
 

 

 

 

 

 

 
  
 

  

Iranian Journal of Basic Medical Sciences 
 

ijbms.mums.ac.ir 

Male germ-like cell differentiation potential of human 
umbilical cord Wharton’s jelly-derived mesenchymal stem 
cells in co-culture with human placenta cells in presence of 
BMP4 and retinoic acid  
 

Nahid Ataie nejad 1, Fardin Amidi 2*, Marziyeh Agha Hoseini 3, Karim Nayer Nia 4, Mehryar 
Habibi 5, Abdol Mohammad Kajbafzadeh 6, Zohreh Mazaheri 7, Nazila Yamini 1 

 
1 Department of Reproductive Biology, Faculty of Medicine, Tehran University of Medical Sciences, Tehran, Iran 
2 Department of Anatomical Sciences, Faculty of Medicine, Tehran University of Medical Sciences, Tehran, Iran 
3 IVF Center, Shariati Hospital, Tehran University of Medical Sciences, Tehran, Iran 
4 Institute for Molecular Medicine and Cell Therapy, Düsseldorf, Germany and GENEOCELL, Advanced Molecular & Cellular Technologies, Tehran, Iran 
5 Blood Transfusion Research Center, High Institute for Research and Education in Transfusion Medicine, Tehran, Iran 
6 Pediatric Urology Research Center, Children Hospital Medical Center, Tehran University of Medical Sciences, Tehran, Iran 
7 Department of Anatomical Sciences, Faculty of Medical Sciences, Tarbiat Modares University, Tehran, Iran 

 

A R T I C L E I N F O  A B S T R A C T 

Article type: 
Original article 

 
Objective(s): Mesenchymal stem cells (MSCs) derived from Wharton’s jelly (WJ-MSCs) are now much 
more appealing for cell-based infertility therapy. Hence, WJ-MSCs differentiation toward germ layer 
cells for cell therapy purposes is currently under intensive study.  
Materials and Methods: MSCs were isolated from human Wharton’s jelly and treated with BMP4, 
retinoic acid (RA) or co-cultured on human amniotic epithelial (HAE) and chorionic plate (HCP) 
placenta feeder cells. profile of POU5F1, Fragilis, Plzf, DDX4, Piwil2, Stra8, Dazl, β1- and α6-integrins 
(ITΒ1, ITA6) genes expression as germ cell markers were analyzed using RT-PCR and real-time PCR. 
Immunocytochemistry of surface markers were conducted. 
Results: After 3 weeks treatment with different reagents and co-culture system, morphology of WJ-
MSCs  changed to shiny clusters and germ cell specific markers in mRNA were up-regulated in both 
placental feeder + RA and BMP4 + RA. Induction of hWJ-MSCs with BMP4 in presence of RA resulted in 
significant up-regulation (P≤0.05) of all germ cell specific genes (c-Kit; 2.84±0.59, DDX4; 1.69±0.39, 
Piwil2; 1.14±0.21, Dazl; 0.65±0.25, α6 integrin; 1.26±0.53, β1 integrins; 1.18±0.65) compared to 
control and placental feeder cells + RA. Our results indicated that HAE and HCP followed by RA 
treatment were involved in human germ cell development. 
Conclusion: We demonstrated that under the right conditions, hWJ-MSCs have the ability to 
differentiate to germ cells and this provides an excellent pattern to study infertility cause and 
treatment. 
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Introduction 
Efficient derivation of germ cells from different 

sources of stem cells in vitro, has been challenging in 
the treatment of male infertility (1-3). Researchers 
have attempted to produce germ cells in vitro by 
inducing different sources of stem cells, mostly iPSCs 
and embryonic stem cells, for germ cell 
transplantation (4, 5). Wharton’s jelly (WJ), has 
recently become the preferred source of stem cells, 
including mesenchymal stem cells (MSCs) (6), due to 
their rapid availability with a massive donor source, 
non-invasive collection with no risk or discomfort for 
the donor, no ethical restrictions, high in vitro 

proliferation rates and immunomodulatory effects 
for allogeneic cell transplantation (7). WJ-MSCs 
possess multipotent properties between embryonic 
and adult stem cells differentiating into adipogenic, 
osteogenic and chondrogenic progeny (8), however 
their relatively higher CFU-F and proliferative 
potential, higher telomerase activity, shorter 
population doubling times, and longer times to 
senescence, without loss of stem cell potency 
represent their more primitive stage than those 
derived from adult tissues (9).  

The ability to differentiate WJ-MSCs selectively 
depends in part on secreted growth and  
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differentiation factors that mimic the environment of 
a particular cell lineage. Bone Morphogenetic Protein 
4 (BMP4) and retinoic acid (RA) play the most 
important role in this pathway (10). In vitro Bmp4 
treatment enables bone marrow derived pluripotent 
stem cells to become primordial germ cells (PGCs) 
(11). In mice, PGCs differentiate at 7.25-E7.5, and are 
marked by expression of a germ cell specific gene 
called stella (Dppa3)(12). Also, Researchers have 
found that fetal male germ cells can respond to the 
presence of exogenously added RA in their medium 
to alter their sex-specific pathway (13). 

One of the strategies for manipulating stem cell 
differentiation is using feeder cell layers which are 
utilized in co-culture to mimic the effects of gonadal 
somatic cells and control PGC's differentiation from 
meiosis in the females to mitotic arrest in males (14). 
Co-culturing is assumed to be the most effective and 
also a safe strategy to prepare stem cells for clinical 
trials. Mitomycin-C-deactivated placental cells (as an 
alternative to irradiation to inhibit the feeder layer 
growth) are the perfect choice for feeder layer adapted 
from available aborted fetal tissues (15, 16). Human 
placenta feeder layers are considered a step forward 
strategy in clinical trials compared to the most common 
mouse embryonic fibroblast (MEF) feeders, excluding 
the risk of zoonosis from animal feeders (17). In this 
study, we examine germ-like cell differentiation 
potential of hWJ-MSCs co-cultured with placental cells 
in comparison with BMP4 or RA treatment. Our 
findings can improve germ cell differentiation from 
stem cells and make a new approach to male infertility 
treatment based on cell therapy. 

  

Materials and Methods 
Isolation, characterization and expansion of hWJ-
MSCs 

Fresh human umbilical cords (n=10) were 
obtained from full-term male babies  after cesarean 
section delivery  with informed consent using the 
guidelines approved by Tehran University of Medical 
Sciences’ Ethical Committee. Pregnant women              
with specific cases, such as intrauterine fetal death, 
maternal pre-eclampsia, infections, sexually 
transmitted diseases or hepatitis were excluded. 

The umbilical cords were processed for isolation 
of WJ-MSCs using previous studies (18) with slight 
modifications as follows: Briefly, after rinsing in 
normal saline (0.9% w/v sodium chloride), the cords 
were aseptically stored at 4 °C in sterile saline until 
processing. Next, the umbilical cord vessels were 
removed manually from cord segments, and the 
exposed Wharton’s jelly tissue was cut into very 
small pieces or explants, approximately 2–3 mm, 
before placing them in a tissue culture dish. The 
explants were inserted  into a drop of Dulbecco’s 
Modified Eagle’s Medium (DMEM; Gibco) containing 
10% fetal bovine serum (FBS; Sigma-Aldrich), 2 mm 
L-glutamine (Invitrogen, USA), 100 u/ml penicillin 

(Sigma-Aldrich), and 100 u/ml streptomycin (Sigma-
Aldrich) and 1 µg/ml amphotericin B for 5 min at 
room temperature. Afterward, they were plated in 25 
cm2 culture flasks and placed in 37°C humidified 
incubator with 5% CO2 to migrate cells from 
Wharton’s jelly tissue explants. The medium was 
changed after 2 days and replaced every 2 days. After 
8 days, the tissue was inspected under phase 
contrast light microscope to monitor cell migration. 
The whole adherent fraction was detached by 
trypsinization and replated using a 1:2 dilution 
factor. Spindle-shaped cells were used from the 
fourth passage for characterization. 

 
hWJ-MSCs Surface marker profiling by flow 
cytometry 

Passage 3 hWJ-MSCs were analyzed by flow 
cytometry to determine the pluripotent cell 
characteristics. After culture media removal, the cells 
were rinsed with PBS and trypsinized; cells were 
incubated with CD34-PE (phycoerythrin conjugated), 
CD45-FITC (fluorescein isothiocyanate), CD14-PE, 
CD73-PE, CD90-FITC, CD105-FITC and HLA-DR-FITC 
monoclonal antibodies (Abcam, UK) in dark for              
30 min at 4 °C. Negative control samples were 
incubated with FITC/PE-conjugated mouse IgG1 
isotype antibodies to help differentiate non-specific 
background signals from specific antibody signals. 
Cells were washed with PBS to remove unbound 
antibody and resuspended to analyze on a Partec 
PAS III flow cytometer (Partec GmbH, Münster, 
Germany). 

 
hWJ-MSCs differentiation to osteogenesis and 
adipogenesis lineages  

The differentiation potential of cells was 
examined on third passage of the hWJ-MSCs. For 
induction of osteogenic differentiation, the hWJ-
MSCs were plated in six-well plates at a density of 
10000 cells/cm2 in triplicates. After 48 hr, osteogenic 
differentiation medium (Sigma-Aldrich) was added 
to the cells, and the supplemented DMEM culture 
medium was added to the control cells. Medium 
refreshment was performed every 3–4 days for 21 
days. Finally, the cells were washed with PBS, fixed 
with 4% paraformaldehyde and stained with alizarin 
red (Sigma-Aldrich) to detect the presence of calcium 
deposition in osteocytes. 

For induction of adipogenic differentiation, the 
MSCs were plated in six-well plates at a density of 
10000 cells/cm2 in triplicates. After 48 hr, adipocyte 
differentiation medium (Sigma-Aldrich) was added 
to the cells. In case of controls, the supplemented 
DMEM culture medium was added to the cells (used 
as control group). The culture media were replaced 
every 3 days for 21 days. Finally, the cells were 
washed with PBS, fixed with 4% paraformaldehyde 
and stained with Oil Red (Sigma-Aldrich) to detect 
the presence of neutral lipid vacuoles in adipocytes. 
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hWJ-MSCs differentiation to male germ cells by 
BMP4 treatment 

hWJ-MSCs at passages 3 and 4 were treated with 
DMEM supplemented with 10% FBS, 1% pen/strep 
and BMP4 (10 ng/ml; Sigma-Aldrich) to differentiate 
into PGCs. These cells were cultured for 21 days in 
BMP4 containing media as described previously and 
harvested for upcoming assays. 

 
hWJ-MSCs differentiation to male germ cells by 
BMP4/RA treatment 

BMP4 was removed from the culture of 4 day 
BMP4 treated hWJ-MSCs. The cells were washed 
three times with serum-free medium before 
resuspension in RA treatment medium.  

BMP4 treated hWJ-MSCs passaged with 10% FBS 
and 1% pen/strep DMEM medium containing RA              
(1 µM; Sigma-Aldrich) for 17 days to induce sex-
specific pathway.  

 
Human amniotic epithelial (HAE) feeder cell and 
human chorionic plate (HCP) feeder cell 
preparation  

Human placenta feeder layers were prepared 
according to previous studies (19), with some 
modifications.  Placentas used in accord with Tehran 
University of Medical Sciences’ Ethical Committee 
principles, were obtained from HIV and hepatitis B 
negative pregnant women with male baby after 
obtaining written informed consent.  

First, the decidua parietalis was removed by 
careful scraping. The amnion and chorion were then 
manually separated and washed extensively in 
phosphate-buffered saline (PBS; Sigma), before being 
cut into small pieces (2 × 2 cm). Amnion fragments 
were incubated for 7 min at 37 °C in PBS containing 
2.4 U/ml dispase (Roche, Mannheim, Germany). After 
a resting period (5–10 min) at room temperature in 
DMEM medium (Gibco) supplemented with 10% 
fetal bovine serum (FBS; Sigma), the fragments were 
digested with 0.75 mg/ml collagenase (Roche) and 
20 µg/ml DNase (Roche) for approximately 3 hr at 
37 °C. Amnion fragments were then removed and 
mobilized cells were passed through a 100 µm cell 
strainer (BD Falcon, Bedford, MA) and the cells were 
collected by centrifugation at 200 × g for 10 min. We 
refer to these cells as amniotic mesenchymal                 
cells (AMCs). The collagenase-undigested amnion 
fragments were incubated with 0.25% trypsin 
(Sigma) at 37 °C for 2 min in order to obtain amniotic 
epithelial cells (AECs), which were collected by 
filtration and centrifugation as described above. 
Chorion fragments were subjected to two 8 min 
incubations in PBS containing 2.4 U/ml dispase at            
37 °C, separated by a resting period of 5–10 min in 
DMEM medium containing 10% FBS. The stromal 
and trophoblastic layers of the chorion were then 
separated from each other and digested separately 
with collagenase and DNase as described above. 

Mobilized cells from the stromal layer, called 
chorionic mesenchymal cells (CMCs), were then 
collected as above. The trophoblastic part of the 
chorion was further treated with 0.25% trypsin for 2 
min in order to detach the chorionic trophoblastic 
cells (CTCs), which were also collected.    HAE or HCP 
cells were placed in 25 cm2 tissue culture flasks 
containing 10% FBS and 1% Penicillin-Streptomycin 
DMEM. After 7 days of incubation at 37 °C in 5% CO2, 
cultured monolayers of HAE and HCP cells were 
treated with mitomycin-C (Sigma-Aldrich) for 3 hr to 
inhibit feeder cells mitosis. Then, the cells were 
trypsinized by 0.25% trypsin-EDTA to produce 
single-cell suspensions of feeder cells, which were 
cultured in sterile 3 cm tissue culture dishes for 3 
days. The full-seated HAE and HCP cells were used 
for feeder layers.  

 
hWJ-MSCs differentiation to male germ cells by co-
culturing system of HAE and HCP 

Initially, hWJ-MSCs at passages 3 and 4 were treated 
with 1 µM RA for 7 days and then seeded onto 
mitomycin C-treated HAE/HCP feeder layer for 14 days 
with the 10% FBS and 1% pen/strep DMEM low 
glucose culture medium. Finally, the 21 day co-cultured 
cells were harvested out for the future assays. For 
morphological cell assessment after treating with RA, 
the cells were transduced by virus before co-culturing 
on HAE or HCP. Briefly, 5×106 293T cells were 
transfected by a mixture consisting of pLox-EWGFP, 
PAX and PMD vectors. After passing 24, 48 and 72 hr 
post transfection, pooling the collected supernatants, 
centrifuging for 5 min at 1500 rpm to remove cell 
debris and passing through a 0.45 μm or 0.22 μm filter, 
the resulting supernatant, containing virus particles, 
was used for transduction. 

 
RNA extraction and RT-PCR analysis of hWJ-MSC 
derived cells  

Total RNA was extracted from treated or                          
co-cultured hWJ-MSC derived cells using TRIpure 
reagent (Roche, Germany) according to manufacturer 
instructions. Afterwards, cDNA was generated using 1 
μg of the isolated total RNA by a cDNA synthesis kit 
(Invitrogen, USA) according to the kit instructions.  

Appropriated primer sets for PGC and spermato- 
gonial specific markers, which are listed in Table              
1, including POU5F1, Fragilis, DDX4, Plzf and Piwil2 
(Mili), Stra8, Dazl, β1- and α6-integrins (ITΒ1,            
ITA6) were designed using Primer3 software. PCR 
reactions were performed using Taq DNA 
polymerase (Roche, Germany). The PCR mixture 
contained 1 µl template cDNA, 0.4 µM of each primer 
(1 µl), 0.2 mM of dNTPs (0.5 µl), 0.625 unit/25 µl 
reaction of Taq DNA polymerase (0.125 µl), 1.5 mM 
MgCl2 (0.75 µl) and 1X PCR Buffer (2.5 µl) in a total 
volume of 25 µl with distilled water. In an Eppendorf 
thermal cycler (Mastercycler® 5330) PCR reactions 
were performed as follows: 94°C for 3 min, 35 cycles 
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Table 1. Genes, primers, and sizes of amplification products (bp) for quantification of gene expression by real-time quantitative polymerase chain reaction 
 

Tm Code number Length Primer sequence Gene 

59 NM_000210.2 114 
F:5´-CCCTGATGTTGCTGTTGGTTC-3´ 
R:5´- TGGCGGAGGTCAATTCTGTTAG-3´ 

Itα6 

58 NM_002211.3 150 
F:5´-TAGCAAAGGAACAGCAGAGAAG-3´ 
R:5´-AGGTAGTAGAGGTCAATGGGATAG-3´ 

Itβ1 

61 NM_182489.1 149 
F:5´- AAGGACAGCGGCGTGGAC -3´ 
R:5´- CTGGCAAGCACTGAACTGGAG -3´ 

Stra8 

59 NM_00101801 133 
F:5´-AAGTTCAGCCTCAAGCATCAG- 3′ 
R:5´- CGTTGTGCGTTCTCAGGTG- 3′ 

Plzf 

58 NM_001166533.1 119 
F:5´- CTTAGACCCAGACGAATGTATGC-3´ 
R:5´-  GTTCACTTCCACTGCCACTTC-3´ 

Ddx4 

58 NM_001285987.1 133 
F:5´- CCATCTGCCGCTTTGAGG-3´ 
R:5´- ACGAGGGTTTCTGCTTTGC-3´ 

Pou5f1 

62 NM_001190811.1 98 
F:5´- GCTCGCCTGACGCCATCTTTG-3´ 
R:5´- GCTGATGAGGACTGGGTGCTG-3´ 

Dazl 

59 NM_001135721.1 122 
F:5´-TGGTTGGAGTAGGACGCTTG-3´ 
R:5´- GGGACGGTGTGCTGAAGG-3´ 

Piwil2 

58 NM_001025295.2 136 
F :5´- GCACCCTCTACCTGAATCTG-3´ 
R:5´- AGGATGTTGTAGCACTTGGC-3´ 

Fragilis 

 
of PCR at 94°C for 30 sec, 60 °C for 30 sec, 72 °C for 1 
min, and 72 °C for 5 min. GAPDH was used as a 
control housekeeping gene. 

 
Gel electrophoresis of PCR products 

PCR products were separated by electrophoresis on 
2% agarose gels (Merck, Germany) with TAE buffer, 
stained in ethidium bromide 0.5 mg/l aqueous solution 
for 10–15 min. Images of the gels were made using a 
White/Ultraviolet Transilluminator (UVP). 

 
Quantitative real-time PCR of hWJ-MSC-derived 
cells after treatment 

The extracted RNAs were subjected to quantitative 
real-time PCR analysis to evaluate the expression level 
of pluripotency markers. First-strand cDNA was 
generated as described above. Quantitative real-time 
PCR was performed in triplicate by SYBR green real-
time master mix (Takara, Japan) in Rotor gene 3000 
system (Corbett, Germany). SYBR Green master mix 
was added to each well of the PCR reactions (10 μl of 
SYBR Green, 6 μl of water, 1 μl of primers and 2 μl of 
cDNA). Real-time PCR reactions were as follows, 40 
cycles at 95°C for 10 sec and 60°C for 60 sec. Real-time 
PCR data and relative quantification were analyzed 
using the Bio-Rad CFX Manager. Following the DC 
method, the cycle threshold (Ct) was calculated 
automatically and normalization was carried out 
against human Gapdh Ct value.  

 
Immunocytochemistry (ICC) 

Cells were passaged to coverslips and fixed with 
4% (vol/vol) paraformaldehyde in 0.01 M PBS to 
perform immunocytochemistry. The samples were 
incubated with blocking buffer containing 10% 
normal goat serum and 0.3% Triton® X-100 for 1 hr 
at room temperature. Then, the samples were 
incubated with anti-SSEA4 primary antibody (1:100; 
Abcam, UK), DDX4 (1:100; Abcam, UK), c-Kit (1:100; 
Abcam, UK) at 4 °C overnight. After washing three 

times with PBS, the samples were incubated with 
secondary anti-rabbit IgG-FITC and anti-rabbit IgG-
PE (Abcam, UK) antibodies. Finally, the samples  
were washed 3 times with PBS and observed under 
fluorescence microscope. Images were captured 
using a Zeiss LSM 5 fluorescent microscope.  

 
Statistical analyses   

Data were presented as mean±SD (standard 
deviation) and were analyzed using one-way 
repeated measure analysis of variance (ANOVA) 
followed by Tukey’s post hoc test. P-values < 0.05 
were considered statistically significant. 

 

Results 
hWJ-MSC displayed fibroblastic morphology and 
expressed MSCs specific non-hematopoietic 
surface markers  

Following disruption of umbilical cord tissue and 
isolation of hWJ-MSCs, their morphological 
characters were inspected under inverted 
microscope at passages 1, 3 and 10 (21st day). 
Microscopic observations confirmed the fibroblastic-
like appearance of the isolated cells which was 
similar to other MSCs (Figure 1). 
 
Identification of hWJ-MSC 

hWJ-MSCs were labeled with PE- or FITC-
conjugated antibodies and examined by flow 
 

 
 

Figure 1. Morphology of human Wharton’s jelly Mesenchymal 
Stem Cells (hWJ-MSCs). passage 1; fibroblast-like hWJ-MSCs (A), 
passage 3 (B), and passage 4 (21st day) (C) 

http://www.ncbi.nlm.nih.gov/entrez/viewer.fcgi?db=nucleotide&id=119395741
http://www.ncbi.nlm.nih.gov/entrez/viewer.fcgi?db=nucleotide&id=182519230
http://www.ncbi.nlm.nih.gov/entrez/viewer.fcgi?db=nucleotide&id=32698789
http://www.ncbi.nlm.nih.gov/entrez/viewer.fcgi?db=nucleotide&id=553727232
http://www.ncbi.nlm.nih.gov/entrez/viewer.fcgi?db=nucleotide&id=299829261
http://www.ncbi.nlm.nih.gov/entrez/viewer.fcgi?db=nucleotide&id=209180417
http://www.ncbi.nlm.nih.gov/entrez/viewer.fcgi?db=nucleotide&id=401461790
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Figure 2. Identification of human Wharton’s jelly Mesenchymal Stem Cells (hWJ-MSCs) passage 4. These cells were labeled with PE or FITC 
conjugated antibodies and examined by flow cytometry. The cells were positive for CD-90, CD-105 and CD-73 and negative for CD-34, CD-
45, CD-14 and HLA. Data are representative of three independent experiments 

 
cytometric analysis, which confirmed the presence of 
MSC markers (including CD105, CD90 and CD73) and 
the absence of hematopoietic stem cell markers 
(including CD34 and CD45) and also leukocytes 
marker (CD14) and human leukocyte antigen (HLA)-
DR. Taken together, flow cytometry confirmed the 
MSC characteristics of the hWJ-MSCs at the third 
passage (Figure 2). 

 
hWJ-MSCs were able to differentiate to osteocytes 
and adipocytes 

After isolation and proliferation of the hWJ-MSCs, 
osteogenic differentiation was induced. Twenty one 
days after induction, the adipogenic differentiation 
capacity of the isolated cells was confirmed following 
staining of intra cytoplasmic lipid droplets by Red Oil 
stain (Figure 3-A). In addition, the alizarin red S 
staining of the cells confirmed their osteogenic 
differentiation (Figure 3-B).  

 
Morphological changes in hWJ-MSCs after 
induction 

To induce hWJ-MSCs into germ cells, hWJ-MSCs 
were treated with BMP4, RA or co-cultured on HAE 
and HCP during 21 days. Morphological changes 
were observed every day under a phase contrast 
microscope. After passing 7 days, the cells typically 

appeared as slender spindles and formed a tadpole-
like shape (Figure 1 A). However, the flat , wide or 
polygonal cells in the initial induction (Figure 4 A) 
almost disappeared at the 21st incubation day, and 
their density was looser in induced experimental 
groups compared with untreated cells cultured in 
basic culture medium (Figure 4 B-D). The 
morphology of these tadpole-like cells did not change 
significantly up to day 7 of treatment in any of the 
experimental groups (Figure 4 B-D). All groups 
containing treated and untreated hUMSCs were 
100% confluent on day 14 and changed 
morphologically from slender spindles to shiny  
 

 
Figure 3. Differentiation of human Wharton’s jelly Mesenchymal 
Stem Cells (hWJ-MSCs) to osteogenesis and adipogenesis lineage; 
(A) Adipogenic lineages derived from hWJ-MSCs (Oil Red-O 
staining); Accumulation of intracellular lipid droplets, (B) 
Osteogenic lineages derived from hWJ-MSCs (Alizarin Red-S 
staining); Calcium deposits in differentiation cells 
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Figure 4. Comparison of morphological changes in differentiated human Wharton’s jelly Mesenchymal Stem Cells (hWJ-MSCs) (B–D)  with 
undifferentiated hWJ-MSCs, (A) at different times (days 7, 14, 21). RA;   Retinoic acid, BMP4; Bone morphogenic protein 4, HAE; Human 
Amniotic Epithelium, HCP; Human Chorionic Plate 

 
clusters at the 21st treatment day (Figure 4 A-D). 
Indeed, the transfected cells for tracing morphology 
of cell on placental feeder layers were apoptosed 
after RA induction and removed (Figure 5). 
 
Immunocytochemistry staining of specific germ 
cell markers 

The expression of germ cell-specific markers, the 
SSEA4, DDX4 and cKit, was analyzed by 
immunofluorescence staining at 21st day of 
differentiation stage. All markers were expressed in 
hWJ-MSCs treated with BMP4/ RA or co-cultured on 
HAE and HCP at 21st day (Figure 6). 
 
Expression of germ cell specific genes in hWJ-MSC-
derived cells  

hWJ-MSC-derived cells from BMP4/RA or 
placenta feeder layer co-culture were checked for 
markers of PGC and spermatogonia, as follows:  
 

 
Figure 5. Comparison of morphological changes in transduced 
human Wharton’s jelly Mesenchymal Stem Cells (hWJ-MSCs) after 
retinoic acid treatment (B), and placental cells co-culturing (C), 
with undifferentiated hWJ-MSCs (A), on day 21, passage 4. HEK 
293 was used to produce viruses for transduction of hWJ-MSCs 

POU5F1, Fragilis, DDX4, Plzf and Piwil2 (Mili), Stra8, 
Dazl, Itβ1 and ITA6. RNA isolated from human 
testicular tissue served as a positive control. All the 
cells and also the testis sample were positive for 
POU5F1 gene. All cells were positive for POU5F1, 
fragilis, Dazl, ITA6 and Itβ1with slight expression 
differences. However, expression of STRA8 was 
negative in all detected samples. DDX4 was highly 
expressed in the testis sample, although it was rarely 
seen in control, BMP4/RA and treated cells, except 
placenta feeder cell co-cultured hWJ-MSCs which did 
not express this marker. Piwil2 expression was  

 

 
 

Figure 6. Immunofluorescence of male germ cell markers, DDX4, 
c-Kit and SSEA4 in differentiated human Wharton’s jelly 
Mesenchymal Stem Cells (hWJ-MSCs) treated with BMP4 + 
retinoic acid 21 days post induction. Nuclei were stained with 
DAPI (4´, 6´-diamidino-2-phenylindole) staining. Magnification; 
100X  
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Figure 7. RT PCR analysis. Differentiation stages initiated 4 
passage human Wharton’s jelly Mesenchymal Stem Cells (hWJ-
MSCs) and ended in spermatogonial colony like cells. GAPDH was 
chosen as an internal control and adult testis was positive control. 
RA; Retinoic acid, hzBMP4; Bone morphogenic protein 4, HAE; 
Human Amniotic Epithelium, HCP; Human Chorionic Plate 

 
significant in testis and BMP4/RA treated hWJ-MSCs 
compared to its lower expression in control hWJ-
MSCs and no expression in HCP co-cultured hWJ-
MSCs as well as Plzf (Figure 7). 
 
Real-time PCR expression analysis of control hWJ-
MSCs and treated cells genes profile 

Quantitative real-time PCR analysis of hWJ-MSCs, 
BMP4/RA treated hWJ-MSCs and placenta feeder layer 
co-cultured hWJ-MSCs indicated high expression level 
of cKit marker compared to hWJ-MSCs and hWJ-MSCs 
and placenta feeder layer co-cultured hWJ-MSCs. This 
increase was significant (P≤0.05). The results showed 
expression of DDX4, ITA6, Piwil2 and Dazl was 
increased significantly (P≤0.05) compared to other 
groups. The ITΒ1 gene was over expressed (P≤0.05) in 
hWJ-MSCs, BMP4/RA treated hWJ-MSCs compared to 
placenta feeder layer co-cultured hWJ-MSCs. All of 
experimental groups expressed the POU5F1 gene 
(P≤0.05))Figure 8(. 

 

Discussion 
In vitro derived germ cells are very useful              

tools for understanding molecular and cellular 
mechanisms of male infertility, establishment of 
therapeutic approaches for male infertility and 
provide testing systems to examine toxicological 
effects of drugs on human germ cells (20). Although 
several studies have shown that germ cells can                
be differentiated from mouse and human embryonic 
and adult stem cells, human germ cells differentiated 
in these studies generally did not develop beyond  
the earliest stages (21). In the present work, human 
Wharton’s jelly was used; our reasons for looking           
at Wharton’s jelly as a source of primitive cell types 
were easy proliferation and expansion, low 
immunogenicity, high differentiation capacity to 
other cell lineages and treating neural, spinal and 
somatic diseases, absence of moral and ethical 

 
 
Figure 8. Real-time PCR analysis. mRNA levels were normalized 
with respect to GAPDH, chosen as an internal control. 
Differentiation stages initiated 4 passage human Wharton’s jelly 
Mesenchymal Stem Cells (hWJ-MSCs) and ended in 
spermatogonial colony like cells. Histograms show mean 
expression values (± SD, n=3; p ≤ 0.05).α, β, μ, δ and λ: significant 
difference with other groups in the same gene; *: significant 
difference with control (hWJMSC) and Wj+BMP4+RA groups in 
ITΒ1 gene. RA; Retinoic acid, BMP4; Bone morphogenic protein 4 

 
problems, high immune tolerance in 
transplantations, and interestingly, harvesting 
without any pain or discomfort. It illustrates the 
ability of WJCs to differentiate in osteogenic and 
adipogenic lineages further evidencing their 
pluripotency. These cells had spindle-shaped 
elongated morphology similar to fibroblastoid cells. 
This characteristic was visible up to the end of 
culturing. A positive response for CD105, CD73, 
CD90 mesenchymal markers and a negative response 
for CD34, CD45 and CD14 hematopoietic markers 
were detected in hWJCs in fourth passage. Overall, 
the data reported in this study strongly indicate that 
the cells derived from Wharton’s jelly belong                 
to the mesenchymal stem cell population. Wharton’s 
jelly cells have been cultured for more than 80 
population doublings with no indications of 
senescence, alterations in shape, improved growth 
rate, or change in capability to differentiate into 
neurons. Wharton’s jelly cells have telomerase 
activity discovered in human embryonic stem cells 
(22). hUMSCs in Wharton’s Jelly of the umbilical cord 
seem to be a favorable source of stem cells                         
for conversion into male germ like cells, because of 
large potential donor source, immediate accessibility, 
lack of discomfort to the donor, and low risk of 
rejection, as shown in this study, as a negative HLA 
marker. Therefore, hUMSCs in Wharton’s Jelly of the 
umbilical cord have the potential to become              
an excellent candidate in cell replacement therapy           
of infertility (23). Our data revealed that the                      
21 days of hWJ-MSCs differentiation in vitro, 
transmembrane tyrosine kinase receptor KIT (c-KIT) 
/DDX4/Piwil2/alfa6 and beta 1 integrin genes level 
increased in RA + BMP4 and RA+ placental feeder 
cells groups compared to control group. We 
observed that treatment with RA and placental 
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feeder cells decreased all examined germ cell makers 
compared to RA + BMP4 group. RA, an active 
derivative of vitamin A, influences germ cell 
differentiation and is required for the transition into 
meiosis for both female and male germ cells.                      
RA receptors (RARs) are expressed in both Sertoli 
cells and germ cells, which can be stimulated by            
RA. Retinoids are involved in the regulation of 
testicular functions, which appear to be necessary 
for spermatogenesis and the development of 
spermatocytes through early stages of meiosis. RA 
promotes differentiation of ESCs and bone marrow 
cells into germ (24), Furthermore, BMP4 leads to 
expression of PGCs specific genes such the Dpp3a 
(Stella), Fragilis, mouse vase homologue (Mvh) gene 
(25, 26). In the present study, we found hUMSCs 
changed morphologically to shiny clusters after 
incubation in this culture system, although we could 
not observe the round cell type that had been 
reported by other groups. Perhaps long-term culture 
is needed for the round cell shape. However, the 
expression of germ-cell specific genes such as c-
Kit/DDX4/Piwil2/alfa6 and beta 1 integrin in the 
differentiated hUMSCs confirmed that hUMSCs can 
differentiate into germ cells. To analyze germ cell 
characteristics of induced hUMSCs we examined the 
expression of mRNA and protein markers diagnostic 
of germ cell development at different stages of 
HUMSC differentiation. C-Kit is a germ-cell enriched 
gene highly expressed in PGCs. It is expressed in early 
spermatogenic cells and in later stages of 
spermatogenesis, particularly in the acrosomal 
particles of the round spermatids and the acrosomal 
region of testicular spermatozoa (27). Intergrin a6 is the 
surface marker of spermatogonial stem cells (28).  Integrins 
such as αv, α6, and β1 are also expressed on adult 
spermatogonia (28, 29). However, not only prospermatogonia 
and adult undifferentiated spermatogonia but also somatic 
cells in the testis express all of these markers (30). 

Vasa mRNA and protein levels are abundant and specific 
in germ cells of both sexes throughout development. In 
humans, Vasa protein is present in migrating primordial germ 
cells. During normal spermatogenesis, Vasa expression is 
relatively weak to intermediate in spermatogonia, intensive in 
spermatocytes/spermatids, and absent in spermatozoa (30). 

In this study, we observed Vasa expressed in RA + 
BMP4 and RA + placental feeder cells treated hUMSCs 
Piwil2 is sharply expressed in spermatids and partially in 
primary spermatocytes on day 14 post-fertilization, and 
acts as a germline–sertoli–germline signaling cycle.              
Piwil2 knockout mice have uncompleted spermiogenesis 
initiation (31-33). In both male and female mice and 
humans, Dazl is expressed primarily by PGCs in the fetal 
gonads (34) and throughout gametogenesis (35). In the 
male, Dazl is expressed during spermatogenesis in 
gonocytes, spermatogonia and primary spermatocytes 
(36). During meiosis, Dazl is translocated from the nucleus 
of the spermatogonia into the cytoplasm of secondary 
spermatocytes, spermatids and spermatozoa (36, 37). 
Overall, in the present study, we concluded that RA is able 
to differentiate mesenchymal stem cells into male germ 
like cells. This support should be followed by BMP4 or 

feeder cells to achieve the best results in vitro male germ 
cell differentiation. We introduced an efficient model to 
access male germ cells based on mRNA level of germ 
specific markers.  
 

Conclusion 
Our findings provide a novel effective approach for 

generation of germ cells in vitro and studying the 
interaction of germ cells with specific inducers and the 
feeder layers. Our work represents an essential step 
towards gaining knowledge of the molecular properties of 
hWJ-MSCs in the field of cell therapy and infertility. We 
demonstrated that under appropriate conditions, hWJ-
MSCs have the ability to differentiate into germ cells. 
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