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ABSTRACT

Embryonic stem cells are pluripotent and able to gene-
rate all cell types of the body, being the most promising
cells to the study for regenerative medicine. Following the
differentiation path, there are adult stem cells, which are
committed with a specific cell lineage, creating limitations
on their application. On the extreme opposite of embryonic
stem cells there are the induced pluripotent stem cells,
originated from a somatic cell after genetic reprogram-
ming. Induced pluripotent stem cells are a recent science
discovery and may substitute the use of embryonic stem
cells in future research. But with nowadays knowledge, the
use of adult stem cells and induced pluripotent stem cells
are limited due to high expenses and long time process
demand. Moreover, the development achieved on all kinds
of stem cells study are, in some part, due to the study of
embryonic stem cells, what makes the study of these cell
type still mandatory.
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RESUMO

Células-tronco embriondrias sdo pluripotentes e com
potencial de se diferenciar em todos os tipos celulares do
corpo, sendo, por isso, as células mais promissoras para
pesquisa em medicina regenerativa. Seguindo o processo
de diferenciacdo ha as células-tronco adultas, que ja estéo
comprometidas com uma linhagem celular especifica, o que
cria limitagGes ao seu uso. No extremo oposto das células-
-tronco embrionarias tém-se as células-tronco pluripoten-
tes induzidas, originadas a partir de uma célula somatica
apds reprogramacao genética. As células-tronco pluripoten-
tes induzidas sdo uma recente descoberta da ciéncia em
pesquisa celular e um dia podem substituir as células-tronco
embrionarias na aplicagdo em pesquisa. Mas com o conhe-
cimento atual a utilizagdo de células-tronco pluripotentes
induzidas é limitada pelos altos custos e longo processo.
Além do mais, o desenvolvimento alcancado com os demais
tipos de células-tronco se deve, em parte, ao estudo com
células-tronco embrionarias, o que de certa forma ainda
obriga a continuidade de investigagdo com esse tipo celular.

Palavras-chave: células-tronco,
desdiferenciagdo celular.
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The biology considers stem cells as those capable of diffe-
rentiating into various types of cell, including making copies
of themselves, as well as repairing damaged tissues and
injuries. They are classified as embryonic, adult and indu-

ced pluripotent stem cells. Embryonic stem cells (ESCs)
are obtained from the internal mass of the blastocyst and
are able to originate all cells of the body. Due to this large
differentiation capacity, these cells are the most promising
ones to the investigation in regenerative medicine. ESCs
are also able to remain in culture, under the right stimula-
tion, for undefined cycles without losing the pluripotential
property. But this huge broad of possibilities is also the
factor that makes their use dangerous: it might lead to
teratoma formation if cells are not properly differentiated
(Klimanskaya et al., 2006; Kurisaki & Asashima, 2009).
In fact, to confirm if some cells are ESCs or ESC-like they
should form teratoma when implanted into immune-defi-
cient mouse. But what is the best protocol to assure diffe-
rentiation? Should it be considered morphology, genetic
and protein expression, molecular markers or metabolism?
Besides, there are several ethical issues concerning the
use of ESCs obtained from human embryos, mostly becau-
se the destruction of the embryo was enforced.

The pre-implantation genetic diagnosis (PGD) is a techni-
que that allows the removal of a single blastomere from the
blastocyst without its destruction. The improvement and
spreading of the PGD technique might enable researching
human ESCs without embryo destruction a common appli-
cation and cease or, leastways, reduce the ethical concerns
of embryo usage. The removal of one single blastomere
from the embryo doesn’t affect its development neither
the natural evolution of the pregnancy (Klimanskaya et al.,
2006). The success of the PGD, though, relies at the ability
of the embryologist and the culture derived from human
single blastomere stills of hard reproducibility.

The other type of stem cells are the adult stem cells
(ASCs), which are already compromised with some speci-
fic cell line and are not able to remain longer in culture
without losing their properties (due to aging and natural
differentiation). ASCs are easier to obtain than ESCs, since
they can be found in almost all human tissues, including
blood, skin and fat. Also, studies report the capacity to
use ASCs to obtain an origin-different tissue, despite its
natural limited differentiation potential (Piek et al., 1999;
Kurisaki & Asashima, 2009). This process is possible by
changing the external environment surrounding ASCs,
called the niche effect.

ASCs have less capacity to produce teratomas and do not
use viral reprogramming, what makes them safer than
ESCs and induced pluripotent stem cells (iPSCs). The
reprogramming of ASCs depends on finding the proper
external stimuli to manipulate cells characteristics (Miki et
al., 2005). Although it’s difficult to find the specific combi-
nation of compounds to each ASCs type, it's also the huge
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variety of ASCs and sources that brings a lot of application
possibilities for these cells into regenerative medicine and
organ development.

Another advantage of ASCs is those can be found in
human organic disposable material, such as the pulp
of removed teeth, the fat of liposuction or the placen-
ta and amniotic sac obtained after normal birth delivery.
From the placenta and amniotic sac several populations
of stem cells can be obtained: mesenchymal, hemato-
poietic, trophoblastic, epithelial and maybe some more
primitive stem cells. The amniotic sac itself is of extreme
importance, since it has origin in the embryonic epiblast
before the gastrulation, which is the first important event
of determining cellular differentiation fate. Because of
that it was speculated that these cells must retain some
ESC-like properties, what is being confirmed in several
studies (Bailo et al., 2004; Miki et al., 2005).

The most studied ASCs till now are the mesenchymal stem
cells, especially because they can be isolated from various
tissues, such as adipose tissue, peripheral blood, umbili-
cal cord, amniotic fluid and amniotic sac. The mesenchymal
stem cells generate a lot of expectations due to their multi-
lineage differentiation capacity, their immunomodulatory
properties and their ability to secrete bioactive molecules
(Dominici et al., 2006). Among those bioactive molecules
are the cytokines, molecules involved at the immunomodu-
latory and inflammatory activites and also capable of mobi-
lizing local tissue ASCs through environmental modulation.
It means that, even if the graft of transplanted stem cells
doesn’t implant in the tissue, it stills be beneficial producing
bioactive molecules that are able to accelerate the healing
of injured site (Zhao et al., 2004; Kamiya et al., 2005).
The most recent and one of the greatest discoveries in
recent stem cell research field are the iPSCs, which gave
Yamanaka et al. (2007) the Nobel Prize in Physiology or
Medicine at 2012. iPSCs are mature cells that have been
backprogramed to behave like an ESCs. A somatic cell,
which is a compromised cell, is converted back to an ESC-
-like stage. This process involves the expression of genes
into somatic cells that normally would be silent, but are
active in ESCs and in cancer cells. Likely ESCs, iPSCs can
lead to teratoma or cancer formation (Sumitomo et al.,
2000; dos Santos et al., 2008; Pinto et al., 2009). In the
mean time, the biggest advantage of iPSCs is the fact they
can be originated from any cell of the body as, for exam-
ple, dermal epithelial cells. Unfortunately, converting a
somatic cell into an iPSCs is an expensive, complex and
prolonged procedure (Nakanishi et al., 2008).

The use of ASCs and iPSCs might represent a revolution
on regenerative medicine. It could make possible to treat
a patient who need an organ donation, using cells from
the own patient to repair the body (Kurisaki et al., 2010).
There would represent the end of organ donation waiting,
tissue rejection and embryo use (Takehara-Kasamatsu et
al., 2007). And to the pharmacologic research it repre-
sents a breakthrough. Imagine a person with some dise-
ase of the brain cells. Normally, obtaining brain cells from
this person would be a tremendous effort but collecting
adult stem cells or even somatic cells from the skin would
be a much simpler procedure. Than these cells could be
differentiated into brain cells, like neuronal or glial cells,
and allow researching at a reliable disease model, with
the same genetic material of the patient. The personalized
medicine is becoming tangible.

All that new information lead to the questioning: with all
the possibilities and new discoveries involving ASCs and
iPSCs research, is it still necessary to use ESCs? To answer
this question it is important to understand that the succes-
sful development of ASCs and iPSCs researches is quite
recent, as well as into ESCs research field. And these
discoveries just became possible after the early unders-
tanding afforded by all researches with ESCs (Asashima et
al., 2008). iPSCs were developed by mimicking ESCs gene-
tic expression and ESCs molecular markers and proteins
became a great guide into ASCs research.

Despite the importance of ESCs research, several coun-
tries face limitations to keep developing their studies. In
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the United States (2001) the President Bush administra-
tion decided to restrict federal funding through the Natio-
nal Institutes of Health (NIH) to researches using human
ESCs lines (Schlaeger et al., 2007). Although President
Obama lifted Bush administration’s restrictive policy in
2009 (Holden, 2009) the country continues to encounter
problems derived from those restrictions, as the limita-
tion of access to new ESCs lines. Since then the president
Obama invested massively into ESCs research and propo-
sed to tax researches involving embryo destruction. Despi-
te his protective proposal, several groups appealed legally
to U.S. Supreme Court to review Obama’s permission.

In Italy the situation is even more complex. Italy’s laws,
said to be the most restrictive in Europe, were passed in
December of 2003 and forbid embryo freezing, game-
te donation, surrogacy, and the provision of any fertility
treatments for single women or same-sex couples. Italy’s
laws also say that no more than three eggs can be ferti-
lized at any one time, and that any eggs fertilized must
all be transferred to the uterus simultaneously, increasing
the risk of multiple births. PGD and prenatal screening for
genetic disorders are banned (Bionews, 2005; Nature.
2009). This action creates problems to clinics of IVF and to
Italian scientists, which have no embryos or blastomeres
to research. Politicians are also cutting funding to resear-
ches related to ESCs.

The new Brazilian Law of Biosecurity do not aim to restrict
the use of ESCs and ASCs, but intends to regulate the
manipulation of these cells, assuring the ethical and
responsible application and preventing any condemnable
usage. The old Brazilian Law of Biosecurity n® 8.974/95
(Art. 13), revoked by the current Law n° 11.105/2005,
expressly and totally prohibited the use or manipulation of
human germinal cells, being extremely restrictive to scien-
tific research (Ghizelini et al., 2007).

Brazil is in a very special position among the countries with
full potential to take the leadership of the stem cell rese-
arch. Indeed, Brazilian scientists are starting to get recog-
nition, especially to researches related to the use of stem
cells to treat diabetes, with some patients already free of
external insulin administration (Voltarelli et al., 2009).

In the future, researches using human ESCs might not be
necessary but, at the current moment, investing on ESCs
studies is still a priority. And, in between, hardly invest onto
other sources of stem cell, such as ASCs and iPSCs, animal
model and genetic development. If nowadays discoveries at
stem cell research field are quite recent but already asto-
nishing, imagine how much more can be achieved with the
comprehension of the DNA and RNA expression, the interac-
tion and cooperation of research centers among the world,
the growing understanding of the genoma and of the gene-
tic evolution. Softwares and hardwares are being developed
and might, in a few years, produce standardized stem cells
lines in large scale, reducing the costs and making them
more accessible. New drugs, new treatments and new cures
are starting to be developed and much more is about to
come. Today’s medicine is living the most exciting and revo-
lutionary moment since the discovery of penicillin.
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