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Abstract 
Embryonic stem cells have the ability to remain undifferentiated and proliferate in vitro while maintaining the potential to differentiate into 
derivatives of all three embryonic germ layers. The aim of the present study was to establish mouse ES lines from blastocyst stage 
embryos obtained after CD1/EGFP mice superovulation. We isolated, cultured and determined the characteristics of mouse embryonic 
stem cells in early passages, which were first described by Evans M and Kaufman M. Therefore, we evaluated the morphological criteria 
for the approval of ES cells in early expansion stage. Two cell lines were isolated (CDE1 and CDE2) and analyzed. They showed similar 
characteristics to those reported earlier for blastocyst-derived ES cell lines. 
Keywords: mouse embryonic stem cells, embryonic stem cell line, immunostaining, embryoid bodies. 

 Introduction 

Embryonic stem cells have the ability to remain 
undifferentiated and proliferate in vitro while maintaining 

the potential to differentiate into derivatives of all three 
embryonic germ layers [1]. 

Pluripotent embryonic stem cells (ES) are harvested 
from the inner cellular mass (ICM) of the pre-
implantation embryos on E3.5 and cultured thereafter 
in vitro [2, 3]. The stem cells bear two main properties: 
unlimited self-renewal in an undifferentiated state 
without senescence and pluripotency. The ES cells may 
differentiate into any cell type of the three embryonic 
layers: endoderm, ectoderm and mesoderm [2, 4]. 

The interest on mouse ES cells has increased after 
the isolation of teratocarcinomas [5]. These are gonad 
tumors made of a mixture of differentiated cells 
belonging to all three germinal layers (endoderm, 
ectoderm and mesoderm) and of undifferentiated cells 
similar to the early embryonic cells named embryonic 
carcinomas (EC) [6]. The carcinomas cell lines (EC) 
were the first pluripotent established cell lines to be 
generated. The EC may be cultured and maintained  
in vitro as such or may be induced to differentiate into 
any of the three germ layer cells [2,7].The ICM cells 
proliferate indefinitely in vivo in an undifferentiated 
state, before becoming progressively committed to give 
rise to specific cells [8, 9]. 

Although the pluripotent ES cells have a limited 
lifetime within the embryo, they could be indefinitely 
grown within appropriate in vitro conditions. To 
proliferate in such an undifferentiated state the cells 
need either leukemia inhibitory factor (LIF) in their 

culture medium, or to be grown on a feeder layer of 
inactivated mouse embryonic fibroblasts (MEF) [10, 11]. 

The aim of this paper was to isolate embryonic  
stem cells from mouse blastocysts and to create and 
characterize a stable ESCs line for future studies. 

 Materials and Methods 

Mice, embryos and isolation of ES cells 

Embryos were collected from 5 to 8-week-old 
female mice. A total of 10 mice from CD1/EGFP stain 
(Agricultural Biotechnology Centre, In vivo Gene 
Expression and Regulation Group, Godollo) were used. 
The mice were housed at 250C under 50–60% relative 
humidity with a 12 hours light / 12 hours dark photo-
period (lights on at 06:00 hr.) until they were used in the 
experiments. Mice were fed with commercial pelleted 
food and water ad libitum. 

Experimental female mice were grown in standard 
mobile mouse cages equipped with watering system 
(Thoren cages system) were kept under 12 hours light 
and 12 hours dark cycle. Superovulation was induced by 
injecting 7 units of pregnant mare’s serum gonadotropin 
(PMSG-Folligon, Intervet) i.p. followed by 7 units of 
human chorionic gonadotropin (hCG-Chorulon, Intervet) 
i.p. within a 48 hours interval. After the hCG injection, 
the females were immediately placed in cages with males 
(1:1) in order to copulate and 29.5 hours thereafter they 
were examined for the presence of the vaginal plug. The 
sign signifies mating and its presence sets the first day 
of pregnancy (d1). 

Blastocysts were collected in the morning of day 3 

R J M E
Romanian Journal of 

Morphology & Embryology
http://www.rjme.ro/



Emőke Páll et al. 

 

1006 

of pregnancy by flushing each uterine horn with M2 
medium (Sigma, Germany). 

Embryo culture 

The embryos were identified with a stereo-
microscope (Motic 2×) and all embryo cultures were 
carried out in microdrops on standard bacterial Petri 
dishes (Nunc, Austria) under embryological tested 
mineral oil (Sigma). Potassium simplex optimized 
medium (KSOM) was prepared freshly for embryo 
culture and had the following composition: 95 mM 
NaCl, 2.5 mM KCl, 0.35 mM KH2PO4, 0.2 mM MgSO4 
• 7H2O, 10 mM sodium lactate, 0.2 mM glucose, 
0.2 mM sodium pyruvate, 25 mM NaHCO3, 1.7 mM 
CaCl2, 0.01 mM EDTA, 0.16 mM potassium penicillin 
G, 0.03 mM streptomycin. M2 medium was used for 
operations at room temperature. Long-term cultures 
(48 hours) were maintained at 370C under an atmosphere 
of 90% humidity and 5% CO2. 

After long-term culture, a total of 76 good quality 
blastocysts were harvested and transferred to Petri dishes 
covered with a feeder layer of mouse mitomycin C 
inactivated fibroblasts, or to gelatin-coated plates.  
The culture medium contained TX-WES (Chemicon) 
supplemented with 2 mM L-Glutamine (Sigma). 

The embryos were split into two groups of 38 each: 
group one was further cultured on feeder layer MEF  
and TX-WEX medium and group two on gelatin- 
coated plates and TX-WEX medium. At 24 hours, the 
embryonic attachment was assessed under stereo-
microscope. At 48 hours the inner cell mass (ICM) was 
harvested mechanically using a very fine glass pipette 
and trypsinised (Trypsin-EDTA, Gibco) for 10 minutes 
in order to separate the cells and to neutralize possible 
trophectoderm cell contaminants. After trypsinisation 
the ICM cells were resuspended in 48-well Petri dishes 
with feeder cells or gelatin 0.1%. Cultures were incubated 
for 4–5 days at 370C in water-saturated atmosphere 
containing 5% CO2 in air. The medium was changed 
after two or three days. After approximately five days, 
cultures were incubated with 0.3% EDTA for 20 minutes; 
clones exhibiting stem cell morphology were picked out 
by a mouth-controlled glass-capillary and were reseeded 
onto fresh feeder-layer and gelatin-coated plates. Six 
days later, wells containing ES-like colonies were 
incubated with 0.3% EDTA for 20 minutes. The whole 
cultures were dissociated mechanically and reseeded  
on fresh substrates. From the second passage, cultures 
containing ES-like clumps were dissociated using trypsin 
0.025% with EDTA every two or three days. At passage 
4, one part of the stem cells was frozen in liquid nitrogen 
and the other part was propagated for future research. 

Immunofluorescence and alkaline phospha-
tase staining of ES-like colonies 

For alkaline phosphatase staining the ESCs cells 
were grown on feeder layer or gelatin-coated chamber 
slide, fixed and stained. The staining results were 
estimated by visual analysis of the stained cells.  
For immunofluorescence, undifferentiated cells were 
cultured on mouse embryonic fibroblasts (MEFs) and 
fixed in 4% paraformaldehyde (PFA, Sigma) in PBS 

(pH 7.4, Gibco) for 20 minutes. Cells were washed twice 
with PBS to remove residual fixative and incubated in 
1% Triton X (Sigma) in PBS for 30 minutes, prior to 
blocking in 4% BSA (Sigma) in PBS for 30 minutes 

followed by incubation with antibody solution overnight 
at 40C. Primary antibodies included: Oct4 (1:200, 
Hibridoma), Nanog (1:200; RD-SYS), stage-specific 
embryonic antigen 4 (SSEA4) (1:200; Chemicon), TRA1–
81 (1:200; Chemicon). The following day, cells were 
washed twice with PBS for 5 minutes, and incubated 
with appropriate secondary antibody (1:200 RD-SYS). 
After two washes with PBS for 5 minutes, cells were 
mounted with Vectashild Mounting Medium with DAPI 
and viewed on a Zeiss Axioplan 2 epifluorescence 
microscope. The Applied Imaging Cytovision software 
was used to capture and analyze the images. 

Chromosomal analysis 

The karyotype of established lines was evaluated at 
passage 4. For simple karyotype, ES cells (4×106 cells) 
at two days after passage on gelatin covered plates were 
stopped in metaphase by the addition of colcemid 
(Sigma) (final concentration: 0.2 µg/mL) to the culture 
medium for 1.5 hours at 370C. Cells were collected after 
trypsin-EDTA treatment and centrifuged at 1000 rpm 
for 5 minutes at room temperature. The supernatant was 
removed, and the pellet was resuspended in 4 mL of 
warm (370C) hypotonic solution (0.56% KCl), for 13 
minutes. 0.5 mL of freshly prepared fixative (methanol: 
acetic acid 3:1, 40C), was added drop by drop. The cells 
were centrifuged at 1000 rpm for 7 minutes. Metaphase 
spreads were prepared by dropping the cells in fixative 
onto chrome sulphuric acid treated slides. For the 
purpose of chromosome counting, the slides were 
stained with 5% Giemsa solution (Sigma). At least 20 
spreads were analyzed for each ES cell clone. 

Evaluation of differentiation properties 

In order to induce differentiation, in vitro ES-like 
cell colonies were gently dissociated from the plate with 
a micropipette and cultured in Knockout DMEM 
supplemented with 15% FCS (Hyclone), without LIF on 
a 35 mm bacteriological Petri dish. Embryoid bodies 
(EBs) were maintained in suspension culture and the 
medium was changed every other day. After culturing 
them for a week, the EBs were plated on gelatin-coated 
dishes and allowed to further differentiate. After 21 days, 
the EBs were fixed with 4% PFA for future analysis. 

RNA isolation, reverse transcription PCR 

The ES-like colonies and the EBs were retrieved 
using glass capillary pipette and were stored in liquid 
nitrogen for analysis. Total RNA was extracted using 
TriReagent (Sigma) according to the manufacturer’s 
instructions. The cDNA was prepared from total RNA 
using High Capacity cDNA Reverse Transcription Kit 
(Applied Biosystems). The cDNA from ES-like colonies 
was diluted with MQ water and used for an RT-PCR 
based assay for Oct3, Sox 2, Nanog, Fgf-4, Utf-1. 
Differentiation properties were observed by analysis  
for mesodermal marker Titin, ectodermic marker Nestin 
and for Cytokeratin Endo-A. 
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 Results 

Harvesting the blastocysts at 72 hours was optimal, 
as all of them survived for 24 hours in the KSOM 
medium. A total of 76 blastocysts were obtained from 
three superovulated CD1/EGFP female mice. Thirty-
eight blastocysts were transferred on the MEF feeder 
layer and other 38 were cultured on gelatin-coated 
plates. The blastocysts from both groups hatched after 
48 hours from the zona pellucida and attached to the 
surface of the tissue culture dishes by migration of the 
trophoblast cells (Figure 1). The inner cell mass (ICM) 
was considerably enlarged after 48 hours in both groups. 

The disaggregated ICM on MEF (Figure 2) started 
to form small colonies in a period of 3 to 5 days, but on 
gelatin-coated plates, the colonies started to form only 
after 7 days. The MEF sustained a good development 
and attachment of blastocysts and this took place 2–5 
days earlier, compared to the gelatin coated plates. Two 
cell lines (5.26%) were established from ICM cultivated 
on MEF, while none was obtained from the 38 
blastocysts cultured on gelatin-coated plates. In this 

case, only differentiated colonies, giant trophoblast cells, 
and endoderm-like cells were obtained. 

The ES-like colonies grew typically round-to 
spindle-shaped and the individual cells in the colony 
were difficult to distinguish, with large nucleoli and 
high nucleus–cytoplasm ratio. The colonies tend to 
differentiate by separation from each other, becoming 
larger in size and attaching to the bottom of dish. The 
ES lines were passaged (Figure 3) 5–6 times and still 
maintained their undifferentiated state. ES lines isolated 
from the MEF had almost normal diploid number of 
chromosomes. Alkaline phosphatase staining has shown 
an extensive positive reaction in undifferentiated ES 
cells (Figure 4). The RT-PCR showed Oct-4, Nanog, 
Sox-2, Fgf-4 expression in all lines (Figures 5 and 6). 
When the ES-like cells differentiated in vitro, they 
rapidly lost the expressions of pluripotent cell markers. 
After approximately 3 days, the ES-like cells formed 
embryoid bodies (Figure 7). Positive cells for Nestin, 
Titin and Cytokeratin Endo, as well as for pluripotent 
cell markers were found in the fixed EBs (Figure 8). 

 

A  B C
Figure 1 – Blastocyst stage embryo attached on feeder layer: (A) after 24 hours; (B) after 48 hours; (C) after 72 
hours. 

 

Figure 2 – Morphology of 
GFP-positive mESCs (mouse 
embryonic stem cells) grown 
on MEF (mouse embryonic 
fibroblast) and on gelatin-
coated plates (20× PA, UV 
150, 10×, epifluorescence 
microscope). 
 

Figure 3 – ES-like colonies after the 
second passage (20× epifluorescence 
microscope). 
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Figure 4 – Alkaline phosphatase activity in 
embryonic stem (ES) cells. Undifferentiated ES 
cells (star) are stained positively while the feeder 
layer fibroblasts are not stained (40×). 

 

Figure 5 – Reverse transcription-polymerase chain reaction analysis. Lines
4, 3: CDE1, CDE2 on MEF (mouse embryonic fibroblast). Line 2: positive
control. Line 1: negative control. 

 

Figure 6 – Reverse transcription-polymerase chain reaction 
analysis. Lines 1, 2: CDE1, CDE2 on MEF (mouse embryonic 
fibroblast). Line 3: positive control. Line 4: negative control. 

 

Figure 7 – In vitro differentiation of embryonic stem (ES) cells into embryoid bodies (EBs). 
 

A  B  C  D 

E  F  G H  
Figure 8 – Immunocytochemical detection of Oct3/4 (A, B); Nanog (C, D), TRA 2-39 (E), SSEA-2 (F) by fluorescent 
labeled antibodies; normal number of metaphase chromosomes in ES-like colonies. 

 Discussion 

The aim of the present study was to establish mouse 
ES lines from blastocyst stage embryos obtained after 
CD1/EGFP mice superovulation. 

We isolated, cultured and determined the character-
istics of mouse embryonic stem cells in early passages, 
which were first described by Evans M and Kaufman M 

(1981). Therefore, we evaluated the morphological 
criteria [10, 12] for the approval of ES cells in early 
expansion stage. Two cell lines were isolated (CDE1 
and CDE2) and analyzed. They showed similar 
characteristics to those reported earlier for blastocyst-
derived ES cell lines. 

The cells resulted from the ICM blastocysts 
cultivated on MEF begin to form colonies between day 
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3 and 6, comparable with those cultivated on 0.1% 
gelatin substrate, where the colonies appear tardily 
(7 days). We proved that the feeder substratum has 
better effects upon the mouse embryonic stem cell line 
initiation, compared to the gelatin substrate, where flat 
colonies with a high tendency of separation and early 
differentiation appeared. 

The examination of the colonies was easily performed 
using the fluorescent microscope, due to the GFP 
protein. The characteristics of pluripotent cells were 
identified performing the induction of embryonic 
corpuscles formation [13, 14] by depriving the culture 
medium of LIF and cultivating the cells on 
bacteriological plates. After 48–72 hours, we observed 
the emergence of small cellular aggregates. These 
aggregates theoretically contain different types of cells 
from the three embryonic layers: ectoderm, endoderm 
and mesoderm [15–18]. Lymphoid progenitors [19], 
cardiomyocytes [20, 21], skeletal muscle cells [22] 
vascular smooth muscle cells [23], and adipocytes  
[24] were found within the EBs, together with 
undifferentiated stem cells, identified by alkaline 
phosphatase staining [14]. Immunohistochemical 
analyses were made for the identification of various 
pluripotency markers. The presence of this transcription 
factors, together with the conservation of the cell 
morphology after many passages and the diploid 
character demonstrates that the lines obtained are 
pluripotent. Despite all the improvements brought to the 
production of mouse embryonic stem cells, the specific 
literature does not describe any standard procedure for 
the efficient generation of these lines that combine a 
high efficiency of these cells with easy isolation 
methods and financial accessibility of the necessary 
reagents. Thus, in spite of the big necessity for cells 
used in regenerative treatments, their production form 
blastocysts are not a frequently used method. 

For an efficient initiation, a laboratory must have 
standard equipment for tissue cultures, selective media 
maintained in proper conditions and a murine line 
adapted to superovulation in order to obtain a sufficient 
number of embryos. 

Because the doubling time of the murine embryonic 
stem cells population is of about 12 hours and these 
cells grow in suspension, they are dependent on a 
cultivation substrate. Therefore, the utilization of a  
high quality murine embryonic fibroblasts monolayer, 
without primary injections, that permits a good 
attachment, viability and genetic stability even after 
multiple passages, is of great importance. Gel substrate 
as well as its substitutes (laminin, agar, methyl-cellulose, 
matrigel) [25] can also be used, but only on short 
periods of time, as even though growth factors and 
cytokine are added to the culture medium, the early 
differentiation of the cultivated cells appears quite soon.  

 Conclusions 

In summary, we present an optimized and efficient 
protocol for the derivation of mouse embryonic stem 
cells from preimplantational blastocyst of CD1/EGFP 

mice. The results of immunohistochemical and molecular 
analysis and cells, colonies morphology demonstrate the 
pluripotency of isolated cell lines. 
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