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Embryonic Stem Cells: An Exciting Field
for Basic Research and Tissue Engineering,
but also an Ethical Dilemma?
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Recent reports describing that, not unexpectedly, hu-
man embryonic stem (ES) cells have become available
[Shamblott et al., 1998; Thomson et al., 1998] suddenly
put ES cells in the centre of public interest. Mouse ES cells
have been known as a fascinating object of biological
research for many years, and in particular they have prov-
en useful as an experimental tool for basic studies on gene
function. Their potential use as model systems for studies
on basic aspects of differentiation processes was in the
past exploited by only a limited, but steadily increasing,
number of researchers. Since last year interest in this field
seems to have experienced a quantum leap, in particular
due to the fact that the primate, and especially human, ES
cells now available may show considerable promise for
broad applications in tissue engineering and transplanta-
tion. Indeed, they could be an ideal source of material for
transplantation purposes in the human. We will of course
never have enough donated human cells and organs to

meet all transplantation needs, in spite of all efforts that
are being made. Xenotransplantation poses immunologic
and animal protection problems. ES cells are attractive
because they can proliferate and then be influenced by
various cytokines to differentiate into certain directions,
e.g. into the direction of haematopoietic stem cells that
are of utmost interest in transplantation medicine [for
animal experiments see ¢.g. Forrester et al., 1991; Pala-
cios et al., 1995]. Studies along those lines are now being
continued with human ES cells. ES cells are, on the other
hand, also of considerable interest to embryologists and
developmental biologists because they offer opportunities
previously unavailable for performing studies on differen-
tiation and pattern formation in mammals including
(nonhuman) primates. It seems that the great practical use
that derivatives of ES cell lines may find in transplanta-
tion medicine will increase the pressure to put much mon-
ey and effort into such basic research on the regulation of
differentiation in these systems.

I am very happy, therefore, that Anna Wobus and Ken-
neth Boheler have accepted to compile and edit this time-
ly special issue of Cells Tissues Organs. I am sure it will be
welcomed by the scientific community as a very impor-

KARG E R © 1999 S. Karger AG, Basel
1422-6405/99/1654-0246$17.50/0
Fax +41 61 306 12 34
E-Mail karger@karger.ch

www. karger.com

Accessible online at:
www.karger.com/journals/cto

Prof. Dr. med. Dr. rer. nat. H.-W. Denker

Institut fiir Anatomie, Universitdtsklinikum Essen

Hufelandstrasse 55

D-45122 Essen (Germany)

Tel. +49 201 723 4380/1, Fax +49 201 723 5916, E-Mail denker@uni-essen.de



tant actual source of information and will contribute to
stimulating further discussions and further research in
this field.

In all our excitement about ES cells we must, however,
not overlook that, like many other technical achieve-
ments, these cells may also have a Janus-faced character.
In particular, human ES cells confront us with a dilemma:
as detailed below, primate ES cells may have the potential
to form in vitro embryo-like structures and perhaps even
complete embryos, which could raise grave ethical con-
cerns. The question arises whether this could prohibit the
use of these cells.

Let me make clear why I feel this latter, problematical
aspect deserves our attention and why I think it asks for
clarification by specifically designed experimental inves-
tigation. Non-human primate ES cell lines have been pro-
duced in the rhesus monkey and the marmoset (Callithrix
jacchus) [Thomson et al., 1995, 1996]. Particularly re-
markable are features of differentiation reported for the
marmoset cell line. When propagated on a feeder cell
layer as usual for ES cell culture, the cells can be main-
tained in an undifferentiated state. However, when these
cells are allowed to differentiate by simply letting them
grow at high density they develop embryo-like structures
in vitro. These appear to be much more embryo-like than
the ‘embryoid bodies’ known for a long time from work on
mouse ES and teratocarcinoma cell lines (see below).
Thomson et al. [1996] have published a picture (fig. 5) of
such a spontaneously developed early embryo-like struc-
ture that appears to be identical with a normal primate
embryo as found in vivo. It shows a well-formed em-
bryonic shield, with amnion and an amniotic cavity, as
well as a yolk sac. An early human embryo would look
practically the same. Evidence for the differentiation of
trophoblast, the cell type that normally forms the fetal
part of the placenta, was also found in the marmoset ES
cell line so that apparently every cell type was produced
here in vitro. Even more importantly, a primitive streak-
like structure was also formed in the epiblast in vitro. The
primitive streak is one of the first signs of the main (cran-
1ocaudal) body axis and, at the same time, is the structural
equivalent for the formation of two new germ layers, the
mesoderm and the definitive endoderm. The formation of
a normal-looking primitive streak in these embryo-like
structures in vitro shows on one hand that they may
indeed have to be addressed as complete embryos. On the
other hand, formation of the primitive streak is thought to
mark the onset of individuality, since monocygotic twin-
ning is not possible after the primitive streak stage has
been reached. Therefore, the primitive streak has been of
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utmost importance in all discussions about cloning, abor-
tion and experimentation with human embryos. Develop-
ment of the embryo-like structures (or embryos) in the
monkey cell lines has not been followed further in vitro, as
far as can be seen in the scientific literature, but taking
these published data into account there can be no doubt
that development could have proceeded to even more
advanced stages, and there seems to be a high probability
that well-formed embryos (rather than teratomas, see
below) can grow in vitro. Given the high proliferative
capacity of ES cells, this could then result in large num-
bers of identical, cloned embryos.

This is the only report I am aware of which claims that
such a high degree of order can develop spontaneously in an
in vitro culture of ES cells, but the same authors point out
that this was not an isolated phenomenon [Thomson et al.,
1996; Thomson and Marshall, 1998]. The formation of
such a high degree of structural order in vitro is not known
from mouse ES cells, although differentiation of virtually
any cell type can be obtained and can already be manipu-
lated to impressive degrees (as discussed in various contri-
butions to this special issue of Cells Tissues Organs). Even if
mouse ‘embryoid bodies’ are generated in vitro, a higher
structural order is typically not obtained, as known from
older literature [Sherman and Solter, 1975; Robertson,
1987]. At the organ level, an impressive degree of order has
been observed after transplantation of primate ES cells
ectopically into SCID mice, e.g. gut-like structures with not
only a rather typical epithelium and villi, but even a rather
typical stratification of the various layers of the gut wall
including a lamina propria and various layers of muscula-
ture [Thomson and Marshall, 1998, fig. 9]. This is in line
with many observations on spontaneously developing tera-
tomas as well as on experimental teratomas in mice that
have been well known for a long time [Sherman and Solter,
1975; Robertson, 1987]. What is not seen in spontaneously
arising teratomas/teratocarcinomas or in teratomas pro-
duced after transplantation of embryos to ectopic sites is
the formation of a harmonious whole embryo with intact
main body axes. This has been seen, however, in a unique
experiment with mouse ES cells transplanted into a tempo-
rary host embryo (which itself degenerated later because it
consisted of lethal cells) [Nagy et al., 1993]. Until recently
most people assumed that instructions from a host embryo
are indeed essential here. The more remarkable appears to
be the report by Thomson et al. [1996] that apparently a
complete and well-shaped embryo with astonishingly well-
developed extraembryonic membranes including an em-
bryonic disc with primitive streak is formed in vitro by the
marmoset ES cells. This sheds a special light on the well-
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documented observation that the environment into which
totipotent early embryonic cells are brought greatly in-
fluences in particular axis formation and thus the forma-
tion of the general body plan. It must be remembered that
even complete normal mouse embryos show disorganized
differentiation and formation of teratomas when trans-
planted to ectopic sites, e.g. to the kidney [Sherman and
Solter, 1975; Robertson, 1987].

In this context, we have to ask anew the question: what
1s so special about an egg or an early blastomere, and what
do these cells provide specifically for the formation of a
harmonious whole embryo? Are those ‘fields of factors’ or
cytoplasmic determinants of the egg [if they exist in the
mammalian system, as discussed recently again on the
basis of new findings, Antczak and van Blerkom, 1997,
Beddington and Robertson, 1999; Edwards and Beard,
1997; Gardner, 1997; Zernicka-Goetz, 1998; cf. Denker,
1976] dispensable in a confluent in vitro culture of pri-
mate ES cells? How is axis formation brought about and
regulated under these conditions? These are very impor-
tant questions that urgently need to be studied experimen-
tally, and this can now be done with primate ES cells. 1
personally feel that it should, however, never be at-
tempted with human ES cells, and the scientific desire to
study the behaviour of human ES cells must be satisfied
with analogies or homologies gleaned from comparative
studies on non-human primate species.

Mammalian and human embryos are of course always
thought to be necessarily derived from eggs. All discus-
sions about the legal status of the embryo and about moral
implications of embryo-related technology have this type
of embryo in mind. Eggs are a rare type of cells, since only
few egg cells are produced during the reproductive years
of a woman. Even when follicle growth and egg cell pro-
duction in the ovary are stimulated hormonally the num-
ber of eggs produced remains limited. (It may be added
that our attitude seems to be different with respect to
gametes that are normally produced in abundant quanti-
ty, i.e. sperm.) What also appears relevant to our tradi-
tional thinking and arguing is the limited capacity of the
female genital tract which allows growth of and giving
birth to only one or a few embryos at a time. I feel that the
public attention that has been paid and is being paid for
example to experiments on the cloning of farm animals
like the sheep Dolly [Wilmut et al., 1997] using technolog-
ies based on egg-derived embryos must appear exagger-
ated in comparison with the potential that lies in ES cells,
since all egg-based procedures still meet considerable
technical problems, need a lot of time and effort and can
therefore be done only on a very limited scale due to the
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limited availability of eggs. The situation would obviously
be different if the same type of thing (i.e. cloning) could be
done with ES cells alone that can be produced in unlim-
ited quantity.

A major organizing element in an egg or embryo may
be positional information, structuring cues, asymmetric
distribution of molecules, and the way how these direct
the formation of axes (dorsovertral, anterior-posterior,
proximodistal). That this can theoretically be achieved by
very simple physicochemical mechanisms was shown in
computer models [Meinhardt, 1989, 1996]. Modern work
about axis formation in the early insect embryo [St John-
ston and Niisslein-Volhard, 1992; Nilson and Schiipbach,
1998] identifies an increasing number of genes and gene
products that appear to be the players in this game. The
question to what extent these genes may be related to
those that are at work in vertebrates including mammals
and man, and how they might be related to any polar orga-
nization of the mammalian egg [see Antczak and van
Blerkom, 1997; Gardner, 1997; Zernicka-Goetz, 1998] is
naturally of great interest. Will ES cells be helpful here by
providing an easily accessible experimental system? The
remarkable ability of primate ES cells to form embryo-
like structures (or even embryos) in vitro, mentioned
above, may suggest this.

The specific feature of the egg can be thought to be that
it provides very simple asymmetries and that it secures in
this way a degree of structural order for the orthotopic
formation of single body axes (in contrast to multiple or
branched axes) so that the subsequent patterning of all tis-
sues in the emerging embryo will lead to the formation of
a harmonious, functional whole. It is a peculiar feature of
eggs and totipotent blastomeres, on the other hand, that
they can regulate defects and restitute such a harmonious
whole. It is possibly due to this flexibility and to these
mechanisms that, as we have seen in the example of ES
cells in vitro, order can also develop spontaneously in a
cell culture, in this case independent of an egg-derived
prepattern. Here stochastic molecular events (of the type
that can perhaps be best described by the chaos theory)
may generate a first simple asymmetry. If eggs, early
embryonic cells (blastomeres) and ES cells all have the
same totipotency an exciting topic for ongoing and future
research is of course whether they all make use of the same
hierarchically dependent (and vectorial) processes of dif-
ferentiation, cell movements and cell-to-cell interactions
for the development of complex order.

An old aphorism, based on one of the founders of
experimental embryology, Carl Ernst von Baer, some-
times mistaken as expressing preformistic views, states:
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‘Entwicklung ist Umbildung von einer Gestalt zur ande-

ren’ [as formulated by Seidel, 1960]. Will it have to be

reformulated or re-interpreted in the light of the remark-

able pattern-forming abilities of the ES cells? And what
does all this mean for the ethical aspects and legal status of

human ES cells?
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