the right side of the plot, fibroblastoid cells obviously display a higher expression level. IDO1, IDO2, and IL-10, 
were excluded here due to the very low level of expression in limited samples. 

Fig. 4. Expression level of immuno-
modulatory genes in the two clonal 
subpopulations isolated from human 
amniotic fluid. Although individual 
comparison of the genes between the 
two groups did not show a significant 
difference (using t-test and Mann- 
Whitney test), but the expression level 
was significantly higher in fibroblastoid 
cells when all target genes were simul-
taneously compared together (p-values 
<0.05). Three genes revealed a very low 
level of expression in limited samples, 
including IDO1, IDO2 and IL-10, so we 
ignored them in semi-quantitative 
analysis. E-type: Epithelioid (round- 
shaped) cells; F-type: Fibroblastoid 
(spindle-shaped) cells.   
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4. Discussion 

Amniotic fluid contains a broad range of cells in various morphol-
ogies, activities, and features, depending on gestational age and fetal 
development. Amniocytes are extremely heterogeneous cell population 
derived from different fetal tissues and extra-embryonic membranes, 
hence their biochemical, morphological, and growth characteristics are 
widely different [13–15]. Besides fetal differentiated cells, samples ob-
tained by amniocentesis are possibly contaminated with maternal cells, 
but such cells if present, are often differentiated and have a low prolif-
erative capacity. The isolation of cells in the present study was per-
formed with a colony-forming approach and subsequent expansion 
during a long-term culture. Therefore, the methodology used for 
obtaining the clones causes the lowest chance of having differentiated 
cells. 

As mentioned earlier, Roubelakis and colleagues classified morpho-
logically adherent amniocytes into spindle-shaped and round-shaped 
cells [6]. Other references divided adherent clonogenic amniocytes 
into triple-category of epithelioid (E-type) cells, fibroblastoid (F-type) 
cells and amniotic fluid-specific (AF-type) cells. As both F-type and 
AF-type cells have fibroblastic-like morphology, we ignored dis-
tinguishing between them in the present study and divided the isolates 
into epithelioid (E-type) or round-shaped cells and fibroblastoid (F-type) 
or spindle-shaped cells. Our observations in a larger study (68 samples) 
revealed that frequency and lifespans of each morphological group is 
significantly different (data not shown) [16]. Similarly, such growth 
properties were different in the present study as well, so that, fibro-
blastoid cells had longer lifespan compared to epithelioid cells. It is 
therefore reasonable that the other features differ between the two 
subpopulations, including expression profile of immunosuppressive 
genes. 

Such a difference can also be seen in the flow cytometry analysis of 
cell surface marker CD90, a well-known MSC marker. As flow cytometry 
results have shown, the non-hematopoietic mesenchymal origin of both 
subpopulations was confirmed. However, the level of CD90 was not the 
same between the two groups, and as some other studies have noted [6], 
fibroblastoid cells expressed higher level of CD90 than epithelioid cells. 
The elevated expression of CD90 has been observed in endothelial cells 
and MSCs by the exposure to pro-inflammatory cytokines, such as IL-1β 
and TNF-α [17]. Campioni and colleagues have revealed that the 
expression of CD90 is remarkably involved in immunosuppressive 
properties of MSCs, as decreased THY1 levels resulted in loss of their 
immunosuppressor activity [18]. For example, interaction of CD90 
(expressed in cytokine-activated endothelial cells) with various integ-
rins in the membrane of monocytes, leukocytes and melanoma cells, 
causes them to bind vascular endothelium and possibly to allow 

trans-endothelial migration of these cells [19,20]. Consistently, based 
on the results of the present study, there is a direct correlation between 
the expression level of CD90 and investigated immunomodulatory genes 
as a whole. That might result from the autocrine effect of immunosup-
pressive mediators released by each cell type that leads to increase in the 
CD90 level. 

For semi-quantitative analysis, we considered 10 genes that were 
detectably expressed in the two types of CD90+ amniocytes. Interest-
ingly, the expression of some target genes were comparable in individual 
clones, including COX2, HLA-G, ICAM1, LIF, and TSG6. These genes 
revealed a homogenous expression pattern in the ground state of both 
cell types, i.e. in the absence of proinflammatory cytokines for stimu-
lating the cells. Nonetheless, the other ones expressed in a highly vari-
able manner in the clones, particularly FAS, VCAM1, and TGF-β. These 
might possibly play a decisive role in both heterogeneity and immuno-
suppressive capacity of CD90+ amniocytes and likely other MSCs. Many 
studies have been already performed on the prominent function of these 
genes in immunomodulatory processes particularly in MSCs, though 
such elaborated mechanisms are beyond the scope of this article 
[21–32]. These findings can be supported with the fact that a variety of 
cells release from numerous embryonic membranes and fetal tissues into 
the amniotic fluid. For example, it was reported that HLA-G, TGF-β and 
IL-1β are differentially expressed between anatomical regions of the 
amnion, including placental amnion and reflected amnion [8]. Although 
the results have shown non-significant difference between the two 
subpopulations concerning individual genes, but considering all target 
genes as a whole made us conclude that the fibroblastoid cells express 
them more frequently, as well as in higher levels than the epithelioid 
cells. 

The last piece of evidence displaying a distinct expression profile in a 
cell group was correlation analysis based on Pearson’s coefficient. The 
correlation between the two genes of a group will be recorded if the low/ 
high mean value of expression of a gene is accompanied by the low/high 
level of another gene, directly or indirectly. The results have demon-
strated several direct correlations between the expression level of target 
genes. As illustrated in the heatmaps of Fig. 5, there are various corre-
lated genes based on the type of clones, meaning that the pattern of 
correlations was different between amniotic subpopulations. These 
findings corroborate the aim of study to confirm that the epithelioid and 
fibroblastoid clones express the immunomodulatory genes specifically. 

It is worth noting that the two cell groups revealed a subtle difference 
in the low-expressing genes, particularly in IDO family, IDO1 and IDO2. 
These are metabolic enzymes catalyzing the conversion of tryptophan 
into kynurenine which is involved in the immunosuppressive capability 
of MSCs [33]. Beside direct involvement in suppressing innate and 
adaptive responses, IDO genes promote fetomaternal tolerance through 

Fig. 5. The heatmaps representing the relationship between the expression level of target genes in long term-cultured human amniocytes according to Pearson’s 
coefficient. The correlation between two genes has been measured as the mean value of their expression in the group; a) epithelioid cells; b) fibroblastoid cells; c) all 
amniocytes together regardless of their types. The plots illustrate significant correlations with the p-values ≤ 0.01 (from green to red). The non-significant p-values 
are excluded from the plots (white squares). In diameter of the plots where a gene is compared with itself, the p-value equals 0 meaning that the genes are completely 
correlated with each other. The heatmaps illustrate various correlated genes depending on the cell group, so that means the pattern of correlations was different 
between the subpopulations. 
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different cells at the maternal-fetal interface intrinsically expressing 
them, including trophoblast cells, stromal and vascular endothelial cells 
derived from decidua and chorionic plate of placenta [11,34]. None-
theless, many studies have shown that tissue-resident naïve MSCs 
derived from adult sources are unable to express IDO without stimula-
tion with pro-inflammatory cytokines, such as interferon gamma 
(IFN-γ), IL-1β and TNF-α [35,36]. As the examined clones in our study 
had been investigated in the ground state, their low expression was 
sensible. Moreover, it seems the intrinsic ability of CD90+ fibroblastoid 
cells to express IDO genes was more than that in CD90+ epithelioid cells, 
a very important characteristic for using such cells in in vivo studies. 

Many studies have reported immunosuppressive function of hAF- 
MSCs and their therapeutic potential [37,38] while not much is 
known about the epithelioid cells isolated from amniotic fluid. These 
have been referred as one of the adherent cell types in amniotic fluid that 
comprise about 33.7% of human amniocytes in primary culture [7,38]. 
Some authors have suggested that such epithelioid cells originated from 
fetal skin and urinary tracts. Besides fetal tissues, human amniocytes 
might be derived from fetal membranes, including epithelial and stro-
mal cells released by amnion into the amniotic fluid [7,13]. Human 
amniotic epithelial cells (hAECs) isolated from amnion are 
round-shaped epithelial-like cells [39,40] that might probably have a 
common origin with amniotic fluid-derived epithelioid cells. As amnion 
derives directly from epiblast layer, it has been theorized that the hAECs 
may retain the pluripotent characteristics of epiblast stem cells from 
pregastrulation period [41,42]. Since the amnion is separated from the 
epiblast during early development of embryo, epiblast stem cells can 
possibly escape from distinctive signals responsible for epiblast differ-
entiation [43]. Furthermore, adult and fetal tissues contain a population 
of stem cells named very small embryonic like cells (VSELs). These cells 
are completely different in shape and morphology from MSCs, however, 
they exhibit some features and express several markers related to plu-
ripotency [44]. The VSELs might be representative of pluripotent stem 
cells derived from epiblast/germ line which are deposited in developing 
tissues/organs during early gastrulation. Since the amniotic cavity is like 
a cellular reservoir containing a variety of cell subpopulations released 
by different fetal tissues, the presence of VSELs in the amniotic fluid 
seems to be sensible. 

Validating whether the epithelioid clones examined in this study are 
of such origin requires much further investigations, however, previous 
study performed on the same clones provides remarkable evidences in 
favor of this idea [45]. In our previous study, the same epithelioid and 
fibroblastoid clones were examined for a panel of pluripotency genes, 
including OCT4, NANOG, SOX2, C-KIT (CD117), C-MYC, KLF4, and 
THY1 (CD90). The results indicated more potential of the epithelioid 
clones to express the stemness genes at a significantly higher level. These 
findings show that the two subpopulations, besides their difference in 
lifespan, also have a completely different expression profile. Addition-
ally, a comparison of the results of the present study with our previous 
one suggests an opposed trend in the expression of immunomodulatory 
and pluripotency genes. This means that, despite higher expression of 
the pluripotency genes, the epithelioid clones express the immuno-
modulatory genes at a lower level than the fibroblastoid cells. 

Most studies regarding the immunoregulatory and stemness have 
focused on the effect of anti-inflammatory cytokines on stem cell pro-
liferation and tissue regeneration [46,47]. Moreover, many publications 
have already reported the immunosuppressive properties of fetal stem 
cells and their interaction with immune cells. However, the relationship 
between immunosuppression and pluripotency need to be more inves-
tigated to explain whether the stemness state of human amniocytes may 
affect their immunosuppressive potential. Further study of such re-
lationships, particularly in amniotic fluid stem cells as immature, 
early-developed fetal cells with the ability of self-renewal and immu-
nosuppression, seems to be essential for understanding the basic 
mechanisms of development in fetal cells. Likewise, both processes are 
important to regenerate body tissues following a trauma which is 

triggered by injury and regulated by the post-injury environment. It has 
been shown that tissue-resident MSCs and their microenvironment are 
involved in the regeneration process. The stem cell subpopulations 
released in amniotic cavity are representative of stem cells originated 
from three germ layers that might be involved in postnatal regenerative 
processes. As mentioned earlier, epiblast stem cells may retain their 
pluripotent characteristics and reside in amnion without being differ-
entiated. Whether such a similar manner may occur in fetal stem cells 
remaining in postnatal tissues, e.g. in terms of VSELs, can be remarkably 
considered for further investigations. Indeed, the whole idea raised this 
question whether there are different stem cell subpopulations in adult 
tissues playing distinctive roles in wound healing and tissue regenera-
tion processes? 

5. Conclusion 

The two amniotic subpopulations isolated in the study were different 
regarding their growth characteristics, expression profile of immuno-
modulatory genes, as well as expression of CD90. The results of this 
study on the presence of distinct MSC-like CD90+ subpopulations in 
human amniotic fluid and their differences in terms of growth, expres-
sion of CD90 marker and even other specific markers of pluripotency are 
not new findings. However, the differences in the expression of immu-
nomodulatory markers and their remarkable correlations with each 
other, as well as quite similar pattern of expression observed amongst 
the clones of each group, particularly in fibroblastoid ones, should be 
considered more precisely. For instance, highly variable expression of 
FAS, VCAM1, and TGF-β, provide new evidences about the genes 
contributing the heterogeneity of amniotic clones. Furthermore, our 
previous study of pluripotency genes on these clones showed the same 
significant difference, though in the converse order; so that epithelioid 
cells have more potential to express the pluripotency genes whereas 
fibroblastoid cells expressed a higher level of immunomodulatory genes. 
There appears to be an inverse relationship between the genes involved 
in pluripotency and immunomodulatory as two of the most important 
processes attributed to the stem cell involvement in tissue regeneration. 
However, such a conclusion based on these primary findings is very 
crude and certainly needs to be more precisely studied. 
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