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Abstract Efforts to efficiently derive embryonic stem cells
(ESC) from isolated blastomeres have been done to
minimize ethical concerns about human embryo destruc-
tion. Previous studies in our laboratory indicated a poor
derivation efficiency of mouse ESC lines from isolated
blastomeres at the 8-cell stage (1/8 blastomeres) due, in
part, to a low division rate of the single blastomeres in
comparison to their counterparts with a higher number of
blastomeres (2/8, 3/8 and 4/8 blastomeres). Communication
and adhesion between blastomeres from which the derivation
process begins could be important aspects to efficiently derive
ESC lines. In the present study, an approach consisting in the
adhesion of a chimeric E-cadherin (E-cad-Fc) to the blasto-
mere surface was devised to recreate the signaling produced
by native E-cadherin between neighboring blastomeres inside
the embryo. By this approach, the division rate of
1/8 blastomeres increased from 44.6% to 88.8% and a short
exposure of 24 h to the E-cad-Fc produced an ESC
derivation efficiency of 33.6%, significantly higher than the
2.2% obtained from the control group without E-cad-Fc. By
contrast, a longer exposure to the same chimeric protein
resulted in higher proportions of trophoblastic vesicles.
Thus, we establish an important role of E-cadherin-
mediated adherens junctions in promoting both the division
of single 1/8 blastomeres and the efficiency of the ESC
derivation process.
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Introduction

Embryonic stem cells (ESC) are traditionally derived from
the inner cell mass (ICM) of blastocysts [1]. However,
ethical issues associated with the destruction of human
embryos during this process have lead to alternative
methods, such as the derivation of ESC from single
blastomeres. Different attempts have been done in order to
efficiently derive ESC from isolated blastomeres [2–5] but,
although a bulk of information has been obtained from
these studies, there are still some aspects, such as events
that occur during the preimplantational development, that
need to be addressed in order to improve the derivation
efficiency of the lines.

The mouse embryo undergoes the first differentiating
event during the preimplantational development when the
trophectoderm (TE) epithelium and the inner cell mass
(ICM) are formed in the blastocyst. Morphological changes,
produced until the blastocyst stage is reached, are depen-
dent on the intercellular junctions between blastomeres. At
early cleavage stages (2- and 4-cell) blastomeres are
connected by simple membrane apposition while special-
ized intercellular junctions such as gap junctions, adherens
junctions, tight junctions and desmosomes appear from the
8-cell stage onwards in order to form the blastocyst [6]. All
of these junctions are involved in multiple morphoregula-
tory processes such as communication, adhesion, differen-
tiation, signalling and proliferation [7], which are crucial in
the differentiation of the ICM and TE in the blastocyst.

Adherens junctions are first structured at the blastomere
membrane of embryos at the 8-cell stage and are mediated
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by E-cadherin, the epithelial counterpart of a glycoprotein
family (cadherins) which regulates cell-adhesion in a
calcium-dependent manner [8]. E-cadherin has a signaling
role complementary to its adhesion capacity, which is
involved in multiple processes such as the establishment of
tissue limits, metastasis, tissue reorganizations, cell migra-
tion, cell differentiation and proliferation [7]. In early
mouse embryogenesis, E-cadherin is involved in the
compaction at the morula stage and in the transition from
morula to blastocyst stage [9]. Particularly, E-cadherin is
crucial in inducing the polarization of the compacted
morula in order to form a functional and fully polarized
TE [10].

The importance of intercellular junctions in ESC
derivation efficiency and maintenance is well established;
it has been shown that spontaneous differentiation of mouse
ESC is associated with a downregulation of the surface
E-cadherin mediated by inhibitory molecules, gelatinase
activity and cell motility [11–14]. Furthermore, E-cadherin
has been demonstrated to be required for LIF-dependent
self-renewal of mouse ESC [15]. Regulative mechanisms
underlying the importance of E-cadherin-mediated junc-
tions in the establishment and maintenance of human and
mouse ESC have been recently described [16–18]. Signal-
ing pathways controlling proliferation, cell fate and
differentiation in mouse ESC and early embryos are less
well known, but a clear connexion has been established
between the adhesion-mediated signaling of E-cadherin and
the Wnt pathway in controlling such processes through the
adaptor protein β-catenin, a common factor between the
two pathways [19, 20]. Therefore, different signaling
pathways coexist in ESC and early embryos and their
function depends on the cell environment.

Previous studies performed in our laboratory on the
derivation of mouse ESC from isolated blastomeres at
different developmental stages revealed very low establish-
ment rates when a single blastomere from an 8-cell stage
embryo (1/8) was used. Compared to its counterparts with a
higher number of blastomeres (2/8, 3/8 and 4/8 groups), the
1/8 group exhibited low rates of blastomere division when
seeded onto the feeder cell monolayer at the beginning of
the derivation process [21]. In view of these results, the low
division rate of 1/8 blastomeres could be related to the lack
of direct contact with neighbouring blastomeres. As
previously mentioned, E-cadherin is involved in modulat-
ing proliferation and, in addition, it is important in signaling
at the 8-cell stage. Thus, it might be a good candidate to
investigate in order to determine its relationship with the
low division capacity of 1/8 blastomeres and therefore, the
low ESC derivation rate.

The aim of the present study was to assess the
importance of E-cadherin-mediated adherens junctions in
the derivation efficiency of mouse ESC lines from single

blastomeres. To this aim, an approach consisting in the
adhesion of a chimeric E-cadherin to the surface of
1/8 blastomeres was devised, to recreate the signalling
produced by native E-cadherin between neighbouring
blastomeres inside the embryo. The effect of this
approach on the rate of division of 1/8 blastomeres
and on the efficiency of the ESC derivation process was
determined.

Material and Methods

Experimental Design

To determine the influence of E-cadherin-mediated adher-
ents junctions on ESC derivation from isolated 1/8 blasto-
meres, a chimeric E-cadherin (E-cad-Fc), consisting in the
extracellular domain of mouse E-cadherin (amino acids
1-709) and the human IgG1 Fc domain, was used to
recreate the signaling process exerted by native E-cadherin
between neighbouring blastomeres. In preliminary experi-
ments, the adhesion of E-cad-Fc to the blastomere surface
was checked by immunofluorescence. Because E-cadherin-
mediated cell adhesion is dependent on the presence of the
calcium ion, the adhesion of E-cad-Fc was performed in a
DMEM standard medium containing calcium. As a
negative control, a calcium- and magnesium-free PBS
solution was used. The specificity of the binding was
also tested by removing E-cad-Fc from the blastomere
surface by incubating the blastomeres in a calcium- and
magnesium-free PBS solution. It is important to note that
the use of the chimeric protein allowed us to distinguish
it from the endogenous mouse E-cadherin by using
antibodies against the Fc human IgG1 domain. To further
confirm the specific interaction between E-cad-Fc and
native E-cadherin, the distribution of native E-cadherin
was assessed by direct labelling with an anti-mouse E-
cadherin antibody.

ESC derivation experiments in the presence of E-cad-Fc
were carried out in two series (Fig. 1). In the first series of
experiments, 1/8 blastomeres (n=100) were cultured in
ESC culture conditions in the presence of E-cad-Fc to
assess its effect on the division capacity of the single
blastomeres and on the ESC derivation efficiency. After
48 h, E-cad-Fc was passively removed by diluting it
through successive changes of fresh medium every 2 days
(long exposure). In the second set of experiments,
1/8 blastomeres (n=125) were cultured in ESC culture
conditions but, in this case, E-cad-Fc was actively removed
24 h after blastomeres were seeded onto the feeder cell
monolayer (short exposure). This second set of experiments
was designed to determine whether the effect of E-cad-Fc
could be restricted to the first 24 h and, hence, increase the
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division rate while avoiding the differentiating event to TE
observed in the first series of experiments with a long
exposure to E-cad-Fc. As control groups for both sets of
experiments, 1/8 blastomeres (n=222) and 2/8 blastomeres
(n=30) without E-cad-Fc were used.

In all derivation experiments, structures resembling
blastocysts (hereafter referred as pseudoblastocysts) were
observed on the second day of culture. The mean number of
ICM, TE and total cells in pseudoblastocysts derived from
experiments with E-cad-Fc (n=25) and in control pseudo-
blastocysts (n=50) was estimated by immunofluorescence
(Oct4 for ICM and Cdx2 for TE).

Finally, 1/8 blastomeres (n=30) subjected to a long
exposure to E-cad-Fc were cultured in trophoblast stem
cells (TSC) derivation conditions in order to confirm
whether this long exposure to E-cad-Fc had a differentiating
effect to TE. 1/8 blastomeres (n=25) and blastocysts (n=25)
cultured in TSC conditions without E-cad-Fc were used as
controls in this experiment.

ESC and TSC lines obtained in this study were
characterized by immunofluorecence through the expres-
sion of pluripotency markers (Oct4, Sox2 and Nanog for
ESC, and Cdx2 for TSC). Moreover, the in vitro differen-
tiation potential of the ESC lines derived was confirmed by
immunofluorescence through the expression of the neuro-
epithelial stem cell protein (Nestin, ectodermal layer),
alpha-fetoprotein (AFP, endodermal layer) and α-smooth
muscle actin (α-SMA, mesodermal layer).

Feeder Cells Culture

STO mouse embryo fibroblasts (ECACC) were inactivated
by a treatment with mitomycin C (Invitrogen) during 3 h at
a concentration of 10 μg/ml in order to produce feeder cells
[22]. To plate the feeder cells, Dulbecco’s modified Eagle’s
medium (DMEM) (Invitrogen) supplemented with 15%
fetal calf serum (FCS) (Invitrogen) was used.

Embryo Collection and Blastomere Isolation

Embryos collected from female 129/Sv mice mated with
male C57Bl/6 mice were used [1]. Prior to mating, females
were subjected to a superovulation process by intraperito-
neal injection of 5 iu of pregnant mare serum gonadotro-
phin (PMSG) (Intervet) followed by 5 iu of human
chorionic gonadotrophin (hCG) (Farma-Lepori) 48 h after
the first injection. Embryos at the 2-cell stage were obtained
48 h after the hCG injection by flushing the oviducts with
Hepes-buffered KSOM and were cultured in KSOM
(EmbryoMax; Millipore) at 37°C under 5% CO2 until 8-cell
and blastocyst stages were reached.

Groups of 1 or 2 blastomeres from 8-cell stage embryos
(1/8 and 2/8 groups, respectively) were isolated by
micromanipulation in a PBS solution [23]. Briefly, the
zona pellucida was disrupted with a 10 μm drilling
micropipette containing Tyrode’s acid solution and individual
blastomeres were aspirated with a 20 μm diameter micropi-

Fig. 1 Schematic representation
of groups and treatments per-
formed in the experiments
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pette. All blastomeres of the 8-cell stage embryos were used to
avoid a bias on results due to possible differences in
blastomere commitment at this stage.

Detection of E-cad-Fc Adhesion to the Blastomere Surface
by Immunofluorescence

Groups of 1/8 blastomeres were incubated with 1.5 μg/ml
of E-cad-Fc (Sigma-Aldrich) during 2 h in a 20 μl drop
inside a non-adherent polypropylene plate (Nunc). E-cad-Fc
was diluted in standard DMEM medium with calcium to
facilitate its adhesion to the blastomere surface. Afterwards,
blastomeres were washed 3 times in DMEM during 5 min,
fixed in 4% paraformaldehyde (Sigma) during 15 min,
washed again 3 more times and incubated with a 1:20
dilution of a monoclonal mouse anti-human IgG1 second-
ary antibody FITC-conjugated (Invitrogen) during 2 h.
Finally, samples were washed again in DMEM and stained
with Hoechst 33258 (Invitrogen) at 10 μg/ml as a nuclear
counterstain.

The same protocol was used to analyse the presence of
E-cad-Fc on the blastomere surface after the first change of
medium performed at 48 h in the first set of experiments
(long exposure).

To remove E-cad-Fc off the blastomere surface within
the 24 h in the second set of experiments (short exposure),
blastomeres were washed 3 times in a calcium- and
magnesium-free PBS solution supplemented with 150 mM
EDTA. Afterwards, blastomeres were incubated with the
secondary antibody mentioned above to verify the complete
withdrawal of E-cad-Fc.

Samples were examined with an epifluorescence micro-
scope Olympus Bx60 and an image capture and analyzing
system (Software Genus, 3.0 version).

Detection of Native E-Cadherin on the Blastomere Surface
by Immunofluorescence

Native E-cadherin on the surface of blastomeres at the
8-cell stage (isolated or inside the embryo) was labelled
using an anti-mouse E-cadherin antibody (Table 1). Isolated
blastomeres or embryos were fixed in 4% paraformaldehyde
during 15 min. Blocking and permeabilization was per-
formed overnight in a PBS solution containing 0.5% Triton
X-100 (Sigma), 3% goat serum (Sigma) and 0.2% sodium
azide (Sigma). Incubation with the primary antibody was
done overnight at 4°C and detection with the corresponding
secondary antibody (Table 1) was performed during 2 h at
room temperature. Samples were washed with block solution
before and after incubation with antibodies. Finally, samples
were stained with Hoechst 33258 (Invitrogen) at 10 μg/ml as
a nuclear counterstain and examined with an epifluorescence
microscope Olympus Bx60 and an image capture and
analyzing system (Software Genus, 3.0 version).

Establishment of Stem Cell Lines and Exposure
to E-cad-Fc

ESC lines were derived from 1/8 and 2/8 blastomeres using
a defined culture medium [5, 21]. Briefly, isolated
blastomeres were seeded onto a feeder cell monolayer
cultured in 50 μl drops contained in a 60 mm Petri dish

Table 1 Primary and secondary antibodies used for cell characterization

Primary antibody Dilution Reference Secondary antibody Concentration Reference Cell type stained

Rabbit monoclonal
anti-E-cadherin

1:500 Abcam ab40772 Goat anti-rabbit IgG
Alexa Fluor 594

6 μg/ml Molecular Probes
A-11037

Blastomeres
8-cell stage

Mouse monoclonal
anti-Oct4

1:50 Santa Cruz sc-5279 Chicken anti-mouse
IgG Alexa Fluor 488

6 μg/ml Molecular Probes
A-21200

ESC colonies

Rabbit polyclonal
anti-Oct4

1:1500 Santa Cruz sc-9081 Goat anti-rabbit IgG
Alexa Fluor 594

6 μg/ml Molecular Probes
A-11037

ICM cells

Rabbit polyclonal
anti-Nanog

1:200 Abcam ab21603 Goat anti-rabbit IgG
Alexa Fluor 594

6 μg/ml Molecular Probes
A-11037

ESC colonies

Rabbit polyclonal
anti-Sox2

1:200 Millipore AB5603 Goat anti-rabbit IgG
Alexa Fluor 594

6 μg/ml Molecular Probes
A-11037

ESC colonies

Mouse monoclonal
anti-Cdx2

1:100 BioGenex MU392A-UC Chicken anti-mouse
IgG Alexa Fluor 488

6 μg/ml Molecular Probes
A-21200

TSC colonies/
TE cells

Rabbit polyclonal
anti-Nestin

1:250 Abcam ab5968 Goat anti-rabbit IgG
Alexa Fluor 594

6 μg/ml Molecular Probes
A-11037

Differentiated
ESC colonies

Rabbit polyclonal
anti-AFP

1:400 Dako A0008 Goat anti-rabbit IgG
Alexa Fluor 594

6 μg/ml Molecular Probes
A-11037

Differentiated
ESC colonies

Mouse monoclonal
anti-α-SMA

1:400 Sigma A5228 Chicken anti-mouse
IgG Alexa Fluor 488

6 μg/ml Molecular Probes
A-21200

Differentiated
ESC colonies
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with ESC derivation DMEM medium supplemented with
100 μM 2-ß-mercaptoethanol (Invitrogen), 1 mM
L-glutamine (Invitrogen), 1X non essential aminoacids
(Invitrogen), 103 units/ml leukemia inhibitory factor (LIF;
Millipore), 20% Knockout Serum Replacement (KSR;
Invitrogen) and 0.1 mg/ml adrenocorticotropic hormone
(ACTH; Sigma-Aldrich).

In the derivation of ESC lines from 1/8 blastomeres,
E-cad-Fc at a concentration of 1.5 μg/ml was added to the
culture medium before 1/8 blastomeres were seeded and, as
previously mentioned, it was passively removed after the
first 48 h in the first set of experiments (long E-cad-Fc
exposure) or actively removed at 24 h in experiments with
short exposure to E-cad-Fc by the aforementioned means.
Control 1/8 and 2/8 blastomeres were cultured in E-cad-Fc-
free ESC derivation medium.

TSC lines were established following the protocol
described by Tanaka (2006) [24]. Briefly, 1/8 blastomeres
or blastocysts were seeded onto a feeder cell monolayer in
50 μl drops in a 60 mm Petri dish with TSC establishment
RPMI1640 medium (LabClinics) supplemented with 20%
FCS, 2 mM L-glutamine, 100 μM 2-ß-mercaptoethanol and
1 mM sodium pyruvate (Sigma-Aldrich). Moreover, the
TSC establishment culture medium contained variable
amounts of heparin (1–1.8 μg/ml; Sigma-Aldrich) and
fibroblast growth factor 4 (25–45 ng/ml; FGF4; Pepro-
Tech) depending on the derivation step.

In the derivation of TSC lines from 1/8 blastomeres,
E-cad-Fc at a concentration of 1.5 μg/ml was added to the
culture medium before 1/8 blastomeres were seeded. E-cad-
Fc was not passively removed until the third day of culture
when all outgrowths were attached to the feeder cells and
the culture medium was changed following the protocol of
Tanaka (2006) [24]. TSC lines were also derived from
blastocysts, as a positive control for the derivation in TSC
conditions, and from 1/8 blastomeres in the absence of
E-cad-Fc, as a negative control.

Stem Cell Lines Characterization and Immunostaining
of Pseudoblastocysts

Stem cell colonies were first selected based on their
morphology. ESC colonies present a defined morphology
at the edge and have round cells. TSC colonies, by contrast,
present a non-defined morphology at the edge and have
flattened cells.

Later, pluripotency of the selected ESC- or TSC-like
colonies was confirmed by immunofluorescence, using
specific markers Oct4, Nanog and Sox2 for ESC, and
Cdx2 for TSC (Table 1). Stem cell colonies were washed 3
times in PBS, fixed in 4% paraformaldehyde during 15 min
and washed again 3 times in PBS. Blocking and permeabi-
lization was performed in the same block solution used for

native E-cadherin detection, during 30 min. Incubation with
primary antibodies was done overnight at 4°C. Then they
were washed 3 times in PBS and incubated with the
corresponding secondary antibody (Table 1) during 2 h at
room temperature. Finally, samples were washed again in
PBS and stained with Hoechst 33258 at 10 μg/ml as a
nuclear counterstain.

Pseudoblastocysts were harvested on day 2 and immu-
nostained in order to determine the mean number of ICM
and TE cells. ICM cells were detected by Oct4 marker and
TE cells by Cdx2 marker. The immunostaining protocol
followed was the same used for the stem cell colonies
except that pseudoblastocysts were washed with block
solution instead of PBS and that permeabilization was
performed overnight.

Samples were examined with an epifluorescence micro-
scope Olympus Bx60 and an image capture and analyzing
system (Software Genus, 3.0 version).

In Vitro Differentiation of Embryonic Stem Cell Lines

To further confirm the pluripotency of the ESC lines
derived, they were subjected to differentiating culture
conditions to produce cells of the three germ layers:
ectoderm, endoderm and mesoderm. First, ESC lines were
subcultured to gelatin pre-coated dishes (Sigma) in the
absence of feeder cells and LIF. Moreover, the KSR of the
culture medium was replaced with FCS to favor differen-
tiation. Culture medium was replaced every two days and
after a period of 7 days, the lines were fixed for
immunofluorescence analysis.

Characterization of Embryonic Stem Cell Lines
Differentiated in Vitro

In vitro differentiated ESC lines were characterizated by
immunofluorescence for the detection of specific markers
of the three germ layers such as Nestin (ectoderm), AFP
(endoderm) and α-SMA (mesoderm). Primary and second-
ary antibodies used are detailed in Table 1. ESC lines were
also immunostained with Oct4 marker in addition to each
marker of differentiation to detect not fully differentiated
cells and, finally, stained with Hoechst 33258 as a nuclear
counterstain. The immunofluorescence protocol was the
same used for the characterization of the undifferentiated
ESC lines.

Statistical Analysis

Results were statistically analysed by X2 and Fisher exact
test for proportions and Student’s t-test for mean compar-
isons. Values with a P<0.05 were considered statistically
significant.
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Results

E-cad-Fc Adhesion to the Blastomere Surface

E-cad-Fc adhered to the blastomere surface when the
incubation was performed in a non-adherent polypropylene
plate since this avoids compound binding to the dish and
the E-cad-Fc is free to adhere to the blastomere surface.
This association was observed after 2 h of incubation with
the blastomere, only when E-cad-Fc was diluted in calcium
containing DMEM medium unlike to what happened when
E-cad-Fc was diluted in a calcium- and magnesium-free
PBS solution supplemented with EDTA (Fig. 2b and d).

The pattern observed after E-cad-Fc was adhered to the
blastomere surface was a dotted, foci-like labelling pattern
most frequently homogenously distributed throughout the
surface (Fig. 2b), suggesting that native E-cadherin was
uniformly redistributed along the entire surface of the
blastomere after its isolation from the embryo. However,
some blastomeres presented a localised area where E-cad-
Fc foci were more concentrated, suggesting that it was the
area where the initial neighbouring blastomeres established
contact inside the embryo. This distribution was further
confirmed by a direct labelling of the native E-cadherin
(Fig. 2i and j).

Similarly, the presence of E-cad-Fc after the first 48 h,
when the change of the medium is produced, was checked
by immunofluorescence in the pseudoblastocysts formed on
day 2. Some foci on the blastomeres surface were found
indicating that the change of the medium did not produce a
complete withdrawal of E-cad-Fc in the first set of experi-
ments with a long exposure to E-cad-Fc (Fig. 2f).

Finally, incubation in a calcium- and magnesium-free
PBS solution of those blastomeres exposed during 24 h to
E-cad-Fc clearly removed the E-cad-Fc signal detected by
immunostaining, confirming the complete withdrawal of
the E-cad-Fc (Fig. 2h). All these results corroborate the
specificity of E-cad-Fc binding to the blastomere surface.

Effect of a Long Exposure to E-cad-Fc on ESC Derivation
Efficiency

The percentage of blastomere division (Fig. 3a) after 24 h
of culture with E-cad-Fc was 67% (Table 2), a value
significantly higher (p=0.0003) than that of 1/8 control
groups cultured without E-cad-Fc (44.6%), although sig-
nificantly lower (p<0.0001) than the one from 2/8 control
group in which the two blastomeres connect through native
E-cadherin-mediated junctions (100%). Despite the in-
creased rate of division, only 1 ESC line (1%) was obtained
from 1/8 blastomeres exposed to E-cad-Fc. This derivation
efficiency is similar to that obtained for the 1/8 control
group without E-cad-Fc in the culture medium, in which

Fig. 2 Immunofluorescence detection of E-cad-Fc adhesion to the
blastomere surface and native E-cadherin. a–b 1/8 blastomere incu-
bated with E-cad-Fc for 2 h in calcium-containing DMEM medium.
c–d 1/8 blastomere incubated with E-cad-Fc for 2 h in calcium- and
magnesium-free PBS. e–f Pseudoblastocyst formed on day 2 of
culture from 1/8 blastomeres subjected to a long exposure to E-cad-Fc.
g-h 1/8 blastomere exposed to E-cad-Fc for 24 h and washed with
calcium- and magnesium-free PBS supplemented with EDTA. i Native
E-cadherin distributed throughout blastomeres surface and concentrat-
ed at blastomeres contact regions from an 8-cell stage embryo.
j Native E-cadherin homogeneously distributed on the surface of an
isolated blastomere from an 8-cell stage embryo. Scale bar: 30 μm
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only 5 ESC lines (2.2%) could be derived, and significantly
lower (p=0.0001) than that of the 2/8 control group
(23.3%). Thus, the increase of the division rate in the
group of 1/8 blastomeres in contact with E-cad-Fc for more
than 48 h does not directly improve the efficiency of the
ESC derivation process.

On day 2 of culture, pseudoblastocysts (Fig. 3b) formed
from both 1/8 blastomeres cultured with E-cad-Fc and
control groups. Morphologically, most pseudoblastocysts
derived from 1/8 blastomeres in contact with E-cad-Fc did
not seem to contain ICM cells, unlike to their counterparts
in the control group. In order to confirm the lack of ICM

cells, the mean number of ICM, TE and total cells of these
pseudoblastocysts (Table 3) was determined by immuno-
fluorescence (Fig. 4). When E-cad-Fc was passively
removed from blastomeres surface, pseudoblastocysts
showed a mean number of 2.1 ICM cells while 44% of
them did not contain any ICM cell. The mean number of
ICM cells in the control group without E-cad-Fc was 6.0
and just 10% of the pseudoblastocysts contained TE cells
only. Comparisons between 1/8 blastomeres exposed to
E-cad-Fc and the control group resulted to be significantly
different (p<0.0001 for means comparison and p=0.0018
for percentage of pseudoblastocysts without ICM cells).
Moreover, the mean number of total cells was significantly
lower (p=0.0005) in those pseudoblastocysts obtained after
exposure to E-cad-Fc when compared to controls, suggest-
ing that a long exposure to E-cad-Fc has a negative effect
on ICM cells proliferation.

On day 3 of culture, after pseudoblastocysts attached to
the feeder cells, outgrowths with a TSC-like morphology
were observed in the culture (Fig. 3c). In particular,
blastomeres cultured in the presence of E-cad-Fc produced
22% of TSC-like outgrowths (Table 2) and although this
value did not significantly differ from the production of
ESC-like outgrowths in the same group (14%), it resulted to
be significantly higher (p<0.0001) than the percentage of
TSC-like outgrowths found in the control group without
E-cad-Fc (3.6%). Moreover, TSC-like outgrowths were
positive for Cdx2 marker as suspected from the morphol-
ogy of the pseudoblastocysts they came from (those
containing TE cells only or with few ICM cells) (Fig. 4).
Thus, long exposure of blastomeres to E-cad-Fc produces
an increased percentage of TSC-like outgrowths.

Effect of a Short Exposure to E-cad-Fc on ESC Derivation
Efficiency

In view of the results obtained with a long exposure to
E-cad-Fc, a second set of experiments was designed in
order to determine whether the effect of E-cad-Fc could be
restricted to the first 24 h and, hence, increase the division
rate of 1/8 blastomeres while avoiding the inhibition of
ICM proliferation and the bias towards TSC derivation.

Fig. 3 Images of ESC and TSC lines establishment from
1/8 blastomeres. a First division of a 1/8 blastomere. b Pseudoblas-
tocyst formed on the second day of culture. c TSC-like outgrowth. d
TSC colony. e ESC-like outgrowth. f ESC colonies. Scale bar a–c and
e: 30 μm; scale bar d: 100 μm; scale bar f: 200 μm

Table 2 Rates of first division and of ESC lines derivation

Derivation group n % First division after
24 h (n)

% ESC-like
outgrowths (n)

% TSC-like
outgrowths (n)

% ESC lines (n)

Control (1/8) 222 44.6 (99)a 17.1 (38)a 3.6 (8)a 2.2 (5)a

Control (2/8) 30 100 (30)b 60.0 (18)b 0.0 (0)a 23.3 (7)b

E-cad-Fc long exposure (>48 h) 100 67.0 (67)c 14.0 (14)a 22.0 (22)b 1.0 (1)a

E-cad-Fc short exposure (24 h) 125 88.8 (111)bc 50.4 (63)b 4.0 (5)a 33.6 (42)b

a–cValues with different superscripts within the same column differ significantly
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As in previous experiments, short exposure (24 h) to E-
cad-Fc increased the percentage of 1/8 blastomeres division
(88.8%) so that significant differences (p<0.0001) were
found compared to 1/8 control groups without E-cad-Fc
(44.6%), but not to 2/8 control group (100%; Table 2).

The complete withdrawal of E-cad-Fc improved the
production of ESC lines from 1/8 blastomeres and 42 ESC
lines (33.6%) were derived (Figs. 3f and 5a). This ESC
derivation rate was significantly higher (p<0.0001) than the
one found after a longer culture with E-cad-Fc (1%) and in
1/8 control groups without E-cad-Fc (2.2%), while resem-
bling the ESC derivation rate obtained from the 2/8 control
group (23.3%; Table 2). The confirmation by immunoflu-
orescence of the in vitro differentiation of an ESC line
towards cells of the three germ layers is shown in Fig. 5b.

Most of the pseudoblastocysts (96%) formed on day 2
after an active removal of E-cad-Fc exhibited an evident
ICM, similar to pseudoblastocysts from the control group
without contact with E-cad-Fc (90%). As in previous
experiments, pseudoblastocysts were immunostained to
determine the proportion of ICM and TE cells (Fig. 4). In
this sense, pseudoblastocysts from the group with E-cad-Fc
showed a mean number of 6.4 ICM cells while just 4% of
these structures presented TE cells only. No significant
differences were found between these data and the one from

the control group (Table 3). By contrast, comparisons with
1/8 blastomeres exposed to a passive withdrawal of E-cad-
Fc revealed significant differences in both the percentage of
pseudoblastocysts without ICM cells (p=0.0019) and the
mean number of ICM cells (p<0.0001), indicating an
increased number of ICM cells in pseudoblastocysts when
E-cad-Fc was removed from the culture medium after
24 h. No significant differences between 1/8 blastomeres
with E-cad-Fc in these experiments and the control group
were found in the mean number of TE cells and in the
mean number of total cells of the pseudoblastocysts
(Table 3).

The production of ESC-like outgrowths in short expo-
sure experiments was significantly higher (p<0.0001) than
the one of TSC-like after pseudoblastocysts attachment
(Table 2) indicating an improvement in the production of
ESC-like outgrowths with regards to long exposure experi-
ments in which there was a passive withdrawal of E-cad-Fc.
Further, in short exposure experiments differences with
1/8 control blastomeres were only detected in the number of
ESC-like outgrowths (p<0.0001) unlike what happened in
previous experiments of long exposure to E-cad-Fc.
Therefore, a short exposure to E-cad-Fc during 24 h
increases the production of ESC-like outgrowths and,
consequently, the efficiency of ESC lines derivation.

Fig. 4 Immunostaining of pseudoblastocysts without ICM cells (a–d) and containing ICM cells (e–h). Scale bar: 50 μm

Table 3 Number of ICM and TE cells in pseudoblastocysts

Derivation group n % Pseudoblastocysts
without ICM cells (n)

Mean of ICM cells
(±SEM)

Mean of TE cells
(±SEM)

Mean of total
cells (±SEM)

Control 50 10 (5)b 6.0±0.59a 14.0±0.52a 19.9±0.85a

E-cad-Fc long exposure (>48 h) 25 44 (11)a 2.1±0.58b 13.1±0.63a 15.2±0.76b

E-cad-Fc short exposure (24 h) 25 4 (1)b 6.4±0.66a 13.9±0.77a 20.4±0.94a

a–b Values with different superscripts within the same column differ significantly
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Establishment of TSC Lines After Culture with E-cad-Fc

TSC culture conditions were introduced in 1/8 groups
exposed to E-cad-Fc (long exposure) exhibiting a TSC-like
morphology on the third day of culture and 4 TSC lines
(13.3%; Table 4) were obtained (Fig. 3d). Control 1/8 groups
not exposed to E-cad-Fc were also cultured in TSC
conditions and only 1 TSC line (4%) was derived. These
results, although not statistically significant, suggest an
increased capacity to establish TSC lines after a long
exposure of the 1/8 blastomeres to E-cad-Fc. Moreover, the
production of TSC lines from the group with E-cad-Fc
(13.3%; Table 4) was compared with their respective
production of ESC lines (1%; Table 2) and results revealed
significant differences (p=0.0101) suggesting that E-cad-Fc
in contact with 1/8 blastomeres during more than 24 h
favours the production of TSC colonies over that of ESC
colonies.

Blastocysts were cultured under TSC conditions as a
positive control for the derivation conditions of TSC lines

(Fig. 6a–c) and an efficiency of 56% was obtained (Table 4),
a value significantly higher (p<0.0072) than that obtained
for 1/8 blastomeres with or without E-cad-Fc.

Therefore, 1/8 blastomeres exposed to E-cad-Fc during
more than 24 h (long exposure) and cultured in TSC
conditions produced TSC lines positive for Cdx2 marker
more efficiently than ESC lines, although at lower rates
than blastocysts under our conditions. It is important to note
that TSC colonies formed from 1/8 blastomeres did not
present a homogeneous expression of Cdx2 in the entire
colony (Fig. 6d–f).

Discussion

The aim of the present study was to investigate the
influence of the adhesion protein E-cadherin on the division
capacity of single mouse blastomeres at the 8-cell stage. We
wanted to elucidate whether an increased division potential
could affect their ESC derivation efficiency.

Fig. 5 a Immunostaining of an ESC colony showing expression of
Oct4 (B, green) and Nanog (C, red) pluripotency markers. Scale bar:
50 μm. b Immunostaining of an in vitro differentiated ESC line

showing the expression of Oct4 and Nestin (A), Oct4 and AFP (B) and
Oct4 and α-SMA (C). Scale bar: 100 μm

Table 4 Derivation of TSC lines from the culture of 1/8 blastomeres with E-Cad-Fc

Derivation group n % First division after
24 h (n)

% ESC-like
outgrowths (n)

% TSC-like
outgrowths (n)

% TSC lines (n)

Control (1/8) 25 68 (17)a 0 (0)a 24.0 (6)a 4.0 (1)a

Control (blastocyst) 25 – 0 (0)a 92.0 (23)b 56.0 (14)b

E-cad-Fc long exposure (>48 h) 30 90 (27)a 0 (0)a 26.7 (8)a 13.3 (4)a

a–bValues with different superscripts within the same column differ significantly
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In our study, we adhered a chimeric E-cadherin (E-cad-Fc)
to 1/8 blastomeres to simulate the signaling produced in vivo
when two or more blastomeres connect by means of
E-cadherin junctions at the 8-cell stage. The adhesion of
E-cad-Fc to the blastomere surface was performed maintain-
ing the E-cad-Fc during at least 2 h in contact with
blastomeres, since there are consistent data indicating that
cadherin-mediated adhesion proceeds from a weak to a
strong state over a time of 1 h when it finally connects with
the cytoskeleton [7]. The foci-like pattern found by
immunofluorescence for the E-cad-Fc, the need of calcium
to adhere E-cad-Fc, the complete withdrawal observed when
these blastomeres were washed in a calcium- and
magnesium-free PBS solution and the similar distribution
of E-cad-Fc and native E-cadherin on blastomeres surface
confirm the specificity of the adhesion of E-cad-Fc to the
native E-cadherin of blastomeres in our experimental design.

E-cadherin is a cell-to-cell adhesion molecule with a
central and crucial role during development [25]. Its ability
to participate or to influence morphogenetic processes in
the developing embryo such as cell proliferation, cell death,
cell polarization and differentiation has been described.
Particularly, with regards to proliferation, E-cadherin
ensures that blastomeres find a partner to contact with
and, hence, they proliferate and structure in tissues [7]. Our
results from the culture of 1/8 blastomeres with E-cad-Fc
during 24 h revealed an increased division capacity when
compared to control groups cultured without E-cad-Fc under
ESC derivation conditions. Moreover, we have succeeded in
mimicking the division capacity of 2/8 blastomeres, which
contact each other through native E-cadherin. Altogether, our
data seem to indicate that E-cad-Fc increases the proliferating
capacity of single blastomeres at the 8-cell stage during the
first 24 h of culture, when blastomere cleavage occurs,
probably by simulating adherens junctions and stimulating

the signaling produced between neighbouring blastomeres at
this stage.

Experiments maintaining the E-cad-Fc in the culture
medium (long exposure) revealed a decrease in the number
of ICM cells in pseudoblastocysts with regards to the
control group without E-cad-Fc, indicating that E-cad-Fc
reduces the proliferation capacity of ICM cells at this stage.
Polarization induced by residual E-cad-Fc in the culture
medium may inhibit the formation of ICM cells without
affecting the proliferation of TE cells. After these pseudo-
blastocysts obtained from 1/8 blastomeres attached to the
feeder cells during the next 24 h, they formed a higher
number of TSC-like outgrowths than of ESC-like out-
growths, and the percentage of TSC-like outgrowths
produced was higher than that observed in the control
1/8 group. It is well known that E-cadherin confers a
unique adhesion capacity to ensure the formation of the TE,
the first ephitelium in the embryo [10]. Free E-cad-Fc in the
culture medium may adhere to the external and free surface
of cells in the outgrowth thus inducing polarization and the
formation of TSC-like cells, as occurs at the morula stage to
form the TE. To confirm that TSC-like outgrowths were
able to form TSC lines, they were cultured in TSC
conditions and 4 TSC lines were derived. Again, the more
efficient production of TSC lines with regards to the
derivation of ESC lines in the same group suggests that a
long exposure to E-cad-Fc is favouring the production of
TE-like rather than ICM-like cells. The quality of the
conditions used to derive TSC lines was confirmed by
TSC derivation from blastocysts, and the efficiency
obtained was similar to that previously described by
other authors [26]. Thus, our experimental conditions for
deriving TSC lines are good but the establishment of TSC
lines from 1/8 blastomeres is less efficient than from
blastocysts, as expected.

Fig. 6 Immunostaining of TSC colonies. a–c TSC lines derived from
blastocysts showing a homogeneous expression of Cdx2 marker
(b, green). Scale bar: 50 μm. d–f TSC lines derived from

1/8 blastomeres showing a variegated expression of Cdx2 marker
(arrow: Cdx2 positive cells; arrowhead: Cdx2 negative cells). Scale
bar: 10 μm
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Experiments about a short exposure (24 h) to E-cad-Fc,
by contrast, produced pseudoblastocysts with a mean
number of ICM cells similar to control 1/8 blastomeres
non-exposed to E-cad-Fc. Thus, a short exposure to E-cad-
Fc does not result in a reduction in the proliferation capacity of
ICM cells, as observed with a long exposure. Outgrowths
formed in this group were mostly ESC-like, whereas the
production of TSC-like outgrowths was almost eliminated. In
this way, the ESC derivation efficiency increased to values
similar to those obtained from 2/8 blastomeres and, resulted
highly significant with regards to control 1/8 blastomeres
without E-cad-Fc and with a long exposure to E-cad-Fc.
Changes in the distribution of E-cad-Fc depending on the time
E-cad-Fc is in contact with 1/8 blastomeres could explain
differences in the ESC derivation efficiencies found in
experiments about short and long exposure to E-cad-Fc. It is
well known that E-cadherin is associated with the mainte-
nance of the undifferentiated state in mouse and human ESC,
so that downregulation of the surface E-cadherin leads to the
differentiation of mouse ESC [11, 13, 14]. Particularly,
E-cadherin distribution has been shown to be crucial in such
processes. Li et al. (2010) showed that E-cadherin is highly
and homogeneously expressed on the cells surface of the
undifferentiated colonies in contrast to differentiated colo-
nies, indicating that a uniform distribution of E-cadherin on
the cells conforming the ESC colonies contributes to
maintain pluripotency and avoids differentiation [12]. Com-
bining these data with our results, suggests that early
treatment with E-cad-Fc during only the first 24 h could
enhance the probability of first dividing blastomeres to have
an ICM-committed phenotype thus assuring that these
blastomeres have a higher potential to form ESC-like cells
during the process of ESC derivation. It is well known that
in embryos from 8-cell stage onwards, inner blastomeres in
the embryo present a homogeneous distribution of
E-cadherin on their surface while outer blastomeres present
E-cadherin restricted to areas of contact with other blasto-
meres. Hence, inner blastomeres are committed to become
ICM cells while outer blastomers form TE cells at the
blastocyst stage [27]. Thus, E-cad-Fc uniformly distributed
thorough the surface of blastomeres during the first 24 h
could be promoting the production of ICM-committed
blastomeres which are more prone to produce ESC lines.
By contrast, 1/8 control blastomeres despite producing
pseudoblastocysts with the same mean number of ICM cells,
could not be committed enough to produce ESC-like cells in
the process of ESC derivation. Probably, long exposure to
E-cad-Fc produced significantly lower percentages of ESC
lines due to the fact that residual E-cad-Fc in the culture
medium induces a continuous effect of polarization that is
translated in a high proportion of TSC-like cells and, hence,
in a low ESC derivation efficiency.

The association between the adhesive signaling of
E-cadherin and Wnt signaling has been proposed through
an intermediary protein, β-catenin, which can regulate both
cell adhesion and gene expression [19, 28]. Wnt signaling
regulates genes which are involved in proliferation and
differentiation during development and in adult tissues.
Willert et al. (1998) proposed that Wnt signaling has a direct
effect on cell adhesion so that E-cadherin could inactivateWnt
signaling by recruiting the soluble cytoplasmic pool of
available β-catenin [29]. Moreover, it is well known that
Wnt signaling may suppress differentiation in early embryos
and ESC and that β-catenin in Wnt signaling is also involved
in the transcription of genes that control proliferation such as
c-myc, which positively regulates G1/S transition [20].
Pooling all these data together with our results suggests that
the adhesion of chimeric E-cad-Fc to the blastomere surface
may promote the activation of the E-cadherin pathway by
sequestering the β-catenin pool available for the Wnt
pathway and therefore inducing the consequent downregu-
lation of the Wnt signaling. Despite this, a low level of
activation of Wnt signaling may persist since during the first
24 h in contact with E-cad-Fc blastomeres are induced to
increase their percentage of division probably by a positive
regulation of genes involved in G1/S transition.

Overall, we can conclude from our study that the
division rate of single blastomeres at the 8-cell stage can
be increased by culturing them with E-cad-Fc during 24 h
at the beginning of the derivation process. Under these
conditions, the efficiency of the derivation process from
one single blastomere can be improved and resemble the
one obtained when starting from two blastomeres, which
are connected through native E-cadherin junctions. There-
fore, establishment of ESC lines from isolated blastomeres
not only depends on the embryo volume from which
derivation has started but on the initial conditions of the
signaling between neighbouring blastomeres as we previ-
ously suggested [21].

Finally, given that 1/8 single blastomeres incubated with
E-cad-Fc during 24 h can yield an ESC derivation
efficiency of 33.6%, it is tempting to speculate that by
using this novel experimental approach, if confirmed by
other authors, a decompacted 8-cell stage embryo could
theoretically produce an ESC line with an efficiency that
could reach 96% (p=1-(0.664)8). This potential ESC
derivation efficiency is higher than the best obtained from
a single blastocyst (88%) described until now [5].
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