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The use of human embryos for research on embryonic stem (ES) cells is currently high on the ethical and political
agenda in many countries. Despite the potential benefit of using human ES cells in the treatment of disease, their use
remains controversial because of their derivation from early embryos. Here, we address some of the ethical issues
surrounding the use of human embryos and human ES cells in the context of state-of-the-art research on the devel-

opment of stem cell based transplantation therapy.
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Introduction

Human embryonic stem cells (hES cells) are currently
discussed not only by the biologists by whom they were
discovered but also by the medical profession, media, ethicists,
governments and politicians. There are several reasons for this.
On the one hand, these ‘super cells’ have a major clinical
potential in tissue repair, with their proponents believing that
they represent the future relief or cure of a wide range of
common disabilities; replacement of defective cells in a patient
by transplantation of hES cell-derived equivalents would
restore normal function. On the other hand, the use of hES
cells is highly controversial because they are derived from
human pre-implantation embryos. To date, most embryos used
for the establishment of hES cell lines have been spare embryos
from IVF, but the creation of embryos specifically for deriving
hES cells is also under discussion. The most controversial
variant of this is the transfer of a somatic cell-nucleus from a
patient to an enucleated oocyte (unfertilized egg) in order to
produce hES cells genetically identical to that patient for
‘autologous’ transplantation (so-called ‘therapeutic’ cloning);
this may prevent tissue rejection.

The question ‘Can these cells be isolated and used and, if so,
under what conditions and restrictions’ is presently high on the
political and ethical agenda, with policies and legislation being
formulated in many countries to regulate their derivation. The
UK has been the first to pass a law governing the use of human
embryos for stem cell research. The European Science
Foundation has established a committee to make an inventory
of the positions taken by governments of countries within
Europe on this issue (European Science Foundation, 2001).

In order to discuss the moral aspects of the isolation and use
of hES cells, which is the aim of the present article, it is first
essential to understand exactly what these cells are, where they
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come from, their intended applications and to define the ethical
questions to be addressed.

What are (embryonic) stem cells?

‘Stem cells’ are primitive cells with the capacity to divide and
give rise to more identical stem cells or to specialize and form
specific cells of somatic tissues. Broadly speaking, two types of
stem cell can be distinguished: embryonic stem (ES) cells
which can only be derived from pre-implantation embryos and
have a proven ability to form cells of all tissues of the adult
organism (termed ‘pluripotent’), and ‘adult’ stem cells, which
are found in a variety of tissues in the fetus and after birth and
are, under normal conditions, more specialized (‘multipotent”)
with an important function in tissue replacement and repair.
hES cells are derived from the so-called ‘inner cell mass’ of
blastocyst stage embryos that develop in culture within 5 days
of fertilization of the oocyte (Thomson ez al., 1998; Reubinoff
et al., 2000). Although hES cells can form all somatic tissues,
they cannot form all of the other ‘extraembryonic’ tissues
necessary for complete development, such as the placenta and
membranes, so that they cannot give rise to a complete new
individual. They are therefore distinct from the ‘totipotent’
fertilized oocyte and blastomere cells deriving from the first
cleavage divisions. hES cells are also immortal, expressing
high levels of a gene called telomerase, the protein product of
which ensures that the telomere ends of the chromosomes are
retained at each cell division and the cells do not undergo
senescence. The only other cells with proven pluripotency
similar to that of ES cells are embryonic germ (EG) cells,
which as their name implies, have been derived from ‘prim-
ordial germ cells’ that would ultimately form the gametes if the
fetus had not been aborted. In humans, hEG cells were first
established in culture in 1998, shortly after the first hES cells,
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from tissue derived from an aborted fetus (Shamblott et al.,
1998). Biologically, hEG cells have many properties in
common with hES cells (Shamblott ez al., 2001).

In the adult individual, a variety of tissues have also been
found to harbour stem cell populations. Examples include the
brain, skeletal muscle, bone marrow and umbilical cord blood,
although the heart, by contrast, contains no stem cells after
birth (reviewed in McKay 1997; Fuchs and Segre, 2000; Watt
and Hogan, 2000; Weissman et al., 2000; Blau et al., 2001;
Spradling et al., 2001). These adult stem cells have generally
been regarded as having the capacity to form only the cell types
of the organ in which they are found, but recently they have
been shown to exhibit an unexpected versatility (Ferrari et al.,
1998; Bjornson et al., 1999; Petersen et al., 1999; Pittenger
et al., 1999; Brazelton et al., 2000; Clarke et al., 2000; Galli
et al., 2000; Lagasse et al., 2000; Mezey et al., 2000; Sanchez-
Ramos et al., 2000; Anderson et al., 2001; Jackson et al., 2001;
Orlic et al., 2001). Evidence is strongest in animal experiments,
but is increasing in humans, that adult stem cells originating in
one germ layer can form a variety of other derivatives of the
same germ layer (e.g. bone marrow-to-muscle within the
mesodermal lineage), as well as transdifferentiate to deriva-
tives of other germ layers (e.g. bone marrow-to-brain between
the mesodermal and ectodermal lineages). To what extent
transdifferentiated cells are immortal or acquire appropriate
function in host tissue remains largely to be established but
advances in this area are rapid, particularly for multipotent
adult progenitor cells (MAPCs) of bone marrow (Reyes and
Verfaillie, 2001). Answers to these questions with respect to
MAPCs, in particular whether they represent biological
equivalents to hES and can likewise be expanded indefinitely
whilst retaining their differentiation potential, are currently
being addressed (Jiang et al. 2002; Schwartz et al., 2002;
Verfaillie, 2002; Zhao et al., 2002). For other adult stem cell
types, such as those from brain, skin or intestine (Fuchs and
Segre, 2000), this may remain unclear for the immediate future.
Although the discussion here concerns hES cells and the use of
embryos, the scientific state-of-the-art on other types of stem
cell is important in the context of the ‘subsidiarity principle’
(see below).

Potential applications of hES cells and state-of-the-art

In theory, hES cells could be used for many different purposes
(Keller and Snodgrass, 1999). Examples in fundamental
research on early human development are the causes of early
pregnancy loss, aspects of embryonic ageing and the failure of
pregnancy in older women (where genetic defects in the oocyte
appear to be important). A second category might be toxicol-
ogy, more specifically research on possible toxic effects of new
drugs on early embryonic cells which are often more sensitive
than adult cells (drug screening). The most important potential
use of hES cells is, however, clinically in transplantation
medicine, where they could be used to develop cell replace-
ment therapies. This, according to most researchers in the field
represents the real ‘home run’ and it is the ethics of using
embryos in this aspect of medicine that will be discussed here.
Examples of diseases caused by the loss, or loss of function, of
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only one or a limited number of cell types and which could
benefit from hES cell-based therapies include diabetes,
Parkinson’s disease, stroke, arthritis, multiple sclerosis, heart
failure and spinal cord lesions. Although it is known that hES
cells are capable of generating neural, cardiac, skeletal muscle,
pancreas and liver cells in teratocarcinomas in vivo in
immunodeficient mice as well as in tissue culture, it would
be an illusion to consider that cell-therapies will have
widespread application in the short term (i.e. within a couple
of years). It is unfortunate that sensational treatment in the
media, which implied the generation of whole organs from hES
cells, initially left this impression so that the more realistic
view emerging is already a disappointment to some patient
groups. Nonetheless, a proper scientific evaluation of the
therapeutic potential is being carried out in countries that allow
the isolation and/or use of existing hES cells. The ethical
questions here then also include whether the establishment of
new hES cell lines can be justified, in the realisation that
eventual therapies, based on either hES or adult stem cells are
long-term perspectives.

There are, at least in theory, various sources of hES cells. In
most cases to date, these have been spare IVF embryos,
although IVF embryos have been specifically created for the
purpose of stem cell isolation (Lanzendorf et al., 2001). In one
variant of ‘embryo creation’, it has even been reported that
normally organized blastocysts develop from chimeras of two
morphologically non-viable embryos (Alikani and Willadsen,
2002). The most revolutionary option would be the creation of
embryos specifically for the purpose of isolating stem cells via
‘nuclear transfer’ (‘therapeutic cloning’). This option is
purported to be the optimal medical use of hES technology
since the nuclear DNA of the cells is derived from a somatic
cell of a patient to receive the transplant, reducing the chances
of tissue rejection (see Barrientos et al., 1998; 2000). It is of
note that the oocyte in this case is not fertilized, but receives
maternal and paternal genomes from the donor cell nucleus.
Since by some definitions an embryo is the result of
fertilization of an oocyte by sperm, there is no absolute
consensus that nuclear transfer gives rise to an embryo (see
below).

The establishment of embryonic cell lines is becoming
increasingly efficient, with up to 50% of spare IVF embryos
that develop into blastocysts after thawing at the 8-cell stage
reported to yield cell lines. There are reports of efficiencies
much lower than 50%, however, the quality of the donated
embryos being an important determinant of success. Growth of
the cell lines over extended periods and in some cases under
defined conditions (Xu et al., 2001) has also been reported, but
the controlled expansion and differentiation to specific cell
types is an area where considerable research will be required
before cell transplantation becomes clinical practice (for
review, see Passier and Mummery, 2003). In addition, research
will be required on how to deliver cells to the appropriate site in
the patient to ensure that they survive, integrate in the host
tissue and adopt appropriate function. These are the current
scientific challenges that will have to be overcome before cell
therapy becomes clinical practice; the problems are common to
both hES and adult stem cells. The efficiency of establishing
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embryonic stem cell lines from nuclear transfer embryos is
currently unknown, but expected to be lower than from IVF
embryos.

Ethical exploration

In the following section, the status of hES cells is first
considered. The questions of whether it is acceptable to use
pre-implantation embryos as a source of ES cells for research
on cell transplantation therapy and if so, whether embryo use
should be limited to spare embryos or may also include the
creation of embryos via nuclear transfer (‘therapeutic clon-
ing’), are then addressed.

The status of hES cells

What is the ontological status of hES cells? Should they be
considered equivalent to embryos or not? Let us first consider
the status of the ‘naked’, isolated inner cell mass (ICM; the
source for deriving hES cell lines). The ICM is as it were the
‘essence’ of the pre-implantation embryo, the precursor of the
‘embryo proper’. The isolated ICM, however, no longer has the
potential to develop into a fetus and child, as trophoblast cells,
necessary for implantation and nourishment of the embryo, and
extra-embryonic endoderm, are absent. It does not necessarily
follow, though, that the isolated ICM is no longer an embryo—
we suggest that the whole, isolated ICM could best be qualified
as a disabled, ‘non-viable’ embryo (even though it might, at
least in theory, be ‘rescued’ by enveloping the ICM with
sufficient trophoblast cells).

What, then, is the status of the individual cells from the ICM
once isolated, and the embryonic stem cell lines derived from
them? Should we consider these cells/cell lines to be non-viable
embryos too? We would argue that when the cells of the ICM
begin to spread and grow in culture, the ICM disintegrates and
the non-viable embryo perishes. Some might argue that hES
cells are embryos, because, although hES cells in themselves
cannot develop into a human being, they might if they were
‘built into’ a cellular background able to make extra-embryonic
tissues necessary for implantation and nutrition of the embryo.
At present this is only possible by ‘embryo reconstruction’ in
which the ICM of an existing embryo is replaced by ES cells
(Nagy et al., 1993). Commentators who, against this back-
ground, regard hES cells as equivalent to embryos, apparently
take recourse to the opinion that any cell from which a human
being could in principle be created, even when high technology
(micromanipulation) would be required to achieve this, should
be regarded as an embryo. An absurd implication of this
‘inclusive’ definition of an embryo is that one should then also
regard all somatic cells as equivalent to embryos—after all, a
somatic nucleus may become an embryo after nuclear trans-
plantation in an enucleated oocyte. It is therefore unreasonable
to regard hES cells as equivalent to embryos.

Instrumental use of embryos

Research into the development of cell-replacement therapy
requires the instrumental use of pre-implantation embryos from
which hES cells are derived since current technology requires
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lysis of the trophectoderm and culture of the ICM; the embryo
disintegrates and is thus destroyed. As has already been
discussed extensively in the embryo-research debate, consid-
erable differences of opinion exist with regard to the onto-
logical and moral status of the pre-implantation embryo
(Hursthouse, 1987). On one side of the spectrum are the
‘conceptionalist’ view (‘the embryo is a person’) and the
‘strong’ version of the potentiality-argument (‘because of the
potential of the embryo to develop into a person, it ought to be
considered as a person’). On the other side of the spectrum we
find the view that the embryo (and even the fetus) as a ‘non-
person’ ought not to be attributed any moral status at all.
Between these extremes are various intermediates. Here, there
is a kind of ‘overlapping consensus’: the embryo has a real, but
relatively low moral value. The most important arguments are
the moderate version of the potentiality argument (‘the embryo
deserves some protection because of its potential to become a
person’) and the argument concerning the symbolic value of the
embryo (the embryo deserves to be treated with respect because
it represents the beginning of human life). Differences of
opinion exist on the weight of these arguments (how much
protection does the embryo deserve?) and their extent (do they
apply to pre-implantation embryos?). In view of the fact that up
to 14 days of development, before the primitive streak develops
and three germ layers appear, embryos can split and give rise to
twins or two embryos may fuse into one, it may reasonably be
argued that at these early stages there is in principle no
ontological individuality; this limits the moral value of an
embryo.

Pre-implantation embryos are generally regarded from the
ethical point of view as representing a single class, whereas in
fact ~50-60% of these embryos are aneuploid and mostly non-
viable. For non-viable embryos, the argument of potentiality
does not of course apply. Their moral status is thus only based
on their symbolic value, which is already low in ‘pre-
individualized’ pre-implantation embryos. The precise impli-
cations of this moral difference for the regulation of the
instrumental use of embryos is, however, beyond the scope of
the present article.

The view that research with pre-implantation embryos
should be categorically forbidden is based on shaky premises
and would be difficult to reconcile with the wide social
acceptance of contraceptive intrauterine devices. The dominant
view in ethics is that the instrumental use of pre-implantation
embryos, in the light of their relative moral value, can be
justified under certain conditions. The international debate
focuses on defining these conditions.

Ethics of using surplus IVF embryos as a source of hES
cells

Possible objections are connected to the principle of propor-
tionality, the slippery slope argument, and the principle of
subsidiarity.

Proportionality

It is generally agreed that research involving embryos should
be related to an important goal, sometimes formulated as ‘an
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important health interest’ (the principle of proportionality).
Opinions differ on how this should be interpreted and made
operational. In a number of countries, research on pre-
implantation embryos is permitted provided it is related to
human reproduction. Internationally, however, such a limita-
tion is being increasingly regarded as too restrictive (De Wert
et al., 2002). The isolation of hES cells for research into cell-
replacement therapies operates as a catalyst for this discussion.
It is difficult to argue that research into hES cells is
disproportional. If embryos may be used for research into the
causes or treatment of infertility, then it is inconsistent to reject
research into the possible treatment of serious invalidating
diseases as being not sufficiently important. The British
Nuffield Council on Bioethics (Nuffield Council on
Bioethics, 2000) also saw no reason for making a moral
distinction between research into diagnostic methods or
reproduction and research into potential cell therapies.

Even if one argued that there is a difference between the two
types of research, research on cell therapy would, if anything,
be more defensible than research on reproduction. One (in our
opinion somewhat dubious) argument is to be found in McGee
and Caplan (1999); here the suggestion is made that in using
embryos for cell therapy, no embryos are actually sacrificed:
‘In the case of embryos already slated to be discarded after
IVF, the use of stem cells may actually lend permanence to the
embryo. Our point here is that the sacrifice of an early human
embryo, whether it involves a human person or not, is not the
same as the sacrifice of an adult because life of a 100-cell
embryo is contained in its cells nuclear DNA.’ In other words,
the unique characteristic of an embryo is its DNA; by
transplanting cells containing this DNA to a new individual,
the DNA is preserved and the embryo therefore not sacri-
ficed—a ‘win—win’ situation for both the embryo and cell
transplant recipient. The implication is thus that the use of
embryos for cell transplantation purposes is ethically prefer-
able to disposing of them or using them in other (‘truly
destructive’) types of research. This extreme genetic ‘reduc-
tionism’ is highly disputable and not convincing: the fact that
embryos are actually sacrificed in research into cell therapy is
masked. A second, more convincing, argument, that the
instrumental use of embryos is in principle easier to justify
for isolation of hES cells than, for example, research directed
towards improving IVF, is that it has potentially far wider
clinical implications. It therefore, unquestionably meets the
proportionality requirement.

Slippery slope

The slippery slope argument can be considered as having two
variants, one empirical and the other logical. The empirical
version involves a prediction of the future: ‘Acceptance of
practice X will inevitably lead to acceptance of (undesirable)
practice Y. To prevent Y, X must be banned’. The logical
version concerns the presumed logical implications resulting
from the moral justification of X: ‘Justification of X automat-
ically implies acceptance of (undesirable) practice Y’. In this
context the problem often lies in the lack of precise definition
of X: ‘The difficulty in making a conceptual distinction
between X and Y that is sharp enough to justify X without at
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the same time justifying Y, is a reason to disallow X.” Both
versions of the argument play a role in the debate about the
isolation of hES cells for research into cell replacement
therapy. An example of the logical version is that acceptance of
hES cells for the development of stem cell therapy for the
treatment of serious disease automatically means there is no
argument against acceptance of use, for example, for cosmetic
rejuvenation (Nuffield Council on Bioethics, 2000). The main
difficulty is, according to these critics, the ‘grey area’ between
these two extremes. One answer to this objection is to consider
each case individually rather than reject all cases out of hand.
One could use the same objection for example against surgery,
which can equally be used for serious as well as trivial
treatments.

An example of the empirical version of the slippery slope
argument is that the use of hES cells for the development of cell
therapy would inevitably lead to applications in germ-line gene
therapy and in therapeutic cloning, then ultimately reproduct-
ive cloning. This version of the argument is unconvincing too;
even if germ line gene therapy and therapeutic cloning would
be categorically unacceptable, which is not self-evident, it does
not necessarily follow from this that the use of hES cells for
cell-therapy is unacceptable. The presumed automatism in the
empirical version of the slippery slope argument is disputable.

Subsidiarity

A further condition for the instrumental use of embryos is that
no suitable alternatives exist that may serve the same goals of
the research. This is termed ‘the principle of subsidiarity’.
Critics of the use of hES cells claim that at least three such
alternatives exist, which have in common that they do not
require the instrumental use of embryos: (i) xenotransplanta-
tion; (ii) human embryonic germ cells (hEG cells), and (iii)
adult stem cells.

The question is not whether these possible alternatives
require further research (this is, at least for the latter two,
largely undisputed), but whether only these alternatives should
be the subject of research. Is a moratorium for isolating hES
cells required, or is it preferable to carry out research on the
different options, including the use of hES cells, in parallel?

The answer to this question depends on how the principle of
subsidiarity ought to be applied. Although the principle of
subsidiarity is meant to express concern for the (albeit limited)
moral value of the embryo, it is a sign of ethical one-
dimensionality to present every alternative, which does not use
embryos, as a priori superior. For the comparative ethical
analysis of hES cells from pre-implantation embryos on the one
hand, and the possible alternatives mentioned on the other, a
number of relevant aspects should be taken into account. These
include: the burdens and/or risks of the different options for the
patient and his or her environment; the chance that the
alternative options have the same (probably broad) applicabil-
ity as hES cells from pre-implantation embryos; and the time-
scale in which clinically useful applications are to be expected.

A basis for initiating a comparative ethical analysis is set out
below:

(i) Xenotransplantation is viewed at present as carrying a
risk, albeit limited, of cross-species infections and an accom-
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panying threat to public health. This risk is, at least for the time
being, an ethical and safety threshold for clinical trials. Apart
from that, the question may be raised from a perspective of
animal ethics whether it is reasonable to breed and kill animals
in order to produce transplants, when at the same time spare
human embryos are available which would otherwise be
discarded;

(i1) In principle, the use of hEG cells from primordial germ
cells of dead fetuses seems from a moral perspective to be more
acceptable than the instrumental use of living pre-implantation
embryos, provided that the decision to abort was not motivated
by the use of fetal material for transplantation purposes. To
date, however, hEG cells have been difficult to isolate and
culture, with only one research group reporting success
(Shamblott et al., 1998; 2001). In addition, research in mice
suggests abnormal reprogramming of these cells in culture:
chimeric mice generated between mouse (m)EG cells and pre-
implantation embryos develop abnormally while chimeras
using mouse (m)ES cells develop as normally as non-chimeric
mice (Steghaus-Kovac, 1999; Surani, 2001). This makes the
outcome of eventual clinical application of these cells difficult
to predict in terms of health risks for the recipient.

(iii) Analysis of the developmental potential of adult stem
cells is a rapidly evolving field of research, particularly in
animal model systems. Experiments carried out within the last
two years have demonstrated, for example, that bone marrow
cells can give rise to nerve cells in mouse brain (Mezey et al.,
2000), neural cells from mouse brain can turn into blood and
muscle (Bjornson et al., 1999; Galli et al., 2000), and even
participate in the development of chimeric mouse embryos up
to mid-gestation (Clarke et al., 2000). Although apparently
spectacular in demonstrating that neural stem cells from mice
can form most cell types under the appropriate conditions, it is
still unclear whether true plasticity in terms of function has
been demonstrated or whether the cells simply ‘piggy-back’
with normal cells during development. Published evidence of
‘plasticity’ in adult human stem cells is more limited, but
recent evidence suggests that the MAPCs from bone marrow
may represent a breakthrough (Jiang er al., 2002; Schwartz
et al., 2002;). They are accessible. Collection is relatively non-
destructive for surrounding tissue compared, for example, with
the collection of neural stem cells from adult brain, although
their numbers are low: 1 in 108 of these cells exhibit the ability
to form populations of nerve, muscle and a number of other cell
types and they only become evident after several months of
careful culture. Clonal analysis has provided rigorous proof of
plasticity: a single haematopoietic stem cell can populate a
variety of tissues when injected into lethally irradiated mice
(Krause et al., 2001) or into blastocyst stage embryos to
generate chimeric embryos (Jiang et al., 2002). Nonetheless,
there are potential hazards to using cells that have been
cultured for long periods for transplantation and although
MAPCs seem to have normal chromosomes, it is important to
establish that the pathways governing cell proliferation are
unperturbed. This is also true for hES cells. However, the
powerful performance of mES cells in restoring function in a
rat model for Parkinson’s disease (Kim et al., 2002), has not yet
been matched by MAPCs. Bone marrow stem cells have been
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shown very recently to restore function to some extent in a
mouse heart damaged by coronary ligation, an experiment that
mimics the conditions of the human heart soon after infarction
(Orlic et al., 2001). Although clinical restoration of function in
a damaged organ is usually sought rather longer after the
original injury than in these experiments, which were per-
formed before scar tissue had formed, this approach will
certainly be worth pursuing. An alternative, non-invasive,
haematopoietic stem cell source is umbilical cord blood. This is
used clinically for transplantation as an alternative to bone
marrow in patients for whom no bone marrow match is
available. Cord blood contains precursors of a number of
lineages but its pluripotency, or even multipotency, is far from
proven. Nevertheless, the prospect of autologous transplanta-
tion of haematopoietic stem cells of bone marrow in the long
term makes this an important research area in terms of
alternatives to therapeutic cloning (see below).

Although studies with adult stem cells so far have been
encouraging, Galli (2000), author of the first adult neural stem
studies and much cited by advocates of the view that adult stem
cells have a proven developmental potency equal to that of ES
cells, himself disagrees entirely with this viewpoint (see
Editorial, 2000). It has even been suggested that the results
from adult stem cell research are being misinterpreted for
political motives and ‘hints of the versatility of the adult cells
have been over interpreted, overplayed and over hyped’
(Vastag, 2001). Opponents of ES cell research are now
heralding Verfaillie’s adult stem cells as proof that work on
hES cells is no longer needed. However the stem cell research
community and Verfaillie herself (Vastag, 2002) have called
for more research on both adult and embryonic stem cells. ES
cells that can perform as powerfully as those described by Kim
et al. (2002) in the rat Parkinson model make it far too early in
the game for them to be discounted (Editorial, 2002).

The question remains, however, should a moratorium be
imposed on isolating hES cells for research in cell therapy in
the light of the indisputably promising results from adult stem
cell research? The lack of consensus arises largely from
disagreement on interpretation of the subsidiarity principle.
Against the restrictive viewpoint that research on hES cells
may only take place if there is proof that adult stem cells are not
optimally useful, there is the more permissive viewpoint that
hES cell research may, and indeed should, take place so long it
is unclear whether adult stem cells are complete or even partial
alternatives.

On the basis of the following arguments, a less restrictive
interpretation of the subsidiarity principle is morally justified.
(Stem Cell Research, 2000) To begin with, the most optimistic
expectation is that only in the long run will adult stem cells
prove to have equal plasticity and developmental potential as
hES cells (and be as broadly applicable in the clinic), and there
is a reasonable chance that this will never turn out to be the
case. If hES cells from pre-implantation embryos have more
potential clinical applications in the short term, then the risk of
a moratorium is that patients will be deprived of benefit. This in
itself is a reason to forgo a moratorium—assuming that the
health interests of patients overrule the relative moral value of
pre-implantation embryos. Secondly, the simultaneous devel-
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opment of different research strategies is preferable, consider-
ing that research on hES cells will probably contribute to
speeding up and optimising clinical applications of adult stem
cells. In particular, the stimuli to drive cells in particular
directions of differentiation may be common to both cell types,
while methods of delivery to damaged tissue are as likely to be
common as complementary. A moratorium on hES cell
research would remove the driving force behind adult stem
cell research.

A final variant on adult stem cell sources concerns the use of
embryonal carcinoma (EC) cells, a stem cell population found
in tumours (teratocarcinomas) of young adult patients. These
cells have properties very similar to hES cells. The results of a
phase I (safety) trial using these cells in 11 stroke victims in the
USA have recently been published and permission granted by
the Food and Drug Administration (FDA) for a phase II trial
(effectivity) (Kondziolka et al., 2000). The patients received
neural cells derived from retinoic acid (vitamin A) treatment of
teratocarcinoma stem cells. Although the scientific and ethical
consensus is that these trials were premature in terms of
potential risk of teratocarcinoma development at the transplant
site, all patients survived with no obvious detrimental effects,
no tumour formation and in two cases a small improvement in
symptoms. After two years, the transplanted cells were still
detectable by scanning (Kondziolka et al., 2000). Despite its
controversial nature, this trial has nevertheless probably set a
precedent for similar trials using neural derivatives of hES, the
best controlled differentiation pathway of hES cells at the
present time (Reubinoff er al., 2001; Zhang et al., 2001).
Proponents believe that such trials would be feasible even in
the short term (McKay, 1997). Neural differentiation of hEC
cells is fairly easy to induce reproducibly but most other forms
of differentiation are not; even if ultimately regarded as ‘safe’,
hEC cells will not replace hES cells in terms of developmental
potential and are therefore not regarded as an alternative.

In view of both the only relative moral value of pre-
implantation embryos and the uncertainties and risks of the
potential alternative sources for the development of cell
therapy, a moratorium for isolating human embryonic stem
cells is unjustified.

Therapeutic cloning

Before discussing the ethical issues around ‘therapeutic
cloning’, the term itself requires consideration. To avoid
confusion, it has been proposed that the term ‘cloning’ be
reserved for reproductive cloning and that ‘Nuclear transplan-
tation to produce stem cells’ would be better terminology for
therapeutic cloning (NAS report, 2002; Vogelstein et al.,
2002). Others have pointed out the disadvantage of this
alternative term, namely that it masks the fact that an embryo is
created for instrumental use. More important in our opinion
however, is that the use of the adverb ‘therapeutic’ suggests
that hES cell therapy is already a reality: strictu sensu there can
only be a question of therapeutic applications once clinical
trials have started. In the phase before clinical trials, it is only
reasonable to refer to research on nuclear transfer as ‘research
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cloning’ or ‘nuclear transplantation for fundamental scientific
research’, aimed at future applications of therapeutic cloning.

Some consider this technology to be ethically neutral; they
claim that the ‘construct’ produced is not a (pre-implantation)
embryo. Qualifications suggested for these constructs include:
activated oocyte, ovasome, transnuclear oocyte cell, etc.
(Kiessling, 2001; Hansen, 2002) However, to restrict the
definition of ‘embryo’ to the product of fertilization in the post-
Dolly era is a misleading anachronism. Although the purpose
of therapeutic cloning is not the creation of a new individual
and it is unlikely that the viability of the constructed product is
equivalent to that of an embryo derived from sexual repro-
duction, it is not correct to say that an embryo has not been
created.

The core of the problem is that here human embryos are
created solely for instrumental use. Whether or not this can be
morally justified—and if so, under what conditions—has
already been an issue of debate for years in the context of
the development of ‘assisted reproductive technologies’
(ART). Is it acceptable to create embryos for research, and if
so, is therapeutic cloning morally acceptable too?

A preliminary question: is it justified to create embryos for
research?

Article 18 of the European Convention on Human Rights and
Biomedicine forbids the creation of embryos for all research
purposes (Council of Europe, 1996). However, this does not
close the ethical and political debates in individual EU member
states.

In the ‘classical’ normative debate on embryo research, two
perspectives can be distinguished: a ‘fetalist’ perspective
(focusing on the moral value of the embryo), and a ‘feminist’
perspective (with the interests of women, particularly candi-
date oocyte donors, playing a central role) (Raymond, 1987).
Both perspectives have a different outlook on the question of
whether or not there is a decisive moral distinction between
research with spare IVF embryos on the one hand, and creating
embryos for research on the other. In other words: is the
difference between these practices such that the former can be
acceptable under specific conditions, and the latter absolutely
not?

Fetalist perspective

Instrumentalization of the embryo is sometimes regarded as far
greater and fundamentally different when it involves the
creation of embryos for research purposes rather than the use of
spare embryos. This difference, however, is just gradual. Not
only is the embryo used completely instrumentally in both
cases, the moral status is also identical. The difference is in the
intention at fertilization, which, although a real difference, is
relative. It is a misconception to think that in the context of
regular IVF treatment every embryo is created as a ‘goal in
itself’: the goal is the solution of involuntary childlessness and
the loss of some embryos is a calculated risk beforehand.

Feminist perspective
From a feminist perspective, the creation of embryos for
research should be evaluated critically in as far as it may
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require hormone treatment of a woman to obtain oocytes for
research purposes: can this be morally justified when it requires
unpleasant treatment of the donor with no benefit at all, or even
a detrimental outcome, for her own state of health? A first
objection is that women themselves become objects of
instrumental use. Here, however, an analogy can be made
with recruiting healthy research subjects. Relevant consider-
ations concern whether or not the research serves an important
goal, whether the burdens and risks to the subjects are
proportional, and whether valid informed consent of the
research subject/donor is given. The second objection is that
the health risks to the women themselves are too high and the
degree of discomfort disproportional. Difference of opinion
exists, however, also among women, about the disproportion-
ality of hormone treatment. There are, furthermore, several
potential alternatives that do not require hormone treatment of
healthy women. One involves the in-vitro maturation (IVM) of
immature oocytes after their isolation from dead donors or
donors having ovaries removed for other reasons. IVM is
successful in cattle and sheep (efficiency ~40%), although it is,
for the moment, much lower in humans.

In conclusion, from both a fetalist and a feminist perspective
there is no overriding categorical objection against bringing
pre-implantation embryos into existence for instrumental use.
If the research cannot be conducted using spare embryos and its
importance for human health is beyond doubt, we believe the
creation of embryos specifically for research is morally
justified subject to the required oocytes being obtained in a
morally sound way.

Ethics of therapeutic cloning

Can therapeutic cloning be morally acceptable? The principle
of proportionality, the slippery slope, and the principle of
subsidiarity enter the debate again, but in a slightly different
way.

Proportionality

It is doubtful whether the principle of proportionality provides
a convincing a-priori objection against therapeutic cloning. If it
is considered acceptable to create embryos for research aimed
at improving ART (freezing of oocytes; IVM of oocytes,
etc...), then it is inconsistent to reject therapeutic cloning
beforehand as being disproportional. Maybe even some
opponents of creating embryos for the improvement of ART
can conditionally accept therapeutic cloning because of the
important health interests of patients.

Slippery-slope

A consequentialist objection (fashioned as a ‘slippery-slope’
argument) is that therapeutic cloning will inevitably lead to
reproductive cloning. This objection is not convincing; if
reproductive cloning is categorically unacceptable (the debate
on this issue is still ongoing), it is reasonable to prohibit this
specific technology, and not to ban other, non-reproductive,
applications of cloning. A second objection that could be raised
in this context is that the creation of embryos through cloning
for the isolation of stem cells could in the long term be used to
justify the initiation of pregnancy from these embryos and their
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use simply as a vehicle for generating sufficient cells of the
required type for transplantation; the pregnancy would be
interrupted the moment the appropriate developmental stage
was reached (Lanza et al., 2002). Relevant questions here are:
is this a realistic scenario in the human (or just science fiction),
would it be unacceptable, and is it unavoidable?

In terms of being a realistic means of generating genetically
identical (fetal) tissue for transplantation, it could theoretically
be an option, but whether it would actually be useful would
depend on the alternatives available at the time transplantation
techniques themselves have been perfected to clinical applic-
ability (see below).

In terms of moral acceptability, most people would consider
pregnancy-and-abortion-for-transplantation to be far more
difficult to justify than the creation of pre-implantation
embryos for instrumental use in vitro, firstly because of the
higher moral status/symbolic value of the fetus, and secondly
because of the significantly greater burden of pregnancy-and-
abortion-for-transplantation for women. (De Wert et al., 2002)
Even though many countries do forbid pregnancy-for-trans-
plantation, it has been argued that it could be morally justified
as a last resort, on the basis that sacrificing a fetus (a potential
person) may be justified in order to rescue the life of a person.

Finally, in scrutinising the slippery slope argument, it is
important to assess whether instrumental use of pre-implant-
ation embryos makes pregnancy-for-abortion unavoidable.
Again, the apparent automatism is disputable: if we reject
pregnancy-for-abortion as being unacceptable, we can continue
its prohibition.

Taking these points for and against together, the slippery
slope argument does not provide a convincing basis for
banning therapeutic cloning.

Subsidiarity

Therapeutic cloning can only be morally acceptable if there are
no good alternatives. It is important to note that therapeutic
cloning strictu sensu is not likely to be short-term prospect.
Apart from unsolved technical difficulties with nuclear transfer
itself in human oocytes (Cibelli et al., 2002), much basic
research is still needed to determine whether the differentiation
of hES cells can be controlled and sufficient cell numbers
generated to be a useful therapy. This research can be done
with spare IVF embryos. In this light, creation of embryos for
therapeutic cloning is, in our opinion, premature. Although
critics of this point of view could use our own argument that
delay in the development of research cloning could, just as a
moratorium on hES cell isolation and research, have negative
consequences for patients, the evidence suggests that further
optimization of the technology as such could take place in
animals. We believe that the duration of any ‘delay’ in offering
therapy to patients would not then be of real significance.

At the same time, research on potential alternatives for
therapeutic cloning, which likewise avoid (or at least reduce)
the problem of rejection but which do not involve the creation
of human embryos for instrumental use, should be stimulated.
For the comparative ethical analysis, it is again important to
avoid the pitfall of one-dimensionality. Possible alternative
options include: (i) the use of adult cells, both stem cells and
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differentiated cells; (ii) making optimal use of spare embryos:
embryo-banks and immuno-tolerance and (iii) the use of
entities with an undetermined status: ‘hybrids’ and ‘parthe-
notes’.

Adult cells

Adult tissue is a potential source of two alternatives: stem cells,
which may be induced to transdifferentiate by extracellular
signals, and somatic cells (nuclei) which require direct
reprogramming signals, for example from an oocyte after
nuclear transfer, to adopt a new fate. Both sources will,
however, require substantial research to become realistic
alternatives. Until it has been shown that adult stem cells at
some point re-express ES cell markers we will never know if
transdifferentiation or direct reprogramming are the same or
not.

For direct reprogramming of somatic nuclei, new methods
may be developed which do not require nuclear transfer to
oocyte cytoplasm. Examples of current work in this area
include the study of cellular hybrids derived from the fusion of
(embryonic) stem cells with somatic or adult stem cells
(Surani, 2001; Terada et al., 2002; Ying et al., 2002). An
understanding of the basic mechanisms underlying reprogram-
ming is already being undertaken in mice, cattle and sheep and
indeed, the creation of ‘Dolly’ re-initiated a wave of research in
nuclear reprogramming in mammals. The ultimate aim of this
research in the context of cell transplantation therapy would be
chemically-induced nuclear re-programming in the test-tube to
derive the required cell type, obviating the necessity for
therapeutic cloning altogether. First evidence that this might be
feasible demonstrated direct reprogramming of fibroblasts to
neural cells and T-cells in culture by temporary permeabiliza-
tion of the fibroblasts to allow them to take up extracts of neural
and T-cells, respectively (Hakelien ef al., 2002). In this sense,
therapeutic cloning may be regarded, perhaps, as a temporary
option; in the long term it will be replaced by a direct
reprogramming alternative.

Research on direct reprogramming of adult somatic nuclei
may ultimately require the creation of human embryos for
instrumental use. In view of the importance of this research,
both in terms of the contribution to the development of cell
therapy and the potential ultimately to reduce the instrumental
use of human embryos by developing an alternative for
therapeutic cloning, this research would no doubt also meet the
principle of proportionality.

Optimal use of spare embryos

Various strategies should be considered. Firstly, the generation
of a bank of hES cell lines from a wide spectrum of genotypes
is required to be able to offer a reasonable tissue match for
every patient requiring a cellular transplant. Estimates of the
number of independent cell lines that would actually be
required for this vary greatly, from a few hundred to several
thousand. Such a bank is already being discussed in the UK but
could ultimately be established as a European resource.
However, even very good tissue matches between donor and
recipient require some degree of immunosuppressive therapy,
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which has long term negative side-effects for patients,
including increased risk of tumorigenesis

Secondly, there should be further development and applica-
tion of ‘immunotolerance’ methodology. This may be particu-
larly useful in combination with matching from an hES cell
bank. The observation that patients receiving bone marrow
transplants are more immunotolerant to other tissue transplan-
tation from the same donor have led to the suggestion that
immunotolerance may also be induced by initial injection of
hES-derived haematopoietic cells followed by the cell type of
interest derived from the same hES cell line (Kaufman et al.,
2001). The transplant may then be tolerated without being
genetically identical, and lower doses or no immunosuppres-
sives required. The combination of ‘near match’ with
immunotolerance is probably a promising option.

For certain genetically based diseases, autologous trans-
plantation may not always be appropriate since the transplanted
tissue will bear the same genetic defect. Immunotolerance hES
cell strategies may then be a particularly attractive or the only
option. Should the success rates be very high, then attempts to
create genetically identical transplantable tissue may become
superfluous, not only for these, but for all patients. If, however,
it works imperfectly or only for some patients, then therapeutic
cloning may well remain an important option for the majority
of all other patients.

Creating entities with an undefined status

Various alternative options raise classification problems,
as the entities created to obtain cells have an undefined
status. Firstly, transplanting the somatic nucleus of a patient
into an enucleated animal oocyte. The logic behind this
variant of therapeutic cloning is twofold: one, assuming that
the ‘units’ thus created are not human embryos because only
their nuclear but not mitochondrial DNA is human,
advocates of this strategy argue that it circumvents the
controversial issue of the instrumental use of human embryos.
Two, a technical advantage of this approach would be that
plenty of animal oocytes would be available; the feminist
objection to creating human embryos for research would, of
course, not apply.

It is not yet known whether this is a scientifically realistic
option (whether hES cells can be effectively obtained follow-
ing this approach). Animal research has so far been limited and
not generally successful (Barrientos er al., 1998; 2001);
polymorphic interspecies differences in mitochondrial DNA
are thought to make such reconstructed zygotes non-viable or
prone to major developmental abnormalities. There are how-
ever, unvalidated reports of successful applications of the
technique in China. The Donaldson Committee advocated a
ban on this approach, but without any argumentation (Stem
Cell Research, 2000). However, if this were a realistic option
scientifically, then we believe that the issues involved deserve
further ethical discussion. The major questions that should be
addressed include: is the risk acceptable? As for xenotrans-
plantation, there is also here the risk of cross-species infection,
although this may be extremely small, because the nuclear
DNA of the animal, which may harbour viruses, is removed
from the oocyte. Is it reasonable to argue that this ‘artificial
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combination’ should not be considered equivalent to a human
embryo? Since the entire nuclear DNA is human, the recon-
structed combination should, we think, be regarded as a human
embryo. The procedure should thus not be presented as an
‘embryo saving’ variant of therapeutic cloning. However, only
further in-utero research with reconstructed animal embryos,
for example embryos created by transplanting the somatic
nucleus of a rat into an enucleated mouse oocyte, will provide a
more definitive answer. Finally: in-vitro research may well
show that embryos obtained by transplanting a human somatic
nucleus into an enucleated animal oocyte are non-viable (like
parthenotes, see below). The moral status of non-viable pre-
implantation embryos, and more particularly, the question as to
whether the conditions for research using non-viable embryos
may be more permissive than the conditions for using viable
embryos, needs further debate (see earlier).

A second option may be the generation of parthenogenetic
embryos for the isolation of hES cell lines. Here, an
unfertilized (haploid) oocyte is treated chemically such that it
becomes diploid, with two identical sets of the maternal
chromosomes. These uniparental embryos are by definition
gynogenetic and never result in viable offspring, because they
fail to generate extra-embryonic tissues. Nevertheless, in mice
(see Boediono et al., 1999) and in apes (Cibelli et al., 2002),
parthenotes have been shown to develop to the blastocyst stage
and yield cell lines with properties not distinguishable from ES
cells derived from fertilized oocytes. However, in view of the
fact that some genes are genomically imprinted, such that they
are expressed only if inherited via the male germ line, ES cells
derived from parthenotes may well be abnormal. First attempts
at parthenogenesis in humans have not yielded hES cell lines
(Cibelli et al., 2002). It is important to realise that such hES cell
lines, if developed in humans, would only provide a tissue
match for the oocyte donor, i.e. women of reproductive age.
Although it has been speculated that two sets of male
chromosomes could also be used in parthenotes, there is no
evidence that this is a real option.

Cibelli and colleagues have referred to parthenogenesis as
cloning. Whether this is correct depends on the timing of
parthenogenesis: if initiated before the first complete meiotic
division, then the procedure amounts to cloning (the same
genotype as the female); if after the first meiotic division (ie
recombination and loss of half) then it is not cloning. In this
light, the experiments of Cibelli et al. (2002) would not qualify
as cloning in the strict sense.

Some will certainly argue that the parthenote is not an
embryo; parthenogenesis would then be classified as an
‘embryo-saving’ strategy. As the parthenote undergoes the
first divisions normally and is at these stages not distinguish-
able from embryos derived by normal fertilization, we would
argue that it should be regarded as a non-viable embryo. In the
light of its non-viability, the potentiality argument is not
applicable. The moral status of parthenotes may therefore be
regarded as very low, lower even than that of normal viable
embryos at the same stage (see earlier). Thus, although not an
‘embryo-saving alternative’, all other things being equal,
parthenogenesis may be regarded as ethically preferable to
the generation of viable embryos by fertilization or nuclear

680

transfer (for instrumental use). In addressing the question of
whether this research is premature given the current lack of
proof that human ES cells are clinically useful as a source of
transplantable cells, the lower moral status of parthenotes
should be taken into account.

Conclusions and recommendations

Regarding moral judgements as a ‘quasi stable equilibrium’ is
particularly appropriate when applied to the ethics of isolating
hES cells for research into cell replacement therapy. Stem cell
research is highly dynamic, with many questions and
‘unknowns’. New insights into the effectiveness, risks and
usefulness of the various alternatives may have immediate
consequences for the ethical evaluation of the isolation of hES
cells.

The status of the pre-implantation embryo is the most
sensitive and disputed point in the debate on isolation of hES
cells for research. The dominant view in ethics, however, is
that the moral status of the pre-implantation embryo is
relatively low and that the instrumental use of these embryos
can be morally justified under some conditions.

The moral status of non-viable pre-implantation embryos is
lower than the moral status of viable pre-implantation embryos.
The precise implications of this difference in moral status for
the regulation of the instrumental use of embryos need further
ethical scrutiny.

Both the principle of proportionality and a permissive
interpretation of the principle of subsidiarity, make a morator-
ium on the isolation of hES cells unjustified.

Parallel research on alternatives is important and requires
major support. Research on hES cells can provide an important
impetus in this context.

The moral difference between research on surplus embryos
and the creation of embryos for research is only gradual. A
complete ban on creating embryos for instrumental use in
research is morally unjustified.

A categorical ban on research on human therapeutic cloning
is not justified, although the creation of embryos by cloning for
the isolation of hES cells is, at the present time, premature. The
necessary research can currently be carried out using animal
embryos and surplus human IVF embryos.

Research into potential alternatives for therapeutic cloning,
which does not require human embryos or which requires only
the use of spare embryos, should be stimulated.

Banning the transplantation of a human somatic nucleus to
an animal oocyte (as a variant of therapeutic cloning) is
premature and morally unjustified.

The question whether therapeutic cloning should be allowed,
becomes acute if research with spare embryos suggests that
usable transplants can be obtained in vitro from hES cells and if
the possible alternatives for therapeutic cloning are less
promising or need more time for development than is currently
expected. In that case, therapeutic cloning can be morally
justified on the basis of both the principle of proportionality
and the principle of subsidiarity.

220z 18nbny 0z uo 1s8nb Aq Z5965/2.9/7/8 L /e1one/daiwny/woo dnoolwspede//:sdpy woll papeojumo(q



Acknowledgements

We are grateful to Drs K.Lawson and J.Geraedts for comments on the
manuscript.

References

Alikani, M. and Willadsen, S.M. (2002) Human blastocysts from aggregated
mono-nucleated cells of two or more non-viable zygote-derived embryos.
Reprod. Biomed. Online, 5, 56-58.

Anderson, D.J., Gage, F.H. and Weissman, I.L. (2001) Can stem cells cross
lineage boundaries? Nat. Med., 7, 393-395.

Barrientos, A., Kenyon, L. and Moraes, C.T. (1998) Human xeno-
mitochondrial cybrids. Cellular models of mitochondrial complex I
deficiency. J. Biol. Chem., 273, 14210-14217.

Barrientos, A., Muller, S., Dey, R., Weinberg, J. and Moraes, C.T. (2000)
Cytochrome c¢ oxidase assembly in primates is sensitive to small
evolutionary variations in amino acid sequence. Mol. Biol. Evol., 17,
1508-1519.

Boediono, A., Suzuki, T., Li, L.Y. and Godke, RA. (1999). Offspring born
from chimeras reconstructed from parthenogenetic and in vitro fertilized
bovine embryos. Mol. Reprod. Dev., 53,159-170.

Bjornson, C.R., Rietze, R.L., Reynolds, B.A., Magli, M.C. and Vescovi, A.L.
(1999) Turning brain into blood: a hematopoietic fate adopted by adult
neural stem cells in vivo. Science, 283, 534-537.

Blau, H.M., Brazelton, T.R. and Weimann, J.M. (2001) The evolving concept
of a stem cell. Entity of function? Cell, 105, 829-841.

Brazelton, T.R., Rossi, F.M., Keshet, G.I. and Blau, HM. (2000) From
marrow to brain: expression of neuronal phenotypes in adult mice. Science,
290, 1775-1779.

Cibelli, J.B., Grant, K.A., Chapman, K.B., Cunniff, K., Worst, T., Green, H.L.,
Walker, S.J., Gutin, P.H., Vilner, L., Tabar, V. et al. (2002) Parthenogenetic
stem cells in nonhuman primates. Science, 295, 819.

Clarke, D.L., Johansson, C.B., Wilbertz, J., Veress, B., Nilsson, E.,
Karlstrom, H., Lendahl, U. and Frisen, J. (2000) Generalized potential of
adult neural stem cells. Science, 288, 1559-1561.

Council of Europe (1996) Convention on Human Rights and Biomedicine.
Strasburg.

De Wert, G., Berghmans, R., Boer, G.J., Andersen, S., Brambati, B., Carvalho,
A.S., Dierickx, K.M., Elliston, S., Nunez, P., Osswald, W. et al. (2002)
Ethical guidance on human embryonic and fetal tissue transplantation: A
European overview. Med., Health Care and Philosophy, 5, 79-90.

Editorial (2002) Nature.

European Science Foundation (2001) Human stem cell research: scientific
uncertainties and ethical dilemmas. European Science Foundation Policy
Briefing, 14.

Ferrari, G., Cusella-De Angelis, G., Coletta, M., Paolucci, E., Stornaiuolo, A.,
Cossu, G. and Mavilio, F. (1998) Muscle regeneration by bone marrow-
derived myogenic progenitors. Science, 279, 1528-1530.

Fuchs, E. and Segre, J.A. (2000) Stem cells: a new lease on life. Cell, 100,
143-155.

Galli, R., Borello, U., Gritti, A., Minasi, M.G., Bjornson, C., Coletta, M.,
Mora, M., De Angelis, M.G., Fiocco, R., Cossu, G. et al. (2000) Skeletal
myogenic potential of human and mouse neural stem cells. Nat. Neurosci.,
3, 986-991.

Hakelien, A.M., Landsverk, H.B., Robl, J.M., Skallhegg, B.S. and Collas, P.
(2002) Reprogramming fibroblasts to express T-cell functions using cell
extracts. Nat. Biotechnol., 20, 460—466.

Hansen, J-E.S. (2002) Embryonic stem cell production through therapeutic
cloning has fewer ethical problems than stem cell harvest from surplus IVF
embryos. J. Med. Ethics, 28, 86—88.

Human Fertilisation and Embryology Act (1990) HFEA, London

Hursthouse, R. (1987) Beginning lives. Blackwell, Oxford.

Jackson, K.A., Majka, S.M., Wang, H., Pocius, J., Hartley, C.J., Majesky,
M.W., Entman, M.L., Michael, L.H., Hirschi, K.K. and Goodell, M.A.
(2001) Regeneration of ischemic cardiac muscle and vascular endothelium
by adult stem cells. J. Clin. Invest., 107, 1395-1402.

Jiang, Y., Jahagirdar, B.N., Reinhardt, R.L., Schwartz, R.E., Keene, C.D.,
Ortiz-Gonzalez, X.R., Reyes, M., Lenvik, T., Lund, T., Blackstad, M. et al.
(2002) Pluripotency of mesenchymal stem cells derived from adult bone
marrow. Nature, 418, 41-49.

Kaufman, D.S., Hanson, E.T., Lewis, R.L., Auerbach, R. and Thomson, J.A.
(2001) Hematopoietic colony forming cells derived human embryonic stem
cells. Proc. Natl Acad. Sci. USA, 98, 10716-10721.

Human embryonic stem cells: research ethics and policy

Keller, G. and Snodgrass, H.R. (1999) Human embryonic stem cells: The
future is now. Nat. Med., 5, 151-152.

Kiessling, A. (2001) In the stem-cell debate, new concepts need new words.
Nature, 413, 453.

Kim, J-H., Auerbach,J.M., Rodriguez-Gomez, J.A., Velasco, 1.Gavin, D.,
Lumelsky,N., Lee, S-H., Nguyen,J., Sanchez-Pernaute, R., Bankiewicz, K.
and McKay, R. (2002) Dopamine neurons derived from embryonic stem
cells function in an animal model of Parkinson’s disease. Nature, 418, 50-56

Kondziolka, D., Wechsler, L., Goldstein, S., Meltzer, C., Thulborn, K.R.,
Gebel, J., Jannetta, P., DeCesare, S., Elder, E.M., McGrogan, M. et al.
(2000). Transplantation of cultured human neuronal cells for patients with
stroke. Neurology, 55, 565-569.

Krause, D.S., Theise, N.D., Collector, M.I., Henegariu, O., Hwang, S.,
Gardner, R., Neutzel, S. and Sharkis, S.J.(2001) Multi-organ, multi-lineage
engraftment by a single bone marrow-derived stem cell. Cell, 105, 369-377.

Lagasse, E., Connors, H., Al-Dhalimy, M., Reitsma, M., Dohse, M.,
Osborne, L., Wang, X., Finegold, M., Weissman, LL. and Grompe, M.
(2000) Purified hematopoietic stem cells can differentiate into hepatocytes
in vivo. Nat. Medicine, 6, 1229-1234.

Lanza, RP., Chung, H.Y., Yoo, J.J., Wettstein, P.J., Blackwell, C., Borson, N.,
Hofmeister, E., Schuch, G., Soker, S., Moraes, C.T. et al.(2002) Generation
of histocompatible tissues using nuclear transplantation. Nature Biotech.,
advance online publication DOI: 10.1038/nbt703.

Lanzendorf, S.E., Boyd, C.A., Wright, D.L., Muasher, S., Oehninger, S. and
Hodgen, G.D. (2001) Use of human gametes obtained from anonymous
donors for the production of human embryonic stem cell lines. Fertil.
Steril., 76, 132-137.

McGee, G. and Caplan, A. (1999) The ethics and politics of small sacrifices in
stem cell research. Kennedy Institute of Ethics J., 9, 151-158.

McKay, R. (1997) Stem cells in the central nervous system. Science, 276,
66-71.

Mezey, E., Chandross, K.J., Harta, G., Maki, R.A. and McKercher, S.R. (2000)
Turning blood into brain: cells bearing neuronal antigens generated in vivo
from bone marrow. Science, 290, 1779—-1782.

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

NAS (2002) Board on Life Sci., National Research Council and Board on
Neuroscience and Behavioural Health, Institute of Medicine. Stem cells and
future of regenerative medicine. National Academy Press. www.nap.edu/
books/0309076307/html.

Nuffield Council on Bioethics (2000). Stem Cell Therapy: the ethical issues. A
discussion paper. April, 2000.

Orlic, D., Kajstura, J., Chimenti, S., Jakoniuk, I., Anderson, S.M., Li, B.,
Pickel, J., McKay, R., Nadal-Ginard, B., Bodine, D.M. et al. (2001) Bone
marrow cells regenerate infarcted myocardium. Nature, 401, 701-705.

Passier, R. and Mummery, C.L (2003) The origin and use of embryonic and
adult stem cells in differentiation and tissue repair: review in Spotlight Issue
on Cell Transplantation and Stem cells in the Cardiovascular system.
Cardiovasc. Res., in press.

Petersen, B.E., Bowen, W.C., Patrene, K.D., Mars ,W.M., Sullivan, A.K.,
Murase, N., Boggs, S.S., Greenberger, J.S. and Goff, J.P. (1999) Bone
marrow as a potential source of hepatic oval cells. Science, 284, 1168-1170.

Pittenger, M.F., Mackay, A.M., Beck, S.C., Jaiswal, R.K., Douglas, R., Mosca,
J.D., Moorman, M.A., Simonetti, D.W., Craig, S. and Marshak, D.R. (1999)
Multilineage potential of adult human mesenchymal stem cells. Science,
284, 143-147.

Raymond, J.G. (1987) Fetalists and feminists: they are not the same. In
Spallone, P. and Steinberg D.L. (eds), Made to Order: The Myth of
Reproductive and Genetic Progress. Pergamon Press, Oxford, pp. 58-65.

Reubinoff, B.E., Pera, M.F., Fong, C.Y., Trounson, A. and Bongso, A. (2000)
Embryonic stem cell lines from human blastocysts: somatic differentiation
in vitro. Nature Biotechnol., 18, 399-404.

Reubinoff, B.E., Itsykson, P., Turetsky, T., Pera, M.F., Reinhartz, E., Itzik, A.
and Ben-Hur, T. (2001) Neural progenitors from human embryonic stem
cells. Nature Biotechnol., 19, 1134-1140.

Reyes, M. and Verfaillie, C.M. (2001) Characterization of multipotent adult
progenitor cells, a subpopulation of mesenchymal stem cells. Ann. N.Y.
Acad. Sci., 938, 231-233.

Sanchez-Ramos, J., Song, S., Cardozo-Pelaez, F., Hazzi, C., Stedeford, T.,
Willing, A., Freeman, T.B., Saporta, S., Janssen, W., Patel, N. et al. (2000)
Adult bone marrow stromal cells differentiate into neural cells in vitro. Exp.
Neurol., 164, 247-256.

Schwartz, R.E., Reyes, M., Koodie, L., Blacksrad, M., Lund, T., Lenvik, T.,

681

220z 18nbny 0z uo 1s8nb Aq Z5965/2.9/7/8 L /e1one/daiwny/woo dnoolwspede//:sdpy woll papeojumo(q



G.de Wert and C.Mummery

Johnson, S., Hu, W-H. and Verfaillie, C. (2002) Multipotent adult
progenitor cells from bone marrow differentiate into functional
hepatocyte-like cells. J. Clin. Invest., 109, 1291-302.

Shamblott, M.J., Axelman, J., Wang, S., Bugg, E.M., Littlefield, J.W.,
Donovan, P.J., Blumenthal, P.D., Huggins, G.R. and Gearhart, J.D. (1998)
Derivation of pluripotent stem cells from cultured human primordial germ
cells. Proc. Natl Acad. Sci. USA, 95, 13726-13731.

Shamblott, M.J., Axelman, J., Littlefield, J.W., Blumenthal, P.D., Huggins,
G.R., Cui Y., Cheng, L. and Gearhart, J.D. (2001) Human embryonic germ
cell derivatives express a broad range of developmentally distinct markers
and proliferate extensively in vitro. Proc. Natl Acad. Sci. USA, 98, 113-118.

Spradling, A., Drummond-Barbosa, D. and Kai, T. (2001) Stem cells find their
niche. Nature, 414, 98—104.

Steghaus-Kovac, S. (1999) Ethical loophole closing up for stem cell
researchers. Science, 286, 31.

Stem Cell Research (2000) Medical progress with responsibility. A report
from the chief medical officer’s expert group reviewing the potential of
developments in stem cell research and cell nuclear replacement to benefit
human health. Department of Health, UK.

Stem cells show their muscle (2000). Editorial. Nature Neurosci., 3, 961.

Surani, M.A. (2001) Re-programming of genome function through epigenetic
inheritance. Nature, 414, 122—128.

Terada, N., Hamazaki, T., Oka, M., Hoki, M., Masterlerz, D.M., Nakano, Y.,
Meyer, E.M., Morel, L., Petersen, B.E. and Scott, E.W. (2002) Bone
marrow cell adopt the phenotype of other cells by spontaneous cell fusion.
Nature, 416, 542-545.

Thomson, J.A., Itskovitz-Eldor, J., Shapiro, S.S., Waknitz, M.A., Swiergiel,

682

J.J., Marshall, V.S. and Jones, J.M. (1998) Embryonic stem cell lines
derived from human blastocysts. Science, 282, 1145-1147.

Vastag, B. (2001) Many say adult stem cell reports overplayed. JAMA, 286,
293.

Vastag, B. (2002) New bioethics council offers no recommendations. JAMA,
287, 2934-2935.

Verfaillie, CM. (2002) Hematopoietic stem cells for transplantation. J. Nat.
Immunol., 3, 314-317.

Vogelstein, B., Alberts, B. and Shine, K. (2002) Please don’t call it cloning!
Science, 295, 1237.

Watt, F.M. and Hogan, B.L. (2000) Out of Eden: stem cells and their niches.
Science, 287, 1427-1430.

Weissman, I.L. (2000) Stem cells: units of development, units of regeneration,
and units in evolution. Cell, 100, 157-168.

Xu, C., Inokuma, M.S., Denham, J., Golds, K., Kundu ,P., Gold, J.D. and
Carpenter, M.K. (2001) Feeder-free growth of undifferentiated human
embryonic stem cells. Nature Biotechnol., 19, 971-974.

Ying, Q.L., Nichols, J., Evans, E.P. and Smith, A.G. (2002) Changing potency
by spontaneous fusion. Nature, 416, 545-548.

Zhao, L.R., Duan, W.M., Reyes, M., Keene, C.D., Verfaillie, C.M. and Low,
W.C. (2002). Human bone marrow stem cells exhibit neural phenotypes and
ameliorate neurological deficits after grafting into the ischemic brain of rats.
Exp. Neurol., 174, 11-20.

Zhang, S.C., Wernig, M., Duncan, 1.D., Brustle, O. and Thomson, J.A.(2001)
In vitro differentiation of transplantable neural precursors from human
embryonic stem cells. Nat. Biotechnol., 19, 1129-1133.

220z 18nbny 0z uo 1s8nb Aq Z5965/2.9/7/8 L /e1one/daiwny/woo dnoolwspede//:sdpy woll papeojumo(q



