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Preface

Is this cell entity a human being? The answer to this question is crucial for making

bioethical decisions either for or against research and experimentation.

In 1993, I proposed the developmental potential for spontaneous movements as a

basis for determining whether a cell entity is a human being. Subsequently, Joachim

Huarte and I implemented the spontaneous movement criterion for moral status in

different contexts: patients in a persistent vegetative state; children with anenceph-

aly; brain dead organisms; and cell entities arising from parthenogenesis. Over the

same period, research advanced, bearing challenging new achievements: The

production of so-called ng-parthenotes (which reach fetal motility and even birth)

by fertilization-like procedures; the proposal of altered nuclear transfer; the repro-

gramming of somatic adult cells to induced pluripotent stem cells; and the possi-

bility of changing pluripotent stem cells into an entire living animal using tetraploid

complementation. These achievements increasingly suggested that the question of

deciding whether a cell entity is a disabled human embryo or a non-embryo

required stronger collaboration among experts in the field.

Thus, I conceived the idea of gathering interested scholars to debate the issue.

Carlos Cavallé, the president of the Social Trends Institute (STI), immediately

grasped the relevance of the project and generously agreed to sponsor and organize

an Experts Meeting in Barcelona in January 2009. The presentations and debates

from that encounter have been updated and complemented by additional articles to

provide the content for this book.

Is this cell entity a human being? The question cries out for an answer, which this

book attempts to provide. Experts in the field discuss the production of embryonic-

like pluripotent stem cells by altered nuclear transfer, parthenogenesis, and repro-

gramming of adult somatic cells. They thoroughly analyze the biological and moral

status of different cell entities, such as human stem cells, embryos, and human–

animal hybrid embryos. The contributors do not always agree about the moral status

of the cell entities under study. Each accepts responsibility only for the conclusions

he or she draws.
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Discussing these points of disagreement is crucial to finding out the correct

answer. Thus, I am convinced that the ensemble of arguments presented in the book

represent a decisive step toward establishing final criteria for determining what

constitutes a human being, although a considerable amount of work – including

new experiments – has still to be done.

I am especially indebted to Neville Cobbe and Joachim Huarte for their collabo-

ration during the whole genesis of the project and in particular for assisting with the

editing work. I thank STI president Carlos Cavallé and STI staff members Christa

Byker and Craig Iffland for sponsoring and organizing the Barcelona Experts

Meeting, as well as all the participants at the meeting and contributors to the

volume. I thank also the Swiss Society of Bioethics for supporting the revising

work. Finally, I acknowledge the enjoyable collaboration with Andrea Pillmann

and Andrea Schlitzberger from Springer during the production of the book.

Zürich, Switzerland Antoine Suarez

July 2011

The Social Trends Institute (STI) is an international research center dedicated to the

analysis of globally significant social trends. STI focuses its research on four

subject areas: Family; Bioethics; Culture and Lifestyles; and Corporate Gover-

nance.

STI organizes Experts Meetings on specific topics within one of the research

branches. These meetings are intended to foster open, intellectual dialogue between

scholars from all over the world and from different academic backgrounds and

disciplines. The scholars meet to present and discuss their original research papers

in an academic forum. These papers, reviewed, and edited in light of the conference

discussion form the basis of publications such as this one.

STI’s sole aim is to promote research and scholarship of the highest academic

standard. In doing so, it hopes to make a scholarly contribution toward understand-

ing the varying and complex social trends that are intertwined with the modern

world. STI is therefore committed to the ideas that make such scholarship possible:

intellectual freedom, openness to a diversity of viewpoints, and a shared commit-

ment to serve humanity.

www.socialtrendsinstitute.org
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Chapter 1

Introduction

Joachim Huarte and Antoine Suarez

Abstract The search for principles allowing us to decide whether a particular

cell entity is a human being or not, is the main motivation of this book. Even if

the different contributors don’t always reach a consensus in their proposals, the

arguments they provide represent a significant step towards a consistent answer to

the query.

Keywords Altered nuclear transfer • Human embryo • Moral status • Parthenogen-

esis • Reprogramming of somatic cells

The central question to which this book offers a series of answers is whether or not

particular cell entities of human origin ought to be considered a human being.

Answering this question is important insofar as one believes that there is some kind

of intrinsic relationship between human species membership and the rational

foundation of rights. On this view, the identification of a cell entity as an animal

of the species Homo sapiens is relevant for making moral decisions vis-à-vis

research and experimentation.
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This question of identification became especially relevant in 2004 when many

prominent research scientists proposed methods for deriving embryonic-like plu-

ripotent stem cells without destroying human embryos. Such a solution had certain

scientific and political advantages. On the one hand, such techniques only required

human ova, not human embryos. This meant that researchers would not be

restricted to solely using human embryos leftover from fertility clinics. On the

other hand, such techniques, in theory, would not require the destruction of human

embryos and would therefore bypass the political impasse over the subject of

embryo experimentation.

The two main proposed methods were Altered Nuclear Transfer (ANT) and

parthenotes. In ANT, one genetically alters the nucleus of a somatic cell (a skin cell,

for example) before transferring it into an enucleated oocyte. In fact one inactivates

a gene crucial for trophectoderm (TE) development. The inactivation eliminates

the potential to form the fetal–maternal interface, but spares the inner cell mass

(ICM) lineage. The resulting entity does not develop a healthy TE and is therefore

incapable of uterine implantation. Researchers then would use the ICM of this

entity to produce pluripotent stem cells sharing the self-renewal and differentiation

potential of embryonic stem cells (ESCs). A parthenogenetic blastocyst, on the

other hand, results from the development of an egg that only possesses a maternal

genome, whose resultant ICM can also be used to derive pluripotent stem cells.

Given these proposals, it was important from an ethical point of view, but was also

interesting from a scientific point of view, to ascertain whether these alternative

techniques produce cell entities that would be more properly classified as disabled

human beings or if, indeed, they are not human beings at all. The ensuing debate

raised interesting ethical and scientific questions, but also proved to be a profound

cultural moment in which scientists and moral philosophers collaborated exten-

sively with one another in order to get to the heart of the matter.

Four years later, however, the interest prompted by this discussion wavered due

to the arrival of induced pluripotent stem cells (iPSCs) obtained through the

reprogramming of adult somatic cells. Also this method made it possible to produce

embryonic-like pluripotent stem cells without the necessity of destroying embryos

and the prevailing consensus was that iPSCs were not human beings. However,

recent research casts doubts about whether the reprogramming of adult cells could

become a new sort of cloning. Indeed, it is already possible to create a mouse fully

derived from iPSCs. What this suggests is the possibility that iPSCs could be

considered equivalent to the ICM of a developing human embryo. Suppose that

by improving the reprogramming methods one obtains “better” iPSCs. Suppose that

one injects these “better” iPSCs into a TE vesicle from which the ICM cells have

been removed. Suppose that this reconstituted blastocyst in which the ICM has been

replaced by the iPSCs is capable of developing to birth. If this is the case, then we

need to ask whether or not the destruction of a cluster of such “better” iPSCs could

be equivalent to the destruction of a human embryo.

In order to answer this question, one is required to think about the necessary

epigenetic components and functionality required for scientists to consider a certain

cell entity to be a human being. Attempting to identify those components requires

2 J. Huarte and A. Suarez



scientific knowledge and philosophical precision since one will be required to

identify which components are directly or essentially related to the identity of a

human person and which components are indirectly or accidentally related to this

identity.

Additionally, iPSCs open up the possibility of generating gametes in vitro which

could then be used to mass-produce human embryos for research and experimenta-

tion. The achievement of deriving full-grown mice from ESCs or iPSCs is being

used as an argument in favor of such a possible utilization of iPSCs. The argument

goes something like this: if one states that the ICM of embryos produced in vitro are

to be considered equivalent to the ESCs and iPSCs used to make mice through

tetraploid complementation, then embryos before implantation can be considered

equivalent to a clump of stem cells.

Recent research also shows that it is possible to directly convert adult somatic

cells of a nonneural lineage into neuronal cells without the necessity of going

through an undifferentiated stage of iPSCs. One can conjecture that if the technique

further improves, the cells obtained this way may supersede iPSCs for use in

disease modeling and regenerative medicine, and dream of reprogramming adult

cells without having to worry about whether one is making human beings. None-

theless, direct reprogramming itself also heralds how rapidly these techniques are

progressing and that soon it may be possible to obtain iPSCs capable of developing

to birth when injected into a blastocyst without ICM.

In light of all these recent achievements, the question of whether or not a cell

entity is a human being reaches again an unexpected importance even in the context

of reprogramming adult cells.

Alas, this is not the end of the story. Ethical analysis of recent proposals to

develop human–animal hybrids for research will also require us to make scientific-

philosophical distinctions regarding a certain cell entity’s moral status. For if one

wishes to perform experimentation on a hybrid entity, it is necessary to identify,

insofar as it is possible, what kind of entity is being experimented on. Answering

this question is important for ensuring ethical modes of experimentation on hybrid

organisms, but also for ensuring those experiments properly comply with legal

requirements for scientific research. Indeed, if one believes that no experimentation

should be done on human embryos, it becomes especially important that one be able

to distinguish whether or not a hybrid composed of genetic material of a monkey

and human being ought to be considered a human or a monkey. Again, we are led to

the question: when should a cell entity of human origin be considered a human

organism? And even assuming that the production of such hybrids would not entail

the destruction of human beings (e.g., if they were brought to gestation and birth),

we would need to at least ask the question of whether hybridization is ever ethically

objectionable?

This book aims to present contributions exploring the status of the different

cell entities produced by the recent technologies and especially embryos in vitro,

stem cells, and human–animal hybrids. The work was initiated by a group of

researchers convened by the Social Trends Institute to study this topic. While

some of the chapters here are papers that were delivered during this consultation

1 Introduction 3



sponsored by the Social Trends Institute (STI), others were commissioned and

added later.

In Chap. 2, Boris Greber and Hans Sch€oler present a general scientific overview
and outlook of the reprogramming of somatic cells to both pluripotent stem cells

and cells of a different lineage. This chapter hopes to introduce the reader to the

relevant scientific data needed to adequately engage with essays introduced later in

the volume.

In Chap. 3, Maureen Condic discusses the biological and moral status of the

embryo in vitro, offering her own account about the moral and organismic status of

pluripotent stem cells derived from embryos, direct reprogramming, and Altered

Nuclear Transfer (ANT). Drawing on the importance of organization as a principle
of life – a view advocated by a number of scientists, philosophers, and theologians–

she argues that the recent embryological studies indicate molecular criteria present

within the single-celled zygote that allow us to delineate between a single-cell

entity with a per se developmental trajectory towards adult human organismic

functioning and a cell entity, like those produced from research methods like

ANT, which lack such organismic status.

In Chap. 4, Nicanor Austriaco presents a proposal for determining the organis-

mic status of parthenotes and complete hydatidiform moles. In so doing, he draws

upon two important distinctions: that between an active and passive potentiality and

that between a whole and a part. Austriaco argues that those cell entities with an

active potentiality (i.e., a potential actualized wholly from within the entity itself) to

develop into a whole tumor ought to be considered nonorganisms, whereas those

cell entities with a passive potentiality (i.e., a potential actualized from without) to

develop into a partial tumor ought to be considered disabled human organisms. He

also argues that a separated Inner cell mass (ICM) of a blastocyst should be

considered equivalent to a clump of isolated pluripotent stem cells.

In Chap. 5, Joachim Huarte and Antoine Suarez present criteria for distinguishing
between embryos and nonembryos that is grounded in the proper biological potential
for developing the neural activity responsible for controlling spontaneous motility.

They argue that the presence of any cellular or genetic deficiency that directly inhibits

the appearance of neural activity (DIANA deficiency) is indicative that said cell entity

is not, properly speaking, a human being (i.e., a human animal organism). They further

argue that their criteria make better sense of the clinical definition of brain death

thereby establishing an important relationship between the identification of the pres-

ence of life and death in a cell entity of human origin.

In Chap. 6, Patrick Lee tackles the question of how can one determine that a

product of a reproductive technique is a human embryo or not. Lee proposes a

criterion: does the entity produced have the genetic–epigenetic state, and overall

organization, such that it will develop itself to the mature stage of a human

organism (an organism with a brain that can provide experience suitable to be the

substrate of conceptual thought), provided a suitable environment and nutrition?

The chapter briefly defends that criterion and applies it to various types of

biological entities.

4 J. Huarte and A. Suarez



In Chap. 7, Pablo Requena shows that the problem of the epistemological status

of bioethics has yet to be resolved. He analyzes the category “person” and the

various meanings it has acquired in philosophy over the centuries. He presents the

catholic view on this theme and on some recent proposals for obtaining ESCs (like

in ANT), relying primarily on the Vatican bioethical instruction Dignitas Personae.
At the same time, Requena stresses the importance of discovering a valid criterion

for distinguishing between an embryo and what is an embryo-like entity also in

other contexts. So he argues that many of the products of fertilization that perish are

probably not human embryos and therefore are not persons, because these cell

entities contain genetic aberrations which are incompatible with life.

In Chap. 8,Manfred Spieker discusses whether a human being has a right to life,

and analyzes the political, philosophical, and social conflict between two undeni-

able goods: “freedom of research” and “embryonic protection.” The frame of

reference for Spieker’s discussion is the contemporary debate over embryonic

experimentation in Germany. Spieker identifies the relevant historical and legal

particularities of the German debate, but also attempts to highlight how the issue

has been framed by different parties to that debate. The result is an interesting study

in how the particularities of a country’s social and political history can help to

frame the debate over the moral status of human embryos and the limits of science

in interesting and complex ways.

In Chap. 9, Neville Cobbe discusses the claim that interspecies mixing

undermines the uniqueness of being human and discusses various features of

human life that allegedly mark it off from nonhuman life. By surveying a host of

literature on the subject, Cobbe’s contribution gives the reader a comprehensive

survey and introduction to the scientific and ethical discussion surrounding

hybridization. In the end, he concludes that there is no “smoking gun” to which

we can attribute human uniqueness, but rather that one ought to consider Man’s

uniqueness in a holistic way by viewing the various dimensions held together in

humans. He advocates this view as opposed to the view that there might be only one

distinctive feature that sets humans apart from nonhumans.

In Chap. 10, William Hurlbut discusses recent proposals for human–animal

hybridization/experimentation, reflecting on what kind of moral controversies

they are bound to bring into focus. Hurlbut formulates a list of specific public

policy proposals for guiding such research as well as articulating some general

moral principles from which these proposals derive. In all, his reflection aims to

promote a deeper understanding and appreciation of what defines the human

creature.

In Chap. 11, Antoine Suarez argues that reprogramming adult cells can in

principle produce a human being and discusses when this may be the case. He

shows that to ultimately settle this question a new experiment is required, which is

of scientific relevance as well. He goes on to answer various objections raised to the

DIANA criteria (proposed in chapter 5) and shows that according to Aristotelian-

Thomistic hylemorphism it is possible to have organisms that, in spite of sharing

human origin and features of animal life, are not animated by a spiritual soul. This

oddity can be avoided by pairing hylemorphism with the principle that the proper
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biological potential for spontaneous motility is a necessary and sufficient condition

to ascertain animation by a spiritual soul.

To conclude, we want to make it clear that although the nature of the questions

we asked our collaborators inevitably involves them in discussing matters of

contemporary ethical and political relevance, it is not our intention that this volume

be seen as an attempt to give definitive answers to those questions. In fact, the

authors are far from reaching a consensus. Instead, our aim is to offer various

responses to the philosophical problems encountered by attempting to discern

the biological and moral status of cell entities of human origin. Nonetheless, in

our view, the arguments provided in each chapter of this book represent a decisive

step towards establishing the criteria that allow us to decide whether a particular

cell entity is a human being.

6 J. Huarte and A. Suarez



Chapter 2

Breakthrough in Stem Cell Research? The

Reprogramming of Somatic Cells to Pluripotent

Stem Cells: Overview and Outlook

Boris Greber and Hans Sch€oler

Abstract Human embryonic stem (ES) cells are capable of generating all cell

types and tissues of the body. As such they represent an attractive source for

therapeutic approaches. However, transplanted cells may be rejected by the

immune system. One way to address this problem is to generate patient-specific

ES cells. This, however, requires the transformation of the genetic program of

somatic cells back to that of an early embryonic state. The field of stem cell research

and reprogramming is rapidly evolving. This chapter aims at providing background

information to understand some of the most exciting recent developments. Subse-

quently, the different existing strategies of converting somatic cells into ES-like

cells will be reviewed and evaluated.

Keywords Cell explantation • Cell fusion • Cell nuclear transfer • Defined factors •

Reprogramming

2.1 Background

2.1.1 Stem Cells and Pluripotency

Stem cells are cells, which on the one hand, can proliferate indefinitely while

maintaining their identity (self-renewal), but on the other hand they can also form

the various, differentiated cell types of the body (pluripotency). Stem cells differ

based on their origins and differentiation potential (Table 2.1). In general, the

differentiation potential of these cells decreases with the continuous development

B. Greber • H. Sch€oler (*)

Department of Cell and Developmental Biology, Max Planck Institute for Molecular Biomedicine,
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of the embryo. The cells of the developing organism find themselves in a certain

sense on a one-way street; there appears to be no way to return to a state of lesser

differentiation. Germline cells, however, represent an anomaly in that they form

gametes (egg and sperm cells), from which the totipotent zygote is generated after

fertilization. In this regard, the germline cells retain the ability to generate a

complete organism.

Because of their potential for self-renewal, stem cells can be isolated and pro-

pagated in cell culture, i.e., in vitro. In order to stabilize the undifferentiated state of

the cells in the culture, however, one must offer them the appropriate signaling

molecules. Ideally, this is a matter of substances which the cells encounter in their

natural microenvironment (niche). In this manner, pluripotent cells isolated from

the blastocysts of mice were successfully cultivated and propagated. These

cultivated cells were designated embryonic stem cells (ES cells). Under the proper

conditions, ES cells can be maintained in their undifferentiated state and, in

principle, indefinitely propagated. If one reinserts these cells into donor blastocysts

and transfers them to the uterus of a pseudopregnant mouse, they will participate

in the creation of the various tissues of the murine fetus, giving rise to so-called

chimeric animals. A similar method even allows one to generate mice whose tissues

are derived completely from the inserted ES cells. These results unequivocally

demonstrate the pluripotency of ES cells (Jaenisch and Young 2008). With regard

to human ES cells, the most stringent confirmation of pluripotency is the formation

in lab mice of benign tumors (teratomas), which are composed of tissues from the

three blastodermic layers, endoderm, mesoderm, and ectoderm.

The preservation of pluripotency in vitro documented by these tests, as well as

the practically unlimited potential for propagation, makes human ES cells an

interesting starting point for possible cell replacement therapies. Many serious

illnesses which are a great burden on the public health system are based upon

cellular deficiencies (Murry and Keller 2008). One example of the implementation

and success of cell replacement therapies is the bone marrow transplant, which has

been successfully practiced for some time. This procedure is based on the blood-

producing characteristics of somatic stem cells (specifically, hematopoietic stem

cells) in adult bone marrow. The potential medical value of a particular type of stem

Table 2.1 Definitions of certain terms

Totipotent Potential to generate all somatic cells of the fetus as well as

extra-embryonic tissues

Example: fertilized ovum

Pluripotent Potential to form all somatic tissues and germ cells

Example: ES-cells/Inner cell mass of blastocysts

Multipotent Potential to form multiple cell types within one germ layer lineage

Example: hematopoietic stem cells/adult somatic stem cells

Unipotent Potential to form only one differentiated cell type

Example: spermatogonial stem cells

8 B. Greber and H. Sch€oler



cell is, however, all the greater depending upon its differentiation potential, i.e., its

ability to develop into various types of cells. The investigation of the potential of

adult, somatic stem cells was stimulated by studies which reported the possibility

of differentiation beyond the borders of the germline (Sch€oler 2004). These findings
were surprising because somatic stem cells, due to their comparatively mature

origins, should not possess pluripotent characteristics. In fact, there are doubts

with regard to these results that need to be seriously considered, i.e., the possibility

cannot be eliminated that the findings are based on cultivation artifacts, insufficient

data interpretation, or inadequately stringent proof of the differentiation potential.

As such, the body of evidence dealing with the plasticity of adult, somatic stem

cells is unsatisfactory (Jaenisch and Young 2008). By contrast, the pluripotency of

ES cells is clearly established and conforms with their early embryonic origins.

2.1.2 Patient-Specific ES cells

Given that after being reinserted into blastocysts, ES cells take part in the develop-

ment of all somatic tissues, it should also be possible to generate any arbitrary bodily

tissue from them in vitro. In order to have ES cells differentiate in the desired

direction in the culture dish, it is best to expose them to the signals that are

also operative in vivo, i.e., to imitate these signals. In this case, it is necessary to

make use of the established knowledge regarding the embryonic development of

mammals – which, incidentally, can be used as a good example of the value of basic

research for applied purposes (Murry and Keller 2008). A good example in this

regard is the differentiation of human ES cells into insulin-producing pancreatic

cells under adherent conditions. In a multistep process that simulated embryonic

development, Kroon et al. (2008) differentiated pancreatic cells from human ES

cells, and after transplantation into mice, these pancreatic cells formed functional

beta cells. After glucose stimulation, human insulin could be detected in the blood of

the animals. This example shows quite effectively how advanced experiments to use

human ES cells for possible cell replacement therapies already are.

A fundamental problem for cell replacement therapies is the possibility of the

rejection of the transplanted cells (in the case of human ES cell therapy, the

descendants of the ES cells) by the treated patient’s immune system (Sch€oler
2004). The most elegant way to combat this would be the generation of patient-

specific ES cells and their subsequent differentiation into the desired tissue.

Because human ES cells can only be extracted from preimplantation embryos,

however, this method is not viable. Accordingly, the first experiments were

attempted to restore adult somatic cells to a state which corresponds to that of

human ES cells. For the sake of understanding the techniques employed in these

experiments, it will be useful to next clarify the specific characteristics of ES cells

in comparison with differentiated somatic cells.
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2.2 Comparison of the Characteristics of ES Cells

and Differentiated Somatic Cells

2.2.1 Transcription Factors

In addition to their ability to self-reproduce, ES cells, or alternatively, the cells of

the inner cell mass of the blastocyst as their in vivo equivalent, are at any time

capable of differentiating into the tissues and organs of the three blastodermic

layers. The direction in which these cells differentiate is determined by the signal-

ing molecules present in their immediate vicinity. Under conditions which encour-

age self-reproduction, the genes whose products can trigger differentiation must be

kept inactive. Three genes in particular are responsible for this. The Oct4, Nanog,
and Sox2 genes are all active specifically in undifferentiated ES cells, and all three

code for transcription factors, i.e., for proteins which bind to regulatory DNA

sequences and thus activate or repress target genes. The expression of the genes

Oct4, Nanog, and (with some qualifications) Sox2 is turned off when ES cells

differentiate. They are inactive in somatic tissues. Oct4 also plays no role in somatic

stem cells (Lengner et al. 2007). If Oct4 is forcefully expressed in somatic cells of

mice, the result is a massive expansion of largely undifferentiated cells and the

early death of the animal (Hochedlinger et al. 2005). By contrast, the expression of

Oct4 and both other factors is essential in ES cells. If one inactivates them, the ES

cells lose the ability to self-reproduce, and they spontaneously differentiate

(Ivanova et al. 2006). These three gene products are also directly associated with

the specific qualities of ES cells (self-reproduction and pluripotency). These

abilities are, however, not limited to ES cells or the inner cell mass of the blastocyst,

rather they can also be conserved at various stages of the germline cycle. Accord-

ingly, the pluripotency factors Oct4, Nanog, and Sox2 are active in most stages of

this “immortal” line (zygote, blastocyst, epiblast, gamete) (Surani et al. 2007).

One significant increase in knowledge regarding the function of the three

transcription factors was brought about by the identification and analysis of the

target genes (Boyer et al. 2005). It was discovered that Oct4, Nanog, and Sox2
activate their own transcription as well as that of both of the others, creating a self-

activating circuit. This explains how the self-reproduction of ES cells, which is

marked by the continued expression of Oct4, Nanog, and Sox2, is governed at the

molecular level. In addition, the combined action of these three factors governs the

activation of a multiplicity of different target genes whose products administer

functions specific to ES cells; for example, the generation and processing of

extracellular signals that indirectly support self-renewal (Greber et al. 2007). The

co-regulation of these genes through these three (and perhaps a very few more)

factors allows one to draw the conclusion that the self-replication of ES cells is only

possible when the integrity of the nuclear machinery which is itself composed of

them is intact. Conversely, these factors could be sufficient to establish an ES cell

program: the activity of the central transcription factors would lead to the activation
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of further ES-cell-specific genes whose products execute their function and, to

some extent, activate other genes, etc. Oct4, Nanog, and Sox2 represent the core of

the self-renewal machinery in ES cells because they are at the top of this hierarchi-

cal network.

Ultimately, the self-reproduction of ES cells requires that the differentiation

program be repressed. Cellular differentiation, governed by extracellular signals, is

mediated through, among other things, the activation of genes for specific transcrip-

tion factors. A few such factors have the potential to completely change cellular

programs. As such, the expression of the Cdx2 transcription factor in ES cells is, for

example, sufficient to cause them to differentiate into extra-embryonic cells

(trophectoderm) (Niwa et al. 2005). Therefore, in order to maintain the undifferen-

tiated state of ES cells, genes which code for the proteins with differentiation

potential must be and remain repressed. Data from Boyer et al. (2005) indicates
that this task is performed by the three proteins, Oct4, Nanog, and Sox2. Collec-
tively or individually, they bind to the regulatory sequences of a number of

transcription factor genes important for development and keep them inactive.

Thus, it appears that only a small number of central factors are necessary in order

to establish and maintain the gene expression profile (transcriptome) of ES cells.

2.2.2 Epigenetic Mechanisms

The transition of ES cells from an undifferentiated to a differentiated state is not

only regulated by specific transcription factors controlling gene expression, but also

by epigenetic mechanisms or processes. Important in this context are chemical

modifications of DNA and proteins associated with DNA (e.g., histones), which can

facilitate or prevent the transcription apparatus from accessing particular gene

segments.

DNA Methylation. Thus, the occurrence of DNA methylation in regulatory gene

areas (promoters), for example, generally prevents the transcription/expression of a

gene. In other words, it functions repressively. The DNA of somatic or differen-

tiated cells is more strongly methylated than the DNA of the cells of the inner cell

mass or, more specifically, that of ES cells. This observation stands in direct

relation with the observation that cells which have progressed to a stage of further

development have more limited potential than cells which occupy an earlier

developmental stage. Genes with a relatively high GC concentration in the pro-

moter region (and therefore with CpG islands which are rarely methylated) are

mostly active in ES cells (Mikkelsen et al. 2007)1. A large number of these genes

remain thus in differentiated cells as well. A series of key genes for embryonic

development are, however, deactivated in the course of progressing through

1For a definition of the terms ‘GC concentration’ and ‘CpG islands’ see the Glossary at the end of

this book.
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differentiation and development. Prominent examples in this context are the genes

for the pluripotency factors Oct4 and Nanog, whose promoter regions are

methylated in somatic tissues. DNA methylation is therefore a mechanism which

fixes completed steps in the processes of development and differentiation, rendering

them irreversible (Bird 2002). Should one wish to “artificially” return somatic cells

to a pluripotent state, one must reverse the repressive epigenetic modifications, such

as DNA methylation in the Oct4 promoter.

Histone Acetylation. In addition to DNA methylation, a number of different

chemical modifications of DNA packaging proteins have been described, most

importantly in this context, modifications of histones. One possibility is their acety-

lation. The binding of acyl groups at the N-terminus of the histone protein neutralizes

its positive charge and loosens the interaction with negatively charged phosphate

groups in the DNA. This requires in turn a relaxation of the chromatin structure,

whereby the DNA becomes more accessible to the transcription machinery. Histone

acetylation is therefore generally correlated with gene activation (Bernstein et al.

2007). ES cells do not necessarily express more genes than differentiated cells, but

they must always be in a position to activate various differentiation programs.

Therefore, the chromatin in ES cells is in a relatively open, uncondensed form and

displays a generally more pronounced histone acetylation. The differentiation of the

cells is accompanied by a compacting of the chromatin and a loss of chromatin

dynamics (Meshorer and Misteli 2006). In the reprogramming of somatic cells, these

special characteristics of the ES cell chromatin must be reproduced.

Histone Methylation. A further class of important epigenetic modifications can be

found in the methylation of the lysine residues of histones. In contrast to acetylation,

the effect of histone methylation on gene expression is determined by the relative

methylation position. The methylation of histone H3 at lysine residue 27 functions

repressively and is mediated by the so-called polycomb-protein complex. Genome-

wide localization studies have shown that polycomb complexes in ES cells bind to a

number of genes which play important roles in developmental processes, among

others, cellular differentiation (Boyer et al. 2006; Lee et al. 2006). Themethylation of

histone H3 at lysine residue 4, however, correlates with gene activation (Guenther

et al. 2007). One might think that the simultaneous occurrence of activating and

repressive histone methylations at particular genes would be mutually exclusive.

It was therefore completely surprising to realize that both methylation varieties

can be found in the case of some of the genes in ES cells, particularly those genes

which code for differentiation factors (Mikkelsen et al. 2007). These “bivalent”

genes must be repressed in self-reproducing ES cells, but they are used in the later

cellular differentiation which can be induced in the cell at any time. Genes relevant to

development can therefore be held in a state of suspension between repression

and potential activation (Jaenisch and Young 2008; Bernstein et al. 2007). This

hypothesis is attractive, but also disputed, among other things for the reason that

bivalent domains do not appear to exist exclusively in ES cells (Mikkelsen et al.

2007). It is, however, clear that a specific pattern of activating and repressive histone

methylations can be found in ES cells. And this pattern must also be reproduced in

the process of reprogramming somatic cells.
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2.3 Approaches to the Reprogramming of Somatic Cells

2.3.1 Reprogramming Through Nuclear Transfer

The explanations earlier should make it clear that returning somatic cells to an early

embryonic state (reprogramming) would be an extremely complex process requir-

ing numerous steps that would not be taken as a whole in normal development.

Only individual instances of the necessary reprogramming steps are to be found at

specific points in the development of a mammal. One example is the widespread

demethylation of the DNA of the male pronucleus immediately after the fertiliza-

tion of the egg cell (Surani et al. 2007). This demethylation/reprogramming activity

affects even nuclei that have been transplanted from differentiated somatic cells

into unfertilized egg cells from which the nuclei have been removed. The cloned

sheep Dolly was living proof that such reprogramming processes can be found in

the egg cells of mammals and that a reversal of the development undergone by

somatic cells on the molecular level is possible. Although technically challenging,

reprogramming through nuclear transfer is conceptually simple: the nucleus/

chromosomes are removed from an unfertilized egg cell and the nucleus of a

somatic cell is inserted. Because this is not a form of fertilization, the reconstructed

egg cell must afterwards be encouraged to divide by means of special chemicals.

Ideally, the egg cell then completes in the cell culture the same development into a

blastocyst as a normally fertilized egg. In the case of the reproductive cloning of

mammals, the embryo is inserted into the uterus of an animal experiencing pseudo-

pregnancy while in the blastocyte stage. By contrast, therapeutic cloning makes use

of human blastocysts from this process for the production of patient-specific ES

cells (Fig. 2.1).

Reproductive Cloning. The reproductive cloning of mammals is very inefficient,

and the few living animals born exhibit anomalies (Hochedlinger and Jaenisch

2006). This is in most cases due to a faulty reactivation of the embryonic develop-

mental program at the molecular level and therefore an incomplete reprogramming

of the genome in the transplanted nucleus from the somatic donor cell (Boiani et al.

2002). This is not surprising given that this process is possible for the egg cell for

only a short time. Accordingly, the question suggests itself as to whether donor cells

which are closer to the natural totipotent zygote with regards to its epigenetic stage

of development might be easier to reprogram. Indeed, the efficiency of cloning is

higher after the transplant of nuclei from ES cells than, for example, after the

transplant of nuclei from embryonic fibroblasts and considerably higher than when

using a terminally differentiated cell as the nucleus donor (Hochedlinger and

Jaenisch 2006). Still, it remains unclear which factors are responsible for the

reprogramming activity in the mammalian egg cell, but it is probable, however,

that among them are factors for chromatin remodeling (Yamanaka 2007). Recently,

it was shown that not only unfertilized egg cells but also zygotes are capable of

reprogramming somatic nuclei – but only when they are artificially arrested in a

particular stage of nuclear division (Egli et al. 2007). In this stage, cytoplasmic
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reprogramming factors are on hand which are able to affect the inserted somatic

chromatin. These results are meaningful in the context of therapeutic cloning (see

later) because, as a result of artificial fertilizations, there are more surplus human

zygotes than unfertilized eggs frozen and stored worldwide.

Therapeutic Cloning. The application of therapeutic cloning has already been

tested in mice. Rudolph Jaenisch and his team were able to successfully correct a

gene defect in the animals using the following method (Rideout et al. 2002): they

removed the nuclei from somatic cells of diseased animals (immune deficient Rag2
(�/�)-mice), placed them in enucleated egg cells, and allowed the cells to develop

into blastocysts in a cell culture. ES cells were obtained from the inner cell mass of

these blastocysts, their gene defects corrected through homologous recombination,

and the resulting corrected cells were differentiated into hemapoietic precursors,

which were then used in cell therapy in the diseased animals. Advances have also

been made in therapeutic cloning in humans and primates. Recently, human

blastocysts were generated after cell nuclei from adult connective tissue were

inserted into enucleated egg cells (French et al. 2008). In rhesus monkeys, ES

Somatic cell nuclear transfer

Cell fusion with ES cells

Defined factors

Cell explantation

Reprogramming

Patient-specific
pluripotent stem cells

Somatic
cell

Somatic
cell

Oocyte Blastocyst

Tetraploid fusion cell

Induced pluripotent stem cells

Pluripotent germline stem cells

Parthenogenetic
blastocyst

Oocyte

ES cell

Retroviruses

Somatic
cells

Spermatogonial
stem cell

Parthenogenesis

Testis

Fig. 2.1 Different approaches to generate patient-specific pluripotent stem cells. The starting

material is somatic donor cells in all cases. Reprogramming via nuclear transfer requires donor

oocytes in addition. ES cells may be derived from the forming blastocysts. The fusion of somatic

cells with ES cells results in ES-like cells with a double set of chromosomes. Direct

reprogramming using defined factors is usually based on delivering these by means of retroviruses.

Explanted spermatogonial stem cells may – under suitable conditions – give rise to ESC-like cells

by spontaneous reprogramming. The generation of parthenogenetic ES cells does not constitute a

reprogramming event
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cell lines have been produced from cloned blastocysts (Byrne et al. 2007). Interest-

ingly, the ES cells produced through cloning (NT–ES cells) are indistinguishable

from those produced conventionally (Brambrink et al. 2006). Regarding their use as

a cell therapy, NT–ES cells would therefore have no drawbacks while at the same

time having the advantage that they could be produced for a specific patient and

would be compatible with the patient’s immune system. The fact of the functional

equivalence between NT and normal ES cells also suggests that in most cases

incomplete reprogramming by the factors in the enucleated egg cell would be

completed over the course of the cultivation of the ES cells. ES cells are to a

certain extent self-selecting based on functional integrity. This should also mean

that ES cells themselves are capable of reprogramming activity.

2.3.2 Reprogramming Through Cell Fusion with ES Cells

That ES cells are capable of reprogramming activity is demonstrated by the fact that

the products of fusion between ES cells and somatic cells from mice behave as ES

cells. This kind of fusion is induced by electrical or chemical methods after mixing

the two cell types (Fig. 2.1). The yield of fused cells is low, but they can be isolated

based on previously inserted selection or fluorescence markers. Fused cells demon-

strate the morphology of ES cells, are capable of self-reproduction and, to a limited

extent, also of potential differentiation in vivo, i.e., after injection into mouse

blastocysts. Their participation in the formation of tissues and organs, however, is

much lower than normal ES cells (Ying et al. 2002). The explanation for this lies in

the tetraploidy of the fused cells. In contrast to diploid ES cells, they contain double

the number of chromosomes, which is disadvantageous. That the somatic genome is

actually reprogrammed after fusion is demonstrated by epigenetic changes, for

example the DNA demethylation in the Oct4 promoter (Do et al. 2006). The

reactivation of the Oct4 gene in the fused cells occurs surprisingly quickly (Han

et al. 2008), indicating the presence of reprogramming factors in the ES cells. The

genomes of human somatic cells can also be reprogrammed in this way (Cowan

et al. 2005). The tetraploidy of the resulting fused cells is, however, a large obstacle

for their potential medical use. There are, of course, already approaches to remov-

ing individual chromosomes from the cells (Matsumura et al. 2007), but new

methods are needed in order to completely rid the cells of the ES cell genome.

The reprogramming activity of ES cells occurs in the nucleus (Do and Sch€oler
2004). In order to avoid the problem of tetraploidy discussed earlier, temporarily

permeabilized somatic cells are treated with ES cell nuclear extracts in order to

reprogram their genome (Taranger et al. 2005). The epigenetic changes induced by

the application of this method, e.g., the DNA demethylation in theOct4 promoter, are

incomplete, however, and so far it has been impossible to achieve true pluripotency in

the treated cells.
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2.3.3 Reprogramming Through Cell Explantation

A further approach to cell reprogramming makes use of the fact that germline cells

are related to ES cells/cells of the inner cell mass in that they are totipotent/

pluripotent, or rather that they serve to preserve toti/pluripotency across genera-

tional borders. This similarity reveals itself on the molecular level, e.g., in the

expression of the marker gene for toti/pluripotency, the Oct4 gene. Spermatogonial

stem cells in the testes are clearly unipotent in vivo; they are the progenitors of sperm

cells (Table 2.1). One can isolate and cultivate the cells from testicles of mice,

however, and three groups have observed that in doing so, colonies can form which

are similar to ES cells (Fig. 2.1). In addition, these cells can be propagated using the

well-known conditions for ES cell culture. They also show an extensive capacity for

differentiation, i.e., they take part in the construction of tissues and organs in

developing mouse embryos (chimeras) after they are inserted into mouse blastocysts

(Kanatsu-Shinohara et al. 2004; Guan et al. 2006; Seandel et al. 2007). Although it

seemed likely, the question remained open as to whether it was actually the sper-

matogonial stem cells that transformed in the cell culture into something akin to ES

cells – though this has also now been demonstrated (Ko et al. 2009). What remains

unexplained, however, is how this transformation occurs. The process does not

appear to be highly complex given that it occurs spontaneously in the cell culture.

In this regard, there are interesting speculations about pluripotency perhaps being

the default condition of a cell (Silva and Smith 2008). Up to this point, attempts to

establish comparable cells from human testicular biopsies in cell cultures have not

succeeded, and experts have cast doubt on publications which suggest doing so

(Conrad et al. 2008). The therapeutic potential of such cells is obvious, however.

Autologous ES cells can also be generated from female germline cells and their

products, egg cells (oocytes), and even by means other than reprogramming.

Oocytes which have not yet completed the second meiotic nuclear division, and

are thus diploid, can be encouraged to divide by the use of certain chemicals

(parthenogenesis). ES cells can be isolated and cultivated from the resulting

blastocysts (Fig. 2.1). Due to epigenetic factors, the developmental potential for

such parthenogenetic ES cells must be limited in comparison to normal ES cells.

There are studies, however, which suggest equality between the two (Chen et al.

2009). Human ES cells have also already been successfully obtained using this

method (Kim et al. 2007).

2.3.4 Induced Reprogramming: Reprogramming by Means
of the Expression of Defined Factors

Yamanaka’s Cocktail. In 2006, Shinya Yamanaka’s team reached a milestone in the

field of induced reprogramming (Takahashi and Yamanaka 2006). Their work was

based on the hypothesis that selected ES-cell-specific factors must be responsible
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for the reprogramming activity inherent in these cells. Yamanaka and his

colleagues selected 24 genes which are important for the preservation of

pluripotency in ES cells and expressed them in murine embryonic connective tissue

cells. A selection system introduced to these somatic cells that is based on an

independent, ES-cell-specific gene (Fbx15) should make it possible to isolate

successfully reprogrammed cells. In this way, it was possible to show that the

combined overexpression of four genes (Oct4, Sox2, Klf4, and c-Myc) in the

connective tissue cells was sufficient to generate cells which resembled ES cells

(Fig. 2.1). This technique requires considerable time (ca. 3 weeks) and is quite

inefficient (ca. one in ten thousand cells is reprogrammed). The resulting cells are,

however, capable of self-reproduction and after injection into mouse blastocysts,

appear to take part in the formation of various organs and tissues in the developing

mouse embryos. They were therefore designated as “induced pluripotent stem

cells” (iPS cells). However, these iPS cells (selected by means of Fbx15) differ
from ES cells, in that they appear to be incompletely reprogrammed. Exchanging

the Fbx15 selection marker for one which is controlled by the promoters for the

Oct4 or Nanog genes, for example, led to iPS cells which cannot be distinguished

from ES cells (Maherali et al. 2007; Wernig et al. 2008; Okita et al. 2007). These

“second generation” iPS cells fulfill all the criteria for complete reprogramming

sketched earlier: reactivation of the endogenous Oct4 and Nanog expression after

the demethylation of the respective gene promoters, conformity with the gene

expression pattern of ES cells, increased histone acetylation, the activating and

repressive histone methylation pattern typical of ES cells as well as full develop-

ment potential. The latter was recently verified quite impressively by means of the

method of so-called tetraploid complementation, whereby living mice are

generated almost directly from iPS cells (Zhao et al. 2009; Kang et al. 2009).

Improvements I. The prerequisite for the ability of iPS cells to differentiate into

all somatic tissues as ES cells appears to be the inactivation after reprogramming of

the four factors previously introduced (Brambrink et al. 2008). When using retro-

viral vectors to transfer the given factors, this happens automatically in the course

of reprogramming. The danger exists, however, that the transgenes will be

reactivated over the course of the later differentiation of the cells. c-Myc is well

known as an oncogene, and 20% of the mice derived from iPS cells did develop

tumors (Okita et al. 2007). Therefore, the fact that iPS cells can be generated

without the participation of the c-Myc gene should be viewed as an important

advance (Nakagawa et al. 2008; Wernig et al. 2007). A further motivation to effect

direct reprogramming with fewer factors is based on the fact that the integration of

the introduced factors into the genome could impair the function of the genes

already present. In view of potential cell replacement therapy in humans, this risk

cannot be taken. Certain cell types, however, can be reprogrammed with fewer than

three or four factors. In order to reprogram neuronal stem cells, which belong to the

group of multipotent adult stem cells (Table 2.1), for example, the overexpression

of one single gene, Oct4, is sufficient, presumably because the other three

reprogramming genes are already active in the cells (Kim et al. 2009b). In addition,

the potential to generate iPS cells without the previous genetic manipulation of the
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original cell population, i.e., without the use of genetic selection mechanisms, is of

equivalent importance (Meissner et al. 2007). In this context, the increase in the

reprogramming rate that occurs with the help of chromatin relaxing substances such

as valproic acid is quite promising (Huangfu et al. 2008a). The combination of these

modifications makes it possible in the meantime to routinely reprogram human cells

with fewer than four factors (Nakagawa et al. 2008; Huangfu et al. 2008b;

Takahashi et al. 2007).

Potential Applications and Improvements II. Similarly to NT–ES cells (Rideout

et al. 2002), iPS cells have been tested in a mouse model (mouse model for sickle-

cell anemia) with regard to their therapeutic potential (Hanna et al. 2007). Attempts

to reprogram samples from human patients are not far behind (Park et al. 2008).

These kinds of patient-specific iPS cells could at one point be the source material

for cell replacement therapies (Fig. 2.1). But they are also well suited to approxi-

mately model diseases in the culture dish by differentiating the reprogrammed cells

into the diseased cell type (Dimos et al. 2008; Soldner et al. 2009). Such disease

models introduce new opportunities to better understand diseases at the molecular

level and, for example, to test potential drugs on a much larger scale (Di Giorgio

et al. 2008). The current state of iPS technology is already sufficient for these types

of applications; in other words, there are no longer any obstacles. The outlook

regarding the use of iPS cells for the purposes of cell therapy is, however, quite

different. To the degree that this is possible, it must be ensured that the cells to be

transplanted demonstrate no genomic lesions – brought about, for example, by the

integration of the viral reprogramming factors (regardless of the number used).

A number of different approaches have already been tested to combat this problem.

Among them are the systematic replacement of single transgenes by means of small

molecules (Shi et al. 2008; Lyssiotis et al. 2009) or the cutting out of transgenes

using genetic tools after successful reprogramming (Soldner et al. 2009; Kaji et al.

2009; Woltjen et al. 2009). It would naturally be more elegant not to need to work

with integrating vehicles but rather with transient overexpression in the form of

plasmids, RNA, or recombinant proteins, even if they required repeated application.

In fact, this approach has already been successful (Kim et al. 2009a; Zhou et al.

2009; Okita et al. 2008; Yu et al. 2009; Stadtfeld et al. 2008b), but so far, the

advantage of virus or integration free reprogramming has unfortunately been

bought at the price of reduced efficiency and speed as well as incomplete

reprogramming and/or high labor requirements in characterizing the lines. These

new approaches are therefore not yet appropriate for routine use.

Mechanism still not understood. The achievements described earlier illustrate

the swift development of techniques to induce the reprogramming of somatic cells.

But the molecular mechanisms which lie at their roots remain only poorly under-

stood. It is well known that all four genes necessary for reprogramming code for

transcription factors. The central functions of the Oct4 and Sox2 factors in

controlling gene expression specific to ES cells were explained earlier; they are

both indispensable for reprogramming. By contrast, the roles of Klf4 and c-Myc
remain unexplained. It is currently being discussed whether Klf4 and c-Myc per-

form various accessory functions in the reprogramming process, for example, to

18 B. Greber and H. Sch€oler



produce an opening of the somatic chromatin in order to allow Oct4 and Sox2
access to their target genes (Yamanaka 2007). Klf4 and c-Myc can, however, be

exchanged for other factors (Yu et al. 2007). In view of the epigenetic peculiarities

of ES cells, this is surprising. It is astonishing, in fact, that the remodeling of

chromatin apparently does not require highly specialized proteins. It is important to

keep in mind, however, that reprogramming induced by these four factors requires

much more time than, for example, reprogramming accomplished by cell fusion.

It is possible that important components are still missing. As it stands now, the four

factor reprogramming method occurs gradually and asynchronously, i.e., a number

of intermediate stages are recognizable (Brambrink et al. 2008; Stadtfeld et al.

2008a). The numerous necessary epigenetic changes occur stochastically, in small

steps that are established by the continued expression of the four factors introduced

into the cells from outside. Only in a late stage (after approximately 2 weeks) are

the endogenous (i.e., cellular) Oct4, Nanog, and Sox2 genes activated and the

ability to self-reproduce induced so that the externally introduced factors are no

longer necessary.

2.4 Outlook

Reprogramming somatic cells back to a state similar to ES cells lends itself to being

a foundation for the future development of patient-specific cell therapy practices.

The methods for reprogramming presently available and described earlier have

various advantages and disadvantages:

Nuclear Transfer. NT–ES cells have a development potential equal to normal ES

cells. Generating them, however, is technically demanding and inefficient. Further-

more, because access to human egg cells (or zygotes) is limited, it is unlikely that

therapeutic cloning will ever see broad application. The method itself is also the

subject of ethical debate because the production of NT–ES cells requires the

creation of preimplantation embryos.

Cell Fusion. The practice of cell fusion makes it possible to quickly and easily

reprogram somatic cells. Its serious disadvantage, however, lies in the tetraploidy of

the resulting cells. Presently, no methods are available to entirely eliminate the ES

cell genome from the fusion products, but it is not impossible that successful

methods will be developed in the future.

Cell Explantation. Reprogramming through cell explantation is only possible

with stem cells of the germline. Ethical concerns cannot be raised regarding this

method, but it is, however, difficult and technically demanding. In addition,

reprogramming efficiency drops in relation to the increasing age of the germline

cell donor. Human ES cell lines have yet to be generated using this method, but

efforts to accomplish this are currently underway.

Induced Reprogramming. Currently, the most dynamic area of development is

the induced reprogramming of somatic cells through the introduction of selected

factors. The method is attractive because it requires relatively simple means and can
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be practiced on easily obtainable connective tissue cells, e.g., skin cells. The fact

that with the current state of the technique only around one in ten thousand cells is

completely reprogrammed is immaterial in practical terms because a cell culture

usually contains several times this number of cells. A disadvantage of Yamanaka’s

“classical” method can be found, however, in the integration of the vectors which

the factors code for into the genome of the cells. On the one hand, genes which are

important for the cell could be deactivated, and on the other hand, there is the

danger of the later reactivation of the genes introduced, which in the case of the

c-Myc gene, can result in the development of tumors. In view of the possible future

use of iPS cells in therapy, the presence of such effects is of course totally

unacceptable. Since 2006, however, attempts have been made to minimize the

genetic changes in the cells. As stated earlier, these attempts include: (1) the

reduction of the number of factors with a consequent reduction in reprogramming

efficiency, (2) the substitution of genetic factors for small molecules, (3) the cutting

out of the integrated transgenes after reprogramming, or (4) all of the approaches to

accomplish reprogramming from the outset without viruses or integration. A silver

bullet has not yet been found, because generally any given advantage in one

approach is bought at the price of a specific disadvantage. Often, the process of

reprogramming is made too long through changes and simplifications of the

method. This is then frequently no longer practical and offers too much time for

the appearance of spontaneous mutations in the cells. Ironically, it then appears

sensible to look for genes or small molecules which can accelerate the repro-

gramming process. As long as their application is not accompanied by changes to

the genotypes of the cells to be reprogrammed, the number of factors used is for all

intents and purposes unimportant.

In any case, further improvements are to come with regard to factor-induced

reprogramming; it is surely the method with the greatest potential. Recent work

demonstrated the transcription factor-mediated conversion of mouse fibroblasts

into neurons or cardiomyocytes, respectively, bypassing the isolation of an iPS-

like intermediate (Vierbuchen et al. 2010; Ieda et al. 2010). With regards to further

facilitating reprogramming to iPS cells, Warren et al. recently demonstrated effi-

cient virus and vector-free reprogramming using synthetic modified mRNA

molecules (Warren et al. 2010). It remains to be seen which approach –

reprogramming through the formation of iPS cells vs. trans-reprogramming – will

be superior with regards to generating defined (patient-specific) differentiated cell

types of interest for applied purposes.
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Chapter 3

Preimplantation Stages of Human Development:

The Biological and Moral Status of Early

Embryos

Maureen L. Condic

Abstract There is currently no consensus on when human life begins, and conse-

quently, the biological,moral, and legal status of early human embryos is unclear. Here,

the biological facts concerning early human development are examined to establish a

scientific view of when human life begins. The evidence clearly indicates that a new

human organism (i.e., a human being) is formed at the point of sperm–egg fusion. The

events occurring during preimplantation development provide further support for the

conclusion that the early embryo is an organism. The status of the zygote as a complete

organism is contrasted to that of human pluripotent stem cells that are best understood

as parts of an organism. Two common arguments for assigning human rights to

developing human beings are outlined and their logical implications are briefly

discussed, in light of the scientific facts regarding human development.

Keywords Blastocyst • Conception • Human rights • Organism • Preimplantation •

Zygote

3.1 Introduction

The biological and moral status of early human embryos has become a matter of

discussion in recent years, primarily as a consequence of assisted reproduction

technology, human embryonic stem cell research, and human cloning. Prior to the

development of procedures for the production of human embryos in the laboratory,

there was little need to define precisely when human life begins or to determine the

moral status of early human embryos. Yet as the number of “excess” embryos produced
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in fertility clinics grows, and pressure mounts to use these embryos for biomedical

research, establishing an empirical view of early human development becomes a

matter of increasing urgency.

Currently, there is little consensus among scientists, philosophers, ethicists, and

theologians regarding when human life begins. While many assert that life begins at

“the moment of conception”, precisely when this moment occurs has not been

rigorously defined. Indeed, the legislative bodies of different counties have defined

the “moment” of conception quite differently. For example, Canada defines a

human embryo as “a human organism during the first 56 days of its development

following fertilization or creation,”1 a definition that is similar to that proposed in

the United States.2 In contrast, Germany sets the beginning of life at a point that

occurs approximately 24 h after the fusion of sperm and egg, defining a human

embryo as: “the human egg cell, fertilized and capable of development, from the

time of fusion of the nuclei.”3 The United Kingdom defines a human embryo as “an

egg that is in the process of fertilisation or is undergoing any other process capable

of resulting in an embryo.”4 Recent statements by bioethicists, politicians, and

scientists have suggested that human life commences even later, at the eight-cell

stage (approximately 3 days postfertilization) (for example, Peters 2006), at

implantation of the embryo into the uterus [5–6 days postfertilization; Agar

(2007), Hatch (2002),5 or at formation of the primitive streak (2 weeks

postfertilization).6

Some of the difficulty in considering when human life begins is that, on a cellular

level, life is a continuum with gametes (i.e., living sperm and egg cells) fusing to

form a single cell embryo (the zygote) that progresses through embryonic develop-

ment, eventually maturing and producing mature gametes that give rise to the next

1“An Act Respecting Assisted Human Reproduction and Related Research (Bill C-6),” Canada/

Government, Ottawa (29 March 2004).
2“An organism of the species Homo sapiens during the earliest stages of development, from 1 cell

up to 8 weeks”, Human Chimera Prohibition Act of 2005, S. 659, 109th Cong. (2005).
3“Federal Embryo Protection Law” (1990) (Bundesgesetzblatt, Part 1, December 19, 1990,

pp. 2746–2748).
4Human Fertilisation and Embryology Act 2008, Part 1, (2). Available at: http://www.opsi.gov.uk/

acts/acts2008/ukpga_20080022_en_1.
5Nicholas Agar argues that embryos produced in the laboratory do not have rights because

they lack a functional relationship with the womb, a sentiment mirrored by Senator Orrin

Hatch.
6For example, the Guidelines for Conduct of Human Embryonic Stem Cell Research

published by the largest scientific society of stem cell researchers in the world (International

Society for Stem Cell Research: http://www.isscr.org/guidelines/index.htm (accessed Dec 1,

2008) do not explicitly define when life begins, yet allow research on human embryos up to

14 days postfertilization, or until the appearance of the primitive streak (typically seen at

14 days).
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generation. Throughout this process, cells and structures with radically different

properties are formed. Is there actually a point in this continual progression where

the life of a new individual human being commences, or is this essentially an

arbitrary decision? Moreover, if a new human individual is formed by the union of

sperm and egg, what value does this life have at various stages of development and

maturation?

3.2 How Does Science Distinguish Between Cell Types?

To address the question of when life begins from a scientific perspective, we must

first consider when a new cell that is distinct from sperm and egg is formed. The

product of sperm–egg fusion is often referred to as a “fertilized egg” [see, for

example, a recent review in the journal Science that equates the term “zygote” with

a “fertilized egg” (Stitzel and Seydoux 2007)]. Clearly, as long as sperm and/or egg

persist, there can be no new human life. Once an oocyte has been penetrated by a

sperm, is this cell a new kind of human cell, distinct from either gamete, or is it a

modified gamete (a “fertilized egg”)?

To determine whether sperm–egg fusion produces a new kind of human cell, it is

important to understand how biologists distinguish between different cell types.

By what scientific criteria can we know whether the cell produced by the union of

sperm and egg is a new kind of human cell, distinct from the gametes?

Scientific distinctions between cell types rest on two criteria: cell composition

and cell behavior. Two cell types are known to be different because they contain

different components; different genes are either active or silent, resulting in different

molecules being produced. Biologists frequently classify cells based on the presence

or absence of specific “markers”, i.e., molecules that are uniquely or largely

characteristic of a particular cell type. Often, differences in cell composition result

in differences in cell behavior that are driven by the unique combination of

molecules present in the cell. For example, brain cells have characteristic functions

or “behaviors” required for information processing, and liver cells have entirely

different cell behaviors, appropriate to liver function. The unique functions of both

brain and liver cells reflect the unique molecules present in each cell type. When

cells have distinct composition and/or distinct behavior, they are classed as distinct

cell types. These two criteria are used in all fields of biological science and are the

basis for all scientific distinctions between cell types, as opposed to distinctions

reflecting personal, political, or religious convictions.

Based on both composition and behavior, it is unambiguously clear that a

distinct (new) cell type comes into existence at the point of sperm–egg fusion, an

event that occurs very rapidly following the initial binding of the sperm and egg

surface membranes (reviewed in Primakoff and Myles 2007). The scientific evi-

dence in support of this conclusion has recently been discussed in considerable

detail (Condic 2008a), and is summarized in Fig. 3.1. Briefly, at the point of

sperm–egg fusion, a single cell is generated that contains all the components of
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both sperm and egg. This new cell, the zygote or one-cell embryo, is therefore

distinct from either sperm or egg in terms of its molecular composition. Thus, based

on the first criteria (composition), the zygote is a new cell type.

Following sperm–egg fusion, the zygote immediately enters into a developmen-

tal trajectory (i.e., a pattern of cell behavior) that is also distinct from either sperm

or egg. The newly formed zygote initiates a sequence of cellular events that block

the binding of any additional sperm to the cell surface and sequentially modify the

material contributed by sperm and egg to reconfigure it for functions that are unique

to the zygote. These actions directly oppose the functions of the gametes that

produced the zygote and are part of a zygote-specific developmental sequence

that proceeds continuously from the instant of sperm–egg fusion forward. Thus,

Fig. 3.1 Events occurring in the first day in human development. (a) The initial binding of sperm

and egg initiates fusion of the two gametes, an event that takes less than a second to complete.

Prior to fusion, the maternal nucleus is arrested and has not completed the second meiotic division.

(b) The zygote forms immediately on sperm–egg fusion. Within the first 1–3 min, changes in

calcium within the zygote initiate the cortical reaction, in which chemicals are released that

modify the cell surface (dark line surrounding the zygote) to prevent additional sperm binding.

Factors from the sperm initiate completion of meiosis, and extrusion of the polar body (arrow from

paternal to maternal pronucleus), to establish the final, diploid genome of the zygote by 30 min.

Factors from the egg modify the composition of the both nuclei, but the sperm-derived nucleus is

more rapidly and more extensively modified (arrow from maternal to paternal nucleus). (c) By

approximately 8 h following sperm–egg fusion, the two pronuclei have duplicated their genetic

information in preparation for cell division. Zygotic genes become active, producing molecules

that alter the composition of the embryo (gray dots). Utilization of maternally derived genes is

suppressed by factors from the sperm-derived pronucleus. (d) By approximately 20 h, the two

pronuclei move together and the nuclear membranes break down in preparation for cell division.

This event is often referred to as the “fusion” of the two nuclei, or “syngamy.” (e) Between 25 and

30 h, the zygote divides to produce the two-cell embryo. Evidence suggests that each cell of the

two-cell embryo has a distinct developmental bias and that subsequent development requires

ongoing cell–cell interactions. Note: The zona pellucida, a protective protein coat that surrounds

the egg cell (and subsequently the embryo), has not been illustrated, for simplicity
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based on the second criteria (unique behavior), the zygote is also a new cell type,

distinct from either sperm or egg.

3.3 How Does Science Distinguish Between Cells

and Organisms?

The factual evidence indicates that fusion of sperm and egg immediately and

rapidly produces a new human cell, the zygote, in a scientifically well-defined

“moment of conception.” The zygote is not a modified gamete (i.e., a “fertilized

egg”) but a unique kind of cell with both molecular composition and developmental

trajectory that are distinct from that of an egg cell. Yet is this new human cell a new

human organism7 i.e., a new human being? It has been proposed (Condic and

Condic 2005) that a human cell and a human organism can be distinguished by

using the criteria we have already used to distinguish between different cell types:

organisms have a distinctive pattern of behavior and distinct molecular composi-

tion, compared to cells with similar origin and/or properties (for example, embry-

onic stem cells). In particular, the behavior of a human organism (i.e., a human

being) is unique and clearly distinguishes it from any type of human cell.

The major feature that distinguishes an organism from a cell is that all parts of an

organism act together in a coordinated manner to preserve the life, health, and

continued development of the organism as a whole. While individual cells show

complex behavior designed to sustain cellular life, they show no higher level of

organization or coordinated function. Skin cells removed from the body and

maintained in a laboratory will divide to generate more skin cells, ultimately

producing a large disorganized mass, but they will not produce multicellular

structures or tissues, much less reproduce the body from which they were derived.

In contrast, organisms produce cells in a globally coordinated manner to generate

an ordered collection of tissues and structures, all of which contribute to the

function of the organism as a whole. The coordinated production of diverse, yet

functionally integrated, structures is the defining feature of an organism and the

basis for distinguishing an organism from a mere living cell.

Are human zygotes human organisms? The zygote clearly exhibits a high degree

of coordinated behavior from the moment of sperm–egg fusion onward. Importantly,

this behavior is not merely directed toward promoting the life of the zygote as a single

cell (as would be the case for a skin cell), but rather it is directed toward the

production of distinct cell types that will act in a globally coordinated manner to

produce the structures and relationships necessary for the ongoing development of the

7Merriam Webster defines “organism” as “(1) a complex structure of interdependent and subordi-

nate elements whose relations and properties are largely determined by their function in the whole

and (2) an individual constituted to carry on the activities of life by means of organs separate in

function but mutually dependent: a living being.” http://www.merriam-webster.com/dictionary/

organism (accessed Dec 1, 2008).
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embryo as a whole. The events occurring in the first day of life (Fig. 3.1) anticipate

the subsequent events of embryonic development and, indeed, are required for

subsequent developmental events to occur (Fig. 3.2). Thus, even in the first 24 h of

life, there is clear evidence that the zygote behaves as an organism (Condic 2008a).

Considering human development over the first week of life greatly strengthens

the conclusion that zygote is indeed an organism and not merely a human cell.8

Fertilization generally takes place in the fallopian tubes, and over the next several

days, the embryo slowly travels toward the uterus. Between the first division of the

Fig. 3.2 Events occurring between the second and sixth day following sperm–egg fusion. (a) At

the two-cell stage, cells have a distinct developmental bias and tend to contribute to different

tissues in the embryo. (b) By the four-cell stage, molecular differences between cells emerge and

help to segregate cells into one of the first two cell types in the embryo. By the eight-cell stage, the

embryo consists of loosely associated cells and is referred to as a morula. (c) Between the 8- and

16-cell stages, the cells of the embryo express new molecules that cause them to tightly adhere and

thereby alter the shape of the embryo in a process called compaction. The cells in the outer layer

will form trophectoderm (TE) and the inner cells will form the inner cell mass (ICM). Interactions

between these two cell types help each to mature in their distinct developmental paths. (d) Over the

next several days, cells of the embryo continue to divide and specialize. The embryo enlarges to

form a hollow ball called the blastocyst. Once the embryo “hatches” from the zona pellucida (not

illustrated, for simplicity), the outer TE cells bind to the uterine lining to mediate implantation.

TE cells will also generate the placenta and embryonic membranes. ICM cells will generate the

majority of the postnatal body

8The great majority of studies done on early mammalian development have been done in mice.

Although the general pattern of early development observed in mouse and human embryos is very

similar, relatively little is known specifically about the molecular and cellular interactions occur-

ring in early human development. However, recent studies of nonhuman primates (reviewed in

Byrne et al. 2006) demonstrate a strong degree of similarity between mouse and monkey

development, suggesting that much of what has been determined for mouse embryos is likely to

be true for human embryos as well.
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zygote and implantation into the uterus approximately 5 days later, the embryo

continues to act in a coordinated manner to produce the structures and relationships

required for the next stages of its own development.

Following the first cell division, utilization (transcription and translation) of

zygotic genes increases, and development beyond this stage requires factors pro-

duced by the embryo from its own unique genome (Yagi et al. 2007; Nishioka et al.

2008; Hamatani et al. 2004a, b; Worrad et al. 1994; and references therein).

Evidence suggests that each cell of the two-cell embryo has a distinct developmen-

tal bias and will go on to generate different components of the developing body

(Gardner 2001; Fujimori et al. 2003; Piotrowska et al. 2001, Piotrowska-Nitsche

et al. 2005). Although cells of early mammalian embryos are highly “plastic” (i.e.,

able to change their developmental path relatively easily when experimentally

perturbed), under normal circumstances, cells appear to enter into distinct and

mutually coordinated developmental pathways almost immediately.

By the four-cell stage (Jedrusik et al. 2008; Torres-Padilla et al. 2007), there are

clear molecular and developmental differences between cells of the early embryo.

Removing cells from the four-cell embryo, or adding extra cells, frequently results

in abnormal development or death (Piotrowska-Nitsche et al. 2005), clearly

indicating that cells are becoming specialized and producing a mutually coordi-

nated pattern of development. Molecular differences between cells are even more

pronounced by the eight-cell stage (Niwa et al. 2005; Hartshorn et al. 2007; Herr

et al. 2008; Plusa et al. 2005; Wang et al. 2008; Lu et al. 2008. These early

differences are required to establish distinct patterns of gene expression that result

in the formation of the first two developmentally unique embryonic tissues

(Gardner 2001; Fujimori et al. 2003; Piotrowska et al. 2001, Piotrowska-Nitsche

et al. 2005). Thus, in the first three days of life, the embryo has initiated a complex

series of molecular events that can only be understood as part of an ongoing,

organismal pattern of development.

By 3 days post sperm–egg fusion, at the 8- to 16-cell stage, the embryo undergoes

a process called “compaction.” New molecules that promote tighter cell–cell

attachments are produced, causing the embryo to change its shape to form a solid

ball. The changes result in the segregation of cells into the first two distinct tissues of

the embryo: the inner cell mass (or ICM) and an outer layer of cells, known as

trophectoderm (or TE). Cells of the ICM will mostly contribute to structures of the

body that persist after birth, while cells of the TE will produce the placenta and

membranes of the embryo.9

9Structures derived from TE (e.g., placenta) do not contribute to the postnatal body and have

classically been considered “extraembryonic” (i.e., outside the embryo), a term that is often

misinterpreted as “non-embryonic.” However, TE-derived tissues are clearly part of the embryo,
not part of the mother or of some other entity that coexists with the embryo. Like all embryonic

structures, those derived from TE are (1) generated by the embryo, (2) physically continuous with

the embryo, (3) genetically identical to the embryo, and (4) critically required for embryonic

function and survival. TE-derived structures are best considered transient organs of the embryo

and fetus, i.e., bodily structures/organs that function only during prenatal life. Other examples of

3 Preimplantation Stages of Human Development 31



Before formation of ICM and TE, the cells of the embryo remain relatively

(although not entirely) “plastic.” After the ICM and TE form, the differences

between these two cell types are stable, with cells rarely converting from one

type to another. Thus, by 3 days of age, the embryo has already formed distinct

cell types, and ongoing interactions between these cell types are required for the

continued health and development of the embryo as a whole.

Following formation of TE and ICM, cells of the embryo continue to multiply

and mature. On the 5th or 6th day, the embryo implants into the uterus. For

mammals, including humans, establishing contact with the mother is critical for

the survival of the embryo.10 The events of the first five days prepare for this

upcoming requirement. On the fourth or fifth day, the embryo undergoes a process

known as “hatching,” where it is released from a protective protein coat known as

the zona pellucida, and the TE is exposed to the uterine environment for the first

time. Cells of the TE are uniquely capable of attaching to and interacting with

maternal tissues. Therefore, the timing of hatching is critical to ensure that implan-

tation does not occur in an inappropriate environment (the fallopian tube, for

example). The coordination of hatching (which is controlled by the embryo itself

(O’Sullivan et al. 2004; Perona and Wassarman 1986) with maturation of the TE

demonstrates the global coordination of embryonic functions for the sake of the

embryo’s continued life and health.

Once the embryo has implanted into the uterus, TE cells rapidly form a primitive

placenta that begins to function almost immediately, providing nutrients and

oxygen to the embryo and modulating the mother’s physiology to maintain preg-

nancy (Licht et al. 2007).

Importantly, both of the earliest cell types of the embryo (TE and ICM) require

each other for normal development to proceed. When ICM does not form or is

defective, TE cells do not produce a placenta, but a tumor instead (reviewed in

Hauzman and Papp 2008; Garner et al. 2007). Similarly, when TE does not form or

is defective, ICM cells either die (Chawengsaksophak et al. 1997; (Gardner 2001;

Fujimori et al. 2003; Piotrowska et al. 2001, Piotrowska-Nitsche et al. 2005) or do

not implant (Meissner and Jaenisch 2006). Thus, the TE and ICM are parts of a

coordinated whole and together produce an interactive developmental program that

serves the entire embryo. This kind of global interaction of parts for the good of the

entity as a whole is the defining characteristic of an organism.

The differentiation of cells into ICM and TE requires complex interactions that

begin at the one-cell stage and progress seamlessly throughout the first 5 days of

development. Although the early embryo does not look like a fetal or newborn

organs with transient functions are the lungs (functioning only during postnatal life) and the

ovaries (functioning as reproductive organs only between puberty and menopause).
10Unlike birds or amphibians that have large eggs, with enough nutrients to support the developing

embryo until hatching, mammals have relatively small, nutrient-poor eggs that can only support

development for a few days. Without the mother as a source of food and oxygen, the embryo would

not survive. Thus, implantation and establishing contact with the circulatory system of the mother

are critical to the health and development of the embryo as a whole.

32 M.L. Condic



human being, it exhibits the kind of global coordination of parts for the sake of the

whole that is characteristic of an organism. At early stages of development, the cells

and tissues produced by the embryo are necessarily very “basic” (in the sense of

‘foundational’); they are relatively simple tissues that have not yet diversified into

the many cell types and structures characteristic of more mature stages. However,

these “basic” tissues are also extraordinarily “potent”; they are capable of gene-

rating all of the diverse cells required for development as well as those found in the

mature body. Moreover, the developing embryo produces the more familiar

structures of the mature body in an orderly and coordinated manner, just as it

produces the first two cell types. This unique behavior of the human organism at the

zygotic and early embryonic stages provides a clear indication that the cell formed

by fusion of sperm and egg is indeed a whole and complete human organism at the

earliest stage of human development.

3.4 What Is the Status of Pluripotent Stem Cells Derived

From Embryos, Direct Reprogramming and Altered

Nuclear Transfer (ANT)

A number of entities are quite similar to human embryos, either in their origin or in

their developmental capabilities. Based on the criteria employed here to distinguish

human cells from human organisms, we can begin to consider the biological status

of entities that may initially appear to be very similar to embryos, such as human

parthenotes, hydatidiform moles, clones, and pluripotent stem cells [for discussion

of parthenotes, hydatidiform moles, and clones, see Condic (2008a)]. Here, the

biological status of pluripotent stem cells is compared to embryos, based on the

scientific criteria outlined above.

Pluripotent human stem cells are able to produce all of the cells of the mature

human body, and thus they have properties that are very similar to the cells of the

ICM in normal embryos. Moreover, under specific conditions in animal models

(Nagy et al. 1990; Poueymirou et al. 2007), such stem cells can be induced to form

all or the majority of the mature animal’s body, raising concern that they are in

some sense the functional equivalents of an embryo. Pluripotent stem cells can be

obtained from a number of different sources (Fig. 3.3), each of which raises specific

ethical (Rao and Condic 2008) and practical (Condic and Rao 2008) concerns. The

four major sources of pluripotent stem cells (human embryos, cloned human

embryos, altered nuclear transfer, and direct reprogramming) are outlined briefly

below.

The most widely studied pluripotent cells are embryonic stem cells (ESCs).

Human ESCs are obtained from embryos produced by fertilization, typically

“excess” embryos that were generated in the course of assisted reproduction

treatments, but not used for reproductive purposes. To produce an ESC “line”

(i.e., a stem cell culture derived from a single individual), an embryo is destroyed
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and its cells dispersed (Fig. 3.3a). The cells originally found in the ICM are

harvested and maintained in culture to generate an ESC line.

Pluripotent stem cells can theoretically be derived from cloned human embryos

produced by somatic cell nuclear transfer, or SCNT. (Stem cells have been derived

from cloned animal embryos, but not yet from cloned humans.) In this procedure,

the nuclear material of an egg cell is removed and this empty, “enucleated” egg is

fused with a body (i.e., somatic) cell from a mature person. In rare cases, this

recombined cell will be a zygote that is genetically identical to the individual who

donated the body cell and will begin to develop along a relatively normal pathway.

Pluripotent stem cells could be obtained from such cloned human embryos, in the

same manner they are currently obtained from embryos produced by fertilization

(Fig. 3.3b).

A modification of SCNT has been proposed, in which molecules present in the

body cell and/or the egg are manipulated prior to the fusion (i.e., “transfer” of the

manipulated body cell nucleus to the enucleated oocyte) such that an embryo does

not form, but rather a pluripotent stem cell (Fig. 3.3c) [for a thorough discussion of

ANT, see Condic (2008b)]. This procedure, known as altered nuclear transfer, or

ANT, has not been done using human cells, but has been successful in generating

pluripotent animal stem cells (Meissner and Jaenisch 2006).

Finally, recent work has shown that adult body cells can be directly repro-

grammed to a state that is functionally identical to that of a pluripotent stem cell

derived from a human embryo, by the addition of a small number of molecules to

the adult body cell, in a procedure that does not involve human eggs (Takahashi

et al. 2007; Yu et al. 2007). Reprogramming produces induced pluripotent stem

cells, or iPSCs, that are genetically identical to the individual donating the original

body cell (Fig. 3.3d). Importantly, no egg cells are used and no human embryos

produced or destroyed.

Regardless of the source, pluripotent stem cells are distinct from embryos on

both of the criteria employed to distinguish human cells from human organisms

(composition and behavior). Pluripotent stem cells have patterns of gene expression

that are clearly distinct from embryos, utilizing genes that are normally associated

with the cells of the ICM and are not active in the zygote or in cells of the TE (Boyer

et al. 2005; Adjaye et al. 2005; Babaie et al. 2007; Cauffman et al. 2009). Thus, in

terms of their molecular composition, pluripotent stem cells most closely resemble

cells of the ICM and are clearly distinct from both zygotes and later stage embryos

(consisting of both ICM and TE).

Pluripotent stem cells also show behavior that is not similar to that of an embryo.

Stem cells do not act as integrated wholes, but rather as a part of a whole. For

example, when ESCs are cultured under conditions that promote their differentia-

tion into mature cell types, they are not capable of regenerating the embryo from

which they were derived, but rather produce a disorganized mass of tissues and cell

types. Such cultures may contain a wide range of different cell types, but the cells

and tissue produced have no functional relationship to each other or to anything

resembling a whole. Similarly, when pluripotent cells from any source are placed

into adult mice, they produce disorganized tumors that contain multiple mature cell
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types in a chaotic mass. Thus, based on both molecular composition and on cell

behavior, pluripotent stem cells are not organisms, but most closely resemble

“parts” of an organism, i.e., cells of the ICM that are able to produce all of the

cell types found in the mature body, but are incapable of organizing these cells into
a coherent whole. Thus, pluripotent stem cells do not, by themselves, constitute a

whole human being.

Nonetheless, some scientific writers have asserted that embryonic stem cells are

the equivalent of human embryos. For example, Dr. Lee Silver states that embry-

onic stem cells can “produce a human being” (Anderson and Condic 2008).

Assertions like this are based on a confusion between what a stem cell can do on

its own and what it can be induced to do under special circumstances. When

Fig. 3.3 Different ways of obtaining pluripotent stem cells. (a) Embryos derived from fertiliza-

tion are allowed to proceed to the blastocyst stage, when cells differentiate into TE and ICM, then

dissociated, and placed in culture. Cells derived from ICM are isolated to establish an embryonic

stem cell (ESC) line. (b) Somatic cell nuclear transfer (SCNT) involves fusing a mature somatic

cell to an enucleated egg. In rare cases, the fused cell is a zygote and can be allowed to develop as

in (a) and then dissociated to yield embryonic stem cells that are genetically identical to the

somatic cell donor. (c) Altered nuclear transfer (ANT) is similar to SCNT, but the egg and/or the

somatic cell are modified prior to fusion (gray dots in egg cell, light gray somatic cell) so that upon

fusion, an embryo is not formed; yet pluripotent stem cells that are genetically identical to the

somatic cell donor are produced. (d) Adult somatic cells can be directly reprogrammed to a

pluripotent state (induced pluripotent stem cells, iPSCs) by expressing a small number of

reprogramming factors in the somatic cell. iPSCs are genetically identical to the somatic cell

donor. [Figure modified from: Mahendra Rao and Maureen L. Condic, “Alternative sources of

pluripotent stem cells: scientific solutions to an ethical dilemma”, Stem Cells and Development,

17, no. 1, (2008): 1]
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pluripotent stem cells are injected into intact mouse embryos at early stages (morula

or blastocyst; see Fig. 3.2c, d), they will contribute randomly to the tissues of the

maturing mouse embryo. In this sense, stem cells can become part of an existing

embryo. Moreover, if stem cells are injected into an embryo with diminished ability

to form ICM (either because it has been experimentally manipulated or because it is

at a very early stage of development, before the cells are fully differentiated into TE

and ICM), the injected stem cells will form all or most of the ICM and produce the

majority of the mature body of the mouse. [This can be done in one of two ways, in

a process known as tetraploid complementation or in a slightly more efficient

procedure known as laser-assisted injection. See Nagy et al. (1990) and Poueymirou

et al. (2007).] Importantly, in both of these situations, the stem cells are not

producing the mature body tissues on their own; they are responding to an existing

embryonic environment and contributing to an already ongoing embryonic pattern

of development, in collaboration with the other cells of the embryo. They are acting

as a part of a mouse embryo, not as a whole organism.

Finally, the prospect of using pluripotent stem cells to produce gametes (egg and

sperm), which are subsequently used to make embryos, has led some to claim that

there is no substantive difference between stem cells and embryos. If stem cells can

produce gametes, and gametes can produce embryos, then embryos would be viewed

“like any other type of cell line. They would become objects and would be used as

objects” [comments of Davor Solter, reported in Pearson (2008)]. This assertion

conflates the ease with which something can be obtained with the nature of the thing

itself. If stem cells could be induced to generate gametes, embryos could be produced

in very large numbers from these gametes without the difficulties currently

associated with obtaining human eggs from women donors. Yet, there would still

be a significant difference between a gamete and an embryo; gametes are human

cells, but embryos are entire, living human beings. The rather horrifying prospect that

embryos could be produced in industrial quantities would in no way alter the clear

difference between a cell (e.g., a stem cell or a gamete) and an organism.

3.5 Are Embryos Human Beings with Rights?

Based on the scientific evidence, the zygote formed by fusion of sperm and egg is a

human organism, i.e., a human being at the earliest stage of development. Despite

the small size and unfamiliar form of the zygote, this single cell is indeed a

complete and living organism and member of the human species. Yet in the face

of this incontrovertible scientific conclusion, the intuitions of many people (includ-

ing many scientists) simply stage a revolt; it seems so preposterous to call a zygote

– a single cell that is smaller than a pin head – a “human being” that many simply

reject this conclusion as too outrageous to be true. Attempting to reconcile this

strong intuitive reaction with the undisputed scientific facts, many people turn to the

concept of “value,” asserting that while embryos are human organisms in a techni-

cal sense, they only gradually accrue “human rights” as they mature. Rather than
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assigning human rights to embryos at all stages of development based on their

status as human organisms, rights are linked to something else that is deemed more

intuitively reasonable. In this view, while the human organism formed at

sperm–egg fusion has the “potential” to become a human person, is not an “actual”

person until some later time.

There are two common forms of the argument that “value” and human rights

accrue gradually over development: the “structure/function” and the “social con-

vention” forms. The logical implications of each argument are briefly considered, in

light of the scientific evidence.

3.5.1 Structure/Function Form: Human Rights Depend
on Attainment of Specific Structural and/or Functional
Landmarks that are Characteristic of Mature Humans

As discussed above, once a human organism comes to be, development is a

seamless process that gradually produces increasingly complex structures and

relationships. Eventually, human embryos acquire a more familiar form, coming

to “look like” human babies (albeit very small babies, only 2–3 cm in length)

around the 7th or 8th week of life. As the structures of the embryo (and later, the

fetus) mature, they not only begin to look like the structures we see in a newborn,

they also begin to function in ways that are similar to the functions they will have in

postnatal life. The point at which a developing organ assumes a “mature” function

depends somewhat on the organ and what role it plays in human physiology. The

heart, for example, is critical for survival of the embryo even at very early stages,

and correspondingly, it begins to function as a primitive blood-circulating organ as

early as 20 days post sperm–egg fusion. In contrast, the lungs, which are not

required at all during prenatal stages, mature relatively late in development and

only begin to function following birth.

In an attempt to link human rights/value to a biological trait other than status as a

human organism, many turn to the development of structures and functions seen as

“characteristically human”, most typically, maturation of the nervous system or

attainment of “viability.”

Of these two, viability is by far a weaker argument. The ability of a fetus to

survive following preterm birth reflects a number of factors, most critically, the

availability of sophisticated neonatal intensive care. The lower limit of fetal

viability has shifted to progressively earlier developmental stages over the last

10 years, as such technology has become more widely available and now hovers

around 22–23 weeks of gestation in most medical centers (Morgan et al. 2008). As

technology continues to advance, even younger fetuses are likely to be considered

“viable.” Consequently, linking human rights to viability provides an almost purely

technological definition of who is and who is not the subject of human rights.
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In the interest of identifying a biological, rather than a technological definition
of human rights, most proponents of the “structure/function” view reject “viability”

as the standard and instead advocate a criterion based on brain maturation. Mental

functions such as memory, language, and reasoning produce some of our most

intimate and unique experiences as humans, and thus the capacity of the brain to

function in these characteristically human ways seems to many to be an appropriate

basis for defining who is a subject of rights.

The point at which the nervous system is considered mature enough to warrant

conferring rights on a developing human being varies considerably, from the onset

of neural function at approximately 10 weeks (Himma 2003), to the onset of

“coordinated neural function” at approximately 23 weeks (Penner and Hull

2008), to the establishment of more complex brain connections that are capable

of supporting “consciousness,” between 30 and 35 weeks (Burgess and Tawia

1996). The variation in these figures illustrates the first serious problem with linking

human rights to brain function. In contrast to the fundamental changes that occur at

the initial formation of the zygote, maturation of the brain is a continuous process

with no clear point at which “landmarks” in brain function are achieved. Indeed,

some have argued that the brain is insufficiently mature at birth to warrant calling a

newborn a person (Kuhse and Singer 1988). Thus, using the development of the

brain as a basis for assigning human rights is necessarily arbitrary and leaves the

criteria for determining who is the subject of such rights ill defined.

Nonetheless, many real distinctions are similarly arbitrary and ill-defined, for

example, the difference between an “adolescent” and a “child.” While everyone

agrees there are real and significant differences between these two stages of life,

precisely when this transition occurs cannot be defined with accuracy. Although

there are markers of puberty, the timing of these events varies considerably and the

transition is gradual, rather than abrupt. Just so, the proponents of the structure/

function definition claim, with the acquisition of human rights.

Yet this analogy fails in a fundamental way. Adolescence is a stage of physical

maturation that is gradually achieved. In contrast, “human being” is something you

either are, or are not. While the timing of physical maturation is variable, puberty

does not transform an individual from one kind of thing into another. A child does

not mature into a horse or an oak tree, but rather continues along the developmental

trajectory he or she has followed since the fusion of sperm and egg produced the

unique human organism he or she is: that of a human being. Thus, the second, and
even more serious problem with linking the acquisition of rights to brain maturation

(or to the maturation of any biological structure), is that it asserts that a fundamental

change has occurred, from a nonperson (or collection of human cells) to a person

with rights and value, without any change in the biological nature of the entity
under consideration. The developmental trajectory and essential organization of a

fetus do not change at 10, 20, or 30 weeks of gestation. Maturation in the biological

state of an organism simply does not provide any justification for asserting a

fundamental change – one that converts a nonperson to a person – has occurred.

Finally, linking human rights to brain function raises the real and profound issue

of how we are to view the wide range of variation in brain function among postnatal
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humans. Are we to assign human rights proportionate to brain function, with the

intelligent enjoying greater freedom and privilege than the less intelligent? Most of

us find this option intuitively repugnant, and yet it is entirely consistent with the

logic of assigning rights to fetuses based on maturing brain function.

Alternatively, are we to identify a minimal level of brain function that qualifies

an individual for human rights, and if so, what might this level be? Surely, the very

immature level of brain function seen in a 30–35 week fetus does not qualify as a

distinctively “human” level of cognitive ability. Setting the minimum level this low

would seem to undermine the very premise of the structure/function argument, by

linking human rights to a level of cognitive ability that is clearly shared by many

nonhuman animals. Indeed, due to the extremely long period of time over which the

human brain develops [the human brain continues developing for a very long period

following birth and does not achieve characteristically mature structure or function

until 20–25 years of age; see, for example, Gogtay et al. (2004) and Sowell et al.

(2003)], setting the onset of human worth at any embryonic, fetal, or even newborn

stage simply cannot be justified based on an argument that human rights depend on

acquisition of distinctively human cognitive abilities.11

If we are to set a higher, more characteristically human standard of brain function

as the basis for assigning rights, how are we to consider those who fall below this

minimum level as a consequence of injury, disease, or old age? What of individuals

who, due to a developmental or genetic defect, never achieve the minimum

requirements to qualify as the subject of rights? Are such individuals to be considered

a kind of subhuman animal, to be destroyed at will, or to be used for labor, scientific

research, or other purposes? Again, most find this suggestion repugnant and absurd,

insisting that mentally impaired individuals nonetheless have human rights. Indeed,

more than 130 countries have recently signed a United Nations Convention that

asserts mentally impaired persons have an inherent right to life that is on an equal

basis with the non-impaired and that further requires countries to prohibit discrimi-

nation and guarantee equal legal protection for such persons.12 Yet if brain function is

insufficient to confer human rights (and, as we have seen, “viability” is a technologi-

cal, rather than a biological criterion) what other ‘characteristic human structure or

function’ is sufficient to define those with impaired cognitive ability as persons while

simultaneously denying this status to human embryos and human fetuses?

11It is sometimes claimed that once the brain has acquired sufficient maturity to “potentially”

support cognition, actual manifestation of cognitive acts is not required for an individual to be

considered human, but this argument does not define “potential” in terms of either biological

structures or neurological function and thus seems to be a version of the “Social convention form”

discussed below.
12The United Nations Convention on the Rights of Persons with Disabilities and Optional Protocol

(http://www.un.org/esa/socdev/enable/dispaperdes0.htm; accessed Dec 1, 2008). Entered into

force on 3 May 2008, after receiving its 20th Ratification. A total of 67 countries have ratified

the Convention or Optional Protocol.
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3.5.2 Social Convention Form: Rights Are Assigned Based
on Social Constructs that Have No Strict Definition,
But Correlate with a “Common-Sense” Definition
of What it Means to be Human

The second common form of the argument that rights and value accrue gradually

over developmental time is that rights are acquired not as a function of biological

state, but entirely as a matter of social convention. This form of the argument

abandons all pretense of linking rights to any feature of the developing human being

and starts with the assumption that human rights are assigned purely on the basis of

pragmatic social concerns (see, for example Rubenfeld 1991). From the perspective

of biology, this view is more consistent with the continuous nature of development

and the lack of any fundamental change in the status of a developing human

organism across its life span.

The appeal of this argument is its apparent common-sense reasonableness. As a

society, we grant and revoke rights all the time. It seems natural that children

acquire the right to drink and to vote only as they attain a certain level of maturity.

Conversely, we are comfortable revoking some rights, for example, the right to

drive, as people age and become physically incompetent to control a car. Thus, the

right to drive is both gradually acquired and gradually lost, entirely on the basis of

pragmatic considerations and social convention. So too, proponents of the social

convention view argue, an embryo or a fetus gradually acquires rights as it matures,

including the right to continued existence, entirely as a matter of pragmatic social

conventions. In this view, there is no “fundamental” right to anything, but merely

judgments regarding the appropriateness of conferring a right on an individual,

based on their biological state at the time and on the concerns of other interested

parties. This view does not deny that an embryo or fetus is a human being, but

asserts that society has the power to decide whether human beings have rights or

not, including the right to continue living.

The difficulty with this position is that in rejecting the notion that some rights are

inalienable (such as the right to life, liberty and the pursuit of happiness) and

considering all rights to be matters of social convention, the very notion of “rights”

is fatally undermined. This view reduces the notion of “rights” to matter of social

accord or contract – agreements that can be manipulated (or eliminated) by those

with sufficient power to impose their own preferences. Indeed, with no value or

right adhering to persons intrinsically, the concept of “person” becomes entirely

meaningless. How is society to determine what rights are “appropriate” to any

human organism (person or not), if all rights are arbitrarily assigned? Why should

anyone have “rights” beyond those they are able to acquire by force, purchase, or

persuasion?What basis is there for treating the weak, the poor, or the less intelligent

as equivalent to the strong, the rich, and the clever? To what do we pin concepts of

justice and fairness, once human beings enjoy rights merely as a matter of social

convention? If society chooses to deny rights to those of a particular race, religion,

or gender, on what basis could proponents of the ‘social convention’ view possibly
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object? Despite its apparent reasonableness, the notion that rights are nothing more

than a matter of public consensus, to be conferred on embryos and fetuses at the

discretion of society, undoes the very notion of rights for all members of society,

regardless of their stage of biological maturation.

3.6 Conclusion

The life of a human being (i.e., a human organism) begins at a scientifically well-

definedmoment: the fusion of sperm and egg. Sperm–egg fusion produces a one-cell

embryo, the zygote, that is distinct from the gametes in terms of both its molecular

composition and its pattern of development. From the instant of sperm–egg fusion

onward, the embryo acts in a coordinated, organismal manner to produce and to

regulate its own development. All of the actions of the embryo are directed toward

producing the structures and relationships required for the ongoing life and health of

the embryo as a whole. At no time does the embryo even remotely resemble a mere

human cell or collection of human cells. Despite the claims of some scientists,

pluripotent stem cells are not the equivalents of embryos and they cannot produce an

entire living organism on their own. Although pluripotent stem cells can produce

many different types of mature cells, and are therefore similar to embryos in some

respects, they do not exhibit the global coordination of parts for the sake of the whole

that is the hallmark of a living organism. Themoral and ethical status of early human

embryos cannot be directly addressed by the scientific evidence. However, the

arguments that human rights accrue gradually over developmental time are either

logically or scientifically flawed and thus do not provide a cogent argument for

defining when a human embryo or fetus is to be considered the subject of human

rights and worthy of protection.
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Chapter 4

Complete Moles and Parthenotes

Are Not Organisms

Nicanor Pier Giorgio Austriaco, O.P.

Abstract The complete hydatidiform mole is an embryo-like entity that is

generated by an abnormal fertilization event. In the past, noted moralists have

argued that hydatidiform moles are not embryos since these so-called embryos are

substantially defective from the outset. More recently, however, other bioethicists

have suggested that the human mole may once have been a human embryo. In

response, I argue that the ontological status of moles, parthenotes, and other

embryo-like entities that develop into tumors will depend upon two distinctions,

the distinction between an active and a passive potential and the distinction between

a whole and a part. I propose that an embryo-like entity that has an active potential to

become a tumor in the whole (such entities would include complete hydatidiform

moles and parthenotes) is a non-embryo, while an entity that only has an active

potential to become a tumor only in the part (such entities would include partial

hydatidiform moles) is an embryo, albeit a disabled one.

Keywords Complete hydatidiform mole • Embryos • Non-embryos • Organism •

Parthenotes

4.1 Introduction

The complete hydatidiform mole is an embryo-like entity that is generated by an

abnormal fertilization event. In human beings, moles develop into a disorganized

mass that can become a germ-line tumor. In the past, noted moralists have argued
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that hydatidiform moles are not embryos since these so-called embryos are sub-

stantially defective from the outset. [Germain Grisez writes: “Many biologists and

physicians going by appearance have believed these tumors to be embryos whose

development had gone astray. But authoritative and recent examination of the

question has led to the conclusion that these growths are simply tumors – rather

disorganized but somewhat differentiating bundles of material deriving from an

individual’s own body. Teratomas are not malformed embryos.” See Grisez (1970,

p. 28). Benedict Ashley, OP, and Albert S. Moraczewski, OP, agree with Grisez:

“Bedate and Cefalo argue from existence of hydatidiform moles and teratomas that

genetic individuation is not sufficient since these entities arise from zygotes. This

argument, however, seems definitively refuted since it is now known that the

so-called ‘zygote’ in question is radically defective from the outset.” See Ashley

and Moraczewski (1994).] More recently, however, other bioethicists have

suggested that the human mole may once have been a human embryo. For instance,

Pietro Ramellini has argued that an androgenetic complete mole (AnCHM) that

arises from the fertilization of an enucleated egg with two sperm was once a human

organism during a “premolar” stage (Ramellini 2006). So, are moles, parthenotes,

and other teratoma-forming entities embryos or non-embryos?

In this paper, I argue that the ontological status of moles, parthenotes, and other

embryo-like entities that develop into tumors will depend upon two distinctions: the

distinction between an active and a passive potential and the distinction between a

whole and a part. I propose that an embryo-like entity that has an active potential to

become a tumor in the whole (such entities would include complete hydatidiform

moles and parthenotes) is a non-embryo, while an entity that only has an active

potential to become a tumor only in the part (such entities would include partial

hydatidiform moles) is an embryo, albeit a disabled one. Finally, I suggest that an

inner cell mass taken from an intact blastocyst is a non-organism that is not unlike

an isolated cluster of pluripotent stem cells.

4.2 Hydatidiform Moles and Parthenotes: Biological Notes

There are two kinds of hydatidiform moles (for reviews, see Slim and Mehio 2007;

Devriendt 2005). In a partial hydatidiform mole, two sperm fertilize a normal egg

resulting in a conceptus with 69 chromosomes. The presence of three copies of each

chromosome (triploidy) leads to death early in the pregnancy or, more rarely, in

late-term loss of the abnormal fetus. Partial moles are characterized by disorganized

placental and fetal growth. However, and this is important, the partial hydatidiform

mole often presents itself as a tumor associated with a recognizable fetus.

In contrast, in a complete mole, either two sperm fertilize an enucleated egg

(approximately 20% of complete moles) or a single sperm fertilizes an enucleated

egg and then undergoes a duplication of its haploid genome (approximately 80% of

complete moles). Thus, the product of conception has 46 chromosomes – the

normal number – but all of them are derived from the father. The resulting mass
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that arises is made up solely of tissue derived from one type of embryonic cell type,

the trophectoderm, though there is a report that early complete moles have cells

derived from the inner cell mass (Zaragoza et al. 1997). In other words, the

developed tumor is made up of exclusively placental tissue and there is no fetal

tissue present. Complete hydatidiform moles always develop into teratomas.

Finally, a parthenote is an egg that has been activated to begin to divide and to

develop in the absence of sperm [for a review, see Rougier andWerb (2001)]. There

are many experimental procedures, mechanical, electrical, and chemical, which can

artificially activate the mammalian egg in this way. In vitro, activated human

oocytes have been able to develop to the 5-day, 100-cell blastocyst stage in a

manner apparently indistinguishable at the gross morphological level from the

early development of normal human embryos (Rogers et al. 2004). In vivo, there

is evidence that human parthenotes develop into ovarian tumors [Oliveira et al.

(2004); also, see Lee et al. (1997).] These observations may not be contradictory

since a report that studied the development of mouse parthenotes in vitro suggests

that in this species, activated eggs develop to what appears to be a blastocyst stage

before becoming tumors (Hirao and Eppig 1997).

4.3 Hydatidiform Moles: Philosophical Analysis

So, are hydatidiform moles and parthenotes disabled embryos or non-embryos? Are

they organisms or non-organisms? First, there is good reason to think that a partial

hydatidiform mole is an abnormal human embryo not unlike those children born

with a triploid genome. [Though there are reports of children born with a triploid

genome, they do not survive beyond 10.5 months. For one case study, see Sherard

et al. (1986).]

To explain, with partial hydatidiform moles, the tumor is often associated with a

grossly abnormal but recognizable human fetus. The presence of this fetus suggests

that with a partial mole, the extra copy of each gene distorts the development of the

embryo. One manifestation of this abnormality is the development of a tumor. Or to

put it another way, with a partial mole, an already abnormal embryo develops

cancer.

On the other hand, there is also good reason to think that a complete hydatidiform

mole is not an embryo. In brief, a complete mole does not have a complete functional
genome. Thus, it lacks molecules ab initio that radically changes its developmental

trajectory. Instead of becoming an organized structure of differentiated cells and

tissues, a complete mole develops into a germ-line tumor of one cell type of

placental origin.

To explain, recall that the complete mole inherits all of its 46 chromosomes from

the father. This is significant because in mammalian organisms, a small number of

genes (nearly 200 human genes in a recent count or 1% of the human genome [for

details, see the paper Luedi et al. (2007); in the mouse, two significant papers have

identified over 300 genes that are imprinted in the brain: Gregg et al. (2010a, b)] are
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inactive if they are inherited from a particular parent and not from the other. This is

the phenomenon called genomic imprinting [for a review of genomic imprinting,

see Kiefer (2007) and Wrzeska and Rejduch (2004)]. For example, the IGF2 gene

encoding insulin-like growth factor-2 is expressed if it is inherited from the father,

but it is imprinted, i.e., rendered silent, if it is inherited from the mother [for details,

see Chao and D’Amore (2008), Ohlsson (2004), also see Ohlsson et al. (1993)].

In contrast, the IGF2R gene encoding insulin-like growth factor-2 receptor is

expressed if it is inherited from the mother, but it is imprinted if it is inherited

from the father (Wutz et al. 1997). Thus, in effect, a complete mole lacks all the

imprinted genes that are only active if they are inherited from the mother. Func-

tionally, therefore, a complete mole has an incomplete genome. Significantly, there

is evidence from mice that suggests that the imprinted genes that are nonfunctional

in moles have an effect on the development of the whole embryo from the very

beginning at the two-cell stage (Rappolee et al. 1992). The expression of imprinted

genes has also been reported in human preimplantation embryos (Monk and

Salpekar 2001; Salpekar et al. 2001). Thus, the complete mole is a living system

that lacks molecules that are absolutely associated with a human embryo. [For a

description of the systems perspective that is presupposed here, see Austriaco

(2002, 2004).] Not surprisingly, because of the absence of these molecules that

are only present when the genes that encode them are inherited from the mother, the

complete hydatidiform mole cannot progress through the developmental stages

associated with early human embryogenesis. Instead, it simply grows into a

tumor often composed of only one or, at most, a few cell types of placental origin,

though as we already noted above, there is a report that early complete moles have

cells derived from the inner cell mass.

Together, the data suggest that the complete hydatidiform mole cannot be and

is not any kind of unified organism ab initio. In other words, from the beginning,

it is not an individual member of a particular biological species distinguished by a

species-specific developmental trajectory that consists of the sequential and ordered

appearance of differentiated cells and tissues. Therefore, it cannot be an organism.

It is not an embryo.

Challenging this conclusion, Ramellini has suggested that as moles develop and

become highly disorganized, they may pass through an initial stage of normality

where they are normal or nearly normal human organisms that then become subject

to disorganizing forces. More specifically, he suggests that a complete hydatidiform

mole arises from a premolar entity that has organismic life. This premolar entity

would be a normal human embryo that develops to the blastocyst stage. At this

point, cells constituting the trophoblast of the blastocyst would initiate a molar

transformation, killing the embryo.

To respond, we begin by noting that there is a distinction between an active and a

passive potential. An active potential is actualized wholly from within. It is indica-

tive of an entity’s nature – its ontological status. For example, an acorn has an active

potential to become an oak tree. In contrast, a passive potential is actualized from

without. It requires the active causal intervention of an external agent in order to be
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realized. Thus, an acorn only has a passive potential to become a crucifix because it

would need the agency of a master craftsman in order to realize this end.

Given this distinction, the transformation of a premolar entity into a complete

hydatidiform mole that becomes a tumor could potentially be described in three

ways. First, we could say that the complete mole is a human organism that has an

active potential to become a tumor. This would be incoherent. By nature, human

embryos do not become tumors. Thus, they cannot have an active potential to

become teratomas. Second, we could say that a complete mole could have been a

human embryo that had a passive potential to become a tumor. By definition,

however, a passive potential needs an external agent in order to be realized, and

it is clear from his narrative that Ramellini is referring not to external but to internal

disorganizing forces arising from non-expressed or inappropriately expressed

genes. He writes: “The exact underlying mechanism [of the molar transformation]

is still largely unknown, but both paternally and maternally imprinted genes are

involved, with overexpression of certain paternal, and lack of expression of certain

maternal genes.” [Ramellini (2006); however, we should also acknowledge that

there is evidence that normal mammalian embryos have a passive potential for

teratoma formation. For example, if a normal mammalian embryo is transplanted

under the kidney capsule of an athymic mouse, it can develop into a teratoma. Here,

it is likely that the abnormal physiological environment of the kidney capsule kills

the embryo by transforming it into a tumor. For technical details, see Anderson

et al. (1996)]. Thus, and third, we have to say for Ramellini a complete mole is a

human embryo where one part of the whole had an “active” potential to become a

tumor. (Properly speaking, since active potentials are manifestations of substantial

forms, which are principles of organization, there can be no active potential for

tumor formation, a process that involves disorganization rather than organization.

Therefore, it is more proper to say that a tumor arises in a human being because of

defect in the material cause that affects a part of the human embryo. To put it

another way, a tumor arises because the formal cause, the human soul, is unable to

properly realize the potencies in part of the material cause. This defect leads to the

abnormal actualization of hidden potencies in the material cause that manifest

themselves as the disordered growth we call a tumor. For this clarification, I am

indebted to Professor Michel Bastit of the University de Bourgogne in Dijon,

France.) In the course of development, this part develops into the tumor that

radically distorts the overall trajectory of the embryo of which it is a part, killing it.

Given this analysis, we can respond by asking the following question: In a

complete hydatidiform mole, do the genetic defects that distort its developmental

trajectory leading to tumor formation affect the whole mole or only a part of it? If

the imprinting or silencing defects affect the whole, then tumor formation is the

actualization of an “active” potential that reflects the nature of the mole. (Again,

properly speaking, there can be no active potential for tumor formation, a process

that involves disorganization rather than organization. In this case, it is more correct

to say that a tumor arises because of a defect in the material cause that affects

the entire cell mass. To put it another way, a tumor arises because the formal cause,

the human soul, is unable to properly inform the defective matter. This failure of
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ensoulment leads to the abnormal actualization of hidden potencies in the material

cause that manifest themselves as the disordered growth we call a tumor.) On the

other hand, if the imprinting defects affect a part of the mole, then tumor formation

is simply the distortion of a once normal embryo. Though to the best of my

knowledge no scientific experiments on human embryos have been performed to

directly address this question – incidentally, experiments that would be morally

reprehensible – there is scientific evidence from developing mice that suggests that

the absence of parentally imprinted genes impacts the development of the whole

embryo and not only a part, even at the two-cell stage [Rappolee et al. (1992), also

see the paper by Walsh et al. (1994)]. This suggests that tumor formation is a

manifestation of the nature of the complete mole. Therefore, a complete mole is not

an organism because an organism does not become a tumor. In contrast, as already

noted above, the evidence from partial moles suggests that tumor formation is a

manifestation of a defect in a part where one part of the embryo becomes a tumor in

the context of the abnormal development of the fetus. Thus, a partial mole is an

embryo, albeit a disabled one.

Finally, a comment: Based on the published report that identified cells derived

from the inner cell mass in early complete hydatidiform moles, some bioethicists

assumed that a complete hydatidiform mole undergoes normal human development

to the blastocyst stage. At this point, the trophoblast would overwhelm and destroy

the adjacent inner cell mass. There is no direct empirical evidence for this. In fact, a

recent report describing the case of a complete hydatidiform mole, a placenta, and a

coexisting fetus derived from a single in vitro fertilized oocyte challenges this

assumption (Hsu et al. 2008). In this case, the complete mole and the intact fetus

developed from a single 12-celled embryo. Though the exact mechanism behind

this case of a complete mole/placenta/fetus combination is unclear, what is clear is

that the cells that gave rise to the complete mole coexisted with the cells that gave

rise to the intact embryo at the beginning of the pregnancy and that they developed

into a tumor without overwhelming and killing the embryo proper. This would

not be expected if the assumption that a molar trophoblast would have killed an

adjacent embryo had been true. Therefore, I favor an alternative explanation for the

presence of ICM-derived tissue in early complete moles: A complete hydatidiform

mole is able to generate tissues of different cell types in a disorganized fashion early

in its development.

4.4 Parthenotes: Philosophical Analysis

At this point, it is important to note the parallels between complete hydatidiform

moles and parthenotes. Recall that a complete mole is an embryo-like entity that

results from an abnormal fertilization event where two sperm fertilize an enucleated

egg. Thus, a complete mole has the normal number of 46 human chromosomes, but

they are all derived from the father. In contrast, a human parthenote results from an

abnormal “fertilization” event where an egg has been activated to begin dividing.
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In the process of activation, the haploid egg duplicates its 23 chromosomes. Thus,

the parthenote too has the normal number of 46 human chromosomes, but here, they

are all derived from the mother. Not surprisingly, therefore, mammalian

parthenotes, such as complete moles, have a defective genome. In this case, they

lack all the imprinted genes that are only active if they are inherited from the father.

Not surprisingly, therefore, our analysis of the ontological status of parthenotes

parallels our earlier analysis of the ontological status of complete hydatidiform

moles.

For our analysis, the definitive question that arises is the following: Does the

absence of the maternally imprinted gene products that are only produced when

genes are inherited from the father impact the system dynamics of the whole

parthenote ab initio substantially changing it so that the parthenote becomes a

tumor, or does their absence only lead to a defective part of an embryo that becomes

a tumor eventually killing the whole?

In response, we return to the key study, already mentioned above, that has shown

that the absence of both paternally and maternally imprinted genes impacts the

development of the embryo from the very beginning at the two-cell stage (Rappolee

et al (1992). Moreover, the absence of the maternally imprinted molecules impacts

that parthenote at the level of the whole since the scientific evidence suggests that

the imprinted genes regulate the overall number of cells that develop in the

blastocyst. In addition, another study has demonstrated that the organization of a

parthenote differs from the organization of a normal embryo from the very start: In

normal development, when the single-celled mouse zygote divides into two cells,

these two cells, called blastomeres, are already not identical. One of the two cells

divides ahead of its sister and tends to contribute most of its cellular descendents to

the ICM that generates the embryo proper, which will develop into the baby’s body,

whereas the other, later dividing cell, contributes cells predominantly to the extra-

embryonic tissue including the placenta, which will develop into the afterbirth [for

details, see Piotrowska et al. (2001).] However, in contrast, when a single-celled

mouse parthenote divides into two cells, these two cells do not behave in the way

that normal blastomeres would behave [for details, see Piotrowska et al. (2001).]

The first cell that divides does not necessarily contribute its descendents to the ICM.

This is a small but significant difference in organization that points to the difference

between the parthenote and the normal embryo at the very earliest stages of the

development. In sum, all of these data suggest that the forces that lead to tumor

formation are already present at the earliest stages of embryonic development. In

other words, the system dynamics of the parthenote as a whole already differs from

the system dynamics of the normal embryo since normal embryos do not become

teratomas. Like the complete mole, a parthenote is not an embryo.

But what about blastocyst formation? As we noted above, there is evidence that

human parthenotes have been able to develop to the blastocyst stage in vitro. If the

parthenote is not an embryo, why does it develop at least until the blastocyst stage?

There is a ready explanation for the development of blastocyst structures in the

parthenote. Numerous studies have shown that the egg contains molecules from the

mother that can compensate for defects in the embryo’s genome. For instance,
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embryos lacking the gene for E-cadherin, an essential molecule that glues cells

together, are able to maintain their integrity until the blastocyst stage because the

mother provides it with her E-cadherin. However, when the store of maternally

derived E-cadherin is depleted, the embryo’s cells dissociate and the embryo

collapses (Larue et al. 1994). This defect is evident at the molecular level from

the very beginning as levels of maternally derived E-cadherin molecules gradually

decrease, but the morphological effects take time to manifest themselves. In the

same way, it is not surprising that the absence of the maternally imprinted

molecules in the parthenote does not completely manifest itself until the blastocyst

stage. The molecular defect within the parthenote is temporarily masked by the

molecules inherited from the mother. This, however, does not detract from the

reality that the parthenote, in itself, is a teratoma-forming entity, a non-embryo,

from the very beginning that has an active potency to become a tumor.

4.5 Conclusion

Finally, I would like to close with a brief word about the isolated inner cell mass.

The earliest sign of cell differentiation during human development occurs during

the transformation of the morula to the blastocyst with the appearance of the

trophoblast and inner cell mass (ICM). The trophoblast gives rise to the embryonic

contribution to the placenta, while the inner cell mass generates the embryo’s body

proper and its extraembryonic tissues [Gardner and Beddington (1988); also see the

molecular analysis by Adjaye et al. (2005).] Is the ICM an organism or a non-

organism? It is clear that an isolated ICM cannot continue developing into a mature

organism. When placed in culture, these ICM cells eventually die, though some of

them will be transformed into pluripotent ES cells via a still uncharacterized

stochastic mechanism [for a representative paper, see Lerou et al. 2008.] Thus,

I propose that the ICM is a non-organism that is not unlike a clump of pluripotent

stem cells. ICM cells retain the ability to generate all the cell types and tissues of the

mature organism, but they are unable to do so in an ordered and sequential way, the

way that characterizes a bona fide organism, the totipotent embryo.
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Chapter 5

Embryos Grown in Culture Deserve the Same

Moral Status as Embryos After Implantation

Joachim Huarte and Antoine Suarez

Abstract Reprogramming somatic adult cells makes it possible to obtain induced

pluripotent stem cells (iPSCs) without the necessity of destroying human embryos.

Nonetheless, this technique gives rise to unexpected ethical challenges. In particu-

lar, the possibility of using reprogramming to create human gametes and eventually

embryos has provoked arguments negating the moral status of human embryos that

can be grown in culture.

To face these new ethical challenges we introduce the concept of proper
biological potential for developing a body exhibiting human architecture and

spontaneous motility and further propose that personhood can be ascertained on

the basis of this proper biological potential. We then argue that the embryo’s

proper biological potential for developing the neural activity responsible for fetal

motility is not determined by implantation and so embryos grown in culture deserve

the same moral status as the embryos after implantation. Additionally, we articulate

our philosophical reasons for our support of the clinical criteria for defining death

and our support of the criterion of DIANA insufficiencies (insufficiencies that

Directly Inhibit the Appearance of Neural Activity) for distinguishing between

disabled embryos and nonembryos.
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5.1 Introduction

The perception that complex cellular interactions within tissues and organs are

altered or impaired in human diseases has caused much of modern medicine to

become more interested in therapies utilizing cells as reparative tools. Stem cells

have been the cells of choice because of their relative indeterminacy and special

capacity to divide and eventually give rise to specialized cells capable of forming

functional tissue structures and organs. In the late 90s, great enthusiasm arose from

what since has become a contentious topic: the derivation of stem cells from human

embryos. Embryonic stem cells (ESCs) carried great promise because such cells

had the potentiality of giving rise to any kind of cell in the body. However, the

production and use of human ESCs immediately proved to be controversial, as the

methods then available required the destruction of human embryos in order to

obtain ESCs. As a result, many researchers sought alternative ways for ESC

production.

In 2006, Shinya Yamanaka and coworkers proposed a technique for deriving

pluripotent stem cells by prompting adult cells, through a relatively simple method

using four genetic factors, to revert to an undifferentiated state (Check 2006;

Takabashi and Yamanaka 2006). The resulting cells, dubbed “induced pluripotent

stem cells (iPSCs),” possess the same kind of potentiality as ESCs, with the added

advantage that their use averts the destruction or use of human embryos. Advances

in this area of research have been quite rapid and presently we are able to induce

pluripotency in a variety of human cells (For recent reviews see Plath and Lowry

2011; González et al. 2011). Though this method clearly avoids the caveat of

destroying human embryos, it raises other ethical concerns.

As the contributions in Nature, July 17, 2008, make clear (Nature 2008), the

method could be used to reprogram human somatic cells so that they become

human germ cells and give rise ultimately to human sperm and ova. Thus, iPSCs

could be used to create human gametes and eventually a human embryo. Given that

the production of human beings in vitro has been, until now, limited by the ability of

scientific researchers, fertility doctors, and potential parents to obtain human

gametes at efficient cost, the use of Yamanaka’s method could have deeply ethical

implications, especially for those who find the production of human beings in a

laboratory setting to be an affront to human dignity.

Davor Solter takes things straight to the point in the aforementioned issue of

Nature: “Today you can’t experiment on human embryos because it’s considered

morally repugnant – and they are difficult to get. If embryos could be grown in

culture like any other cell line, this latter problem would disappear. [. . .] They’d
become like any other type of cell line. They would become objects and would be

used as objects” (Nature 2008, p. 260). Solter’s claim shows that despite recent
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advances in stem cell research that could both allow important research to go

forward and satisfy the moral convictions of many people we are still facing a

hardened denial of any kind of moral status to the human embryo.

Remarkably, a number of authors like Solter do not question that a child and the

adult into which the child can develop are the same human person and deserve

the same moral status. How then are they led to deny that embryos in culture are the

same person and deserve the same moral status as the child and the adult into which

these embryos can develop if they were to be implanted?

In this respect, it is important to see how Nobel laureate Christiane N€uslein-
Volhard argues: “From a biological point of view, nearly nothing is more discon-

tinuous than the process [of implantation], by which an embryo comes into direct

cell contact with another individual. In the fertilized egg there is the complete

genetic program. But for the program’s processing, the embryo requires the inten-

sive interaction, the symbiosis with a second organism – that of the mother [. . .].
Thus the developmental potential is first there with the implantation and becomes

completed at birth” (N€usslein-Volhard 2004).

Much in the same line of thinking Hans Sch€oler states: “It is true that a human

being can originate from such a blastocyst. However this embryo, in such an early

stage of development, is a little cell-ball, tiny like a needle tip. It does not yet show

any resemblance to a human being. To its further grow and development, it needs

the implantation into the uterus of a woman. If this does not succeed, it perishes

within some days” (Sch€oler 2007).
One can certainly respond that these arguments lack coherence because devel-

opment, in particular of the brain, is not completed at birth but continues after it

and, therefore, one could as well argue that an infant is clearly not the same as an

adult. Scholars endorsing the embryo’s rights often give this sort of response and

we think it adequate. Nonetheless, the quotations earlier show that apparently

experienced researchers earnestly back the following assumption: the embryo

lacking interaction with the maternal organism (or an equivalent growth culture)

cannot reach the full developmental potentiality and, therefore, the moral status of

personhood. We think it is worth discussing whether this assumption can be

considered correct. Such a discussion may help promote a more open-minded

attitude among the scientific community towards the possibility of embryonic

rights.

Another major ethical concern relates to the generation of fully iPSCs-derived

mice through tetraploid complementation. In this context one asks whether

reprogramming techniques may become a new and more efficient sort of cloning

than the conventional one (Denker 2009). If this were the case, the usual ethical

arguments against cloning would also apply to the combination of iPSCs with

tetraploid embryos. However, there is another aspect. Fully iPSCs-derived mice

demonstrate that it is possible in principle to revert somatic cells to a colony of cells

from which a healthy individual could be born, that is, inducing totipotency and

not only pluripotency. Thus, we think it is also worth discussing how to determine

whether a particular reprogramming technique produces cells sharing embryo

status.
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This chapter is organized as follows:

In Sect. 5.2, we introduce the concept of “proper biological potential to unfold

the neural activity responsible for spontaneous movements of a human body,” and

argue in favor of the philosophical principle that the presence of this proper
biological potential in an organism consisting of human cells allows us to state

that this organism is animated by a spiritual soul and is therefore a human person.

In Sect. 5.3, we compare our philosophical position to that of Aristotle and

Thomas Aquinas. On the one hand we argue, in agreement with these authors, that it

is possible to have an organism made of flesh (cells) of human origin that is not

animated by a spiritual soul. On the other hand we argue, in disagreement with

them, that each organism made of flesh of human origin and sharing specific animal

life (capability for spontaneous motility and sense) is animated by a spiritual soul.

In Sect. 5.4, we show that our philosophical principle is consistent with the

standard clinical criteria for defining death and therefore that these criteria can be

considered sufficient for establishing that a whole brain-dead organism is not a

person. By contrast, the interpretation of “brain death” as a loss of the ability of the

body’s parts (organs and cells) to function together as an integrated whole is

actually incomplete, since one can hardly deny that a brain-dead organism

possesses a certain degree of integrated functioning. The concept of “organism”

without further specification does not provide a good enough criterion to ascertain

animation by a spiritual soul.

In Sect. 5.5, we summarize some scientific essentials about embryonic develop-

ment, and then argue, in Sect. 5.6, that the embryo’s proper biological potential of
developing neural activity is not determined by the interaction with the maternal

organism. On the basis of these scientific observations, we conclude that a human

embryo in culture is animated by a human soul independently of whether the

embryo becomes implanted or not.

In Sect. 5.7, we stress that distinguishing between embryos and nonembryos

remains an urgent task and to this aim propose criteria for such a distinction based

on DIANA insufficiencies (insufficiencies that Directly Inhibit the Appearance of

Neural Activity) (Suarez et al. 2007). DIANA insufficiencies are defects or

alterations that frustrate the development of the cellular path leading directly

from the zygote to the differentiation of brain cells. We argue that human organisms

exhibiting an embryo-like developmental pattern but bearing a DIANA insuffi-

ciency can morally be compared to a human organism fulfilling the clinical criteria

of brain death. This comparison does not hold for other anomalies frustrating

the development on other secondary developmental branches, as for instance

alterations generating defective extraembryonic tissues or cardiac muscle. In this

context, we stress again that the concept of “organism” bears ambiguities as a

criterion to decide on the moral status of cell entities.

As it will appear in Sect. 5.8, our proposed criteria of proper biological potential
and DIANA insufficiencies depend on the assumption that the inner cell mass

(ICM) is not equivalent to the colony of ESCs deriving from it. Thus, in order to

settle certain arguments it may be of interest to test this assumption by performing a
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complementation experiment in animal models, which to our knowledge has not yet

been done.

Section 5.9 will highlight that this experiment is important to prohibit the

reprogramming of adult cells that would produce ICM-equivalent colonies of iPS

cells since such techniques would actually produce embryos and be a new form of

cloning.

5.2 Proper Biological Potential to Become a Body with

Both Human Architecture and Spontaneous Motility

as an Observable Basis for Ascertaining Animation

by a Spiritual Soul

Determining the moral status of an organism requires some set of observable

criteria. In other words, when ascertaining moral status, we move first from what

is observable (sets of empirical or sense data) and on the basis of that make a

judgment as to the presence or absence of a spiritual soul in a concrete body. Based

on this principle, we argued in previous articles (Huarte and Suarez 2004; Suarez

1993) that any organism possessing the biological potential to develop a body with

a human architecture and spontaneous motility is a human person. We restate and

improve this argument in the present section.

Anyone who believes in a spiritual soul necessarily assumes that his or her soul

is somehow involved in governing certain movements of his or her body. When I

am speaking to someone or writing a letter, I have the immediate internal experi-

ence that I am controlling the movements of my lips, hands, and eyes through the

spiritual powers of my soul, i.e., my free will and intellect.

But how do I conclude that the body of someone other than me is animated by a

spiritual soul as well? When I gaze my eyes upon a colleague speaking to me during

lunch, I conclude that the human being sitting in front of me is animated by a

spiritual soul because he (a) has the same specific form (or shape) as my body, and

(b) this form exhibits movements like the movements I make for expressing my

thoughts, emotions, and claims for rights. Mirror neurons are the neurophysiologic

correlate of this philosophical supposition, which is to say that the same class of

neurons that fire in my brain when I move my lips also fire when I observe someone

else moving his lips (Rizzolatti and Craighero 2004).

Movements of the human body like those often involved in expressing one’s

thoughts and wishes to other persons we call spontaneousmovements. They may be

arm, leg, or lip movements; head flexion and rotation; eye or breathing movements.

Even if they are often unconscious and unintentional, they are potentially will-

directed movements, that is, they are movements that can always be directed by the

will when chosen. Spontaneous movements can be considered voluntary acts, and

are actually ruled by the will even if they do not always originate in a conscious way

and are not always immediately guided by some intention. I regulate the movement
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of my lips through my will when I move them consciously and when I move them

unconsciously. It is a merit of Benjamin Libet’s experiments to have shown that

voluntary acts are not necessarily conscious ones (Libet 1985, 1992, 2002).

In contrast to these movements of the lips, tongue, eyes, fingers, etc., it is not

possible to use one’s “heart beat” to communicate with another person. Though this

kind of movement is not caused by some stimulus external to the body, it is highly

programmed according to one’s biological makeup and thus cannot be brought

under the immediate control of the will. These types of movements, like heart

beating, we call autonomous movements. Another kind of movement that escapes

the control of the will is a nerve reflex reaction that has an external cause. Neither

autonomous movements nor reflexive ones are meant to fall under what we have

termed “spontaneous” movements.

According to Aristotle “acts done by reason of anger or appetite are not rightly

called involuntary,” and it is appropriate to consider that nonhuman animals and

children “act voluntarily” (Aristotle NE, MA). Continuing this line of thinking we

assume that the concept of “voluntary” can be extended to our spontaneous
movements as well, although most often they happen in an unconscious way or

without deliberation. Our autonomous movements correspond to what Aristotle

called “involuntary movements” like “the motions of the heart and the privy

member” (Aristotle MA).

Steering the spontaneous movements of the human body is something intrinsic

to the operation of expressing one’s thoughts and wishes to other persons. We

consider it appropriate, therefore, to assume that these movements directly reveal

the spiritual powers of the human soul and accept that the neural activity responsi-

ble for their regulation is intrinsically governed by the soul. Nonetheless, we don’t

reduce the soul to the ensemble of the material deterministic properties of the brain

(Suarez 2011).

By contrast, we do not associate the activity of the human soul directly with the

autonomous activity of the heart, liver, or kidneys, even when a lethal injury to these
organs ultimately causes the loss of spontaneous movements. Consequently, trans-

plantation of the heart, for example, cannot be considered equal to “transplanting”

the human soul from one body to another. Neither do we associate the activity of the

soul directly to nerve reflex reactions.
Consider a human body B that receives a foreign heart and call B’ the body with

the new heart. It is today generally assumed that B and B’ share the same personal

identity. The fact that B’ and B have different hearts does not prevent conservation

of personal identity. In the same line of thinking, we establish conservation of the
personal identity during bodily growth as follows: consider a cell entity or a cell

layer X that develops into a body B exhibiting human architecture and spontaneous

motility. Suppose that this development requires the interaction of X with other cell

clusters or cell layers in its environment. Suppose, however, that the neural centers

of B responsible for its spontaneous activity derive exclusively from cells contained

in X; suppose also that equivalent neural centers cannot derive from the cell entities

or cell layers interacting with X. Then we state that X has the proper biological
potential to develop into B and shares the same personal identity (is animated by the
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same spiritual soul) as B. Other cell clusters or cell layers interacting with X share

the status of the heart or skin of B, that is, they could be replaced without loss of

personal identity. Thus, we reach the principle: any cell entity or cell layer

possessing the proper biological potential to develop a body exhibiting human

architecture and spontaneous motility is animated by a spiritual soul. It is in this

sense that our concept of “minimal developmental potential” in previous articles

should be understood (Huarte and Suarez 2004; Suarez 1993).

Benedict Ashley and Albert Moraczewski argue in much the same way, although

not relying on spontaneous movements, but on sensual perception:

Yet human intelligence is the weakest of all possible kinds of intelligence and hence is

always dependent on sense cognition for all it can know. This sense data must be acquired

by the external sense organs and then processed by some internal sense organ. When

Aristotle and Aquinas wrote, medical science held that this internal sense organ was the

heart because it was the most energetic part of the body, but now we know that this organ is

in fact (at least in adults) the human brain. . . The principal organ required by his argument

need not be one that here and now is capable of acting as the instrument of intellection. We

are human persons even when we are asleep or comatose from a brain injury. . . Thus the
primary organ that is required in the fetus for its intellectual ensoulment is not the brain as

such but a primary organ capable of producing a brain with the capacity for intellectual

cognition in the body at some appropriate phase of the human life cycle. (Ashley and

Moraczewski 2001)

We think that the two criteria used for ascertaining the presence of a spiritual

soul – sensory perception and spontaneous motility – cannot actually be separated

from each other. Nevertheless, that analysis is beyond the scope of this chapter.

Notice that, in any case, the practical standard we have for indicating that a fetus has

brain function (and even sensory perception) is observing that the fetus exhibits

spontaneous motility.

5.3 The Proper Biological Potential of Spontaneous Motility

and the Hypothesis of Delayed Hominization

We would like to stress that the philosophical principle formulated in the preceding

section does not mean that the human soul first “enters the body” when fetal

motility or neural activity appears. The meaning of our premise is the following:

any human body which shows spontaneous movements was spiritually ensouled

from the very beginning of the process of cell division. In other words, a human cell

that has the proper biological potential for reaching the stage of spontaneous

movements is a spiritually animated human embryo and a person. Therefore, our

premise does not imply at all that the human person undergoes delayed hominiza-

tion during embryogenesis. However, it is interesting to note that the hypothesis of

delayed hominization, as for instance formulated by Thomas Aquinas interpreting

Aristotle (Jones 2004; Rodrı́guez-Luño 2006), is not only a consequence of “archaic

biology,” but is based on two philosophical assumptions worthy of being explicitly

considered.
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According to the theory of delayed hominization, in the generation of a man the

embryo first lives the life of a plant through the vegetal soul; next, this form is

removed by corruption and the embryo acquires, by a sort of new generation, a

sensitive soul and lives the life of an animal; finally, this animal soul is in turn

removed by corruption, and the ultimate and complete form is introduced. This is

the rational soul, which comprises within itself whatever perfection was found in

the previous forms (Aquinas CTh).

This view implies that there can be organisms or systems made of flesh or

biological matter from human origin (human cells, in terms of today’s biology)

that are not animated by a spiritual soul. Among such organisms some are supposed

to share features of vegetal life only (animation by a vegetative soul), and others

specific features of animal life as well (animation by a sensitive soul). In addition to

these philosophical assumptions, Aristotle and Aquinas advocate the biologically

“archaic” view that it is cardiac, not neural activity, which is responsible for the

specific characteristics of animal life (see the quotation of Ashley and Moraczewski

in Sect. 5.2).

In agreement with Aristotle and Thomas Aquinas, we endorse the possibility of

an organism made of human cells and sharing integrative functions like those of

plants (growth, circulation, bearing offspring) that is not spiritually ensouled and

therefore is not a person. In disagreement with them, however, we reject that an

organism or biological system made of human cells and sharing animal life could be

animated by a nonspiritual soul. That is, we accept that the spiritual soul is the

unique form of the human body, but reject that a body made of human cells and

sharing animal life can have a form that is not a spiritual one. And also in

disagreement with Aristotle’s and Aquinas’ biology, we assume that the organ

responsible for specific animal life is the brain and not the heart.

We think that one cannot appropriately decide when the human person begins

and dies on the basis of principles like “movement,” “life,” “organization,” “con-

sciousness,” or “thinking.” Instead, one needs to derive the beginnings of human

life based on their observation of a body that exhibits human architecture and

spontaneous movements (e.g., those bodily movements I use to communicate

with others, in particular to claim for my rights). It is only because we realize

that a determined body is a living human animal (and not only a human “organism”)

that we conclude that it is animated by a spiritual soul and is therefore a human

person. And we further conclude that the proper biological potential for bringing
about such a body provides the criterion for ascertaining whether a cell entity is

animated by a spiritual soul and has the moral status of a person.

In the following sections, we show how this criterion applies in different cases.

5.4 Implications for the Definition of Death

In clinical praxis, one declares a body brain dead primarily on the basis of clinical

tests (so-called brain death criteria) that demonstrate that the body has “irrevers-

ibly” lost the capacity to perform determined spontaneous movements, for example,
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breathing, eye, and leg movements. The loss of the capacity for spontaneous motility

goes along with the disappearance of the neural activity (including brainstem

function) responsible for such movements (Laureys 2005). We would like to insist

that in the clinical praxis actually one determines death on the basis of concrete

operational clinical criteria allowing us to determine the irreversible loss of the

capacity for certain movements, and not on the basis of a general definition

requiring a determination that “all functions of the entire brain, including the

brain stem” have irreversibly ceased.

In this sense, by recognizing that a brain-dead organism is not a human person

one clearly associates personhood (or in philosophical terms, the activity of a

human soul) with the proper biological potential for unfolding spontaneous motil-

ity. In particular, one correlates the activity of a human soul with neural activity as

such activity reveals the capacity for spontaneous movements and, in particular,

spontaneous breathing. This means that the standard clinical criteria for defining

death are consistent with our premise for ascertaining personhood. For on the one

hand, one must consider that the patient in a persistent vegetative state is ensouled

by a spiritual soul, since he or she still exhibits extended spontaneous motility, in

particular, spontaneous breathing (Laureys 2005). On the other hand, a brain-dead

organism that exhibits a beating heart and blood circulation but has irreversible
cessation of the neural activity responsible for spontaneous motility no longer has

the proper biological potential for unfolding such activity. According to the

philosophical premise we have adopted such an organism is not a person.

We would like to stress that our view is consistent with defining the death of a

human person as a “loss of the integrative capacity of the organism.” However, we

suggest that there are some grounds for fine-tuning that assertion to mean the

integrative capacity that makes an organism “capable of animal behavior.” This

is, in fact, what the standard clinical criteria of death are actually attempting to

ascertain. In other words, the implicit philosophical premise from which these

criteria are derived appears to be consistent with our philosophical categories.

On the contrary, using only “organization” or “integration” without further

specification as a criterion for ascertaining the presence of a human soul (Condic

and Condic 2005; Rao and Condic 2008; Condic 2003, 2008) seems to bear some

oddities. For example, one can maintain a pregnant brain-dead woman for several

weeks of gestation until the fetus is mature enough to be born. If a brain-dead body

can exhibit visceral organ functioning for extended periods, grow and even gestate

infants, it is somewhat arbitrary to claim that it is not an organism, an integrated

whole (at least in some respect) (Laureys 2005). According to the “organization“

criterion such a brain-dead woman should be considered a person. According to our

criterion (and the clinical criteria for death) it can certainly be considered an

organism (with a degree of “organization” comparable to that of a plant) but

nonetheless dead (without animal life).

Similarly, it can happen that on the basis of the clinical criteria one declares

death and blood chemistry suggests that the pituitary gland at the base of the brain is

still functioning (Nature 2009). Though this activity may be considered a brain

function, it is not a sign of capability for spontaneous motility, and therefore it does

not demonstrate a person being alive in the sense of our criterion. In other words, as
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long as the clinical criteria ensure that a body declared brain dead will not recover

spontaneous motility (like spontaneous breathing), they are criteria consistent with

our philosophical premises.

Another oddity arises from “high cervical quadriplegic” patients with high-level

spinal injuries (neck injuries) that leave them fully paralyzed and unable to breathe

without technical assistance. Christopher Reeves is a famous example. Left alone,

such patients die. They cannot be “cured,” only maintained on life support. In many

cases, they even need assistance to maintain a regular heart beat. If support is

provided and the person does not die immediately, such patients remain fully

conscious and capable of communication through strongly reduced motility

mediated by the cranial nerves. However, their brains no longer control the function

of their bodies. According to the “organization” criterion, the somatic integrative

unity of such patients cannot be considered larger than that of a body declared to be

brain dead. On this basis it is argued that the bodies of such patients are the

equivalents of brain-dead bodies, especially if the patient also suffers from a

transsection of the vagal nerve (Shewmon 2004). If nonetheless one considers

them persons, this means that one is implicitly adopting the criterion of “neural

activity” responsible for the reduced spontaneous motility (and not “organization”)

for ascertaining life.

Strictly speaking, the philosophical postulate that death means “the loss of the

integration capacity of the organism” is not, in itself, sufficient to derive many of

the conclusions derived from the current clinical criteria of death. One must

additionally specify that the integration capacity referred to specifically involves

the integrative capacity required to sustain the capacity for spontaneous motility.

In summary, one can distinguish four different possible philosophical positions

regarding the status of organisms made of human cells:

1. Any organism made of human cells (including one that is brain dead) is a person.

2. There are human persons who are not organisms.

3. There are organisms made of human cells that possess vegetal and even specific

animal features that are not persons. This seems to be the view behind the

“delayed hominization” hypothesis and also the view behind the definition of

death as neocortical or higher brain death (Laureys 2005).

4. There are organisms made of human cells (akin to a brain-dead body) possessing

features of vegetal life which are not human beings or persons, but any organism
made of human cells and exhibiting specific animal features (like spontaneous
motility in the persistent vegetative state) is animated by a spiritual soul and is a
human being and a person. This is the philosophical view we adopt, and which we

also see as in most accord with the current clinical criteria for determining death.

5.5 Embryonic Development and Genomic Information

Embryonic development is comparable to a richly branched tree and shows several

differentiation pathways. The first main branching is the differentiation of the inner

cell mass (ICM) and the outer cell layer of the blastocyst or trophectoderm (TE),
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which after implantation gives rise to placental extraembryonic tissues (cyto- and

syncitio-trophoblast). The secondmain branching consists in the differentiation of the

ICM into epiblast and extraembryonic tissues (extraembryonic endoderm and yolk

sac). The epiblast differentiates thereafter into the primitive ectoderm and amnionic

ectoderm. The nextmain branching (during gastrulation) consists in the differentiation

of the primitive ectoderm into ectoderm (external layer), mesoderm (middle layer),

endoderm (internal layer), germ cells, and extraembryonic mesoderm. These three

embryonic germ layers are the source of all tissues of the body (the germ cells

originate from proximal epiblast cells that migrate to the extraembryonic mesoderm

and here are committed to become primordial germ cells) (The National Institute of

Health 2001a). In particular, the mesoderm differentiates mainly into bone marrow

(blood), lymphatic tissue, connective tissues (bone, cartilage), vascular system, uro-

genital system, skeletal, smooth and cardiac muscles; and the ectoderm into skin,

brain, eyes, and pigment cells (TheNational Institute of Health 2001b). Spontaneous

fetal motility can be observed in humans from the seventh week of pregnancy and

said motility is considered a sign of neural activity (De Vries J.I.P. et al. 1982).

In sexual reproduction, each individual inherits one set of chromosomes from

each parent – for each maternal chromosome, there is a corresponding paternal one.

The chromosomes contain the genetic information. Normally there are two copies

of each gene: one copy in a maternal chromosome and another copy in the

corresponding paternal one. The maternal and paternal genomes are not exactly

equivalent, but are endowed with different imprints or epigenetic modifications,

regulating the expression of a number of genes during embryonic development. The

imprints consist in chemical changes in the DNA or in the chromosomal proteins

that may mark any gene without changing its DNA sequence and are transmitted

through cell divisions (Loebel and Tam 2004). Embryonic development, then,

largely depends on genomic (genetic and epigenetic) information.

In order for normal development to take place, the epigenetic inactivation of one

gene from a gamete needs to be counterbalanced by the presence of the

corresponding active gene from the other gamete. In certain cases, development

fails if two copies of the same gene are active (one copy in the maternal-derived

chromosome and another in the paternal-derived chromosome). Fully grown and

secondary human oocytes contain two sets of chromosomes, one of which is

normally discarded within 2 h after fertilization. Using a chemical treatment to

prevent this, one produces diploid parthenotes with both sets of chromosomes

coming from the mother (Rogers et al. 2004). In a mouse egg containing only

chromosomes from fully grown oocytes, H19 and several other genes are expressed
twofold, whereas Igf2 and several other genes remain inactive. These standard

parthenotes appear to undergo the same initial changes as naturally fertilized

eggs. They undergo cell cleavage for 4 or 5 days and some form blastocysts.

Experiments in mice show that parthenotes are capable of undergoing early post-

implantation development. However, a parthenogenetic ICM in combination with

fertilization-derived TE can develop only until 12 days (birth in mice occurs after

19.5 days of gestation), reaching the heart beating stage but not the neural activity

responsible for spontaneous fetal motility (Gardner et al. 1990).
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Transferring the nucleus of a nongrowing (ng) primary oocyte (egg cell obtained

from a new born mouse) into a fully grown oocyte results in a diploid cell, which

contains two sets of chromosomes, both of maternal origin. Such artifacts are often

called ng-parthenotes. We refer to them as H19/Igf2 mutants too. In an ng-parthe-

note, several genes, such as H19, are twofold expressed and both copies of several

other genes, such as Igf2, remain inactive, whereas some other genes are normally

expressed. Such an H19/Igf2 mutant mouse (or ng-parthenote) develops until 13.5
days. At day 12.5 it shows breathing and leg movements (Kono et al. 1996).

By knocking out the gene H19 in the nucleus of the nongrowing oocyte before

transfer, one produces an Igf2-mutant in which H19 is monoallelically (single)

expressed, whereas both Igf2 copies remain inactive. Such a mouse mutant

develops until 17.5 days (Kono et al. 2002). Finally, by knocking out the gene

H19 and activating the gene Igf2 in the nucleus of the nongrowing oocyte before

transfer one produces an epigenetic state closer to that of a fertilized egg, and

indeed such a mouse embryo develops to birth around the 19th or 20th day (Kono

et al. 2004).

5.6 The Embryo’s Proper Biological Potential of Developing
Neural Activity Is Not Determined by Implantation

Consider a body B exhibiting human architecture and spontaneous motility that

derives through cell division from an embryo after implantation into a maternal

uterus. Before implantation the embryonic layers ICM and TE interact with each

other. After implantation the uterus interacts with TE and through it with ICM as

well. The neural centers controlling the spontaneous movements of the body B

derive through cell division exclusively from the ICM. No body exhibiting human

architecture and spontaneous motility can derive through implantation of TE alone

into a normal functioning uterus. If one separates the ICM from the TE, the ICM

can give rise to a colony of ESCs, and the TE can degenerate into a tumor. From

observations in mice one knows that the ICM in combination with a different

healthy TE’ produces a blastocyst ICM+TE’ developing into a healthy adult B’

(Gardner et al. 1990, control experiments). Again, the neural centers controlling the

spontaneous movements of the body B’ derive through cell division exclusively

from ICM cell layer.

According to these observations the fact that the bodies B and B’ exhibit

spontaneous motility, and not only autonomous and reflex activities (like heart

beating, blood circulation, kidney activity) depends exclusively on the neural

centers deriving from cells of the ICM. That is, the ICM has the proper biological
potential to develop neural activity. Thus, an ICM without TE is the same human

being (has the same personal identity) as the body B, even if the ICM without a TE

dies very quickly. This is similar to the way an embryo without implantation into a

uterus is the same human being as B, even if the embryo without implantation dies
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very quickly. And further that B’ is the same human being (has the same personal

identity) as B and ICM. The TE can be replaced without changing the personal

identity, just like the heart or skin of B. These conclusions are strengthened through

the observations of epigenetic modifications in the embryo reported in Sect. 5.5.

They show that neural activity is determined by embryonic information (the

embryo’s epigenetic state), just as a baby’s sex or Down syndrome are determined

by embryonic information (the Y chromosome and trisomy 21, respectively).

The interaction with the mother‘s organism certainly marks a biologically

important step in embryonic development. One can even say that such interaction

is necessary for the embryo to acquire complete developmental potential. Nonethe-
less the proper biological potential to develop neural activity is established well

before implantation into the uterus. The fact that the neural centers derive from cells

in the ICM and not in the TE, and the cells of the TE contribute only to build

extraembryonic tissues like the placenta is not determined by implantation.

Consequently, a human embryo that would develop spontaneous fetal motility

after implantation into a properly functioning uterus is animated by a spiritual soul

and has the moral status of a human person. This means in particular that hypothet-

ical human ng-parthenotes and Igf2 mutants deserve the moral status of persons.

This also means that the interaction with the mother‘s organism is irrelevant for the

moral status of the embryo, just as it is for sex determination or Down syndrome.

5.7 DIANA Insufficiencies as the Basis for Distinguishing

Between Disabled Human Embryos and Nonembryos

The fact that, upon implantation in a properly functioning uterus, a human organism

does not reach spontaneous fetal motility is not of itself sufficient to conclude that

such an embryonic organism does not have the proper biological potential for
neural activity and is not a person. Indeed, it could be a human person with a severe

congenital defect who could have motility restored through an appropriate therapy.

We need more precise rules for distinguishing between an organism that is a

disabled human person and one that is a more or less organized assemblage of

human tissues without personhood. This need is explicitly acknowledged by the

Congregation for the Doctrine of Faith in the Instruction Dignitas personae (Con-
gregation for the Doctrine of Faith 2008).

This goal remains important independently of the interest of deciding on

parthenotes (Suarez et al. 2007) and cell entities derived through Altered Nuclear

Transfer (ANT) (Hurlbut 2005a, b; Meissner and Jaenisch 2006) as possible

alternative methods for obtaining pluripotent cells without destroying embryos.

On the one hand, any consistent theory about the beginnings of human life should

be able to provide general rules for distinguishing between embryos and

nonembryos. On the other hand, recent achievements demonstrating that iPSCs

can be used to produce viable mice through tetraploid complementation (Zhao et al.
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2009; Boland et al. 2009; Kang et al. 2009) give rise to ethical concerns over use of

such cells in the aim of producing a new technique in cloning. One may also doubt

whether we are not reprogramming adult cells to the ICM stage. Accordingly, in the

following paragraphs we try to devise criteria to distinguish between embryos and

nonembryos.

First, let us consider the case of androgenotes. Androgenotes are diploid egg

cells containing only the paternal genome produced from various anomalies that

occurred during the fusion of gametes. Such cells arise sometimes in nature, if for

instance there is a loss of the maternal chromosomes, together with a replication of

the paternal chromosomes before cell division. Androgenotes carry faulty epige-

netic information due to a lack of maternal genes: several genes become twofold

expressed, whereas other genes remain inactive. Though exhibiting at the beginning

an embryo-like development, androgenotes give rise to a blastocyst-like structure

with a well-developed outer layer or TE but lacking the ICM. After implantation,

androgenotes produce an entity called a “complete hydatidiform mole” in the

uterus, having the appearance of a bunch of grapes, and whose cells remain

undifferentiated. A type of tumor called chorion-epithelioma can arise from these

entities. Androgenotes are affected by an epigenetic defect inhibiting the differen-

tiation of the proper embryonic tissues and inducing only the differentiation of

extraembryonic ones. Since the neural centers of any body do not derive from

extraembryonic tissues, androgenotes lack the proper biological potential for

unfolding neural activity or, in other words, the anomaly they carry directly
excludes the capacity for this activity. Such an anomaly, according to our philo-

sophical main assumption, makes an organism intrinsically incapable of being

animated by a human soul.

The reverse case would be an epigenetic anomaly leading to a defective TE but a

well-formed ICM, so that if one would inject this ICM into a healthy TE, the

reconstituted blastocyst would be able to implant and develop to birth. Such an

epigenetic anomaly does not directly frustrate the development of neural activity.

Although the defective TE would prevent the implantation, and thereby provoke the

organism to die, its ICM has the proper biological potential for the emergence of

neural activity. Said epigenetic anomaly could be compared to an intervention that

thwarts the implantation of a normal embryo into the uterus. We consider the

organism carrying such a genomic anomaly to be a disabled embryo and a human

person.

Consider now the case of standard parthenotes referred to earlier. Evidence in

mouse models by Richard Gardner and colleagues (1990) show that by combining a

parthenogenetic primitive ectoderm with a fertilization-derived TE one can obtain

parthenotes that reach the stage of having a vigorous heart beat and visceral yolk

sac circulation, though they do not appear to go beyond this point. This means that

standard parthenotes fail to reach fetal motility not because of a defective placenta

or heart, but because of defects in the development of the brain itself. These results

support the conclusion that parthenotes are organisms capable of developing heart

beat and blood circulation but incapable of unfolding the neural activity required

for spontaneous fetal motility. We assume that from a moral point of view such
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organisms share the same status as brain-dead adults (i.e., after irreversible break-

down of the cortex and the brain stem), and should not be considered persons. Like

brain-dead adults (see Sect. 5.4), standard parthenotes can be considered organisms

sharing features of vegetal life (“vegetal soul”), i.e., biological systems with a

degree of organization comparable to that of plants. Standard parthenotes do not

share the specific observable feature of animal life, i.e., the proper biological
potential of spontaneous motility. In more philosophical terms, one could say that

a parthenote lacks the biological conditions required for animation by a human

spiritual soul in much the same way as does a brain-dead adult.

The evidence that parthenogenetic ICM cells participate in normal embryonic

development of chimeric animals following injection into blastocysts, and appear

most likely to be incorporated into the brain (Strain et al. 1995; Boediono et al.

1999), does not speak against the equivalence between parthenotes and brain-dead

adults. As loss of brain function in a brain-dead body does not lead to the death of

all cells in the brain, the incapacity for neural activity in parthenotes does not

necessarily exclude the appearance of brain cells.

Consider further the case of an epigenetic defect that after gastrulation (forma-

tion of the three embryonic tissue layers in the early embryo) inhibits the healthy

differentiation of the cardiac muscle cells. As a consequence, the organism dies at

mid-gestation, but not because of a direct inhibition of the emergence of neural

activity. The genomic configuration does not directly, but indirectly, prevents

neural activity. The knockout of three Id genes may be an example of such an

alteration. The observations in mice models suggest that a defective heart is the

primary cause of the resulting mutants’ death at about day 11 of gestation. This

mid-gestation death can be avoided by the injection of a low number of wild-type

ESCs into mutant blastocysts. As a result, the myocardial markers altered in Id
mutant cells are restored to normal throughout the chimeric myocardium

(Fraidenraich et al. 2004). We think that such a defect is easily comparable to a

lethal heart injury, and their restoration to heart transplantation. Accordingly, we

think that in this case the comparison with a brain-dead body does not hold, and

assume that such an organism shares the same status as an adult with a healthy brain

but with lethal injuries to other vital organs. Therefore, from a moral point of view,

the hypothetical human Id mutants should be considered disabled embryos and

deserve the moral status of persons.

Notice that in case of the Id-mutants referred to earlier, the blastocysts, when

placed into a properly functioning uterus environment, would behave the same way

as standard parthenotes, that is, they would soon die and produce disorganized

tissue. Nevertheless, it is not reasonable to conclude that the corresponding

embryo-like entities were nonembryos.

Let us finally look at the case of Cdx2�/� cell entities or mutants obtained

through deletion or inactivation of the Cdx2 gene. Such an alteration, even

from the 2-cell stage, affects the TE lineage but not the ICM lineage.

Thus, we consider that inactivating Cdx2 does not impair the proper
biological potential for neural activity and leads to the failure of brain

development only indirectly. In this sense, Cdx2�/� mutants are rather
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comparable to the Id-mutants reported earlier and cannot be compared to brain-

dead organisms. A “brain dead” body is a good example of an organism in which

all organs but the brain, function well. By contrast, as far as we know, there is no

experimental basis to state that the inactivation of the gene Cdx2 directly precludes
the development of neural activity. We stress that by questioning the production of

Cdx2�/� cell entities we do not question the method of ANT (Hurlbut 2005a;

Meissner and Jaenisch 2006) as such, but only the implementation of ANT through

inactivation of the Cdx2 gene.

We use the abbreviation DIANA (directly inhibiting the appearance of neural

activity) to denote genomic configurations or epigenetic states that are incapable of

supporting the embryonic development on the pathway leading directly from the

zygote to the emergence of the neural centers that trigger fetal motility. The

pathway is:

zygote! ICM! epiblast! primitive ectoderm! ectoderm! brain cells! neural activity

Insufficiencies frustrating the development on side branches that do not lead to

differentiation of brain cells and appearance of neural activity are not DIANA
alterations, even if they may be lethal and lead indirectly to the failure of brain

development, as a consequence for instance of a defective heart or placenta.

We sum up our view in the following three principles:

1. Any anomaly of the developmental program, including one or several DIANA
insufficiencies, renders an organism inadequate to be animated by a human soul.

2. In the absence of any DIANA insufficiency one must conclude that a human soul

is present and consider the organism a person with a possibly severe congenital

defect.

3. If there is doubt about whether an organism exhibits a DIANA insufficiency, one

cannot exclude the presence of a human soul.

Against this view one could object that a DIANA insufficiency may be reversible
(for instance, one could remove it through appropriate epigenetic modifications

of the cells at an early developmental stage), whereas brain death follows from an

irreversible damage. However, this objection does not invalidate our principles.

We assume that a human soul is present, if the cell or organism owns the intrinsic

potentiality to unfold the neural activity responsible for spontaneous movements.

In the case of brain death we have a body, which earlier exhibited such movements.

To declare the person dead we must be sure that his or her body no longer has

the potential for spontaneous motility, and for this reason we test whether it has

irreversibly lost the capacity of performing such movements. By contrast, a human

cell that has a DIANA genomic configuration from the very beginning will never

develop into a body exhibiting spontaneous motility, and we assume that it is not a

person. If one removes the insufficiency at a later moment and produces an

organism capable of reaching spontaneous fetal motility, then we assume that

a new person appears at the very moment the alteration disappears just as we

assume that a new person appears after fertilization.
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5.8 Can the ICM Be Considered Equivalent to a Clump

of ESCs?

The main objection against the proper biological potential and DIANA criteria is

based on the experimental generation of fully ESCs-derived mice, which has been

done either using complementation with a tetraploid embryo (Rossant and Spence

1998), or laser-assisted injection of ESCs into eight cell-stage diploid embryos

(Poueymirou et al. 2007).

Suppose one accepts our criterion for distinguishing between embryos and

nonembryos based on their proper biological potential to develop neural activity.

Since the neural centers of fully ESCs-derived mice consist of cells originating

from the ESCs, one could argue that a colony of ESCs possesses itself the proper

potential for neural activity and shares embryo status and this seems to be a rather

awkward conclusion.

Suppose one claims that the ICM without a TE is equivalent to a clump of ESCs.

That is, both the ICM and the ESCs acquire proper biological potential only
through the interaction with TE. If this were the case, cell entities carrying genomic

alterations that prevent the development of the TE lineage from the very beginning

should be considered a colony of ESCs and not a disabled embryo, in contradiction

to the DIANA criterion we offered earlier.

Against these objections we reply that generation of fully ESCs-derived mice

has always been done using combination of ESCs with embryos (morulae or

tetraploids) without removing the ICM from the host. In either case one cannot

exclude the possibility that the ESCs experience changes in their gene expression

pattern equivalent to what they experience when injected into a diploid blastocyst

with ICM.

To solve this dilemma, it would be important to perform the following experi-

ment in a mouse model: after the extraction of the ICM from a fertilization-derived

blastocyst, one injects a colony of ESCs into the remaining healthy TE (Actually

this experiment has been done but the results have not been published so far; for a

more precise description see Suarez 2011, the chapter 11 in this book). Our

prediction is that the so-reconstituted blastocyst will experience the same fate as

the blastocysts reconstituted using parthenogenetic primitive ectoderm in combina-

tion with fertilization-derived TE (Gardner et al. 1990), i.e., they may possibly reach

heart beating and blood circulation, but will not unfold spontaneous fetal motility. It

is well known as well that the ICM cells are heterogeneous and only a subpopulation

of them gives rise to ESCs (Zwaka and Thomson 2005). Observations on develop-

mental markers show also that ICM and ESCs cannot be considered equivalent in

spite of the fact that ESCs remain undifferentiated (Wongtawan et al. 2011). There

is additionally evidence that in chimeric mouse blastocysts the tetraploid cells are

depleted in the epiblast region of the late blastocyst but not completely excluded

until later (MacKay and West 2005). These results seem to speak in favor of our

prediction that using ESCs in combination with diploid TE will not have the

capability to develop neural activity. If our prediction is confirmed by experiment,
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then it would be clearly demonstrated that a colony of ESCs has a developmental

potentiality similar to that of the standard parthenotes and cannot be considered

equivalent to an ICM. Thus, the DIANA criterion would be proved right by

experiment.

By contrast, if our prediction fails, one would be led to the conclusion that the

ESCs colony acquires the capability of developing neural activity through the

interaction with the TE. If this holds, alterations preventing the development of

the TE lineage would not produce disabled embryos but simply clumps of ESCs.

Nonetheless, one would have to face two challenges: (1) demonstrating that the

modifications the TE induces into the ESCs and those the implantation induces into

the ICM cells are essentially different from each other and (2) determining when,

after implantation, the extraembryonic layers cease being necessary for the personal

identity and moral status of the ICM-derived body. Without achieving (1) and (2)

one could not invalidate the argument that the embryo requires the interaction with

the maternal organism (or an equivalent growth culture) in order to acquire “full

developmental potentiality and moral status.”

In any case, the proposed experiment would allow us to ascertain whether

aggregation with a tetraploid embryo or a diploid eight cell-stage induces changes

into the ESCs, which are essentially different from the changes induced by the mere

TE. And such an experiment is valuable not only from an ethical but also a scientific

point of view.

5.9 Can Reprogramming Adult Somatic Cells Become

a New Form of Cloning?

The experimental generation of fully iPSCs-derived mice using complementation

with a tetraploid embryo has been considered the proof of complete equivalence

between ESCs and iPSCs (see section 5.7). However, the possibility of obtaining

fully iPSCs-derived animals raises a new concern.

Apparently, the contact with the tetraploid embryo reprograms in vivo the ESCs

and iPSCs to a state equivalent to that of an ICM interacting with the TE.

Consequently, nothing speaks in principle against the possibility of reprogramming

in vitro somatic cells to iPSCs equivalent to an ICM and, therefore, sharing the

status of an embryo. From an ethical point of view it is important to exclude this

new form of cloning.

Achieving this requires an experiment similar to the one proposed in the preced-

ing section. That is, inject a colony of iPSCs into a healthy TE without ICM. If the

so-reconstituted blastocyst iPSCs+TE fails to develop, one can be sure that the

iPSCs are not equivalent to an ICM. Suppose by contrast that the reconstituted

blastocyst iPSCs+TE develops to birth while the blastocyst ESCs+TE does not. This

would mean that the reprogramming has gone too far and produced a cell entity

sharing the status of an embryo (see Suarez 2011, the chapter 11 in this book).
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5.10 Conclusions

We have argued that personhood, or the presence of a rational soul, can be

ascertained in a human organism by observing the presence of the proper biological
potential to unfold the neural activity responsible for controlling spontaneous

motility. Additionally, we have shown that the embryo’s proper potential of

developing neural activity is not determined by implantation. Hence, we are led

to conclude that a human embryo in culture is animated by a human spiritual soul.

Our inquiry also shows the need, and benefit, of fine-tuning the conventional

definition of death as the “loss of the integrative capacity specific to an animal

organism.” In our view, a brain-dead animal organism is declared dead on the basis

of the irreversible loss of the proper potential for spontaneous motility in spite of the

fact that it may still exhibit a certain degree of “integration” and be considered a

“living organism” to some extent. This means that our philosophical categories

support the current clinical criteria for defining death.

We have further introduced the concept of insufficiencies that directly inhibit the

appearance of neural activity (DIANA insufficiencies).We have shown that DIANA

insufficiencies provide sufficient criteria for distinguishing between disabled

embryos and nonembryos. This task remains relevant independently of the fact

that iPSCs techniques have superseded the possible use of parthenotes or ANT for

deriving human pluripotent cells without destroying embryos. Indeed, the iPSCs

techniques themselves may become improved to the point of reprogramming adult

cells to an ICM or morula stage.

Finally, we have argued that the criteria of proper biological potential andDIANA
cannot be objected to on the basis of experimental generation of fully ESCs-derived

mice using aggregation of ESCs with diploid or tetraploid morulae, for such

morulae remain capable of producing an ICM. To settle this issue it is necessary to

perform a new experiment (using well-known techniques along the lines outlined

earlier) in which ESCs are aggregated into a blastocyst without an ICM.
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Chapter 6

Distinguishing Embryos from Non-embryos

Patrick Lee

Abstract This chapter considers several techniques recently developed to obtain

human pluripotent stem cells, without, apparently, disaggregating human embryos:

reprogramming somatic cells (to obtain induced pluripotent stem cells, or iPS

cells), altered nuclear transfer combined with oocyte-assisted reprogramming, and

parthenogenesis (naturally occurring or chemically activated). On what basis can

one determine whether a product of a reproductive technique is a human embryo or

not? This chapter proposes a criterion: does the entity produced have the genetic–

epigenetic state, and overall organization, such that it will develop itself to the

mature stage of a human organism (an organism with a brain that can provide

experience suitable to be the substrate of conceptual thought), provided a suitable

environment and nutrition? This chapter briefly defends that criterion and applies it

to various types of biological entities.

Keywords Embryo • Formal cause • Human organism • iPS cells • Material cause •

Mechanism • Parthenogenesis • Tetraploid complementation

6.1 Introduction

Recently, several techniques have been developed to obtain human pluripotent stem

cells, without, apparently, disaggregating human embryos. These techniques

include reprogramming somatic cells (producing induced pluripotent stem cells,

or iPS cells), altered nuclear transfer combined with oocyte-assisted reprogramming

(ANT-OAR), and parthenogenesis (e.g., by chemically activating the female

pronuclei in oocytes). These proposed techniques raise the following question:

how can one determine that a product of a reproductive technique is a cell or
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a group of cells that is not a human embryo? Is it possible that such techniques

might produce disabled embryos rather than non-embryos?

From the ethical angle, we are primarily interested in entities that qualify as

subjects of rights. I presuppose here that every rational being – that is, an individual
possessing a rational nature – is a subject of rights. [There are several cogent

defenses of this position. For example, see Lee and George (2008a)]. Every

human being has a rational nature, even though it may take him or her several

months to actualize that nature, that is, to perform the specific operations to which

that nature orients him or her (Lee 2004; Lee and George 2008b; Oderberg 2000).

Thus, an individual need not be able to perform rational actions right now, such as

self-awareness and deliberate choice, in order to be a subject of rights. It is enough if

he or she has a nature orienting him or her to those types of operations. Every

human being, that is, every human organism, has a rational nature. Every human

being has a structure orienting him or her to the mature stage at which he or she will

be able to perform such actions. (I hold that human beings do possess rational souls.

But one does not determine whether an entity is a human being by first determining

whether it has a rational soul. Rather, one first finds evidence that an entity is a

human being and from that one concludes that he or she must have a rational soul. In

my judgment, conceptual thought, acts of will, and reflexive self-awareness are

immaterial actions, not themselves brain processes. But in human beings those

actions depend on previous brain processes sufficiently complex to produce sense

presentations suitable to be the source and specifying cause of basic, first-level

conceptual thought. So, every human being must either have a brain or have the

capacity to develop a brain. Thus, while I hold that a human being has a rational

soul, which survives death, and which cannot emerge from lower material forces –

these are not points that must be presupposed for examining these issues.) It follows

that just as a human being who is in a coma is a subject of rights, though he cannot

presently exercise his basic natural capacities for rationality and deliberate choices,

in the same way, a human embryo or fetus is a subject of rights, though it may take

him or her several months to actualize his or her specifically human basic capacities.

At what point does a human embryo come to be? In the normal case of

reproduction, the answer is that, when at fertilization the sperm joins the ovum,

the sperm and the ovum cease to be, and generate a new entity, which is a distinct

new organism that has the developmental trajectory toward, or the active disposi-

tion to develop itself to, the mature stage of a human being. Put differently: when a

human sperm has joined a human ovum, and generates a new and distinct organism,

there now exists an organism whose genetic–epigenetic state, and overall organiza-

tion, is such that it will develop itself to the mature stage of a human organism,

provided a suitable environment and nutrition.

In the last paragraph I stated the basic criterion for being a human organism in

two ways, or rather, I stated two aspects of that criterion. One aspect emphasizes

the formal or final cause: a new human being is generated when a new organism that

has the active disposition to develop itself to the mature stage of a human organism

is produced. The evidence for the existence of such an entity would be the develop-

mental trajectory of such a being when placed in the appropriate environment

and provided sufficient nutrition. As the scholastics put it: agere sequitur esse.
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[Father Nicanor Austriaco, OP, emphasizes this point in Austriaco (2005)]. Stating

the issue in this way explicitly recognizes that we are speaking of the organism as a

living, whole entity, not a mere aggregate of smaller entities [on this see Oderberg

(2007, especially 65–71) and Connell (1988)].

The second aspect of the criterion is that a new human organism exists when

there is a new living entity with the genetic–epigenetic state that provides the

cascaded information for the development of this entity to the mature stage of a

human organism. This states the criterion from the standpoint of the material cause.

(By material cause is meant that out of which a thing comes to be, its ingredients.

By formal cause is meant the actualization or specification of these ingredients to

make them an individual of this fundamental kind rather than of another kind.) Of

course, these two aspects of the criterion (formal cause and material cause) are

metaphysically interdependent; each implies the other. One can use the criterion in

either of its aspects to distinguish one type of cell from another, for example, a skin

cell from a one-celled embryo, a zygote. The human zygote has an active disposi-

tion to develop itself to the mature stage of a human organism; the skin cell does

not. The human zygote has the genetic and epigenetic state orienting it to develop to

the mature stage of a human being, but the skin cell does not. If one found a tiny cell

in a Petri dish in one’s lab, one could determine with certainty whether it is a human

embryo as opposed to a skin cell. In most cases, by this criterion one could also tell

whether it was a severely disabled embryo or a non-embryo of some type.

Both a skin cell and a one-celled embryo (zygote) have the whole human

genome (DNA sequence in its nucleus), but the zygote is a whole (though imma-

ture) human organism, while the skin cell has a nature that makes it suitable to

function only as a small part of a human organism. Thus, the mark of a human

organism at its early stages of development is not just the genetic structure in its

cells, but the total epigenetic state of its cells – how the DNA within the nuclei of

these cells is modified to determine the order and sequence of differential gene

expression – the cytoplasmic factors within the cells, and (at the multicellular

stages) how these cells are arranged.

The process of fertilization sometimes goes seriously awry and can generate an

entity (or a group of cells) that is human in the sense that its cells have nuclei with

the human genome, but this entity lacks the constitution that would orient it to

developing itself to the mature stage of a human. Such an entity is not a human

organism. The criteria mentioned above can distinguish between such products of

incomplete fertilization and human embryos. What follows are some applications.

6.2 Various Type of Conceptus

6.2.1 Complete Hydatidiform Moles

A complete hydatidiform mole (CHM) is a conceptus that contains placental tissues

and contains only genes of paternal origin, though it is diploid. It is formed in one of

two ways: (a) two spermatozoa fertilize an oocyte that has lost its nucleus and the
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two male pronuclei then fuse to form a diploid nucleus, or (b) a single sperm

fertilizes an oocyte that lacks its nucleus and the chromosomes in the sperm’s

nucleus duplicate without separating and form a diploid nucleus. The CHM cells

lack the epigenetic state that orients them to the organized self-development toward

the mature stage of their species. From the beginning, CHMs lack the organization

necessary to divide into trophoblast and inner cell mass – the first differentiation in

the embryo’s development. The various cells in this growth at no point act together

as parts of a whole – indicating that they are not parts of a whole. Although the

cells contain the human genome, the epigenetic state of these cells is not such as to

dispose them as a unit to develop to the mature stage of any organism. Thus, given

the criterion stated above, it follows that CHMs are not at any stage human

organisms.

6.2.2 Partial Hydatidiform Moles

A partial hydatidiform mole results from the fertilization of a normal oocyte by two

spermatozoa to form a conceptus with three sets of chromosomes (not the normal

diploid). Some of these entities have differentiated into trophoblast and inner cell

mass (the precursors, respectively, of the placental organs and the rest of the

embryo) and it also seems possible that they possessed an orientation toward

developing a brain of the human sort, but also possessed a defect (in a part of

their genetic makeup distinct from those parts providing an orientation to the

development of a brain and nervous system) that precluded their survival. So, a

partial hydatidiform mole may contain, or may have contained, an immature human

organism within it. [A partial hydatidiform mole usually also contains extraneous

cells attached to it.]

6.2.3 Parthenotes Occurring in Nature

A parthenote is in some ways comparable to a CHM. A CHM contains only

paternally derived chromosomes; a parthenote (if not manipulated) contains only

maternally derived chromosomes. (In fact some authors refer to CHM’s as

androgenotes) A parthenote is the product of parthenogenesis, that is, the activation

of an oocyte without the fusion of a spermatozoan. In some nonmammalian species,

parthenogenesis is a normal way of producing live offspring. In mammals, parthe-

nogenesis is abnormal, but does occur rarely; and such parthenotes develop for a

short time in an embryonic manner (by cell cleavage, and forming a cohesive group

of cells). But, when produced without artificial intervention, the parthenote does not

survive past the eight-cell stage (Brevini and Gandolfi 2008; Huarte and Suarez

2004). Like CHMs, such parthenotes from the beginning lack even the capacity to

differentiate into inner cell mass and trophoblast, the first differentiation occurring
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in embryonic development. Thus, mammalian parthenotes occurring in nature are

not human embryos.

6.2.4 Genetically Manipulated Parthenotes

Recently, techniques have been developed to induce parthenogenesis in mammals,

including mice, rabbits, cows, pigs, goats, and primates. At the same time, the

process has been modified so that these parthenotes will develop further than the

first few cell divisions. Induced parthenotes require further analysis.

In normal fertilization, both paternally derived and maternally derived genes

function in orchestrated ways, each silencing certain genes of the opposite type and

(at appropriate times) activating transcription of certain genes in its own nucleus.

This complementary silencing and expression of different genes is called genomic
imprinting. The lack of genomic imprinting in CHMs and naturally occurring

parthenotes is the central reason why they are not whole mammalian organisms.

However, when parthenogenesis is induced, the genetic expression in these cells is

sometimes also altered in order to compensate for the lack of genomic imprinting.

This raises the question of whether such a technique might produce an embryo.

A process of altered parthenogenesis could in effect become a type of cloning,

rather than the activation of an oocyte to develop in an embryo-like manner.

There are three types of altered or manipulated parthenogenesis – all have been

attained with mice and some also with humans. I will leave the discussion of the

scientific details of the different types of parthenogenesis to others, but suffice it to

say that some techniques merely coax the oocyte to maintain a diploid state (since a

matured, or secondary, oocyte has two sets of chromosomes before it ejects half of

them in what is called the second polar body), without supplying information that

would normally come from the sperm. (The procedure consists in exposure of

oocytes to a calcium ionophore followed by a protein synthesis inhibitor – to

mimic changes normally induced by the sperm in fertilization [see Huarte and

Suarez (2004) and references there; also Paffoni et al. (2007)]). These parthenotes

only develop to the blastula stage, and it is clear that they lack the intrinsic potential

to develop a basic body plan and, a fortiori, from the beginning lack the intrinsic

potential to develop a neural system. Hence, these are not human organisms.

By a second type of parthenogenesis, which has been applied to mice, it seems

possible that one could produce a human parthenote that could develop to the stage

where the heart forms and some circulation begins, as well as some neural activity.

In this procedure, an immature oocyte is combined with a mature one (the immature

oocyte is called a nongrowing oocyte or ng oocyte, and so these are referred to as ng

parthenotes). By a third procedure, a human parthenote might be produced, by

combining an immature oocyte with a mature one, and at the same time altering a

gene (silencing the H19 gene) in one of the oocytes before fusion. By this proce-

dure, the entity produced develops even further than the entities produced by the

second procedure but still not to birth (17.5 days in mice, where birth is typically at
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day 19.5). And by a fourth procedure one might create a human parthenote that

develops to birth. (This is like the third process, but in addition, another gene that

would otherwise be abnormally silent in both oocytes (Igf2) is activated.) [See

Huarte and Suarez (2004), also Paffoni et al. (2007).]

Huarte and Suarez have argued that the first procedure does not produce

embryos, but the second, third, and fourth procedures probably do. They argue

that the minimally sufficient potential for development needed to be a human

embryo is the capacity to develop spontaneous motility, since such a capacity is a

prerequisite for voluntary action, and such deliberative action is the operation

distinctive of the human kind (Huarte and Suarez 2004; Suarez et al. 2007).

If the scientific argument they advance is correct, then I agree with their overall,

philosophical conclusion – philosophical, because it partly depends on a philosophical

premise. Whether a developing entity is a human organism must be answered by

determining (if possible) whether it has the intrinsic active potential to develop to the

stage where it can (if not impeded) perform operations specific to human organisms.

Human organisms are rational animals. A rational animal is one that has at least a

radical capacity to perform rational functions. An organism has a radical capacity or
potentiality for a function if has within itself a material constitution that disposes it,

given a suitable environment, to develop sufficiently to perform that function, even if

it cannot right now perform that function. The rational operations that differentiate

human beings from other animals include such functions as conceptual thought,

reflexive self-awareness, reasoning, andmaking deliberate choices. Rational functions

presuppose sensation, and in mammalian organisms such as humans, sensation

presupposes a functioning brain. It follows that an entity is a human being only if it

has a radical capacity for sentience, and thus, only if it either has a brain or has the

intrinsic capacity to develop a brain [see Grisez and Lee (2011)]. Thus, parthenotes

that lack the capacity to develop a brain are not human organisms, while parthenotes

that do have such a capacity are human organisms; so the conclusions of Huarte and

Suarez about the different types of parthenotes are correct.

6.2.5 Products of ANT-OAR

Altered nuclear transfer (ANT), joined with oocyte-assisted reproduction (OAR), is

a modification of somatic cell nuclear transfer (SCNT, or cloning) in order to produce

a mass of cells that do not constitute a human organism, but from which pluripotent

stem cells can be cultured. In the ANT-OAR process, the nucleus of a somatic cell

is joined to an enucleated oocyte (as in cloning), but before that, certain genes in the

nucleus of the somatic cell are silenced, and certain genes in the oocyte are over-

expressed, so that the product of the fusion of these entities is not a human organism.

One proposal is to knock out the Cdx-2 gene in the nucleus of the somatic cell

before joining it to the enucleated oocyte and at the same time overexpress the nanog

gene in the enucleated oocyte. Transcription of the Cdx-2 gene and the delay of

transcription of the nanog gene are necessary for the differentiation of the cells into
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inner cell mass (the precursors of the permanent organs in the embryo) and tropho-

blast or trophectoderm (the cells that are the precursors to the placenta, chorion, and

other temporary organs of the embryo). But this differentiation is the first step made

by the human organism as a whole in its progressive differentiation and self-

development to a highly complex body. So, if the product of ANT-OAR from the

beginning lacks this gene (that is, it has been repressed or inactivated in some way),

and has the nanog gene from the ooctye expressed, then it lacks constituents and

structure necessary for making the first step in human development. To possess such

an epigenetic state at this stage is not just to lack a part in an otherwise intelligible

whole; rather, it is to lack a structure suited to the development toward a more

complex multicellular organism. Thus, if the scientific basis of the argument is

correct, it follows that products of ANT-OAR would not be human organisms.

6.2.6 Induced Pluripotent Stem Cells (iPS cells)

These are obtained by manipulating somatic cells, essentially reprogramming them

– in a way, de-differentiating them – back to a pluripotent state. A pluripotent cell is

a relatively undifferentiated cell able to be coaxed into developing into other more

specialized cells, almost any other cell of the body. IPS cells are obtained by taking

a somatic cell, and introducing certain genes into its nucleus by viral vectors (most

recently, by adenoviruses), with the result that the epigenetic state of the cell is

changed from a specialized cell (say, a fibroblast cell) to a pluripotent cell. It seems

that human iPS cells would have the properties that make embryonic stem cells

desirable, without the ethical problems, and without many of the practical

difficulties, of obtaining human embryonic stem cells. The grounds for classifying

a pluripotent cell as a part of the human organism, rather than as a whole embryo

itself, are similar to the grounds for classifying a skin cell as by nature a part [the

skin cell is by its constitution oriented to being a part of a whole organism, though

when isolated from an organism it is no longer actually a part – as a heart in an ice

chest is not actually a part of anyone at that time, though by its constitution it is apt

only to be a part] rather than a whole: the developmental trajectory is distinct from

that of a zygote or embryo, and the genetic–epigenetic state of the cell is different

from that of a zygote – its epigenetic state programs it to cooperate with other cells

in the functioning of a larger organism of which it would be a part, rather than to

develop itself to a more complex organism.

6.3 More and Less Severe Genetic Defects

From the preceding, it follows that it is possible to produce a cell or a group of cells

that is human, in the sense that it is from humans and has the genetic sequence

characteristic of humans in its nucleus, but that from the beginning lacks the
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genetic–epigenetic state that provides an active disposition to develop itself to the

mature stage of a human being.

Of course, not every genetic or epigenetic defect means that those possessing it

are not human organisms. Human embryos with Huntington’s disease, Cystic

Fibrosis, various types of Trisomy, and countless other genetic defects obviously

have a genetic–epigenetic program orienting them toward developing themselves to

the stage where they possess a brain suitable for being the substrate of conceptual

thought, deliberate choice, and reflexive self-awareness. This is so even if the

particular genetic defect an individual possesses also means that he will die before

he matures very far. For example, the cause of most cases of anencephaly is

environmental. But suppose (for the sake of argument) that some cases result

from genetic defects. Still, these individuals are whole (though immature) human

beings: it is part of their genetic–epigenetic program to develop whole brains, but

they also possess a genetic defect in a different part of their genetic–epigenetic

program (preventing the folding over of the neural tube in fetal development) that

impedes the actualization of their intrinsic potential. Analogously, one’s hand is

designed to grasp objects, but it can also have a defect (for example, a broken bone)

that prevents it from doing that. An organism can have a genetic–epigenetic

program orienting it toward a certain mature stage, but also have a defect in another

part of its genetic–epigenetic state that prevents it from fully actualizing his or her

intrinsic potentialities.

This raises a further question. Would it be possible by ANT-OAR, or by a

modification of parthenogenesis, to generate an individual that (a) was a distinct

and whole organism, (b) was genetically human, (c) had a disposition to develop a

brain, but (d) had a disposition only to develop the type of brain that is not suitable

to be the substrate of conceptual thought – in other words, a brain but not of the

right sort? The answer is that if such an individual could be produced, this would

not be a human individual, a rational animal. This entity would not be an individual

with the radical capacity for conceptual thought and deliberate choice – and so

would not be a human being. It seems to me that to produce such an entity is

theoretically possible. However, as long as an individual with the human genome

has a brain, or the capacity to develop a brain, one could never verify with certainty

that such an individual lacked the right sort of brain or the capacity to develop the

right sort of brain (one suitable to be the substrate for conceptual thought and self-

awareness). So, while I think this is theoretically possible, it is not practically

possible: one could never be sure one had produced such an individual.

6.4 The First Four Days of Development

One objection to the ANT-OAR proposal – and by implication, to other proposals to

obtain pluripotent cells – is that this procedure would in fact produce a disabled

embryo rather than a non-embryo because in its early stages it was an embryo. The

objectors admit that the expression of the Cdx-2 gene and the delay of the nanog
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gene’s expression are crucial for the organization of the embryo. However, in the

normal case of fertilization (or even in the “normal” case of cloning), the Cdx-2 gene

is not expressed until the 16- or 32-cell stage, on approximately day 4. But that

means (so it has been objected) that the failure in organization will not occur until

approximately day 4. Thus, it appears that the organizational step that is prevented is

not at the beginning (or possible beginning) of the embryo, but further down the line,

sometime after the product of ANT-OAR has come into being. So, the objection is

that the product of ANT-OAR appears to be a developing human organism between

day 1 and day 4, and the deletion of the Cdx2 gene only causes this embryo to die at

approximately day 4. Adrian Walker has argued that the process in question is

accurately described as a “genetically programmed delayed structural collapse.”

[Walker (2005, p. 672). W. Malcolm Byrnes expresses this objection in the form of

rhetorical questions: “The question here is this: Is not the embryo prior to the stage at

which Cdx-2 expression is needed just like a so-called normal embryo, except for

the silent ‘defect’ lurking in the genome? And, is not this situation precisely like that

of a person with a genetic predisposition for Huntington’s disease who lives a

symptom-free life until the age of forty?” Byrnes (2005, p. 275]

First, to clarify the issue, it should be noted that the type of events that occur in

the product of ANT-OAR that might appear to be internally coordinated also occur

in masses that are generally admitted not to be unitary organisms. The first few

rounds of cell division, with an enveloping zona pellucida (inherited from the

oocyte) also occur in masses of cells that are clearly not, at any point in their

proliferation, unitary organisms – for example, teratomas and CHMs. The manner

of growth (including cleavage and compaction of the cells) is explained by the

properties of the individual cells without the existence at any point of a higher level

entity, that is, a whole organism.

Second, the decisive difficulty with this objection is that in an actual whole

embryo the first holistic action, that is, the first action that cannot be adequately

explained by the properties of the individual cells, is the differentiation of constituent

cells into inner cell mass and trophectoderm. Yet, although the actual differentiation

may not occur until day 4, the epigenetic alignments begin taking place from

fertilization onward. The epigenetic alignments are the modifications of the various

genes so that they will be expressed in the order and at the time that is needed for the

first functional differentiation in the cells to occur. So, although the differentiation

may not occur until day 4, this basic operation actually begins on day 1, since the

epigenetic modifications preparing the way for this differentiation begin to occur at

that time (Condic 2008). But if the Cdx-2 gene is deleted or silenced, and if the nanog

gene is overexpressed, this basic operation does not begin on day 1, since the

epigenetic factors that are actually the beginning of this operation cannot begin.

6.5 Evidence of Absence of Human Nature

A second objection that has been raised against ANT-OAR – but perhaps could be

raised against the other proposals (parthenotes and iPS cells) – is that the proposal

confuses the absence of evidence for the existence of a developing human organism
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with evidence of the absence of a human organism. As Adrian Walker expresses

this objection: “While the presence of the appropriate genetic structure is a reliable

sign of the presence of an organism of the corresponding sort, the absence of this

structure is not necessarily a sign that the corresponding organism is absent, too.”

Walker (2005, p. 672)

This raises a legitimate question: there must be positive evidence of the absence

of a human organism, not merely the absence of evidence. But it is important to see

that the evidence that the product of ANT-OAR is not an organism is not simply

that it fails to operate as an organism (and the same point applies to some

parthenotes, iPS cells, etc.). That, of course, is part of the evidence, but it is true

that an entity may fail to manifest its distinctive nature, either because of external

impediments to the exercise of its powers, or – more significantly here – because of

internal defects that are not so severe as to cause it to cease to be. But the evidence

in the products of ANT-OAR, some parthenotes, and so on, in each case is more

than the absence of organismal behavior. In addition to the absence of coordinated

behavior along the trajectory toward the appropriate mature stage, it is known that

the ingredients and the arrangement of these ingredients is such as to preclude from

the beginning the development along the human trajectory. From the beginning, the

materials lack what is necessary for the formation, that is, for the coming to be, of

an animal-organism. For example, the deletion or silencing of the Cdx2 gene, plus

the overexpression of the nanog gene, means that the entities produced are unable,

from their beginning, to perform the first internally coordinated operation of the

putative organism. So, this is not absence of evidence, but evidence of absence.

6.6 Mechanism?

A third objection is that the argument for the ANT-OAR proposal subtly

presupposes a mechanistic view of material organisms – and perhaps the same

might be said about the arguments for the other proposals. This objection has been

expressed several times in slightly different manners. Adrian Walker claimed that:

“[D]espite their [namely proponents of ANT-OAR] protestations to the contrary,

they are mechanists who believe that living organisms are actually just complex

machines: assemblages of parts whose unity is entirely a result of their completed

assembly, and is in no sense ‘more than the sum of its parts.’” (Walker 2005). This

is because, argues Walker, proponents of ANT-OAR suppose that preventing the

coordination of its parts into a whole will prevent the existence of the organism as a

whole (what Walker calls “the coordinated all-at-onceness of its parts”). But this

thought, says Walker, ignores the nonmechanist truth that the organism itself is the

cause of the coordination of its parts. Only by confusing “the coordinated all-at-

onceness” of an organism with the organism itself, the organism as a whole, says

Walker, could proponents of ANT-OAR hold that suppression or expression of

certain genes would be sufficient to prevent the coming to be of an organism.
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David Schindler also advances this objection. He quotes a Joint Statement in

favor of ANT-OAR (Production of Pluripotent Stem Cells by Oocyte Assisted

Reprogramming: Joint Statement, http://www.eppc.org/publications/pubID.2374/

pub_detail.asp) that was signed by various ethicists (myself included) and scientists

when it says that, “the nature of each cell depends on its epigenetic state.” Schindler

then comments as follows:

This claim, undefended in the statement, is what legitimates the proposal in the signatories’

eyes. How? If the identity of a cell depends on its epigenetic state, and the totipotent zygote

is a unicellular entity, then, so OAR’s proponents reason, timely and strategic epigenetic

modifications should suffice to prevent such a zygote from coming into existence in the first

place (Schindler 2005, p. 371).

Later, Schindler characterizes this position as a mechanistic error. Rather,

Schindler argues, epigenetics is not the first cause, but is only an expression of an

already existing organism. According to Schindler, the proponents of OAR fall into

mechanism by confusing a phenotype based on epigenetics with the substantial

identity of the organism. [Describing the supposed basic error of ANT-OAR’s

proponents, Schindler sums up this objection as follows: “If, in fact, substantial

identity is essentially a matter of epigenetics, then the absence or presence of an

organism is simply amatter of reshuffling the epigenetic pieces – a classic mechanist

maneuver. In a word, the assertion that OAR enables us to create pluripotent stem

cells without creating an embryo is certainly true only if the mechanistic philosophy

mediating this claim is certainly true, which it is not” (Schindler 2005 372).]

I certainly agree that mechanism is false. Mechanism is the denial of the

existence of complex substances, the idea that what appear to be complex

substances are actually only aggregates of substances. It is the idea that there are

no wholes that are substantially more than the sums of their parts. As a machine is

actually just an aggregate of substances, since the nature of each constituent is

independent of its relation to other constituents in this group, so what appears to be

a unitary substance composed of parts – an organism, for example – is (according to

mechanism) really just a group of lower level entities arranged in a certain manner.

In contrast, nonmechanism holds that there are complex substances and that a

whole organism, for example, has properties and behaviors not just resultant from

the interaction among its parts. To take simple examples to illustrate the non-

mechanist thesis: when a baseball shatters a window, it is actually just the atoms

making up the baseball that shatter the window – the baseball in fact possesses no

causal powers in addition to the causal powers of the atoms which together

constitute what we call the baseball. So the baseball is only an aggregate of lower

level substances, not itself a unitary substance. However, a genuine multicellular

organism does have causal powers in addition to those of its constituents – for

example, it grows, reproduces, maintains homeostatic conditions, and perhaps

senses, performs voluntary movements, and so on. Walker and Schindler charge

proponents of ANT-OAR with mechanism on the grounds that proponents of ANT-

OAR hold that the modifications of the parts of constituents before they are joined

can prevent the coming to be of a substance in the union of those constituents (and

perhaps he would apply this criticism to proponents of other techniques as well).
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But this charge involves a basic confusion about the nature of mechanism and

about the proper role of material causes in any nonmechanistic understanding of

material beings, including organisms. The nonmechanist recognizes formal and

final causes as well as material and efficient causes (though this language may not

always be used). In living beings the formal cause and final cause are the same – for

example, a mature instance of an oak tree is the formal cause of the materials in the

oak tree, but it is also the goal of its operations, the end to which it tends. Still, the

material cause, that out of which a substance comes to be, is crucial in the generation

of an organism – just as it also is crucial in the ceasing to be, that is, the death, of an

organism. Thus, the proponents of ANT-OAR (and similar techniques) are not

proposing, nor assuming, a mechanist view of organisms when they insist that an

organism cannot come to be from materials that are not apt for the organization or

coordination involved in a living material being of a specific kind.

It is an old saying that one cannot make a silk purse out of sow’s ear – and that is

a statement strictly about material causality. Even these days one could reverse that

proposition – one cannot make a sow’s ear out of a silk purse. (Even though,

apparently, one can make a sow out of a sow’s ear.) To take an example from the

artificial realm: one needs a certain apt material in order to make a knife; one cannot

make a knife out of clay or out of sand – the sand particles would not stick together

sufficiently to have anything anyone would call a knife. Similarly, if the scientific

claims made above about the Cdx-2 and the nanog genes are correct, then one

cannot obtain an organism from the joining of a somatic cell with a silenced Cdx2

gene to an enucleated oocyte with an overexpressed nanog gene – the proliferated

cells may adhere to each other, but they will from the beginning lack the capacity to

function together for the first unified act of the organism as a whole. This position is

not mechanism: it merely recognizes the importance of material causes.

In fact, the aptness of the material causes for the human form is the central issue

also when questions about the death of a human being are considered. Whether

brain death is the correct criterion of death or the cardiopulmonary criterion is the

right criterion – in either case, what occurs in death is nothing other than the

material constituents becoming so modified that they cannot maintain the unity or

sustain the substantial form of a human organism. Thus, in both the coming to be

and the ceasing to be of a human being, the right sort of materials must be present –

and that fact provides a basis for a criterion for whether an unqualified coming to be

or ceasing to be has occurred.

6.7 Stem Cells and Tetraploid Complementation

A fourth objection denies that stem cells, including iPS cells, are ontologically or

morally different from human embryos – only, instead of concluding that both are

human organisms, proponents of this objection conclude that neither are. I argued

above that a human embryo is a human organism because it has the intrinsic

potential to develop itself to the mature stage of a human being. But it has been
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objected that it has now become clear, through the process called tetraploid

complementation, that stem cells, including iPS cells, also have the potential to

develop to mature human organisms if they are provided the right environment, or

provided an essential organ – namely, the trophoblast, from a tetraploid “embryo.”

In tetraploid complementation (a process used routinely with mice for genetic

research), first, a tetraploid embryo is produced (for example, by fusing the cells

in a two 2-cell embryo). The product is called a tetraploid “embryo,” although its

status is unclear (that is, it may not be a genuine embryo). [The status of any

particular tetraploid “embryo” is ambiguous. When not complemented by embry-

onic or induced stem cells, tetraploid “embryos” often proliferate only trophoblastic

tissue and in such cases clearly are not embryos. However, some (without the aid of

stem cells) do develop, though more slowly, to mid-gestation, with all organs

present, and in rare cases have even developed to term. See Eakin and Behringer

(2003), Kaufman and Webb (1990), James and West (1994). So, some products of

tetraploid complementation are genuine embryos, and for such a tetraploid embryo,

the insertion of stem cells into it would be the insertion of stem cells into an ongoing

embryonic development, rather than the generation of a new embryo. (I am

indebted to Maureen Condic for alerting me to this point.) However, since this

type of case apparently occurs infrequently, and those who have raised the objec-

tion considered above presuppose that tetraploid “embryos” are not whole

organisms, I will focus mainly on the type of tetraploid complementation that

involves a tetraploid “embryo” that is not a whole organism.] Next, a stem cell

(either an embryonic stem cell or an iPS cell) is joined to this tetraploid “embryo,”

and (if the process succeeds) the resulting entity then develops as an embryo.

In most cases of successful tetraploid complementation, the lineage of the cells in

the mature fetus is entirely from the stem cells, while the placental and other

“extraembryonic” tissues’ cell lineage is entirely derived from the tetraploid

cells. The objection is that this fact shows that the stem cells simply become the

mature embryo and fetus and that the tetraploid “embryo” merely provides either a

suitable environment or a needed organ (in effect, a transplant).

Thus, Gerard Magill and William Neaves argued as follows:

A reprogrammed human cell is not fundamentally different from a nuclear-transfer or

natural fertilization zygote in its ability to become a fetus. The zygote makes its own

placenta, while the reprogrammed skin cell must be provided with one, but the placenta

never becomes part of the embryo itself. Both the reprogrammed skin cells and the cells of

the blastocyst’s inner cell mass solely form the respective embryos. That is, reprogrammed

skin cells have the same developmental potential as do the cells of the inner cell mass of the

blastocyst formed by a zygote (Magill and Neaves 2009, p. 28).

This alleged equivalence is taken to be a reductio ad absurdum of the view that

human embryos are whole (though immature) human organisms (Sagan and Singer

2007; Magill and Neaves 2009).

The first problem with this argument is that its central premise is inaccurate or

misleading. The idea is that with tetraploid complementation the stem cells give

rise to the fetus while the tetraploid cells give rise only to placenta. But, while in the

mature fetus the lineage of all of the cells of the permanent body parts are from the
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embryonic or iPS cells, nevertheless, at earlier stages of gestation, both the tetra-

ploid cells and the diploid cells are distributed throughout both regions. If the

tetraploid–diploid (4n:2n) embryo dies at mid-gestation, many tetraploid cells are

found within the permanent part of the embryo and diploid cells are found in

the placenta or the placenta’s precursor. Evidently, during several days after the

complementation, the cells of the tetraploid “embryo” and the embryonic or iPS

cells are distributed throughout all parts of the embryo but, perhaps partly because

they divide more slowly, eventually the tetraploid cells migrate to the placental

tissues (Eakin and Behringer 2003; Kaufman and Webb 1990). Hence, the evidence

indicates that, in an embryo produced by tetraploid complementation, throughout

its development the cells from the tetraploid “embryo” and the embryonic or iPS

cells are intercommunicating and functioning as parts of a whole, self-developing

organism.

Moreover, the placenta is clearly an organ of the embryo, albeit transient. The

developing organism requires information provided by both inner cell mass cells

and trophectoderm cells (the precursors to placenta). In prenatal life, the placenta

functions as a vital organ of the embryo, sharing a common blood circulation with

the rest of the developing embryonic body. (In contrast, the uterus of the mother is

clearly part of a distinct organism that does not interfere with the internal functions

of the embryo, but merely provides a supportive environment.) Hence, the iPS cells

and the tetraploid cells together constitute an entire, integrated organism. At no

point do iPS cells function as a whole organism, the way an early embryo behaves.

Another serious flaw in this argument can be seen by first considering a similar

argument of which this is a descendent. Ronald Bailey and Peter Singer earlier

argued that embryos are morally equivalent to somatic cells (such as skin cells)

because somatic cells can produce mature human beings by way of cloning

(somatic cell nuclear transfer, SCNT). In SCNT, the nucleus of a somatic cell is

inserted into an enucleated oocyte and they are caused to fuse by an electrical

stimulus, and the result (if all goes as planned) is a cloned embryo. Bailey and

Singer argued that since somatic cells are converted into embryos, and these grow

into mature members of the relevant species, human embryos are the ontological

and moral equivalent of ordinary human somatic cells (Bailey 2001; Singer 2010).

However, when the nucleus of a somatic cell is joined to an enucleated oocyte,

the enucleated oocyte does not act merely as an environment for the somatic cell

that survives this change. Rather, when joined, both the somatic cell and the

enucleated oocyte cease to be and their constituents enter into the makeup of a

new entity. This is clear from the fact that the entities existing before the change

(somatic cell and enucleated oocyte) are by nature parts of larger organisms,

whereas what exists after the change is an entirely new entity, suited to act as a

whole rather than as a part. In contrast, when an embryo develops, it survives and

actively develops itself to its own internally directed maturation. Thus, human

somatic cells have a fundamentally different status (ontological and moral) than

human embryos.

The situation is similar with tetraploid complementation (provided the particular

tetraploid “embryo” used is not already a genuine, though impaired, embryo). The
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stem cell (whether embryonic or induced) and the tetraploid “embryo” are causes

(or co-causes) that generate a substantial change resulting in the coming to be of a

new organism, that is, an embryo. If the tetraploid “embryo” were a mere environ-

ment, then the stem cells would persist and simply grow into, or proliferate, an

embryo (and later a fetus). But what exists before the change (a disparate group of

stem cells) has a different nature from what exists after the change (an entity that

now has a radically distinct, and unified developmental trajectory). None of the

stem cells, nor the stem cells as a group, was a whole organism prior to this fusion.

Before their fusion, the stem cells were simply a disparate group of cells. After the

fusion, the cells (both the stem cells and those derived from the tetraploid

“embryo”) function together to contribute to the maintenance and complex devel-

opment of a new multicellular organism. Thus, the tetraploid “embryo” is not a

mere environment enabling the stem cells to develop their latent potentialities.

[Gerard Magill and William Neaves reply to this argument in Magill and Neaves

(2009). They reply that it is true of both a zygote and an iPS cell in tetraploid

complementation and that it interacts with a supportive environment: “In all cases,

whether involving a zygote or an iPS cell, interaction with a supportive environ-

ment is required to express the developmental program residing in the genome.”

However, their reply mistakenly supposes that a cell’s, or organism’s, developmen-

tal potential resides only in its genome. But, while the genome is certainly impor-

tant to developmental potential, the epigenetic state of that genome and cytoplasmic

factors in the cell (or cells) are also essential to constituting what type of entity a

cell (or group of cells) is. In the multicellular embryo, the three-dimensional

arrangement of its cells is also important. The suppressed premise of their argument

is that any two entities possessing the same genome possess the same integral active

potency. But this is mistaken: it locates the integral potency of a cell or organism in

a mere part (i.e., the genome) and ignores other crucial factors that help determine

the active potential of that cell or organism. From the fact that a zygote and a stem

cell are similar in some respects – the presence of either, together with other factors,

can precede in time a developing embryo and then fetus – it does not follow that the

zygote and stem cell are of the same nature. It was shown above, and elsewhere, that

the zygote and the stem cell (whether embryonic or obtained from reprogramming)

combine and together have a developmental pathway as a unit that is fundamentally

different from the behaviors of either the stem cells or the tetraploid embryo prior to

their junction. The behavior of this new organism (which includes both the stem

cells and the cells of the tetraploid “embryo”) is not merely the sum of the behavior

of those cells, but involves an internally coordinated growth of a stable body

including both types of cells.].

Still, it might be replied that this argument begs the question. For, two entities

(say, what exists before tetraploid complementation and what exists after it) can

behave in very different ways if they are in different environments. What exists

before the tetraploid complementation (the stem cells) and what exists after may be

of the same nature (and in fact the same being or beings) and yet behave very

differently because they are operating in different environments. However, the

evidence that a fundamentally new developmental trajectory has been initiated is
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not just that the (stem) cells behave radically differently when joined with the

tetraploid “embryo,” but that after their junction they function together with a

direction of growth over and above that of the single cells, functioning as parts of
a new whole – the actions of the organism as a whole embryo are clearly different

from the sum of the actions of the disparate cells. As with naturally generated

embryos, in these embryos there is intercommunication between the cells,

orchestrating differential gene expression and patterned differentiated growth –

formation of a body plan, gastrulation, and beginnings of organogenesis. This is

evidence that what exists after the complementation (a whole composed both of the

stem cells and the cells of the tetraploid “embryo”) behaves in a fundamentally

different way, and has a fundamentally different nature, than what existed before

the complementation.

Again, it may be objected that the tetraploid “embryo” is like a transplanted

organ. That is, it might be argued that the tetraploid “embryo” is a part that is

needed for the survival and development of the stem cells (as a unit) on through to

embryonic and fetal stages and that the addition of the tetraploid “embryo” does not

change what it is inserted into. However, the group of entities it is joined to – the

stem cells – either already constitute an embryo or do not. If they do constitute an

embryo, this would mean that a group of pluripotent stem cells, once detached from
an embryo, or produced by reprogramming, already constitute a whole organism,

though lacking certain organs needed for survival. In effect, according to this

alternative, detaching certain stem cells from an embryo would produce a whole,

though debilitated and immature, human organism – somewhat like a cutting from a

plant. And producing the same type of cell by reprogramming would also result in

an embryo. [Agata Sagan and Peter Singer are mistaken when they claim that this

idea leads to absurdities. They claim that to hold that such cells have moral status

would lead to the moral obligation to split cells – repeatedly, or even indefinitely –

from embryos in stem cell lines to protect their ability to develop. Sagan and Singer

(2007, pp. 270–272). However, on the view they are criticizing such cells would

have moral status – would be ontologically equivalent to human embryos – only

after they were detached from the whole of which they previously were parts. Sagan

and Singer consider something like this objection but reply that what was a part can

be identical with what is now a whole – the cutting from a pelargonium, they say, is

identical with the stalk and leaf or two it was when it was attached to that larger

plant (Sagan and Singer 2007, pp. 272–274). But to hold that what was a part of an

organism is now identical with a whole organism is to deny that the whole organism

is something over and above a group of lower level entities. In effect, it is to deny

that organisms are actually anything more than aggregates of particles (cells or

perhaps molecules, atoms, etc.). This mechanistic position has several difficulties,

one of which is that it is very difficult to accomodate our apparent awareness of self-

identity through time. If what I am is an aggregate, then how is it the same I that

deliberates about what to do tomorrow and that later carries out the choice I make?

Dealing with such questions, a mechanist is pressed to identify the self with the

experiences or memories, or with a subject of experiences, both of which would be

other than the organism (which, after all, on this view, would have to be only a
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series of particles in motion, or a type of process, rather than a persisting entity).

For more on this issue, see Oderberg (2007); Connell (1988), and Lee and George

2008b), Chapter 1. I do not think the alternative that the detached human stem cells

(or iPS cells) are actually human embryos is correct, but Sagan and Singer have

failed to show that it leads to absurdities.] If this were true, then the objection that

the iPS cells and embryos are ontologically equivalent would no longer be a

successful reductio ad absurdum – rather, one would say that detaching stem

cells at a very early stage (embryonic stem cells) or producing their epigenetic

equivalent by reprogramming (as in iPS cells), would actually be much the same as

detaching a totipotent cell from a four-cell embryo, a process that produces a new

whole embryo. [If I understand him correctly, Hans Werner Denker suggests that

this may be the case with iPS cells Denker (2009).] On this view what are called iPS

cells (induced pluripotent stem cells) actually constitute a distinctive type of clones.

But this alternative does not seem to fit the facts. The epigenetic state of

naturally occurring stem cells must be significantly changed in order for such

cells to form a unified, whole organism. But no such change occurs with their

detachment. Also, the induced pluripotent cells have an epigenetic state equivalent

to that of natural stem cells, and both have material constitutions disposing them to

function only as parts of wholes. In contrast, a dramatic change does occur with the

junction of the tetraploid “embryo” to the embryonic or iPS cells, after which they

function together as a single organism.

If, on the other hand, it is argued that the stem cells before being joined to the

tetraploid “embryo” do not constitute an embryo, and also that the tetraploid

complementation does not generate an embryo, then one must explain at what

point, and how, several disparate cells become unified with no apparent cause. The

joining of the stem cells to the tetraploid “embryo” causes a radically new devel-

opmental pathway that: (a) is distinct from that of either of the entities joined, (b)

belongs to these cells as a unit, and (c) from this point on has the same pattern as

other embryos, namely, a regularly recurring, complex, and apparently interiorly

coordinated process of growth resulting in the mature stage of an organism of

the relevant species. This regularity and internally orchestrated unity in the early

development of the embryo remains unexplained on the view that an organic unity

arises only gradually at some point during gestation.

The fact that in tetraploid complementation the mature embryo’s cell lineage is

completely derived from the stem cells proves nothing concerning what it is, or

whether it is identical with an earlier group of cells or not. It certainly does not show

that the embryo or fetus is the same entity or group of entities as those stem cells.

An organism’s clone has its entire cell lineage from its one parent, but it is, of

course, a distinct organism.

The evidence, then, shows that what exists before the tetraploid complementation

(the stem cells, and the tetraploid “embryo”) are different in nature from what exists

after the change. Hence, tetraploid complementation is not the provision of a mere

environment for the development of latent potentialities in stem cells, nor merely the

transplantation of a missing vital organ. Rather, it is the generation of a new entity, a

new organism. This new organism, the new embryo, is not ontologically or morally
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equivalent to a stem cell (embryonic or induced) but has the ontological and moral

status of a human organism at the early stages of its development.

In short, a human organism comes to bewith fertilization, and probably also in the

production of a partial hydatidiform mole (though surviving only a short time), and

perhaps also with some induced parthenotes (some induced parthenogenetic pro-

cesses involving alteration of gene expression). However, CHMs, some parthenotes,

products of altered nuclear transfer (with ooctye-assisted reproduction), and induced

pluripotent stem cells are not human organisms, and therefore one could (if it is

scientifically feasible) ethically derive pluripotent stem cells from them.

6.8 When There Is Doubt

Finally, I would like to address briefly the question of what should be done if one

cannot in a given case be certain that an entity is or is not a human embryo. What

moral judgment should be made about the production and manipulation of such an

entity? What must one do in case there is reasonable doubt? The answer is that if

there is reasonable doubt about the nature of what one is considering manipulating

or killing, then one ought not to do it. There are two reasons for this. First, justice

demands that we not kill what we have reasonable doubt may be a human being:

each of us hopes and morally demands that others be reasonably certain that we are

dead before we are dismembered or destroyed, and the golden rule requires that we

treat others as we would have them treat us.

Second, the case here is quite distinct from choosing to perform an action which

one knows has some risk – in that case one might accept that risk as a side effect,

depending on how great the risk is, how great the burden of omitting the action,

one’s special responsibilities if any to those who might be adversely affected

by one’s action, and so on. But here we are not choosing to perform action A,

foreseeing that it might cause B (the risk). Instead, we are considering choosing to

kill a particular entity, with the knowledge that killing this entity might be killing a

human being. So, if we choose to destroy this entity, then we are consenting to kill

what this entity might be. In other words, if one chooses to kill what might be a

human person, then one consents to killing a human person. So, if there is reason-

able doubt about whether a biological entity is or is not a human person, one

morally must treat it as a human person.
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Chapter 7

On the Status of Human Embryos and

Cellular Entities Produced Through ANT:

Are They Persons?

Pablo Requena Meana

Abstract The term “embryo” is used in biology to refer to the early developmental

phase of an organism. In philosophy, “person” is employed to designate the specific

dignity of those beings that possess self-consciousness, freedom and moral respon-

sibility. Presently, there is a great debate on the possibility of granting the category

of persons to human embryos. Such a step would make them subject of rights and

thus prevent their destruction. In this chapter, we will show the complex nature of

these debates in the field of bioethics given that the problem of the epistemology

status of bioethics has yet to be resolved. We will also analyze the category

“person” and the various meanings it has acquired in philosophy over the centuries.

In the concluding part, we will present the Catholic doctrine on this theme and on

some recent proposals for obtaining embryonic stem cells (like in ANT). In order to

do so, we will rely primarily on the Instruction Dignitas personae, the latest

document issued by the Church on the topic.

Keywords ANT • Catholic Church • Embryo • Person

7.1 Introduction

In order to understand the title of this chapter a preliminary comment is necessary.

In the last decade, a lot has been written on alternative means for obtaining stem

cells, either for research or for treatment, without having to destroy embryos. In the

decade prior, the bibliography devoted to the use of human embryos for investiga-

tion is almost inexhaustible. While the majority of articles dwell on the scientific

aspects, some however make reference to the philosophical and ethical character of

the process. In this article, we propose to tackle the issue of the ontological status of
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the embryo and of the cellular “entities” derived from altered nuclear transfer

(ANT), using the rest of the contributions in this book as our reference point.

If one bears in mind the ethical problems related to the various proposals around

the personal status of the embryo, the enormous difficulty in realizing our objective

can be appreciated. Some decades ago, this difficulty was inexistent since there was

then no possibility of manipulating embryos in the laboratory as can be done now.

The question as to whether the embryo (or the fetus) was a person remained at a

more theoretical level. It was usually limited to the discussions on abortion. Some

people, even though they were willing to accept the personhood of the embryo, tried

to justify abortion by invoking a supposed conflict of rights. With the arrival of

artificial reproductive techniques, the issue has become more relevant since it

would be difficult to deny the embryo the rights of a person, especially the right

to life, if it is indeed regarded as a person. The changes that would need to be

introduced in the health system and in scientific practice would lead to such a

revolutionary restructuring that some have postulated that the situation already

supposes a convincing argument for reducing the negation of the personhood of

the embryo to the absurd (Wall and Brown 2006). The authors are right in pointing

out that many people in the scientific field do not regard the embryo as a person and

that many current practices would need to be radically changed but this tells us

nothing about the personhood (or not) of the embryo from a purely logical point of

view. On another note, it is important to point out (although we cannot fully develop

the argument here) that it is not necessary to prove the personhood of an individual

before a demand can be made for some rights to be accorded to him or her. Perhaps,

a very clear example is the Universal Declaration of Human Rights.

This chapter is divided into three parts. In the first part, the issue to be treated is

introduced from the perspective of the epistemology status of bioethics. Next, the

central topic, which is the philosophical concept of person, will be tackled as well

as its possible application to the human embryo. A classical concept, like that

proposed by Boethius, which is based on the categories of substance and (rational)

nature would consider human embryos as persons. A modern concept, for example

that of Locke which is founded on self-consciousness, would have no place for the

embryo, which at most would be considered as a “potential person.” At the same

time, we will briefly mention the issue of “delayed hominization” supported by

Thomas Aquinas and other medieval authors and which has been used by some to

deny the personhood of the embryo based on a classical concept of person. Finally,

we will dedicate a section to a presentation of the directives given by the recent

Magisterium of the Catholic Church on the status of the embryo and the other

products derived from ANT.

7.2 The Status of the Embryo in Bioethics

One of the most prominent characteristics of bioethics, right from its beginnings,

has been its multi-disciplinary nature. The resolution of some ethical issues which

have arisen in the area of biotechnology (especially its application to human beings)
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needed an approach that covered a wide range of perspectives. Not only were

biological and medical data needed, but also juridical, ethical and anthropological

reflections were necessary in order to better understand the problems and give

better-founded solutions. This characteristic that has accompanied bioethics from

its beginnings has also turned out to be one of the greatest challenges that the new

discipline faces. What methodology should it adopt, among the ones used in the

different fields which constitute it? What importance should the scientific

conclusions have on the ethical solutions offered? There still remain many unan-

swered questions and the epistemology status of bioethics still remains unsatisfac-

torily resolved. This however has not prevented some authors from formulating

articulated proposals which have enjoyed a wide diffusion (Beauchamp and

Childress 2008; Jonsen et al 2006; Sgreccia 2007).

With regards to our study, we distinguish four different but inter-related levels in

which the premises, arguments, and conclusions which arise in discussions about

the human being can be classified. At the biological level, answers are sought to the

question about the biological nature of the embryo. The metaphysical nature of the

embryo is considered at the philosophical (or ontological) level, while the best way

of treating the human embryo is usually discussed at the ethical level. Finally, legal

questions regarding the rights and juridical protection that should be accorded to the

embryo are answered at the juridical level.

All these levels are inter-related. The ontological status of the embryo, for

example, is considered beginning with the results obtained at the biological level.

Nevertheless, it would be misleading to arrive at conclusions about the former from

the data obtained from the latter without further analysis. It is necessary to go

beyond the biological level if philosophically founded conclusions are to be drawn.

Confusing the different aspects considered at the various levels has led to method-

ological errors and to poorly justified conclusions. Two examples can serve to

illustrate this point. Bole (1990) writes that it is impossible empirically to justify

(in a non-religious way) that the zygote has the same principle of psychological

integration (the soul) as the adult clearly does. Of course it cannot be empirically

demonstrated by biology. Neither can the soul of the adult be shown at the

biological level. One has to go over to the philosophical level in which questions

regarding the integrating principle of a living human organism are asked and in

which the existence of an immaterial element called the soul is postulated. It is only

at this level, and without any recourse to religious reasons, that one can question

whether this immaterial principle can also be applied to the embryo. The second

example is taken from the already-quoted article of Wall and Brown (2006). The

authors write that affirming that an embryo is a person on the basis of the genetic

potential of the human zygote is a poorly justified way of using genetics. It also

implies an ignorance of the extraordinarily inefficient and wasteful nature of human

reproduction. Certainly the authors are correct in saying that the personhood of the

embryo cannot be based only on genetic data. It is necessary to find out, from a

philosophical perspective, the implications of this genetic potential in order to

ascertain whether it has any importance to the question being discussed.

7 On the Status of Human Embryos and Cellular Entities Produced Through ANT 99



7.3 The Person as a Metaphysical Concept

7.3.1 From the Biological to the Ontological Level

Having highlighted the dangers inherent in confusing the different levels in bio-

ethical discussions, we will now consider the ontological status of the embryo. This

consideration must, by necessity, begin from the data available at the biological

level (what the Ancients called physics) in order to arrive at the metaphysical level

which transcends the former. If a given philosophical investigation is based on an

inadequate representation of the topic under study (which in this case is given by

biology), a perfectly logical argument can be developed without it having any

connection with the real world. It would remain, at most, as an interesting mental

construction. Thus scientific investigation is important and, in not a few cases, the

bioethical argument on a particular issue rests fundamentally on the data provided

by science. An example can be seen in the case of the neurological criterion for the

diagnosis of death. Many writings tackle philosophical questions related to death,

the integration of the entire person and his possible interaction with the outside

world, etc. However, these discussions are of no use in determining whether the

criterion of brain death is adequate from an ethical point of view if one did not have

a previous explanation of what happens at the physio–pathological level. Neither

can they be of help in knowing if one cannot inductively arrive at the establishment

of a criterion that may give (medical) certainty, as is the case with the cardiocir-

culatory criterion for the determination of death.

Carrasco de Paula (1987), while speaking on the ontological status of the

embryo, puts forward two examples in order to show how an erroneous biological

concept leads to philosophical conclusions that are baseless. On the one hand lies

the theory known as “preformation” which supposes a perfectly differentiated

organism from the very moment of fertilization and which leads the philosopher

to conclude that the rational soul is infused in the very moment of conception. On

the other hand, another theory considers a succession of life principles in the

developing human embryo: at first, it has a vegetative soul, followed by a sensitive

(or animal soul), and finally an intellective or human soul. In the process each

successive soul could carry out the functions ascribed to the previous souls. On the

basis of this latter theory, the philosopher would then be in favor of delayed

ensoulment. The problem in both cases does not lie in the falsity of the conclusions

(one of which must be true) but rather in the fact that they have been reached

through an insufficient methodology.

After showing the importance of the biological data, we will use the biological

status of embryos and other entities derived from ANT found in the chapters this

book that directly deal with the theme as the foundation for our analysis. We will

make particular reference to the conclusions of Condic (Chap. 3) who writes that

the “zygote formed by fusion of sperm and egg is a human organism, i.e. a human

being at the earliest stage of development.” For now, we will focus only on the first

part of the phrase: the zygote or unicellular embryo (and thus the developing

100 P. Requena Meana



embryo) is an organism of the human species (Homo sapiens). It is a scientific

conclusion that few experts today deny.

7.3.2 Philosophical Characterization of the Human Embryo

Returning once more to the phrase of Condic just cited, we have to point out that

even though there is a consensus on its first part, the same can hardly be said for the

second part. She writes that the zygote is a human being from the very first stage of

development. It is an assertion that goes over to the metaphysical plane since

“human being” is not, strictly speaking, a term that is proper of biology in the

same way that “human organism” is. It rather belongs to the field of philosophy.

Some authors have distinguished between three concepts – “an individual of the

homo sapiens species,” “human being” and “persons” – affirming that they are not

equivalent terms (Álvarez 2005). In the opinion of these authors, there are persons

that are not humans and there are individuals of the homo sapiens who lack some

characteristics that are proper of humans. Those who fall into this last group should

be considered neither as human beings nor as persons. The author just quoted

includes embryos in the last group. He does not however derive any ethical con-

clusions as necessary consequences of this distinction at the ontological level, quite

unlike what is common among other proposals advanced in bioethics. He is of the

opinion that a moral and legal protection, equivalent to that required for persons,

can be demanded for those individuals of the human species that do not enter into

the category of persons.

The following metaphysical question has been put forward: “what type of being

is the human embryo?” Depending on the answer to this question, it may or may not

be possible to respond to the thesis of Álvarez. In order not to unduly prolong this

presentation, we take for granted, as something commonly agreed upon, the affir-

mation that although not all persons belong to the category of human beings (God

and the angels for example), that which makes an individual of the homo sapiens
species to be a “human being” (as understood by Álvarez) is what also characterizes

the individual as a person. Thus the question that has to be answered is whether we

can apply to the embryo what is specific to a person. But then, what marks an

individual as a person? The topic of our study revolves around this question. As can

easily be perceived, the problem lies in the fact that there is no single answer. In the

course of the history of philosophy, various responses have been given to the

question.

For the sake of simplicity, we can distinguish two main currents of thought in the

way person is conceived. There is a classical view, whose paradigm can be found in

the definition of Boethius: “individua substantia rationalis naturae” (individual

substance of a rational nature). This definition which has its origins in the theologi-

cal debate between Boethius on the one hand and Eutyches and Nestorius on the

other at the beginning of the sixth century would latter be widely used in medieval

philosophy. A second view is the modern concept of person of which Locke can be

7 On the Status of Human Embryos and Cellular Entities Produced Through ANT 101



considered a representative author. He considers self-consciousness, which makes

an individual to remember the past and question himself with regards to the future,

as the basis for the identity of the subject. It is a concept of person defined in

functional terms in relation to legal imputability.

The classical view of person is thus based on the metaphysical concepts of

individual substance and rational nature. The application of “individual substance”

to the embryo has been objected to on the grounds that it should not be considered

as an individual, at least in the period in which it is possible for twinning to occur.

Nevertheless, this objection does not appear well-founded since a single individual

can be conceived which afterwards divides into two or more individual substances

due to internal or external factors. In zoology, there are numerous examples of

asexual reproduction which take place in this fashion. Even though human repro-

duction is sexual, this does not prevent the possibility of a certain “asexual

reproduction” in the early phases of embryo development through a division of

the morula into two genetically identical embryos that develop as two different

organisms. Part of the reason behind the objection is the confusion between

individuality and indivisibility, due, to a great extent, to the metaphysics of the

monad of Leibniz. A response to the objection is that what characterizes an

individual is his actual individuality and not his potential indivisibility (Ide 2007).

Of greater interest for the consideration of the human embryo as a person is the

second category used by Boethius in his definition: rational nature. We believe that

this concept (with nature understood in the classical sense of “essence as principle

of operations”) is what permits a human organism in which all the characteristics

proper to humans are not fully present to be considered a person. The fact of having

this nature (rational, human) and not another, is what enables such an individual to

be included within the group of persons. This criterion which is present in all the

individuals of the human species removes the distinction suggested by Álvarez

between an individual of the species homo sapiens and a human being. All human

organisms are human beings since they all have a rational nature, even though it

may not be manifested externally, or even when it is impossible that it will ever be

manifested. This way of thinking has greatly contributed to the moral progress of

the western societies and has led for example to the abolition of grave racial

discriminations.

The concept of person as self-consciousness lies at the base of some of the

present proposals in bioethics, for instance in the functionalist-actualist proposal of

Engelhardt (1996) who defines the person on the basis of characteristics like self-

consciousness, autonomy and rationality. In this way of considering a person, it is

easy to realize that it is impossible for the embryo to be included within the concept

of person. However, as Rodrı́guez Luño (2008) rightly points out, this theory

reduces substance to function in actu. This debatable metaphysical posture is then

used to determine the moral status of the embryo, which, as can be easily deduced,

is left in a totally unprotected situation. The underlying problem of such moral

systems is that the will of the strong is imposed on the weak, since the former

establish the criteria which individuals of the human species have to fulfill before

they can enjoy the moral and juridical status of person.
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7.3.3 The “Human in Potency,” Aristotle and Thomas Aquinas

It is important to dedicate some lines to evaluate the thesis that argues that the

embryo is not a person but that it can eventually become one. Some authors, basing

themselves on Aristotle and medieval scholasticism, write that the embryo is a

“human in potency” (a potential human being) and not actually one. One of the first

persons to support this thesis in bioethical discourse was Ford (1991) who saw it as

compatible with the guidelines of the Warnock Report on the individuality of the

embryo which was thought to take place only after the first 14 days.

We will make use of the works of Berti (1993, 2007) and Rodrı́guez Luño (2008)

in order to respond to Ford’s thesis. The concepts of matter and form and in

particular, the necessity of a certain organization in the matter that would enable

it to receive the form, lead Aristotle to postulate a type of progressive reception of

the form by the product of conception. The male semen contributed the principle

that transmitted the specific form but the material principle provided by the woman

could not receive a sensitive or intellective soul from the very beginning even

though they were present in potency. This epigenetic theory adopted in the theo-

logical field by some, among them Thomas Aquinas, led them to postulate that the

human soul could only be infused by God to the fetus after 40 days for males and

after 80 or 90 days for females. This doctrine forms the foundation for the denial of

the personhood of the embryo by some contemporary theologians.

The above thesis can be answered from two different perspectives, one biological,

and the other philosophical. The knowledge of the beginnings of human generation

(and of animals in general) possessed by Aristotle and the medieval authors was

quite limited. The mere consideration of their ignorance of the gametes and their

role in human reproduction is enough to illustrate this. Neither is there any

biological basis for their distinction between male and female fetuses. This leads

us to believe that Aristotle, Thomas Aquinas and the medieval authors would not

have written the same thing if they had possessed the same knowledge which we

have today. This can be demonstrated if we take the philosophical presuppositions

behind their arguments into account.

Actually, for Aristotle, the human embryo already contains the intellective soul

in “first act” although it is still incapable of putting its own faculties into “second

act” as it has only the vegetative faculties in “second act” (De anima, II, 3: 412 a

23–29). As the embryo develops, so do the organic components that will enable it to

carry out its operations (the sensitive ones first and the properly human ones

afterwards). Therefore, it cannot be affirmed that for Aristotle the early embryo

can only be considered as a simple plant, or that it only possesses a vegetative soul,

which successively is substituted by a sensitive soul and much later, by an intellec-

tive one. From the beginning, the embryo has a rational soul (that which is proper to

man) which potentially contains the vegetative and sensitive souls, much in the

same way that a polygon contains a triangle and a square within. For Aristotle on

the other hand, the male semen contains the formal principle or the development

plan, the program which Berti identifies with the DNA at the biological level, even

though the latter does not exhaust the formal principle of the male gamete. In the

opinion of the Aquinas, the male semen cannot yet be considered a “man in
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potency” (in the sense of possessing the intellective soul in first act) since it needs to

be placed in another being and to be transformed by another principle (Metaphysics
IX, 7: 1049a 14–16).

For this line of thinking to be understood, it is necessary to distinguish between

the concepts of potency and possibility. In the case of potency, the final result is due

to the activity carried out by the subject itself and it is normally arrived at if no

obstacle is met. Possibility on the other hand refers only to the non-impossibility of

becoming one thing or another, but the outcome depends on factors external to the

subject. In our opinion, it can be presumed that for Aristotle, the phrase “human in

potency” does not mean, as its present linguistic use may suggest, that an entity is

not yet human. Rather, it means that the rational faculties are in potency, a situation

that is different from the rational soul which is already in (first) act.

With regards to the view of Thomas Aquinas, we rely on the excellent work of

Pangallo (2007). In order to understand why the Angelic Doctor defended the

delayed hominization of the embryo, it is necessary to consider the theological

discussions that were going on in his time. In particular, he wished to refute the

“translationist” thesis according to which the rational soul is transmitted from father

to child through semen. Aquinas wanted to defend the direct creation of each human

soul by God, infused into a matter that is capable of receiving the soul (with an

adequate “dispositio corporis” as he termed it). Using the knowledge of biology

available in his time, he thought that this corporal disposition did not exist at the

beginning of the generative process but was only acquired at a latter moment.

Pangallo does not hesitate in asserting that, combining the current knowledge we

have of biology with the metaphysics of Aquinas (especially his distinction between

actus essendi and existentia), it is possible to sustain the immediate hominization of

the embryo, and consequently, its personhood. At the existential level, a gradual

material formation of the body, which takes place in different phases, can be

observed. However, at the level of being, it can be maintained that the rational

soul (which includes the vegetative and the sensitive souls) is infused at the

beginning of this process and acts as the actus essendi of the new being right from

the start. Eberl (2006) reaches the same conclusion when he writes that “the presence

of brain’s epigenetic primordium is thus sufficient for a human zygote to have active

potentialities for a rational soul’s proper operations, since the zygote’s ordered

natural development will result in an actually thinking rational human being.”

7.3.4 Can All the Spontaneously Lost Embryos Be Regarded
as Persons?

One of the objections raised against the personhood of the embryo which seems, at

least intuitively, to have more weight, is the large number of embryos that are

normally lost in the reproductive process of animals, humans included (Wall and

Brown 2006). This objection had already been formulated in a provocative manner

many years ago by the theologian Karl Rahner: “How can it be thought that 50% of

human beings – having immortal souls and destined for eternity – never get beyond
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a priori this first stage of human existence?” (Rahner 1967). We shall set aside the

issue regarding the actual number of embryos that perish, a datum whose verifica-

tion poses undeniable empirical difficulties. Although we do not know with abso-

lute certainty the number of embryos that are lost (Huarte and Suárez 2004),

nevertheless we know that they form a high percentage and this makes Rahner’s

question to be of utmost relevance. However from the logical point of view, the

objection lacks adequate basis since the fact that a phenomenon occurs frequently

tells us nothing about the subject or the object involved. The infant mortality at the

beginning of the twentieth century was around 10% but this high percentage reveals

nothing about the personal nature of neonates.

All things considered, I believe that Rahner’s concern can be resolved by taking

Aquinas’ aforementioned concept of “dispositio corporis” into consideration. Many

scientific studies have shown that an elevated number of the products of fertilization

contain chromosomal anomalies, or at least some genetic aberrations which are

incompatible with life (Huarte and Suárez 2004). The majority of these cellular

entities do not survive beyond the first stages of cellular division. Thus we can say

that many of them never get to become human embryos in the strict sense of the

term although they may divide in a similar way as the latter and may even acquire

the form proper to a blastocyst. This means that not all the products of fertilization

end up as embryos. From a philosophical perspective, and taking into account the

matter/form distinction mentioned above, we can affirm that the biological products

(which may be called the matter) do not attain a sufficient make-up or format (an

adequate “dispositio corporis”) to be informed by a rational soul (the form that is

proper to the nature to which this living being belongs to). This might explain why

many of the products of fertilization that perish are not human embryos and there-

fore are not persons.

Affirming that a number of the products of fertilization will not develop into

embryos may appear to weaken the protection due to the early human organism. How-

ever, this is not the case. From the ethical point of view, there seems to be no problem

with the utilization (including the destruction in the investigative process) of these

embryonic-like products of human fertilization. There are however two difficulties

that need to be overcome. On the one hand lies the ethical issue bound to the

techniques of in vitro fertilization, the only way of obtaining embryos in the early

stages of development outside the mother’s body. On the other hand remains the

technical difficulty of discovering a valid criterion for distinguishing between an

embryo and what is an embryo-like entity. This latter problem may be overcome

with more advances in embryology but the difficulties involved should not be

underestimated.

7.3.5 Altered Nuclear Transfer: Between Biology
and Metaphysics

To this point, we have been mainly concerned with human embryos. Now, we shall

say a few words on the biological entities obtained from ANT, a technique that has
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been proposed as a valid option for procuring embryonic stem cells without the

need for destroying human embryos.

This technique was presented to the President’s Council on Bioethics in 2004.

It consists in the activation of an ooplasma (an ovum which has had its nucleus

removed) by the insertion of the altered nucleus of a somatic cell. In principle, the

silencing and/or activation of certain genes of the inserted altered nucleus prevent

the formation of a human embryo as a result of the ovular activation (Hurlbut 2005).

The “biological artifact” (following the terminology used by theWhite Paper issued

by the President’s Council) resulting from this insertion would merely be a group of

pluripotent stem cells, without the internal structure or organization proper to the

human embryo. This “artifact” would therefore lack any kind of teleological

tendency to develop as a human specimen. This has led Hurlbut to conclude that

ANT is an ethically valid alternative to the use of embryos in the attainment of

pluripotent stem cells. Oocyte assisted reprogramming (OAR) is a particular type of

ANT in which some of the genes that are expressed in pluripotent cells (but not in

totipotent ones) are activated.

When considering the proposals made by defenders of ANT, and specifically the

arguments that the “product” of ANT is not a human embryo, an important

terminological problem arises in addition to the purely biological one. The roots

of this terminological problem are found in the philosophy of nature and more

specifically in the philosophy of biology. In one of the most cited articles in this

debate, ANT is described as having produced pluripotent stem cells from deficient

blastocyts of mice (Meissner and Jaenisch 2006). From the very beginning of the

contemporary debate on the nature and direction of embryonic development, no one

doubted that the formation of a blastocyst was a stage in embryonic development, in

both humans as well as many animal species. In the present case, however, this term

has come to mean a model or type of cellular structure (rather than a definite

developmental stage), which may or may not be an embryo (Hurlbut et al. 2006).

These authors write that: “The term ‘embryo’ is generally defined as the human

organism from fertilization to the end of the eighth week. ‘Blastocyst’ is a structural

description designating a fluid-filled spherical form, and is generally used in

embryology to indicate the stage between morulation and gastrulation. Blasto-

cyst-like structures, however, are common in a range of tissues during organiza-

tional development, and therefore this term can be used without implying the

presence of a living organism.” This shift in meaning could simply be considered

as a better definition of the terms used within a particular science (embryology).

However, our impression is that it is related to a deeper question, one which

reappears in much of the literature generated by the ANT debate. It is bound to

the fundamental issue that we have been considering in this chapter of the relation-

ship between biology and metaphysics.

Some of the writings on ANT make transitions from the biological to the

philosophical realm that appear, to say the least, somewhat abrupt and forced. In

the case of ANT, the difficulty involved in making properly metaphysical

judgments is that the subject matter in question is not easily observable “by all”

or by the majority of people. This problem is only exacerbated when one considers
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that the biological phenomena under discussion involve minor changes at the

molecular level (the activation and deactivation of one or a few genes, the silencing

of certain proteins, etc.). This makes it very difficult to determine whether or not the

so-called “biological artifacts” (the matter in philosophical terms) are capable of

being informed by a spiritual soul. We are not here denying the possibility of

drawing valid ontological conclusions from the study of descriptive data provided

by molecular biology. Nevertheless, it seems clear that caution must be exercised in

this matter, especially if one considers the experience provided by the history of

science. As is well known, many scientific postulates have been modified owing to

contemporary advances in molecular biology. We can think, for example, of some

of the initially unquestioned findings of Ramon and Cajal in the field of neuronal

regeneration which have subsequently been revised in the light of more recent

stem cell research. Philosophers and scientists, therefore, should recognize that this

is a field in which it is extremely difficult to define or delineate the precise subject

matter under consideration.

7.4 The Ethical Criterion of the Magisterium of the Catholic

Church with Reference to Human Embryos and ANT

In the final section of this chapter, we will discuss the issue of the ethical status of

the embryo through a presentation of the related Catholic doctrine. Although this

teaching appears clear and articulated, it is often presented as having no role to play

in public debate. Rather it is treated simply as a one valid religious perspective

among others.

7.4.1 Catholic Magisterium and Science

When the Magisterium has had to give instructions on ethical issues that are

intimately related to the problem of identifying a thing’s biological nature, it has

made reference, whenever possible, to the current state of science on the particular

topic. In some cases, its moral judgment is subject to possible scientific advances

and clarifications. Two examples may help to illustrate this point. The Instruction

Donum vitae (1987) speaks about the subject matter closely related to our study: the

scientific, ontological and moral characterization of the embryo and the beginning

of human life. In that Instruction, we find a particularly illuminating passage: “the

Church’s Magisterium does not intervene on the basis of a particular competence in

the area of the experimental sciences; but having taken account of the data of
research and technology, it intends to put forward, by virtue of its evangelical

mission and apostolic duty, the moral teaching corresponding to the dignity of the

person and to his or her integral vocation. It intends to do so by expounding the

7 On the Status of Human Embryos and Cellular Entities Produced Through ANT 107



criteria of moral judgment as regards the applications of scientific research and

technology, especially in relation to human life and its beginnings” (italics added).

The second example comes from the Church’s input concerning the use of

neurological criteria for determining death. In August of 2000, Pope John Paul II

addressed the XVIII International Congress of the Transplantation Society. In his

address, he explained that when it comes to establishing solid scientific guidelines

for determining death, “the fundamental criterion must be the defense and promo-

tion of the integral good of the human person, in keeping with that unique dignity

which is ours by virtue of our humanity.” He then went on to note that "it is a well-

known fact that for some time certain scientific approaches to ascertaining death

have shifted the emphasis from the traditional cardio-respiratory signs to the so-called

“neurological” criterion. Specifically, this consists in establishing, according to

clearly determined parameters commonly held by the international scientific commu-
nity, the complete and irreversible cessation of all brain activity (. . .) With regard to

the parameters used today for ascertaining death – whether the “encephalic" signs

or the more traditional cardio-respiratory signs – the Church does not make
technical decisions. She limits herself to the Gospel duty of comparing the data

offered by medical science with the Christian understanding of the unity of the

person.” John Paul II also stated that the criteria for neurological determination of

death do not appear to be inconsistent with Christian anthropology and therefore

may be adequate for achieving the degree of moral certainty required by Magiste-

rial teaching for acting in a morally – upright way vis-a-vis organ transplantation.

The wording of the Pope’s argument clearly leaves open the possibility of revising

the moral evaluation of “brain death” criteria should medical science reach

conclusions different from those that were assumed to be true at an earlier time.

In that case, one would need to reconsider the problem under the perspective of

those advances.

7.4.2 Catholic Teaching on Human Embryo

The Church’s opposition, right from its early years of existence, to whatever form

of voluntary abortion is well known. This has been so even when the precise facts

regarding the biological nature of the embryo in its first stages of development (as

we presently understand it) were unknown (Sardi 1975). The condemnation of

voluntary abortion is based on the commandment “do not kill” which is applied

to all the range of human existence.

With reference to the first phases of embryonic development, which is the focus

of this chapter, we shall now present some texts of the Magisterium of the Catholic

Church which address the ontological and ethical specifications of the embryo. Our

aim is not an exhaustive study of the texts but only a limited selection of the

relevant ones.

We find one of the first ethical considerations in a speech of Pius XII directed to

a group of Italian doctors in 1944: “As long as a man is not guilty, his life is
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untouchable, and therefore any act directly tending to destroy it is illicit, whether

such destruction is intended as an end in itself or only as a means to an end, whether

it is a question of life in the embryonic stage or in a stage of full development or

already in its final stages” (italics added). For its part, the Second Vatican Council

affirms in one of its documents that “life must be safeguarded with extreme care

from conception; abortion and infanticide are abominable crimes.” (Gaudium et
spes 1965, italics added).

The Instruction De abortu procurato (1974) of the Congregation for the Doc-

trine of the Faith explains that “the first right of the human person is his life,” adding

that there is no justification for any discrimination based on the different periods of

life. The Instruction further remarks that “in reality, respect for human life is called

for from the time that the process of generation begins. From the time that the ovum

is fertilized, a life is begun which is neither that of the father nor of the mother, it is

rather the life of a new human being with his own growth. It would never be made

human if it were not human already.” This assertion was made based on the findings

of modern genetics. At the same time, it explains that “it is not up to biological

sciences to make a definitive judgment on questions which are properly philosophi-

cal and moral such as the moment when a human person is constituted or the

legitimacy of abortion.” One can clearly see the distinction which the Church’s

Magisterium makes in this text between the two planes of the problem: science

should shed light on issues related to biology without attempting to answer (from its

own area of specialization) the philosophical question about the personhood of the

embryo or the embryo nor the ethical one regarding the legalization of abortion.

Some years later the already-mentioned Instruction Donum vitae (1987) on the

respect owed to nascent life and the dignity of procreation appeared. In its first part

entitled “Respect for human embryos,” the Congregation for the Doctrine of the

Faith offers an ethical guideline: “The human being must be respected – as a person

– from the very first instant of his existence.” Afterwards, it explains that “Certainly

no experimental datum can be in itself sufficient to bring us to the recognition of a

spiritual soul; nevertheless, the conclusions of science regarding the human embryo

provide a valuable indication for discerning by the use of reason a personal

presence at the moment of this first appearance of a human life: how could a

human individual not be a human person?” The rhetorical question brings to

mind the proposal of Álvarez that has been already analyzed and which does not

follow the position defended by the instruction since it distinguishes between

“individual of the homo sapiens species,” “human being” and “person.” The

Instruction, for its part, taking into account the current philosophical debate over

the concept of person, remarks a little later on that “The Magisterium has not

expressly committed itself to an affirmation of a philosophical nature, but it

constantly reaffirms the moral condemnation of any kind of procured abortion.”

This teaching was further ratified by the encyclical of John Paul II, Evangelium
vitae (1995). After quoting the Instruction Donum vitae, he writes that “what is at
stake is so important that, from the standpoint of moral obligation, the mere

probability that a human person is involved would suffice to justify an absolutely

clear prohibition of any intervention aimed at killing a human embryo. Precisely for
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this reason, over and above all scientific debates and those philosophical

affirmations to which the Magisterium has not expressly committed itself, the

Church has always taught and continues to teach that the result of human procre-

ation, from the first moment of its existence, must be guaranteed that unconditional

respect which is morally due to the human being in his or her totality and unity as

body and spirit.” Independent of any particular philosophical conception of person-

hood, this teaching of the Church continues to serve as an ethical guide for the

respect owed to every human being.

The most recent magisterial document on this issue is the Instruction Dignitas
personae (2008), published by the Congregation for the Doctrine of the Faith. This

document, which aims at updating the teachings contained in Donum vitae,
continues the same line of argumentation as the previous instructions. In the text

of Dignitas personae, one can appreciate, on the ontological level, a greater

closeness to the thesis regarding the personhood of the embryo even though it is

not explicitly defined. Actually number 5 of the document points out that “In fact, it

presupposes a truth of an ontological character, as Donum vitae demonstrated from

solid scientific evidence, regarding the continuity in development of a human being.

If Donum vitae, in order to avoid a statement of an explicitly philosophical nature,

did not define the embryo as a person, it nonetheless did indicate that there is an

intrinsic connection between the ontological dimension and the specific value of

every human life. Although the presence of the spiritual soul cannot be observed

experimentally, the conclusions of science regarding the human embryo give “a

valuable indication for discerning by the use of reason a personal presence at the

moment of the first appearance of a human life: how could a human individual not

be a human person?” Indeed, the reality of the human being for the entire span of

life, both before and after birth, does not allow us to posit either a change in nature

or a gradation in moral value, since it possesses full anthropological and ethical
status. The human embryo has, therefore, from the very beginning, the dignity

proper to a person" (italic from the original).

We can thus conclude this part of the write-up by saying that the Magisterium of

the Catholic Church, using the data offered by modern sciences and bearing in mind

the philosophical debate over the ontological status of the embryo as well as the

different concepts of person which exist, offers an articulated ethical guideline: the

embryo deserves the protection that is due to a human person.

7.4.3 Altered Nuclear Transfer in Dignitas Personae

The just-mentioned InstructionDignitas personae is the only Church document that

discusses ANT and other possible ways of obtaining stem cells. In this concluding

part, we shall look at the guidelines which it offers for the moral evaluation of the

technique.

Dignitas personae specifically mentions two techniques which involve the

induction of parthenogenesis in human eggs: altered nuclear transfer (ANT) and
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OAR. The instruction explains that “these proposals have been met with questions

of both a scientific and an ethical nature regarding above all the ontological status of

the ‘product’ obtained in this way.” The document goes on to state a clear ethical

principle which applies to all such techniques, “while these questions are not

clarified, we should note the following statement in the encyclical Evangelium

Vitae, ‘what is at stake is so important that, from the standpoint of moral obligation,

the mere probability that a human person is involved would suffice to justify an

absolutely clear prohibition of any intervention aimed at killing a human embryo’.”

Faced with such a strongly worded statement, we might get the impression that there

is little else to say or discuss on the matter as far as Dignitas personae is concerned.
It remains necessary, however, to examine more deeply the scientific, ethical, and

ontological questions raised by the above mentioned techniques in order to provide

sound moral advice to scientists involved in this area of biomedical research.

Before continuing our discussion, it is important to recall that the techniques

under consideration are the product of highly innovative scientific research under-

taken to discover treatments for a large number of hitherto incurable diseases.

Another important point is that they have been developed as alternative methods

to those techniques which involve the use and destruction of human embryos – an

action repeatedly condemned by the Church. While discussing advances in medical

science more generally, the same Instruction states the fundamental moral criterion

by which to judge medical progress: “These developments are certainly positive,

and they deserve support, as used to overcome or correct pathologies and help to

restore the normal development of generative processes. They are however nega-

tive and therefore cannot be adopted, when they involve the removal of human

beings, are using means that are prejudicial to the dignity of the person, or taken for

purposes contrary to the integral good of man.”

The fact that Dignitas personae condemns violations of human dignity involved

in certain medical developments should not suggest that there is a general feeling of

suspicion in the Church towards scientific and medical innovation. In fact, it would

be contrary to the Christian spirit if researchers did not diligently seek new methods

or procedures to help combat disease. Therefore, in general, research proposals that

are not contrary to the principles of justice are to be positively valued by Christians.

Of course, the concrete decision to carry out a particular line of research needs to be

evaluated on a case-by-case basis. This evaluation will take into account, among

other factors, the risks of the proposed research, the likelihood of success, and the

costs of implementing it. In this decision-making process, however, it is important

not to confuse prudence with omission. The fact that a certain line of research could

present some ethical difficulties does not mean that we should reject it without

further in-depth study of the ethical questions it raises.

In the case of the specific techniques mentioned above (ANT and OAR), the

central question is whether or not they violate the norms of justice. As a springboard

for discussing this question in the light of Dignitas personae, I will briefly present

William Hurlburt’s discussion of ANT. In Chap. 10 of this book, he offers ten

moral principles intended to delineate possible ethical boundaries for hybridization,

cellular gene cloning projects, and stem cell research. The first principle specifically
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excludes the production of normal human embryos in such research, that is, of any

entity possessing an internal self-capacity to develop into the more mature stages of

human life. The second principle calls for caution whenever there is any ambiguity

about the status of the body in question or the identity of the species. Within this

framework, Hulburt argues that it is ethically acceptable to use the research

technique ANT when striving to produce pluripotent stem cells. In the nearly five

years that have elapsed since ANT was first proposed as an alternative method for

the acquisition of pluripotent stem cells, several works have examined its ethical

status (Austriaco 2006; Condic 2008; Hurlbut 2007; Berg and Condic 2008). For

the purposes of this chapter, I will not repeat all the objections that have arisen

concerning this technique. My remarks will be limited to the treatment of ANT by

Dignitas personae.
A first point to note is that Dignitas personae recognizes that ANT is a technique

that has been specifically developed in order to avoid the need for therapeutic

cloning and the destruction of human embryos in stem cell research. However, the

Instruction also situates its discussion of ANT within a larger section devoted to

human cloning (and not in another section which addresses the use of stem cells).

This particular place ANT occupies within Dignitas personae has important con-

sequences regarding both ANT’s characterization as a technique and its moral

character. The inclusion of ANT within a larger section on human cloning seems

to deny, or at least call into question, precisely what the defenders of ANT have

argued from the beginning, namely that the technique does not produce a human

embryo and is therefore not a form of human cloning (although the technical

manipulation of the egg is almost identical to the usual techniques of cloning by

nuclear transfer). As regards to its moral character, the placement of ANT in

Dignitas personae alongside ethically problematic practices like reproductive and

therapeutic cloning makes it hard for ANT to avoid a certain shadow of suspicion or

“guilt by association” arising from its proximity to these practices. Of course, the

mere location of ANT amidst certain unethical practices is not a definitive argument

against the technique. In my opinion, however, it shows, at least in part, the attitude

of Dignitas personae’s authors towards ANT.
In the few lines devoted by Dignitas personae to the subject of ANT, mention is

made of the controversial questions that the latter poses for science and philosophy.

The document states that while this technique has generated various scientific and

ethical questions, the main problem it raises is a metaphysical one. This problem

can be expressed in the following way: what “ontological” status should be

attributed to the biological entity that results from ANT? There are only two

possible answers to this question. The product of ANT is either an individual of

the human species in its early stages (i.e., an embryo) or a live cellular structure

which lacks essential characteristics proper to the human organism (something akin

to human cancerous tissue). If the first option is true, then the technique cannot be

justified for any reason since the destruction of embryos is always unlawful as a

violation of the most elementary principle of justice, i.e., the right to life. The use of

human tissue in medical research, on the other hand, does not usually raise any

particular moral problems. We may therefore conclude that the problem posed by
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ANT is primarily scientific in nature: one must determine whether or not the

“biological artifact” which results from the technique is a human embryo.

Dignitas personae also mentions the existence of other ethical questions related

to ANT. It does not, however, specify their nature. I think there are two other

possible moral objections worth considering: the use of human ova in ANT and the

possibility of scandal that accompanies the technique. Some authors have expressed

doubts about the morality of using human reproductive material (sperm and ova) in

research even in cases in which no embryos are formed. From this perspective, the

whole “status” question is bypassed and the objection to ANT becomes an objection

to its illicit use of human oocytes. On this question, the Instruction Dignitas
personae offers only little guidance. While it positively condemns ova cryopreser-

vation, it does so in reference to in vitro fertilization and not to experimentation

with eggs per se. The question this raises is whether it is morally acceptable to use

germ cells for purposes other than procreation. We think the answer to this question

is yes. It should be noted that, by its own dynamics, oocyte activation initiates a

series of mechanisms that are teleologically ordered towards the formation of a

human embryo. However, their use in research or treatment should not depend on

fostering this “natural” course. Having said that, there is no reason why a reproduc-

tive cell, or its use, should have a moral characterization distinct from other cells in

the body. Its use (in ANT) could be considered analogous to transplanting tissue for

gonadal hormone replacement therapy (to treat an ovarian deficiency), which is

considered legitimate in principle, and which differs from the intended transplant of

human eggs into a person for the sake of reproduction. Faggioni (1998) has aptly

traced the history of these practices which began in the late nineteenth century and

their moral evaluation. The main objections raised were related to the morality of

transplants ex vivo. Other objections focused on the risks involved for the donors as
well as the purpose of the intervention (for example, it was generally not considered

acceptable to undergo such a transplant simply to recover one’s sexual capacities).

Additionally, Faggioni mentions another relevant ethical consideration, namely the

possible effects of the procedure on the recipient’s personality. It should, therefore,

respect the ethical criteria to be observed by any ex vivo organ donation, so long as

it avoided significant risks to the donor’s health and any commercialization of

human eggs of persons with limited financial resources (President’s Council on

Bioethics 2005).

The second objection, the danger of scandal, is mentioned four times in Dignitas
personae, each time in relation to the problem of cooperation in evil. Nevertheless,

the Instruction only mentions scandal in cases involving the use of illicit materials

(as in the use of cell lines or materials derived from the destruction of human

embryos or voluntary abortion). The scandal mentioned in the document therefore

involves a different scenario than that presented by ANT. The possible danger of

scandal in the case of ANT is not linked to the tainted origin of research material,

but rather to the confusion it could engender in the minds of non-experts, which in

this case, would be the great majority of persons. This confusion might arise from

its technical similarity to cloning and in vitro fertilization (with which it shares

several notable features). Within the perspective of Dignitas personae, therefore,
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neither the technique’s use of human eggs nor the possibility of scandal seem to

constitute definitive objections against the use of ANT. They should be taken into

consideration, however, when giving a complete moral evaluation of ANT.

7.5 Conclusion

In the debates surrounding the morality of the use of embryos for biomedical

research, it is common to find assertions and arguments which are located in four

distinct planes – biological, metaphysical, ethical and juridical. Bearing in mind

that each plane makes uses of a specific methodology, it is obvious that errors can

arise in the arguments adduced due to the ease of passing from one plane to another

without sufficient basis. With regards to the human embryo, there is a great

unanimity on the part of experts that it can be considered an organism of the

human species. The problems arise when one moves on to the philosophical

plane and asks if the embryo can be considered a person. We have seen that the

answer to this question depends on the philosophy that one adopts and that in the

history of human thought, the understanding of “person” has changed from a

concept based on substance to that based on function. In the former, it is easy to

include the embryo in the category of persons. It is however more difficult, if not

impossible, to do the same using the latter concept. All things considered, the

philosophical discussions on the way of understanding what man is or his ontologi-

cal characterization should not be used as an excuse for lessening the moral and

juridical protection to some members of the human species. A reasonable doubt

whether an individual is a person or not should be sufficient to justify the moral

prohibition of its destruction. This has been the method adopted by the Magisterium

of the Catholic Church, which without taking sides in the philosophical discussions,

has however always defended the protection of every human being from the very

first moment of his existence.
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Chapter 8

Does a Human Being Have a Right to Life?

The Debate on Embryo Research in Germany

as a Case Study

Manfred Spieker

Abstract This chapter discusses whether a human being has a right to life and

analyzes the political, philosophical, and social conflict between two undeniable

goods: “freedom of research” and “embryonic protection”. The frame of reference

for the discussion is the contemporary debate over embryonic experimentation in

Germany. I identify the relevant historical and legal particularities of the German

debate, but also attempt to highlight how the issue has been framed by different

parties to that debate. The result is a study in how the particularities of a country’s

social and political history can help to frame the debate over the moral status of

human embryos and the limits of science in interesting and complex ways.

Keywords Biopolitics • Embryo • Human being • Property rights • Right to life

8.1 Introduction

In summer 2000, the debate about bioethics in Germany was opened by the

Feuilleton of the German newspaper FAZ. On the 31st of May 2001, the German

Bundestag had its first debate about stem cell research, followed by its second great

discussion on 30th of January 2002, which moved the nation, such that it passed the

stem cell law on the 25th of April 2002. On the 11th of April 2008, the Bundestag

extended the number of embryonic stem cells that could legally be imported from

those derived by the year 2002 to those derived up to 2007. The matters of that

debate were changing: whereas at the beginning the issues were stem cell research

and the corresponding therapeutic visions of physicians and biologists, later the

main matters were pre-implantation genetic diagnosis (PGD) and cloning; on the
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20th of February 2003, the Bundestag took a resolution to prohibit the latter,

independent from its reproductive or therapeutic target.

The crucial questions in all these fields of discussions have always been the

same. What is the moral status of the embryo? When does human existence begin

and when does the protective obligation by the state start? The answer given by the

German embryo protection law is unequivocal. It is also the answer corresponding

to the observations of natural science and the jurisdiction of the German Federal

Constitutional Court. The human life begins at the moment when there is the fusion

of ovum and sperm. The fact that at that moment also protective obligations by the

state have to begin is no result of religious belief but the condition of legitimacy of a

secular state. That is how the legislation regarded the case in the embryo protection

law and how the Federal Constitutional Court in its judgements according to

abortion – although the explanations by the Court concerning the realization of

that protective obligation resulted in irresolvable contradictions (Spieker 2008,

Spieker 1993).

In the scientific debate about bioethics where physicians, bio-chemists, lawyers,

philosophers, theologians, sociologists, literary scientists, Enquete commissions,

and ethic councils are participating in, the positions are more manifold but they deal

with exactly the same crucial questions: Which is the moral status of the embryo?

When does human being begin and when does the protective obligation by the state

begin? The controversial as well as manifold answers to these crucial questions can

be subdivided into two camps, independent from the scientific discipline of the

participating people: the camp of advocates of consumptive embryo research, pre-

implantation diagnosis and therapeutic cloning, and the camp of their adversaries.

8.2 Positions of Advocates of a Consumptive Embryo Research

Among the protagonists of consumptive embryo research there is the neuropathol-

ogist Oliver Br€ustle who refers to his experiments with mice cells which have

opened perspectives “to get the crucial problems of transplantation medicine under

control in long-term view”. That is why “ethically and medically it is inexcusable”

not to continue this research. If few blastocysts are sufficient “to develop new

strategies to treat patients having diseases which today still are incurable”, you

should weigh between the duty of the physician to heal on the one hand and

antiquated ethical conceptions of values on the other hand. He says that we are

not allowed to block the access of patients to new therapies. The ability of infinite

multiplying and pluripotentiality make embryonic stem cells “an inexhaustible

donor source for transplantation medicine; neurocytes for patients having

Parkinson, cardiac muscle for victims of myocardial infarct, insulinogenic cells

for diabetics and hematogenic cells for patients having leukemia are only some of

the visions connected to the new technology.” (Br€ustle 2000; Diedrich 2001;

Bartram 2001) That is why the experiments with embryonic stem cells involve

considerable economic interests and corresponding patent applications are an
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“ethical obligation”, according to Br€ustle (Br€ustle and Wiestler 2001). To admit

that above all they include the death of the embryo is astonishingly difficult for

Br€ustle.
This position is supported by the biologist Hubert Markl. For him, the fertilized

ovum “still does not mean that this is a human being” (Markl 2001a, 2002, p. 45).

The fusion of ovum and sperm does not constitute more than a genetic program. To

see the human being himself just in possessing a set of human genes, Markl says, is

a mere “biologism” (Markl 2001b). The idea of man is a “culture-related concep-

tion of attribution” (Markl 2002, p. 45). To be entirely a human being man has “to

transgress his limits”. He is “talented with human dignity especially by the fact”

that in his decisions he does not submit to natural facts like the moment of fusion of

cell nuclei (Markl 2002, p. 49). That is why embryonic research whose affirmation

results from the duty of the humans to “rule their own destinies” is not an

“expression of the hubris of progress made by blinded scientists but an indispens-

able part of our human nature and human dignity” (Markl 2002, pp. 54–55).

On the 3rd of May, 2001 the Deutsche Forschungsgemeinschaft DFG (German

Research Association) had revised its former refusal of research with embryonic

stem cells and recommended the admittance of research with imported embryonic

stem cell lines, an active participation of German scientists in their production and

the change of the embryo protection law which is necessary for that admittance.

The Association is convinced that these recommendations “on the one hand corre-

spond to our comprehension of constitution and perception of law, on the other

hand also to a vision of man which does justice to the scientific research as well as

to the legitimate interests of ill people” (DFG 2001).

Constitutional arguments for that change of policy by the DFG are above all

delivered by R€udiger Wolfrum. He says that it is not allowed to close by law the

way to possibly promising therapies. Because of that fact and because of the

constitutionally granted freedom of research the development of therapeutic

measures must not be restricted if no higher-ranking legally protected interest is

endangered. The questions of whether the life of an embryo is a higher-ranking

legally protected interest or not and whether we may strive for a maximum of health

at the expense of the life of a third person are avoided by distinguishing between

embryos which are created in vitro and embryos growing in the mother’s womb,

thereby denying the status of being human to the embryo in vitro. “The argumenta-

tive equation of embryos outside and inside the mother’s womb supersedes the

importance of the mother for the development to a human and overemphasizes the

importance of the genetic disposition. This does not do justice to the phenomenon

of becoming a human being and of individuality. The existing differences between

embryos inside and embryos outside the mother’s womb justify a constitutional

consideration which includes those differences.” (Wolfrum 2001a, b, 2002; Koch

2001; Sch€auble 2001).
Another distinction which has the purpose of balancing legally protected

interests and to allow research with embryonic stem cells is the distinction between

the “existing or growing human being” on the one hand and the “human life” on the

other hand, used specially from professors of Lutheran Theology. Whereas it is
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conceded that the existence and growth of human beings entails that they are

worthy of protection, this is denied to embryonic human life. It is true that the

latter “in principal could have become a human being”. But without a uterus there is

no growing human but only a surplus embryo. “By this, the decisive reason to

hinder the research with those embryos is inapplicable.” That is why the research

with surplus embryos is “morally justifiable and compatible with the Christian

conception of human life.” (Fischer 2001, 2002).

Also among representatives of the pharmaceutical industry there are pleas for a

consumptive embryo research, which are extremely bound by special interests.

Daniel Vasella, the President of the Novartis Group, does not shrink from positing

his own anthropology to prove his position: “Who may claim to know exactly at

what moment human life begins and whether this is a gradual or an abrupt event?”

In his opinion and in contrast to the ignorance he declared immediately beforehand,

he then asserts it is clear that becoming a human is not abrupt but a gradual event and

that there is no dignity of an integral, developed human being for an embryo, and so

he has “no principal scruples” against consumptive embryonic stem cell research.

He says that we have to weigh the existing risks against the chances to heal and that

we must not hinder progress because of any personal conviction (Vasella 2002).

Actually, the logic should result in the opposite conclusion. If I do not know the

moment when human life begins I am obliged to protect also its earliest phase. The

same conclusion must be made if I claim that becoming a human is a gradual event.

8.3 Positions of Adversaries of a Consumptive Embryo

Research

Wolfgang Huber, Lutheran bishop of the region Berlin-Brandenburg-Schlesische

Oberlausitz until 2009, objects to the aforementioned thesis regarding the distinc-

tion between embryos in vitro and embryos in the mother’s womb as follows: “Our

protective obligations towards the embryo are growing in the same measure as our

possibilities to intervene are increasing.” The fact that the embryo in the mother’s

womb before nidation is relatively unprotected, he says, is “no justification for

the conclusion that the researcher can do with the embryo in the Petri dish whatever

he likes to do”. In the Petri dish the researcher disposes of protective possibilities

that are not available in the mother’s womb. This conviction also is decisive for

the embryo protection law (Huber 2001). But the thesis of Huber can not only

be proven by the fact that the technology of reproductive medicine facilitates the

protection of the created embryo, it is also based on the logic of the social state

of law whose protective obligations are growing according to the degree of dangers.

It is a command of justice to give a special care to the embryo in vitro.

For all persons criticizing consumptive embryo research, human life does not start

with nidation but with the fusion between ovum and sperm. “The natural finality of

the fertilized human ovum is a given condition of law which is not submitted
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to a valuation at will. That is why the embryo is under the protection of the

guarantee of human dignity.” (Starck 2001) According to recent research this

finality can be considered present at the moment the sperm penetrates the egg

(Rager 2004; Condic 2008). “Once this has happened, both sperm and oocyte

undergo such significant changes that neither seems to exist in its own right

anymore” (George and Tollefsen 2008). Even if the German Grundgesetz admits

interventions because of a law in the field of the right to live such that the protection

of life experiences legal graduations, the guarantee of human dignity which does

not admit any graduation prohibits any instrumentalization of the embryo. That is

why the so-called surplus embryos must not be made available to serve the purposes

of others. The human dignity commands to let them die. Accordingly, their “use-

less” death is no “senseless” death (Hillgruber 2002; Classen 2002).

Nevertheless, it has been argued that one cannot infer from the judgements of the

Federal Constitutional Court that “the protection of the Art. 1 par. 1 GG begins only

with nidation. However, what both senates said in 1975 and 1993 can be transferred to

the judgment about the embryo from the moment of fertilization.” (Benda 2001). So,

the embryo in vitro is no less a holder of the fundamental right to live and of physical

integrity than the embryo in the mother’s womb. The embryo has the same guarantee

of human dignity, which prohibits any instrumentalization for the purposes of third

persons. And also the artificially created embryo who can no longer be implanted into

the donor of the ovum, independent from the reasons, must be protected against

lethal instrumentalization. “The proximity of death does not make the affected

persons corpses, and the lack of chances to continue life does not include the

allowance to start a life-destroying intervention. . . And so there never can exist an

obligation of stem cell research for so-called surplus embryos” (H€ofling 2001).

Already for G€unter D€urig in his commentary to the German GG 1958 the

prohibition regarding instrumentalization constituted the core of the guarantee of

human dignity (D€urig 1958). That is what leads numerous lawyers, moral theologians,

philosophers, and biologists to reject PGD too. As to the medical lawyer Adolf

Laufs, in the diagnostic selection there is “a clear violation or instrumentalization of

the human embryo”, which injures his dignity as well as his right of physical

integrity (Laufs 2000; R€oger 2000; Beckmann 2001; B€ockenf€orde 2003). So it

contradicts to the Grundgesetz and the embryo protection law. For the moral

theologian Eberhard Schockenhoff, the ethical principle “to accept every other

person in his individual existence” does not endure any weakening, even if there

are “location considerations in research policy or economic utility being opposed to

that”. But in PGD and therapeutical cloning the embryo is “instrumentalized in a

manner which contradicts the acceptance of human dignity, the right to live, and of

physical integrity”. So, the duty to omit that instrumentalization has priority over

the duty to contribute to the realization of “principally desirable targets like the

fulfillment of a wish to have a child or the treatment of diseases which are not

treatable until now”. In the case of a conflict, the negative obligations to omit have

priority over the positive obligations to act (Schockenhoff 2001a, b; Spaemann

1999; H€offe 2001; Spieker 2011).
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Finally, for the philosopher Robert Spaemann the absolute respect “indepen-

dence from the context” of the person is the reason why we are never allowed to

use others only as a means for our purposes. This absoluteness forms the frontier of

our duty to help. “Rescuing as many lives as possible can justify the sacrifice of

one’s own life, but not the intended killing of an innocent” (Spaemann 1996). The

status of a person depends on the fact “that this status is not given but that every

person in virtue of his own right enters the group of persons”. If human rights were

“given” or “conceded”, “those rights would not exist, because then it is a question

of defining power to whom those rights are given and to whom they are not given”

(Spaemann 2001).

With regard to the human embryo, also J€urgen Habermas states a prohibition

against instrumentalizing. For him, PGD, embryonic stem cell research and inter-

ventions into the human genome are violating the “conditions of reciprocity of

communicative understanding” which in the case of all interventions in genetic

technology and medicine requires the possibility of assuming a consensus given by

the affected embryo (Habermas 2001, pp. 90–93). For Habermas, human dignity is

bound to the “symmetry of relations”. “It is not a quality you can possess by nature

like intelligence or blue eyes; it rather marks that inviolability which can only have

a meaning in the interpersonal relations of reciprocal acceptance, in equal associa-

tion of persons with each other.” (Habermas 2001, p. 62). PGD, embryonic stem

cell research and interventions into the human genome violate these interpersonal

relations and provoke a “different self-understanding in generic-ethical aspect

which can no longer be harmonized with the normative self-understanding of

self-determined living and responsibly acting persons” (Habermas 2001, p. 76).

But the consistency of his refusal of interventions using genetic engineering in the

human embryo is weakened by Habermas himself when he distinguishes “between

pre-personal human life” and person (Habermas 2001, pp. 62, 72). Accordingly, he

sets a difference “between the dignity of human life and the human dignity granted

by law to every person.” By no means, “the genetically individualized creature in

the mother’s womb” is a person. It is true that it has an “integral value for the whole

of an ethically composed form of life”, but the “individuation of his life’s history” is

not be made before the “socialization” (Habermas 2001, pp. 64, 63, 96). With this

socialization of the person, in the tradition of Hegel or Marx, where the substance

dissolves in the relations, the birth becomes the decisive point for a human to

become a human. Accordingly, Habermas calls it the “moment of entering into the

social world. . .from that the talent to be a person is able to realize.”

Regine Kollek and the political scientist Ingrid Schneider suppose the change of

policy of the DFG to be a fight for patent rights and material interests which are

concealed by their protagonists. It is true that patents “per se are not offensive”. But

the economic interests bound to them should be revealed by the researchers to the

public – “also by the DFG”. The patent applications made by Oliver Br€ustle
presuppose “that the target of publicly financed researchers is not merely to develop

therapies in an un-selfish manner” (Kollek and Schneider 2001; Sahm 2001;

Habermas 2001, p. 37; Montgomery 2001). Patents are rights of use, and rights of

use presuppose possession of stem cell lines and thereby prior possession also of
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embryos. This results in the fundamental question of whether the possession of

embryos is possible.

Claims of proprietary entitlements can include goods and services, pension

claims, copyrights, patents, and similar things but never human beings. To raise a

possession claim concerning a human means to enslave him or her. “A right of

freedom never gives mastery over others” (Kirchhof 2002, p. 9; Honecker 1995).

The right of free development of personality – for example of the researcher – has its

limits at the rights of others (Art. 2, par. 2 GG). “Constitutional freedommeans self-

determination but not determination over others. It ends in front of the constitutional

freedom of the other and does not give any right over his person” (Isensee 2002).

Nevertheless, for many centuries slavery was accepted by society – also among

people within Christian culture, although already the Apostle Paul had put the axe to

its roots when he in 55 after Christ asked the slave master Philemon to treat the slave

Onesimus who had escaped from Philemon had become Christian and had been sent

back to him by Paulus not as his possession but as his brother (Phlm. 16). Today, at

least in most western civilizations, slavery seems to be overcome. In any case

nobody talks about slaves when we deal with questions of property.

But the problem of proprietary entitlements of humans gets a new topicality in

the course of debate about research with embryonic stem cells. The requirement to

be allowed to use the so-called “orphaned” or “surplus” embryos for stem cell

research implies using them as a raw material resource for the development of new

therapies for hitherto incurable diseases. So this entails regarding embryos neither

as persons nor as legal subjects but as things, and therefore as legal objects. To

argue in favor of the legitimacy of this requirement, people introduce several

distinctions which contend that the embryo (in particular, the embryo in cyro-

conservation) is not yet a person and so is not affected by the guarantee of human

dignity in Art. 1, par. 1 GG. Among these distinctions belong those between

humans, such as growing humans on the one hand versus human life on the other

hand, between the embryo in vitro and the embryo in utero, between the pre-embryo

and the embryo, the abstract versus the concrete possibility to become a human

being, or between embryos living in a communicative environment (possessing

interests and having feelings) and embryos where all these characteristics are

missing. These distinctions serve the objective of denying the status of being a

person and the protection of dignity so the embryo is accorded a lower status,

allowing proprietary claims to be made by society for projects of research and

therapy. They are reminiscent of attempts to prove the legitimacy of slavery by

subdividing people into two types, into those capable of undertaking leadership

functions versus those only capable of executing more menial tasks. This attempt at

explanation conflicts not only with the Christian conception of man but also the

UN-Declaration of Human Rights and the Constitutions of a lot of western

countries, which include a guarantee of human dignity. This attempt at explanation

is as unconvincing as the judgement of the Supreme Court of North Carolina, who

in 1829 refused the claim against a slave–owner due to grievous bodily harm

against his slave – he shot her down during an attempt to escape – by explaining

that the slave was his property. The act could not be judged as bodily harm because
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she was completely at the mercy of his powers of disposal (Supreme Court of North

Carolina 1829).

In the face of the disposal claims of science and medicine for the so-called

orphaned or especially for research and therapy purposes created embryos we have

to ask the question of whether society is at the point of turning these embryos into

slaves of the twenty-first century. In one sense, the slaves of the Roman Empire, at

least in the second century, were in a better situation. It is true that they were

property, traded goods, means of production and capital investment but the powers

of disposal of the slave masters were limited insofar as they had no rights over the

slave’s life. So, embryos in vitro have even less rights than slaves. Under the

disposal claims of embryonic stem cell researchers, they are reduced to the status

of traded goods and a means of production. The German embryo protection law

from the 13th of December 1990 sets in } 2 “improper use of human embryos”

under pain of punishment. By refusing the trade as well as the research or the

therapeutic utilization, the law makes clear that they must not be regarded as a

thing. Their creation is only admissible to procure a pregnancy. But the guns to

dismantle this bastion for protection of life had been put into position long ago by

the Federal Government with the help of the DFG and some people writing

comments to the Art. 1 GG. So, a discussion about property as a concept of order

cannot be ignored the stem cell debate. It must be shown that a proprietary view of

embryos cannot be possible and not of embryos in vitro either, because they do not

develop into a person but as a person (BVerGE 88).

Already Immanuel Kant (1724–1804) gave a decisive argument in his Meta-

physics of morals 1798. By the act of procreation it is a person who is created and

not a thing. So, parents “cannot destroy their child like their creation and their

proprietary or leave him to chance, because not only a being of the world but also a

citizen of the world was dragged into a position that cannot be indifferent to them

according to legal conceptions” (Kant 1798). The same is valid for the nasciturus

rule and the embryo in vitro. They are never things for which proprietary claims can

be raised but persons with the claim of absolute acceptance. Things never can

become persons. “Persons are free beings and thus subjects of a right to justifica-

tion.” (Spaemann 2009) They are not part of a natural species which can be

identified by a description or by the attribution of certain features. Right from the

start they have a right to recognition. "Person" is not the name of a certain class of

beings, but a “nomen dignitatis.” “To call somebody a person, means to accord him

a certain status, namely the status of being an end in himself.” (Spaemann 2009,

p. 39) in the debate about research on stem cells Robert Spaemann has consistently

emphasized the person’s right to recognition by calling to mind not only Kant’s

categorical imperative but also Thomas Aquinas, who characterized a human being

as inherently free and existing for its own sake (STh II-II, 64, 2 ad 3: “Homo est

naturaliter liber et propter seipsum existens”). Kant’s categorical imperative, which

says: “Act in such a way that you treat humanity, whether in your own person or

in the person of any other, never merely as a means to an end, but always at the

same time as an end,” does not prohibit an instrumentalization of human beings.
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We could not even exist if we did not treat each other permanently as means to our

ends. But this instrumentalization, argues Robert Spaemann, “always has to be

reciprocal. We must not reduce other persons to a mere status of being means to our

ends” (Spaemann 2009, p. 39). If being a person depended on certain properties like

self-consciousness, sensitivity, ability to communicate, autonomy, and so on, the

act of recognition would be an “act of co-optation.” Persons who join later would

depend on the arbitrariness of those who are already recognized, because they could

define properties which lead to being co-opted into the community. Such a commu-

nity would become a club. PGD and gene therapy could be declared terms of

admission.

Questions about the status of the embryo – whether the embryo and even the

embryo in vitro is already a person – can only be answered in one way. A human

being is a person right from the moment of fertilization. “Being a person is not a

property, but the being of any human. It starts not later . . . than when a new

organism, which is not identical with the parents’ organism, starts to exist.”

(Spaemann 2009, p. 42) Spaemann’s equation of the moment of fertilization and

being a person results from the “impossibility of naming the beginning of a person

in time at all” (Spaemann 2009, p. 45). All attempts to separate being a person

from the existence of a human organism have proven to be “counterintuitive,”

which means they are not compatible with current language usage. As an example

Spaemann evoke a mother who says to her child “When I was pregnant with you,”

and who would never say “When there was an organism in me who later has

become you” (Spaemann 2009, p. 43). If we abandon the idea of only one criterion

for being a person – namely being part of the species Homo sapiens and stemming

from other members of this species – it will become “a question of power, to

which human beings personal rights are awarded and to which not.” It is part of

human dignity “that he or she is not a co-opted but a born member of the universal

community of persons.” Thus, if the embryo is his parents’ child right from the

moment of fertilization and carries in himself or herself the potential of becoming

a grown-up person, he or she is a human being that has a right to live. This also

applies to embryos in vitro. Also the embryo in vitro carries the potentiality to

become a grown-up. Consequently, if there is no development from a “something”

to “somebody,” there is also no difference . . . between an artificial fertilization

and the implantation of an artificially created embryo into the uterus . . . a

“rigid relation of connexity” (Starck 2002a, b). So, the alternative view of “utili-

zation or rejection” (Verwerten oder Verwerfen) Kirchof (2002, p. 30) is an

inadequate alternative because it reduces the orphaned embryo to a thing, submit-

ting him or her by means of this to a foreign mastery. If with an uterus an

existential condition of his further development is denied to the embryo in vitro,

this does not mean that he is passed over to become the property of a Principal

Investigator or of society and that he can be subordinated to the interests of

research, therapy, or other utilization interests like a thing. Proprietary claims

find their inviolable frontier at the human dignity and the right to live for every

human.

8 Does a Human Being Have a Right to Life? 125



8.4 A Way Out of the Dilemma Between Research Freedom

and Embryo Protection

A solution of the conflict between the freedom of research and the protection of

embryos emerges from induced pluripotent stem cells produced from adult somatic

cells. Both Shinya Yamanaka and James Thomson produced such stem cells from

human cells independently of one another in 2007. With the help of four genes, they

reprogrammed mature skin cells such that they resemble embryonic stem cells and

therefore have the potential to develop into various, specific types of tissue.

“Embryonic potential without the ethical quandary,” was the headline used to

describe this story of scientific success by the Frankfurter Allgemeine Zeitung,

Germany’s most competent daily newspaper in bioethics questions (Schw€agerl
2007). While Yamanaka’s and Thompson’s success prompted Ian Wilmut, the

creator of the cloned sheep, Dolly, to discontinue research on nuclear transfer as

a means of deriving embryonic stem cells (Wilmut 2007) and strengthened the

convictions of other stem cell researchers such as Volker Herzog that embryonic

stem cell research in Germany has “bet on the wrong horse,” (Herzog 2007;

Hescheler 2007) other researchers such as Hans Sch€oler, Oliver Br€ustle, J€urgen
Hescheler, and Rudolf J€anisch remain convinced that embryonic stem cell research,

i.e., ethically unacceptable, embryo-consuming research, is still necessary for the

time being. But Hans Sch€oler does see induced reprogramming as “the method with

the greatest potential.” (Sch€oler and Greber 2009).
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Chapter 9

Interspecies Mixtures and the Status

of Humanity

Neville Cobbe

Abstract What does it mean to be a human? Could the mixing of human and

nonhuman materials threaten human identity and, if so, how might this happen?

This chapter explores such questions in the light of current biological understand-

ing, discussing various features of human life that allegedly mark it off from non-

human life, ultimately concluding that any associated characteristics need to be

viewed in a holistic manner. The scientific rationale underlying research with

various entities that have latterly prompted the greatest controversy is then analyzed

in relation to contemporary claims regarding such proposals. Finally, possible

approaches towards the ethical evaluation of research involving novel interspecies

combinations are presented.

Keywords Chimera • Cybrid • Human identity • Hype • Interspecies

9.1 Introduction

“IS THIS A CLUMP OF CELLS? OR A LIVING BEING WITH A SOUL?”

Amidst the height of heated debate on controversial legislation regarding the

proposed use of various interspecies embryos in research, this was the question

prominently posed on the front cover of a British newspaper (Laurance 2008). The

article began by describing how embryo research had “pitted scientists against

bishops” and “divided the country” (including different members of the former

Labour Government Cabinet). The aforementioned question, emblazoned in big

white capital letters against a dark backdrop that surrounded the magnified image of

a pre-implantation embryo, was asserted as being the central issue of the day. It was
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further claimed that the legislation under debate at the time would challenge “our

deepest notion of what it is to be human”. If so, how has it done so?

Of course, research that purposefully involves not only the destruction of human

embryos but also their production specifically for experimentation had already been

sanctioned by statute in the United Kingdom since 1990. With no credible sign of

this being subsequently overturned (at the time of the aforementioned debate), it is

doubtful that this in itself was the sole cause of newly entrenched division. Instead,

the main subject of debate was an interspecies embryo generated by nuclear

transfer, in which cells would contain human nuclear DNA but the initial bulk of

cellular constituents (including mitochondrial DNA) would be mainly from other

species. Despite confusion resulting from hitherto overlapping nomenclature

(Cobbe and Wilson 2011, 170–78), the resulting entity gradually came to be

commonly described by the term “cytoplasmic hybrid embryo” (St John and

Lovell-Badge 2007) or “cybrid embryo” for short. However, the disputed legisla-

tion encompassed a raft of additional interspecies entities, each of which was to be

covered by the politically concocted moniker of “human admixed embryo” (Homer

and Davies 2009). These included a human embryo that has been altered by

integration of any non-human DNA sequence into one or more of its cells (in

other words, a transgenic human embryo), a human embryo that has been altered by

the introduction of one or more non-human cells (a chimeric embryo) and conven-

tional hybrids resulting from fertilization with gametes from different species. The

overall aim may have been to ensure that research with any conceivable interspe-

cies embryo containing a significant human component should fall within the remit

of the appointed regulatory authority,1 which had already been responsible for

regulating both research and clinical practice with fully human embryos. Neverthe-

less, the purported justification for generating either “true hybrids” up to 14 days

old or transgenic human embryos was not readily apparent in contemporary

debates; so the merits of these entities remain especially questionable in the

continued absence of any overt demand for their use in sensible research. By

contrast, interspecies cybrid embryos had been the subject of intense lobbying,

leading to critique not only by clerics (Schofield 2008; Bentley 2008) but also by

those advocating the replacement of animals in research (Balls 2008). Moreover,

there has been sustained interest regarding the potential ethical questions raised by

various chimeric entities, latterly evidenced by consultations on this topic initiated

by the Academy of Medical Sciences (2010) in the United Kingdom.

However, what exactly are the novel ethical questions posed by research with

human–nonhuman embryonic and foetal mixtures? Could such entities undermine

any unique status of our species, perhaps if otherwise viewed as merely “the animal

that must recognize itself as human in order to be human” (Agamben 2004, 26), or

threaten particular conceptions of human dignity (Schroeder 2008)? If so, howmight

1The Human Fertilisation and Embryology Authority (HFEA), which had ultimately never refused

to grant any research license applications.

130 N. Cobbe



interspecies mixtures pose any unique challenges? Before we can begin to address

these questions, we may need to consider what it is that makes humans unique.

9.2 What Is It that Makes Humans Unique?

You might be inclined to simply say that you know another human when you meet

one. However, trying to define specific features of our species that might always set

us apart as unique is not as straightforward as it might initially seem. Although

various attempts have been made throughout history to distinguish humans on the

basis of intellectual capacities for reason and conscience, it is not necessarily clear

what distinguishes all members of our species as special on this basis alone. Such a

distinction becomes especially problematic in the absence of a radical discontinuity

between the mental attributes of humans and those of related species, or when

observable differences appear to be primarily quantitative in nature. Even classical

concepts of “free will” could arguably be portrayed as a graded series of biological

properties possessed to some degree also by invertebrates (Brembs 2011), counter-

ing assumptions that humans alone might be capable of decision making. Indeed,

most attempts to make qualitative distinctions purely on the basis of isolated human

mental faculties may be questionable not just in scientific terms but also from a

Judaeo-Christian theological perspective, if the rationality of humans is completely

dwarfed by the supreme knowledge of God (Job 38:1–40:5, Isaiah 55:8–9, John

16:30) yet the ingenuity of supposedly lowlier species is praised (Numbers

22:22–33, Proverbs 30:24–28).

Not only is consciousness a feature that is clearly absent from pre-implantation

embryos (which have developmental potential for sentience but as yet lack any

brain), this may not be a feature that is strictly unique to mature humans either. For

example, those under a general anaesthetic temporarily lose self-awareness,

whereas self-recognition in a mirror was demonstrated in chimpanzees a number

of decades ago (Gallop 1970). Like humans, it appears from a host of psychological

experiments that chimpanzees also understand the actions of others in terms of the

underlying goals or intentions involved (Call and Tomasello 2008). Moreover,

young chimpanzees have latterly been shown to have an extraordinary capability

for numerical recollection. In fact, one 7-year-old chimp in particular has been

described as performing better than university students tested at a game of memory

using the same apparatus and testing procedure (Inoue and Matsuzawa 2007).

Nevertheless, a large cerebral cortex is often considered to be a key feature

distinguishing humans from other primates, such that the average human brain at

birth is about three times larger than that of our closest primate relatives. However,

brain volumes can be reduced to a third of normal in humans with a neuro-

developmental disorder known as “autosomal recessive primary microcephaly”

(Ponting and Jackson 2005). Affected individuals have varying degrees of mental

retardation (ranging from mild to moderate) and are characterised by a sloping

forehead and reduced head size due to considerably reduced brain growth in utero,
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though their appearance is otherwise normal (Cox et al. 2006). As genes that are

mutated in primary microcephaly appear to have been subject to positive selection

associated with increasing primate brain size (Montgomery et al. 2011), this has

prompted suggestions that adaptive changes in the encoded proteins may have been

important factors in the evolution of the human brain. However, caution is needed

in extrapolating such findings to defining features of humanity, partly due to the

poor correlation between brain size and cognitive abilities in healthy human adults

(Tramo et al. 1998) and especially since it would be gravely wrong to suggest that

patients with primary microcephaly are anything other than fully human.

Among other morphological transitions from australopithecine ancestors to

humans is a reduced reliance on powerful jaw muscles as a means of breaking

down food, which is closely correlated with the dramatic increase in cranial

capacity. The first of these changes may be associated with a particular member

of the class of genes encoding a myosin heavy chain. Intriguingly, although the

MYH16 gene is specifically expressed in the jaw muscles of humans and nonhuman

primates, a mutation specifically in the human gene prevents the accumulation of

MYH16 protein (Stedman et al. 2004). The apparent inactivation of MYH16 in

humans has prompted intriguing speculation that the resulting decrease in jaw

muscle size might have removed stress-related constraints on remodelling of the

hominid cranium, thereby allowing an increase in brain size (Currie 2004). How-

ever, various other genes are also known to have been inactivated since diverging

from the chimpanzee lineage (Chou et al. 1998; Winter et al. 2001; Gilad et al.

2003; Wang et al. 2006), and it remains questionable whether apparent losses of

function would have necessarily led to the success of humans as a species. Instead,

as the genomes of humans and chimpanzees are remarkably similar (Chimpanzee

Consortium 2005), many of the visible differences are thought to reflect differential

regulation of gene expression (Cáceres et al. 2003).

Meanwhile, human language has been suggested as a unique feature of our

species (Anderson 2004), fuelling considerable interest in the FOXP2 transcription

factor after a couple of amino acid replacements in the human lineage were found to

distinguish this highly conserved protein from that in closely related species (Enard

et al. 2002). As mutation of FOXP2 was already associated with severe speech and

language difficulties (Lai et al. 2001), it was speculated that the two amino acid

replacements described as specific to humans might be involved in the evolution of

language. Indeed, the chimpanzee, gorilla, and rhesus macaque FOXP2 proteins are

identical to each other and carry just a single difference from the mouse but two

differences from the human protein. These substitutions have persisted unchanged

in modern humans and appear to have been shared with Neanderthals (Krause et al.

2007). In particular, one of these involved an asparagine-to-serine change that was

proposed to create a potential new target site for phosphorylation by protein kinase

C (Enard et al. 2002).

However, it is interesting to note that subsequently available data reveal how the

aforementioned serine is found not only in humans but is also conserved in dogs,

cats, and horseshoe bats – even though the sequence of FOXP2 is relatively diverse

amongst echolocating bat species (Li et al. 2007). Moreover, the corresponding
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residue in FOXP2 from duck-billed platypus (Accession: XP_001509861) is a

threonine, and thus conservatively similar. Conversely, although FOXP2 expres-

sion appears to be required for learned vocalizations in songbirds (Haesler et al.

2007), conserved sequences from such species (as well as vocal-learning whales

and dolphins) do not share the substitutions described as unique to humans (Webb

and Zhang 2005). Nevertheless, the threonine-to-asparagine change at position 303

of human FOXP2 is seemingly unique amongst placental mammals, whilst intro-

duction into mice of both FOXP2 substitutions identified in humans has been found

to alter their exploratory behaviour and ultrasonic calls (Enard et al. 2009). More-

over, the addition of human versus chimp versions of FOXP2 to neuronal cells

otherwise lacking the protein has been shown to differentially affect the expression

of multiple genes, which are also differentially expressed in human and chimpanzee

brains (Konopka et al. 2009). These studies suggest that at least one of the sub-

stitutions affecting FOXP2 in humans may have had profound effects on human

evolution, though their precise roles in the development of language remain

obscure.

In any event, linguistic impairments had not prevented affected individuals from

being recognised as humans (Lai et al. 2001), and it may be questionable to what

extent language in humans represents a qualitative difference sharply separating us

from other species. Aside from the remarkable ability of Border Collies to learn the

meanings of hundreds of words and quickly guess the meaning of a new one

(Kaminski et al. 2004; Pilley and Reid 2011), some nonhuman species have been

shown to be capable of mastering both semantic and syntactic information in

artificially taught languages, notably including a bonobo (Savage-Rumbaugh

et al. 1993) and bottlenose dolphins (Herman 1986; Herman and Uyeyama 1999).

In addition, our closer ape relatives can communicate context-dependent meaning

through extensive use of arm and hand gestures (Cartmill and Byrne 2007; Pollick

and de Waal 2007; Genty et al. 2009), which are thought to have served as a

stepping stone for the evolution of symbolic communication in language.

So, what is it that makes humans unique? The answer is surely not any one factor

in isolation but rather a whole suite of characteristics. Despite the accumulating list

of similarities between humans and other species, it is nonetheless clear that

differences remain (Premack 2007), albeit more quantitative than qualitative in

nature. According to Sarah Chan, “what makes us uniquely human is the ability to

shape our own destinies according to our desires” (Chan 2008). At the very least, a

long history of interventions from selective breeding (Darwin 1859, 7–43) to

“synthetic biology” (Gibson et al. 2010) should make it clear that our species has

displayed an unparalleled ability to manipulate the genetics of others. Although

expounding a different perspective from that seemingly expressed by Chan, this

functional distinction may partly echo theological attempts at defining humanity in

terms of the imago Dei (Genesis 1:26–28). Rather than naı̈vely equating God’s

image simply with a human mind (Editorial 2007), this may be understood as “the

potential for authority associated with the human species as a community of

stewards and co-creators in relation to God” (Cobbe 2007, 614), whereby we

“share in the communion of trinitarian life and in the divine dominion over visible
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creation” (Commissione Teologica Internazionale 2004, 275). In striving to encom-

pass the totality of humanity, such considerations should be seen as relating to our

species as a whole in a relationship and not just to any singular characteristics of

isolated individuals.

The degree to which we differ from other animals therefore encompasses

everything with which our species has been endowed to manipulate nature and

exert authority over the natural world. This can include not just large and intelligent

brains (coupled with manual dexterity), but also the ability to cooperate in a society.

Although presently hard to account for in terms of simple genetic differences, the

remarkable ability of humans to manipulate nature is certainly hard to dispute.

Nevertheless, as Andrew Linzey has stressed (Linzey 1994, 54–57, 71), Christian

views in particular regarding human dominion over other creatures should empha-

size responsibility, following Christ’s example of lordship manifest in service

(Mark 10:42–45, Philippians 2:5–8). After all, if “we have been created in the

image of God, then we have been created to love, because God is love” (Teresa

2002, 83). We may have the power to shape destinies according to our desires

(Chan 2008) but with great power comes great responsibility. The questions to

which we must therefore now turn are whether the kind of manipulations involved

with various interspecies embryos are appropriate with regard to the moral status of

such entities, and whether the primary aim underlying such proposals is to seek the

good of others.

9.3 Cybrid Embryos: Animal Eggs for Human Cloning?

Long before the immense quantity of women’s eggs used in fraudulent human

cloning attempts was eventually disclosed (Nature staff 2006), Ian Wilmut

suggested that the eggs of other species might be used to reprogram gene expression

in the nuclei of adult human cells (Wilmut 2004). After it became clearer how most

donated eggs would be wasted in cloning efforts, Stephen Minger argued that it

would be more ethical to use eggs from domesticated livestock that are already

killed for their meat and can provide a large pool of eggs, rather than encouraging

women to risk undergoing invasive procedures for which they receive no direct

medical benefit (Minger 2006). Regrettably, some ridiculously irresponsible hype

regarding the purported promise of such research was then engineered to combat

initial repugnance about crossing species boundaries, yieldingmultiple press reports

suggesting that such research was vital to combat disease and save lives (Fleming

2007; Hammett and Day 2007). Even the leader of the British Conservative Party (in

Opposition at the time) was evidently led to believe that treatments for his disabled

son might result from interspecies nuclear transfer (Chapman 2008), yet this specific

hope was tragically dashed within less than a year when his son passed away.

Notably, Chris Shaw (of King’s College London) described previously proposed

delays in permitting such experiments as “a real affront to patients who are

desperate for therapy” (Henderson 2007), with one of the patients under his care
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featured in an article claiming that research “using human–animal embryos offers

the only glimmer of hope for an otherwise incurable and deadly condition” (Rose

2007). When later questioned about the prospects for such research, he asserted that

there was “no obvious biological reason why it should not work” (Science and

Technology Committee 2007, Ev 7 [Q49]). In an ensuing letter, he further appealed

against closing the door on what he described as “a promising area of research” for

those suffering from conditions such as Alzheimer’s, Parkinson’s, and motor

neurone disease, arguing that “research on human–animal hybrids is good news

for scientists and patients” (Shaw 2007). Although Shaw himself proposed to use

cells derived from interspecies embryos simply for study and had previously

indicated that such cells “would not be appropriate for transplantation” (Science and

Technology Committee 2007, Ev 7 [Q48]), Lord Walton of Detchant (a Professor

of Neurology and former Dean of Medicine) then claimed in Parliament that “the

new technique of cloning using the interspecies embryo” would not produce an

immunological response. Despite recognised concerns that stem cells derived from

components of divergent species may not be tolerated by a human patient’s immune

system (Wakayama 2004), never mind additional risks, Lord Walton went on to

assert:

Now, if one can use animal cells to produce the type of capsule or framework in which the

nucleus from that cell can be implanted, stem cells derived from that cell will be immuno-

logically compatible with the host into whom the subsequent stem cells will be implanted.2

Ironically, the absurdly hyped and facile claims promoting such procedures may

in turn have helped to fuel further opposition, since many of the strongest hopes and

fears alike depended in part on an assumption that viable human-like embryos

would be produced (Cobbe 2007, 603). For example, it would seem that the

Catholic Bishops’ Conference of England and Wales simply took the popularised

claims of proponents (Fleming 2007; Henderson 2007; Moss 2007) at face value,

consequently arguing that “embryos with a preponderance of human genes should

be assumed to be embryonic human beings, and should be treated accordingly”

such that interspecies embryos should not be prevented from developing in a

woman’s womb (Catholic Bishops’ Conference 2007). However, it was already

doubtful that most such mixed-species cybrid embryos would survive particularly

long, since host mitochondrial function is apparently not properly supported by

donor nuclei from more distantly related species (Barrientos et al. 1998, 2000;

McKenzie et al. 2003). This is especially relevant since oocytes with lower mito-

chondrial numbers seem to have lower developmental potential (May-Panloup et al.

2005; El Shourbagy et al. 2006), so residual human mitochondria transferred with

the donor nucleus would be unlikely to sustain development. Even if sufficient

numbers of functioning donor mitochondria could be supplied by other means,

further barriers to successful organismal development could be readily envisaged.

After all, nuclear transfer with eggs from the same species was already associated

2Hansard Official Report (House of Lords), 19th November 2007; Columns 708–09.
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with unpredictably variable disruption of gene expression (Humpherys et al. 2002;

Somers et al. 2006; Yang et al. 2007). In light of differences in the reprogramming

of gene expression during the earliest stages of embryonic development in different

mammalian genera (Beaujean et al. 2004; Chen et al. 2006) and some similarities

between defects in cloned animals and interspecific hybrids (Vrana et al. 1998;

Hiendleder et al. 2004), one would have expected that using eggs from more

distantly related species would lead to even more defects in reprogrammed gene

expression.

Indeed, most attempts to clone mammals using eggs from distantly related

species had only permitted rather limited embryonic development (Dominko

et al. 1999; Murakami et al. 2005; Xu et al. 2008). More recently, Robert Lanza

and his colleagues reported that embryos fail to grow beyond 16 cells if generated

by inserting human nuclei into the eggs of more distantly related species such as

cows, mice, or rabbits (Chung et al. 2009). Lanza himself argued that the problem

was far more fundamental than just a matter of tweaking the culture conditions

(Ledford 2009), going on to describe how “there’s no reprogramming towards the

embryonic state” such that “these discordant combinations of species are dead on

arrival” (Coghlan 2009). Similarly, in an April Fools’ Day media announcement,

John Burn of Newcastle University declared that embryos produced by inserting

human DNA from a skin cell into a cow egg resulted in something that “looks like

semolina and it stays like that” but was “never going to be anything other than a pile

of cells” (Jha 2008). Notably, development to term was described as the only

effective guarantee of complete nuclear reprogramming (Kind and Colman 1999),

yet viable cloned offspring had never been obtained when using eggs from distantly

related mammals. Therefore, the proposal to use embryonic cells derived in this

way to study otherwise unidentified subtle differences associated with late-onset

human disease conditions should have seemed all the more ludicrous.

However, skepticism regarding allegedly unique benefits is not in itself suffi-

cient to prohibit research, at least if no obvious harm is apparent and no significant

risks are foreseeable. Indeed, it has even been argued that the mismatch between

human nuclei and either the reprogramming machinery or mitochondrial proteins of

other species ought to be studied (St John et al. 2004); so it could be premature to

conclude that experiments involving seemingly useless artefacts such as interspe-

cies “semolina” will no longer be pursued (albeit also assuming that someone

would be willing to provide funding). Despite formidable challenges (Beyhan

et al. 2007), it was theoretically conceivable that eggs from our closer relatives

might be used to clone human or human-like embryos, where eggs from more

distantly related mammals (such as cattle) would not suffice and sufficient numbers

of human eggs are unavailable. After all, nuclear transfer between closely related

mammalian species had been shown to yield at least some viable offspring (Loi

et al. 2001; Kim et al. 2007) and other reports of pregnancies (White et al. 1999;

Lanza et al. 2000; Sansinena et al. 2005; Yin et al. 2006), indicating that successful

reprogramming of gene expression may sometimes be possible using such an

approach. The potentially greater feasibility of human cloning using chimpanzee

eggs (and the relative improbability of success with those of more distantly related
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species) may be explored by examining the branch lengths of a phylogenetic tree

based on cytochrome b (a mitochondrial protein for which sequence data are widely

available), revealing that species in which interspecies nuclear transfer has led to

pregnancies are generally those separated by comparatively short distances

(Fig. 9.1).

As with other mitochondrial proteins (Cobbe and Wilson 2011, 174–75), the

distances separating cytochrome b in human and chimpanzee are relatively short

(albeit longer than in mammalian genera where interspecies nuclear transfer

yielded viable offspring), reflecting greater compatibility between human nuclei

and chimpanzee mitochondrial function (Kenyon and Moraes 1997). On the other

hand, even orangutan mitochondrial and human nuclear genomes apparently

encode incompatible oxidative phosphorylation components (Barrientos et al.

2000; Bayona-Bafaluy et al. 2005); so the eggs of species that are far more distantly

related (such as cattle) would seem implausible as candidates for human cloning.

However, when the use of numerous eggs from women for cloning research was

considered unjustifiable because of the risks involved and the lack of personal or

guaranteed benefits (Minger 2006), it would be questionable how the use of eggs

from non-consenting members of any sentient, intelligent, and endangered nonhu-

man ape species could be considered any more justifiable. In the United Kingdom,

the use of any great apes (such as chimpanzees) in research that might cause

suffering had already been effectively prohibited (Home Office 2000), with appar-

ently similar restrictions in the Netherlands and Sweden (Hau and Schapiro 2007).

Meanwhile, rights to life and freedom that were previously associated only with

humans have been awarded latterly to great apes in Spain (Glendinning 2008).

Therefore, assuming that eggs from closely related primates would not be used,
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Fig. 9.1 Phylogenetic tree of cytochrome b protein sequences, in which the sum of distances

along intervening horizontal lines reflects the extent of divergence between protein sequences

(the length of vertical lines connecting nodes does not represent actual distances and is merely a

reflection of presentation constraints). Pairs of species in which interspecies nuclear transfer

reportedly yielded pregnancies or survival to term are connected by dotted grey lines. The distance
denoted by the scale bar (0.1 units) is based on the Whelan and Goldman substitution matrix
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there should have been little reason to suspect that the transfer of human nuclei into

more readily available eggs from other species would yield viable offspring and

thus raise ethical concerns associated with their treatment. As Jason Scott Robert

has pointed out (Robert 2006), there may be an important tension when some

studies that might be more questionable scientifically could also be those that are

less likely to pose significant ethical concerns, and vice versa.

What, then, are the outstanding ethical concerns? Latterly, the Congregation for

the Doctrine of the Faith (2008) published a document entitled “Dignitas Personae”,

which described the use of animal oocytes for reprogramming the nuclei of human

somatic cells as “an offense against the dignity of human beings” (n. 33). Interest-

ingly, in considering this to be an offence, no obvious appeal was made to the

potential rights or wrongs of destroying the resulting embryo in order to extract

stem cells. This markedly contrasts with the description of research that “invariably

causes the death” of a living human embryo, which is condemned within the same

document as “gravely illicit” due to “the suppression of human lives that are equal in

dignity to the lives of other human individuals and to the lives of the researchers

themselves” (n. 32). Instead, the use of animal oocytes in place of human oocytes is

considered to be “against the dignity of human beings on account of the admixture of
human and animal genetic elements capable of disrupting the specific identity
of man”.

Consequently, such objections to interspecies embryos are seemingly due to the

mixing of human and nonhuman DNA, yet the moral status of any such entity itself

is not directly addressed. Based on the contrasting approach to human embryos, one

might infer that the Congregation for the Doctrine of the Faith did not consider that

any entities resulting from interspecies nuclear transfer could develop so as to be

“equal in dignity to the lives of other human individuals”. If so, this conclusion

would certainly appear consistent with concurrently available evidence and

arguments that such entities would be intrinsically nonviable due to incompat-

ibilities between divergent species (Cobbe 2007, 603–04, 606). However, the

question then arises as to how the mixing of human and nonhuman DNA might

threaten the dignity of human beings. After all, no obvious reference is specifically

made in this regard to previous teaching on related matters, such as the imago Dei
(Commissione Teologica Internazionale 2004). Although the relevant text of

Dignitas Personae subsequently mentions unacceptable exposure of humans to

unknown health risks associated with any derived stem cells, it is not made clear

how such exceptional risks might necessarily arise if transplantation into patients is

precluded (notwithstanding Lord Walton’s dubious assertions) and research is

restricted to controlled laboratory settings. In any event, such risks are seemingly

expressed here as a possible additional concern, rather than as the primary objection.

So, how might “the specific identity of man” be uniquely disrupted by such

research? In what way does this “represent an offense against the dignity of human

beings”? And why was this not previously apparent in response to earlier research

where the mixing of human and nonhuman DNA only involved somatic cells

(Ruddle and Kucherlapati 1974)? In other words, is there something morally unique

about a nonhuman egg that now makes the mixing of human and nonhuman genetic
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material particularly offensive, even though no sexual act is involved? If so, how is

this reflected in attitudes to the use of nonhuman eggs in research more generally?

Conversely, if nonhuman eggs have not previously been ascribed a special moral

status, and if fusion of somatic cells from different species has not hitherto been

considered as unethical, then why should an intrinsically nonviable entity generated

from human somatic cells and oocytes from other species be considered as morally

unacceptable? Such questions would clearly need to be addressed if it is hoped that

the corresponding instruction might be intellectually compelling, rather than

appealing to emotional intuition and risking self-contradiction.

Meanwhile, the apocryphal merits of reprogramming human nuclei with the eggs

of more distantly related species would be increasingly challenged in the face of

stunningly rapid research progress with induced pluripotent stem (iPS) cells

(Takahashi and Yamanaka 2006; Stadtfeld and Hochedlinger 2010). Notably, the

advent of human iPS cells apparently prompted Ian Wilmut to abandon cloning by

nuclear transfer in favour of this direct reprogramming approach (Highfield 2007;

Topping 2007), which requires neither eggs nor embryos. On the other hand, those

who wished to persist with using cow eggs for human cloning would face increased

difficulties in obtaining the necessary funding to compete with an evidently superior

alternative (Mayor 2009). Whereas the Association of Medical Research Charities

(representing 223 organisations) had intensively lobbied Members of Parliament

with a letter claiming that interspecies cloning research “could greatly increase our

understanding of serious medical conditions affecting millions of people throughout

the UK, and ultimately lead to new treatments” (Laurance 2008), the subsequent

lack of any concomitant financial support provides ample reason to question the

quality of evidence that supposedly lay behind such beguiling statements.

However, a question may also arise as to whether factors used to generate iPS

cells might someday be used in combination with nuclear transfer (Gurdon and

Murdoch 2008), in order to increase the fidelity or efficiency of reprogramming

steps. This possibility could seem more likely if factor-mediated reprogramming

normally requires a gradual process (Stadtfeld et al. 2008), such that low-passage

iPS cells generated from adult somatic tissues are less faithfully reprogrammed than

embryonic stem cells derived by nuclear transfer (Kim et al. 2010). Slow

reprogramming may also be a concern where genomic abnormalities have been

reported for various pluripotent stem cells in culture over time (Laurent et al. 2011).

Interestingly, elevated expression of the same set of transcription factors (Oct4,

Sox2, c-Myc, and Klf4) is known to induce pluripotency in several diverse

mammals alike (Shimada et al. 2010; Esteban et al. 2009; Li et al. 2009; Liu

et al. 2008; Nakagawa et al. 2008), and serial nuclear transfer is reported to enhance

the time available for correct reprogramming during pre-implantation development

(Zhang et al. 2007). In theory, one could envisage a stepwise protocol in which

reprogramming is initially attempted using factors introduced without viral vectors

(Okita et al. 2008; Zhou et al. 2009) and any resulting iPS cells are then injected

into enucleated eggs of suitable species for subsequent rounds of cloning by nuclear

replacement.
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Of course, it is presently hard to see how such experiments in humans could be

justified, especially whilst additional technical improvements continue to increase

the efficiency of iPS cell production (Lin et al. 2009; Hanna et al. 2009; Zhu et al.

2010; Warren et al. 2010) without any recourse to nuclear transfer. Nevertheless,

the demand for women’s eggs to use in cloning remains inexplicably strong (BBC

News 2007; Maher 2008; Nelson 2009), regardless of its current inefficiency and

outstanding ethical concerns (Cobbe 2006; Baylis and McLeod 2007). Conse-

quently, it ultimately remains to be seen whether the generation of iPS cells will

necessarily eliminate the demand for additional eggs and embryos in human stem

cell research (as one might reasonably hope), or if such advances might also

indirectly enhance the feasibility of reproductive cloning (wherever mitochondrial

differences are insufficient to preclude viability). If the use of nuclear transfer in

humans is not prohibited and if it is also permitted for purposes other than stem cell

derivation (Henderson 2008), then this clearly remains an open question.

9.4 Chimeras: Animals with Human Brains or Gametes?

Different ethical issues may be raised by work with some chimeric animals, in

which genetically distinct populations of whole cells are derived from human

embryos and those of other species. On one hand, if one starts with a human

embryo and injects into it pluripotent stem cells from another species, it is doubtful

whether the use of such an embryo in research (as ordinarily regulated in various

jurisdictions to date) would fundamentally raise any new ethical concerns. Assum-

ing that the resulting interspecies chimera is legally destroyed within 14 days and

implantation in a uterus is prohibited, then the most obvious ethical concerns are

those that already pertain to destructive human embryo experimentation in general

(with attendant questions as to the particular aims and rationale). By contrast, it

seems that the reciprocal experiment (whereby pluripotent human stem cells are

injected into an embryo of another species) would be subject to different regulatory

constraints and might therefore raise novel questions. For example, research in

the United Kingdom with various nonhuman species is governed by the Animals

(Scientific Procedures) Act 1986, which defines any living mammal (other than

humans) as a “protected animal” subject to regulation only after it has developed

halfway through the normal period of gestation.3 This obviously contrasts with the

regulation of research with human embryos, which is ostensibly restricted to ensure

that embryos do not develop past 14 days or the appearance of the primitive streak.4

Therefore, it may be possible for a chimeric animal with a significant proportion

of human tissue to develop to considerably later stages than would be legally

3Sections 1(1) and 1(2)(a) of the Animals (Scientific Procedures) Act 1986 (c. 14).
4Sections 3(3)(a) and 3(4) of the Human Fertilisation and Embryology Act 1990 (c. 37).
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permissible with human embryos used in research. For those who might otherwise

accept research with nonhuman species in preference to analogous experimentation

on humans, how should scientists treat a chimeric animal with a significantly

human composition?

In light of such questions, the National Academy of Sciences in the USA

recommended that research in which human embryonic stem cells are introduced

into nonhuman primate embryos should not be permitted for the time being (NAS

Guidelines Committee 2005, 40–41). Similarly, in a “Policy Forum” article in the

journal Science, Ruth Faden and colleagues concluded that it would be unaccept-

able to graft human neural cells into closely related species at an early develop-

mental stage if the human cells would potentially constitute a large proportion

of the host animal’s brain (Greene et al. 2005). Nevertheless, the guidelines

formulated by such groups are largely voluntary in nature (rather than legally

binding) and do not preclude the production of chimeras involving human cells

and embryos from either mice or larger nonprimates (so long as such work is

subject to careful review). For example, a group of researchers at the Rockefeller

University was able to show how human embryonic stem cells could proliferate and

integrate after injection into mouse blastocysts when the embryos were cultured

in vitro (James et al. 2006). However, after implantation in the uterus of foster mice,

the vast majority of these mouse/human chimeric embryos subsequently failed to

retain derivatives of the slower dividing human cells or displayed developmental

abnormalities. Despite such incompatibilities between the developmental programs

of more divergent species, others had shown how injection of human embryonic

stem cells into the ventricles of developing embryonic or foetal mouse brains could

yield functional human neurons that successfully integrated in the forebrains of

mature animals (Muotri et al. 2005). Furthermore, human embryonic stem cells

were reported to rapidly produce neurons even in early chicken embryos following

transplantation next to partially differentiated tissue (Goldstein et al. 2002).

The potential outcomes of transplanting substantial numbers of human pluripotent

stem cells into the developing embryos of larger mammals are far less certain at

present. In contrast to the dubious feasibility of interspecies nuclear transfer with

more evolutionarily divergent species, conservation in developmental programs

appears to be more important than sequence similarity during chimera development.

This is vividly illustrated by the successful generation of viable chimeras between

pairs of species that are unable to hybridise, including two mouse species (Mus
musculus and Apodemus sylvaticus) with divergent genome sequences (Xiang et al.

2008) as well as interspecific chimeras between mouse and rat (Kobayashi et al.

2010). As Stephen Minger warned (Joint Committee 2007, 177–78 [Q646]), it may

be sooner than expected before someonewouldwant to “take human embryonic stem

cells and put them into a primate blastocyst and take that blastocyst to mid-gestation

or maybe to birth or maybe to 10 years of age”. Notably, any relevant concerns about

such applications could similarly apply to human stem cells from other sources

(Kang et al. 2009; Zhao et al. 2009), not just those derived from embryos.

In addition to issues raised by the potential conferral of human mental traits,

there is the possibility of pluripotent human stem cells contributing to the germline
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of some chimeras, particularly if such cells are incorporated sufficiently early in

development. Perhaps due in part to the inefficiency of complete gametogenesis

from sources such as embryonic stem cells in vitro (Daley 2007), other species have

already been used as surrogates in attempts to make human gametes in vivo

(Weissman et al. 1999; Kim et al. 2005; Geens et al. 2006; Wyns et al. 2008).

More recently, it has also been suggested how “it may be possible to generate

human oocytes from iPS cells in vitro or through human–animal chimeras” (Deng

et al. 2011). Although currently an unlikely prospect, further pursuit of such

chimeras – possibly involving primates (Lee et al. 2004) rather than mice – might

conceivably raise the risk of a human foetus being trapped in the uterus of another

species if the resulting creatures are allowed to interbreed, prompting recom-

mendations that this should be prohibited (NAS Guidelines Committee 2005,

39–40). On the other hand, if a chimera with apparently human mental faculties

should be either kept in isolation or unable to reproduce with similar creatures

because of enforced prohibitions against breeding, this entails automatic denial of

what many would otherwise see as fundamental rights in humans.5 However, before

human rights could be deemed as applicable to some interspecies organisms, this

arguably might depend on whether the degree of chimerism is considered sufficient

to merit human personhood. So, how might one assess the status of a range of

interspecies entities containing a significant human component?

9.5 What Is the Status of Interspecies Entities?

Invoking personhood in order to decide on the ethical status of interspecies entities

may be fraught with complications, as the concept already has varied definitions.

In everyday English, the word “person” has come to mean little more than an

individual human being (Thompson 1996; Naffine 2008), yet this in itself does not

necessarily mean that nonhumans should be automatically denied personhood

(DeGrazia 2007). In fact, the word derives from the Latin persona, which originally
had the sense of a mask and particular connotations with those worn in Greek and

Roman theatres. Building on developments in which the persona came to represent

a character who acts, Anicius Manlius Severinus Boethius defined a person as “the

individual substance of a rational nature” (Boethius [c. 518–521] 1918, 85, 93).

However, considerable variation is possible with regard to how the “rational

nature” might be understood, with some seeing this as a property of the individual

at the present time only, or in terms of future potential, or as a description represen-

tative of an entire species.

John Locke defined a person more narrowly as “a thinking intelligent being, that

has reason and reflection, and can consider itself as itself, the same thinking thing,

5The Universal Declaration of Human Rights (adopted by the General Assembly of the United

Nations, 10th December 1948), Article 16.
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in different times and places; which it does only by that consciousness which is

inseparable from thinking” (Locke [1689] 1825, 225). According to Locke, think-

ing and consciousness are absolutely essential to the identity of a person, which

depends on one’s “present sensations and perceptions” (Locke [1689] 1825, 226),

such that identity extends back in time only as far as conscious thought. As John

Harris pointed out (Harris 1999), all of the elements in Locke’s definition (such as

intelligence, self-consciousness, memory and foresight) are capacities that exist in

degrees, raising the question of whether one can be more or less of a person.

Arguing that there is no justification for taking a gradualist approach to personhood

or moral status, Harris has instead proposed defining a person as “a creature capable

of valuing its own existence”. In selecting this definition, Harris acknowledges that

this “may include animals, machines, extra-terrestrials, gods, angels and devils” but

he also makes it clear that he personally rejects the personhood not only of the

embryo and foetus but also of newborn children. However, a definition of person-

hood premised on evidence of a capacity to value one’s existence also excludes a

wide range of mature individuals from being considered as persons, including those

with potentially suicidal depression.

Therefore, whether or not a particular interspecies combination should be

regarded as a person may depend greatly on the chosen definition of personhood.

Noting that rationality is a key feature of personhood according to Boethius, Locke

and Harris alike, one may choose to focus on the observable or potential cognitive

capacities of chimeras containing human neurons in order to evaluate their moral

status. In the case of a broader definition as proposed by Boethius, the nature of a

chimera containing a significant number of human neurons may be considered

earlier in development, whilst development to maturity and evaluation of psycho-

logical status throughout life may be required to satisfy the criteria of Locke and

Harris. In the case of each definition, the personhood of a cybrid seems extremely

unlikely if it lacks any obvious potential to develop to a stage in which rationality

might be apparent.

By contrast, Tom Beauchamp has asserted that “no cognitive property or set of

such properties confers moral standing” and “that moral standing does not require

personhood of any type” (Beauchamp 1999). Describing instead how moral status

may depend primarily on a relationship with those who have moral obligations to

respect the rights of others, he has emphasized how possession of a right is

independent of being in a position to assert it. Nevertheless, Beauchamp also

appeals to the moral significance of avoiding pain, suffering, and emotional depri-

vation, which appears to be as dependent on a complex nervous system as would be

the case for cognitive properties. Consequently, it remains doubtful whether an

intrinsically nonviable cybrid should have any more significant moral status than a

sloughed human skin cell, especially if it has no greater potential capacity for pain

or emotion. However, assessing the potential of a mature chimeric organism to

experience emotional deprivation would appear no less challenging than predicting

its psychological status. If evaluating personhood already appears ambiguous or

contentious, then other criteria may need to be considered in order to assess the

moral status of interspecies entities.

9 Interspecies Mixtures and the Status of Humanity 143



Alternatively, assuming that recognition of human rights would be restricted to

humanity, then could any interspecies entity ever be effectively considered as a

fellow human? If one employs Ernst Mayr’s biological species concept (Mayr

1996), this implies that various creatures would only belong to our species if they

could successfully reproduce with humans on reaching sexual maturity and thereby

yield fertile offspring. The presumed lack of viability in interspecies cybrid

embryos with primarily bovine mitochondria would seem to rule out their classifi-

cation as human based on Mayr’s definition (Cobbe 2007, 616–617; Cobbe and

Wilson 2011, 184). However, if an interspecies entity instead happened to be viable

and capable of developing sentience, then this definition could prove to be ethically

unacceptable. For example, who would require that any interspecies entity should

engage in sexual activity with humans, thereby risking bestiality (or possibly rape),

simply for the sake of determining species membership on this basis? Although

related use of the evolutionary species concept (Wiley 1978) may rule out the

classification of some chimeras as human because of their overall lack of common

ancestry, especially if only a relatively small fraction of cells is entirely human, this

begs the question of how many cells must be of human origin, and in which bodily

organs, in order for a creature to be considered as essentially human.

9.6 Ethical Evaluation of Interspecies Research

A comprehensive view of humanity may reflect particular functional attributes and a

particular species membership, but significant moral status is not necessarily limited

by either aspect in isolation. Although it had been suggested that ethical difficulties

related to cognitive capacity could be avoided by destroying human–nonhuman

chimeric embryos at the earliest stages of development (Streiffer 2005), it is

doubtful that extraordinary insights would be gained from generating a chimera

in which one’s capacity to observe the fate of transplanted human cells would be so

restricted. Indeed, in a paper describing early development of implanted

human–mouse chimeric embryos (James et al. 2006), the authors pointed to the

need for more significant contributions of human cells, stressed the need to examine

later developmental time points, and concluded by affirming that live chimeric

animal models would be a much more valuable research tool. As others have noted,

there “may be an irreducible degree of uncertainty about the cognitive nature of the

new chimeric animal, and how it would manifest distress, anxiety, or other factors

relevant to one’s assessment of animal welfare” (Hyun et al. 2007). Such uncer-

tainty could be compounded by our inability to form an adequate conception of the

subjective experiences of other species (Nagel 1974). Given such constraints, there

may be no way of evaluating a priori the level of humanity of some

human–nonhuman chimeric entities with potentially enhanced mental attributes,

and hence the extent to which they arguably should be accorded human rights,

unless they are permitted to develop to term and mature.
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Following Derek Parfit’s reasoning (Parfit 1982, 1986, 487–90), if it cannot be

shown that it is intrinsically bad for a particular being to ever live, it may be said to

benefit such a being by bringing about or preserving its existence once it has been

created. The real ethical issues therefore arise not so much in a creature’s existence

as in its expected treatment, though such issues could overlap if one intentionally

engineers an organism with both the potential for significant cognitive status and

severely compromised welfare. However, if the moral status of a particular inter-

species organism cannot presently be determined without first generating such an

entity, this in itself may be sufficient argument against doing so on the basis of a

precautionary principle – at least if there is reason to suspect that a creature’s

welfare might be unjustifiably compromised. Even so, this does not necessarily

mean that one should rule out all possible transfer of human cellular material into

other species (Karpowicz et al. 2004; Berg 2006; Cobbe 2007; DeGrazia 2007).

Rather than advocating either absolute prohibition or acceptance of all conceivable

human–nonhuman mixtures, each kind of proposed experiment may need to be

evaluated separately in a manner that seeks to uphold both the highest standards of

animal welfare and truly beneficial scientific advances.

Mindful of possible tensions between scientific merit and ethical concerns, it

might be helpful to explore how potential benefits and risks could be balanced

conceptually. For example, the probability of therapeutic benefit arising from

research with a particular entity (insofar as this is reasonably foreseeable) could

be plotted along one axis of a graph, whilst the likelihood that no harm is caused to

any sentient or potentially conscious beings might be plotted along another, as

portrayed in Fig. 9.2. Of course, it is in the nature of research that specific outcomes

would remain unpredictable beforehand (otherwise the proposed research would be

unnecessary), so ordinarily it would be implausible to estimate such probabilities

with precision. Nevertheless, even where considerable uncertainty might surround

the potential outcomes of experiments involving human–nonhuman chimeras,

the proposals under evaluation could be preceded either by analogous experiments

involving transplantation of stem cells from other species (NAS Guidelines

Committee 2005, 41; Streiffer 2005) or by preliminary experiments that carry

less risk of significantly altering higher brain functions (Greely et al. 2007). Thus,

the balance of available evidence from prior research could be employed to suggest

which proposals would be more likely to lead to clinical benefits than not, as well as

whether exceptional harm to the interests of any particular interspecies entity seems

relatively unlikely. This sort of scenario would be ideally represented by points

in the paler area of the upper right quadrant, signifying research that should be

more acceptable ethically. Conversely, ethically impermissible proposals would

tend to fall within the darkest regions of the diagonally opposed lower left quadrant,

for which the likelihood of harm is greatest yet therapeutic outcomes do not appear

feasible.

As Fig. 9.2 illustrates, this kind of ethical analysis entails substantial grey areas,

which would be further populated with any increases in the margin of error for

likelihood estimates. Shades of grey particularly dominate the remaining quadrants,

either where both harm and benefit seem comparatively unlikely (thereby raising
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neither exceptional ethical concerns nor overwhelming justification for pursuit) or

where a significant chance of clinical benefit would be offset by the risk of harm.

Any judgements regarding such research could then depend on whether greater

weight is given to welfare concerns pertaining to possible interspecies creatures or

to the value of insights from basic research, even when this has no obvious

therapeutic outcome.

However, questions of harm could be extended to include the possibility of

emotional harm to surviving individuals in whose interests research would alleg-

edly be conducted, not just potential harm to an interspecies entity that is the subject

of research. Having attended or participated in educational events where vulnerable

people have been in floods of tears on realising that their hopes of cures were

unrealistic, this is assuredly not just a theoretical possibility. A risk of crushing

disappointment to patients or their loved ones could have further ramifications by

damaging a field of research as trust is ultimately undermined (Blackman 2009).

For example, where expectations about the merits of human–cow cybrids had been

unreasonably raised by hyped claims and the desperation of sufferers was exploited,

the morality of such proposals as portrayed graphically could shift from the lower

right quadrant (minimal risk of harm and doubtful chances of benefit) towards the

lower left quadrant (increased likelihood of harm but no greater prospect of

therapies).
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Fig. 9.2 A possible model for ethical evaluation of interspecies research, in which the balance of

concerns might be represented graphically. The reasonably foreseeable probability of therapeutic

benefit arising from research with a particular entity is plotted along the Y-axis, whilst the

likelihood that no harm would be caused is plotted along the X-axis. Where proposed research

appears likely to lead to clinical benefits and the risk of exceptional harm is minimal, this is

represented by points in the upper right quadrant. Conversely, ethically impermissible proposals

tend to fall within the lower left quadrant, in which the risk of harm is greatest and clinical benefits

appear improbable. The grey areas include the adjoining quadrants, either where both harm and

benefit seem unlikely or where the likelihood of significant clinical benefit needs to be offset by the

chance of harm
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The ethical consequences of such hype could be exacerbated by suggestions that

materials to be used in associated research might not necessarily require further

specific and explicit consent from donors (Jones and MacKellar 2009). After all,

any moral obligation to participate should not only imply fully informed consent

but would also depend on a presupposition that research is well founded scientifi-

cally (Harris 2005), whereas broad consent is highly contingent on other factors so

as to avoid violating the interests of research participants (Brostr€om and Johansson

2011). Notably, the resulting shift in the morality of a research proposal would be

independent of the moral status of any actual interspecies entity itself, relating

instead to the folly and potential cruelty of unwarranted emotional exploitation or

the absence of properly informed consent due to misinformation. Nevertheless, the

developmental potential of an interspecies entity would remain relevant to ethical

considerations, whether such potential is positively correlated with potential harm

(with regard to the welfare of an experimental organism) or negatively correlated

(as in the case of grossly misleading hype).

Meanwhile, it may seem disproportionate to express greater alarm about some

cross-species mixtures than about extant or potential abuse of recognizably human

life. Although particular views of what might be special about humanity could be

challenged by various interspecies entities, it is also possible that the underlying

assumptions could already be questioned on the basis of existing knowledge about

the abilities of other species and their relationship to humans. As many of our traits

are shared to some extent with different animals, this challenges the assertions that

the generation of interspecies embryos in itself should pose any particularly obvi-

ous threat to the status of humanity in general. On the contrary, if we are cumula-

tively distinguished by a combination of traits that have enabled us to exert

authority over other species, then our very ability to engineer novel creatures may

be viewed as a potent demonstration of humanity’s uniqueness. Instead, a proper

evaluation of research with interspecies entities may need to consider the

motivations underlying such proposals (insofar as discernible), together with the

extent to which these honestly reflect available data and respect the welfare of any

resulting creatures according to their developmental potential.
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Chapter 10

The Boundaries of Humanity: The Ethics

of Human–Animal Chimeras in Cloning

and Stem Cell Research

William B. Hurlbut

Abstract Advances in molecular and cell biology are opening new possibilities for

combining human and animal cells, tissues, and organs. These projects could have

important scientific and medical benefits, but open ethical dilemmas that challenge

our traditional notions of the boundaries of humanity. Beginning with an overview

of the goals and likely limitations of this research, we seek a framework of

fundamental principles that can at once open avenues of scientific advance and

defend human dignity. Reflection on these difficult dilemmas can promote a deeper

understanding and appreciation of what defines and distinguishes the human

creature.

Keywords Chimera • Cloning • Embryonic stem cells • Human dignity • Hybrid

10.1 Introduction

In the recently released doctrinal instruction Dignitas Personae, the Vatican deci-

sively condemns hybrid cloning as “an offense against the dignity of human beings

on account of the admixture of human and animal genetic elements capable of
disrupting the specific identity of man.” (Congregation for the Doctrine of the Faith

2008)

The history of this proposal provides an important perspective on the deepening

dialogue over the ethics of advancing biotechnology. This project, which involves

nuclear transfer by the placement of a human somatic cell within the cytoplasm of an

enucleated animal egg, was recently endorsed and supported as part of the United

Kingdom’s new legislation governing reproductive technologies (Fleming 2007;
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Hopkin 2007). It was intended to bypass the controversies and practical difficulties

of obtaining human oocytes for research cloning for the production of human

embryonic stem cells. Nonetheless, in a society where the creation and destruction

of fully natural human embryos has met with little objection, the admixture of

human and animal elements provoked a storm of public criticism. This reaction

provides important insights into the contours of the moral mind, and serves as a

warning that the cold calculation of simple linear logic will not be adequate to

anticipate the human meaning of our biotechnological projects.

If we consider the range of possible uses of human–animal hybrids and chimeras,

we are met with a perplexing mix of potentially valuable scientific projects and

difficult ethical dilemmas that challenge our traditional notions of the boundaries of

humanity. Reflection on these possibilities can clarify legitimate domains of science

and at the same time promote a deeper understanding and appreciation of what

defines and distinguishes the human creature.

In what follows I will provide a brief outline of possible scientific projects

employing human–animal hybridization and chimerization in cloning and stem

cell research. First, I will describe the scientific goals, including certain likely

limitations of these projects, followed by a discussion of their ethical implications.

I will then propose some general principles within which to frame our reflection,

and conclude with a series of specific recommendations for setting public policy

governing chimeric cloning and stem cell biology. These recommendations are put

forward, not in a spirit of absolute advocacy, but as preliminary provisions intended

to provoke discussion and further reflection.

10.2 Scientific Projects

Genetics: Using techniques of recombinant DNA, gene knockouts and siRNA,

genes can be added, deleted or silenced. Human stem cells carrying these

alterations could be incorporated into developing animal embryos to allow the

production of human proteins, enhanced cells with therapeutic powers and possibly

immune compatible tissues and organs.

Already there are many scientific and commercial projects involving transgenic

animals carrying human genes. Stem cell biology may add a wider range of

possibilities with a deeper integration of human and animal characteristics. Cur-

rently, there are projects to remove surface antigens of animal cells (or replace them

with human surface markers) to allow the abundant animal production of

histocompatible tissues and organs for transplantation into human patients (Dekel

et al. 2002). While this does not have the immediate ethical implications associated

with alterations of form or function, it does raise questions about the importance of

species boundaries and the defensive biological “distancing” that prevents infec-

tious microbial diseases and pernicious parasitic colonization, and that provides

barriers to interspecies reproduction.
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Cognate genes could be selectively interchanged to allow study of distinctive

proteins and their implications for qualitative and chronological differences in

human and animal species development (Enard et al. 2002). Human cells with

programmed reporter genes such as green florescent protein (GFP) could be used to

track cell migration and differentiation within animal embryos.

Through fusion of cells it is possible to create human–animal synkaryons and by

provoking asymmetric segregation of chromosomes during cell division of these

synkaryons it is possible to transfer whole chromosomes between mammalian

species or create cells lacking a specific chromosome or carrying an extra copy of

a specific chromosome. A Japanese line of mouse cells carries an entire human

chromosome (Suzuki et al. 1997). This could allow the creation of animal models of

human aneuploid pathologies (such as Down syndrome) and provide new systems

for the testing of drugs (Miller 2005).

Since most species barriers seem to be the result of surface receptor blockades to

sperm penetration, techniques of genetic alteration might allow animal models for

the study of human fertilization and possibly research on the role of species

differences in genetic imprinting during early development.

Whole genetic cassettes for dimensions of differentiation and morphogenesis

(together with switches to turn them on while turning off the natural programs of

their animal host) could be incorporated into stem cells which could then be

aggregated into developing embryos allowing their selective expression in specific

body segments, biological compartments, or developmental modules.

Such targeted replacement of specific genes or larger genetic developmental

programs may allow interspecies transfer of structural patterns such as human

limbs, laryngeal structures, or maybe even upright posture or human facial features.

Likewise, it might be possible to confer to another creature certain human neuro-

logical forms such as an expanded forebrain, human-like cortical cell layering,

increased cortical folding (sulci and gyri), or characteristic patterns of synaptic

proliferation and connection (Emes et al. 2008; Molnár et al. 2006). In a similar

manner, there are animal genes (or developmental programs) that might be placed

in the human genome to endow desired characteristics such as enhanced muscula-

ture, increased bone strength, or changes in sensory discrimination such as

increased powers of visual apprehension or acuity (Savulescu 2003).

Given the pleiotropic nature of most genes and the polygenetic character of most

traits, as well as the complex spatial and temporal dynamics of development, it

seems unlikely that simple genetic transformations would permit the integrated

organismal growth necessary to produce viable creatures with dramatic ambiguities

at the boundaries of humanity. Nonetheless, we know that the phylogenetic process

that led to the human species must have contained many intermediate forms. Some

have suggested such “near-humans” might be useful for scientific study, for organ

harvesting, and for specialized roles such as space exploration or as commercially

profitable “curiosities” or “objects of art” (Rose 1997).

Cells, Tissues and Organs: Interventions in developmental processes through

infusion or transplantation of cells, tissues or whole organic parts, could create

animal forms that challenge our intuitive boundaries of humanity.
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Aggregating human and animal blastomeres or infusing human ES cells into

developing animals will establish specific human cell lineages and clusters within

chimeric creatures (Almeida-Porada et al. 2004; Chamberlain et al. 2007). The

human-chimp equivalent of the “geep” (goat and sheep), formed by the interspecific

fusion of blastomeres has already been proposed (Weiss 2005; Anonymous 1984).

Studies with SCID (severe combined immunodeficiency) mice have established

that transplanted parts of human embryos and fetuses can integrate and develop

within neonatal and adult SCID animals. Stanford stem cell biologist Irving

Weissman has infused human neural progenitor cells into the intraventricular

zone of newborn SCID mice and they have migrated, differentiated, and (appar-

ently) functionally integrated into the mouse brains (Tamaki et al. 2002; Greely

et al. 2007). Likewise, fetal organ primordia for human kidneys and hearts, limb

buds for human hands, and cellular modules for whole human bones (including a

two centimeter Tibia), as well as a functional immune system, have been placed in

SCID mice and developed in form and function (Weissman I, personal communi-

cation). This raises the strange question of what (or how many) human parts might

be grown in a larger and longer lived SCID animal for production of later trans-

plantable organs – kidneys, livers, brain tissues, sensory organs, or even genitalia?

Clearly, successful production of human embryos with somatic cell nuclear transfer

(SCNT), followed by implantation and fetal harvesting, would open avenues

toward such morally challenging prospects.

Success in xenographic transplantation of adult gonadal tissues suggests earlier

(and thus immunologically invisible) fusions during embryogenesis might also

allow abundant cross-species gamete production (Dobrinski et al. 2000).

Le Douarin and Balaban have done a series of dramatic experiments in which

they transplanted whole clumps of primordial neurological tissues of early embryos

between quail and chicks. These transplants resulted in cross-species transfer of

species-typical motor programs such as the posture and vocal pattern of crowing

(Travis 1997). In another more recent series of embryonic neural transplants,

Balaban demonstrated that “an inborn auditory perceptual predisposition is trans-

ferable between species” (Long et al. 2001). Thus, it might be possible to fuse

portions of human embryonic neural tissues into non-human primates (or other large

mammals) with transfer of certain perceptual, cognitive, and motor characteristics

(Shreeve 2005).

Terrance Deacon has studied rat brains transplanted with human fetal neuroblast

cells from the midbrain and the striatum and found that the transplanted cells

exhibited the “time clock” of the donor animal but their patterns of differentiation

were directed by their context within the host. The resulting heterochrony caused

asynchronous growth and disruptions of integrated developmental organization

(Deacon 1990). He reports that these qualities of intrinsic chronology characterize

fused blastomeres as well. Yet, interventions early in development would be

essential for the formation of human-like structural architecture or functional

features in chimeric creatures. This implies that we may not be able to effectively

substitute or integrate embryonic and fetal cells except from closely related species

with similar spatio-temporal developmental patterns.
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Each of the above-mentioned projects could provide important insights in basic

biology or organic materials for medical therapies. However, notwithstanding their

almost science fiction implications, the success and human significance of these

experiments are likely to be less dramatic than their description might imply. An

organism is a living whole, a complex, dynamic network of interdependent and

integrated parts. Incompletely constituted or severed from their source in which

they are a natural coherent part, embryonic fragments may have a certain develop-

mental momentum, but ultimately they become uncoordinated and disorganized

growth.

A natural organism, on the other hand, is a self-sustaining and harmonious

whole, a unified being with an inherent principle of organization that orders and

guides its development (Hurlbut 2005). Between even closely related species there

may be difference of timing in development through subtle differences in epige-

netic factors and cell cycle synchronies. Highly complex spatio-temporal dynamics

play a major role in the development of an organism, including quantitative factors

in gene expression and diffusion patterns of crucial morphogens.

Moreover, organisms cannot be created along an infinite gradient of change,

there is no simple gradualism; the similarity and separation of species is more like a

Chinese checkers board where certain combinations of organic parts and powers

are compossible, but others simply do not coordinate sufficiently to allow natural

growth, development, or even ongoing survival. Nonetheless, some of these

projects may produce possibilities that will infringe on our sense of human identity

and distinctive dignity amid the categories within which we comprehend our place

in the order of the natural world.

10.3 Principles

In proposing the essential philosophical tools with which to consider the ethical

implications of these new powers, bioethicist Cynthia Cohen has suggested

principles and practical constraints with which we may proceed (Karpowicz et al.

2004, 2005). These include the importance of identifying the defining features and

functions that distinguish humans from other animals, deciding what percentage of

these characteristics would blur the species boundaries, and discerning what stage

of commingling of human genes or cells would transfer distinctly evident human

anatomy or neurological architecture. While I agree with this approach, and much

of her moral analysis, I want to comment on three of her “rejected” categories of

consideration: teleological philosophy, taboos and the concept of kinds. These

reflections will, in turn, prepare us to discuss the more central considerations in

the definition of the boundaries of humanity and the ethics of human–animal

chimerization.

First, contrary to Dr. Cohen’s opinion, I believe that “to intervene into [the

normal functions of organisms] or to keep them from reaching their usual biological

ends,” is a fundamental moral concern when dealing with the human organism
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(Karpowicz et al. 2005). Human beings are, as a species, sui generis, incommensu-

rate for the purposes of ethical analysis. Human embryos, even at the earliest stages

of development, must never be used instrumentally as mere biological resources in

our scientific project. The value of an individual human life cannot be outweighed

by other goods in a purely utilitarian calculus – most specifically for the benefit of

advances in biomedical science. Otherwise, we degrade the very humanity we are

trying to heal.

Second, regarding taboos that replace reason with an irrational power of prohi-

bition, clearly superstitions can be “corrected” and social prejudice can be

“educated out” by honest information and genuine enlightenment. But, contrary

to Cohen, the source of all taboos is not simply cultural convention; there are pre-

social psychological responses that seem evident as human universals or near-

universals (Brown 1991).

The rightful source of our moral awareness (and sense of species defining

distinctions) is not mere ratiocination; fundamental emotions and basic connections

within the relational dynamics of life give certain pre-rational human responses a

more primary and privileged position, whether we like it or not. These relate

preferentially to aspects of our lives that are deeply connected with crucial life

transitions and biological imperatives: most specifically, reproduction, nourish-

ment, and death. We should not denigrate or seek to rationally reduce or wholly

override these natural precautionary concerns. For example, however irrational it

may seem by objective scientific analysis, we should keep human genes and human

cells out of the lineage of our food stocks. Likewise, we should take seriously the

natural human repugnance to mixing human and animal species at the most

fundamental levels of reproduction and development. Revulsion and disgust,

“creepiness” and “weirdness”; these are telling us something. Nonetheless, we

should seek coherent, consistent, and broadly accessible reasons for our ethical

judgments. And, for serious purposes we may at times override our natural moral

intuitions and sentiments in fashioning and enforcing science policy positions.

Finally, and I think most importantly, regarding natural categories and kinds we

should not be too quick to overextend our insights from evolutionary gradualism to

think of all species boundaries as fluid and all essentialism as outdated “folk

psychology.” Professor Cohen’s statement that “the biological categorization of

species is empirical and pragmatic, a constantly developing effort that has little to

do with moral judgments,” could be turned back on us as we seek to define the

boundaries of human dignity (Karpowicz et al. 2005). Heightened perceptual

discriminations and distinct conceptual categories are an essential element of our

natural mental capacities and are crucial for constructing an ordered and intelligible

world that allows both coherent comprehension and genuine interpersonal commu-

nication. In many areas of perception such as apprehension of color and phonemic

discernments, we have heightened discrimination at category borders (like the

seven colors in what is actually a continuous gradation of light wavelengths in

the rainbow). In the same way, our minds have evolved to discern distinctions of

significance and to form conceptual categories that order and organize our under-

standing – and these have crucial significance in our psychological and social
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functioning. Most central for our current considerations, this applies to parts as well

as wholes: I disagree that psychological “emergent human mental capacities” or

“supercellular psychological human functions” and their associated faculties are the

only grounds that signal the human kind (Karpowicz et al. 2004, 2005). There are

other features of the human body whose species distinguishing character we need to

protect – faces, hands, and voices to name a few. To sever a sign from its source is

to debase the coinage, to draw down on the capital of truth and thereby erode the

intelligibility of the order of being. When we can no longer read the meaning of a

human message as though it flows forth from a human source in its deeply personal

existential embodiment, we will have finally and ultimately dissolved the

boundaries of humanity and squandered the very riches of the mysteriously intelli-

gible moral order of the created world. We are, to ourselves and others, only

understandable as a psycho-physical unity; as Benedict Ashley says, we are

“embodied intelligent freedom” (Ashley et al. 2006).

Nonetheless, I do agree with Professor Cohen that the emergence of our higher

human functions is a highly contingent process. Individual development involves a

fantastic choreography of physical form and personal experience, and partial

expressions of our personhood are unlikely to be easily transferred within simple

organic units as though they are independently identifiable pieces of a larger puzzle.

There may be no realistic danger of edging out or transferring our distinctive human

identity in parts or pieces.

10.4 Defining the Human Organism

With these reflections in place, we can now approach the central question of what

defines a human organism, and, most specifically, how biomedical research with

human–animal chimeras might proceed in a way that at once advances scientific

knowledge while defending the boundaries of human dignity.

We begin with an affirmation of the inviolability of human life from fertilization

to natural death. Every embryo, as a unique and unrepeatable gift of life, carries

forward from its inception a natural continuity of human identity across all phases

and stages of its development. By its very nature, an embryo is a developing being.

Its wholeness is defined by both its manifest expression and its latent potential; it is

the phase of human life in which the “whole” (as the unified organismal principle of

growth) precedes and produces its organic parts. The philosopher Robert Joyce

explains: “Living beings come into existence all at once and then gradually unfold

to themselves and to the world what they already but only incipiently are.” To be a

human organism is to be a whole living member of the species Homo sapiens, with
a human present and a human future evident in the intrinsic potential for the

manifestation of the species typical form. Joyce continues: “No living being can

become anything other than what it already essentially is” (Joyce 1978).

With the new perspective of Systems Biology we are gaining a greater appreci-

ation of the natural basis for the emergent powers of living wholes, and the crucial
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developmental differences that distinguish distinct species of organisms. The very

word organism implies organization, an overarching principle of unity, a coopera-

tive interaction of interdependent parts subordinated to the good of the whole. As a

living being, an organism is an integrated, self-developing, and self-maintaining

unity under the governance of an immanent plan. Such a conception of the

biological organism adds the understanding that a living being is not merely a

mechanism but rather, a dynamic system, an interactive web of interdependent

processes that expresses emergent properties not predictable from the biochemical

parts.

Indeed, in defining those qualities that characterize human nature and its dis-

tinctive dignity, it is crucial to acknowledge the seamless unity of human life across

all of its stages. Our distinguishing capacities are already present in the single cell

embryo as a kind of “harnessed emergence,” an intrinsic potency of form. From a

scientific perspective, there is no meaningful moment when one can definitively

designate the biological origins of a defining human characteristic such as con-

sciousness. The human being is an inseparable psychophysical unity. Our thinking

is in and through our bodily being, and thus the roots of our consciousness reach

deep into our development. The earliest stages of human development serve as

the indispensable and enduring foundations for the powers of freedom and self-

awareness that reach their fullest expression in the adult form.

Moreover, there is a unity of nature in the manifold expression of the human

form. This is evident if we pause to ponder the diverse (and often amusing)

proposals for the single feature that distinguishes the human being. We have been

variably described as the “featherless biped,” the “laughing animal,” the “only

animal that cooks,” the “political animal,” the “animal capable of speech, memory

and imagination,” and the “moral animal” (Thomas 1984). Each of these carries an

element of truth but fails to fully define either our uniqueness or the breadth of our

distinctive powers. A more solid root of thought, tracing back to Aristotle, locates

our distinguishing identity in our distinctive capacity for deliberation and specula-

tive reason, and is generally summed up in the concept of the “rational animal.”

Clearly, our capacity for comprehensive understanding and control of the world is

central to human identity and dignity. We are the creature that sees more than the

pixels, we recognize the pattern and “get the picture.” We alone seem to penetrate

to the core insight that we exist within an ordered world, a cosmos in which the

material and the moral flow forth from a single creative source.

When we step back and seek to understand the biological foundations of our

rational nature, we recognize again that such a nature is grounded in the full continuity

and coherence of our developmental origins and manifest being. We are a psycho-

physical unity: “embodied, intelligent freedom.” Our highest capacities of mind are

inseparable from our physical form. With our upright posture we are the “beholding

creature” with a comprehending gaze toward distant horizons. Our unique combina-

tion of senses and our perceptual range cross-complement one another to allow

polymodal synthesis, multidimensional understanding, and metaphor. Above all,

sight allows insight and with insight comes the conceptual categories that organize

our understanding and provide the foundations of imagination and creative
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recombination. These, in turn, empower a cognitive drive that culminates in a “cos-

mological imperative,” the quest for coherent comprehension, ideals, and moral

meaning.

Our defining cognitive capacities are in turn inseparable from the rational action

expressed through the range of motion of our body, most specifically the fine motor

control of our arms and hands (which Aristotle called the “tool of tools”). These

human features provide the creative powers to implement into material form the

organized images from mental templates. More fundamentally, however, recent

studies in developmental psychology suggest that physical motion provides a

crucial conceptual infrastructure for memory and mental operation. What we

think of as “creativity” may be inseparably a cognitive and motor capacity. More-

over, our posture, gait, and subtle flexibility of facial expression (including the fine

motor control of phonation) provide the essential elements of our unique capacities

for complex communication, empathy, and genuine intersubjectivity (Rowe and

Goldin-Meadow 2009). Together, these natural proclivities for community, cultural

progress, and shared spiritual unity are essential to our definition as beings of a

rational nature.

10.5 Implications for Research

These reflections on the defining character of human nature carry important

implications for research with human animal chimeras. On the one hand, we gain

a greater appreciation of both the continuity and inclusive breadth of human

dignity. There is a compelling ethical imperative of protection of our distinctive

nature across all stages of development and in every detail of our form and function;

we are, through and through, beings of a rational nature. There is no single aptitude

or attribute that defines us, rather, our species nature results from the full comple-

ment and synergistic powers of our distinctive human form. At the same time, we

must acknowledge the crucial components of composition and complex dynamics

at work in human development. From Systems Biology, we recognize that a precise

relationship of material elements (materia apta) must be present for the integrated

expression of the human form. This is not a matter of degree, we cannot be 99%

human. As Aquinas observed, the form of a being signifies its essential presence: it

is not like a fresco where the erasure of a part still leave half an ox.

This recognition of the unity, coherence, and contingent complexity of human

nature sets a foundation and frame for considering the ethical and social significance

of combining human and animal elements. Clearly, the first principle is that human

embryos should never be considered suitable subjects for chimeric research – and no

experiments with even the probability of creating an altered human embryo should

be undertaken.

Where human elements are combined with animal embryos, wemust give careful

consideration to the likely outcome. Small genetic alterations, such as adding one or

a few human genes, may in some cases rework basic aspects of form or physiology
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but are unlikely to express characteristics that challenge the boundaries of humanity.

At the other extreme, most large-scale human–animal hybrids formed by mixing

phylogenetically distant species will probably result in a failure of molecular

coordination to a degree incompatible with the formation of a living organism.

Recent studies of human–animal hybrids support such a conclusion. Stem cell

biologist Robert Lanza reports that nuclear transfer of human nuclei into cow and

rabbit eggs produced a pattern of gene expression dramatically distinct from natural

embryogenesis and unable to support ongoing development (Chung et al. 2009). It is

worth noting, however, that his studies did not include closely related species such as

nonhuman primates. Here, the results might prove more ethically challenging.

Clearly, not all cellular growth need be regarded as embryogenesis. Mere cell

division and even some evidence of progressive differentiation do not alone

indicate the presence of an organism: germ cell tumors such as teratomas divide

and differentiate. Even an enucleated egg will, when activated, sometimes proceed

through several cell divisions. Like a spinning top, there is a certain molecular

momentum carried within the maternally derived components of the egg. Likewise,

limited signs of organization are not necessarily indicative of a full organism.

Developmental biologist Roeland Nusse reports that embryoid bodies (self-

organizing structures derived from embryonic stem cell cultures) show partial

patterns of early gastrulation – though not the overall unity of a living organism

(ten Berge et al. 2008). The artificial support of laboratory culture, like the womb

itself, provides an environment in which nonorganismal life can be temporarily

sustained – but, of course, in each of these situations the growing cells are

completely dependent on one or more organisms (humans) for their protection

and nurture.

In contrast, a natural organism is defined by an overarching integration of parts, a

morphodynamic whole with a circular and self-referential network of relations.

There is a purposeful cohesion, a global integration of action toward an end, a “top-

down”1 causation that supersedes and subsumes the parts into an irreducible and

unified whole. An organism acts as the executive of its own existence; even within

the dependence of the womb an embryo is rightfully considered a self-subsistent

being. Its basic program of development is self-regulating and robust, if entrains the

disparate parts within the defining form. For example, in an experimental technique

labeled “whole embryo culture,” when human mesenchymal stem cells are placed

within the areas of the developing rat kidney during early development, the human

cells are incorporated into the developmental program of the rat organism – as the

authors report, the human cells “differentiate and contribute to functional complex

structures of the new kidney” (Yokoo et al. 2005).

1While this concept of causation is often described as “hierarchical” or “top down,” it is more

rightly recognized as a “systems-causation,” a seamless integration of action by the whole for the

sake of the whole where causation is not exhaustively determined by the intrinsic properties of the

particular parts.
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This suggests that in any early chimerization, the dominant organismal form will

order the basic architectural elements of the developing creature toward its species

specific type. For this reason, early aggregations of human cells into predominantly

animal embryos are unlikely to produce dramatically evident expressions of human

form or function. Of course later fusion or transplantation of embryonic components

(as with the geep or with the studies of Balaban and DeGoulian) will produce a

recognizable patchwork of parts, but this is probably possible only with closely

related species.

These reflections, taken together, suggest that there may be many scientifically

useful and morally acceptable projects involving human–animal hybridization and

chimerization. Clearly, each experiment will need to be evaluated ahead of time to

assess the likely outcome and monitored for unanticipated results. Projects must be

evaluated according to the seriousness of their purpose and the degree to which they

involve the central defining characteristics of human life. Dimensions of form and

function that carry a special human meaning (such as reproduction) or serve as

signs that communicate the presence of a person (such as faces and voices) will

raise the greatest concern. And, of course, there may be absolute prohibitions where

human consciousness or other distinctive dimensions of human cognition are

approached. With accumulated experience, we will clarify and refine our concepts

of the boundaries of humanity and, no doubt, gain a greater appreciation for the

distinctive dignity of the human form.

10.6 Policy Proposals

In light of the discussion above, the following principles are proposed for consider-

ation as the foundation for public policy governing the mixing of human genes and

cells in projects of cloning and stem cell research:

1. No production for research purposes of normal human embryos, or anything

that might have the natural capacity to develop as an identifiable human

organism. A criterion of nonviability cannot define a boundary of moral

acceptability here because this would allow for the production of fetal

monsters.

2. Great caution where there is ambiguity of organismal status or species identity

– as with hybrid cloning – mere improbability of creating a human embryo is an

inadequate criterion of justification.

3. No implantation of a human or modified human embryo into an animal womb.

No implantation into an animal womb of any entity capable of developing with

identifiable dimensions of defining human features of form or function – this

goes not just for neurological capacities, but for body parts as well. No chimeric

creatures should be produced that even rises to the level of having the basic

human body plan, dominant human cell types, human anatomical infrastruc-

ture, or a majority of human organs.
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4. No implantation into a human womb of any entity formed with human and

animal genes, cells or tissues; nor of aggregations or combinations of human

blastomeres or embryonic stem cells; nor with gametes exogenously produced

from embryonic stem cells or genetically modified cells.

5. No implantation of animal embryos aggregated with human cleavage stage

blastomeres (which could potentially contribute a human germ line).

6. Implantation of animal embryos with human embryonic stem cells injected into

the blastocyst only when the human cells have been genetically altered to

clearly restrict developmental potential, assuring no dominance of body plan

and only limited lineages of human cells (and no human germ cells).

7. Later stage transplantation of human embryonic stem cell-derived tissues, cells,

or organ primordia would be allowable until they manifest evocation of defin-

ing human dimensions of form or function. No chimeras with unique human

neurological capacities – no human faces, larynx, hands, or genitals; no char-

acteristic body plan, posture, or gait should be produced from such a project.

8. Late stage, post-anatomical transplant of animal parts into humans should only

be done in order to heal or restore human form or function, never to alter,

enhance, or degrade it – no animal sense organs, muscular or skeletal enhance-

ments, no hooves, horns, feathers, fur, fangs, or antlers, and definitely no tails.

9. Where possible, in research involving the creation of chimeric creatures use

phylogenetically distinct and distant species.

10. Err on the side of caution and preservation of natural boundaries, identifiable

categories and kinds, thereby preserving our natural sense of an ordered and

intelligible world.

10.7 Conclusion

Above all we must be concerned about our slow but steady drift toward treating all

of living nature (including human nature) as mere matter and information to be

reshuffled and reassigned for projects of the human will. While the prospects of

human–animal mixing are troubling, they may offer extraordinary new avenues for

progress in science and medicine as well as an opportunity to think more deeply

about our human place in nature. In this way, they will provoke the reflection

necessary for a more comprehensive definition and fuller appreciation of the

meaning of being human – and a defense of human dignity.
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Chapter 11

Is this Cell Entity a Human Being? Neural

Activity, Spiritual Soul, and the Status of the

Inner Cell Mass and Pluripotent Stem Cells

Antoine Suarez

Abstract Recent experiments demonstrate that somatic cells can, in principle, be

reverted to a totipotent stage. This result stresses the need for rules allowing us to

distinguish between embryos and nonembryos.

In this chapter, I discuss more in depth the assumption that the proper biological
potential for developing neural activity specific to a human body’s spontaneous

movements provides the observable basis for ascertaining the presence of a spiritual

soul. I show that this assumption does not mean reducing the spiritual soul to a

material principle.

Additionally, I argue that the inner cell mass (ICM) of a human embryo shares

the status of a personal human being; by contrast the trophectoderm (TE) can

be replaced without changing the personal identity of the embryo (just as changing

the heart or skin of an adult does not change his or her personal identity).

I show however that deciding this argument requires new experiments in animal

models. These experiments are crucial for distinguishing between embryos and

nonembryos.

Finally, I stress that for coherently deciding whether a cell entity shares the

status of a human person it is crucial to take the human body’s behavior as the basis

for philosophical reflection and ascription of rights.
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11.1 Introduction

In the previous chapter 5, “Embryos grown in culture deserve the same moral status

as embryos after implantation” (Huarte and Suarez 2011) I concluded, along with

Joachim Huarte, that:

– The “proper biological potential for developing neural activity specific to a

human body” provides the observable basis for ascertaining the presence of a

spiritual soul.

– The presence of DIANA insufficiencies in a cellular entity’s genomic informa-

tion (insufficiencies that Directly Inhibit the Appearance of Neural Activity)

ought to be considered a sure sign that such a cellular entity is not spiritually

ensouled and, therefore, is not a human being.

The aim of this particular chapter is to discuss, in greater depth, the philosophi-

cal basis of these conclusions. Hence, I will argue that recent achievements with

induced pluripotent stem cells (iPSCs) reinforce the relevance of the DIANA

criteria (Suarez et al. 2007). The generation of mice that were fully derived from

induced pluripotent (iPS) cells demonstrates the possibility, in principle, of

reverting adult somatic cells to a totipotent stage, and hence provides greater weight

to the claim that we need some kind of criteria for distinguishing between embryos

and nonembryos. Later on in this chapter, I will argue that discerning whether a

particular reprogramming technique produces a human totipotent cell entity, and

therefore an embryo, requires complementation experiments that combine cells

(iPSCs) with trophectoderm (blastocyst without inner cell mass [ICM]) in animal

models. Such experiments can be done using well-known techniques. I conclude by

stressing the importance, to any criteria established so as to distinguish between

embryos and nonembryos, of the following philosophical principle: that the human

body’s spontaneous behavior is the basis for deriving the categories that allow us to

understand the world and organize society. Moreover, this spontaneous movements’

metaphysics is the basis for a consistent metaphysics of the human body–soul

relation.

11.2 The Neural Activity Responsible for Spontaneous

Movements of the Body Cannot be Explained

Exclusively by Material Agency

As was argued in our earlier chapter 5, the neural activity responsible for the

spontaneous movements of a human body is a clear sign for ascertaining the

presence of a human spiritual soul and thus plays a key role in our proposal for

establishing that a cell entity or organism is a human being and a person. Against

this principle, one might object that the neural activity in question is derived from

the physiology of the brain and as such is something material and so it would be odd
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to identify the human soul with such an activity. In response to such an objection, I

want to stress that although the neural activity responsible for the spontaneous

movements of the human body is an observable effect (something we can see in the
brain), its presence cannot be explained solely by the assertion that it was caused by
pure material deterministic agency. Rather, as I want to argue, these effects must

also be understood as the result of quantum physical agency that comes from

outside of space–time. To defend this claim, it is necessary that we take a little

detour through contemporary findings in quantum physics.

Recent studies tell us that quantum randomness is inseparable from nonmaterial

principles acting and controlling randomness from outside space–time. In so-called

entanglement experiments, correlated events appear in regions separated by a great

distance. The distance is such that no material connection can explain the

correlations. Things can best be described as follows: in a lab (say in Z€urich), a
physicist has a device for detecting photons (light particles) with two detectors

denoted D0 and D1. For each photon, only one of the two detectors light up, that is,

the measurement will read as yielding the result 0 (D0) or 1 (D1). After many test

runs, the results obtained (1,0,0,1,0,. . .) are distributed in a way not dissimilar to the

results one would get by tossing a coin (and recording the results as 1 for head and

0 for tails). In other words, they do not exhibit any particular pattern or order. In

another lab (say New York) another physicist with a similar device gets similar

results: 0 and 1 distributed in much the same way as one would get if they were just

tossing a coin. So, there are random results in Z€urich and random results in New

York. Now, the results in Z€urich and New York occur pair-wise: for each result in

Z€urich there is a corresponding result in New York occurring almost simulta-

neously. Because of the distance and insignificant time interval between the detec-

tion in Z€urich and in New York, the two results could not be connected by any

signal traveling at the speed of light. Nonetheless, when the physicists come

together and compare their results they see that there is a perfect correlation

between the two experiments: when the result in New York is 0, the result in Z€urich
is 0, and when the result in New York is 1, the result in Z€urich is 1. Randomness in

Z€urich, randomness in New York, but, interestingly, the same randomness in both

places!

In 1964, John Bell, by way of a magnificent mathematical result, found that it is

possible to exclude that the photons behave like genetic twins determined by some

“hidden genetic program” in order to explain the correlations (Bell 1987). This

happens by way of more sophisticated experiments, in which each experimenter has

the choice of switching his device into one of two different configurations.

Depending on the experimenters’ choices, the results in New York and Z€urich are

correlated, but they are not correlated perfectly. Bell’s theorem imposes a limit to

the degree of correlation hidden programs could achieve in this type of experiment.

The degree of correlation experimentally observed and predicted by quantum

theory violates Bell’s limit. This means that one cannot account for the correlations

by means of common causes in the past, unless each experimenter himself is

predetermined in choosing the settings of his apparatus. Hence, if one assumes

that the experimenters are free, the correlations cannot be explained either by
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a common cause in the past or by any material signal traveling in space–time from

one place to the other.

Even more sophisticated experiments involving devices in motion (relativistic

experiments) demonstrate that the quantum correlations are independent of any

temporal order (before–before experiment), and in this sense come from outside

space–time (Stefanov et al. 2002, 2003; Branciard et al. 2008; Suarez 2008).

It is important here to note that one cannot account for such effects invoking

“indeterminism” or “randomness” alone. Here, randomness and control appear to

be inseparably united in the same phenomenon. That is, there is randomness in

Z€urich and randomness in New York, but it appears to be steered by some agency

whereby “the same randomness” is produced in separate places. If I accept that I am

free, then quantum experiments demonstrate effects in which the control of quan-

tum randomness appears to happen from outside space–time, and in this sense it can

also be considered an experimental proof on behalf of nonmaterial agency on the

part of nature.

Of course, quantum physics does not demonstrate that we have “free will” or

“consciousness.” Anyone can decide this question for himself as he wishes. I may

prefer to think that free will is an illusion and the movements of my fingers are the

result of a chain of material causes reaching all the way back to the Big Bang.

However, such a choice is not compulsory within the framework of quantum

physics. Within this framework, nothing speaks absolutely against the assumption

that the neural activity responsible for the chapter I am writing now cannot be

explained exclusively by material or observable causal chains and so requires

spiritual (nonmaterial) agency that occurs from outside space–time.

What follows from what was said above is that my position would hold that

“freedom,” when understood as being grounded in an immaterial principle (like the

soul), is in principle compatible with the findings of contemporary quantum physics.

Metaphysics is based on observations, and today’s physics provides experiments

that may inspire metaphysical reflection.

I may then ask myself another metaphysical question. Suppose I was to make the

existential choice of believing that my freedom is not an illusion and therefore that

my corporal movements reveal spiritual agency: how would I conclude that the

body of someone else is also animated by a spiritual soul? When I fix my eyes upon

a colleague with whom I am speaking, I conclude that the human being sitting in

front of me is animated by a spiritual soul and is a person because (a) it has the same

specific form (or shape) as my body, and (b) this form or shape exhibits movements

similar to the movements I make for expressing thoughts, emotions, and even

rights-claims. These movements are what Joachim Huarte and I have called “spon-

taneous movements.” It is irrelevant whether such movements are conscious or not

because the distinction between conscious and unconscious can be notoriously

tricky, especially in regards to the movements performed by others.

Indeed, my own understanding of the actions of others follows from the

concepts, emotions, etc., that I associate with such actions when I perform them

myself. The neurophysiologic correlate of this philosophical supposition is the

mirror neurons system, which unifies action perception and action execution:
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“Each time an individual observes another individual performing an action, a set of

neurons that encode that action is activated in the observer’s own cortical motor

system.” (Rizzolatti and Sinigaglia 2010).

11.3 The Criterion of Spontaneous Movements Overcomes

Dualism and Reinforces the Unity of the Human Being

Following what was said above, I want to stress that the emphasis on spontaneous

movements suggests that we should deny that a cellular entity or organism is a

human being if that cellular entity or organism has an intrinsic incapability for

spontaneous motility. Such incapability, I argue, renders the entity incapable of

animation by a human soul. More specifically, we can say that a person dies when

the human body irreversibly loses the capability for the neural activity responsible

for spontaneous movement.

I now want to anticipate an important objection that runs as follows: since the

human being is a unity and the rational soul animates the entire body and to the

extent that the biological platform for spontaneous movements is only a part of
the entire body, not the entire body, why should its mere absence alone be sufficient

to render the whole of which it is a part incapable of rational animation? Does this

not amount to a position whereby one holds that the biological platform for

spontaneous movements is, in fact, the organ of ensoulment, through which the

rational soul only indirectly animates the rest of the human body? Such an ontology

would imply the dissolution of the unity of human bodily architecture (of which the

platform for spontaneous movement is only a part, albeit a very important part) and

of the unity of the human being tout court. Such an ontology, in fact, appears to

amount to a denial that it is the one human being who is the sole suppositum of all of

human vital operations, regardless of whether or not they can directly manifest the

rational soul qua rational.

To such an objection, I would like to offer the following response:

By stating that spontaneous movements reveal the presence of the soul, whereas

for instance heart beating alone doesn’t, we don’t dissolve the unity of the human

being, but simply stress that this unity does not imply that changing the heart means
changing the soul as well.

The capability of spontaneous motion is not “only a part of the body” but a

capacity without which there simply is no body. If there is capability of spontaneous

movements, the heart beating is under steering of the human spiritual soul as well. If

there is no capability of spontaneous movements, neither the heart’s beating nor any

organ’s activity is under steering of the spiritual soul. By stressing the capability for

spontaneous motion, I am not suggesting that the lack of capability for spontaneous

movements renders the whole human body incapable of rational animation. We

rather state that such a privation excludes, in principle, the possibility of having a

human body at all inasmuch as it precludes any control by the immaterial soul.
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In other words, if the capability for spontaneous motion is present, then there is

one embodied human being who is the sole suppositum of all vital operations, even

when these operations do not directly manifest rationality or consciousness.

Patients in persistent vegetative state and children with anencephaly exhibit spon-

taneous movements even though they remain unconscious. According to the meta-

physical view I laid out above, such patients are human beings and persons. If the

capability for spontaneous movements disappears, then we no longer have one

human being or embodied person and the remaining vital operations are no longer

those of a human body but rather are the operations of an organism made of human

cells that lacks the features specific to animal life and thus is not animated by a

human soul. An organism to be a human being has to be an animal. If it displays

“vegetal life functions only” it cannot be considered a human being just insofar as

they lack the features specific to animal functioning. The body with a capability for

spontaneous motility (the “living human body”) is not just a “biological platform”

for rational ensoulment, but rather is already the rationally ensouled human person

herself. Neither the soul nor the body preexists the other; both come into being

simultaneously. The body with human architecture and spontaneous motility is

nothing other than the embodied presence of the soul in space and time.

The spontaneous movements should not be conceived as a reality separate from

the soul, that is, as occurring randomly when not being acted upon by the soul and in

an ordered way when the soul controls them. Such a conception is dualistic.
Spontaneous movements are always an activity of the soul, even when they happen

“at random.” In other words, the randomness itself is generated by the soul. Just as

quantum randomness is inseparably united to order/control originating from non-

material agency, the neural activity responsible for spontaneous motility is

inseparably united to the human spiritual soul (the controlling principle), even

when the subject is not aware that he is acting. Spontaneous movements are actually

ruled by the will even if they do not always originate in a conscious way and are not

always immediately guided by some intention.

Let me offer an example of what I am trying to get at above. When little Suzy

plays the piano, the spiritual powers of her soul are not responsible for generating

the energy necessary to trigger the movements of her fingers, but are instead

responsible for the order in which her fingers move. We could represent this

order in digital form by a very large sequence of bits (1,0,0,1,1,0,1,0,0,. . .). This
number-string could represent the digital transcription of the motor activity neces-

sary to play Beethoven’s Fifth. Now, it is of course often the case that this order is

more or less deliberate, but one could also say that the “muscle memory” that

develops from such deliberate playing allows little Suzy to play Beethoven in an

almost unconscious way. Still, Suzy may unconsciously move her fingers as if she

were playing the piano even though she is not currently sitting at her Steinway.

Now, this sequence of movements also contains information corresponding to a

sequence of bits (0,1,0,0,1,0,1,1,. . .), which is different than that which corresponds
to the Beethoven Symphony. What I want to say is that the order of the numbers in

both number-strings originates from the spiritual powers of Suzy’s soul.
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Similarly, when I whistle a song I am to a certain extent consciously controlling

my breathing. Again, the particular sequence or order of these movements (not the

energy needed to trigger and sustain them) comes from the spiritual powers of my

soul. When I am sleeping, the sequence or order of my respiratory movements, even

if they have no particular meaning, comes from my spiritual powers even though it

is accompanied by a very low level of consciousness. Of course, there are many

possible sequences of breathing and lip movements that can produce no meaning at

all. But the fact that this particular sequence occurs instead of another depends on

the will. I regulate the movement of my lips through my free will when I move them

consciously as well as when I move them unconsciously. In this sense, random

spontaneous movements of a human body are nothing other than a particular

expression of human will: they are unconscious voluntary movements. This con-

clusion is in accord with Benjamin Libet’s experiments, which demonstrate that

voluntary acts are not necessarily conscious ones (Libet 2002).

According to Thomas Aquinas, babies and irrational animals participate in the

“voluntary” though in an imperfect way (STh I-II 6.2). I think that unconscious

spontaneous movements can be considered to be “imperfect voluntary movements”

as well. So, one can assume that the spontaneous motility a fetus exhibits in the 7th

week of pregnancy (De Vries et al. 1982) is somewhat voluntary (Suarez 1993).

I must stress that this does not mean that the will as a spiritual potency triggers such

movements. Consider for instance the saccadic movements of the eyes. They are

paramount indicator of the presence of spontaneous motility and they are the

movements most directly influenced by the brain. The irreversible disappearance

of these movements is a main criterion for establishing death. The activation of

such movements (the energy required for performing them) does not come from the

will. The will, as a spiritual power, only influences the particular sequence (order)

in which such movements happen. The view that spontaneous movements are

voluntary ones, happening in a more or less conscious way, seems to be supported

by Aquinas’ idea of “imperfect voluntary movements.” A consequence of admitting

that spontaneous movements (although imperfectly) are always somewhat

commanded by the will is that they reveal nonmaterial (spiritual) agency.

But then why does Thomas Aquinas argue in favor of the hypothesis called

“delayed hominization” and accepts the possibility of a middle animal stage in

which the human embryo was without an “intellectual soul”? I think the reason is

that Aquinas (STh I, 76.3 and 118.2) following Aristotle (GA) admits the possibility

of an animal organism made of human flesh (organic matter), which is not a human

being, a body animated by a human spiritual soul. “Delayed hominization” is surely

a consequence of incomplete biological knowledge (Pangallo 2007), but probably

mainly comes from assuming that in the generation of man there can be an animal

which is not a man, i.e., an animal without human spiritual soul.

It is a matter of philosophical perspective: Aquinas and Aristotle seem to explain

the human body and its generation on the basis of categories they take from the

other animals, while in this chapter we try rather to characterize the animal behavior

on the basis of categories derived from the human body’s spontaneous behavior and
its relevance for defining coherently the personal rights. Our basic category is not
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“animal life” but that of “spontaneous movements of the human body”: We then

define animals as living organisms exhibiting movements that look like the human

spontaneous ones. If one accepts that any human animal organism is animated by a

spiritual soul, then one has to conclude that a human embryo capable of spontane-

ous movements is animated by a human spiritual soul (see Sect. 11.4 below).

By contrast, one cannot avoid delayed hominization as long as one assumes that

animal features of the human body like sense and spontaneous motility do not

involve any use of the powers of the soul. Indeed, by this assumption one is even led

to admit the possibility, in principle, of an organism made of human cells and

sharing features specific to animal life, which is not animated by a spiritual soul.

Such a position is at risk of being used today to argue that hydranencephalic

children or adults, patients in permanent vegetative state, and even fetuses and

babies (as long as they cannot perform intellectual operations) are not spiritually

ensouled and therefore lack any significant moral status. (For a characterization of

the conditions of hydranencephalic children or adults and patients in permanent

vegetative state, see Counter 2007 and Laureys 2005).

Now, suppose that in order to avoid this problem one adopted the following

position: Though only intellectual capabilities (like speech) reveal spiritual powers,
spontaneous motility (breathing, movements of eyes and legs, etc.) indicates that

the organism is alive, and therefore, “because of the uniqueness of the soul as

principle of life,” one has to conclude that the organism’s soul is also the spiritual

one. However, this position itself is inconsistent.

Indeed, Thomas Aquinas does not think anything in the hypothesis known as

“delayed hominization” contradicted the supposition that the soul qua form of the

body was utterly unique and one (that is, the hylemorphic substantial unity of the

human composite). In the end of the hominization process there is only one soul,

which is at once vegetative, sensitive and intellectual, while in the middle animal

stage there is only one soul as well, which is at once vegetative and sensitive. Thus,

Thomas’ conclusion (that there can be organisms of human origin that exhibit

animal life and are not spiritually animated) cannot be circumvented by invoking

the uniqueness of the soul as principle of life. To avoid “delayed hominization” one

needs something more, that is, to assume that the characteristics of human animal

life reveal by themselves animation by a spiritual soul. One could alternatively

assume that functions characteristic of human vegetal life (growth, heart beating,

circulation, reproduction) reveal by themselves the presence of a soul with spiritual

powers. However, this implies that transplanting the heart of an individual means

transplanting his spiritual soul, and leads additionally to the rejection of the current

clinical criteria for defining death.

The argument makes clear the importance of what characteristics of human life

one chooses as the observable basis for predicating personhood directly to a body.

On my view, one should not predicate personhood of a body (of human origin) on

the basis of intellectual capabilities (like speech) nor should one predicate person-

hood on the basis of vegetal life functions alone, but rather one should predicate

personhood of a body (of human origin) on the basis of the specifically animal
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feature of bodily life – spontaneous motility. The assumption that spontaneous

movements directly reveal a body’s animation by a spiritual soul:

– Contains by itself the uniqueness of human soul, as stated above: If the capabil-

ity for spontaneous motion is present, then there is one human being who is the

subject of all vital operations.

– Excludes the possibility of an organism made of human cells that shares the

features of animal life and is not spiritually animated.

– Does not exclude the possibility of an organism made of human cells that shares

exclusively features of vegetal life and is not spiritual animated.

In summary, it seems to me that dissolving the unity of spontaneous movements

and the spiritual powers of the soul is not profitable for deciding whether a cell

entity or organism of human origin is a human being properly speaking or not, and

therefore is not of great benefit for settling arguments related to the beginning and

the end of the temporal existence of the human person.

11.4 The Principle of Conservation of Personal Identity During
Growth Allows Us to Move Consistently from Spontaneous

Movements to Capability for Them

In the previous sections, I argued that the presence of spontaneous motility in a

cellular entity of human origin is per se revelatory of its animation by a spiritual

soul. Is it consistent, however, to conclude from this claim that the proper
biological potential for spontaneous motility is already a sufficient biological

condition for establishing spiritual ensoulment? In this section, I argue that such a

move is appropriate and is grounded in the principle of conservation of personal
identity during bodily growth.

Anyone claiming to have a personal identity implicitly accepts that his or her

identity is conserved in time. As an author of this chapter, for example, I claim to be

the same person as the author of other papers I wrote years ago. That is, my personal

identity has roots outside time. In this sense I, and the paper I am writing now,

cannot be explained exclusively by material or observable causal chains (see

Sect. 11.2). If someone admits only material causal chains within time, he will

deny that personal identity persists through time.

When we establish that a child B and an adult B’ are the same person we assume

that bodily growth does not amount to the appearance of a new person: for example,

if the body B grows into B’, and B’ is a person, than B shares the same personal

identity as B’. In more scientific terms: if the cells of B’ originate from the cells of

B, B and B’ are the same person. The assumption of a spiritual soul is coherent with

the principle of conservation of the personal identity.

However, today it is also generally admitted that a human body B which receives

a foreign heart does not undergo a change in his or her personal identity (even if the
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person can be affected by profound psychological changes in his/her feelings,

tastes, preferences, etc.). The fact that the heart’s cells of B’ (with the new heart)

do not originate from the heart’s cells of B does not prevent conservation of

personal identity. The same holds for transplantation of other organs. This view is

based on the implicit assumption that the brain centers responsible for the sponta-

neous motility of B’ derive from the brain centers responsible for the spontaneous

motility of B.

In a more precise way, I want to argue that one can establish conservation of
personal identity during bodily growth as follows:

Consider that a cell entity or cell layer X develops into a body B exhibiting

human architecture and spontaneous motility, where this development requires the

interaction of X with other cell clusters or cell layers in its environment. I would

argue that X shares the same personal identity (is animated by the same spiritual

soul) as B if the following two conditions are met:

1. The neural centers of B responsible for its spontaneous activity derive exclu-

sively from cells contained in X.

2. Equivalent neural centers cannot be derived from the cell clusters or cell layers

interacting with X.

As regards the cell clusters or cell layers interacting with X, I want to suggest

that they share a similar organic status as that of the heart or skin of B, that is, they

can be replaced without loss of personal identity. In other words, I define that X has

the proper biological potential to develop into B if the observable biological

features (like genetic and epigenetic information) allow us to predict that conditions

(1) and (2) above will be met. In other words, that “X has the proper biological
potential to develop into B” is just another way of saying that “X and B share the

same personal identity.” We also say, following these principles, that X is

totipotent.
The sense of the term proper biological potential has to do with an active

potency that is rooted in the substantial form of the entity in question. This active

potency is revealed by a certain material organization but is not ontologically

identical with this material organization. Proper biological potential as an active

potency, rooted in substantial form, is not spatio-temporal, though of course it

needs a particular kind of material organization for its unfolding in space and time.

Just as breathing reveals that a spiritual human soul is controlling the breathing

observed, the appropriate genomic (genetic and epigenetic) information reveals that

the biological potential (and the corresponding spiritual soul) is there.

So the proper biological potential for human spontaneous motility is more than

an adequate bodily condition – a “dispositio corporis” (Pangallo 2007) – for

spiritual ensoulment, it is a visible sign revealing the presence of the invisible

spiritual soul. A human cell entity sharing such a potential is more than appropriate

matter – “materia apta” (Walker 2005) – for receiving the human spiritual soul, it is

already the presence of this soul in space and time, a human animal animated by a

spiritual soul, an embodied person.

At this point, it is worth taking note of two alternative criteria for establishing

personhood: the capability for conscious communication and capability for blood
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circulation in a human body. As to the former, one would need to go back and

establish what counts as the proper biological potential for speaking as the appro-

priate condition for ascertaining animation by a spiritual soul. Accordingly, embryos

of hydranencephalic children would not be persons. As said in Sect. 11.3, this

conclusion seems unacceptable to us. Similarly if one takes heart beating and

blood circulation as the observable feature of the human body that directly reveals

the spiritual soul, then one would have to conclude that the proper biological

potential for heart beating is the appropriate condition for ascertaining spiritual

ensoulment. Accordingly, parthenotes (see Sect. 11.6) and brain dead organisms

should be considered persons. As I shall argue in the Sect. 11.6, I think this is a

conclusion we should reject as well.

11.5 On the Status of the ICM and the Trophectoderm (TE)

To illustrate how the principles enunciated in the preceding Sect. 11.4 might play

out as applied to a particular case, I want to ask how one might establish the status

of the ICM and the status of trophectoderm cell layer (TE) in the developing

blastocyst (the embryo before implantation into the maternal uterus).

The blastocyst consists of two distinct cell layers: the ICM, which becomes the

embryo proper and the adult human being; and the TE, which contributes to the

placental support system. Although the TE is essential for the further development

of the embryo, it does not become part of the full-grown organism. Consider now a

body B exhibiting human architecture and spontaneous motility that derives from a

normal developing blastocyst. Before implantation into the uterus, the ICM and the

TE interact with each other. After implantation, the uterus interacts with the TE and

through it with the ICM as well. The neural centers controlling the spontaneous

movements of the body B derive exclusively from the ICM through cell division.

No body exhibiting human architecture and spontaneous motility can derive

from an implanted TE alone through cell division. If one separates the ICM from

the TE, the ICM gives rise to a colony of embryonic stem cells (ESCs) and the TE

degenerates into a tumor. From observations in mice one knows that the

(fertilization-derived) ICM in combination with a different healthy TE’ produces

a blastocyst ICM + TE’ developing into a healthy adult B’.1 So, as these studies

show, the neural centers controlling the spontaneous movements of the body B’

derive exclusively from the ICM cell layer.

1See the control experiments in Gardner et al. (1990). Actually, in these experiments one combined

the ICM of a blastocyst with TE and PE (Primitive Endoderm) of another blastocyst. However,

since PE like TE gives rise to only extraembryonic tissue, this particular does not change our

conclusion and for the sake of simplicity we dismiss it in the argument. Thus, hereafter in this

chapter the notation ‘TE’ means ‘TE+PE’ (trophectoderm and primitive endoderm), unless stated

otherwise.
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Such observations prove that if B and B’ exhibit spontaneous motility, and not

only autonomous and reflex activities (like heart beating, blood circulation, kidney

activity), it is because the neural centers derive from the cell division specific to the

ICM. This means that the ICM itself has the proper biological potential and is the

key determinant for the identity of the whole embryo. I think that this point has two

important implications: first, the ICM without a TE is the same human being (has

the same personal identity) as the body B, even if the ICM without a TE will die

very quickly much in the same way that the embryo without a functioning uterus is

the same human being as B, even if the embryo without a functioning uterus will die

quickly; second, B’ is the same human being (has the same personal identity) as B

and the ICM. The trophectoderm TE can be replaced without changing the personal

identity of the cellular organism, just as changing the heart or skin of B does not

change his or her personal identity.

If one were to hold a position that the ICM does not determine the personal

identity of the whole embryo, it would produce quite a few oddities. Such a position

would suppose that an ICM + TE and an ICM + TE’ do not have the same personal

identity, that they are two different persons. If one holds this position, then either

one assumes that the identity of a premature infant changes after one removes the

placenta and introduces him or her into a neonatal intensive care unit, or one has the

burden of explaining at what moment of development (and why) the placenta could

be removed without changing the personal identity of the fetus. On the view I

sketched above, it would be my own opinion that the TE (and the placenta that is

eventually generated by the TE) has no bearing whatsoever on the personal identity

of the developing embryo, fetus, or newborn.

11.6 On the Status of Cell Entities Obtained Through Altered

Nuclear Transfer and Parthenotes

Consider the following scenario: a process of fertilization (or an artificial replica-

tion thereof, parasitic on normal reproduction) begins, but is prevented from

realizing its teleology, that is, the end to which that process is directed. The result

of this failure is a cell entity X. How can we be sure that, in the interval of time

between the beginning of the fertilization and the actual failure of what would have

been its normal outcome, X was never a human being, if only for a split second?

Such a question implicitly assumes that the process of fertilization (or the artificial

replication thereof) produces a cell entity X* that is a human being. However, X* is

then immediately prevented from realizing its developmental potential and the

result of this failure is X. In cell entity X* it is always possible to distinguish

between two cell lineages: one leading to the ICM* (from which the neural centers

derive) and the other to the TE* (from which only placental tissue derives).

According to the principle of conservation of personal identity (see Sect. 11.4),

assuming that X* is a human being is the same as assuming that the lineage leading
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to ICM* is healthy. Accordingly, one must assume, if indeed X was at one time X*,

that X* was prevented from realizing its developmental potential due to a defective

TE* lineage. If one combines the ICM* lineage of X* with a healthy lineage TE�,
the combination ICM* + TE� will normally develop to birth.

This line of reasoning leads us to three distinct conclusions: first, the human

being deriving from ICM* + TE� is the same person as X*; second, X has the status

of a brain dead organism resulting from the death of X*; third, the cause preventing

X* from realizing its teleology is not a DIANA defect. In other words, if cellular

entity X (that is not a human being) originates from a former cell entity X* which

was a human being (who then died), then the cause preventing X* from realizing its

teleology is not a DIANA defect, i.e., one that Directly Inhibits the Appearance of

Neural Activity.

Additionally, the preceding reasoning leads to the following objection against

altered nuclear transfer (ANT) through inactivation of the Cdx2 gene (Meissner and

Jaenisch 2006):

Consider the first cell division: One of the cells (with expression of the Cdx2
gene) leads to the TE lineage, while the other (with expression of the Oct4 gene)

leads to the ICM lineage.

If before fertilization one prevents expression of Cdx2, one produces a blastocyst
with a defective TE and healthy ICM. Assume that if you combine this ICM with a

healthy TE (the experiment has not yet been done), you get development to birth. If

so, it would mean that inactivation of Cdx2 is not a DIANA defect, that is even if

one prevents expression of Cdx2 before fertilization, it is still the case that the

produced ICM is a human being.

If before fertilization one deletes Oct4, this yields a blastocyst without an ICM

(and therefore not useful for deriving ESCs), which gives rise to a complete mole

consisting only of extra-embryonic tissue. Deletion of Oct4 is a DIANA defect.

I conclude that deleting Oct4 before fertilization leads after fertilization to a

blastocyst that is not a human being.

Consider now the case of standard parthenotes (with two nuclei of fully grown

oocytes) which develop into a blastocyst with a defective TE and a well-developed

ICM (Huarte and Suarez 2011). After implantation, they degenerate and die. But

that they died is not enough of a basis on which to conclude that standard

parthenotes are not human beings. Only if I combine the ICM with a healthy

TE*, and observe that the reconstituted blastocyst ICM + TE* develops to a heart

beating stage but then stops can I conclude that the standard parthenotes are not

human beings. Experiments in animal models show that this is the case (Gardner

et al. 1990). Standard parthenotes are incapable of developing spontaneous motility

and can be considered to share the status of a brain dead human organism. I think

this conclusion is further supported by the case reports of teratomas that resemble a

malformed fetus and exhibit a highly differentiated homunculus of parthenogenetic

origin (Kuno et al. 2004; Weiss et al. 2006). Fetiform ovarian teratomas are thought

to arise from parthenogenetic development of a primordial germ cell. In this sense

they may demonstrate that a germ cell is capable of producing any tissue found in
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the human body (Weiss et al. 2006), but do not prove that a germ cell or an oocyte

have the proper biological potential of developing into a living fetus.

Standard parthenotes should not be confused with the so-called ng-parthenotes
(Suarez et al. 2007; Huarte and Suarez 2011). These are produced by altering the

nucleus of a nongrowing oocyte and then transferring it into a fully-grown oocyte

(Kono et al. 2002, 2004). Such a nucleus shares decisive characteristics with the

nucleus of a male gamete, and its transfer into a fully grown oocyte is very much

equivalent to fertilizing an egg. The resulting artifacts reach spontaneous motility

and even birth. According to our DIANA criterion, ng-parthenotes are disabled

embryos and in humans would share the same moral status as children with

anencephaly.

In summary, standard parthenotes deriving from a human egg can be considered

a “human organism” but not a “human animal,” and therefore one can conclude that

they are not human beings. In contrast human ng-parthenotes and ANT cells

obtained through inactivation of the Cdx2 gene would be “human animals”

(animals with a human spiritual soul) and deserve the moral status of persons.

11.7 When Does Reprogramming Somatic Cells Produce

a Human Being?

Criteria for distinguishing between embryos and nonembryos were first motivated

by alternative proposals to derive embryonic-like pluripotent stem cells without

destroying human embryos. In this context it was important to ascertain whether the

proposed techniques produced a disabled human being or a cell entity that is not a

human being.

The arrival of induced pluripotent stem cells (iPSCs) obtained through re-

programming of adult somatic cells was wholeheartedly cheered as a means of

producing embryonic-like pluripotent stem cells without the necessity of destroying

embryos. One could think that with the arrival of iPSCs on the scene, distinguishing

between embryos and nonembryos would remain only a question of academic

interest. However, work underway with iPSCs is showing a greater interest in

answering this question and so researchers working in that area may also appreciate

attempts (such as DIANA) to provide scientists, ethicists, and policymakers with a

normative criterion for distinguishing between embryos and nonembryos.

Combining embryonic stem cells (ESCs) with a tetraploid blastocyst (tetraploid

complementation) (Rossant and Spence 1998) or laser-assisted injection of ESCs

into an eight cell-stage diploid embryo (Poueymirou et al. 2007) makes it possible

to generate mice fully derived from the ESCs. Experiments show that it is possible

to use tetraploid complementation to generate mice that are fully derived from iPS

cells (Zhao et al. 2009; Boland et al. 2009; Kang et al. 2009) as well as from

parthenogenetic embryonic stem cells (pESCs) (Chen et al. 2009).

These results mean that it is possible, in principle, to go beyond pluripotency and

reprogram adult cells to a totipotent stage as well (Brugger 2010). But then the
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question arises: how can we be sure that the iPS cells resulting from a particular

reprogramming technique are not a human being? I want to now apply some of the

principles and arguments established above in order to offer a possible answer to

this question.

A tetraploid blastocyst consists of a tetraploid inner cell mass (tICM) and a

tetraploid trophectoderm (tTE). On the one hand, tetraploid human embryos can

implant and develop to an adult whose cells are fully derived from the tetraploid

ICM (Nakamura et al. 2003, and references therein). Additionally, in tetraploid

complementation as typically performed in mice, the tetraploid ICM is not removed

from the blastocyst before the injection of the ESCs, iPSCs, or pESCs (Zhao et al.

2009; Kang et al. 2009; Chen et al. 2009). This means that on the basis of the

available observations one cannot exclude that ESCs, pESCs, or iPSCs require the

interaction with fertilization-derived ICM cells additionally to TE cells in order to

become an adult.

On the other hand, experiments performed in 1990 by Gardner and others using

reconstitution methods show that combining pESCs with fertilization-derived

trophectoderm (TE) (i.e., a blastocyst from which the ICM has been removed)

develop, at best, up to the stage of heart beating and yolk sac circulation, but are

not capable of going beyond that stage (Gardner et al. 1990). In particular, such

reconstituted blastocysts pESCs + TE fail to reach spontaneous fetal motility.

These results with parthenotes show that the parthenogenetic ICM lacks totipo-

tency. The fact that parthenogenetic ICM cells possess a similar type of

pluripotency to embryonic stem cells (Brugger 2010) does not allow us to conclude

that standard parthenotes are embryos.

Additionally, these results strongly support the hypothesis that the fertilization-

derived ICM is crucial in order to make stem cells totipotent, i.e., capable of

generating a living organism exhibiting spontaneous motility.

One could test this hypothesis by means of an experiment in animal models

using reconstituted blastocysts ESCs + tTE (combination of embryonic stem cells

with tTE) and iPSCs + tTE (combination of induced pluripotent stem cells with

tTE), which can be obtained through reconstitution techniques similar to those used

by Gardner and co-workers in 1990. As control experiments, one could combine

fertilization-derived ICM with tTE, i.e., blastocysts ICM + tTE. We remember that

by ‘TE’ we are denoting ‘TE+PE’ (see footnote 1 earlier), and therefore the

experiment we are proposing involves actually triple reconstituted blastocysts

(ESCs + tTE + tPE; iPSCs + tTE + tPE; ICM + tTE + tPE) like in the experiment

by Gardner et al. 1990.

I predict that using the ESCs and iPSCs available today, reconstituted blastocysts

with ESCs + tTE and iPSCs + tTEwill fail to develop (in more or less the same way

that blastocysts reconstituted with normal TE, PE and parthenogenetic ICM fail to

develop in the Gardner experiments), while ICM + tTE will develop to term.

Unpublished results by Richard Gardner and Janet Rossant have shown that

simply injecting clumps of ES cells inside vesicles of pure trophectoderm (i.e., a

blastocyst from which the ICM and the PE have been removed) leads to cell entities

that fail to develop (private communication of February 10th, 2010, respectively
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June 7th, 2011). These results speak in favor of my prediction. Nonetheless one

could object that it is the primitive endoderm (PE) that helps the ESCs to survive

and make a fetus. To exclude this possibility it is necessary to perform an experi-

ment using triple reconstituted blastocysts (ESCs + tTE + tPE; iPSCs + tTE + tPE;

ICM + tTE + tPE) as well.

In any case, if my prediction holds, then human ESCs and iPSCs cannot be

considered to be totipotent on their own, i.e., they do not have the proper biological
potential to develop into a human baby. By contrast, the ICM layer should be

considered totipotent and sharing the proper biological potential to develop into a

human fetus, newborn, child, adult and is therefore revealing of that cellular entities

personhood.

Even if our prediction for the iPSCs available today holds, and reconstituted

blastocysts iPSCs + tTE fail to develop, reprogramming techniques could be

improved in the future. As said, fully grown mice have recently been derived

from iPSCs, showing that it may be possible to revert somatic cells into a cell

entity from which an individual can be born. This means that we now have the

capacity to induce totipotency and not just pluripotency. Suppose one could isolate

the factors in the tetraploid ICM that are responsible for making the ES, pES, and

iPS cells equivalent to the ICM cell layer, that is, capable of generating a full adult

body. Then, by using such factors in vitro one could reprogram somatic cells not

only to iPSCs sharing the potential of ESCs, but to cells sharing the potential of

embryonic ICM. This would be the case if the corresponding iPSCs + tTE

blastocysts develop to term. Such experiments in animal models have patently a

high scientific interest.

I argue now that the proposed experiments using reconstituted ESCs + tTE and

iPSCs + tTE blastocysts have a high ethical relevance as well. The achieved

generation of adult mice from iPSCs is casting doubts about whether producing

iPSCs may become a new sort of cloning (Cyranoski 2009; Denker 2009; Brugger

2010). This presents a dilemma for opponents of human embryo research.

Deducing the moral status of an embryo from its developmental potential is

based on the following assumption: that the ICM is totipotent, i.e., has the proper
biological potential to become an adult, and so has a unique moral status; the TE, on

the other hand, merely provides the appropriate environment for the ICM to

develop into the embryo, the same way as the uterus provides the appropriate

environment for the embryo to develop into the adult.

This assumption has been questioned on the basis of the birth of mice fully

derived from ESCs and iPSCs. One interprets this result in the sense that the

potential of iPSCs or ESCs match that of ICM cells: “ICM cells, iPSCs, and

ESCs all require a trophoblast or another suitable substitute to develop” (Devolder

2009), or further one could claim that it “clearly demonstrates that even somatic

cells alone have the potential to become an adult human being” (Sagan and Singer

2009). These claims implicitly assume that ICM cells, iPSCs, and ESCs are all

equally capable of developing to a full mouse by merely placing them into contact

with a trophectoderm (TE) alone (Devolder uses the term “trophoblast” instead of

“trophectoderm”). But this cannot truthfully be stated without doing the experiment

I am proposing.
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Suppose, for example, that one produces iPSCs with a certain reprogramming

method A. Suppose one can make a mouse from such iPSCs only when these are put

in contact with the tetraploid ICM cells, whereas without contact with ICM cells the

iPSCs exhibit a potential similar to that of pESCs, i.e., they are capable of reaching

the heart beat stage, but not spontaneous fetal motility, like the standard

parthenotes. This would be a sign that the iPSCs produced with method A are not

totipotent on their own. An organism exhibiting heart beating but incapable of

spontaneous motility can be considered to share the status of a brain dead human

being. That is, the iPSCs have a DIANA insufficiency and are therefore not a human

being. Consequently, the method A is ethically unobjectionable for those who

oppose embryo destructive research.

Suppose now one improves the aforementioned method to derive a better

reprogramming method B. Suppose it is possible to make a mouse from the

iPSCs produced with method B also when these iPSCs are injected into a tTE

(i.e., a blastocyst without ICM cells): this would be a sign that the iPSCs produced

with method B are totipotent on their own, and like the ICM layer should be

considered a human being. Consequently, method B is ethically objectionable for

those who oppose embryo destructive research.

It is clear that if one accepts method B one cannot consistently reject embryo

research. Indeed, in accepting method B one implicitly assumes that the

corresponding iPSCs acquire totipotency and therefore have a unique moral status

only after their interaction with the TE cells (which are tetraploid). But then one

should similarly accept that the embryo becomes totipotent, and gets moral status,

only after implantation and interaction with the mother’s uterine lining. On the

other hand, one can consistently accept method A and also reject any destruction of

human embryos for research.

To conclude this section, I should want to say that work in progress in the

reprogramming of adult somatic cells (Cohen and Melton 2011) shows that, even

within the context of cellular reprogramming, it is crucial to have rules that allow us

to distinguish between cell entities that are totipotent, and therefore constitute

human beings, and those that are merely pluripotent, and therefore are not human

beings. Experiments combining ESCs and iPSCs with tetraploid TE allow us to

decide whether the ICM plays a role in making ESCs and iPSCs totipotent and can

be done using well known techniques. Such experiments are ethically relevant for

deciding which reprogramming methods result in the creation of a new human

being and therefore would be inconsistent with the moral requirement of not

destroying human embryos.

11.8 Are Humans the Only “Free Agents” in the Universe?

If one assumes that spontaneous movements somewhat involve will and thus directly

reveal spiritual agency, it seems to follow that since both human and nonhuman

animals exhibit such voluntary movements (Aquinas STh I-II 6.2, Aristotle NE),
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then both human and nonhuman animals have spiritual powers. That is, if one

assumes that human spontaneous movements reveal spiritual agency, it seems that

one should consequently assume that the spontaneous movements of nonhuman

animals reveal spiritual agency as well.

As we have seen in Sect. 11.2, one would have to accept such a conclusion not

only regarding the behavior of animals, but also that of elementary particles all over

the universe. Indeed, if one accepts the free will of the experimenter, then quantum

physics implies the presence of nonmaterial agency in nature even independently of

the working of the human brain. This is a position supported by today’s biology as

well (Heisenberg 2009).

Quantum physics actually suggests that all phenomena in nature involve non-

material agency although at different levels: The nonmaterial control happening in

a quantum interferometer is very low, that in a brain very high. From this point of

view, “creating” a synthetic bacterium (Gibson et al. 2010) does not essentially

prove greater “powers of creation” than arranging an interferometer in a quantum

optics lab: In both cases one is setting up appropriate material conditions that allow

nonmaterial agency to appear, but in both cases this sort of agency comes from

outside space–time and, therefore, is beyond the scientist’s creative capabilities.

Suppose, as stated in the previous Sect. 11.7, that reprogramming techniques

become improved to the extent of creating a human being from a somatic cell.

Although a spiritual human soul would certainly appear at the end of the repro-

gramming procedure, this soul would not be created by the scientist.

But where does the nonmaterial agency in the universe outside “free scientists”

come from?

When confronted with such a question, at least three positions seem plausible:

first, the elementary particles all over the universe and nonhuman animals are

animated by a spiritual soul like the human one (e.g., “the free will theorem” by

Conway and Kochen 2006, 2009); second, the behavior of elementary particles and

nonhuman animals requires decisions coming from some ultimate controlling and

spiritual being (God); third, the behavior of the elementary particles and nonhuman

animals require a spiritual agency other than the divine or that which comes from a

human-like spiritual soul. In other words, particles and nonhuman animal bodies

are not the bodies of some free agent, but are simply acted upon by some immaterial

(spiritual) agent other than God (e.g., angels). While this is a very interesting

question, it is beyond the scope of this chapter to discuss each of them in detail

and even further beyond the scope of this chapter to muse about which position

makes the most sense.

11.9 Human and Animal Rights, and Human–Animal Hybrids

The first position in the preceding Sect. 11.8 may be related to the widespread

tendency of accepting that animals have rights just as humans do. As stated in

Sect. 11.2, I conclude that the human body sitting in front of me is a person because
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(a) it has the same specific form (or shape) as my body, and (b) this body exhibits

movements like the movements I make for expressing my thoughts, emotions, and

claims for rights.

In this sense, human bodily architecture is a necessary observable condition for

defining rights. The best way I can ensure being respected by others is to assume that

spontaneous movements in a body of the human species reveal personal agency, and

making this assumption the basis of my assigning rights to others. A human body

that performs movements like the movements I make to express my feelings and

rights-claims is animated by a spiritual soul and therefore is a person I have to

respect. Otherwise, I cannot rationally claim that he should presume to respect me.

Civil and penal law, for instance, actually assume that the behavior of human body is
the observable basis for deciding about its rights and culpability. Rights originate

from the will to grant that bodies of the human species respect each other.

It is primarily because one wishes to coherently explain human bodiliness and

organize human society on the basis of rights that one derives the concepts of soul

and life, and one applies them subsequently and somewhat by analogy to animals,
which are often characterized as organisms capable of spontaneous and voluntary

motion. By attributing rights to animals, however, one utterly disposes of the

human bodily architecture as an observable basis for defining rights. It is worth

asking then whether it is still possible to grant a rational foundation for rights.

Similarly, insofar as the production of human-animal embryonic hybrids blurs

the difference between the human species and nonhuman ones it may abolish the

possibility of assigning rights. Therefore the procedure would be objectionable even

if it did not imply destroying embryos. In this context one can establish the

following general rule: the generation of bodies carrying a human brain within a

nonhuman animal architecture and of bodies with human appearance or architecture

carrying a nonhuman animal brain should be prohibited insofar as they distort and

undermine an identifiable and stable human bodily architecture, which, as I have

argued, serves as the most reasonable foundation for prescribing rights to a particu-

lar body. (It seems to me that the Instruction Dignitas personae (Congregation for

the Doctrine of Faith 2008) is implicitly assuming this rule when it considers

unethical procedures “capable of disrupting the specific identity of man”).

11.10 Conclusion: Spontaneous Movements’ Metaphysics
Is the Basis for a Consistent Metaphysics of the Human

Body–Soul Relation

Distinguishing between embryos and nonembryos, and in general between totipo-

tent and pluripotent (nontotipotent) cell entities, is a goal that hinges on the correct

identification of the appropriate biological conditions revealing spiritual ensoul-

ment. I have argued that this can be done on the basis of the distinction between

spontaneous and autonomous motions, and the principle that spontaneous
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movements of a human body directly reveal animation by a spiritual soul. I then

showed how it is possible to move from this principle to the capability for

spontaneous movements as the sign for rational ensoulment of a human body,

and followed that up with some proposed criteria as well as the proposal for an

experiment to decide when reprogramming of adult somatic cells may produce a

human being.

Still further, I endorsed the philosophical position that the human body’s spon-
taneous behavior is the basis for deriving the categories allowing us to understand

the world and organize society. One cannot appropriately decide when the life of

the human person begins and ends on the basis of principles like “movement,”

“life,” “organization,” “consciousness,” or “thinking.” As a basis for arguing and

deciding this crucial question, one has to take the body exhibiting human architec-

ture and spontaneous movements as the normative instance of what it means to be a

body infused with a spiritual soul.

This spontaneous movements’ metaphysics is the metaphysics we intuitively

often use in our daily life. Each of us is not a pure consciousness, but only a limited

(embodied) one. Often I behave without purpose in an unconscious way. But even

when I sleep I assume that I will be respected on the basis of my behavior. That is,

I act as if everyone can realize that I am a person without the necessity of them

awakingme. This wish implicitly involves an adherence to a spontaneous movements’
metaphysics. By contrast, if I assume that only cognitive functions directly reveal

spiritual powers, I cannot assume that while I am sleeping my behavior directly

reveals that I am spiritually animated and thus a subject of rights. It is on the basis

of spontaneous motility that I immediately conclude that a human body walking on

the street or sleeping in a bed is animated by a spiritual soul and is a personwith rights.

The progress of medicine has made it possible to transplant hearts and to produce

“brain dead” organisms capable of autonomous movements but lacking the capa-

bility to make spontaneous ones. These new situations have brought to light

something that the intuitive spontaneous movements’ metaphysics implicitly

assumes: Functions characteristic of vegetal life by themselves do not reveal

spiritual animation. We can see that the generally accepted clinical criteria for

defining death are a general consequence of such an assumption.

I would like to conclude by once again stressing what was shown in Sect. 11.3:

that this spontaneous movements’ metaphysics can be considered a further devel-

opment of Thomas’ reflections on “imperfect voluntary movements.” The

hylemorphic substantial unity of the human composite understood apart from a

spontaneous movements’ metaphysics causes Thomas Aquinas to accept the (incor-

rect) hypothesis of delayed hominization. It seems that a consistent metaphysics of

the human body–soul relation requires the assumption that the human body’s
spontaneous movements directly reveal animation by a spiritual soul.
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Glossary

If an author introduces a new concept or different authors give different meanings
to the same term, we refer to the chapter where the corresponding definitions
appear.

Active potential noun, an active potential is one that is actualized wholly from

within. It is indicative of an entity’s nature – its ontological status. For example,

an acorn has an active potential to become an oak tree. See Chap. 4 for usage in

context.

Altered nuclear transfer (ANT) noun, genetic alteration of the nucleus of a

somatic cell (a skin cell for example) before transferring it into an enucleated

oocyte. In the most widely discussed example, one inactivates a gene crucial for

trophectoderm development. The inactivation eliminates the potential to form

the fetal–maternal interface, but spares the inner cell mass lineage. Several

authors (Chaps. 2, 3, 4, 6, and 10) assume that the cell entities obtained through

ANT would not be organisms and therefore should be considered non-embryos

rather than disabled ones. Other authors (Chaps. 5 and 11) conclude that ANT

cells may be defective human beings whose development is impaired by a defect

that hinders the implantation: To decide the issue one should combine the ANT-

derived inner cell mass with a healthy trophectoderm and see whether the so

reconstituted blastocyst is capable of reaching the stage showing fetal motility.

Finally, there are authors (Chaps. 6 and 7) stressing that as far as there is doubt

about the status of ANT cells one should avoid using them for obtaining human

pluripotent stem cells.

Androgenote noun, a diploid egg cell containing only the paternal genome. Such

cells arise sometimes in nature, if for instance there is a loss of the maternal

chromosomes, together with a replication of the paternal chromosomes before

cell division. Androgenotes carry faulty epigenetic information due to a lack of

maternal genes and can produce complete hydatidiform moles in the uterus.

Aneuploid adjective, having a chromosome number that is not an integral multiple

of the haploid number of the species; an abnormality in chromosome number.
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Blastocyst noun, a hollow, spherical structure during early development of mam-

malian embryos, comprising an outer layer of cells, called trophectoderm (ulti-

mately giving rise to the placenta and other supporting tissues needed for fetal

development) surrounding a small cavity and containing a cluster of cells at one

side, called the inner cell mass (which gives rise to the tissues of the embryonic

body after implantation). The human blastocyst, which develops about 5 days

after fertilization, consists of approximately 70–100 cells.

Blastomere noun, any of the cells resulting from the first few divisions of the

ovum after fertilization.

Brain-dead adjective, the state of a human organism fulfilling the so-called

criteria of brain death. A brain-dead body may in fact maintain integrative

capacities to a certain degree. If by death one means the “loss of the integrative

capacity of the organism”, then certain authors claim that a “brain-dead” body is

a living organism and should not be declared “dead”. Other authors (Chap. 5)

suggest that death means the “loss of the integrative capacity for spontaneous

motility (animal behavior)”, and this is what the standard clinical criteria of

brain death actually attempt to ascertain.

Chimera noun, a term used either broadly to describe any single biological entity

composed of materials from different organisms or more specifically to describe

a single organism containing a mixture of genetically distinct populations of

whole cells ultimately originating from different embryos of the same or differ-

ent species; most commonly used to refer to combinations of cells from different

species. The name originally designated a mythological fire-breathing monster

that was part lion, part goat, and part snake.

Chimeric adjective, relating to a chimera or chimeras.

Chromosome noun, any of the typically linear bodies in the cell nucleus of

eukaryotic organisms, which contain most or all of the genes of the organism

and take up basophilic stains (hence the name, literally meaning “colored

body”). The term is also applied more specifically to a condensed form of

chromatin (DNA and associated proteins) prior to cell division; when chromo-

somes have replicated but are still attached at the centromere, they are called

sister chromatids.

Cognate gene noun, a gene that is similar in nature, character, or function to other

genes; generally genes that are similar but not identical between species (i.e.,

homologous).

Complete hydatidiform mole noun, a mass of placental tissue having the appear-

ance of a bunch of grapes. Complete moles are supposed to come from

androgenote eggs when either a single sperm fertilizes an enucleated egg and

then undergoes a duplication of its haploid genome or two sperm fertilize an

enucleated egg (approximately 20% of complete moles). A type of tumor called

“choriocarcinoma” can arise from these entities.

CpG islands noun, genomic regions containing a comparatively high frequency of

cytosine and guanine and which tend to be associated with the promoters of

mammalian genes. Such regions may be hundreds of base pairs long and are
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typically methylated during phenomena such as genomic imprinting or

X-chromosomal inactivation.

Cybrid noun, a portmanteau of “cytoplasmic hybrid”. The term was originally

applied to eukaryotic cell lines produced by the fusion of two distinct cell types,

one of which was depleted of its own mitochondria beforehand (by prolonged

incubation with ethidium bromide) while retaining its nuclear genome, thereby

allowing the nuclear genome from one source to be combined with mitochon-

drial genomes from other sources. The term has latterly been used to also

describe an embryonic entity produced by fusing an enucleated egg with a

somatic cell containing the nucleus from a different species.

Cytochrome noun, a class of iron-containing proteins typically found in the

mitochondrial inner membrane and important for carrying out electron transport

during cellular respiration.

Cytoplasmic adjective, relating to the cytoplasm of a eukaryotic cell, comprising

the semifluid matter contained within the plasma membrane but excluding the

cell nucleus.

DIANA insufficiencies noun (plural), anomalies of the genetic and/or epigenetic

information that directly inhibit the appearance of neural activity responsible for

spontaneous fetal motility.

Diploid adjective, the normal state for somatic (i.e., body) cells in mammals, in

which the basic (haploid) chromosome number is doubled so each distinct

chromosome is paired with its counterpart.

DNA noun, abbreviation for deoxyribonucleic acid; a nucleic acid that forms the

molecular basis of heredity in cellular entities and localized chiefly in the cell

nuclei of eukaryotes. The molecule typically consists of a double helix held

together by hydrogen bonds between purine and pyrimidine bases, which project

inward from two chains containing alternate links of deoxyribose and phosphate.

Embryo noun, an animal during the early stages of growth and differentiation that

are characterized by cleavage, the laying down of fundamental tissues, and the

formation of primitive organs and organ systems; the term is especially applied

to the developing human individual from the time of fertilization (since cleavage

commences immediately after fertilization to produce the two-cell embryo)

to the end of the eighth week after conception (up to the point of skeletal

formation).

Enucleated adjective, denoting a cell from which the nucleus has been removed.

Epigenetic adjective, relating to a modification in gene expression that does not

directly depend on the primary DNA sequence of a gene; generally, modifi-

cations in gene expression that are controlled by heritable but potentially

reversible changes in DNA methylation and/or chromatin structure.

Epigenetic information noun, the pattern of activated and inactivated genes that

regulates gene expression during development.

Epigenetic state noun, the actual configuration of activated and inactivated genes

at a certain developmental stage. As described in Chaps. 3 and 5, the fertilized

egg and a parthenogenetic one exhibit different epigenetic states.
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Fallopian tube noun, either of the pair of tubes that carry the eggs from the ovary

to the uterus; also described as the uterine tube.

Fertilization noun, the process whereby two haploid gametes unite so the somatic

chromosome number is restored and the development of a new individual is

initiated.

Gamete noun, a specialized and mature male or female reproductive cell (e.g.,

male sperm cell or spermatozoon and female egg cell or ovum) containing the

haploid set of chromosomes, which is typically able to unite with another

reproductive cell of the opposite sex during fertilization to form a zygote.

Gametogenesis noun, the process of development whereby male or female repro-

ductive cells within the germline undergo meiosis and maturation, leading to the

production of gametes.

GC concentration noun, the percentage of cytosine and guanine nucleotides in a

given polynucleotide sequence.

Gene noun, a specific sequence of nucleotides that is usually located on a chromo-

some that constitutes the functional unit of inheritance by controlling the

transmission and expression of one or more traits, either by specifying the

structure of a particular polypeptide or controlling the function of other genetic

material.

Gene knockout noun, a genetically engineered organism that carries a gene (or

genes) in its chromosomes that has been made inoperative. Gene knockouts are

used to study the biological role of the “knocked out” gene or to produce

organisms with specific anatomic, physiological, or behavioral deficits.

Genome noun, the total content of genetic material present in a cell or organism.

Genomic imprinting noun, an epigenetic process that involves methylation and

histone modifications in order to achieve monoallelic gene expression without

altering the genetic sequence. These epigenetic marks are established in the

germ line and are maintained throughout all somatic cells of an organism.

Germline noun, the gamete-producing cells of an organism in which the genetic

material may be heritably transmitted through successive generations.

Haploid adjective, having the same number of chromosomes found in gametes or

half the number characteristic of somatic cells of a given species.

Heterochrony noun, an evolutionary phenomenon that involves changes in the

rate and timing of species development.

High cervical quadriplegia noun, a high-level spinal injury (neck injury) that

leaves the patient fully paralyzed and unable to breathe without technical

assistance. Christopher Reeve was a famous example. Left alone, such patients

ordinarily die. They cannot be “cured”, only maintained on life support. In many

cases, they even need assistance to maintain a regular heart beat. If support is

provided and the person does not die immediately, such patients remain fully

conscious and capable of communication through strongly reduced motility

mediated by the cranial nerves. However, their brains no longer control the

function of their bodies. It is argued that according to the “organization”

criterion, the somatic integrative unity of such patients cannot be considered

larger than that of a body declared to be brain dead (see Chap. 5).
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Histone noun, any of a family of highly conserved water-soluble proteins that are

rich in the basic amino acids lysine and arginine and are complexed with DNA.

Human being noun, the individual of the human species under the aspect that he

or she is subject of rights, especially right to life, and deserves the corresponding

respect on the part of other human beings. In this sense, human beings can be

considered synonymous with “human person”.

Human person noun, variously defined but often understood as the “individual

substance of a rational nature” (definition according to Boethius in Chap. 7).

From the perspective of the observable operations or signs allowing us to

determine whether a cell entity is a human person, there are two main positions:

(a) A cell entity is a human person if it is a human organism (Chaps 3, 4, and 10)

(b) A cell entity is a human person if it is a human body exhibiting spontaneous

movements or it has the proper biological potential for developing the neural

activity responsible for such movements (Chaps. 5, 6, and 11). Position (b) links

the definition of person to the capability for developing corporal operations

similar to those one individual of the human species uses to communicate with

other individuals of the human species. This position defines “person” through

“relation,” and assumes it is a basic category for understanding and explaining

the world; that is, one defines animals as living beings exhibiting movements

like the human spontaneous ones, rather than defining spontaneous movements

as those animals exhibit.

Human soul noun, the form that is proper to the human body (as defined according

to Aristotle and Thomas Aquinas), viewed as the immaterial integrating princi-

ple of a living human organism (see Chap. 6). According to certain authors

(Chaps. 5 and 11), the presence of the human soul is directly revealed by the

integrated and coordinated operations proper to an organism with spontaneous

motility (animal behavior), and it can likewise be deduced from the observable

biological features ensuring the capability to develop spontaneous movements.

Even if the human soul as such cannot be directly accessed by experimental

procedures, the body of the human species with spontaneous motility is a visible

sign of the soul; it is nothing other than the embodied presence of the soul

in space and time. In contrast a brain-dead human, even if it exhibits a certain

degree of integrated functioning, still lacks the proper biological potential for

performing spontaneous movements and therefore it does not share the moral

status of a person.

Hydatidiform mole noun, a mass in the uterus composed of enlarged and

degenerated chorionic villi, growing in edematous clusters resembling grapes,

which ordinarily develops following fertilization of an enucleate egg and either

may or may not contain fetal tissue. (See also “complete hydatidiform mole”.)

Hybrid noun, the result of a genetic cross between parents of different kinds

(whether different species, genera, or breeds), or a product of somatic cell fusion

that contains components from one or more dissimilar genomes.

Hybrid cloning noun, production of a hybrid organism through nuclear transfer by

placement of a human somatic cell within the cytoplasm of an enucleated animal

egg. See also “Cybrid”.
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Hybridise verb, to crossbreed genetically dissimilar individuals or otherwise

produce a hybrid.

Imprinted gene noun, a gene whose activity is expressed in a parent-of-origin

specific manner. In other words, the expression of imprinted genes depends upon

whether they were inherited from an organism’s mother or father.

Inner cell mass (ICM) noun, the mass of cells inside the blastocyst of a mamma-

lian embryo that is destined to become the structures of the postnatal body.

According to certain authors (e.g., Chaps. 5 and 11), the human ICM shares the

status of a human being, while for other authors (see Chaps. 3 and 4) it shares the

status of human pluripotent stem cells.

In vitro fertilization noun, the fertilization of an egg in a laboratory glassware,

usually in a shallow dish whereby sperm is mixed with eggs that have been

obtained from an ovary, to be followed by introduction of one or more of the

resulting fertilized eggs into a female’s uterus. Usually abbreviated as “IVF”.

Implantation noun, the process whereby an embryo attaches to the maternal

uterine wall; also referred to as nidation.

Interspecific adjective, existing or occurring between different species.

Locked-in syndrome noun, the condition in which a patient is conscious but

cannot communicate with others because of muscular lesions that make him or

her incapable to perform spontaneous movements (total locked-in). Patients

with partial locked-in can communicate using the movements of the eyes.

Distinguishing total locked-in syndrome and persistent vegetative state is a

challenging task object of intensive research in progress.

Membrane noun, any of the semipermeable limiting layers of a cell that consist of

a fluid phospholipid bilayer with intercalated proteins, e.g., the cell membrane or

plasmalemma.

Meiosis noun, a type of cell division associated with the production of gametes

that results in the number of chromosomes in gamete-producing cells being

reduced to half the chromosome number of the parent cell. The process effec-

tively involves a reduction division in which one of each pair of homologous

chromosomes passes to each daughter cell, followed by a modified form of

mitotic division.

Mitosis noun, the commonest type of cell division in eukarytotes, resulting in two

daughter cells each having the same number and kind of chromosomes as the

parent nucleus. The process typically involves a series of steps consisting of

prophase, metaphase, anaphase, and telophase.

Morphogen noun, any of various chemicals in embryonic tissue that influence the

movement and organization of cells during morphogenesis by forming a con-

centration gradient.

Morula noun, a globular solid mass of blastomeres formed by cleavage of a

zygote; typically preceding the blastocyst stage of embryonic development.

Microcephaly noun, a neurodevelopmental disorder in which affected individuals

have a head circumference less than three standard deviations below the average

for their age.
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Mirror neurons noun (plural), the nerve cells of the mirror system that unifies

action production and action observation, thus allowing the understanding of

other’s actions from the inside (first-person knowledge). Mirror neurons provide

a neurophysiological correlate to the spontaneous movements’ criterion.

Mitochondrial adjective, referring to mitochondria. The mitochondria (singular
mitochondrion) are numerous structures found within the cytoplasm of eukary-

otic cells, with a smooth outer membrane enclosing a deeply infolded inner

membrane and primarily functioning as a “powerhouse” by generating adeno-

sine triphosphate (ATP) through the biochemical process of cellular respiration.

Multipotent adjective, describing the potential to form multiple cell types within

one germ layer lineage, e.g., adult somatic stem cells such as hematopoietic stem

cells.

Myosin noun, the commonest protein in muscle cells, responsible for the elastic

and contractile properties of muscle; related members of a large family of motor

proteins found in eukaryotic tissues.

Neural activity noun, the activity produced by the neurons and neuronal networks
responsible for determined motor or cognitive achievements. The centers res-

ponsible for spontaneous motility (e.g., breathing, eyes, arms, and legs move-

ments) are located in the brain stem.

Neuron noun, an excitable cell specialized for the transmission of electrical

signals (nerve impulses) over long distances within the body; a nerve cell.

ng-Parthenote noun, an entity produced by transferring the nucleus of a nongrow-
ing (ng) primary oocyte (egg cell obtained from a new born mouse) into a fully

grown oocyte. The transfer leads to a diploid cell, which contains two sets of

chromosomes, both of maternal origin. As described in Chaps. 5 and 11, the

artifacts resulting from this fertilization-like procedure develop to reach sponta-

neous fetal motility and even birth.

Nucleus noun, a central organelle in most eukaryotic cells, typically a single

rounded structure bounded by a double membrane, containing a nucleoprotein-

rich network from which chromosomes and nucleoli arise.

Organism noun, an individual constituted to carry on the activities of life by

means of organs separate in function but mutually dependent. According to

certain authors (Chaps. 5 and 11), there are entities like a brain-dead human

body that can be considered an organism to a certain degree but lack the potential

for neural activity responsible for spontaneous motility and therefore are not

human beings and do not share the moral status of a person.

Oocyte noun, a female germ cell produced in the ovary that may undergo meiotic

division to form an ovum (the egg), which can be fertilized.

Ovum noun, a mature female reproductive cell that has undergone a reduction

division and takes the form of a relatively large inactive gamete, providing a

comparatively great amount of reserve material and contributing most of the

cytoplasm of the zygote after fertilization.

Parthenote noun, an egg that has been activated to begin to divide and to develop

in the absence of sperm and therefore contains only the maternal chromosomes.

Such cell entities (also called standard parthenotes) carry faulty epigenetic
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information due to a lack of paternally imprinted genes and are not capable of

developing fetal motility (Chaps. 5 and 11). Certain authors (Chap. 4) consider

that human standard parthenotes are not organisms and therefore do not share the

moral status of a person; another (Chap. 3) states that they may be severely

defective human organisms and human beings, should it be demonstrated that

they have some degree of coordinated development; finally other authors

(Chaps. 5, 6, and 11) share the view that a human standard parthenote has the

status of a brain-dead organism: that is, it can be considered an organism but is

not a human being. See also “ng-Parthenote”.

Partial hydatidiform mole noun, a cellular entity that is generated when two

sperm fertilize a normal egg resulting in a conceptus with 69 chromosomes.

Partial moles often contain a malformed fetus.

Passive potential noun, a passive potential, as described in Chap. 3, is a develop-

mental potential that is actualized from without. It requires the active causal

intervention of an external agent in order to be realized. Thus, an acorn only has

a passive potential to become a crucifix because it would need the agency of a

master craftsman in order to realize this end.

Persistent vegetative state noun, the state of patients exhibiting spontaneous

movements but (in contrast to locked-in patients) lacking consciousness and

the capability to communicate with others.

Personal identity noun, description of the way the human person exists in time:

the person does not change, even though his or her body and personality can

develop in time. For example, a human adult and the entities (fertilized egg,

ICM, fetus) from which an adult develops are the same human being and share

the same personal identity. For further discussion, see Chap. 11.

Phosphorylation noun, a biochemical process that involves the addition of a

phosphate (PO4) group to a protein or a small organic molecule.

Phylogenetic adjective, relating to the evolutionary history and diversification of a
taxonomic group or species based on inherited features in such organisms.

Placenta noun, the vascular organ in mammals that unites the fetus to the maternal

uterus and mediates its metabolic exchanges through a rather intimate associa-

tion of uterine mucosal tissues with those of the chorion and usually allantois. As

fingerlike vascular chorionic villi are typically interlocked with corresponding

modified areas of the uterine mucosa, the placenta permits exchange of material

between the maternal and fetal vascular systems by diffusion but without direct

contact between maternal and fetal blood.

Pleiotropic adjective, describing circumstances where a single gene controls

multiple phenotypic traits.

Pluripotent adjective, pertaining to the ability of a stem cell to differentiate into

many distinct cell types. In animals, pluripotent stem cells can develop into each

of the body’s cell lineages (including germ cells), but they cannot develop on

their own into an entire organism. Pluripotent cells can be derived from the inner

cell mass (ICM) of embryos arising from fertilization or parthenogenesis, and

through reprogramming of somatic cells as well. Certain authors assume that the

ICM itself is just a colony of pluripotent cells (Chaps. 2, 3, and 4). In contrast,

other authors (Chaps. 5 and 11) consider that the ICM has the proper biological
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potential for developing into an entire living animal and, therefore, the human

ICM shares the moral status of a whole human being, while the trophectoderm

shares the status of a heart or skin. New experiments combining pluripotent stem

(ES or iPS) cells with trophectoderm vesicles (blastocysts after removal of the

ICM) are crucial to decide whether the ICM is equivalent to a colony of

pluripotent stem cells or not.

Polygenic adjective, describing circumstances where a phenotypic trait is con-

trolled by the interaction of more than one gene.

Pronucleus noun, the haploid nucleus of a male or female gamete until fusion with

the genetic contents of another gamete following fertilization.

Proper biological potential noun, as described in Chaps. 5 and 11, this refers to

the potential of a cell or cluster of cells (X) to develop into a human body (B)

exhibiting spontaneous motility. It is defined according to observable biological

features (e.g., genetic and epigenetic information) that permit one to determine if

the following two conditions are fulfilled: (1) The neural centers of B responsi-

ble for its spontaneous activity derive exclusively from cells contained in X. (2)

Equivalent neural centers cannot be derived from the cell clusters or cell layers

interacting with X. The cell or cell clusters X and B share the same personal

identity. As regards the cell clusters or cell layers interacting with X, they share a

similar organic status as that of the heart or skin of B, that is, they can be

replaced without loss of personal identity. The inner cell mass (ICM) and the

fertilized egg from which the ICM develops have the proper biological potential

to develop spontaneous motility and share the moral status of a human being. In

contrast, the parthenogenetic ICM does not share such a potential. The authors

assume that pluripotent stem cells (ES and iPS cells) do not have this proper

biological potential and propose a new experiment to decide this question.

Protamine noun, any of various strongly basic proteins of relatively low molecu-

lar weight that are rich in arginine and associated especially with DNA in the

sperm of various animals.

Quantum nonmaterial agency noun, quantum effects, as described in Chap. 11,

reveal nonmaterial agency: quantum interferences and correlations come from

outside space–time in the sense that they cannot be explained exclusively by

stories in space–time, that is, material agency.

Recombinant DNA noun, a form of artificial DNA that is created by combining

two or more sequences that would not normally occur together through the

process of gene splicing.

Reporter gene noun, a gene within a gene sequence that is easily observed when it
is expressed in a given tissue or at a certain stage of development; generally a

transfected gene that produces a signal, such as green florescence, when it is

expressed; it is typically included with the transfection of another gene (or

genes) to follow the temporal and spatial pattern of expression of that gene.

Reprogramming noun, altering the epigenetic state of a nucleus and thereby

changing its developmental potency or fate; e.g., during cloning, a somatic cell

nucleus is reprogrammed by factors within an oocyte to enter into a state similar

to that of a zygotic nucleus, so it becomes capable of supporting a normal pattern

of embryonic development.
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RNA noun, abbreviation for ribonucleic acid, a nucleic acid present in all living

cells that contains ribose and uracil as structural components. Among its princi-

pal roles in cellular organisms is to act as a messenger carrying instructions from

DNA to control the synthesis of proteins.

SCNT noun, somatic cell nuclear transfer, a technique involving transplantation of

nuclei from body (i.e. somatic) cells to enucleated eggs and thereby permitting

cloning of animals such as Dolly the sheep.

siRNA noun, small inhibitory RNA, a short sequence of RNAwhich can be used to

silence gene expression.

Somatic adjective, pertaining to the body and describing any cell of a multicellular

organism other than those of the germ line.

Sperm noun, short for spermatozoon, a sperm cell. The mature motile male

gamete of an animal, by which the ovum is fertilized, typically having a compact

head and a long posterior flagellum for swimming.

Spontaneous movements noun, movements of the human body similar to the

movements one human person makes for expressing thoughts, emotions, wishes,

and rights-claims to other human persons (as described in Chaps. 5 and 11).

Even if they are often unconscious and unintentional, spontaneous movements

are potentially will-directed movements; that is, they are movements that can

always be directed by the will when chosen.

Stem cell noun, an unspecialized cell that can continuously produce unaltered

daughter cells which may in turn give rise to differentiated cells. Embryonic

stem (ES) cells are derived from the inner cell mass (ICM) of an embryo at the

blastocyst stage. Embryonic-like stem cells can be derived from a parthenoge-

netic ICM (pES cells) or through reprogramming of somatic cells to induced

pluripotent stem (iPS) cells.

Synkaryon noun, a somatic hybrid in which chromosomes from two distinct

parental cells (generally from different species) are enveloped in a single

nucleus.

Syngamy noun, sexual reproduction by union of gametes. The term is commonly

used to refer to the breakdown of pronuclear membranes approximately 24 h

after sperm–egg fusion in primates.

Teratoma noun, a tumor that contains cells derived from the three germ layers that

make up the earliest tissues of an embryo. Sometimes, teratomas contain more

complex structures including hair, teeth, and bone.

Tetraploid embryo noun, an embryo obtained through fusion of the blastomeres

in a two-cell stage zygote. The resulting cells contain four times the basic

(haploid) chromosome number.

Tetraploid complementation noun, a procedure combining pluripotent stem cells

with a blastocyst derived from a tetraploid embryo. Living animals produced by

tetraploid complementation may consist of cells coming exclusively from the

pluripotent stem cells. Experiments combining ES or iPS cells with pure tetra-

ploid trophectoderm vesicles (blastocysts after removal of the tetraploid ICM)

have not yet been published.

Totipotent adjective, capable of generating all somatic cells of the fetus. Usually,

one considers a cell totipotent only if it is capable of generating all the
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extraembryonic tissues as well: In this sense, the fertilized ovum and each of the

two blastomeres resulting from the first cell division is a totipotent cell. How-
ever, the morula as a whole can be considered a totipotent cell entity in the sense
that it is capable of generating a living fetus. As regards the inner cell mass

(ICM), certain authors (e.g., Chaps. 2, 3, and 4) consider that it is equivalent to a

cluster of pluripotent stem cells (like ES cells). Other authors (Chaps. 5 and 11)

consider that the ICM as a whole has a higher developmental potential than a

cluster of pluripotent stem cells: They claim that ES and iPS cells combined with

pure trophectoderm vesicles (without ICM) are not capable of reaching fetal

motility. In this sense, these authors consider that the ICM as a whole is a

totipotent cell entity as well, even if the ICM contributes to some extraembry-

onic tissues but not to all of them (see Chaps. 5 and 11 for further discussion).

Transcription noun, the process of constructing a messenger RNA molecule

using a DNA molecule as a template, whereby genetic information encoded by

a sequence of DNA nucleotides is transferred to the messenger RNA.

Translation noun, the process of forming a protein molecule at an organelle

within the cell known as the ribosome, whereby a sequence of nucleotide triplets

in a messenger RNA molecule gives rise to a specific sequence of amino acids.

Transgenic adjective, denoting an organism into which genetic material from an

unrelated organism or from another species has been artificially introduced into

the germ line, so it can be transmitted from one generation to the next in a

manner that ideally ensures its function.

Trophectoderm noun, the outer layer of the mammalian blastocyst as distinct

from the inner cell mass, supplying the embryo with nourishment and later

forming the major part of the placenta.

Trophoblast noun, essentially synonymous with trophectoderm. The term is used

to denote the tissues into which the trophectoderm differentiates after implanta-

tion (e.g., in Chap. 4): the trophoblast develops into placental structures.

Unipotent adjective, having the potential to form only one differentiated cell type,

e.g., spermatogonial stem cells

Ventricle noun, one of a system of four connected fluid-filled cavities within the

brain that are continuous with the central canal of the spinal cord.

Xenograft noun, a surgical graft of tissue from one species to an unlike species;

for example, a graft from a baboon to a human.

Zona pellucida noun, the thick transparent membrane surrounding a mammalian

ovum before implantation, composed of comparatively elastic noncellular

glycoprotein.

Zygote noun, a diploid cell resulting from the fusion of two haploid gametes; the

term is specifically applied to a fertilized ovum and, more broadly, to the

developing individual produced from such a cell.
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