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Bioethics (‘organismically dead embryos’, biopsied blasto-
meres or ‘biological artifacts’, e.g. created by ‘altered nuclear 
transfer’ and reprogramming of somatic cells). The possibil-
ity to rescue such (epi)genetically handicapped cells shows 
that this is not a way leading out of the ethical cul-de-sac. 
Recent reports about reprogramming somatic cells (fibro-
blasts) to gain ES-like potential highlight again the impor-
tance of focusing on the developmental potentiality as the 
major challenge for ethical considerations. Such a change of 
focus may be the only way out of the ethical impasse. 

 Copyright © 2008 S. Karger AG, Basel 

 Introduction 

 Research on human embryonic stem cells (ESCs) has 
aroused a lot of controversy and became a topic of never-
ending ethical debates in spite of the fact that expectations 
are high with respect to possible spin-offs for basic re-
search as well as to applications in cell/tissue replacement 
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 Abstract 

 Research on human embryonic stem cells (ESCs) has aroused 
a lot of controversy for years. Stimulated by recent work on 
mammalian embryology and new developments in stem 
cell research, an International Symposium entitled ‘Stem Cell 
Research: A Challenge for Embryology, Regenerative Medi-
cine and Bioethics’ was held in Bonn (Germany) in 2006, 
bringing together embryologists, stem cell researchers and 
ethicists interested in human ESC research and the ensuing 
ethical debate. Two contributions to this Symposium are be-
ing published in  Cells Tissues Organs , and the present paper 
aims to provide an introduction to these as well as personal 
impressions of the author about the perspectives that sur-
faced at the meeting, confronting them with relevant re-
ports about stem cell research published recently. This pa-
per highlights discussions about the mechanisms of 
specification of the main body axes during development, 
the role of extrinsic or intrinsic signals, and about the re-
markable potential of ESCs to develop a basic body plan (in-
dividuation capacity) resembling properties of early embry-
onic cells (as shown by the formation of embryoid bodies 
and entire embryos if tetraploid complementation is per-
formed). Another topic is ‘alternative sources for human 
ESCs’ recently proposed by the US President’s Council on 
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ANT altered nuclear transfer
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ES embryonic stem 
ESCs embryonic stem cells
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therapy. Many attempts have been made by ethicists, phi-
losophers and politicians to clarify whether the problem of 
sacrificing early embryos (e.g. supernumerary ones) for 
the derivation of the ESCs can be weighed against the pros-
pects of new therapies; why have all these efforts not been 
able to really clarify the situation and to calm the moods? 
It has been argued that this is due to a new wave of irratio-
nality and fundamentalism which has started to increas-
ingly overshadow any rational discourses with the result 
that the gap widens between groups whose beliefs and phi-
losophies are incompatible. Is this really the end of the sto-
ry about the ethical impasse? Are there points that have 
been overlooked or at least inadequately treated in the pre-
vious disputes, and considering these, could it be that new 
avenues may open up for making progress in this field?

  Taking a closer look at the piles of ethical tractates that 
have been published since the first description of human 
ESCs by Thomson et al. [1998], it does indeed appear that 
certain aspects of actual studies on mammalian embryol-
ogy have been largely omitted from the discussion. This is 
an oversight that urgently needs to be corrected. Recent 
publications have shown that it seems to be possible to turn 
somatic cells, mouse and human fibroblasts, into pluripo-
tent (ES-like) cells [Takahashi and Yamanaka, 2006; Na-
kagawa et al., 2007; Okita et al., 2007; Takahashi et al., 2007;
Wernig et al., 2007; Yu et al., 2007]. Consequently, experts 
who are familiar with the front of research in mammalian 
embryology have to be involved in this discussion, in order 
to be able to solve very basic questions about the concepts 
and definitions we are dealing with here. For example, 
what exactly is an early mammalian embryo, e.g. a moru-
la: is it only a ball of pluripotent/omnipotent/totipotent 
cells or not? This question is recently being debated viv-
idly by embryologists and it is at the same time very rele-
vant for the ongoing bioethical disputes on normative as-
pects [for a discussion on the embryological terminology, 
see Denker, 2002, 2004, 2006]. Does an evaluation of re-
cent embryological work on the nature and the develop-
ment of organismic wholeness [Gilbert and Sarkar, 2000; 
see also Denker, 2004] help here? Likewise, a discussion on 
the ethical implications of the developmental potential of 
cells is largely missing in the literature, i.e. on the one hand 
those cells that can be taken from early embryos and on 
the other hand the ESCs that may be derived from these 
cells. For many years, it is, for example, an established fact 
that mouse ESCs offer the unique possibility to directly 
clone normal individuals using the method of tetraploid 
complementation (TC) [Nagy et al., 1990, 1993], a proce-
dure that works without nuclear transfer to an  oocyte (the 
only method of cloning that is discussed in nearly all eth-

ical publications). Worldwide, the TC method is extensive-
ly used in many laboratories for mouse cloning, and there 
is no doubt among specialists that it could also be success-
fully applied to human ESCs if ever attempted. Obviously, 
donors of human embryos should at least get this informa-
tion during the process of obtaining informed consent 
(since TC would allow to clone individuals from the do-
nated embryos even after the derived ESCs have possibly 
been spread all over the world), but this information is so 
far not being transmitted [Denker and Denker, 2005]. In 
fact, implications of the availability of TC technology have 
been nearly totally omitted from the ethical literature with 
very few exceptions, perhaps because ethicists simply did 
not know about it [Denker, 1999, 2002; Deutscher Bun-
destag, 2003; Denker, 2006].

  In an attempt to fill these gaps, an International Sym-
posium entitled ‘Stem Cell Research: A Challenge for 
Embryology, Regenerative Medicine and Bioethics’ was 
held in Bonn (Germany) on May 12, 2006, bringing to-
gether embryologists, stem cell researchers and ethicists 
to discuss these topics. The symposium (organized by 
Hans-Werner Denker, Hans-Peter Hohn and Michael 
Thie) started with a session on ‘Embryology/Stem Cell 
Research/Tissue Engineering Perspectives’ with contri-
butions by Davor Solter (Axis Development and Epige-
netic Control of Preimplantation Mouse Development), 
Janet Rossant (Key Genes in the Earliest Differentiation 
Events in Mammalian Development, and Early Stem Cell 
Niches), Michael Thie (Gastrulation-Like Events in Pri-
mate ESC Colonies), and Charles J. Kirkpatrick (Perspec-
tives of Tissue Engineering and Regenerative Medicine). 
It continued with a session on ‘Biological Approaches to 
Resolve the Dilemma of Embryo Destruction’ with con-
tributions by Hans Schöler (Germ Line Development 
from Embryonic Stem Cells in vitro) and William Hurl-
but (New Strategies to Overcome the Ethical Dilemma of 
Embryonic Stem Cell Research: The Border Line between 
‘Biological Artifacts’ and Embryos). The Symposium 
ended with two podium discussions, a short one on ‘Bio-
logical Definitions’ (chaired by Janet Rossant and Hans-
Werner Denker) and a very extensive discussion on ‘Eth-
ical Implications’ (chaired by Ludger Honnefelder, with 
statements and discussion contributions by Thomas 
Heinemann, Søren Holm and William Hurlbut).

  Two papers based on presentations given at that Sym-
posium are being published now in Cells Tissues Organs. 
I am happy that Søren Holm and Thomas Heinemann 
have taken the time to update their statements given at 
the ethics part of the conference and to present their crit-
ical analysis [Holm, 2008; Heinemann, in preparation]. I 
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regret that time restraints have prevented the other speak-
ers from contributing a paper here. After contemplating 
it I felt that it would certainly be too audacious for me 
even to attempt to sum up the top level biological presen-
tations. The utmost I can do, I feel, is to try presenting a 
very personal impression of the perspectives as they sur-
faced for me at the Symposium, and to confront these 
with some very relevant information from the months 
after the meeting.

  A topic discussed intensely at this Symposium was the 
question whether we should see in an early mammalian 
embryo (a morula) more than just a cluster of cells, e.g. 
whether biology tells us that it is indeed pre-patterned in 
a cryptic way to make sure the basic body plan will sub-
sequently develop in an ordered manner. A view previ-
ously held by some authors was that it is implantation in 
the uterus which provides information about the future 
body axes (a view to which I personally never subscribed), 
but this view is now being more and more abandoned due 
to results about relevant gene expression asymmetries 
(e.g. the gene lefty) that develop even in vitro, without a 
uterus [Takaoka et al., 2006; see also Torres-Padilla et al., 
2007]. In contrast, work published in recent years by the 
groups of Richard Gardner and Magdalena Zernicka-
Goetz [reviewed by Gardner, 2006; Zernicka-Goetz, 
2006] suggests that specification of the main body axes 
during development starts long before implantation 
[these findings confirm certain conclusions drawn from 
classical histochemical observations, cited by Denker, 
1976]. It is a topic of debate whether this axis specification 
starts already at oogenesis and/or sperm penetration into 
the oocyte, like in non-mammalian vertebrates, as data 
by Gardner [2006] and Zernicka-Goetz [2006] suggest. 
Methodological details may have influenced the outcome 
of the experiments done by various groups [Hiiragi and 
Solter, 2004, 2005; Gardner, 2006; Gardner and Davies, 
2006; Zernicka-Goetz, 2006], but all authors agree that 
there is asymmetry in the cleavage stages and/or the blas-
tocyst which most probably does play a role in specifica-
tion of the future axes. A remaining question is how ex-
actly this asymmetry arises. Unfortunately, Magdalena 
Zernicka-Goetz and Richard Gardner were unable to at-
tend the Symposium, so only Davor Solter’s view was pre-
sented that the asymmetries are imposed on the forming 
zygote and postzygotic stages not by oocyte asymmetry 
or by the point of sperm penetration but by the non-
spherical outline of the zona pellucida. This view is, how-
ever, being refuted by Richard Gardner [Gardner, 2006a; 
Gardner and Davies, 2006] who concludes that not the 
shape of the zona pellucida but an asymmetry of the zy-

gote cytoplasm is the first axis-determining factor (and 
that this asymmetry is derived from the oocyte, not the 
sperm entry point).

  Any role of the shape of the zona pellucida, if at work 
here as proposed by Davor Solter [Hiiragi and Solter, 2004, 
2005], may be of interest for the ethics debate insofar as it 
would seem to identify an extrinsic signal (mechanical 
constraint) which specifies axes. When we assume that on 
the contrary an asymmetry is imposed on the egg/zygote 
by sperm penetration and is instrumental in axis specifi-
cation during normal development of the embryo (pro-
vided that it is somehow transmitted to the developing 
‘ball of cells’ during cleavage), we have to expect that this 
kind of information about organismic organization would 
most probably be lost when ESCs are derived from this 
embryo and are constantly disaggregated during subcul-
turing. So if the sperm penetration-derived asymmetry 
would be constitutive for individuation, we would have to 
assume that this incipient organismic wholeness of the 
morula and the blastocyst would be destroyed and could 
perhaps not be regained easily in cultured ESCs (it cannot 
be excluded, however, that other external asymmetry sig-
nals could replace this in vitro). If, on the other hand, 
physical constraints as provided by the asymmetry of the 
zona pellucida are normally significant in this context,
i.e. if they impose the structural order necessary for axis 
development on the ball of blastomeres, they could most 
probably easily be replaced by other, even stochastically 
arising asymmetries of the cell culture conditions (e.g. the 
substratum) during ESC culture, and since ESCs maintain 
many of the early embryonic features including gene acti-
vation cascades necessary for early embryonic patterning, 
they might be able to translate the asymmetry signals into 
the development of a basic body plan. This would be of 
ethical concern when human ESCs are handled.

  The biological basis for the remarkable potential of 
ESCs to develop a normal basic body pattern (realization 
of individuation capacity) that resembles the properties of 
early embryonic cells has been discussed before [Denker, 
1999, 2004, 2006]. It can become apparent in two con-
texts: (i) formation of ‘embryoid bodies’ (EBs) in dense 
cultures of ESCs, and (ii) TC (already mentioned above). 
TC shows a potential not for autonomous but for (so to 
say) ‘assisted’ development since ‘helper cells’ are needed 
(e.g. artificially tetraploidized blastomeres whose devel-
opmental potential is restricted to an extraembryonic 
fate, specifically trophoblast). EB formation, on the other 
hand, shows that a self-structuring potential is present in 
ESCs and becomes apparent in dense cultures, and that 
this does not depend in this case on the addition of exter-
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nal structuring cues provided by the addition of ‘helper 
cells’. Mouse EBs represent incomplete or malformed em-
bryos: they lack trophoblast (the cell type needed for im-
plantation) because the trophoblast differentiation poten-
tial of mouse ESCs is low (although not completely lack-
ing) [Ralston and Rossant, 2005; Tolkunova et al., 2006; 
Xu, 2006; Li et al., 2007; Schenke-Layland et al., 2007]. 
Also, mouse EBs mostly show structural abnormalities 
with respect to the formation of a basic body plan, i.e. the 
degree of order attained (at their gastrulation-like epithe-
lial-mesenchymal transition processes) is low. This, how-
ever, is not a fair argument against any such self-structur-
ing potential that they might possess since normal em-
bryos develop the same abnormalities under the same in 
vitro conditions [discussed by Denker, 2004]. So caution-
ing seems to be in place when thinking about differentiat-
ing human ESC colonies in vitro. In this context, it has to 
be stressed that human and non-human primate ESCs, in 
contrast to the mouse, do even have a pronounced tro-
phoblast differentiation potential [reviewed by Denker, 
2002; see also Thomson et al., 1996; Thomson and Mar-
shall, 1998; Reubinoff et al., 2000; Gerami-Naini et al., 
2004]. This means on the one hand that they differentiate 
into the cell type normally needed for implantation. An-
other aspect is that pattern formation in the epiblast (blas-
tocyst and early post-blastocyst stages) seems to depend 
on a molecular cross-talk between trophoblast and em-
bryoblast/epiblast [Rossant, 2004; Ralston and Rossant, 
2005]. Not only the general differentiation of the embryo-
blast/epiblast might be regulated this way, but also in-
struction about anterior-posterior (craniocaudal) axis 
formation (positioning of the primitive streak) might be 
normally provided by asymmetrical growth of the tro-
phoblast of the blastocyst [Gardner and Davies, 2002]. 
This could explain why mouse EBs (regularly lacking tro-
phoblast) may be handicapped with respect to early em-
bryonic pattern formation in vitro since, as mentioned 
above, mouse ESCs have only a very low trophoblast dif-
ferentiation capacity. On the other hand, the very high 
degree of order described to develop in marmoset mon-
key EBs [Thomson et al., 1996] may be due to the presence 
of the trophoblast differentiation potential in primate (in-
cluding human) ESCs, so that one should be aware of the 
possibility of a basic body plan development in human 
ESC cultures, an aspect of high ethical concern as dis-
cussed before [Denker, 1999, 2006]. 

  Alternative sources for human ESCs were also in-
tensely discussed at the Symposium [Hurlbut, 2005; The 
President’s Council, 2005; Green, 2007]. The alternative 
sources proposed by the US President’s Council are:

  (a) ‘organismically dead’ embryos, 6- to 8-cell in vitro 
fertilization embryos which have ceased dividing;

  (b) blastomeres obtained by ‘non-harmful’ biopsy of 
living embryos;

  (c) so-called ‘biological artifacts’, i.e. genetically mod-
ified cells/embryos lacking certain properties needed for 
early development or implantation [method used: knock-
out or temporary knockdown of the respective gene, fol-
lowed by ‘altered nuclear transfer (ANT)’ to an oocyte] 
(in the following we will mention the most often dis-
cussed example for this, i.e. the gene cdx2), and

  (d) human somatic cells that have been reprogrammed 
by cytoplasmic factors or by direct genetic manipulation 
(i.e. without transferring nuclei to oocytes).

  Discussions at the Symposium were controversial with 
respect to the question whether entities (a–c) are to be 
regarded as embryos, as (severely) compromised embryos 
or as sufficiently distinct from embryos so that they might 
be exempt from the ethical concerns connected with em-
bryo research. Obviously this is a matter of definition 
which is always somewhat arbitrary. It was fortunate to 
have William Hurlbut at the Symposium, the proponent 
of the ANT concept [Hurlbut, 2005], so that the ethical 
reasons behind it could be discussed in detail. A critique 
of the ANT concept is presented by Søren Holm in this 
issue [Holm, 2008].

  An important general aspect that surfaced at this Sym-
posium was that with all these ‘alternative sources’ one 
ethical aspect remains the crux of the controversy: the 
aspect of potentiality, which applies for the developmen-
tal potential of the ‘alternative sources’ themselves, but 
even more so for the derived ESCs. As far as the ‘alterna-
tive sources’ are concerned, an intense discussion devel-
oped at the Symposium whether these sources should be 
seen as embryos (or embryo equivalents) or not. In case 
of the cdx2 knockout/knockdown (ANT) concept, this 
entity shows only incipient early epithelialization and 
blastocyst cavity formation, and a defect in further tro-
phoblast differentiation. Some authors propose to address 
such an entity not as an embryo but as just a ‘ball of (stem) 
cells’. An argument put forward against this view is that 
it appears possible to develop strategies to rescue ‘organ-
ismically dead’ embryos (alternative a, above) or blasto-
meres isolated by biopsy (b, above) e.g. by (re)combining 
them with the other cells, by gene therapy or by adding 
growth factors in order to stimulate their mitotic activity. 
What would that mean for their ethical status? Likewise, 
the entity created according to the ANT concept (alterna-
tive c; be it addressed as an embryo equivalent or an arti-
fact) could be rescued by reactivating the gene that was 
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knocked out/knocked down. That this can in fact be done 
has already been shown by Meissner and Jaenisch [2005] 
in their ‘proof-of-principle’ experiment with respect to 
cdx2 in the mouse. Ethical aspects of this approach are 
discussed in this issue by Søren Holm [2008].

  One argument that has been put forward in relation to 
this concept questions whether it should be seen as ethi-
cally acceptable to purposely deprive an entity (compro-
mised embryo) of its possibility to implant in the uterus 
(by depriving it of trophoblast tissue, as in the cdx2 knock-
out proposal). I am reminded in this context of experi-
ments I have done myself on biochemical factors involved 
in embryo implantation in earlier years. In that case, a 
detailed analysis of the involved proteinase system showed 
us a way how we could very specifically interfere with im-
plantation initiation in the rabbit model by suppressing 
the key enzyme of the blastocyst (blastolemmase). When 
highly potent, non-toxic blastolemmase inhibitors were 
administered to the uterus, implantation was inhibited, 
but development of the blastocysts continued (although at 
a slightly reduced pace) for some days so that the non-im-
planted embryos finally possessed e.g. a neural tube, so-
mites and a heart anlage [for an illustration, see Denker, 
2000, fig. 1c]. Some of these embryos accomplished a de-
layed attachment to the uterine mucosa which, however, 
remained insufficient for the formation of a normal pla-
centa, and, probably due to what could be called (some-
what superficially) a nutritional defect, they all suc-
cumbed and were finally resorbed. When I saw these re-
sults of my experiments I felt that there was reason for 
great concern here with respect to possible applications in 
the human and I concluded that it should be regarded as 
non-desirable to base contraception on interference with 
development at any stage beyond the formation of the zy-
gote [Denker, 1977, p. 101]. The cdx2 knockout concept is 
certainly different from the just described scenario inso-
far as the process of trophoblast differentiation is already 
targeted (and not the later trophoblast functions during 
implantation). However, the ethical concerns that should 
come up are somewhat related in both cases.

  Reprogramming of somatic cells in order to derive 
ESCs from them (alternative source d, see above) has be-
come perhaps the most interesting alternative, as sug-
gested by recent publications that have appeared after the 
Symposium [Takahashi and Yamanaka, 2006; Okita et 
al., 2007; Wernig et al., 2007]. These papers describe the 
successful generation of pluripotent/omnipotent stem 
cells from somatic cells, i.e. from mouse fibroblasts, by 
gene manipulation. More recently, the same was shown 
to be possible with human cells [Nakagawa et al., 2007; 

Takahashi et al., 2007; Yu et al., 2007]. This obviously 
opens up a way to avoid using (and sacrificing) embryos 
or oocytes during the process of ES-like cell generation. 
However, this brings us back to the other already men-
tioned important point discussed at the Symposium, the 
developmental potential of the derived ESCs (or ES-like 
cells), and to the method of TC. Wernig et al. [2007] have 
indeed shown that these engineered cells can (‘re’)con-
stitute an embryo when TC is performed. Would they also 
be able to initiate basic body plan formation, an ordered 
gastrulation, not only under this but also under other 
conditions, e.g. autonomously in dense in vitro cultures 
like in Thomson’s experiments in the marmoset monkey 
[Thomson et al., 1996]? But even if the addition of helper 
cells would be required as in TC: Imagine a patient for 
whom such ES-like cells are generated from his own fi-
broblasts, since he needs their derivatives for some type 
of cell replacement therapy. If he is willing to donate the 
surplus of these cells (after expansion in vitro), or if sur-
plus cells are stored in liquid nitrogen for a possible later 
repeat of the therapy, would it not be imperative to inform 
him about the fact that embryos could be cloned from 
these cells by TC at any time, even after his death, and that 
these cells would be genetically identical to himself (ex-
cept for the genetic modifications that have been induced 
during the cell line derivation process, if these are at all 
permanent modifications)? This is of course only one side 
of the coin, i.e. the view of the donor, not talking about 
the view of the cloned child. As mentioned in the begin-
ning, patients or cell/embryo donors are at present not 
even being informed about TC when asked to give their 
‘informed’ consent [Denker and Denker, 2005].

  The need to question the ethical implications of the 
TC technology in the human is not a far-fetched argu-
ment regarding the recent literature. A Belgian-British 
team has recently proposed to introduce TC into in vitro 
fertilization and embryo transfer protocols in the human 
[Devolder and Ward, 2007]. The proposed logic in their 
argument is that success rates using this procedure might 
be considerably increased if one does not directly transfer 
the in vitro produced embryo to a uterus but first creates 
ESCs from it; these ESCs are then expanded in vitro and 
transformed into (a larger number of) embryos by TC 
(using trophoblast cells differentiated from the ESCs as 
helper cells). This multiplication step (a cloning proce-
dure, no doubt) increases the chance for finally obtaining 
the wanted child, those authors argue, since supernumer-
ary embryos (of the same genotype) can of course be fro-
zen and part of the ESCs can also be kept on stock in liq-
uid nitrogen to repeat the procedure at any time point. 
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  This proposal makes it very obvious that we have to 
think seriously about the developmental potential of cells 
we are handling in the laboratory and the clinics. Accord-
ing to the recent state of knowledge (confirmed by the ex-
perts present at the Symposium in Bonn), cells taken from 
early embryos (blastomeres) and ES(-like) cells are the only 
cell types that have the potential to (re)constitute an em-
bryo at TC [Denker, 2006]. The possibility to apply TC in 
the human (as already proposed since it is successful in the 
mouse [Devolder and Ward, 2007]) forces us to give high 
priority to the potentiality argument in ethical discus-
sions. Will human fibroblasts, when transformed into plu-
ripotent cells by genetic manipulations, also gain the abil-
ity to constitute a viable embryo at TC? This was the case 
in the mouse as recently shown by Wernig et al. [2007]! 

  Is there an escape from the ethical dilemma? After the 
problem of sacrificing embryos (and oocytes) has possibly 
been solved by the prospect to use genetically modified 
somatic cells (fibroblasts), the remaining potentiality 
problem still needs to be tackled. After having discussed 
ethical problems with the cdx2 knockout/knockdown 
concept (see above) at the Symposium, the question arose 
whether other genes, such as those critically involved in 
gastrulation/basic body pattern formation [Tam and Loe-
bel, 2007], could be ethically more acceptable targets. This 
idea was a logical consequence of the discussions about the 
pattern formation capabilities that had been described for 
marmoset monkey ESCs [Thomson et al., 1996, see above] 
as well as the (more limited) gastrulation-like (epithelial-
mesenchymal transition) events in rhesus monkey ESCs 
presented by Michael Thie [Behr et al., 2005], and the es-
tablished fact that ESCs of course perform an ordered gas-
trulation after TC. To knock out/down a single gene play-
ing a role in gastrulation would possibly not suffice to 
eliminate the gastrulation potential completely since this 
is a complex process involving the cooperation of many 
genes. Of course, the fact that all genes known to be es-
sential in early development also seem to play a role some-
where in other tissues in adult life has to be taken into 
consideration. However, an appropriate combination of a 
few key genes for axis formation and gastrulation (includ-
ing the events involved in morphogenetic movements and 
induction for example) could possibly be efficient enough. 
Would such genetically or epigenetically engineered cells, 
e.g. when generated from fibroblasts, be ethically accept-
able under potentiality aspects, and how can we make sure 
they do not have gastrulation/individuation capacity at 
TC? If future strategies will focus on interference with gas-
trulation genes, it would become imperative to test that 
this has indeed been achieved. Pluripotent/omnipotent 

cell lines which possess tetraploid complementability have 
to be considered ethically non-acceptable. How can the 
(lack of) gastrulation potential be tested in an ethically 
sound way, since TC (being clearly a technology for repro-
ductive cloning) is certainly ethically not acceptable in the 
human? Years ago we had already proposed to develop an 
in vitro test system that would allow to check whether cells 
do or do not possess this unwanted, ethically problemati-
cal potential, and to do this under conditions under which 
formation of a basic body plan is impossible. The criteria 
would be the gene expression patterns of the cells under 
scrutiny; the selection of the specific set of genes and the 
conditions of in vitro culturing would have to be defined 
[Denker, 2003; Thie et al., 2003; Behr et al., 2005]. On the 
basis of the discussions held at the Symposium in Bonn, 
and underlined by recent reports on the generation of ES-
like cells from fibroblasts [Takahashi and Yamanaka, 
2006; Nakagawa et al., 2007; Okita et al., 2007; Takahashi 
et al., 2007; Wernig et al., 2007; Yu et al., 2007], it appears 
to me that it has now indeed become inevitable to invest 
time and money into such research. It is time to face the 
central problem, the problem posed by the developmental 
potential of the cells. Research concepts that are based on 
these considerations may be the only way really leading 
out of the ethical impasse.

  Acknowledgments 

 I would like to thank my wife, Dr. med. Ulrike Denker, and 
Prof. Dr. med. Dr. phil. T. Heinemann for critically reading the 
manuscript.
 

 References  Behr, R., C. Heneweer, C. Viebahn, H.-W. Denker, 
M. Thie (2005) Epithelial-mesenchymal tran-
sition in colonies of rhesus monkey embry-
onic stem cells: a model for processes involved 
in gastrulation. Stem Cells  23:  805–816. 

 Denker, H.-W. (1976)  Formation of the blasto-
cyst: Determination of trophoblast and em-
bryonic  knot; in Gropp, A., K. Benirschke 
(eds): Developmental Biology and Pathology. 
Current Topics in Pathology. Berlin – Hei-
delberg – New York, Springer-Verlag, vol 62, 
pp 59–79. 

 Denker, H.-W. (1977) Implantation: The Role of 
Proteinases, and Blockage of Implantation 
by Proteinase Inhibitors. Adv Anat Embryol 
Cell Biol. Berlin, Springer, vol 53, fasc 5. 

 Denker, H.-W. (1999) Embryonic stem cells: an 
exciting field for basic research and tissue 
engineering, but also an ethical dilemma? 
Cells Tissues Organs  165:  246–249. 

 Denker, H.-W. (2000) Structural dynamics and 
function of early embryonic coats. Cells Tis-
sues Organs  166:  180–207. 



 Denker

 

Cells Tissues Organs 2008;187:250–256256

 Denker, H.-W. (2002) Forschung an embryo-
nalen Stammzellen. Eine Diskussion der Be-
griffe Totipotenz und Pluripotenz; in Odun-
cu, F.S., U. Schroth, W. Vossenkuhl (eds): 
Stammzellenforschung und therapeutisches 
Klonen. Göttingen, Vandenhoeck & Rup-
recht, pp. 19–35. 

 Denker, H.-W. (2003) Experten-Stellungnahme 
zum Thema ‘Neue Entwicklungen in der 
Stammzellforschung’ vor der Enquete-Kom-
mission ‘Ethik und Recht der modernen 
Medizin’ des Deutschen Bundestags. Nicht-
öffentliche Anhörung am 8.12.2003. Text 
der schriftl. Stellungnahme: Kom.-Drs. 15–
92; paragraph A8. http://webarchiv.bundes-
tag.de/cgi/show.php?fileToLoad=164&id=
1048. 

 Denker, H.-W. (2004) Early human develop-
ment: new data raise important embryologi-
cal and ethical questions relevant for stem 
cell research. Naturwissenschaften  91:  1–21. 

 Denker, H.-W. (2006) Potentiality of embryonic 
stem cells: an ethical problem even with al-
ternative stem cell sources. J Med Ethics  32:  
665–671. 

 Denker, U., H.-W. Denker (2005) Embryonale 
Stammzellforschung: Aufklärung notwen-
dig. Problematik der informierten Zustim-
mung der Spender. Deutsch Ärztebl  102:  
A892–A893. 

 Deutscher Bundestag (2003) Enquete-Kommis-
sion ‘Ethik und Recht der modernen Medi-
zin’ des Deutschen Bundestags. Nicht öf-
fentliche Anhörung zum Thema ‘Neue Ent -
wicklungen in der Stammzellforschung’ am 
8.12.2003. http://webarchiv.bundestag.de/cgi/
show.php?fileToLoad=163&id=1048. 

 Devolder, K.W., C.M. Ward (2007) Rescuing hu-
man embryonic stem cell research: the pos-
sibility of embryo reconstruction after stem 
cell derivation. Metaphilosophy  38:  245–263. 

 Gardner, R. L. (2006a) The axis of polarity of the 
mouse blastocyst is specified before blastula-
tion and independently of the zona pelluci-
da. Hum Reprod  22:  798–806. 

 Gardner, R.L. (2006b) Weaknesses in the case 
against prepatterning in the mouse. Reprod 
Biomed Online  12:  144–149. 

 Gardner, R.L., T.J. Davies (2002) Trophectoderm 
growth and bilateral symmetry of the blasto-
cyst in the mouse. Hum Reprod  17:  1839–
1845. 

 Gardner, R.L., T.J. Davies (2006) An investiga-
tion of the origin and significance of bilat-
eral symmetry of the pronuclear zygote in 
the mouse. Hum Reprod  21:  492–502. 

 Gerami-Naini, B., O.V. Dovzhenko, M. Durning, 
F.H. Wegner, J.A. Thomson, T.G. Golos 
(2004) Trophoblast differentiation in embry-
oid bodies derived from human embryonic 
stem cells. Endocrinology  145:  1517–1524. 

 Gilbert, S.F., S. Sarkar (2000) Embracing com-
plexity: organicism for the 21st century. Dev 
Dyn  219:  1–9. 

 Green, R.M. (2007) Can we develop ethically 
universal embryonic stem-cell lines? Nat 
Rev Genet  8:  480–485. 

 Heinemann, T. (2008) Cells Tissues Organs, in 
preparation. 

 Hiiragi, T., D. Solter (2004) First cleavage plane 
of the mouse egg is not predetermined but 
defined by the topology of the two apposing 
pronuclei. Nature  430:  360–364. 

 Hiiragi, T., D. Solter (2005) Mechanism of first 
cleavage specification in the mouse egg: is 
our body plan set at day 0? Cell Cycle  4:  661–
664. 

 Holm, S. (2008) ‘New embryos’ – new challenges 
for the ethics of stem cell research. Cells Tis-
sues Organs 187: 257–262. 

 Hurlbut, W.B. (2005) Altered nuclear transfer as 
a morally acceptable means for the procure-
ment of human embryonic stem cells. Natl 
Cathol Bioeth Q  5:  145–151. 

 Li, J., G. Pan, K. Cui, Y. Liu, S. Xu, D. Pei (2007) 
A dominant negative form of mouse sox2 in-
duces trophectoderm differentiation and 
progressive polyploidy in mouse ES cells. J 
Biol Chem  282:  19481–19492. 

 Meissner, A., R. Jaenisch (2006) Generation of 
nuclear transfer-derived pluripotent ES cells 
from cloned Cdx2-deficient blastocysts. Na-
ture  439:  212–215. 

 Nagy, A., E. Gocza, E.M. Diaz, V.R. Prideaux, E. 
Ivanyi, M. Markkula, J. Rossant (1990) Em-
bryonic stem cells alone are able to support 
fetal development in the mouse. Develop-
ment  110:  815–821. 

 Nagy, A., J. Rossant, R. Nagy, W. Abramow-
Newerly, J.C. Roder (1993) Derivation of 
completely cell culture-derived mice from 
early-passage embryonic stem cells. Proc 
Natl Acad Sci USA  90:  8424–8428. 

 Nakagawa, M., M. Koyanagi, K. Tanabe, K. 
Takahashi, T. Ichisaka, T. Aoi, K. Okita, Y. 
Mochiduki, N. Takizawa, S. Yamanaka 
(2008) Generation of induced pluripotent 
stem cells without Myc from mouse and 
 human fibroblasts. Nat Biotechnol  26:  101–
106.

Okita, K., T. Ichisaka, S. Yamanaka (2007) Gen-
eration of germline-competent induced plu-
ripotent stem cells. Nature  448:  313–317. 

 Ralston, A., J. Rossant (2005) Genetic regulation 
of stem cell origins in the mouse embryo. 
Clin Genet  68:  106–112. 

 Reubinoff, B.E., M.F. Pera, C.Y. Fong, A. Troun-
son, A. Bongso (2000) Embryonic stem cell 
lines from human blastocysts: somatic dif-
ferentiation in vitro. Nat Biotechnol  18:  399–
404, erratum  18:  559. 

 Rossant, J. (2004) Lineage development and po-
lar asymmetries in the peri-implantation 
mouse blastocyst. Semin Cell Dev Biol  15:  
573–581. 

 Schenke-Layland, K., E. Angelis, K.E. Rhodes, S. 
Heydarkhan-Hagvall, H.K. Mikkola, W.R. 
Maclellan (2007) Collagen IV induces tro-
phoectoderm differentiation of mouse em-
bryonic stem cells. Stem Cells  25:  1529–
1538. 

 Takahashi, K., S. Yamanaka (2006) Induction of 
pluripotent stem cells from mouse embry-
onic and adult fibroblast cultures by defined 
factors. Cell  126:  1–14. 

 Takahashi, K., K. Tanabe, M. Ohnuki, M. Narita, 
T. Ichisaka, K. Tomoda, S. Yamanaka (2007) 
Induction of pluripotent stem cells from 

adult human fibroblasts by defined factors.  
Cell  131:  861–872.

Takaoka, K., M. Yamamoto, H. Shiratori, C. 
Meno, J. Rossant, Y. Saijoh, H. Hamada 
(2006) The mouse embryo autonomously ac-
quires anterior-posterior polarity at implan-
tation. Dev Cell  10:  451–459. 

 Tam, P.P.L., D.A.F. Loebel (2007) Gene function 
in mouse embryogenesis: get set for gastrula-
tion. Nat Rev Genet  8:  368–381. 

 The President’s Council on Bioethics (2005) Al-
ternative Sources of Human Pluripotent 
Stem Cells. Washington, President’s Council 
on Bioethics. http://www.bioethics.gov/re-
ports/white_paper/index.html 

 Thie, M., R. Behr, E. Bruckmann, H.-P. Hohn, 
H.-W. Denker (2003) Markerprofile und 
Musterbildungseigenschaften von embryo-
nalen Stammzellen: zell- und molekularbio-
logische Befunde zum Selbststrukturie-
rungs-Potential (Abstr). Kompetenznetz-
werk Stammzellforschung NRW, Interne 
Klausurtagung Hagen, 2003, p 55.  

 Thomson, J.A., J. Itskovitz-Eldor, S.S. Shapiro, 
M.A. Waknitz, J.J. Swiergiel, V.S. Marshall, 
J.M. Jones (1998) Embryonic stem cell lines 
derived from human blastocysts. Science 
 282:  1145–1147. 

 Thomson, J.A., J. Kalishman, T.G. Golos, M. 
Durning, C.P. Harris, J.P. Hearn (1996) Plu-
ripotent cell lines derived from common 
marmoset  (Callithrix jacchus)  blastocysts. 
Biol Reprod  55:  254–259. 

 Thomson, J.A., V.S. Marshall (1998) Primate 
embryonic stem cells. Curr Top Dev Biol  38:  
133–165. 

 Tolkunova, E., F. Cavaleri, S. Eckardt, R. Rein-
bold, L.K. Christenson, H.R. Schöler, A. To-
milin (2006) The caudal-related protein 
cdx2 promotes trophoblast differentiation of 
mouse embryonic stem cells. Stem Cells  24:  
139–144. 

 Torres-Padilla, M.E., L. Richardson, P. Kolasin-
ska, S.M. Meilhac, M.V. Luetke-Eversloh, M. 
Zernicka-Goetz (2007) The anterior visceral 
endoderm of the mouse embryo is estab-
lished from both preimplantation precursor 
cells and by de novo gene expression after 
implantation. Dev Biol  309:  97–112. 

 Wernig, M., A. Meissner, R. Foreman, T. Bram-
brink, M. Ku, K. Hochedlinger, B.E. Bern-
stein, R. Jaenisch (2007) In vitro reprogram-
ming of fibroblasts into a pluripotent ES-
cell-like state. Nature  448:  318–324. 

 Xu, R.H. (2006) In vitro induction of trophoblast 
from human embryonic stem cells. Methods 
Mol Med  121:  189–202. 

 Yu, J., M.A. Vodyanik, K. Smuga-Otto, J. An-
tosiewicz-Bourget, J.L. Frane, S. Tian, J. Nie, 
G.A. Jonsdottir, V. Ruotti, R. Stewart, I.I. 
Slukvin, J.A. Thomson (2007) Induced plu-
ripotent stem cell lines derived from human 
somatic cells. Science  318:  1917–1920.

Zernicka-Goetz, M. (2006) The first cell-fate de-
cisions in the mouse embryo: destiny is a 
matter of both chance and choice. Curr Opin 
Genet Dev  16:  406–412. 

  


