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Fig. (4) 

A- A photomicrograph of C. S. of head of a 22-days-old rabbit fetus showing; 
Nares rostralis (NR) covered by Epithelium stratificatum squamosum cornifi-
catum (EpSSC) with keratohyaline granules which were present in the most 
superfacial layer specially in covering epithelium of the rostral part of Vestib-
ulum nasi (VN), Cavum nasi (CN). (H.E. stain 40X). 

B-   A photomicrograph of C. S. of head a 22-days-old rabbit fetus old showing; 
Vestibulum nasi (VN) lined by thick Epithelium stratificatum squamosum 
cornificatum (EpSSC), Glandula nasalis vestibulum (GNV) and Glandula sub-
mucosum (GSM). (H.E. stain 100X). 

C-  A scanning electron micrograph (SEM) of the head a 30-days-old rabbit fetus 
showing; the right and left nostril (N) were clear formation and opened re-
semble postnatal. 

D-  A photomicrograph of C. S. of the head of a 30-days-old rabbit fetus show-
ing; Vestibulum nasi (VN) was lined by Epithelium stratificatum squamosum 
cornificatum (EpSSC), Septum nasi (SN). (H.E. stain 40X). 

E- Please do the same as in figs 1,2 
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Abstract  
The toxic effects and mechanism of 
soy isoflavones such as genistein 
and diadzein on the early embryonic 
development and differentiation are 
still unknown. We aimed to elucidate 
the developmental and differentia-
tion alterations occurred after either 
single exposure or co-exposure of 
soy isoflavones (Genistein and Di-
adzein) on the mEScs in order to un-
derstand the effects and possible 
pathways of phytoestrogen treat-
ments on the early embryonic devel-
opment. In the pre-sent study, 
mouse embryonic stem cells (mEBs) 
differentiate when exposed to differ-
ent concentrations of genistein 
and/or diadzein for 5 days and their 
proliferation, apoptosis and differen-
tiation capacities were evaluated us-
ing RT-qPCR analysis. Our results 
confirmed that soy phytoestrogens 

had differential effects on regulation 
of proliferation and apoptosis and the 
differentiation ability of the mouse 
stem cells at different levels varies 
from increase in the differentiation 
markers of the three germ layers or 
only ectoderm markers together with 
up regulation of Oct4 and Rex1 tran-
scription factors and in some cases 
with down regulation of Nanog in 
comparison with the control condi-
tion and these variations depend on 
the concentration and whether single 
or co-treatment of these soy phy-
toestrogens were used. All of these 
effects appeared to be related to 
down regulation effect of Esrrb. Our 
entire result concluded that soy iso-
flavones might disturb differentiation 
of mEBs and these phytochemicals 
may function via the estrogen related 
receptor β (ESRRβ)-mediated path-
way. 
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Introduction  
Chemicals in our foods cause severe 
problems throughout pregnancy es-
pecially in the early critical develop-
mental phase while the main body 
systems of the fetus are developing 
(Barouki et al., 2012). About 10% of 
the birth defects are due to the expo-
sure of mothers to the teratogenic 
agents during pregnancy. So, it be-
comes essential to evaluate the toxi-
cological safety of any phytochemi-
cals consumed by pregnant women 
and it is important to focus carefully 
on the deleterious molecular 
changes induced by these agents 
(Vandenberg et al., 2002). Develop-
ment of rat embryo is affected by ter-
atogens mostly during the process of 
organogenesis, which is recognized 
as the time period from the occur-
rence of the neural plaque to the clo-
sure of the plate.  This period starts 
on the 6th day and going on for 10 
days (Barouki et al., 2012).   
 
Recently, Embryonic Stem Cells 
(EScs) are considered a useful 
model to investigate the processes of 
embryogenesis and differentiation as 
this process is similar to that oc-
curred within the intact blastocyst. 
Some protocols are established for 
differentiation of mouse embryonic 

stem cells (mES) depending on the 
formation of embryoid bodies (EBs) 
to initiate formation of the three germ 
lineages: endoderm, ectoderm and 
mesoderm. During EB formation in 
vitro, only a small fraction of differen-
tiated definitive endodermal cells 
arise while a predominance of ecto-
dermal and mesodermal cells  is 
generated (Martin, 1981). These pro-
cedures based on the ability of 
Mouse ES cells to remain undifferen-
tiated when cultured in media con-
taining serum and leukemia inhibi-
tory factor (LIF), a cytokine while, in-
duction of the Es cell differentiation 
into an embryoid body, a three-di-
mensional mass of cells of the vari-
ous lineages resembling an early 
embryo, was reported to occurred in 
case of culture of Es cells without LIF 
(Zandstra et al., 2000). Proceeding 
from this point, novel test systems 
based on embryonic stem cell (ESC) 
tests are widely used in various ar-
eas of in vitro toxicology and biomed-
icine, and considered as future alter-
natives to animal testing together 
with using different assessment 
methods such as measuring the ex-
pression of marker genes that ex-
pressed during the differentiation of 
the ES cell into an embryoid body, 
where it helps evaluating the effects 
occurred to the embryonic stem cells 
and the developing embryoid bodies 
which in turn improving the toxicolog-
ical risk assessment (Pellizzer et al., 

                              

2005). Quantitative gene expression 
analyses using real-time quantitative 
polymerase chain reaction (PCR) in 
the presence or absence of test 
chemicals is commonly used to de-
tect the genetic modifications caused 
by these treatment (Bremer et al., 
2001). However, previous studies 
have not comprehensively examined 
the effects of soy phytoestrogens 
mixture on mEScs or mEB. 
 
Genistein and diadzein are the prin-
cipal isoflavones phytoestrogens 
that are found in soybean and other 
legumes (Delmonte et al., 2006). 
Normal range of total genistein con-
centration was measured as 0-4192 
nM with a mean of 501.9 nM from the 
serum of Japanese women (Setchell 
et al., 2011). Isoflavones are struc-
turally similar to estrogen.  Moreover; 
genis-tein and diadzein can bind with 
and transactivate estrogen receptors 
(ER) (Sakamoto, 2009). 
There were no previous studies eval-
uating the genetic/epigenetic 
changes that induced during the dif-
ferentiation of mouse EScs as a re-
sult of exposure to these isoflavones 
either singly or in a combined treat-
ment. Therefore, the current study 
aimed  to shed light on the develop-
mental alterations that occur follow-
ing either single exposure or co-ex-
posure of soy isoflavones (Genistein 
and Diadzein ) on the differentiation 
and proliferation capacities of the 

mEScs in order to understand the ef-
fects and mechanism of phytoestro-
gen treatments on the early embry-
onic development. This in turn may 
provide useful insights into the ex-
pected risks to human populations 
and to regulate the use of such com-
pounds to reduce the risk of the de-
velopmental anomalies. 
 
Materials and methods 
Mouse Embryonic stem cells  
(mEScs) culture: 
ES-E14TG2a (ATCC® CRL-1821™) 
embryonic stem cells were cultured 
and maintained in embryonic stem 
(ES) medium with routinely changing 
the medium every day and subcul-
ture three times per week in a ratio of 
1:5 as previously reported by (Nagy 
et al., 2003) in a humid atmosphere 
at 37° C and 5% CO2. The culture 
medium consisted of Dulbecco’s 
modified Eagle’s medium (Gibco) 
supplemented with 10% fetal bovine 
serum (Sigma), 1 mM non-essential 
amino acids (Gibco), 100 μM 2-mer-
captoethanol (Sigma), 100u/ml Peni-
cillin-Strepto-mycin (Gibco), 1 mM L-
glutamine (Gibco) and 1,000 U/ml 
LIF (Home-made) on gelatin coated 
dishes as described by (Ema et al., 
2008). 
 
In vitro Differentiation procedure 
(Embryoid bodies’ formation): 
The mEScs differentiation is induced 
by suspension culture where a single 



J. Vet. Anat.                                                                             Vol. 11, No. 2, (2018) 69 - 9071

Influence of soybean phytoes trogens on mouse s tem cells                         El-Mahdy et al.,                                                                                    

                              

Keywords: Phytoestrogens, Differ-
entiation, Embryonic Stem cell, 
ESRRβ. 
 
Introduction  
Chemicals in our foods cause severe 
problems throughout pregnancy es-
pecially in the early critical develop-
mental phase while the main body 
systems of the fetus are developing 
(Barouki et al., 2012). About 10% of 
the birth defects are due to the expo-
sure of mothers to the teratogenic 
agents during pregnancy. So, it be-
comes essential to evaluate the toxi-
cological safety of any phytochemi-
cals consumed by pregnant women 
and it is important to focus carefully 
on the deleterious molecular 
changes induced by these agents 
(Vandenberg et al., 2002). Develop-
ment of rat embryo is affected by ter-
atogens mostly during the process of 
organogenesis, which is recognized 
as the time period from the occur-
rence of the neural plaque to the clo-
sure of the plate.  This period starts 
on the 6th day and going on for 10 
days (Barouki et al., 2012).   
 
Recently, Embryonic Stem Cells 
(EScs) are considered a useful 
model to investigate the processes of 
embryogenesis and differentiation as 
this process is similar to that oc-
curred within the intact blastocyst. 
Some protocols are established for 
differentiation of mouse embryonic 

stem cells (mES) depending on the 
formation of embryoid bodies (EBs) 
to initiate formation of the three germ 
lineages: endoderm, ectoderm and 
mesoderm. During EB formation in 
vitro, only a small fraction of differen-
tiated definitive endodermal cells 
arise while a predominance of ecto-
dermal and mesodermal cells  is 
generated (Martin, 1981). These pro-
cedures based on the ability of 
Mouse ES cells to remain undifferen-
tiated when cultured in media con-
taining serum and leukemia inhibi-
tory factor (LIF), a cytokine while, in-
duction of the Es cell differentiation 
into an embryoid body, a three-di-
mensional mass of cells of the vari-
ous lineages resembling an early 
embryo, was reported to occurred in 
case of culture of Es cells without LIF 
(Zandstra et al., 2000). Proceeding 
from this point, novel test systems 
based on embryonic stem cell (ESC) 
tests are widely used in various ar-
eas of in vitro toxicology and biomed-
icine, and considered as future alter-
natives to animal testing together 
with using different assessment 
methods such as measuring the ex-
pression of marker genes that ex-
pressed during the differentiation of 
the ES cell into an embryoid body, 
where it helps evaluating the effects 
occurred to the embryonic stem cells 
and the developing embryoid bodies 
which in turn improving the toxicolog-
ical risk assessment (Pellizzer et al., 

                              

2005). Quantitative gene expression 
analyses using real-time quantitative 
polymerase chain reaction (PCR) in 
the presence or absence of test 
chemicals is commonly used to de-
tect the genetic modifications caused 
by these treatment (Bremer et al., 
2001). However, previous studies 
have not comprehensively examined 
the effects of soy phytoestrogens 
mixture on mEScs or mEB. 
 
Genistein and diadzein are the prin-
cipal isoflavones phytoestrogens 
that are found in soybean and other 
legumes (Delmonte et al., 2006). 
Normal range of total genistein con-
centration was measured as 0-4192 
nM with a mean of 501.9 nM from the 
serum of Japanese women (Setchell 
et al., 2011). Isoflavones are struc-
turally similar to estrogen.  Moreover; 
genis-tein and diadzein can bind with 
and transactivate estrogen receptors 
(ER) (Sakamoto, 2009). 
There were no previous studies eval-
uating the genetic/epigenetic 
changes that induced during the dif-
ferentiation of mouse EScs as a re-
sult of exposure to these isoflavones 
either singly or in a combined treat-
ment. Therefore, the current study 
aimed  to shed light on the develop-
mental alterations that occur follow-
ing either single exposure or co-ex-
posure of soy isoflavones (Genistein 
and Diadzein ) on the differentiation 
and proliferation capacities of the 

mEScs in order to understand the ef-
fects and mechanism of phytoestro-
gen treatments on the early embry-
onic development. This in turn may 
provide useful insights into the ex-
pected risks to human populations 
and to regulate the use of such com-
pounds to reduce the risk of the de-
velopmental anomalies. 
 
Materials and methods 
Mouse Embryonic stem cells  
(mEScs) culture: 
ES-E14TG2a (ATCC® CRL-1821™) 
embryonic stem cells were cultured 
and maintained in embryonic stem 
(ES) medium with routinely changing 
the medium every day and subcul-
ture three times per week in a ratio of 
1:5 as previously reported by (Nagy 
et al., 2003) in a humid atmosphere 
at 37° C and 5% CO2. The culture 
medium consisted of Dulbecco’s 
modified Eagle’s medium (Gibco) 
supplemented with 10% fetal bovine 
serum (Sigma), 1 mM non-essential 
amino acids (Gibco), 100 μM 2-mer-
captoethanol (Sigma), 100u/ml Peni-
cillin-Strepto-mycin (Gibco), 1 mM L-
glutamine (Gibco) and 1,000 U/ml 
LIF (Home-made) on gelatin coated 
dishes as described by (Ema et al., 
2008). 
 
In vitro Differentiation procedure 
(Embryoid bodies’ formation): 
The mEScs differentiation is induced 
by suspension culture where a single 
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mouse embryonic stem cell multi-
plied and differentiated while sus-
pended in a liquid ES medium with-
out LIF (Leukemia inhibitory Factor) 
for 5 days until the formation of sphe-
roid aggregations of cells represent-
ing the mouse embryoid bodies 
(mEBs). 

 
Chemicals exposure: 
Both Genistein (GEN) (Wako # 446-
72-0) and diadzein (DIAD) (Sigma-
Aldrich #486-66-8) of 98.0% purity 
were dissolved in dimethyl sulfoxide 
(DMSO) (Wako# DSL 6103) for fur-
ther evaluation. Using of DMSO as a 
solvent control, the final DMSO con-
centration in all the samples was 
0.01% (v/v).   The mEScs were ex-
posed to a single or combined low 
concentration (10 μM) of genistein 
and /or diadzein as well as a single 
or combined high concentration of 50 
μM of genistein and /or diadzein. 
Treatment of mES cells was done 
from day 0 to day 5 of in vitro differ-
entiation and divided into 7 groups as 
following: GEN 10, GEN 50 with a 
concentration of 10 and 50 μM of 
genistein, respectively; DIAD10, 
DIAD50 with a concentration of 10 
and 50 μM of diadzein, respectively; 
DIAD10+GEN10 in which a combi-
nation of 10 μM of both phytoestro-
gens occurred; DIAD50+GEN50 in 
which a combination of 50 μM of both 
phytoestrogens occurred; while the 
last group was the control one where 

ES media only contained the solvent. 
All are done in triplicate in three sep-
arate experiments. Samples were 
collected at the end of day 5 of mEBs 
differentiation. 
 
Assessment of growth of the em-
bryoid bodies:   
To assess the growth of the cultured 
embryoid bodies, photographs were 
taken using the BIOREVO Keyence 
bz-9000 inverted microscope and 
analyzed using the Keyence bz-9000 
microscope analyzer software by 
measuring the diameters of the 
formed embryoid bodies. 
Evaluation of the influence of these 
different treatments on the size of the 
embryoid bodies was done by two 
methods of analysis: (1) Mean eval-
uation of the diameter of all formed 
EBs and the obtained result was ex-
pressed as Mean ± SE; (2) Because 
the EBs showed variation in size 
within the same group so, the diam-
eter measurement was classified 
into 6 groups: (20-39μm), (40-59 
μm), (60-79 μm), (80-99 μm), (100-
119 μm) and (120-160 μm) and the 
obtained result was expressed as % 
from the totally formed Ebs. .   
 
RNA isolation and cDNA for-
mation.  
Total RNA was isolated using 
ISOGEN reagent (Nippon gene co., 
ltd. Japan) according to the manufac-
turer’s protocol. The first strand com-

                              

plementary DNA (cDNA) was syn-
thesized from 1 µg of total RNA using 
QuantiTect Rev. Transcription Kit 
(Qiagen) according to the manufac-
turer’s protocol. 
 
Real time quantitative polymerase 
chain reaction (RT-QPCR)  

RT-qPCR analysis of gene expres-
sion profiles of ES cells was used to 
analyze the relative level of expres-
sion of specific mRNAs, the amount 
of cDNA was normalized to βactin 
mRNA.  Differentiation and stem-
ness markers mRNAs at specific 
stages of ES cell differentiation were 
compared with that of the undifferen-
tiated ES cells. Quantitative PCR 
was performed in Thermal Cycler 
Dice Real Time System (Takara Bio 
Inc., Otsu, Shiga, Japan) using 
SYBR P Premix EX Taq II (Takara 
Bio Inc.) The amplification program 
included an initial step at 95°C for 15 
minutes, followed by 40 cycles of de-
naturation at 95°C for 15 seconds, 
annealing at 60°C for 20 seconds, 
and extension at 72°C for 30 sec-
onds. Data were normalized against 
the expression of β-actin gene. Pri-
mer sequences are listed in Table 
(1).  

 
Statistical analysis: 
Three independent experiments 
were conducted in each study, and 
the results were expressed as 

mean ± SE. The statistical differ-
ences between the groups were de-
termined by analysis of variance 
(one way ANOVA) using SPSS® 
software (Statistical Package for So-
cial science, version 17.01, IIIinois, 
USA). The statistical significance 
was set at P >0.05, while considered 
highly significant at P <0.01. 
 
Results  
1. Effects of phytoestrogen treat- 

ment on Embryoid bodies 
(mEBs) formation 

The presence of phytoestrogens in 
the medium did not prevent mEBs 
formation, which appeared as spher-
ical masses after culturing mouse 
stem cells in a suspension ES me-
dium   without LIF in all the experi-
ment-tal groups (Fig 1.a). Evaluation 
of the effect of these different phy-
toestrogens treatments on the size of 
the formed embryoid bodies re-
vealed the following:  
1.a Genistein (GEN) treatment  
There was a significant decrease 
(P<0.05) in the size of the embryoid 
bodies exposed to low concentration 
of genistein (GEN 10) as compared 
with that of the control group (Fig 1a 
& b). It was noticed an increase in the 
percentage of moderate sized mEBs 
(60-79μm in diameter) which repre-
sented about 45%, while those 
measured 80-99μm represented 
about 30% and the embryoid bodies 
measuring 40-59μm were about 20% 



J. Vet. Anat.                                                                             Vol. 11, No. 2, (2018) 69 - 9073

Influence of soybean phytoes trogens on mouse s tem cells                         El-Mahdy et al.,                                                                                    

                              

mouse embryonic stem cell multi-
plied and differentiated while sus-
pended in a liquid ES medium with-
out LIF (Leukemia inhibitory Factor) 
for 5 days until the formation of sphe-
roid aggregations of cells represent-
ing the mouse embryoid bodies 
(mEBs). 

 
Chemicals exposure: 
Both Genistein (GEN) (Wako # 446-
72-0) and diadzein (DIAD) (Sigma-
Aldrich #486-66-8) of 98.0% purity 
were dissolved in dimethyl sulfoxide 
(DMSO) (Wako# DSL 6103) for fur-
ther evaluation. Using of DMSO as a 
solvent control, the final DMSO con-
centration in all the samples was 
0.01% (v/v).   The mEScs were ex-
posed to a single or combined low 
concentration (10 μM) of genistein 
and /or diadzein as well as a single 
or combined high concentration of 50 
μM of genistein and /or diadzein. 
Treatment of mES cells was done 
from day 0 to day 5 of in vitro differ-
entiation and divided into 7 groups as 
following: GEN 10, GEN 50 with a 
concentration of 10 and 50 μM of 
genistein, respectively; DIAD10, 
DIAD50 with a concentration of 10 
and 50 μM of diadzein, respectively; 
DIAD10+GEN10 in which a combi-
nation of 10 μM of both phytoestro-
gens occurred; DIAD50+GEN50 in 
which a combination of 50 μM of both 
phytoestrogens occurred; while the 
last group was the control one where 

ES media only contained the solvent. 
All are done in triplicate in three sep-
arate experiments. Samples were 
collected at the end of day 5 of mEBs 
differentiation. 
 
Assessment of growth of the em-
bryoid bodies:   
To assess the growth of the cultured 
embryoid bodies, photographs were 
taken using the BIOREVO Keyence 
bz-9000 inverted microscope and 
analyzed using the Keyence bz-9000 
microscope analyzer software by 
measuring the diameters of the 
formed embryoid bodies. 
Evaluation of the influence of these 
different treatments on the size of the 
embryoid bodies was done by two 
methods of analysis: (1) Mean eval-
uation of the diameter of all formed 
EBs and the obtained result was ex-
pressed as Mean ± SE; (2) Because 
the EBs showed variation in size 
within the same group so, the diam-
eter measurement was classified 
into 6 groups: (20-39μm), (40-59 
μm), (60-79 μm), (80-99 μm), (100-
119 μm) and (120-160 μm) and the 
obtained result was expressed as % 
from the totally formed Ebs. .   
 
RNA isolation and cDNA for-
mation.  
Total RNA was isolated using 
ISOGEN reagent (Nippon gene co., 
ltd. Japan) according to the manufac-
turer’s protocol. The first strand com-

                              

plementary DNA (cDNA) was syn-
thesized from 1 µg of total RNA using 
QuantiTect Rev. Transcription Kit 
(Qiagen) according to the manufac-
turer’s protocol. 
 
Real time quantitative polymerase 
chain reaction (RT-QPCR)  

RT-qPCR analysis of gene expres-
sion profiles of ES cells was used to 
analyze the relative level of expres-
sion of specific mRNAs, the amount 
of cDNA was normalized to βactin 
mRNA.  Differentiation and stem-
ness markers mRNAs at specific 
stages of ES cell differentiation were 
compared with that of the undifferen-
tiated ES cells. Quantitative PCR 
was performed in Thermal Cycler 
Dice Real Time System (Takara Bio 
Inc., Otsu, Shiga, Japan) using 
SYBR P Premix EX Taq II (Takara 
Bio Inc.) The amplification program 
included an initial step at 95°C for 15 
minutes, followed by 40 cycles of de-
naturation at 95°C for 15 seconds, 
annealing at 60°C for 20 seconds, 
and extension at 72°C for 30 sec-
onds. Data were normalized against 
the expression of β-actin gene. Pri-
mer sequences are listed in Table 
(1).  

 
Statistical analysis: 
Three independent experiments 
were conducted in each study, and 
the results were expressed as 

mean ± SE. The statistical differ-
ences between the groups were de-
termined by analysis of variance 
(one way ANOVA) using SPSS® 
software (Statistical Package for So-
cial science, version 17.01, IIIinois, 
USA). The statistical significance 
was set at P >0.05, while considered 
highly significant at P <0.01. 
 
Results  
1. Effects of phytoestrogen treat- 

ment on Embryoid bodies 
(mEBs) formation 

The presence of phytoestrogens in 
the medium did not prevent mEBs 
formation, which appeared as spher-
ical masses after culturing mouse 
stem cells in a suspension ES me-
dium   without LIF in all the experi-
ment-tal groups (Fig 1.a). Evaluation 
of the effect of these different phy-
toestrogens treatments on the size of 
the formed embryoid bodies re-
vealed the following:  
1.a Genistein (GEN) treatment  
There was a significant decrease 
(P<0.05) in the size of the embryoid 
bodies exposed to low concentration 
of genistein (GEN 10) as compared 
with that of the control group (Fig 1a 
& b). It was noticed an increase in the 
percentage of moderate sized mEBs 
(60-79μm in diameter) which repre-
sented about 45%, while those 
measured 80-99μm represented 
about 30% and the embryoid bodies 
measuring 40-59μm were about 20% 
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of the total EBs. In addition, about 
5% of the EBs were extremely small 
or largely sized. These data were 
significantly differed from those of 
the control group (Fig.1c). While 
there was a highly significant 
(P<0.01) decrease in the diameter 
values of the   mEBs formed after ex-
posure to high concentration of 
genistein (GEN 50) (Fig.1.b) with 
high percentage (40%) of the EBs 
measured 60-79μm, followed by 
those measured 40-59μm which rep-
resented about 30% and finally about 
20% of the EBs measured 80-99 μm 
in diameter (Fig 1c). 
 
2. Diadzein (DIAD) treatment  
A clear significant decrease in the 
size of mEBs was recorded following 
exposure to low concentration of di-
adzein (DIAD10) with significant in-
crease in the percentage of the small 
sized mEBs compared with that of 
the control (Fig 1). On the other 
hand, there was a non-significant dif-
ference in the size of the embryoid 
bodies with higher concentration 
(DIAD50) (Fig 1b). Also, the percent-
age embryoid bodies, size in the low 
and high concentrations appeared 
more or less similar to that of the 
control (Fig 1c). 
 
2.a Combined treatment 
Exposure to a low concentration of 
both reagents (DIAD10+GEN10) 

showed non-significant difference ei-
ther in the diameter means or even 
in the percentage of different mEBs 
sizes compared with that of the con-
trol group (Fig 1). However, a high 
significant difference (P<0.01) in the 
diameter mean values as well as the 
percentage of different mEBs sizes 
were observed after exposure to a 
high combined concentration 
(DIAD50+ GEN50), when compared 
with that of the control (Fig 1). It was 
noticed the presence of 45% of 
mEBs with 60-79μm in diameter fol-
lowed by about 40% in case of 40-59 
μm (Fig 1c). 

 
2.b Effects of phytoestrogen 
treatment on proliferation capac-
ity in mEBs 

The expression level of the prolifera-
tion marker (Cdk6) was analyzed by 
qRT-PCR. Treatment with (GEN10), 
(DIAD50) and (DIAD10+GEN10) 
showed non-significant difference in 
the expression level of Cdk6 com-
pared with that of the control. How-
ever, there was significant decrease 
(P<0.05) in the expression level in 
case of (GEN50) and (DIAD10) treat-
ments. On the other hand, exposure 
to a combination of the high concen-
tration (DIAD50+GEN50) showed 
significantly (P<0.05) higher expres-
sion of the proliferation marker Cdk6 
(Fig 2). 

 

                              

2. Effects of phytoestrogen treat-
ment on apoptosis in mEBs 

The mRNA level of Caspase-3 
(apoptosis marker) showed signifi-
cant (P<0.05) increase after 
(GEN10), (GEN50), (DIAD10) and 
(DIAD50+ GEN50) treatments. While 
non-significant change occurred in 
the other treated groups (Fig 2). 

 
3. Effects of phytoestrogen treat-

ment on pluripotency state in 
mEBs 

Pluripotent embryonic stem (ES) 
cells are characterized by their al-
most unlimited potential to self-re-
new and to differentiate into virtually 
any cell type of the organism 
(Schroeder et al., 2009). To deter-
mine the effect of phytoestrogens ex-
posure on the pluripotency state 
while differentiation progresses, the 
expression levels of pluripotency-as-
sociated transcription factors were 
evaluated at the mRNA level. 
 
4.a Genistein (GEN) treatment 
The expression level of the transcrip-
tion factors Oct4, Rex1 and Nanog 
were not affected by the low concen-
tration treatment of genistein (Fig 3). 
However, in high concentration 
group (GEN 50), the levels of Rex1 
and Oct4 were higher than that of the 
control group. On the other side, 
Nanog expression level was non-sig-
nificantly changed in this group com-
pared with their levels in the control 
(Fig 3). 

4.b Diadzein (DIAD) treatment 
The group treated with low level of 
daidzein (DIAD10) showed non-sig-
nificant difference in the expression 
level of these pluripotency transcrip-
tion factors. While exposure to a high 
concentration (DIAD50) led to in-
crease the expression levels of Rex1 
and Oct4 with non-significant change 
in case of Nanog expression levels 
(Fig 3). 

 
4.c Combined treatment 
Low concentration of combined 
(DIAD10+GEN10) exposure did not 
affect the level of Nanog but led to a 
high significant overexpression of 
Rex1 (Fig 3). Exposure to high con-
centration combination (DIAD50+ 
GEN50) led to a high significant in-
crease in the mRNA levels of Oct4 
and Rex1. In contrast, the level of 
Nanog mRNA was significantly de-
creased than that of the control 
group (Fig 3). 
 
4. Effects of phytoestrogen treat-

ment on differentiation capac-
ity in mEBs 

To detect the effect of phytoestro-
gens on the differentiation capacity 
of the mEBs, the expression of Gata 
6, Foxa 2, Fgf5 and Sox 17 were ex-
amined as mesoendoderm markers 
while Nestin, Pax 6 and Sox1 were 
chosen as ectoderm markers.  

 
5.a Genistein (GEN) treatment 
Treatment of the formed mEBs with 
a low concentration of genistein 
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of the total EBs. In addition, about 
5% of the EBs were extremely small 
or largely sized. These data were 
significantly differed from those of 
the control group (Fig.1c). While 
there was a highly significant 
(P<0.01) decrease in the diameter 
values of the   mEBs formed after ex-
posure to high concentration of 
genistein (GEN 50) (Fig.1.b) with 
high percentage (40%) of the EBs 
measured 60-79μm, followed by 
those measured 40-59μm which rep-
resented about 30% and finally about 
20% of the EBs measured 80-99 μm 
in diameter (Fig 1c). 
 
2. Diadzein (DIAD) treatment  
A clear significant decrease in the 
size of mEBs was recorded following 
exposure to low concentration of di-
adzein (DIAD10) with significant in-
crease in the percentage of the small 
sized mEBs compared with that of 
the control (Fig 1). On the other 
hand, there was a non-significant dif-
ference in the size of the embryoid 
bodies with higher concentration 
(DIAD50) (Fig 1b). Also, the percent-
age embryoid bodies, size in the low 
and high concentrations appeared 
more or less similar to that of the 
control (Fig 1c). 
 
2.a Combined treatment 
Exposure to a low concentration of 
both reagents (DIAD10+GEN10) 

showed non-significant difference ei-
ther in the diameter means or even 
in the percentage of different mEBs 
sizes compared with that of the con-
trol group (Fig 1). However, a high 
significant difference (P<0.01) in the 
diameter mean values as well as the 
percentage of different mEBs sizes 
were observed after exposure to a 
high combined concentration 
(DIAD50+ GEN50), when compared 
with that of the control (Fig 1). It was 
noticed the presence of 45% of 
mEBs with 60-79μm in diameter fol-
lowed by about 40% in case of 40-59 
μm (Fig 1c). 

 
2.b Effects of phytoestrogen 
treatment on proliferation capac-
ity in mEBs 

The expression level of the prolifera-
tion marker (Cdk6) was analyzed by 
qRT-PCR. Treatment with (GEN10), 
(DIAD50) and (DIAD10+GEN10) 
showed non-significant difference in 
the expression level of Cdk6 com-
pared with that of the control. How-
ever, there was significant decrease 
(P<0.05) in the expression level in 
case of (GEN50) and (DIAD10) treat-
ments. On the other hand, exposure 
to a combination of the high concen-
tration (DIAD50+GEN50) showed 
significantly (P<0.05) higher expres-
sion of the proliferation marker Cdk6 
(Fig 2). 

 

                              

2. Effects of phytoestrogen treat-
ment on apoptosis in mEBs 

The mRNA level of Caspase-3 
(apoptosis marker) showed signifi-
cant (P<0.05) increase after 
(GEN10), (GEN50), (DIAD10) and 
(DIAD50+ GEN50) treatments. While 
non-significant change occurred in 
the other treated groups (Fig 2). 

 
3. Effects of phytoestrogen treat-

ment on pluripotency state in 
mEBs 

Pluripotent embryonic stem (ES) 
cells are characterized by their al-
most unlimited potential to self-re-
new and to differentiate into virtually 
any cell type of the organism 
(Schroeder et al., 2009). To deter-
mine the effect of phytoestrogens ex-
posure on the pluripotency state 
while differentiation progresses, the 
expression levels of pluripotency-as-
sociated transcription factors were 
evaluated at the mRNA level. 
 
4.a Genistein (GEN) treatment 
The expression level of the transcrip-
tion factors Oct4, Rex1 and Nanog 
were not affected by the low concen-
tration treatment of genistein (Fig 3). 
However, in high concentration 
group (GEN 50), the levels of Rex1 
and Oct4 were higher than that of the 
control group. On the other side, 
Nanog expression level was non-sig-
nificantly changed in this group com-
pared with their levels in the control 
(Fig 3). 

4.b Diadzein (DIAD) treatment 
The group treated with low level of 
daidzein (DIAD10) showed non-sig-
nificant difference in the expression 
level of these pluripotency transcrip-
tion factors. While exposure to a high 
concentration (DIAD50) led to in-
crease the expression levels of Rex1 
and Oct4 with non-significant change 
in case of Nanog expression levels 
(Fig 3). 

 
4.c Combined treatment 
Low concentration of combined 
(DIAD10+GEN10) exposure did not 
affect the level of Nanog but led to a 
high significant overexpression of 
Rex1 (Fig 3). Exposure to high con-
centration combination (DIAD50+ 
GEN50) led to a high significant in-
crease in the mRNA levels of Oct4 
and Rex1. In contrast, the level of 
Nanog mRNA was significantly de-
creased than that of the control 
group (Fig 3). 
 
4. Effects of phytoestrogen treat-

ment on differentiation capac-
ity in mEBs 

To detect the effect of phytoestro-
gens on the differentiation capacity 
of the mEBs, the expression of Gata 
6, Foxa 2, Fgf5 and Sox 17 were ex-
amined as mesoendoderm markers 
while Nestin, Pax 6 and Sox1 were 
chosen as ectoderm markers.  

 
5.a Genistein (GEN) treatment 
Treatment of the formed mEBs with 
a low concentration of genistein 
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(GEN 10) showed non-significant dif-
ference either in the mesoendoderm 
or ectoderm markers (Figs 4&5).  In 
case of (GEN50) treated group, 
highly significant overexpression of 
Foxa2 (100 folds) was detected (Fig 
5). Additionally, significant high ex-
pression was detected in Gata6 level 
(9 folds) together with high level of 
Sox 17 (2 folds) and Fgf5 (5 folds) 
(Fig 5).  In this connection, the ecto-
derm markers Sox1 and Pax6 in this 
group were significantly increased 
(14 folds) com-pared with that of the 
control while Nestin expression level 
remained non-significantly changed 
(Fig 4). 
 
 5. b Diadzein (DIAD) treatment 
The expression levels of mesoendo-
derm and ectoderm markers re-
mained non-significantly changed in 
(DIAD10) group (Figs 4&5). How-
ever, mEBs treated with (DIAD50) 
showed significantly high expression 
Foxa2 and Sox17 levels. While Fgf5 
and Gata6 mRNA levels remained 
non-significantly affected (Fig 5). 
Moreover, highly significantly over-
expression of Sox1 and Pax6 was 
noticed in this group with non-af-
fected level of Nestin mRNA (Fig 4). 

 
5.c Combined treatment 
The mRNA levels for ectoderm mark-
ers and mesoendoderm differentia-
tion markers (Gata6, Fgf5, Foxa2 
and Sox17) were unaffected during 

treatment with (DIAD10+GEN10) 
(Figs 4&5). On the other hand, treat-
ment with (DIAD50+GEN50) only led 
to a significant high expression of 
Fgf5 while the other mesoendoderm 
markers were not affected (Fig 5). A 
highly significant overexpression of 
Sox1 and Pax6 mRNA were de-
tected but the level of Nestin re-
mained unaffected (Fig 4). 

 
5. Effects of phytoestrogen treat-

ment on Esrrb Expression 
level. 

A clear decrease of the Esrrb expres-
sion level was noticed in case of 
(GEN50), (DIAD50) (DIAD10+ GEN 
10) and (DIAD50 + GEN50), while 
non-significant effects appeared in 
the other treated groups (Fig 6).  
 
Discussion  
Effects of bioactive phytochemicals, 
including phytoestrogens, appeared 
to be acting at several levels in the 
cells and trigger at the same time 
several pathways (Spagnuolo et al., 
2015). Our entire findings confirmed 
that exposure of soy phytoestrogens 
manifested effects in different ways 
on the stem cells proliferation, differ-
entiation and apoptosis.   
The results revealed a marked de-
crease in the size of the mEBs after 
exposure to a higher concentration 
(50 μM) of genistein either alone or 
in a combination with 50 μM of di-
adzein. Also, an exposure to a low 

                              

concentration of genistein or dai-
dzein alone decreased the mEBs 
size whereas surprisingly, after a low 
concentration co-treatment of both 
phytoestrogens, the inhibitory effect 
on the mEBs size disappeared sug-
gesting that both phytoestrogens 
might antagonist each other when 
combined at low concentration but 
the effect was emphasized at a high 
concentration co-treatment. 
Our results also suggested that ex-
posure to both high and low concen-
trations of genistein as well as   only 
low concentration of daidzein in-
creased the cell death on the mouse 
Embryoid bodies that detected by 
overexpression of Caspase-3 gene 
(apoptosis marker) and down regula-
tion of Cdk6 gene (proliferation 
marker). The same effects on the cell 
death and proliferation were rec-
orded by (Kong et al., 2013) after 
genistein treatment of the mouse 
embryonic stem cells, midbrain cell 
culture study (Xiaoa et al., 2011) as 
well as in studying the effect of 
genistein and daidzein on the cul-
tured cells of breast, ovarian, lung 
and prostate cancers, leukemia and 
lymphoma (Gercel-Taylor et al., 
2004; Liu et al., 2013; Yanagihara et 
al., 2013; Huang et al., 2014).  At the 
same time, genotoxic adverse ef-
fects of genistein including apopto-
sis, cell growth inhibition and DNA 
damage were reported in vitro in ex-
perimental animals (Ramos, 2007). 

Also, other studies confirmed that 
daidzein can induce apoptotic and 
antiproliferative effects in a concen-
tration and time-dependent manner 
in different cancer cell lines (Gercel-
Taylor et al., 2004; Choi and Kim, 
2008; Jin et al., 2010). 
 
Interestingly, the co-treatment of low 
concentrations of both genistein and 
diadzein in the present study showed 
no change in the size, apoptosis or 
proliferation of mEBs compared with 
those of the   non-treated group. On 
the other hand, co-treatment with 
high concentrations of both isofla-
vones decreased the mEBs size and 
caused over expression of either 
apoptosis or proliferation markers. 
These results might suggest that the 
use of combined isoflavones had 
variable effects on the newly formed 
mEBs as they antagonized each 
other at low concentrations while ag-
onisted (synergisted) each other at 
high concentrations thus, the inhibi-
tory effect on mEBs growth might be 
caused by increasing apoptosis level 
together with decreasing the cell pro-
liferation. 
 
From another point of view, the ex-
pression level of Cdk6 might not only 
be considered an indicator of phy-
toestrogens effect on the cell cycle 
and proliferation but might be also in-
fluenced by their effect on the stem 
cell differentiation as the activity of 
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(GEN 10) showed non-significant dif-
ference either in the mesoendoderm 
or ectoderm markers (Figs 4&5).  In 
case of (GEN50) treated group, 
highly significant overexpression of 
Foxa2 (100 folds) was detected (Fig 
5). Additionally, significant high ex-
pression was detected in Gata6 level 
(9 folds) together with high level of 
Sox 17 (2 folds) and Fgf5 (5 folds) 
(Fig 5).  In this connection, the ecto-
derm markers Sox1 and Pax6 in this 
group were significantly increased 
(14 folds) com-pared with that of the 
control while Nestin expression level 
remained non-significantly changed 
(Fig 4). 
 
 5. b Diadzein (DIAD) treatment 
The expression levels of mesoendo-
derm and ectoderm markers re-
mained non-significantly changed in 
(DIAD10) group (Figs 4&5). How-
ever, mEBs treated with (DIAD50) 
showed significantly high expression 
Foxa2 and Sox17 levels. While Fgf5 
and Gata6 mRNA levels remained 
non-significantly affected (Fig 5). 
Moreover, highly significantly over-
expression of Sox1 and Pax6 was 
noticed in this group with non-af-
fected level of Nestin mRNA (Fig 4). 

 
5.c Combined treatment 
The mRNA levels for ectoderm mark-
ers and mesoendoderm differentia-
tion markers (Gata6, Fgf5, Foxa2 
and Sox17) were unaffected during 

treatment with (DIAD10+GEN10) 
(Figs 4&5). On the other hand, treat-
ment with (DIAD50+GEN50) only led 
to a significant high expression of 
Fgf5 while the other mesoendoderm 
markers were not affected (Fig 5). A 
highly significant overexpression of 
Sox1 and Pax6 mRNA were de-
tected but the level of Nestin re-
mained unaffected (Fig 4). 

 
5. Effects of phytoestrogen treat-

ment on Esrrb Expression 
level. 

A clear decrease of the Esrrb expres-
sion level was noticed in case of 
(GEN50), (DIAD50) (DIAD10+ GEN 
10) and (DIAD50 + GEN50), while 
non-significant effects appeared in 
the other treated groups (Fig 6).  
 
Discussion  
Effects of bioactive phytochemicals, 
including phytoestrogens, appeared 
to be acting at several levels in the 
cells and trigger at the same time 
several pathways (Spagnuolo et al., 
2015). Our entire findings confirmed 
that exposure of soy phytoestrogens 
manifested effects in different ways 
on the stem cells proliferation, differ-
entiation and apoptosis.   
The results revealed a marked de-
crease in the size of the mEBs after 
exposure to a higher concentration 
(50 μM) of genistein either alone or 
in a combination with 50 μM of di-
adzein. Also, an exposure to a low 

                              

concentration of genistein or dai-
dzein alone decreased the mEBs 
size whereas surprisingly, after a low 
concentration co-treatment of both 
phytoestrogens, the inhibitory effect 
on the mEBs size disappeared sug-
gesting that both phytoestrogens 
might antagonist each other when 
combined at low concentration but 
the effect was emphasized at a high 
concentration co-treatment. 
Our results also suggested that ex-
posure to both high and low concen-
trations of genistein as well as   only 
low concentration of daidzein in-
creased the cell death on the mouse 
Embryoid bodies that detected by 
overexpression of Caspase-3 gene 
(apoptosis marker) and down regula-
tion of Cdk6 gene (proliferation 
marker). The same effects on the cell 
death and proliferation were rec-
orded by (Kong et al., 2013) after 
genistein treatment of the mouse 
embryonic stem cells, midbrain cell 
culture study (Xiaoa et al., 2011) as 
well as in studying the effect of 
genistein and daidzein on the cul-
tured cells of breast, ovarian, lung 
and prostate cancers, leukemia and 
lymphoma (Gercel-Taylor et al., 
2004; Liu et al., 2013; Yanagihara et 
al., 2013; Huang et al., 2014).  At the 
same time, genotoxic adverse ef-
fects of genistein including apopto-
sis, cell growth inhibition and DNA 
damage were reported in vitro in ex-
perimental animals (Ramos, 2007). 

Also, other studies confirmed that 
daidzein can induce apoptotic and 
antiproliferative effects in a concen-
tration and time-dependent manner 
in different cancer cell lines (Gercel-
Taylor et al., 2004; Choi and Kim, 
2008; Jin et al., 2010). 
 
Interestingly, the co-treatment of low 
concentrations of both genistein and 
diadzein in the present study showed 
no change in the size, apoptosis or 
proliferation of mEBs compared with 
those of the   non-treated group. On 
the other hand, co-treatment with 
high concentrations of both isofla-
vones decreased the mEBs size and 
caused over expression of either 
apoptosis or proliferation markers. 
These results might suggest that the 
use of combined isoflavones had 
variable effects on the newly formed 
mEBs as they antagonized each 
other at low concentrations while ag-
onisted (synergisted) each other at 
high concentrations thus, the inhibi-
tory effect on mEBs growth might be 
caused by increasing apoptosis level 
together with decreasing the cell pro-
liferation. 
 
From another point of view, the ex-
pression level of Cdk6 might not only 
be considered an indicator of phy-
toestrogens effect on the cell cycle 
and proliferation but might be also in-
fluenced by their effect on the stem 
cell differentiation as the activity of 
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Cdk6 is essential to define the prolif-
erative and differentiating capacity of 
multipotent stem cells (Pauklin and 
Vallier, 2013). In addition, Cdk6 is 
activated immediately upon differen-
tiation of mouse embryonic stem cell 
(Bryja et al., 2008), thus in our point 
of view, examination of the pluripo-
tency and differentiation markers 
was essential to elucidate the mech-
anism by which single or combina-
tion of phytoestrogen treatments af-
fected the mEBs formation. 
Both mES cells and in vivo cells ex-
pressed key pluripotency factors, 
such as Nanog, Oct4 (Young, 2011). 
In ESCs, Oct4 (the POU transcription 
factor encoded by Pou5f1) and 
Nanog (the natural killer-2 class 
homeobox transcription factor) were 
known as key regulators based on 
their unique expression pattern in 
ESCs (Chambers and Smith, 2004). 
In addition, Rex1 (zfp42) is a zinc fin-
ger protein that expressed primarily 
in undifferentiated stem cells, both in   
embryo and adult mouse (Scotland, 
2009).  
 
Early differentiation of pluripotent 
mouse embryonic stem (mES) cells, 
which are derived from the inner cell 
mass of the pre-implantation (blasto-
cyst) stage embryo summarized var-
ious aspects of in vivo germ layer dif-
ferentiation (Keller, 2005). During 
this period, the balance between plu-
ripotency and differentiation was 

very important where in our study, 
the expression level of pluripotent 
and differentiation markers of the 
formed mEBs were examined care-
fully using the RT-qPCR analysis 
and it was found that treatment with 
a low concentration of genistein or 
daidzein did not affect the pleu-
ripotancy and differentiation markers 
in the developing mEBs indicating 
that exposure to a low level of an in-
dividual soy isoflavone might have 
no effect in the early stage of the em-
bryonic development either on the 
stem cell markers or the differentia-
tion markers. Surprisingly, a combi-
nation of low dose of both com-
pounds led to marked up regulation 
in the expression level of pleu-
ripotancy markers Oct4 and Rex1 
while Nanog and differentiation 
markers expression levels remained 
unchanged. These data suggested 
that low concentration co-treatment 
of phytoestrogens didn′t affect the 
differentiation capacity of the mouse 
embryonic stem cells but accompa-
nied with increase in pleuripotancy 
markers Oct4 and Rex1 expression. 
Furthermore, the high concentration 
of a single treatment of soy phytoes-
trogen cau-sed over expression of 
the stem cell factors Oct4 and Rex1, 
whereas expression of Nanog re-
mained unchanged together with ex-
treme over expression in the levels of 
ectoderm markers and mesoendo-
derm markers. The current data also 

                              

revealed that a high dose treatment 
of individual phytoestrogen increase 
the differentiation capacity of the de-
veloping mEB in comparison with 
that of the control group.  
Interestingly, when the mEBs were 
exposed to a mixture of high concen-
tration of genistein and daidzein, the 
levels of the mesoendoderm mark-
ers appeared to be at levels ap-
proaching those of the control group.  
Whereas, levels of Oct4 and Rex1 
remained elevated with decreased 
level of Nanog, the findings that 
agreed with those of (Regenbrecht et 
al., 2008; Van den Berg et al., 2008). 
Additionally, up regulation of the ec-
toderm markers detected in the pre-
sent study indicated that mEB cells 
differentiation capacity were directed 
toward the ectoderm cell lines.  
From the previous findings, it was 
concluded that phytoestrogen treat-
ments might increase the differentia-
tion ability of the mouse stem cells 
more than that in the control condi-
tion   depending on the concentration 
and also on whether single or co-
treatment of these soy phytoestro-
gens were used. This was confirmed 
by increase of the differentiation 
markers of the different germ layers 
or only ectoderm markers that ac-
companied by elevation of Oct4 and 
Rex1 transcription factors and in 
some cases with down regulation of 
Nanog in comparison with the control 
condition.   

Regarding gene expression profile 
during mouse stem cells differentia-
tion, the recent results confirmed 
those of (Mitsui et al, 2008) where 
Oct4 levels were tightly regulated by 
the stem cells and precise levels of 
Oct4 must be sustained for the 
maintenance of pluripotency, how-
ever, down-regulation of the Oct4 
protein led to a loss of maintenance 
of ES cells pluripotency. Also, over-
expression of Oct4 induced differen-
tiation in ES cells as mentioned by 
(Mitsui, 2008). Expression levels of 
Oct4 and Rex1 increased signifi-
cantly in the early stages of mouse 
embryonic stem cells differentiation 
(Sene, 2007). On other hand, Loss or 
deficiency of Nanog results in ES cell 
differentiation with up regulation of 
ectoderm marker genes (Scerbo, 
2012). 
Moreover, the expression level of 
Esrrb was examined for more clear 
understanding of possible pathway 
of these phytoestrogens on the 
mEScs proliferation and differentia-
tion capacities. Previous studies 
mentioned that Esrrb expressed ex-
clusively in mouse ES cells and dur-
ing process of embryoid body for-
mation, where they have role in 
trophoblast differentiation and pla-
centa formation (Carter, 2007). 
ESRRB was able to sustain EScs 
pluripotency and self-renewal in the 
absence of LIF (Zhang, 2008) and 
also can be co-immunoprecipitated 
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Cdk6 is essential to define the prolif-
erative and differentiating capacity of 
multipotent stem cells (Pauklin and 
Vallier, 2013). In addition, Cdk6 is 
activated immediately upon differen-
tiation of mouse embryonic stem cell 
(Bryja et al., 2008), thus in our point 
of view, examination of the pluripo-
tency and differentiation markers 
was essential to elucidate the mech-
anism by which single or combina-
tion of phytoestrogen treatments af-
fected the mEBs formation. 
Both mES cells and in vivo cells ex-
pressed key pluripotency factors, 
such as Nanog, Oct4 (Young, 2011). 
In ESCs, Oct4 (the POU transcription 
factor encoded by Pou5f1) and 
Nanog (the natural killer-2 class 
homeobox transcription factor) were 
known as key regulators based on 
their unique expression pattern in 
ESCs (Chambers and Smith, 2004). 
In addition, Rex1 (zfp42) is a zinc fin-
ger protein that expressed primarily 
in undifferentiated stem cells, both in   
embryo and adult mouse (Scotland, 
2009).  
 
Early differentiation of pluripotent 
mouse embryonic stem (mES) cells, 
which are derived from the inner cell 
mass of the pre-implantation (blasto-
cyst) stage embryo summarized var-
ious aspects of in vivo germ layer dif-
ferentiation (Keller, 2005). During 
this period, the balance between plu-
ripotency and differentiation was 

very important where in our study, 
the expression level of pluripotent 
and differentiation markers of the 
formed mEBs were examined care-
fully using the RT-qPCR analysis 
and it was found that treatment with 
a low concentration of genistein or 
daidzein did not affect the pleu-
ripotancy and differentiation markers 
in the developing mEBs indicating 
that exposure to a low level of an in-
dividual soy isoflavone might have 
no effect in the early stage of the em-
bryonic development either on the 
stem cell markers or the differentia-
tion markers. Surprisingly, a combi-
nation of low dose of both com-
pounds led to marked up regulation 
in the expression level of pleu-
ripotancy markers Oct4 and Rex1 
while Nanog and differentiation 
markers expression levels remained 
unchanged. These data suggested 
that low concentration co-treatment 
of phytoestrogens didn′t affect the 
differentiation capacity of the mouse 
embryonic stem cells but accompa-
nied with increase in pleuripotancy 
markers Oct4 and Rex1 expression. 
Furthermore, the high concentration 
of a single treatment of soy phytoes-
trogen cau-sed over expression of 
the stem cell factors Oct4 and Rex1, 
whereas expression of Nanog re-
mained unchanged together with ex-
treme over expression in the levels of 
ectoderm markers and mesoendo-
derm markers. The current data also 

                              

revealed that a high dose treatment 
of individual phytoestrogen increase 
the differentiation capacity of the de-
veloping mEB in comparison with 
that of the control group.  
Interestingly, when the mEBs were 
exposed to a mixture of high concen-
tration of genistein and daidzein, the 
levels of the mesoendoderm mark-
ers appeared to be at levels ap-
proaching those of the control group.  
Whereas, levels of Oct4 and Rex1 
remained elevated with decreased 
level of Nanog, the findings that 
agreed with those of (Regenbrecht et 
al., 2008; Van den Berg et al., 2008). 
Additionally, up regulation of the ec-
toderm markers detected in the pre-
sent study indicated that mEB cells 
differentiation capacity were directed 
toward the ectoderm cell lines.  
From the previous findings, it was 
concluded that phytoestrogen treat-
ments might increase the differentia-
tion ability of the mouse stem cells 
more than that in the control condi-
tion   depending on the concentration 
and also on whether single or co-
treatment of these soy phytoestro-
gens were used. This was confirmed 
by increase of the differentiation 
markers of the different germ layers 
or only ectoderm markers that ac-
companied by elevation of Oct4 and 
Rex1 transcription factors and in 
some cases with down regulation of 
Nanog in comparison with the control 
condition.   

Regarding gene expression profile 
during mouse stem cells differentia-
tion, the recent results confirmed 
those of (Mitsui et al, 2008) where 
Oct4 levels were tightly regulated by 
the stem cells and precise levels of 
Oct4 must be sustained for the 
maintenance of pluripotency, how-
ever, down-regulation of the Oct4 
protein led to a loss of maintenance 
of ES cells pluripotency. Also, over-
expression of Oct4 induced differen-
tiation in ES cells as mentioned by 
(Mitsui, 2008). Expression levels of 
Oct4 and Rex1 increased signifi-
cantly in the early stages of mouse 
embryonic stem cells differentiation 
(Sene, 2007). On other hand, Loss or 
deficiency of Nanog results in ES cell 
differentiation with up regulation of 
ectoderm marker genes (Scerbo, 
2012). 
Moreover, the expression level of 
Esrrb was examined for more clear 
understanding of possible pathway 
of these phytoestrogens on the 
mEScs proliferation and differentia-
tion capacities. Previous studies 
mentioned that Esrrb expressed ex-
clusively in mouse ES cells and dur-
ing process of embryoid body for-
mation, where they have role in 
trophoblast differentiation and pla-
centa formation (Carter, 2007). 
ESRRB was able to sustain EScs 
pluripotency and self-renewal in the 
absence of LIF (Zhang, 2008) and 
also can be co-immunoprecipitated 
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as part of the protein complex asso-
ciated with NANOG in ES cells 
(Wang, 2006). Moreover, Esrrb 
knockdown induced ES cell differen-
tiation (Wang, 2006). From another 
point of view, ESRRB shared signifi-
cant homology with the estrogen re-
ceptor and belonged to the super-
family of nuclear receptors, that are 
classified as orphan receptors be-
cause they bind to DNA and are tran-
scriptionally active in the absence of 
identified exogenous ligand (Giguere 
et al., 1988; Schuff et al., 2012). 
While, Phytoestrogens can interact 
with the classical estrogen receptors, 
ERα and ERβ by mediating many of 
their downstream actions through 
agonist or antagonist activity (Lo-
rand, 2010) and because estrogen-
related receptors (ERRs) are in-
volved in similar estrogen receptor 
(ER). So, these soy phytoestrogens 
could bind to and resulted in in-
creased or decreased activity of 
ESRRB protein (Suetsugi et al., 
2003). Our findings showed no 
change in the Esrrb expression level 
in case of single low concentration 
treatment of genistein, daidzein, 
however, a significant change oc-
curred after low concentration co-
treatment of both compounds. More-
over, Esrrb expression level ap-
peared to be also markedly down 
regulated after high concentration 
treatment of single or combined phy-
toestrogen. These RT-qPCR data 

suggested that a single high concen-
tration capacity of phytoestrogen in-
creased the differentiation capacity 
of the developing mEBs through an-
tagonizing ESRRB receptors. While 
co-treatment of high concentration 
induced the differentiation of the 
mouse embryonic stem cells toward 
the ectoderm through down regula-
tion of Esrrb and Nanog together with 
up regulation of Cdk6, confirming 
what stated (Scerbo, 2012 Schuff et 
al., 2012).  
 
In conclusion, it was firstly observed 
that down regulation of Esrrb is asso-
ciated with up-regulation of pluripo-
tent marker genes including Oct4 
and Rex1 during exposure to a low 
concentration of a mixture of soy iso-
flavones or a high concentration of a 
single compound, while Nanog down 
regulation and Cdk6 up regulation 
were observed upon high concentra-
tion of soy isoflavones mixture treat-
ment in mEScs and mEBs. These 
findings enhanced our understand-
ing of mechanism of soy phytoestro-
gen exposure effects on the embry-
onic development. 
 
Finally, and according to the current 
results, the exposure of soy phytoes-
trogens either alone or in a combined 
manner caused some adverse ef-
fects during the early development of 
the mouse embryo. Therefore, the bi-
ological significance of these find-

                              

ings regarding the influences of phy-
toestrogens on the proliferation and 
differentiation capacities of the 
mEScs should be taken into consid-
eration. 
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Table (1): List of RT-qPCR primer sequences 

Gene Primer Sequence (Forward) Primer Sequence (Reverse) 
β-actin GTGTAAAACGCAGCTCAGTAACAGT CTGAGCGCAAGTACTCTGTGTG 
Oct3/4 TATTGAGTATTCCCAACGAGAAGAG CTCAGGAAAAGGGACTGAGTAGAGT 
Nanog CTTTCACCTATTAAGGTGCTTGC TGGCATCGGTTCATCATGGTAC 
Esrrb ATGAATGAGATCACCAAACG GTTCAGGTAGGGGCTGTTCTC 
Rex 1 TCCATGGCATAGTTCCAACAG TAACTGATTTTCTGCCGTATGC 
Foxa2  AGACTACTGCTTCTCAAGACATCTG CCTCTTTTCAACATCAGTACAACCC 
Sox17 CAGTATCTGCCCTTTGTGTATAAGC GTAGTTGCAATAGTAGACCGCTGAG 
Pax6 ATGGAGAAGAGAAGAGAAACTGAGG CTGGTAGACACTGGTACTGAAGC 
Fgf5 ACCCACTTCCTACCCAGGTT AGTTGTTTCCCACAAGGCCA 
Nestin CCTCAACCCTCACCACTCTATTTTA TTCTTTACAAGTTCCCAGATTTGCC 
Sox1 ACAGCGTTTTCTCGGCTTCG GAGCTGGCGGGAAGTAAACC  
Casps 
3 

GGGCGTGTTTCTGTTTTGTT TGCATTGCTAGGCAGTGGTA  

Cdk6  GCTTCGTGGCTCTGAAGCGCG  TGGTTTCTGTGGGTACGCCGG 
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Table (1): List of RT-qPCR primer sequences 

Gene Primer Sequence (Forward) Primer Sequence (Reverse) 
β-actin GTGTAAAACGCAGCTCAGTAACAGT CTGAGCGCAAGTACTCTGTGTG 
Oct3/4 TATTGAGTATTCCCAACGAGAAGAG CTCAGGAAAAGGGACTGAGTAGAGT 
Nanog CTTTCACCTATTAAGGTGCTTGC TGGCATCGGTTCATCATGGTAC 
Esrrb ATGAATGAGATCACCAAACG GTTCAGGTAGGGGCTGTTCTC 
Rex 1 TCCATGGCATAGTTCCAACAG TAACTGATTTTCTGCCGTATGC 
Foxa2  AGACTACTGCTTCTCAAGACATCTG CCTCTTTTCAACATCAGTACAACCC 
Sox17 CAGTATCTGCCCTTTGTGTATAAGC GTAGTTGCAATAGTAGACCGCTGAG 
Pax6 ATGGAGAAGAGAAGAGAAACTGAGG CTGGTAGACACTGGTACTGAAGC 
Fgf5 ACCCACTTCCTACCCAGGTT AGTTGTTTCCCACAAGGCCA 
Nestin CCTCAACCCTCACCACTCTATTTTA TTCTTTACAAGTTCCCAGATTTGCC 
Sox1 ACAGCGTTTTCTCGGCTTCG GAGCTGGCGGGAAGTAAACC  
Casps 
3 

GGGCGTGTTTCTGTTTTGTT TGCATTGCTAGGCAGTGGTA  

Cdk6  GCTTCGTGGCTCTGAAGCGCG  TGGTTTCTGTGGGTACGCCGG 
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Fig. (1): Showing the effect of phytoestrogens treatment on mouse Embryoid bod-
ies (mEBs) formation.  
(a) The morphological appearance of mouse EBs in the suspension culture Scale bars: 
100  
μm.  
(b) The diameters of mEBs were used as an indication of their growth under the different 
treatment conditions compared with the control group; values were represented as 
means± SE of the three independent experiments.  
(c) Categories of different mEBs size were recorded; data were presented as percentage 
of the total EBs within each group in the three independent experiments. (*P<0.05,  
**P<0.01 
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Fig. (2): Effects of phytoestrogen treatment on proliferation capacity and apoptosis of the 
mEBs. Expression level of Caspase-3, as apoptosis marker, was significantly up regu-
lated in (GEN10), (GEN50), (DIAD10) and (DIAD50+GEN50) groups while, expression 
level of Cdk6, as proliferation marker, showed significantly down regulation in the same 
groups. The mean ±SE of the three independent experiments were shown using house-
keeping β-actin as an internal control (* p<0.05) 
 
 

 

Fig. (3): Effects of phytoestrogen treatment on pluripotency state in mEBs. Changes in 
the expression level of pluripotency marker, Oct4 and Rex1 were up regulated in the group 
treated with (GEN50), (DIAD50), (DIAD10+GEN10) and (DIAD50+GEN50), while Nanog 
expression only down regulated in (DIAD50 + GEN50). The means ± SE of the three 
independent experiments were shown with using housekeeping β-actin as an internal 
control (* p<0.05, ** p<0.01, # p<0.001, ## p<0.0001). 
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Fig. (4): Showing the changes in the expression level of ectoderm markers following 
phytoestrogen treatment. Note that Sox1and Pax6 were significantly overexpressed in 
(GEN 50), (DIAD50) and (DIAD50 + GEN50) treated groups while Nestin expression 
was not affected by phytoestrogen treatment. Data were presented as the means± SE 
of the three independent experiments using housekeeping β-actin as an internal control 
(* p<0.05, ** p<0.01, # p<0.001). 

                              

 

Fig. (5): Showing the Changes in the expression level of mesoendoderm markers follow-
ing phytoestrogen treatment. Note that Foxa2 was significantly overexpressed in (GEN 
50) and (DIAD50) treated groups while treatment with (GEN10), (DIAD10) did not affect 
the expression level of these markers compared with the control group. Data were pre-
sented as the mean±SE of the three independent experiments using housekeeping β-
actin as an internal control (* p<0.05, ** p<0.01, # p<0.001, ## p<0.0001). 
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Fig. (6): Effects of phytoestrogen treatment on Esrrb Expression level. Down regulation 
of Esrrb expression was detected in (GEN50), (DIAD50), (DIAD10+GEN10) and 
(DIAD50+GEN50) treated groups while the other groups showing non-significant change 
on the expression level of Esrrb. Data were presented as the means ±SE of the three 
independent experiments using housekeeping β-actin as an internal control (* p<0.05, ** 
p<0.01). 

 
 
 
 
 
 
 


