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1 INDUCED PLURIPOTENT STEM CELLS

Stem cells are cells that can differentiate (change) into
specific somatic cells of the human body. This
differentiation is caused by activating specific sets of
genes in the cell. The research group of Yamanaka made
an interesting discovery in 2006: it is possible to
dedifferentiate an adult somatic (for example skin) cell to
its pluripotent state by introducing four transcription
factors, the so called Yamanaka factors (Oct4, Sox2, Klf4
and c-Myc). These reprogrammed cells were called the
induced pluripotent stem cells (iPSCs) [1]. Somatic cells
were extracted and induced to the pluripotent state
through addition of the Yamanaka factors. After two to
three weeks, iPSCs emerge and can be used for many
different applications (Figure 1). In 2012, Yamanka
received the Nobel Prize in Physiology and Medicine for
this discovery [2].

Figure 1. Schematic overview for reprogramming somatic cells
to induced pluripotent stem cells.

The iPSCs can be used as an in vitro model for diseases,
including Alzheimer’s disease, dementia, Parkinson’s
disease, Down syndrome and many others. The variety of
diseases being modeled continues to grow. Drugs used on
animal models are not always effective for human beings,
hence the iPSC models can replace these. Research with
iPSCs for transplantation has been extensively performed
in mice. The great advantage of iPSCs for transplantation
is the fact that it is autologous, which means that the risk
for rejection is firmly reduced. But in contrast, the use of
autologous iPSCs from every individual would result in
high medical costs [3]. Recently, a first clinical trial with
the use of iPSCs has started. In this study, they hope to
treat six people who have severe age-related macular
degeneration, a common cause of blindness that affects at
least 1% of people aged over 50. The main goal of this
clinical trial is to prove that iPSCs are safe to use in
humans, meaning that no immune reaction or tumor
formation occurs. But the researchers are not very

concerned for the moment, because in previously
performed studies with mice the risks seemed low [4].

2 HUMAN EMBRYONIC STEM CELLS

Human embryonic stem cells (hESCs) are, like the name
suggests, stem cells derived from pre-implantation
human embryos. These cells have the capability to self-
renew in vitro, which means that they can keep dividing
into identical daughter cells. hESCs are pluripotent, they
can differentiate into all the cells of the human organism,
except to cells of the placenta. This means that they are
not capable of creating a complete new individual [5],
[6].
The production of hESCs starts with a four to five days
old normal human blastocyst (Figure 2) or from
blastocysts with a certain genetic condition. The inner
cell mass (ICM) is then extracted and kept in specific
conditions to maintain the proliferation capacity (self-
renew) [7]. This procedure was first done by the group of
Thomson in 1998 and resulted in the first human
embryonic stem cell lines. The harvested cells of the ICM
were placed on a mouse fibroblast feeder layer in a
culture dish to allow growth [8].

Figure 2. The human blastocyst with the inner cell mass, which
is extracted to obtain hESCs.

Nowadays, many different hESC lines are made in
various laboratories. These cell lines can be used for
treating injuries and degenerative medicine, for gaining
knowledge about the early human development, for
disease modeling and for drug discovery. Not every cell
line is exactly the same and already many comparing
studies were done in the past. Although all the cell lines
express the same characteristically pluripotency markers,
mainly the specific culture conditions differ [9].

2.1 The law around hESC research
Because of the diversity in Europe, the regulations that
exist in the EU member states are also very varying. In
Belgium we have the “embryo law” which is operational
since May 2005 (but signed since May 2003). This law
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specifies under which conditions, within what limits and
which procedures need to be followed for scientific
research on embryos in vitro. But it is also extended to
the regulations for the use of hESCs and gamete donors.
The conclusion made in this law is that all in vitro
research on embryos, within 14 days post-fertilization, is
allowed as long as it serves a therapeutic purpose. The
use of supernumerary embryos, embryos that are
produced for in vitro fertilization but not implanted in the
womb, are preferred. Other goals, like sex selection for
non-medical reasons, reproductive cloning and eugenic
practices, are forbidden. There is also an important
difference between therapeutic and reproduction cloning.
Therapeutic cloning, which is legal, is done with the
principal called cell nuclear transfer. The cell nucleus
from an egg is removed and replaced with the nucleus of
a somatic cell [10]. With this cloning, a disease-specific
model can be produced to observe the different
mechanisms behind the pathological developments [11].
In the US there have been some changes in the law
around hESC research lately. In 2001, when George W.
Bush was president, the federal funding of research
involving hESCs was prohibited. President Obama lifted
this eight-year-old ban on hESC research, signing on
March 9 2009 an executive order that he called “an
important step in advancing the cause of science in
America.” [12].

2.2 The ethical issues around hESC research
The research done with hESCs is very controversial
because in order to create a hESC line, the destruction of
a human embryo, an early form of human life, is
required. So one of the main topics in ethical discussions
around hESCs is the question: “are these embryos
persons?”. Like already mentioned in section 2.1, it is
only legal if the embryos are used for research before the
14th day after fertilization. Before the 14th day post-
fertilization, the embryos do not have a nervous system,
and therefore no senses. If people find it alright to take
organs from a person who has been declared brain dead,
then why should there be a problem to take hESCs [13]?
Hence, in my humble opinion, the embryos before the
14th day post-fertilization are not yet a person. A person
has at least organs, and these embryos do not have any
organs. The blastocysts used for the cell lines are just 100
to 200 cells, not greater than a grain of sand [6]. Do I see
these embryos as an object? No of course not, I see them
as a great opportunity to do research with and to
potentially save millions of lives. So why shouldn’t we
use these embryos, which are not used to develop into a
living human being or which are self-produced in the lab
to perform research on.
Of course there are many people who have another
mindset than me. For example, the group ‘One of Us’ is
against research that involves the use of embryos [14].
Very recently, they gave a petition to prohibit use of EU
funds, foreign aid programs and public health activities
for activities linked to the destruction of human embryos.
More than 1.8 million people of the EU signed this

petition. This number seems a lot, but taking into account
that more than 503 million people live in the EU, the 1.8
million people is ‘only’ 0.36% of the EU population [15].
The European commission must reach a formal decision
within three months and justify that decision in writing.
On May 28 2014, at the latest, the commission must
make their decision public [16] I, as pro-hESC research,
of course hope that this potential prohibition will not
happen. Because Belgium is one of the three countries of
the EU that allows much research around hESCs, we
could get a major setback if this prohibition is realized.

3 INDUCED PLURIPOTENT STEM CELLS
VERSUS HUMAN EMBRYONIC STEM
CELLS

Both hESCs and iPSCs are pluripotent, but what are their
differences? Various studies have been done to
distinguish characterization of morphology, chromosome
profile and gene expression of the two cell lines. But
controversy remains: Thomson, who produced the first
hESC lines, found that iPS cells not only express similar
genes to hESCs, but they also express them more
consistently. This would mean that their differentiation
might be more predictable than that of hESCs. However,
another researcher states that iPSCs are much more
variable. “Embryonic stem cells all do more or less the
same tricks. But some iPSCs express just a few markers
of pluripotency, some express all”. This could mean that
the resulting cell types will presumably differ. Of course,
the research around iPSCs has just started in contrast to
the research with hESCs. Thomson is optimistic about
this new tool, but only time will tell where it can bring us
[17]. In one study they focused on the DNA integrity of
pluripotent stem cells (iPSCs and hESCs) and they
examined three main sources of genomic abnormalities in
iPSCs: (i) genomic variety of the parental cells, (ii) cell
reprogramming, and (iii) in vitro cell culture. They
concluded that the issue of iPSC DNA integrity clearly
highlights the crucial need of guidelines to define the
acceptable level of genomic integrity of pluripotent stem
cells for biomedical applications. This can be done by
optimizing the culture conditions and the reprogramming
protocols, so that in the near future safe iPSCs can be
provided for research and clinical applications [18].
When the iPSCs were first introduced, many people
assumed that these cells did not have any ethical issues.
Yamanaka himself stated otherwise, he presented a new
ethical problem: because iPSCs are quite easily made and
without anyone else knowing, they could be abused. He
was concerned that someone might use iPSCs to
accomplish the human reproductive cells and then be
used in in vitro fertilization, which is potentially
dangerous. Until now this is more science-fiction than
reality, but with all the rapid innovations this might not
be unrealistic in the future. That is why Yamanaka
suggested forbidding the implantation of embryos made
with iPSCs into human or animal wombs, the production
of an individual in any other way from iPSCs, the
introduction of iPSCs into an embryo or fetus, and the
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production of germ cells (sperm and egg cells) from
iPSCs’ [17].

4 CONCLUSION

The discovery of the iPSCs was a breakthrough in the
scientific world, not only for regenerative medicine but
also for investigation of disease mechanisms, drug
development and toxicology studies. The ethical issue
around research with hESCs, i.e. the need to destroy
human embryos for harvesting these cells, has been
eliminated with these iPSCs. But other ethical issues
could arise in the future, i.e. creating life with the iPSCs.
But just like with hESCs, legalizations around the use of
iPSCs need to be specified to overcome these, until now
unrealistic, ethical issues. The hypothesis that I discussed
in this paper, i.e. ‘are iPSCs a better research tool than
hESCs?’ seems to be premature. The research with
hESCs can, until now, not be completely replaced with
research on iPSCs. The culture conditions and
reprogramming procedures to obtain iPSCs need to be
further optimized to reduce possible problems. But the
enormous possibilities that research with iPSCs give are
promising. Hence, in the near future I think that this
hypothesis will become the truth.

5 REFERENCE

[1] K. Takahashi and S. Yamanaka, “Induction of
pluripotent stem cells from mouse embryonic and
adult fibroblast cultures by defined factors,” Cell,
vol. 126, no. 4, pp. 663–676, Aug. 2006.

[2] A. Abbott, “Cell rewind wins medicine Nobel,”
Nature, vol. 490, no. 7419, pp. 151–152, Oct. 2012.

[3] H. Inoue, N. Nagata, H. Kurokawa, and S.
Yamanaka, “iPS cells: a game changer for future
medicine,” EMBO J., vol. 33, no. 5, pp. 409–417,
Mar. 2014.

[4] D. Cyranoski, “Stem cells cruise to clinic,” Nature,
vol. 494, no. 7438, pp. 413–413, Feb. 2013.

[5] G. de Wert and C. Mummery, “Human embryonic
stem cells: research, ethics and policy,” Hum.
Reprod., vol. 18, no. 4, pp. 672–682, Apr. 2003.

[6] “What are human embryonic stem cells?,”
EuroStemCell, 25-Mar-2014. [Online]. Available:
http://www.eurostemcell.org/faq/what-are-human-
embryonic-stem-cells. [Accessed: 10-May-2014].

[7] “Embryonic stem cells: where do they come from
and what can they do?,” EuroStemCell, 29-Jun-
2011. [Online]. Available:
http://www.eurostemcell.org/factsheet/embryonic-

stem-cells-where-do-they-come-and-what-can-they-
do. [Accessed: 10-May-2014].

[8] J. A. Thomson, J. Itskovitz-Eldor, S. S. Shapiro, M.
A. Waknitz, J. J. Swiergiel, V. S. Marshall, and J.
M. Jones, “Embryonic Stem Cell Lines Derived
from Human Blastocysts,” Science, vol. 282, no.
5391, pp. 1145–1147, Nov. 1998.

[9] C. Allegrucci and L. E. Young, “Differences
between human embryonic stem cell lines,” Hum.
Reprod. Update, vol. 13, no. 2, pp. 103–120, Mar.
2007.

[10] G. Pennings, “New Belgian Law on Research on
Human Embryos: Trust in Progress Through
Medical Science,” J. Assist. Reprod. Genet., vol. 20,
no. 8, pp. 343–346, Aug. 2003.

[11] M. Yamada, B. Johannesson, I. Sagi, L. C. Burnett,
D. H. Kort, R. W. Prosser, D. Paull, M. W. Nestor,
M. Freeby, E. Greenberg, R. S. Goland, R. L. Leibel,
S. L. Solomon, N. Benvenisty, M. V. Sauer, and D.
Egli, “Human oocytes reprogram adult somatic
nuclei of a type 1 diabetic to diploid pluripotent stem
cells,” Nature, Apr. 2014.

[12] I. Hillebrand, “Stem Cell Research - Selected
national and international laws and regulations,”
drze, 2004. [Online]. Available:
http://www.drze.de/in-focus/stem-cell-
research/laws-and-regulations. [Accessed: 10-May-
2014].

[13] “Embryonic stem cell research: an ethical dilemma,”
EuroStemCell, 02-Feb-2012. [Online]. Available:
http://www.eurostemcell.org/factsheet/embyronic-
stem-cell-research-ethical-dilemma. [Accessed: 10-
May-2014].

[14] “One of Us.” [Online]. Available:
http://www.oneofus.eu/. [Accessed: 15-May-2014].

[15] European Commission, “Living in the EU.”
[Online]. Available: http://europa.eu/about-eu/facts-
figures/living/index_en.htm.

[16] “EU debates initiative protecting human embryos,”
Catholicireland.net. .

[17] D. Cyranoski, “Stem cells: 5 things to know before
jumping on the iPS bandwagon,” Nat. News, vol.
452, no. 7186, pp. 406–408, Mar. 2008.

[18] Q. Bai, R. Desprat, B. Klein, J.-M. Lemaitre, and J.
D. Vos, “Embryonic stem cells or induced
pluripotent stem cells? A DNA integrity
perspective,” Curr. Gene Ther., vol. 13, no. 2, p. 93,
Apr. 2013.


