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Abstract
The development and application of human embryonic stem (hES) cells is an important experimental tool for understanding 
differentiation and development, and offer a wide range of potential applications, including prevention, diagnosis and 
treatment of human diseases. This area is one of the most promising and fascinating contemporary biology. The essential 
components of the process of embryonic stem cells derivation are the embryos, embryo manipulation methods, feeder cells, 
culture media, the oxygen level and the general culture conditions in vitro. In 2008, Pereira’s group generated the first hES 
cell Brazilian lineage. It is important to continue deriving hES cells lines for both basic research and clinical applications 
due to loss of genetic and epigenetic stability during hES cells culture and the manipulation. Therefore, the more lineages 
are generated, we will have a clearer idea about what is happening. In the current study, we has generated two lineages 
of hES cells, designated BR-4 (46, XY) and BR-5 (46, XX), under physiological oxygen condition. To our knowledge, 
these are the first reported lineages of hES cells derived in South America under physiological oxygen condition, which 
was fundamental to the consolidation of this research area in our country to study the epigenetic status of these cells.

Keywords: human embryonic stem cells, hypoxia, derivation.

Derivação de novas linhagens brasileiras de células-tronco embrionárias 
humanas sob condições fisiológicas de oxigênio

Resumo
O desenvolvimento e a aplicação das células-tronco embrionárias humanas (hES) é uma importante ferramenta 
experimental para a compreensão da diferenciação e desenvolvimento, e oferece uma ampla gama de aplicações 
potenciais, incluindo a prevenção, diagnóstico e tratamento de doenças humanas. Os componentes essenciais do 
processo de derivação das células-tronco embrionárias são os embriões, os métodos de manipulação de embriões, 
as matrizes celulares, os meios de cultura, o nível de oxigênio e as condições gerais de cultura in vitro. Em 2008, o 
grupo da Dra. Lygia da Veiga Pereira gerou a primeira linhagem brasileira de células-tronco embrionárias humanas. 
É importante continuar a derivar linhagens de células-tronco embrionárias humanas para a investigação básica e as 
aplicações clínicas devido à perda de estabilidade genética e epigenética durante a cultura de células embrionárias 
humanas e a manipulação. Portanto, quanto mais linhagens são geradas, teremos uma idéia mais clara sobre o que está 
acontecendo. No estudo atual, nós geramos duas linhagens de células-tronco embrionárias humanas, denominadas BR-4 
(46, XY) e BR-5 (46, XX), sob a condição fisiológica de oxigênio. Para nosso conhecimento, estas são as primeiras 
linhagens de células-tronco embrionárias humanas reportadas derivadas na América do Sul sob a condição fisiológica 
de oxigênio, o que foi fundamental para a consolidação desta área de pesquisa em nosso país para estudar o estado 
epigenético dessas células.

Palavras-chave: células-tronco embrionárias humanas, hipóxia, derivação.
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1. Introduction

Over the years, many different organs and tissues of 
the human body progressively lose their ability to function, 
thus creating a demand for transplant. Today, the stem cells 
offer the possibility of a source of replacement cells and 
tissues to treat a number of diseases is one of the main 
applications for medical therapies (Mummery et al., 2002).

Stem cells are primitive cells produced during 
development of the organism and are defined as cells with 
large capacity of proliferation and self-renewal, and have 
the ability to respond to external stimuli and give rise to 
different cell lines more specialized. They can be found 
in (i) newly fertilized embryos (blastocysts), (ii) in germ 
cells or organs from aborted fetuses, (iii) in blood cells of 
the umbilical cord at birth in some adult tissues and (iv) in 
mature adult tissue cells to be reprogrammed behavior of 
stem cells (Kehat et al., 2002).

The development of embryonic stem (ES) cell 
technology has been heralded as the dawn of a new era in 
cell transplantation therapy, drug discovery, and genomics 
(Odorico et al., 2001).

The first ES cell line was derived in 1981 from mouse 
embryos (Evans and Kaufman, 1981), and in 1998 established 
the first human embryonic stem (hES) cell line derived 
from human embryos directly from the inner cell mass 
(ICM) of the developing blastocyst, created by in vitro 
fertilization (IVF) (Thomson et al., 1998).

The hES cells are found only in the initial stage of 
embryonic development, and derived from each of three 
primary germ layers (endoderm, mesoderm, and ectoderm), 
along with extra embryonic tissues that support development 
(Martin, 1981).

Once in culture, under appropriate conditions, hES cells 
are able to differentiate into every cell type of the human 
being, offering the possibility of a source replacement cells 
and tissues, such as an important experimental system for 
studying development and modeling disease. This feature is 
called pluripotency (Reubinoff et al., 2000; He et al., 2003; 
Buzzard et al., 2004; Wobus and Boheler, 2005; Trounson, 
2005).

However, in vitro cell culture brings a number of 
challenges; the cells and the cell culture environment are 
ideal for the growth of numerous microorganisms, and the 
cells themselves are prone to genetic changes. Somatic 
stem cells reside in specific microenvironments, called 
niches, and environmental changes, such as stromal cell 
contacts, extracellular matrix proteins, temperature, and 
oxygen level, have a great influence on stem cells function 
and differentiation (Danet et al., 2003).

The oxygen level to which hES cells are exposed is an 
important environmental parameter (Millman et al., 2009). 
Under conditions maintaining the undifferentiated phenotype, 
low oxygen reduces spontaneous differentiation of hES cells. 
It was reported that exposure to low oxygen partial tension 
can support the maintenance of hES cells undifferentiated 
phenotype for up to two weeks (Ezashi et al., 2005). It is 
still not know why the specific lines have different levels 

of robustness and proclivities to differentiate into specific 
lineages (Allegrucci and Young, 2006).

hES cells grow in tightly packed colonies and maintain 
defined borders at the periphery of colonies. High nucleus 
to cytoplasm ration and prominent nucleoli are typical 
features of individual hES cells within colonies. In order 
to obtain uniform hES cells colonies, it is important 
to use techniques and methods that can be used to test 
more hES cell lineages. To meet the strict criteria for 
ease of handling, including mechanical and/or enzymatic 
passages, defined culture media, karyotyping analysis, 
immunocytochemistry (ICC), embryoid bodies (EBs) 
formation, teratoma assays, simplified cryopreservation and 
thawing procedures, viability, and stability are important 
factors to characterize and qualify their use in stem cell 
research. It is important to continue deriving hES cells 
lines for both basic research and clinical applications 
due to loss of genetic and epigenetic stability during hES 
cells culture, and the manipulation. Therefore, the more 
lineages are generated, we will have a clearer idea about 
what is happening (Lengner et al., 2010).

In the current study, according to the norms of Biosafety 
Law (Brasil, 2005), our group obtained of Fertivitro – Center 
of Human Reproduction, human embryos produced by 
IVF and we has generated together two lineages of hES 
cells, designated BR-4 (46, XY) and BR-5 (46, XX), under 
physiological oxygen condition. To our knowledge, these 
are the first reported lineages of hES cells derived in South 
America under physiological oxygen condition, which was 
fundamental to the consolidation of this research area in 
our country to study the epigenetic status of these cells.

2. Material and Methods

2.1. Embryos
Embryos were donated for research according to 

the Brazilian legislation (Brasil, 2005), with written 
informed consents signed by biological parents, and with 
the approval of the Ethics Committee of the Bioscience 
Institute of the University of São Paulo (USP, 2013; 
protocol number 044/2006). Embryos were thawed and 
cultured until blastocyst stage at a temperature of 37 °C 
with 5% CO2 and 5% O2.

2.2. Derivation of hES cells
The ICMs were mechanically isolated and plated 

individually in cell culture 4-well plates (Nunc) pre-treated 
with 0.1% gelatin solution (Sigma) and containing mouse 
embryonic fibroblast (MEF) (Chemicon International) cells, 
and cultured in KnockOut hESC media with Knockout 
Dulbecco’s Modified Eagle medium (KO-DMEM) 
(Invitrogen), 20% KnockOut Serum Replacer (KO SR) 
(Hyclone), 50U/mL penicillin/streptomycin, 1x glutaMAX 
200mM (Invitrogen), 1x MEM non-essential amino acids 
100X (NEAA) (Cambrex), 50µM B-mercaptoethanol 
50mM (Invitrogen), 10ng/ml Basic Fibroblast Growth 
Factor (bFGF) (Invitrogen) human recombinant 10µg, 
and incubated at a temperature of 37 °C with 5% CO2 
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and 5% O2. Between days 4-5, were added MEFs cells to 
maintain the cells in culture until split at the first passage. 
We established two hES cells lineages under physiological 
oxygen conditions, BR-4 and BR-5. Immediately after 
stable establishment, each hES cell line was split at the 
first passage. Our new hES cells lines were cultured 
for prolonged periods. BR-4 and BR-5 lineages, every 
4-6  days, there were mechanical passages colony to a 
new 6-well plates-adherent cell culture (Corning Costar) 
previously treated with BD Matrigel hESC-qualified 
Matrix (BD Biosciences) supplemented with Dulbecco’s 
Modified Eagle medium (DMEM F-12) (Invitrogen) and 
grown in mTeSR1 basal medium (StemCell Technologies) 
supplemented with mTeSR1 5X Supplement (StemCell 
Technologies) and incubated at a temperature of 37 °C 
with 5% CO2 and 5% O2. This process of cell culture 
was followed by two months, until the establishment and 
characterization of BR-4 and BR-5 lineages.

2.3. Karyotyping analysis
To analyze the Karyotype of the hES cell lines, the 

cells were cultivated under physiological oxygen condition 
in 6-well plates-adherent cell culture previously treated 
with BD Matrigel hESC-qualified Matrix supplemented 
with DMEM F-12 and grown in mTeSR1 basal medium 
supplemented with mTeSR1 5X Supplement and incubated 
at a temperature of 37 °C with 5% CO2 and 5% O2. When 
the cells were at passage eleven, the colchicines (Sigma) 
was added in the culture for one hour at 37 °C. After 
this time, the cells were trypsinized, centrifuged and the 
pellet was ressuspended in the hypotonic solution 0.075M 
(KCL) (Sigma) incubated at 37 °C for fifteen minutes and 
centrifuged again. The fixation was made using methanol 
(3:1) acetic acid solution (Sigma) and the material was 
dropped in slides to proceed with Standard G-banding 
karyotype analysis as described (Gosden  et  al., 1992). 
At least twenty metaphases for each cell line were analyzed 
to determine the karyotype. The metaphases analyzed were 
captured in Metasystem and Zeiss Microscope.

2.4. Immunocytochemistry
The cells were cultivated in 4-well slides chambers 

(BD Biosciences) under physiological oxygen conditions. 
For ICC assay, cells from passage 10 were fixed with 
4% paraformaldehyde (PFA) (Sigma) for ten minutes, 
permeabilized in 0.1% Triton X-100 solution (Sigma), 
and blocked in 1% fetal bovine serum (FBS) (Hyclone) 
for one hour. The immunostaining was made according 
to the manufacture procedure of each antibody including 
the dilution. Briefly, the cells were washed three times 
in Dulbecco’s Phosphate-Buffered Saline (1x) (PBS) pH 
7.4 (Invitrogen) for five minutes, removed the liquid and 
incubated with 0.5% Triton X-100 solution for fifteen 
minutes at room temperature (RT) prior to blocking. The cells 
were blocked for one hour at RT with 1% Bovine Serum 
Albumin (BSA) (Sigma) diluted in PBS. The cells were 
incubated with each primary antibody OCT 3/4 (1:100; 
Santa Cruz Biotechnology), SSEA-4 (1:50; Chemicon), 

and NANOG (1:25; R&D Systems) were diluted in block 
solution according to the specification of the manufacture 
and were incubated overnight at 4 °C. After incubation, the 
cells were washed three times with PBS for five minutes 
at RT and incubated with the secondary antibody Alexa 
Fluor 488 (1:1000; Molecular Probes) was diluted in block 
solution was then added to cell preparations for one hour 
at RT, in the dark, followed by three washes with PBS for 
five minutes each, prior visualization. The nuclei were 
counterstained with DAPI and the slides were mounted 
in VectaShield mounting medium (Vector Laboratories, 
Burlingame, CA). All colonies present in the slides were 
analyzed to confirm the positive signal of each antibody. 
The analysis was done using an Axiophot 2 (Carl Zeiss) 
and images were captured by CCD camera using the ISIS 
software (MetaSystem).

2.5. Embryoid bodies formation
To form EBs, BR-4 and BR-5 hES cells grown in 

mTeSR1 basal medium supplemented with mTeSR1 5X 
Supplement and incubated at a temperature of 37 °C 
with 5% CO2 and 5% O2. The cells were cultivated and 
mechanically, the colonies were cut in small pieces and 
put in a 6-well plates-non-adherent cell culture (Corning 
Costar) pre-treated with 0.1% gelatin solution that allow 
the formation of EBs. Initially the cells were DMEM F-12, 
15% FBS ES qualified (Gibco, Life Technologies), 50U/mL 
penicillin/streptomycin, 1x glutaMAX 200mM, sodium 
pyruvate, 1x MEM NEAA 100X, 50µM B-mercaptoethanol 
50mM. EBs formation media was changed every other day. 
After one week, the EBs formed were transferred to 4-well 
slides chambers pre-treated with 0.1% gelatin solution 
in order to the attachment of the EBs and spontaneous 
differentiation. After two weeks, the differentiated cells 
were prepared to proceed with ICC assay with markers, 
such as SOX17 (1:250; R&D Sytems) (endoderm); MyoD 
(1:50; BD Pharmingen) (mesoderm) and NESTIN (1:100; 
Chemicon) (ectoderm).

2.6. Teratoma assays
Cells from passage 11 were cultured on feeder cells 

were mechanically dissected in small pieces, approximately 
1×105 cells (100 clumps) each vials, centrifuged and 
ressuspended in media contained PBS with 30% BD Matrigel 
hESC-qualified Matrix were injected subcutaneously in 
immunocompromised mice (C57/B16 SCID mice) in order 
to verify the capability of these cells form teratomas in 
vivo (Prokhorova et al., 2009).

Ten weeks after injection, mice were sacrificed by 
cervical dislocation, and all efforts were made to minimize 
suffering, and we could see the formation of cystic and 
solid tumors.

2.7. Histological analysis
Tumors were removed and were fixed in 4% PFA were 

embedded in paraffin and submitted to histological analysis 
as described (Salaman and Gwynn, 1951). Five-micron 
sections were stained with hematoxylin and eosin, and 
adjacent sections were assayed for Weigert coloration, 
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specific for elastic fiber visualization. Slides were examined 
and photographed using an Axiovert 200 (Carl Zeiss).

This study was carried out in strict accordance with 
the recommendations in the Guide for the Care and Use 
of Laboratory Animals of the National Institutes of Health 
(NIH, 2013). The protocol was approved by the Committee 
on the Ethics of Animal Experiments of the Institute of 
Biosciences, University of São Paulo (Protocol 123/2011).

2.8. Cryopreservation
Samples of the lineages were frozen used a slow 

freezing method. Up to 20 colonies were collected in a 
cryo-tube (Corning Costar) with as a small amount of 
medium as possible, and 400-500µL serum replacement (SR) 
(Hyclone) medium without basic fibroblast growth factor 
(bFGF) (R&H Systems) supplemented with 10% Dimethyl 
sulfoxide (DMSO) (Sigma) was added. The cryo‑tube was 
then placed in a Nalgene Cryo 1 °C Freezing Container 
(5100-0001) (Nalge Nunc International) with isopropanol 
and placed in –70 °C freezer overnight. The cryo-tube was 
then stored in liquid nitrogen. Thawed samples could be 
grown from the thawed aggregates.

3. Results

The essential components of the derivation process of 
hES cells are the embryos, embryo manipulation methods, 
feeder cells, culture media and general culture conditions.

All embryos were donated from IVF clinics after 
parents consent, and cultured until reach blastocyst stage.

Forty-three embryos were thawed and cultured until 
the blastocyst stage at a temperature of 37 °C with 5% 
CO2 and 5% O2. We received twenty-two human embryos 
that sixteen were in the blastocyst stage and six were in 
the morula stage. The ICMs were mechanically isolated 
and seeded on MEFs. Surviving outgrows were monitored 
daily until stable ES-like growth was observed. After two 

months of culture, we established two hES cells lineages 
under physiological oxygen conditions, designated BR-4 
(46, XY) (Figure 1a) and BR-5 (46, XX) (Figure 1b), were 
successfully propagated and characterized.

Our new hES cells lineages were cultured for prolonged 
periods (Figure 2). Colonies exhibited the characteristic 
morphology of hES cells and expressed pluripotency 
using the technique by ICC with pluripotency markers 
such as OCT3/4, SSEA-4 and NANOG. Pluripotency of 
the new cell lines was demonstrated by immunostaining 
for OCT3/4, SSEA-4 and NANOG (Figure  3). Before 
we proceed with the characterization of these two new 

Figure 1. Derivation process of new Brazilian lineages of hES cells under physiological oxygen conditions designated 
(a) BR-4 and (b) BR-5. The ICMs were mechanically isolated and attached to mouse embryonic fibroblast feed layer after 
9 days (D9), 10 days (D10), 11 days (D11) and 12 days (12D) of culture. Scale bar: 100µm.

Figure 2. Morphological analysis revealed the characteristic 
features of hES cells compact colony structure, high nucleus 
to cytoplasm ration and prominent nucleoli. Scale bar: 
100µm.
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Figure 3. Characterization of hES cells lineages (BR-4 and BR-5) by ICC technique. Colonies of BR-4 and BR-5 staining 
positive for markers of pluripotency such as OCT3/4 (red), SSEA-4 (red) and NANOG (green). Nuclei are counter-stained 
with DAPI (blue). Scale bar: 100μm.

  
Figure 4. Karyotypes analysis of hES cells lineages (BR-4 and BR-5) with G-banding of cells at passage 10. BR-4 showed 
normal male karyotype (46, XY) and BR-5 showed normal female karyotype (46, XX).

cells lineages, we analyzed the karyotype of these cells 
in order to verify if any of these cell lines do not present 
aneuploidies and to confirm the gender of these cells. 
The cytogenetic analysis of these two cells lineages, after 
10 passages, revealed the presence of normal euploid set 
of chromosomes in both cells lineages. The BR-4 showed 

normal male karyotype (46, XY) and BR-5 showed normal 
female karyotype (46, XX) (Figure 4). Both these lineages 
did not present any type of rearrangements that could 
be detected in cytogenetic analysis. After showed that 
these two new hES cells lineages expresses pluripotent 
markers and normal karyotype, we proceed with the next 
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step of characterization of these cells. The cells formed 
EBs (Figure 5) when cultured in suspension and absence 
of hFGF. In adherent plates, EBs cells could differentiate 
in endoderm, ectoderm and mesoderm (Figure  6), as 
verified by by immunofluorescence showed that these cells 
when differentiated were positive for SOX17, MyoD and 
NESTIN (Figure 7). These results demonstrated, in vitro, 
that these two new lineages, BR-4 and BR-5, were capable 
of differentiate in cells representative of the three germ 
layers. Approximately 150 clumps of undifferentiated cells 
were injected subcutaneously in immunodeficient SCID 
mice and could efficiently form teratomas. We  observe 
the tumor formation after 10 weeks of surgery and when 
we analyzed the teratomas we could observe various 
cell/tissue types such as muscles, different types of 
epithelia, neurons‑like, cells representative of blood and 

Figure 5. Embryoid Bodies (EBs) formation of hES cells 
lineages (BR-4 and BR-5), in suspension, in non-adherent 
plates cell culture. Scale bar: 100μm.

Figure 6. Spontaneous differentiation of hES cells lineages (BR-4 and BR-5) attached in adherent plates cell culture. Scale 
bar: 100μm.

Figure 7. Expression of pluripotency markers. Immunofluorescence of hES cells lineages (BR-4 and BR-5) showed that 
these cells lineages when differentiated were positive for SOX17 (green), MyoD (green) and NESTIN (green). Nuclei were 
stained with DAPI (blue). Scale bar: 100μm.
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glandular tissues from intestine. Both hES cells lineages, 
BR-4 and BR-5, were able to differentiate in various tissue 
representative of ectoderm, mesoderm and endoderm like 
neural cells, cardiac, adipose, muscle and others (Figure 8).

4. Discussion

In 2008, according to Biosafety Law (Brasil, 2005), 
Pereira’s group generated the first hES cell Brazilian lineage, 
named BR-1 (46, XY) (Fraga et al., 2011).

In 2010, our group has generated the second hES cell 
lineage, named BR-2 (69, XXX), derived through a 3PN 
embryo (unviable embryo), and although this lineage is 
not suitable for cell therapy, it will be interesting as an 
in vitro model of human polyploidy.

Pluripotent hES cells are an important experimental 
tool for understanding differentiation and development, 
and its application not only in basic but also in applied 
research make them a potential source of different tissues 
for transplantation. However, one important challenge 
for the clinical use of these cells in therapy is the issue 
of immune compatibility, which may be dealt with by 
the establishment of hES cells banks to attend different 
populations.

In conclusion, it can be affirm that studies with different 
types of hES cells must be accompanied with enthusiasm 
and caution. It is inherent in every research area in advances 
development and setbacks, and still do not know what 
kind of cell therapy and fulfill the promise will be most 
appropriate to treat the diseases. Still, hES cells should be 
viewed not only as a therapeutic agent, but as a research 
model where we can study the mechanisms behind the 

Figure 8. Histological analysis of hematoxylin-eosin stained images of sections of teratomas derived from BR-4 and BR-5 
hES cells showing derivatives from the three embryonic germ layers. The lineages were able to differentiate in various tissue 
representative of ectoderm, mesoderm and endoderm like (ad) adipose; (c) cartilage; (ge) glandular epitethelium; (m) muscle 
tissues; (ne) neural epithelium; (nr) neural rosettes; (v) vessel. Scale bar: 100μm.

cellular differentiation, embryonic development, cancer 
and epigenetic changes, among others. On the other hand, 
this knowledge of basic biology may lead to an improved 
quality of human life.

In the current study, we has generated two lineages of 
hES cells, designated BR-4 (46, XY) and BR-5 (46, XX), 
under physiological oxygen condition.

Our first and second hES cells Brazilian lineages, named 
BR-1 (46, XY) (Fraga et al., 2011) and BR-2 (69, XXX), 
were not cultured under physiological oxygen condition, 
in compared with BR-4 and BR-5 were demonstrated 
that the culture of hES cells under physiological oxygen 
condition decreases the amount of spontaneous hES cells 
differentiation, control of pluripotency, epigenetic status 
and the cells proliferation.

Therefore, the more lineages are generated, we will 
have a clearer idea about what is happening. To our 
knowledge, these are the first reported lineages of hES 
cells derived in South America under physiological oxygen 
condition, which was fundamental to the consolidation of 
this research area in our country to study the epigenetic 
status of these cells.
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