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Abstract
Embryonic stem cells are considered to have a potential use in Re-
generative Medicine due to three key properties: a) pluripotency, that 
is, the plasticity to differentiate into any cell type through asymmetric 
divisions, b) high proliferation rate and clonal regeneration through 
symmetric divisions, and c) the ability, although limited, to maintain 
an undifferentiated state in culture. For these reasons, the use of 
mouse embryonic stem cells is a fundamental tool for the decipher-
ing of the operating mechanisms that need to occur for the in vitro 
differentiation of insulin-producing cells. This strategy may have an 
enormous implication in Regenerative Medicine for the treatment of 
diabetes. In this context, the in vitro culture of embryonic stem cells 
requires the control of a number of factors. Variability in such factors 
can compromise the differentiation potential of these cells in both 
directed and spontaneous differentiation protocols, resulting in a dra-
matic alteration of the final cell product.

Keywords: mouse embryonic stem cells, cell culture, cell preserva-
tion, quality control.

Introduction
Diabetes is one of the most prevalent chronic metabolic 
diseases in the world accounting for 5% of the popula-
tion according to the International Diabetes Foundation. 
This disease is caused by the absolute or relative deÞ -
ciency of circulating insulin due to several defects in in-

sulin production by the pancreatic β-cells. This absence 
may be due to several adverse conditions: an auto-im-
mune attack (type 1 diabetes), apoptosis induced by gly-
colipotoxic mechanisms (type 2 diabetes), or genetic 
mutations (MODYs), among others. Insulin is essential 
for the organism’s nutrient management, where its ab-
sence results in persistent hyperglycaemia as the Þ rst de-
tectable symptom. In addition to the lack of insulin, the 
disease is aggravated by secondary complications that all 
patients suffer at different degrees due to the metabolic 
dysfunction. These include neuropathy, retinopathy, ne-
phropathy and cardiopathy. Altogether, it is critical to 
Þ nd a treatment for this pathology. Exogenous insulin 
administration is a palliative method that requires moti-
vated and responsible patients. Furthermore, this system 
does not mimic the function that the endogenous hor-
mone exerts in the organism, indicating that this treat-
ment is not deÞ nitive nor complete.

The possibility of an islet allotransplantation isolated 
from cadaveric donors is limited and cannot cover the 
needs, for example, of the 2 million diabetic patients that 
exist in Spain.1 In addition and in order to avoid rejec-
tion, transplanted patients must follow a strict immuno-
suppressor regime for the rest of their life. An alternative 
is offered by the xenotransplantation of nonhuman islets, 
mainly from pigs. However, these have the additional 
problem of a high risk of viral infection from the animal 
donor.

In this context, embryonic stem cells (ESCs) appear as 
an interesting tool with an attractive potential in the Þ eld 
of cell therapy. Diseases caused by the malfunction of 
one speciÞ c cell type, such as diabetes, Parkinson, Alzhei-
mer, medullar lesions, cardiac pathology and osteoartic-
ular disease, are perfect candidates for their treatment 
with bioengineered ESCs.2 These cells originate from 
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the inner cell mass (ICM) of the blastocyst, and can be 
isolated and cultured in vitro, maintaining their main 
characteristics.3 This is due to, in theory, their ability to 
clonally proliferate by symmetric divisions, preserving 
their undifferentiated state. On the other hand, and as a 
consequence of their pluripotential plasticity, ESCs can 
differentiate to other cell fates (i.e. insulin-producing 
cells) through asymmetric divisions.

Therefore, under the appropriate conditions, ESCs can 
derive into the different embryonic lineages such as ec-
toderm, mesoderm, endoderm, the germ line and the ex-
tra-embryonic tissues that will give rise to the yolk sac. 
Obviously, the challenge resides in directing ESC differ-
entiation towards a speciÞ c embryonic layer and then 
trying to obtain particular cell types of this layer. In this 
context, it is necessary to understand the operating mech-
anisms during embryonic development in order to trans-
fer this knowledge to the culture dish. At present, all the 
protocols used by the different laboratories require sub-
stantial improvements. For example, many strategies 
have taken advantage of the knowledge brought by de-
velopmental biology and have tried to emulate the proc-
esses that occur in the embryo. However, in several of 
these reports only a genotypic characterisation was per-
formed, without considering functional tests that could 
give key information concerning the ability of the Þ nal 
cell product to mimic the behaviour of the cell it was 
meant to replace. 

This manuscript will intend to introduce the main labo-
ratory manipulations and key quality tests required to 
properly culture, preserve and control mouse ESCs. It is 

instrumental to follow these basic rules in order to apply 
subsequent differentiation protocols to specific cells 
fates, in particular insulin-producing cells in which tra-
ditionally our group is interested.

Expansion of commercial mouse 
embryonic stem cells
Our laboratory is in favour of using commercial cell 
lines instead of directly isolating cells from ICMs when 
comparing results between the different groups. Due to 
the great number of cell line-dependent results of the 
protocols published to produce insulin-secreting cells, it 
is difÞ cult to raise conclusions and design a universal 
strategy free from these limitations. Commercial ESCs 
are supplied frozen in cryovials. Freezing medium usu-
ally contains dimethyl sulfoxide (DMSO), a compound 
that avoids the formation of ice crystals that can destroy 
the cells. Once in the laboratory, the cryovial is stored in 
a liquid N2 tank until thawing for culture.

Inactivated Þ broblast monolayers are prepared before 
the moment of thawing. These will act as a nutritive sup-
port and adhesion surface for fresh ESCs, and for this 
reason they are called feeder layers. STO Þ broblast lines 
are strongly recommended. For the Þ broblasts to act as a 
feeder layer, it is necessary to inactivate them once con-
ß uence is achieved in culture, to cease their prolifera-
tion. Inactivation can be performed administrating 10 
μg/mL of mitomycin C in the culture medium for 4 h in 
a 5% CO2 incubator at 37 ºC (table 1). After this period 
of time, medium is discarded and Þ broblasts are washed 
several times with phosphate buffered saline (PBS) to 

Table 1. Culture media used with undifferentiated ESCs

Reagents Stock
Final concentration in the 

culture medium for 
undifferentiated ESCs

Final concentration in the 
culture medium for 

inactivated STO fibroblasts 

Final concentration in 
the freezing medium

DMEM (4500 mg glucose/L) 1X 1X 1X 1X

FBS 1X 15% 10% 25%

Non essential amino acids 100X 1X – 1X

β-Mercaptoethanol 50 mM 0.1 mM – 0.1 mM

Penicillin/Streptomycin 100X 1X 1X 1X

LIF 106 U/mL 103 U/mL – 103 U/mL

DMSO 100X – – 10X

DMEM: Dulbecco’s modified Eagle’s medium, DMSO: dimethyl sulfoxide, ESCs: embryonic stem cells, FBS: fetal bovine serum, LIF: leukaemia inhibitory factor, STO: mouse embryo-
nic fibroblast cell line.
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completely eliminate the mitomycin C, which can be 
toxic for ESCs. Trypsin addition allows Þ broblasts to de-
tach from the culture plate surface in order to be counted 
and reseeded at a known cell density (usually 8x104 
cells/cm2). Finally, the cells are allowed to attach to the 
culture plate in the incubator for 12-24h before the co-
culturing with ESCs.

Thawing of the ESC line must be performed gradually, 
leaving the cryovial at room temperature or, more ideal-
ly, in a water bath at a maximum temperature of 37 ºC, 
avoiding heating. Immediately after thawing, the vial 
cap is washed with 70% ethanol in order to avoid con-
tamination when opening in the laminar ß ow hood. The 
whole content of the cryovial is then placed in a 15 ml 
falcon tube, where it will be centrifuged at 900 rpm for 3 
min to remove the supernatant, which includes DMSO 
that is toxic for the cells at room temperature. The pellet 
is re-suspended in undifferentiated culture medium and 
seeded in a unique plate containing the inactivated Þ -
broblast monolayer (table 1). Cells are kept in a clean 
CO2 incubator paying attention to CO2 partial pressure 
and temperature. These parameters are crucial in main-
taining ESCs in an undifferentiated state. Our personal 
experience indicates that variations in CO2 and tempera-
ture have a great inß uence in the potential and plasticity 
of the cells to differentiate afterwards.

Cell culture progresses for several days until the charac-
teristic ESCs colonies are visible. Culture time depends 
on several parameters, such as cell number supplied by 
the manufacturer and the percentage of living cells after 
freezing and thawing processes. ESCs form typical colo-
nies with bi-refringent perimeters and absence of indi-
vidual cells (Þ gure 1A). At this moment, cells can be de-

tached from the culture surface by using trypsin, mixed 
with freezing medium (table 1) and frozen at a density of 
5x106 cells/cryovial. Alternatively, cells can be re-seed-
ed/passaged at 3-5x105 cells in 100 mm-diameter plates 
previously treated with 0.1% gelatine. Medium is recom-
mended to be changed every 2 days, and the culture usu-
ally reaches an adequate conß uence after 4-5 days. With 
this procedure it is possible to obtain a decent reserve of 
early passages of frozen ESCs.

Inactivated Þ broblasts may be present in the culture re-
gardless of repetitive passages. In these cases, it is pos-
sible to eliminate the Þ broblasts by modifying the cul-
ture medium, where 15% knockout serum replacement 
(KSR) would be used instead of fetal bovine serum. As a 
result, the Þ broblasts would die off, resulting in a pure 
population of ESCs (Þ gure 1B). The ESCs population 
must be Þ broblast-free and homogeneous. This can be 
obtained by clonal selection after single cell cloning (Þ g-
ure 1C). Clones grow forming attached colonies on the 
gelatine-treated culture plates as previously described. 
We strongly recommend to freeze and store early pas-
sages of these cell clones. Both non-puriÞ ed ESCs and 
selected clones must be properly identiÞ ed using their 
corresponding labels on the cryovials indicating the cell 
line, the presence or absence of fibroblasts, clone 
number, passage number, cell number and freezing 
date.

Maintenance of undi! erentiated 
mouse embryonic stem cells
The maintenance of mouse ESCs in the undifferentiated 
state is mainly dependent on the presence in the culture 
medium of a cytokine called LIF (leukaemia inhibitory 

Figure 1. Phase-contrast images of different stages of cultured ESCs. A) Mouse D3-ESCs colonies (see arrows) growing on inactivated STO fibroblast 
monolayer after 4d of cryovial thawing. B) Mouse D3-ESCs colonies cultured in the presence of KSR to eliminate the inactivated STO fibroblasts. 
C) Colonies of selected clones of mouse D3-ESCs. Bar: 100 μm
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factor). This compound binds to the membrane receptor 
gp130, allowing the activation of an intracellular signal-
ling cascade that targets the activation of transcription 
factor STAT3, involved in cell self-renewal and pluripo-
tentiality maintenance.4 The culture of ESCs in the ab-
sence of LIF favours spontaneous monolayer commit-
ment preferentially towards neuroectoderm fates.5 It is 
important to mention that human ESC cultures do not 
depend on LIF, being the co-culture on inactivated Þ -
broblast feeder layers the most commonly used strategy 
to maintain these cells in the undifferentiated state.6

Conß uence reached over time is a key factor to pay at-
tention to in ESC cultures. We have observed in our lab-
oratory that highly conß uent cultures, due to an over-
growth during incubation or to a massive initial seeding, 
can commit the cells in subsequent differentiation proto-
cols to speciÞ c embryonic lineages. This can be easily 
checked by analyzing the gene expression pattern by 
RT-PCR (reverse transcriptase-polymerase chain reac-
tion) after the spontaneous differentiation process in-
duced in the embryoid body (EB) formation (Þ gure 2). 
Therefore, special attention must be paid towards cell 
conß uence as well as to the initial number of cells seed-
ed at the beginning of each passage.

Control of mouse embryonic stem cells
The routine work with ESCs very often requires quality 
controls in order to assure the reproducibility of the re-
sults. A Þ rst requirement is to use early passages that are 
rich in stem cells rather than in neuroectodermal precur-
sors which tend to accumulate and ultimately become 
the main population in late passages. Additional controls 
must be regularly performed in order to conÞ rm the 
pluripotentiality and chromosomal stability of these 
cells. Routine RT-PCR analysis should be performed in 
order to control the possible spontaneous differentiation 
processes in monolayer cultures, thereby constraining 
the subsequent differentiation capacity. Neuroectoderm 
and primitive ectoderm markers should be checked. In 
addition, genetic pluripotential markers, such as 
Oct3/4, Nanog or Rex1, must also be tested (Þ gure 2 
and table 2).

On the other hand, alkaline phosphatase staining is a 
complementary control that can be often checked by mi-
croscopy, indicating the differentiation rate of the cells 
in culture7. Immunocytochemical detection of cell sur-

face markers, such as SSEA-1 (stage-speciÞ c embryonic 
antigen-1), a glycosphingolipid present in the plasmatic 
membrane of cells in the early developing embryo, 
should be routinely performed. Finally, karyotyping is a 
very useful tool to conÞ rm chromosomal integrity during 
the subsequent passages. We have convincingly demon-
strated that late passages of R1 and D3 ESCs tend to un-
dergo chromosome gaining.8 In this context, this control 
probe will assure that the assayed passage maintains its 
original genetic material. 

Conclusions
The major characteristics of mouse ESCs mentioned be-
fore support the idea that these cells can be an excellent 
differentiation model for embryonic lineage commit-
ment and thereby towards speciÞ c cell types, including 
the pancreatic β-cells. The application of speciÞ c proto-
cols can help in understanding the mechanisms that gov-
ern the in vitro differentiation processes in order to trans-
fer all this knowledge to human ESCs. The Þ nal goal of 
this process will be to Þ nd a clinical application in the 
treatment of diabetes.

Figure 2. Gene markers of different embryonic lineages analysed by RT-PCR 
in mouse D3-ESCs. A) D3-ESCs monolayers in the presence of LIF. 
B) EBs cultured for 21 days derived from confluent monolayer cultures 
of D3-ESCs in the presence of LIF. C) EBs cultured for 21 days derived 
from low confluence monolayer cultures of D3-ESCs in the presence 
of LIF. Amn: Amnionless, Nef M: Neurofilament middle, INS II: Insulin II
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ESC management requires an adequate control of cul-
ture conditions during the early passages. It is also of 
great importance to analyse the subsequent passages and 
conÞ rm the maintenance of an undifferentiated state. A 
regular control of certain factors, such as pluripotential-
ity and chromosomal stability, is essential for the success 
of the differentiation protocols. The sensitivity of ESCs 
to change in response to variations in the culture medi-
um can dramatically hamper the efÞ ciency to obtain in-
sulin-producing cells and compromise the reproducibil-
ity of the different protocols assayed thereafter.
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Table 2. Primers and RT-PCR conditions used for gene markers of pluripotentiality and the different embryonic layers. 
Primitive endoderm: Amnionless and insulin II. Definitive endoderm: glucagon. Neuroectoderm: Neurofilament M and 
insulin II. Pluripotentiality: Oct3/4 and Nanog. Housekeeping: β-actin

Gen Sense (5´- 3´) Antisense (5´- 3´) T (ºC) Cycles Product 
size (bp)

Accession 
number

Amnionless ACTGCCTCCAACTGGAACCAGAAC CGCAGAGGTCACAGCATTGTCCTT 62 35 667 BC087954,1

β-actin GTGGGCCGCCCTAGGCACCA CTCTTTGATGTCACGCACGATTTC 62 25 539 NM_007393.1

Glucagon GAGAGGCATGCTGAAGGGACC CATCCCAAGTGACTGGCACGAG 62 35 313 NM_008100

Insulin II CCCTGCTGGCCCTGCTCTT AGGTCTGAAGGTCACCTGCT 60 38 212 NM_008387

Nanog AGGGTCTGCTACTGAGATGCTCTG CAACCACTGGTTTTTCTGCCACCG 63 30 363 NM_028016

Neurofilament M CTTTCCTGCGGCGTAATCACGAA GGAGTTTCCTGTACGCGGCG 63 35 518 NM_008691

Oct 3/4 CTGAGGGCCAGGCAGGAGCACGAG CTGTAGGGAGGGCTTCGGGCACTT 62 28 485 GI_53500

bp: base pairs.

Key points

•  Mouse embryonic stem cells have been used to 
produce adult differenciated cells, i.e. pancreatic 
ß-cells. 

•  To maintain embryonic stem cells in an indiffer-
enciated state, addtional factors have to be ad-
ded to the culture (i.e. LIF) and appropriate envi-
ronmental conditions should be settled (CO2, 
temperature, culture confl uence, etc.)

•  Quality controls are needed to avoid cell differen-
tiation in the culture.




