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INTRODUCTION

Human Embryos and Human Individuals

For the vast majority of human history, prenatal development was a deep mystery that could not be penetrated by direct observation. While scientists, philosophers, and bioethIcists have considered the origins of human life for a long time (for example, Aristotle discusses embryonic development extensively in De generatione animalium), the conclusions they have drawn were often based on very little evidence. Consequently, appealing to historical “experts” yields a plethora of opinions, many of which have very little to do with the scientific facts.1

In modern times, with the advent of chemical contraception, in vitro fertilization (IVF), and human embryo research, determining precisely when human life begins has become a matter of considerable importance. Each of these practices raises significant questions regarding the nature of the entity produced by sperm-egg fusion and society’s obligation to that entity. The ability to manipulate the earliest stages of human life in the laboratory has brought into sharp focus a number of questions that are vital to our understanding of human beings and human rights, including the following: When does human life begin? Is a human embryo a human individual? What is the basis of human value?

There are no universally agreed-upon answers to these questions. Life is clearly a continuum, with living cells giving rise to new types of cells and, ultimately, to mature individuals. This fact has led many to conclude that it is impossible to determine when human life begins and to question whether human embryos have greater value than human cells. Yet this view raises a serious ethical dilemma: while no one objects to the destruction of ordinary human cells for biomedical research, the use of human beings for such purposes is universally condemned. To resolve this dilemma, clear criteria must be established to determine when living human cells give rise to a new individual human being.

The phenomenon of identical (monozygotic) twinning presents a significant challenge to the view that human life and human personhood begin at conception.2 The fact that a single embryo can split to generate two (or more) genetically identical embryos seems to defy the notion that prior to splitting, the embryo can itself be an individual human being. The fundamental philosophical challenge of twinning is an ontological one; if a one-cell embryo (or zygote) that would normally mature into a single individual can split early in development to give rise to two embryos, this calls the ontological status of the original zygote into question. A single cell cannot be simultaneously one individual and two individuals. Consequently, many have concluded that so long as the potential for identical twinning exists, no single human individual can exist.

The view that no human individual can exist so long as twinning is possible has led to a widespread denial of the individual humanity of early human embryos, particularly within the scientific community. This view of the embryo was initially promulgated in 1979 by biologist Clifford Grobstein, chairman of the biology department and the dean of the School of Medicine at the University of California, San Diego. In defense of the newly pioneered practice of IVF, Grobstein argued that the procedure did not produce an embryo, but only something that would eventually become an embryo—and he coined a new term to describe this entity: a “preembryo.”3 Interestingly, Grobstein himself does not use the term “preembryo” in a related article with nearly an identical title, published four years later in the prestigious scientific journal Science, instead referring to the product of IVF as an “embryo.”4 Yet despite this inconsistency and despite significant opposition to the term “preembryo,”5 Grobstein and other biologists6 remained strongly committed to the view that the early human embryo was not a human being and was, therefore, an appropriate subject of destructive scientific experimentation.

Nearly a decade later in 1988, Grobstein attempted to clarify precisely what distinguishes a “preembryo” from an embryo, indicating that his term was “intended to designate the period from fertilization to the first visible sign of the formation of the actual embryo, the so-called primitive streak.”7 Formation of the primitive streak takes place at approximately fourteen days of development and marks the point beyond which twinning is no longer possible. In characterizing the “preembryo,” Grobstein states:

I will begin by listing the fundamental biological characteristics of the stages here designated as preembryonic. First, the post-fertilization period involves a new genetic individual resulting from fusion of gametes from two human parents. The zygote and subsequent stages are thus indisputably alive, human, and genetically individual (unique). By virtue of their genetic composition, they are hereditarily related to others who are their kin.8

By Grobstein’s own characterization, it is difficult to distinguish an embryo from a “preembryo,” raising the question of whether there is a scientifically meaningful difference between the two. To address this possible objection, Grobstein goes on to define a number of features that he believes distinguish a “preembryo” from a human being, with the first and most significant being the possibility of monozygotic twinning. Because a “preembryo” can be experimentally split to generate more than one individual, Grobstein concludes:

While fertilization establishes genetic individuality, it does not establish a second aspect of individuality, namely oneness or singleness. This aspect of individuality may be called developmental individuality because, without it, the preembryo would not develop into an integrated and single adult.9

It must be noted that developing into “an integrated and single adult” is precisely what the vast majority of embryos that do not undergo twinning actually do, so it is difficult to imagine what aspect of “oneness” they lack. Yet despite the confused nature of Grobstein’s logic, his terminology, in combination with an influential book by Fr. Norman Ford that made a similar argument regarding twinning and individuality,10 greatly impacted modern thinking and played an important role in the development of research policies regarding human embryos.

The view that an embryo is merely a human cell or cluster of human cells on the way to becoming a human being affords embryos little or no moral value. Many institutions and countries have adopted this view, establishing research policies that allow experimentation on human embryos prior to “individuation,” or the point at which twinning is no longer possible. For example, in the United Kingdom, the 1984 report of the Warnock commission11 held that the use of human embryos in research was permissible up until day fourteen of development, based in part on the assertion that cells remained “undifferentiated” prior to this point (an assertion that was clearly contradicted by substantial data, even at the time). The Warnock commission explicitly endorsed the term “preembryo” to describe the early stages of human development. And although the term “preembryo” has not been adopted by the scientific community,12 this view has nonetheless persisted in many contexts—for example, recent textbooks on bioethics,13 epigenetics,14 and law.15

Based on the Warnock report, license was granted in the United Kingdom (and subsequently in the United States) to use public funding for research on human embryos prior to the fourteenth day of development.[16] Since that time, we have witnessed the destruction of human embryos to produce embryonic stem cells,17 to clone human beings,18 to manufacture human embryos with three biological parents,19 to permanently alter the human genome20 and to produce human-animal chimeras in which more than half of the brain is composed of human cells.21 In addition to legitimate questions regarding the value of these experiments,[22] the sheer numbers of human embryos that have been created and destroyed for medical and research purposes is astonishing. In the United Kingdom alone, the Human Fertilization and Embryology Authority estimates that between 1991 and 2012, over 1.7 million “spare” embryos were discarded following fertility treatments.23 The number of human embryos destroyed for research purposes is unknown.



To formulate sound policy regarding biomedical research involving human embryos, it is important to have a clear understanding of the scientific evidence relevant to both the beginning of human life and human twinning, as well as a sound view of the human individual as the subject of human rights. Here I will review the scientific evidence regarding early human development and human twinning, and then address the main philosophical problems raised by twinning in light of this evidence.






CHAPTER 1

WHEN DOES HUMAN LIFE BEGIN?

The Origin of New Cells

In considering the question of when the life of a new human being commences, we must first address the more fundamental question of when a new cell, distinct from sperm and egg, comes into existence. Human cells can be distinguished from each other by scientific criteria. Indeed, the entire field of biology is based on the ability of scientists to distinguish one cell type from another. For example, skin cells can be converted into pluripotent stem cells by manipulation of specific genes during cellular reprogramming,1 but this is clearly a conversion of one cell type to another. No credible scientist would argue that skin cells are already pluripotent stem cells or are the equivalents of pluripotent stem cells. These are two distinct cell types with distinct properties. The fact that one cell type can give rise to a different cell type in no way alters the fact that a new cell type has been produced.

How do scientists determine when a new cell type has been produced, either in the laboratory or as a consequence of a natural biologic process? The scientific basis for distinguishing one cell type from another rests on two criteria: differences in molecular composition and differences in cell behavior.[2] Differences in molecular composition can arise due to an alteration in gene expression, a change in the subcellular localization of existing molecules, or a chemical modification of existing molecules. Alternatively, when cells exhibit new behavior, for example, going from a stationary to an actively migratory state, they can also be identified as distinct cell types. In many cases, changes in composition directly cause changes in behavior. Importantly, the criteria for when a new cell forms are based on scientific observations (not mere opinion or speculation): observations that are employed throughout the scientific enterprise and that can be independently verified.

Based on these criteria, the fusion of sperm and egg clearly produces a new cell type. Following the binding of sperm and egg to each other, the membranes of these two cells fuse, creating a single hybrid cell: the zygote or one-cell embryo.3 Cell membrane fusion is a well-studied and very rapid event, occurring in less than a second.4 Because the zygote arises from the fusion of two different cells, it contains all the components of both sperm and egg, and therefore the zygote has a unique molecular composition that is distinct from either gamete.

Subsequent to sperm-egg fusion, events rapidly occur in the zygote that do not normally occur in either sperm or egg.5 Within seconds, the zygote initiates a molecular cascade that will, over the next thirty minutes, result in chemical modifications that prevent additional sperm from binding to the cell-surface. Thus, the zygote acts immediately and specifically to antagonize the function of the gametes from which it is derived. The “goal” of both sperm and egg is to find each other and fuse. Yet the first act of the zygote is to prevent any further binding of sperm to the cell surface. Clearly, the prior trajectories of sperm and egg have been abandoned, and a new trajectory—that of the zygote—has taken their place.

Based on this factual description of the events following sperm-egg fusion, we can confidently conclude that a new cell (the zygote), distinct from the gametes giving rise to it, comes into existence at the scientifically well-defined “moment” of sperm-egg fusion.

The conclusion that sperm-egg fusion creates a new cell has been questioned by Eugene Mills,6 who argues that subsequent to sperm-egg fusion, only a modified gamete, or “fertilized egg” exists, with eggs and fertilized-eggs being ontologically “identical.” Mills’s position has been effectively rebutted by Calum Miller and Alexander Pruss,7 who argue that (1) it is not sufficient to claim identity of the zygote and the oocyte based on the fact that the word “egg” is at times used to describe both entities, (2) the fact that at sperm-egg fusion an oocyte appears to persist when viewed with light microscopy is insufficient to reveal the many relevant changes that occur at a submicroscopic level, and finally, (3) there is no category other than an uninformative and nondiscriminating gross category such as “thing” or “cell” (a “coarse-grained chunk of matter”8) that can define an oocyte and a zygote as identical—categories that would also define as “identical” a living human and the corpse of that individual after death. Based on the argument of Miller and Pruss as well as on the criteria used by the scientific community to distinguish different cell types, the phrase “fertilized egg” is clearly not a valid scientific term, and the conclusion that sperm-egg fusion produces a new kind of living human cell is warranted. Yet the important question of what kind of cell is produced by this event remains to be addressed.

What Kind of Cell Is Produced by Sperm-Egg Fusion?

What is the nature of the new cell that comes into existence upon sperm-egg fusion? Most importantly, is the zygote a new human individual or, as Grobstein maintained, merely a human cell that will eventually give rise to a new human individual—that is, a “preembryo”? Both human cells and human organisms are alive, exhibiting characteristics that are uniquely observed in living entities, such as autonomy, integration, and reproduction.9 Yet just as science distinguishes between different types of cells, it also clearly distinguishes between human cells that are parts of an integrated organism and whole human organisms.

An organism is defined as “(1) a complex structure of interdependent and subordinate 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.”10 Based on this definition, the interaction of parts in support of an integrated whole is the distinguishing feature of an organism. Because organisms are “living beings,” another name for a human organism is a “human being.”


Human organisms have a number of traits that distinguish them from human cells. First, humans, and all multicellular organisms, undergo development—that is, an orderly sequence of maturation that results in a characteristic adult form. In contrast, cells may proliferate to produce copies of themselves or may generate tumors that contain many different cell types, but they will not produce a characteristic sequence of events that robustly results in the generation of a species-specific mature state. Development is the defining characteristic of all embryos from the zygote stage onward.[11]

A second characteristic of organisms is their ability to repair injury to restore the health and function of the entity as a whole. Embryos are quite remarkable in their ability to recover from even catastrophic injury. For example, when IVF-produced embryos are subjected to preimplantation genetic diagnosis, one cell is removed at the eight-cell stage. Surprisingly, in many cases, the embryo will regenerate the missing parts and proceed with normal development.12 In contrast, when portions of tumors are removed, the remaining cells will continue to proliferate, but will not specifically regenerate the damaged structures or restore the original state.

A third characteristic of organisms is adaptation to changing environmental circumstances, such that the health and overall function of the organism is preserved. A striking example of embryo adaptation is ectopic implantation. In most cases, implantation outside of the uterus is not compatible with life; embryos typically fail to establish an adequate placental circulation with the mother and subsequently die. There are cases, however, where healthy, term infants have been delivered after implanting in their mother’s ovary,13 abdomen,14 or liver,15 indicating that embryos can adapt to highly abnormal environments and continue to mature normally.

Finally, at all stages of the life span, organisms show integrated function of parts to promote the health of the organism as a whole. Within minutes of sperm-egg fusion, the zygote initiates a specific molecular cascade, using elements derived from both sperm and egg, to direct its subsequent maturation.16 Substantial evidence indicates that by the four-cell stage (or earlier[17]), individual blastomeres have distinct patterns of gene expression,18 different cellular functions,19 and unique developmental capabilities.20 This indicates that the integrated function of the embryo as a whole reflects collaboration of its parts to generate a normal developmental sequence. While all cells are capable of short-range cell-cell communication, only embryos establish a global pattern of interaction that benefits the entity as a whole. Indeed, within the first minutes and days of life, the embryo initiates dozens of distinct, globally integrated events that are critical for its survival and healthy maturation.21

Based on this scientific description of fertilization and subsequent embryonic development, sperm-egg fusion clearly generates a new human cell, the zygote, with composition and behavior that are distinct from that of either gamete. Moreover, the zygote is not merely a unique human cell, but a cell with all the properties of a fully complete (albeit immature) human organism; it is “an individual constituted to carry on the activities of life by means of organs separate in function but mutually dependent: a living being.”

This understanding of the embryo provides the foundation for a broader view of what it means to be human. As human organisms, we respond to our environment in a manner that maintains the survival and health of our bodies as a whole. This integrated function and “wholeness” are intrinsic to our nature and are the basis for any ethical view of human beings, as distinct from human cells. The facts of human embryology outlined here allow us to establish a first unifying concept for consideration of the human embryo:

UNIFYING CONCEPT 1: Based on objective, scientific criteria, the life of an individual human being unambiguously begins at sperm-egg fusion.






CHAPTER 2

TOTIPOTENCY

What Is Totipotency?

The term “totipotency” is widely used in the scientific literature to describe the ability of a zygote to generate the mature body. Importantly, totipotency is a property of a single cell, not a group of cells; that is, a later-stage embryo, composed of many cells, retains the ability to generate the mature body, but this is a property of the embryo as a whole, not a property of an individual cell within the embryo. Consequently, the term “totipotent” applies exclusively to a one-cell embryo. Yet surprisingly, many scientific authors hold that totipotency is not a unique feature of zygotes and therefore conclude that because zygotes are not unique, they cannot be afforded a unique moral status.1

Whether cells that are not zygotes are also totipotent depends critically on the meaning of the term. “Totipotency” has two definitions: (1) “capable of developing into a complete organism” and (2) capable of “differentiating into any of [a complete organism’s] cells or tissues.”2 Much of the confusion surrounding the use of the term “totipotent” centers on the important difference between these two definitions. A zygote is clearly “totipotent” in both senses, yet some authors characterize tumors3 and stem cells4 as “totipotent,” based only on the second definition. In contrast, “pluripotency” refers to the ability of a cell to produce all of the cell types of the mature body, but not the cells of the placenta and embryonic membranes. Thus, embryonic stem cells from some species[5] are pluripotent, but not totipotent in either of the two senses given above.

To produce a mature organism, the zygote must both generate all the cells of the body and also organize them in a specific temporal and spatial sequence. Totipotency in this strict sense is experimentally demonstrated by isolating a cell in a supportive environment and seeing if it is able to produce a fertile, adult individual entirely on its own. For humans (and other mammals), this would involve transferring an isolated cell to the uterus and determining whether this results in pregnancy and live-birth.[6] Importantly, any totipotent cell, regardless of its origin, is also a one-cell embryo—that is, a cell that is capable of generating a globally integrated developmental sequence.7 While stem cells, tumors, and embryos have many molecular features in common, only totipotent one-cell embryos (zygotes) are capable of development.

As discussed in detail elsewhere,8 the fact that totipotency in the strict sense is the defining characteristic of a one-cell embryo has important ethical and social ramifications:

Regardless how individuals or societies ultimately weigh the value of the embryo relative to the value of scientific research, it is important to appreciate that in all cases, the ethical consideration given to human embryos does not reflect the status they will achieve at some point in the future (i.e., what they will mature into). If this were the case, there could be no possible objection to embryo-destructive research since, by definition, adult status is never attained in such situations. Rather, ethical consideration is given to human embryos based on the status they already possess; i.e., their unique and fully operative ability to function as a human organism. Therefore, ethical controversy regarding totipotent human cells only concerns cells that are totipotent in the strict, organismal sense; i.e., a cell that is a human embryo.9

The conclusion that status as a human being does not depend on obtaining some future state, but rather on the nature of the human individual, is true of all stages of human life. For example, we grant special ethical status, including legal personhood, to infants not based on the fact that they will ultimately mature into adults, but rather because, as infants, they are already fully complete (albeit immature) human beings. This leads us to a second important unifying concept regarding human embryos:

UNIFYING CONCEPT 2: The moral and ethical consideration due to a human embryo is based on the underlying nature of the embryo itself, rather than on the mature state it will ultimately achieve.

How Long Does Totipotency Persist?

The early cells of the embryo produced by cleavage of the zygote are known as “blastomeres” (figure 2.1). It is often asserted that totipotency is a feature of many early blastomeres, persisting even until the blastocyst stage.10 However, there are very few empirical data to support this claim, in part because it is surprisingly difficult to determine how long totipotent cells actually persist during development. As noted above, totipotency is experimentally demonstrated by the ability of an isolated cell to produce a fertile, adult individual (table 2.1). Yet testing potency in this manner is challenging; isolated cells often are damaged or otherwise unhealthy and do not survive long enough for researchers to determine their potency. And such a negative result is not informative.

As an alternative approach, some claim to demonstrate totipotency of blastomeres by injecting them into embryos that have been manipulated such that the developmental capacity of the embryo is impaired,[11] but not entirely eliminated.[12] Yet this procedure does not test the developmental potency of the blastomeres themselves. Rather, it tests the developmental potency of a manipulated embryo in combination with normal blastomeres. Consequently, such assays are not a legitimate test for totipotency.13

Based on cell-isolation experiments conducted largely in mice, it appears that only the first two cells of the mammalian embryo remain totipotent—that is, able to generate a complete individual on their own.14 A recent study in mice of over a thousand pairs of blastomeres isolated at the two-cell stage demonstrates that in the majority of cases, only one cell of a two-cell embryo retains the ability to undergo development on its own.15 A significant caveat to these studies is that failure of an isolated cell to undergo normal development is a negative finding with limited explanatory power.[16] It has been suggested that limited potency of later blastomeres may be due to their relatively small size, compared to the zygote.17 Potency also appears to vary quite a bit between species. For example, live-born cattle are routinely generated from cells separated at the four-cell stage,18 while live-born mice produced from cells isolated at the two-cell stage are rare.19 There has also been a single (unreplicated) report of totipotency in pigs persisting until the eight-cell stage,20 but there is no evidence for totipotent cells persisting in any mammalian species beyond this point. These data suggest, but do not prove, that in humans, totipotency is unlikely to be preserved beyond the two-cell stage, and almost certainly does not persist beyond the four-cell stage.
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Figure 2.1. Preimplantation human development. (A) The one-cell embryo, or zygote, forms at sperm-egg fusion. The side of the embryo that will form the inner cell mass (ICM) is known as the embryonic pole (E), with the opposite side known as the abembryonic (AE) pole. Early development occurs within an acellular protein coat known as the zona pellucida (outer grey circle). (B) The zygote divides to form the two-cell embryo at approximately twenty-four to thirty hours. Individual cells are known as blastomeres. (C) The morula, or eight-cell embryo, forms on day two-three. (D) On day three-four, cells begin to adhere more tightly to each other, forming the early blastocyst, which fills with fluid and gives rise to the first two distinct cell types at the thirty-two-cell stage. The outer cells (dark gray) are trophectoderm (TE). The inner cells (light gray) are inner cell mass (ICM). (E) Cell division continues, and implantation occurs at the expanded blastocyst stage (day five-six), when the ICM has divided into epiblast (light gray) and hypoblast (white). (F) The postnatal body of the fetus (not shown to scale) is formed largely from ICM, while the placenta and membranes form largely from TE. An earlier version of this diagram appeared in M. L. Condic and S. B. Condic, Human Embryos, Human Beings: A Scientific and Philosophical Approach (Washington, DC: Catholic University of America Press, 2018).






Table 2.1. Tests for progressive developmental restriction




	Test
	What is tested
	Interpretation of test





	Cell isolation and subsequent development
	Potency
	The range of cells produced by an isolated cell defines the developmental “power” of that cell, internal to itself. Failure to produce specific cell types suggests, but does not prove, a potency restriction.



	Lineage analysis within an intact embryo
	Fate
	What a cell naturally produces reflects its developmental potency. If fate is restricted, this suggests, but does not prove, potency restriction. If fate is random, this proves potency is not restricted.



	Differences in gene expression
	Specification
	Differences in gene expression prove that cells have entered into distinct developmental pathways. Potency may not be restricted; i.e., a specified cell may still be capable of shifting to a different developmental path.



	Cell transplantation or reaggregation
	Commitment
	The response of a cell to a new environment determines whether potency has been restricted, such that the cell is now unable to shift to a new developmental path.







This does not mean that the embryo at the two- or four-cell stage is composed of two or four zygotes. If this were the case, a single embryo would never develop, but would only continue dividing to generate an infinite collection of totipotent zygotes.[21] Rather, the evidence indicates that early blastomeres normally function as parts of the embryo, producing a limited set of progeny, yet they can nonetheless become totipotent zygotes if separated from the embryo and cultured on their own.

As an alternative to directly testing the potency of cells by isolation, researchers also examine cell “fate,” or the lineage produced by a specific cell in an intact embryo (table 2.1, Fate). This is done by injecting a stable marker (e.g., a dye) into a single cell and determining the range of labeled cell types produced at a later developmental time (i.e., the cell lineage). There are two possible outcomes for this experiment. First, the lineage may be determined, or identical in all members of the species. This finding is not informative, since a consistent lineage can reflect either a limitation in what the cell is able to produce (i.e., its potency) or merely an invariant set of developmental events that limit the nature of the cell’s progeny. In contrast, if the lineage is random, this clearly demonstrates potency has not been restricted.

In considering mammalian cell lineages, here too we find there is not a simple answer to the question of when potency restriction occurs. Mouse embryos are by far the most well-studied mammalian species. Beginning in the first few years of this century, multiple groups demonstrated a consistent relationship between the embryonic-abembryonic axis of the mouse blastocyst and specific positions within the oocyte (figure 2.1A),22 suggesting that some elements of body-axis may be biased (or even predetermined) by factors that are differentially distributed in mouse eggs. Similarly, careful analysis of mouse development indicates that in 80 percent of embryos, the lineages produced by the first two cells are distinct, but overlapping; that is, each of the first two cells is biased to produce a different subset of cells at more mature stages.23 This finding also suggests, but does not prove, that potency is normally restricted by the two-cell stage.

A third, and again indirect, method of examining cell potency is to look for differences in gene expression among cells of the early embryo (table 2.1, Specification). Distinct patterns of gene utilization do not prove that developmental capabilities have been restricted, but they do strongly indicate that the cells have entered into distinct developmental pathways. Work from several groups has described regularly occurring molecular and/or functional differences between mammalian blastomeres as early as the four-cell stage.24 These differences become more pronounced by the eight-cell stage,25 indicating that cleavage-stage mammalian blastomeres undergo specification and that subsequent mammalian development is to some extent mosaic. Consistent differences in gene expression occurring even earlier, at the two-cell stage, have recently been demonstrated by meta-analysis.26 Importantly, these findings strongly suggest that since cells rapidly become “specialized,” totipotency is unlikely to persist beyond the two-cell stage.

Yet, even in cases where lineage is restricted and cells exhibit differences in gene expression, it is still not clear that potency has also been restricted—that is, that cells are committed to a specific developmental path. To test commitment, researchers transplant cells of the embryo from one location to another or dissociate and reaggregate entire embryos to see whether cells will shift to a new developmental path when placed under the influence of new developmental signals (table 2.1, Commitment).

Like cell-isolation experiments, cell transplantation/reaggregation to test commitment is challenging, because damaged cells may yield an uninformative negative result. However, several authors have asserted that blastomeres isolated from morula-stage embryos (eight to sixteen cells) are not yet committed because when they are reaggregated with blastomeres that have been manipulated to be incapable of development on their own, either live-born animals or what appear to be normal blastocysts can be produced.27 Yet this approach raises concerns similar to those expressed above regarding injection of blastomeres into manipulated embryos, because it does not test the potency of individual blastomeres or even a homogeneous group of blastomeres, but rather tests the potency of a diverse group of both manipulated and unmanipulated blastomeres.

Simple aggregation experiments are somewhat more informative. When “outer” cells (presumptive TE; figure 2.1) of early human blastocysts (sixteen-cell stage) are aggregated, they form blastocyst-like structures that initiate expression of ICM-associated genes,28 suggesting the potency of these cells has not been restricted to the TE lineage. In contrast, when inner or outer cells taken from embryos at the thirty-two-cell stage are aggregated, live-born mice are not obtained,29 suggesting that blastomere potency is restricted (i.e., cells are committed to either the TE or ICM lineage and cannot regenerate a complete embryo). Finally, when freshly isolated ICM30 or TE31 cells from blastocyst-stage embryos (thirty-two+ cells) are transferred to the uterus or other supportive locations, they do not undergo development, again suggesting that cells are committed to specific fates and cannot reconstitute a whole embryo on their own. Although there are significant caveats to the interpretation of all of these experiments,32 collectively they suggest that cells of the mouse embryo become committed to specific developmental pathways between the sixteen- and the thirty-two-cell stage (in humans, roughly the third day of development), and therefore potency has been restricted by this point.

As a whole, this body of evidence clearly illustrates that development is an ongoing, integrated process; that is, the zygote gives rise to cells with distinct properties by the four-cell stage, and these cells become committed to specific paths by the thirty-two-cell stage. Importantly, the ability of early (eight-to-sixteen-cell stage) blastomeres to switch between the ICM and TE lineages demonstrates they remain “totipotent” in the less restrictive sense (i.e., able to generate all the cell types of the body) but does not demonstrate totipotency in the more restrictive, embryo-defining sense (i.e., able to both generate all cell types and organize them in a coherent, developmental sequence). The failure of isolated blastomeres to undergo development independently strongly suggests that totipotency in the strict sense does not persist beyond the two-cell stage.

Oocyte Cytoplasm Is a Critical Component of Totipotency

The fact that strict totipotency is lost so swiftly during development reflects the fact that cytoplasmic components of the oocyte[33] are critical for totipotency. Oocytes are unique cells with a characteristic pattern of gene activation34 that is distinct from the pattern observed after fertilization or during early development.35 Recent work has documented multiple oocyte-derived components that are essential for mammalian development. In extreme cases, the loss of a single maternal factor results in death of the embryo while having no impact on the health of the mother. Such developmentally required factors are known as maternal effect genes (MEGs).



MEGs are a fascinating class of genes because they are specifically required for development, while being nonessential for any other biologic function. Over sixty oocyte-specific MEGs that regulate a wide range of developmental processes have been identified in mammals.36 These data indicate that factors uniquely associated with oocytes are essential for totipotency and suggest that blastomeres inheriting only a subset of these components cannot be totipotent.

These five lines of evidence (cell isolation, lineage analysis, differences in gene expression, cell transplantation, and analysis of MEGs) all strongly suggest that totipotency in the strict sense, or the ability to independently initiate a developmental sequence that results in the production of a mature individual, is a distinctive feature of the one-cell embryo or zygote and is unlikely to persist beyond the two-cell stage.

The nature of totipotency, including how long it is likely to persist in human development, allows us to define a third important unifying concept for consideration of human embryos:

UNIFYING CONCEPT 3: Totipotency is a property of a single cell, and a mature human oocyte is a critical component of totipotency. Therefore, only a cell directly derived from an oocyte (i.e., the zygote) or the immediate progeny of the zygote (if separated from the embryo as a whole) can be a totipotent human embryo.






CHAPTER 3

WHAT IS AN EMBRYO?

A clear understanding of the scientific evidence has allowed us to conclude that the life of a human individual begins at the instant of sperm-egg fusion. Yet this analysis leaves unaddressed the question of how an embryo is different from a nonembryo. At first inspection, the questions “When does life begin?” and “What is an embryo?” seem to be largely overlapping; that is, the fact that life begins at sperm-egg fusion would appear to define the product of sperm-egg fusion as a human organism. Indeed, when development proceeds normally, sperm-egg fusion clearly marks the beginning of a new human life.

Yet how are we to view cases in which development does not proceed normally or arrests entirely? If the cell produced by sperm-egg fusion does not mature into a healthy infant, how are we to view that cell? Is it a “defective embryo,” or is it not an embryo at all? Moreover, how are we to view the plethora of cellular entities generated in the laboratory or in nature that have some similarity to embryos1 but do not undergo normal human development, and therefore have unclear ontological status (table 3.1)?2 Finally, the question of how we can reliably identify an embryo is distinct from the question of what an embryo actually is. When the cell produced by sperm-egg fusion arrests and/or does not proceed normally through development, it is impossible to determine the ontological status of that cell without clear criteria for identifying what is an embryo and what is not. Here I discuss two common views of how an embryo can be identified and the problems these views encounter, ending with proposed criteria that resolve these problems.3




Table 3.1. Status of entities sharing some features in common with embryos
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	*If there are any reported cases of this kind of entity forming TE/ICM in an ordered developmental sequence, it is listed as a positive.



	**Entities made thus far only in animal models. Comparable human entities are likely to be similar.



	‡Human/animal chimeras containing a minority of human cells develop along an animal trajectory. Whether shifting the ratio to a majority of human cells would alter this result is unknown.









Identifying a Zygote Based on Cell-Type of Origin

The most intuitive way of distinguishing embryos from nonembryos is based on how one-cell embryos are generated. Zygotes naturally arise as a consequence of sperm-egg fusion, so for many it seems reasonable to simply define a human zygote as an entity arising from such a fusion event. In light of this view, some have expressed concern that scientific experiments involving human egg cells must be prohibited, to avoid inadvertent production of embryos.4

While identifying a zygote as the product of a natural process (sperm-egg fusion) seems straightforward, this criterion is inadequate. Without clear molecular and (more importantly) functional criteria for what is and what is not a gamete, any organized biologic material derived from the gonads “could” be a sperm or an egg, if it exhibits any feature of a normal gamete. This kind of superficial similarity would include many entities that are not even living cells.

For example, if an egg cell is manipulated to remove the nucleus, the surviving cellular parts are known as a cytoplast. A cytoplast does not contain the necessary structures to support the full spectrum of life-functions and therefore it cannot be considered a living cell.[5] During natural maturation of human eggs, errors that result in abnormal numbers of chromosomes (including loss of the entire genome) are common.6 Yet if a cytoplast entirely lacking a human genome is electrically or chemically stimulated (table 3.1, Activated oocyte cytoplast), it can undergo three rounds of division to generate a structure similar to a morula-stage embryo.7 Thus a cytoplast that is naturally (albeit defectively) produced by the ovary can exhibit many characteristics of a developing embryo without even being a living human cell.

Identifying an embryo based solely on the tissue of origin (i.e., a cell produced by the fusion of cells derived from the ovary and testis) either pushes the issue back one step to the question “What is a gamete?” or creates a circular argument: an embryo is an entity produced by gametes, and gametes are those cells capable of producing an embryo.

Identifying a Zygote by Molecular Composition

A second common way of identifying a one-cell embryo is based on molecular composition. The clearest example of this approach is “systems biology.”8 Systems biology seeks to describe a living cell, including a zygote, based on a detailed analysis of all the molecules the cell contains and how they interact as a system. This would, of course, be an enormous undertaking. Yet even if such an analysis were possible, it would be fundamentally inadequate to robustly distinguish an embryo from a nonembryo.

The most significant problem with a systems biology approach is this: On what basis can we reliably determine which specific entities are to be included in a systems biology analysis? If, for example, we use cells arising from fusion of sperm and egg for our analysis of “embryos,” then this selection itself constitutes an unexamined method of identifying an embryo that is not based on systems biology. Moreover, basing embryo selection on an intuitive, but inadequate criterion such as “the product of sperm-egg fusion” fundamentally compromises the accuracy of the analysis. For example, if an enucleated oocyte cytoplast fuses to a sperm, the resulting cell will have only half the characteristically human amount of DNA, and over time, it will either die or produce a disorganized tumor known as a complete hydatidiform mole (table 3.1). Clearly, the molecules, structures, and interactions observed in such a grossly abnormal entity cannot be legitimately considered characteristics of a human embryo.

The central problem with using systems biology to identify a zygote is that to determine the molecular composition of an embryo one must start with embryos, which requires independent criteria for what is and what is not an embryo. Thus, while a systems biology analysis may provide a wealth of interesting and useful descriptive information regarding the molecular composition of embryos, it is incapable of providing a definition of an embryo or a robust means to identify one.



Identifying an Embryo Based on Development

Human zygotes are distinct from all other human cells precisely because they are totipotent—that is, capable of development.9 Therefore, an adequate definition of an embryo must also include a precise definition of the cellular and molecular events that constitute “development.” It is important to note, however, that the inherent nature of an entity as either an embryo or a nonembryo is established at its initiation and does not depend on the gradual emergence of characteristic human traits. That is, development does not produce an embryo; rather, an embryo is an entity that is inherently capable of development.

Substantial evidence indicates that within seconds of sperm-egg fusion, a human zygote initiates a molecular cascade that regulates its subsequent maturation. Yet all cell types are capable of complex molecular cascades. Moreover, many of the molecular processes observed in stem cells and tumor cells are similar (or even identical) to processes occurring in an embryo. Despite such similarities, a tumor that generates a chaotic cellular mass containing a variety of different cell types is not undergoing development and is therefore not an embryo. As noted above, even an enucleated cytoplast, which is arguably not a living cell, can undergo three rounds of division, replicating many (but not all) features of normal embryogenesis. While the events occurring in the first hours and days after sperm-egg fusion are clearly necessary for embryonic development to proceed, are they sufficient for an entity to be considered an embryo?

To classify naturally occurring entities as well as those produced in the laboratory (table 3.1) based on the capacity to develop to a mature state of what it already is, I have proposed the following criteria for recognizing a developing one-cell human embryo:10



A human zygote is a discrete, living, biological entity with a human nuclear genome that

(1) initiates a globally organized and integrated (i.e., “organismal”) developmental process having the potential to proceed up to or beyond the stage at which cells committed to trophectoderm and inner cell mass are present and



(2) has arisen from either

(i) the fusion of the plasma membranes of a human oocyte and a human sperm or

(ii) any other event or procedure that initiates such an organized developmental process

and

(3) has not yet proceeded through eight weeks of development since the initiation of such an organized developmental process.



In agreement with the large body of scientific evidence noted above, these criteria propose that a human embryo is initiated at a specific time (“a moment of conception”). In natural fertilization, this point would be the fusion of sperm and egg plasma membranes, yet any process that initiates development (such as cloning or embryo splitting) would also constitute a single event that marks the beginning of a new human life.

Two important aspects of these criteria are (1) entities formed by the fusion of gametes that do not initiate a developmental sequence are not human embryos and (2) formation of trophectoderm (TE) and inner cell mass (ICM; see figure 2.1) in an appropriate temporal and spatial sequence is both necessary and sufficient evidence for us to conclude that the entity is undergoing development—that is, to recognize that the entity is an embryo.

Appealing to the behavior of an entity as a way of understanding its nature reflects a long-standing intellectual tradition. Aristotle proposed that to know the nature of something, we must look at its “potentialities”—that is, its powers or capacities. Potentialities are revealed by acts—by what the entity does (Aristotle, Treatise on the soul 2.4.415a14–22). In this case, the entity formed at sperm-egg fusion reveals itself to be an embryo by undertaking the acts of development.

The Critical Role of Gametes in Establishing Strict Totipotency

The proposed criteria for recognizing an embryo presume a specific starting point, one that “initiates a globally organized and integrated (i.e., ‘organismal’) developmental process having the potential to proceed up to or beyond the stage at which cells committed to trophectoderm and inner cell mass are present.”

In normal fertilization, this process is initiated by fusion of sperm and egg, unique cells that are naturally predisposed to forming a totipotent zygote. Gametes have a number of specific features that are necessary to produce an embryo upon fusion. Both sperm and egg contribute haploid genomes that are properly configured to participate in development (i.e., appropriately “imprinted”[11]). Moreover, as noted above, the oocyte contributes a large number of factors required for embryogenesis,12 including factors that will appropriately modify the DNA derived from sperm and egg to establish an epigenetic state that is capable of development. These three gamete-dependent components (appropriately imprinted DNA, essential oocyte-derived factors, and an appropriate epigenetic state of the DNA) constitute the “program” for human development—the biological elements that distinguish a zygote from all other human cells.13

Because germ cells are naturally predisposed to make an organism upon fusion, entities derived from germ cells must be viewed with considerable caution, particularly in cases where there are insufficient data to resolve the nature of the entity (e.g., table 3.1, human parthenotes).14

In contrast, entities that are not derived from gametes and do not show globally coordinated behavior can be confidently determined to be nonembryos, because they are known to lack the gamete-derived elements that are required for totipotency. In some cases, tumors contain cells that are similar to TE and ICM or show what appears to be organismal behavior—for example, formation of a blastocyst-like structure15 or expression of molecules in an embryo-like pattern.16 Yet such a superficial resemblance to a developmental process is not evidence an embryo exists. As noted elsewhere,17

A number of studies have shown that ESC [embryonic stem cell] aggregates treated with specific signaling molecules exhibit some of the molecular cascades and cell behaviors observed during normal gastrulation. While these studies do not equate stem cells with embryos, several authors conclude that stem cell aggregates are surprisingly “embryo like.” For example, one article states that aggregates “resemble normal embryonic development much closer than previously thought,” exhibiting “an unexpected degree of self-organization.” Yet stem cell aggregates do not resemble organisms so much as they resemble tumors, which can also show a surprising degree of self-organization, producing well-formed teeth and even, in one case, a remarkably normal eye.

Similarly, ESC aggregates and tumors occasionally generate cystic structures that have some visual similarity to a blastocyst-stage embryo, which has led some authors to ask whether ESCs and tumors might also be embryos. Yet many cell types with clearly restricted potency will form such cystic structures, including liver, heart, and cartilage; neurons; fibroblasts; kidney; and umbilical cells, indicating that the mere formation of such structures is not sufficient evidence for totipotency.

In considering the ontological status of entities that are not derived from gametes, we must make a critical distinction between cells that exhibit some of the properties of cells within an embryo and cells that have the same potency as embryonic cells. If scientists were able to produce cell lines that stably exhibited the full range of natural properties observed in TE and ICM, then combining these cells would generate an embryo capable of proceeding through development—just as viable embryos can be reconstituted after dissociation and reaggregation of blastomeres.18 However, given the critical contributions of gametes (particularly the oocyte) to totipotency,19 it is extremely unlikely (if not impossible) for such cells to be produced without using gametes as the starting material.[20]

UNIFYING CONCEPT 4: Human gametes are highly specialized cells that are predisposed to form a human being upon fusion, yet not all cells produced by the ovaries and testes are functional gametes.

Integrating the Criteria for Recognizing a Zygote
with the View of Humans as “Rational Animals”

The ability to reason is a distinguishing feature of human beings, and therefore the capacity for reason forms the basis of the classical definition of human beings as “rational animals.”[21] In light of the biological criteria for recognizing a zygote proposed here, a corresponding essential philosophical definition of a one-cell human embryo would be “a developing human,” where the minimal criterion for “developing” is the production of TE and ICM as part of a globally integrated, organismal sequence. Thus, production of TE and ICM as part of a globally integrated, organismal sequence is necessary both to identify a cell as an embryo and for that cell to actually be an embryo.

A human organism at an embryonic stage has the active and proximate potency[22] to manifest rationality; that is, it actively self-develops into a rational animal and hence is one, even if specific defects ultimately prevent rationality from ever becoming operative. Biologically, having an “active and proximate potency to manifest rationality” requires that an entity possess the necessary molecules and structures to enable a self-directed trajectory of development that is ordered toward the production of the mature human body. Importantly, what is needed for rationality is already present from the zygote stage onward, even if the current state of development does not support the actual operation of reason. In an appropriately supportive environment, the totipotent zygote will, of its own inherent power, develop the structures necessary to manifest rationality.

Yet why is the ability to produce the first two committed cell types (TE and ICM) sufficient evidence that an entity possesses such an active, proximate potency to manifest rationality? Diverse operations are required for rational thought, and these diverse operations require a diversity of cell types.[23] Consequently, production of the first two cell types is the minimal evidence for possessing the active, proximate potency to produce the structures necessary to manifest rationality—that is, to undergo human embryonic development. Conversely, an entity that entirely lacks the ability to produce a diversity of cell types lacks an essential property of a human organism. Even in cases where a developing embryo fails to produce the structures necessary to support rationality (for example, the case of an anencephalic child who does not develop a normal brain), the potency to develop such structures is an inherent property of the entity, although it may be impeded by illness, injury, or a defect in the material structure of the embryo (see discussion below under “Why Not Later? Is the Generation of TE and ICM Sufficient for Recognizing an Embryo?”). As discussed elsewhere in more detail,24 this requirement can be formally expressed as follows:

1. No entity entirely incapable of producing a body suitable for supporting rational thought is human.

2. Every entity entirely incapable of producing multiple cell types is incapable of producing a body suitable for supporting rational thought.

∴ No entity entirely incapable of producing multiple cell types is human.[25]

UNIFYING CONCEPT 5: The capacity for development is the defining (i.e., essential) feature of a zygote, and formation of the first two committed cell types in a temporally and spatially integrated manner is the minimum criterion for identifying that this capacity exists.

Why Not Earlier? Is the Ability to Undergo Cell
Specification Sufficient for Recognizing a Zygote?

If production of TE and ICM provides conclusive evidence that an embryo exists, how are we to view the stages of development prior to the formation of the first two cell types (figure 2.1)? Ample evidence indicates that at sperm-egg fusion a new cell is generated and that, in the course of normal human development, this cell immediately initiates an integrated, developmental trajectory.26 Yet molecular differences between presumptive TE and ICM are not detected until at least the four-cell stage, and stable cell commitment occurs even later, between the sixteen- and thirty-two-cell stage (approximately four days after sperm-egg fusion). Clearly, many events characteristic of embryonic development occur prior to formation of TE and ICM. Why is the production of committed TE and ICM cells sufficient to identify an entity as a human organism, whereas these earlier events are not?

To address this question, it is important to appreciate that distinct biologic processes can nonetheless share common elements. As noted above (table 3.1), complete hydatidiform moles (CHMs) are formed from fusion of sperm and egg. CHMs share a large number of features in common with actual embryos, yet are clearly tumors, not organisms. When an entity produced by gamete fusion undergoes some of the processes characteristic of early development, yet fails to replicate others, it is important to carefully consider the nature of such “failures” and to determine whether or not the entity exhibits a pattern of globally integrated (i.e., organismal) behavior.

Normally developing embryos produce new cell types in an orderly manner, with the first step in this process being “specification” (table 2.1). Cell specification indicates a cell has received information that directs it into a unique developmental path. Specification is detected by changes in cell composition (i.e., gene expression), and during the formation of TE and ICM, the earliest changes in gene expression occur at the four-cell stage. However, specified cells are not “committed” and are able to switch from one developmental path to another (table 2.1); that is, the potency of a specified cell is not yet restricted.

While cell specification is a necessary feature of an embryo, specification alone is not sufficient to confidently identify an entity as an embryo for at least two reasons. First, the sequence of molecular events associated with specification does not necessarily reflect a developmental sequence. Indeed, changes of the type observed during cell specification routinely occur in cell cultures, in tumors, and in tissues of the mature human body. A molecular change that merely results in cell specification but not differentiation/commitment can be either a developmental process or merely a cellular process.

Second, development requires that distinct cell types be produced and specification does not involve a restriction in cell potency; specified cells remain developmentally equivalent. Groups of functionally equivalent cells interacting with each other can reflect a developmental process, but does not necessarily indicate an embryo is present. It is only following the production of an appropriate pattern of cell commitment that a developmental process can be distinguished from a mere cellular process. Therefore, cell specification is necessary for committed cell types to arise and for an embryo to be present, but in and of itself, it is not sufficient to indicate that a developmental sequence is under way.

Central to this argument is the view that the level of organization an entity is capable of achieving allows us to determine the kind of entity it is. Isolated cells and unicellular organisms show cellular organization; that is, the molecules and structures within the cell are ordered to maintain the life and health of the cell itself. Individual cells can, through processes similar to those seen in an embryo, produce tumors containing multiple cell types, but the cellular components of the tumor have no relationship to each other and do not function as an integrated whole. Therefore, a tumor is an aggregate of entities that show only cellular organization. In contrast, naturally formed tissues and organs show tissue organization; that is, two or more different cell types are ordered relative to each other to maintain the structure and function of the tissue. In some cases, individual cells can spontaneously organize as tissues.[27] The highest level of organization is organismal, where all the cells, tissues, and organs interact in a manner that is ordered to maintain the life and health of the entity as a whole.28

An important aspect of this line of reasoning is that the outcome of a biologic process is critical to interpreting the nature of that process. Even if an initial sequence of molecular events is identical in two entities, when the outcome is different, the entities must also have different molecular composition.[29] Importantly, entities with different outcomes do not become distinct at the point at which the first difference is observed. Rather, they have different natures from the beginning. Distinguishing between similar entities prior to observing differences in outcome can be challenging, but clearly such entities are not identical from their inception. Intrinsic differences in the molecular composition of the two entities produce the difference in outcome.

For example, a complete hydatidiform mole (CHM) is formed by fertilization of an egg that has abnormally lost its nucleus (a cytoplast), and therefore a CHM contains only paternally derived chromosomes. Current technology cannot reliably distinguish between a CHM and a zygote in a nondestructive way, but they are clearly distinct from the beginning. CHMs initially undergo many of the processes that are seen in normal embryos, but do not produce TE and ICM. Rather, CHMs produce tumors with only TE-like properties. Thus, despite being formed by fusion of a normal sperm and an “egg,”[30] and despite initiating complex molecular processes that are similar (and in some cases, identical) to a bona fide zygote, CHMs do not start out as embryos and later transform into tumors. They are intrinsically tumors ab initio.



A simple example helps illustrate this point. The song “Twinkle, Twinkle, Little Star” and the “Alphabet Song” are identical until the fourth measure (figure 3.1). If a recording of one of these two songs was stored as a computer file and then played for a naïve listener, there would be no question regarding when the song commenced; that is, the sounding of the first note would clearly mark the “instant” that the song began, and this note would exclude a large number of musical compositions with different starting points. Yet it would be impossible to accurately determine the identity of the song until the distinguishing notes of the fourth measure were played. Importantly, our inability to correctly identify the song is an epistemological, not an ontological, problem.[31] Only one set of notes is recorded in the file, despite our inability to discern the nature of the song until the fourth measure. Moreover, if we examined the storage device with sufficient resolution prior to playing the recording (using scanning tunneling microscopy, for example), it would be possible to determine the identity of the song from the beginning, because the information intrinsic to the computer file would differ between the two distinct songs.

Importantly, a recording of “Twinkle, Twinkle” is not somehow “thwarted” in its attempt to play the “Alphabet Song” by a deficiency of notes in the fourth measure. Nor is the recording “transformed” from the “Alphabet Song” into “Twinkle, Twinkle” by this deficiency. Nor is it the case that “neither song was initially playing” or that “both songs were initially playing” until the notes of the fourth measure sounded. From the beginning, the recording contains information specific to only one song, and that song was played from the first note onward.

Similarly, ab initio, a cell produced by sperm-egg fusion contains specific “information” (e.g., DNA, regulatory molecules, a particular epigenetic state, and a particular pattern of gene imprinting) that reflects the kind of cell it is. What occurs over time is simply the manifestation or “playing out” of the underlying information present in the cell, as specified by the cell’s intrinsic nature.[32] Thus, even if the molecular events occurring in a CHM are presumed to be identical to those of a developing embryo,[33] a CHM does not start out as an embryo, only to be “thwarted” on the third day by a lack of maternally derived DNA. Rather, from the beginning, a CHM manifests its own inherent properties—the properties of a tumor. It is simply the case that, like the two songs discussed above, CHMs and zygotes share a similar molecular composition and, therefore, a similar initial sequence of molecular events. Yet the disordered growth of a CHM is caused by its own intrinsic nature, a nature that does not include the capacity to function as an organism and to generate an integrated developmental sequence.
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Figure 3.1. Differences that can only be detected over time. What something is cannot necessarily be determined by the initial sequence of actions it undertakes. Recordings of “Twinkle, Twinkle, Little Star” and the “Alphabet Song” begin with the same notes and only diverge in the fourth measure, yet the files encoding these two songs are distinct (albeit very similar) from the beginning. An earlier version of this diagram appeared in M. L. Condic, “A Biological Definition of the Human Embryo,” in Persons, Moral Worth, and Embryos: A Critical Analysis of Pro-Choice Arguments, edited by Stephen Napier (New York: Springer, 2011), 211–35.



As argued above, the end result of a sequence of molecular events is not incidental to the interpretation of that sequence. Many of the early molecular events occurring in an embryo are consistent with either an embryonic process or a mere cellular process. Thus, while the initial events of development clearly define the instant at which both a zygote and a CHM are formed and clearly distinguish both of these entities from many other human cells, they do not distinguish them from each other. Formation of TE and ICM enables us to determine whether an embryonic or a cellular process is underway. Importantly, an embryo is not made to be an embryo by production of the first two cell types; both a CHM and a zygote have specific properties and potentialities ab initio. Rather, formation of TE and ICM is simply the earliest point at which we can discern whether a developmental sequence has been initiated and (therefore) whether the entity under consideration is in fact a human organism.

UNIFYING CONCEPT 6:If the necessary structures (molecules, genes, etc.) required for production of the first two committed cell types do not exist in an entity from the beginning, the entity is intrinsically incapable of undergoing development as an organism and is therefore not a human being.

Why Not Later? Is the Generation of TE
and ICM Sufficient for Recognizing an Embryo?

The proposed definition argues that some events normally seen during human development can occur in an entity that is not a human embryo. Using similar logic, many have argued that the defining characteristics of a developing human are only evident much later, when specific developmental “landmarks” are attained—for example, implantation,34 formation of the primitive streak,35 “individuation” (loss of the ability to form identical twins),36 or acquisition of higher brain functions, such as consciousness.[37] In many cases, these arguments conflate the onset of human life (as defined by some later-arising characteristics) with the onset of “meaningful human life” or human personhood. Yet in all cases, these views differ significantly from the current definition in holding that an embryo comes into existence only when the landmark characteristic is attained; that is, everything occurring prior to acquisition of the defining trait is seen as an event occurring in a “preembryo.” Put another way, these arguments do not propose that later-occurring events are merely a more robust way of recognizing an embryo, but rather that they are necessary for an embryo to exist. The implicit conclusion is that prior to production of these later, definitive traits a “preembryo” is not a human being, or at least not a human “person” with moral worth, because it lacks a necessary characteristic that marks the beginning of human life (see also the discussion of human value in chapter 8 under the heading “Human Embryos and Human Value”).



Thus, under the view that a functional brain is the defining landmark for a human being to be present, if an embryo/fetus develops normally up until the twenty-fourth day and then brain formation is disrupted, such an anencephalic individual need not be considered a human being (or at least not a human being with moral worth), despite the normal maturation of other human organs that takes place prior to and after twenty-four days. Indeed, some have proposed the criteria for infant death be suspended in such cases to allow more widespread use of anencephalic newborns as organ donors.38

There are at least three reasons why it is both misleading and inaccurate to define an embryo based on later developmental events, with all earlier events being characteristics of a “preembryo.” First, all of the proposed landmarks for what constitutes an embryo (implantation, formation of the primitive streak, “individuation,” brain function, etc.) are inherently arbitrary. For example, the point at which various authors judge the nervous system to be sufficiently mature for a human being to be present ranges from the onset of neural function at approximately ten weeks,39 to the onset of “coordinated neural function” at approximately twenty-three weeks,40 to the establishment of more complex brain connections presumed to mediate “consciousness,” between thirty and thirty-five weeks.41 The variation in these figures illustrates the fatal flaw in a definition based on structural or functional maturation; unlike the clear, qualitative distinction between an organism and a nonorganism, embryonic development is a continuum. Consequently, there is no clear point at which “landmarks” capable of distinguishing between a preembryo and a human being are achieved. Indeed, some have argued that the brain is insufficiently mature at birth to warrant considering a newborn a human being.42 Thus, using brain development (or any other aspect of maturing form or function) as a basis for determining what is a human being (or when human life begins) is necessarily arbitrary, and therefore a scientifically and logically inadequate definition.

Second, development reflects the maturation of an existing organism, not the transformation of a nonorganism into an organism. Just as the playing of the computer file does not “transform” a recording from a “Pre–Alphabet Song” to the actual song at the fourth measure, embryos are not transformed from a “preembryo” into a human being once some developmental event occurs. In both cases, the information intrinsic to the entity from the beginning is merely playing out over time. While later events may provide more reliable indicators that a developmental sequence is under way, they do not produce an embryo any more than formation of TE and ICM produces an embryo. We may have greater confidence after implantation, gastrulation, or brain formation that the entity is indeed progressing along a normal trajectory of human development, but the inherent nature of the entity as an embryo was established at its initiation, well prior to the gradual emergence of characteristic human traits.

Finally, it is important to identify the earliest reliable marker for the presence of a human organism. Once a developmental sequence is underway, all subsequent events are clearly part of that sequence. While later events may be important for the production of mature human traits, if they are part of an ongoing developmental trajectory, they are not necessary to determine that the entity is a human organism undergoing an autonomous process of self-maturation. As soon as an entity capable of development comes into existence, an embryo is present, even if an internal defect prevents it from achieving a normal, mature human state.[43] Production of the first two committed cell types in an ordered developmental sequence is the minimum requirement to establish that an entity is capable of development.






CHAPTER 4

TWINNING AND THE BEGINNING
OF HUMAN LIFE

[image: Image]

Thus far, analysis of the scientific evidence clearly indicates that a human being comes into existence at the moment of sperm-egg fusion and that the capacity to undergo development is the defining characteristic of a human being. In contrast to this view, it is often asserted that the phenomenon of identical twinning precludes the possibility that human life begins at conception and raises serious concerns regarding the nature, individuality, and moral status of the human zygote.1 Yet are these concerns consistent with the scientific facts of twinning? Here, I will review what is known about twinning in light of the major philosophical concerns raised by this phenomenon.

How Does Twinning Occur?

Twinning can occur either because two oocytes are ovulated and fertilized, resulting in nonidentical (fraternal or dizygotic) twins, or because a single embryo splits to generate two identical (or monozygotic) twins. Yet only monozygotic twinning raises significant questions regarding human individuality and when human life begins.
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Figure 4.1. Organization of the amniotic and chorionic membranes determines the timing of twinning. (A) At the blastocyst stage, there is an outer layer of TE (black) and the inner cell mass (ICM), consisting of epiblast (light gray) and hypoblast (medium gray; cf. figure 2.1E). (B) The amniotic cavity forms between the epiblast and the TE. (C) Yolk sac endodermal cells (dashed line) migrate out of the hypoblast and line the blastocyst cavity. (D) Space opens between the yolk sac endoderm and the TE, producing the chorionic and yolk sac cavities. The amniotic and chorionic “membranes” consist of the cells lining these cavities.



Monozygotic twinning[2] is a rare event, occurring in approximately 0.35 percent of all live births.3 The incidence of identical twinning is much higher in assisted reproductive technologies (ART), representing approximately 2 percent of all live births.4 Although the precise mechanisms of human monozygotic twinning are unknown, it is widely5 (albeit not universally6) accepted that the arrangement of the embryonic membranes (the amnion and the chorion) reflects the timing of twinning (figure 4.1; table 4.1). The blastocyst is the basis for the formation of both the amniotic and chorionic cavities, and therefore, blastocyst formation is a critical event for determining the timing of twinning.

The amnion arises after blastocyst formation when a space opens between the epiblast and the TE (figure 4.1A, B). Somewhat later, the chorion arises when a space opens between the yolk sac and the TE (figure 4.1C, D). Consequently, splitting of the embryo prior to blastocyst formation—either at the two-cell stage or at the morula stage (figure 2.1B, C)—produces two separate embryos, each of which will proceed to develop to the blastocyst stage (figure 4.1A) and subsequently produce its own amniotic and chorionic cavities. Such dichorionic, diamniotic (DCDA) twins represent approximately 33 percent of all identical twins (table 4.1).




Table 4.1. Timing of twinning
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In contrast, if the ICM separates into two distinct masses after the formation of the blastocyst yet prior to the formation of the amniotic cavity (figure 4.1A), each part of the separated ICM will develop independently, forming its own mature body structures and its own amniotic cavity. In this case, the twins will have separate amniotic cavities and a shared chorionic cavity (figure 4.1). Such monochorionic, diamniotic (MCDA) twins represent 66 percent of all identical twins (table 4.1).

Finally, if the ICM separates into two distinct masses after formation of the amniotic cavity (figure 4.1B), the resulting twins will share a single amnion and a single chorion, or (potentially) be conjoined. Such monochorionic, monoamniotic (MCMA) twins are rare (less than one percent of all identical twins; table 4.1).



Different Philosophical Challenges for Different
Forms of Twinning

Separation of a developing embryo at the blastocyst stage or later (MCDA and MCMA twins) clearly involves perturbation of an ongoing developmental sequence produced by a single individual that has already formed TE and ICM. Because twinning at the blastocyst stage reflects the splitting of an embryo that is manifestly undergoing a unified developmental process, it does not call into question the organismal status of the original zygote. Such twinning is comparable to asexual reproduction of any other organism that is capable of reproduction through splitting. For example, earthworms, planarian worms, and many plant species can be split, and each half will regenerate a complete organism. Clearly, when a worm is split into two worms, the ontological status of the original worm as a single, unified organism is not called into question. Yet MCDA or MCMA twinning does raise a number of important philosophical issues that will be addressed below, including the following: Does the original embryo die or continue as one of the twins? What is the moral worth of the embryo prior to twinning? Who are the parents of the twins?

In contrast, if twinning is due to totipotent cells present in the early embryo establishing independent developmental trajectories, it is often argued that no single embryo can exist until such totipotent cells no longer exist. The standard interpretation of the timing of twinning suggests that separation of early blastomeres is not a rare event (i.e., DCDA twins are 33 percent of all identical twins), and this interpretation also heightens the concern that if a zygote can give rise to more than one mature individual, the zygote cannot be seen as a single individual. If this is the case, it raises a number of serious issues, including the following: What is the moral worth of the zygote? How many totipotent cells can coexist in a single embryo? When does human life actually begin?

Is the Standard View of Twinning Correct?

DCDA twinning, particularly at the two-cell stage, raises the most serious philosophical issues, yet it is important to ask: How likely is it that embryos ever actually split at the two-cell stage? The standard view of twinning can be challenged on a number of fronts. Most notably, while twins can be experimentally produced by splitting at the two-cell stage,7 there is no direct evidence that this ever naturally occurs.

The first days of life cannot be observed in natural conception, but they are routinely examined during the use of assisted reproductive technologies (ART), where the incidence of monozygotic (MZ) twinning is also significantly elevated. Yet despite the daily observation of ART-produced embryos, twinning in the first three days of life has never been reported. Indeed, one author states, “We have never observed an embryo spontaneously splitting in half before the blastocyst stage in over thirty years of laboratory experience.”8

In addition to this negative evidence, four positive lines of evidence indicate early embryo splitting is unlikely. First (as noted above), when blastomeres from freshly dissociated morula-stage embryos are reaggregated, they reconstitute an intact embryo that proceeds through development to live birth,9 indicating that cells of the early embryo are both highly adherent to each other and strongly inclined to act as an integrated whole.

Similarly, when blastomeres from two or more embryos are aggregated, they combine to form a single, chimeric embryo10—that is, an embryo made up of a mixture of cells with distinct genetic identities. This is true even when the blastomeres are derived from different species; for example, aggregated sheep and goat blastomeres that are transferred to a surrogate mother produce live-born, chimeric “geeps” consisting of a mixture of sheep and goat cells.11

Third, embryonic stem cells (ESCs) have properties very similar (albeit not identical12) to those of early blastomeres. When ESCs are injected into intact embryos, they do not remain as an independent, autonomously developing cell mass, but instead rapidly integrate into the ICM and participate in the ongoing embryonic trajectory,13 again indicating the propensity of embryo-derived cells to both adhere to each other and act as parts of a unified whole.

Finally, the possibility that two early embryos could develop independently in close proximity to each other has been directly tested. Early embryonic development takes place within an acellular protein coat known as the zona pellucida (figure 2.1; figure 4.2). In a recent study, over one hundred immature mouse oocytes were manipulated to artificially produce two mature oocytes within a single zona. These “binovular” oocytes were fertilized, generating fraternal twin-zygotes, also contained within a single zona. In all cases, the twin embryos rapidly annealed to form a single, chimeric embryo.14 This result strongly suggests that even if an embryo were to split while still within the zona pellucida, the resulting twin embryos would rapidly reanneal to reform a single embryo.
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Figure 4.2. A blastocyst hatching from the zona pellucida. (1) The zona pellucida. (2) The portion of the embryo still within the zona. (3) The inner cell mass. (4) The portion of the embryo outside the zona. Image modified from “Human blastocyst hatching,” by K. Hardy. Credit: K. Hardy. CC BY. Available at the website of the Wellcome Collection, https://wellcomecollection.org/works/scfp2gf2?query=hatching&page=1.



All of these lines of evidence strongly suggest that twinning at the two-cell stage is highly unlikely due to the inherent propensity of early blastomeres to adhere to each other and to collectively participate in a single, unified embryonic trajectory. Yet in light of this evidence, how do the 33 percent of monozygotic twins with separate chorionic and amniotic cavities (DCDA) actually arise?

One possibility is that twins form upon emergence of the embryo from the zona pellucida (figure 4.2). The function of the zona is to protect the embryo from damage as it travels down the fallopian tube to the uterus. However, the outer cells of the embryo (the trophectoderm or TE) are responsible for interacting with the uterine lining and mediating implantation, an event that is crucial for the survival of the embryo. For implantation to occur, the embryo must escape from the zona in a process known as “hatching” (figure 4.2), so that the cells of the TE are free to attach to the uterus. This happens by an active process initiated by the embryo.15 Cells of the TE secrete enzymes that degrade the zona, weakening it so that the embryo is able to squeeze out of a small hole (figure 4.2). During extrusion of the blastocyst from the zona, the cells of the ICM can be separated into two independent groups of cells, resulting in the formation of MCDA twins (two separate ICMs within a single blastocyst).16 Alternatively, the entire embryo can split in two, giving rise to DCDA twins (two separate blastocysts).17

The incidence of human monozygotic twinning is increased approximately sixfold (to 2 percent) during ART procedures,18 and in mice, the incidence of ICM splitting at hatching is also greatly increased when embryos are cultured.19 Interestingly, several studies of ART suggest there is a higher incidence of monozygotic twinning with blastocyst transfer (day five) than with early embryo transfer (day three),20 suggesting that longer times in culture may also increase the likelihood of blastocyst splitting in humans. Finally, there have been at least two clinical observations of human twinning through blastocyst splitting at hatching.[21] Since most monozygotic twinning observed during ART procedures occurs following transfer of a single blastocyst to the uterus, it is likely that twinning occurs through splitting of the blastocyst following transfer. Splitting at the blastocyst stage may also underlie naturally occurring DCDA twinning, albeit at a lower frequency than is seen in ART procedures.

In summary, 66 percent of identical twins (table 4.1, MCDA and MCMA) are likely to occur by splitting of the ICM after blastocyst formation. This (1) indicates that a single developing embryo (as evidenced by the production of both TE and ICM) has split into two and (2) does not call into question the ontological status of the original embryo. While the remaining 33 percent of DCDA twins could theoretically occur by separation of the first two blastomeres, there is no evidence that this naturally occurs and ample evidence suggesting that if it were to occur, the twins would rapidly reanneal to form a single embryo. It seems far more likely that DCDA twins arise by blastocyst splitting at hatching, an event that has been observed during ART procedures and one that also does not call the ontological status of the original embryo into question.

The likely timing of monozygotic twinning, combined with the immediate onset of organismal function following sperm-egg fusion, allows us to identify a seventh important unifying concept in consideration of the human embryo:

UNIFYING CONCEPT 7: There is clear scientific evidence that the one-cell embryo or zygote initiates a developmental trajectory; that is, the zygote is manifestly a human organism. Therefore, twining at the two-cell stage or later does not call into question the ontological status of the original embryo as a complete and individual human being.




CHAPTER 5

PHILOSOPHICAL CONCERNS
REGARDING TWINNING
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The most serious concerns raised by twinning involve splitting of the embryo at the two-cell stage. As we have seen, this is highly unlikely. However, if it is theoretically possible, regardless of how infrequent, it must be addressed. For this discussion, I will assume twinning by separation of the first two cells of the embryo is “possible,” even if it never actually occurs. Splitting at later stages does not call the beginning of life or the nature of the zygote into question, but raises concerns about individuality. The philosophical and logical issues raised by embryo twinning have been discussed in detail elsewhere.1 Here, I will briefly address the major concerns, in light of the scientific facts regarding when human life begins and the biological mechanisms of monozygotic twinning.

Developmental Potential and “Virtual” Humans

The most fundamental philosophical concern is whether the phenomenon of monozygotic twinning precludes the zygote from being an individual human on purely logical (and therefore also, ontological) grounds. This argument was initially put forward in 1970 by Joseph Donceel,2 and was expanded by Norman Ford in 1988.3 Numerous modern authors have also taken up this argument in various forms.4 In brief, Donceel argues that while a zygote has the potential to develop into a mature human, it is not a human individual until the possibility of twinning has passed. This is the case, Donceel argues, because if “potential” to develop into a mature human is the criterion for being a human now, then until totipotency is lost, “every single cell of the zygote, of the morula, or of the blastula, is a human person.”5

A similar objection is voiced by Ford, who acknowledges that the zygote is a living individual but questions whether it is a living, individual, human person. Like Donceel, Ford argues that although the zygote has a “natural active potential” for development, it cannot be an individual human being because

once we assume that the zygote is a human individual because it has the natural active potential to develop into an adult we begin to run into difficulties. The same zygote would also have the natural active potential to develop into two human individuals by the same criteria. We could legitimately ask whether the zygote itself would be one or two human individuals. It would seem absurd to suggest that at the same time it could both be one and more than one human individual, granted that each must be a distinct ontological individual.6

Thus, both Donceel and Ford conclude that until totipotency is lost, the embryo can at best be considered a “virtual” human—that is, a cell that has the potential to become a human but is not an individual human yet.

Some modifications of this argument are warranted in light of the scientific facts. First, our understanding of embryology has advanced considerably since 1970, and we now appreciate that totipotency is unlikely to be preserved beyond the two-cell stage. Therefore, in most cases only one developmental trajectory is initiated by the zygote, and in the worst case, only two;[7] that is, it is never the case for a blastocyst-stage embryo containing many hundreds of cells that every cell is totipotent and that therefore “every single cell . . . is a person.”

Second, ample scientific evidence indicates quite unambiguously that the life of a human organism begins at sperm-egg fusion.8 Therefore, when twinning occurs, whether at the two-cell stage or at the blastocyst stage, a single, developing organism is split. This observation largely defuses the ontological question of origin since, just as an earthworm is an individual organism prior to splitting, the zygote is an individual human being prior to twinning.

However, the central issue in the argument of both Donceel and Ford is one of “potency.” If a zygote is a person by virtue of the fact that it has the potential to develop into a mature human, then all cells with this potential (i.e., each individual blastomere that can exhibit totipotency when isolated, be there hundreds or only two) are equally persons. Moreover, a zygote that has the “potential” to be two individuals cannot simultaneously be considered a single individual.

The key to resolving this dilemma is a more precise understanding of the term “potency.” Aristotle takes up the different meanings of “potency” in De anima (2.5; a general discussion of potency may be found in Metaphysics 5.12) and defines this term along two distinct axes: active-passive and proximate-remote.

Active potency is a power to act in a specific manner that is intrinsic to the thing itself; for example, I have the active potency to speech, even if I am currently silent, while a tree does not. Passive potency, in contrast, is a power to be acted upon in a specific manner; for example, wood has the passive potency to be fashioned into a chair by the action of a carpenter, while water does not. And neither wood nor water has the active potency to become a chair on its own.

Similarly, proximate potency is a power to act or to be acted upon in a specific manner that can be immediately exercised; for instance, I have the proximate potency to speech, even if I am currently silent. Lumber has the proximate potency to be acted upon by a carpenter, even if it is currently sitting in a lumberyard. In contrast, remote potency is a power to act or to be acted upon in a specific manner that requires some intervening event before it can be exercised; for example, an infant has the remote potency to speak, but must first learn a language. A seedling has the remote potency to be fashioned into a chair, but must grow to be a tree first.

Applying these distinctions to the embryo, it is clear that the zygote exhibits a proximate, active potency to develop as a human being; that is, a zygote is a human now because it is actively exercising an intrinsic power of maturation/development.

In contrast, early blastomeres that can develop independently when isolated from the embryo exhibit only a remote active potency to be a human being while they are still part of an intact embryo. Blastomeres are parts of a single human now, but can become independent human beings if an intervening event (i.e., isolation of the blastomere) occurs. Importantly, the remote potency of blastomeres means that there is a single, unified human individual prior to twinning, and that blastomeres must cease being a part to actualize their (remote) potential to be a whole on their own; that is, they must undergo a substantial change.[9]

Embryonic stem cells (ESCs) can be contrasted to both zygotes and early blastomeres. ESCs that are injected into a developing embryo can participate in embryonic development, forming part (or in some cases, most) of the mature body. Yet unlike zygotes and blastomeres, which can develop independently when isolated, stem cells exhibit only a passive, remote potency to be part of a human being; that is, stem cells are not parts of a human now and cannot become parts of a human on their own, but can be acted upon by an embryo (or an experimenter) to be converted into a part of a developing individual.[10]

Thus, Donceel and Ford are correct that merely having some kind of “potential” to develop to mature stages of human life cannot be the criterion for actually being an individual human person, but they do not adequately distinguish between different types of potency. Proximate active potential to develop to mature stages of human life is the criterion for being a human individual now. This potential exists in a zygote and is a property of the embryo as a whole at later stages of development, but does not exist in blastomeres that are part of an existing embryo (yet can develop independently when isolated) or in stem cells.11

Blastomeres, regardless of their potency, are merely parts of a human being. Upon splitting/twinning, the remote, active potential of the blastomeres to develop as a full human individual becomes proximate (i.e., a substantial change from a part to a whole occurs), and at that point, two human beings exist. Theologically, the transition from a part to a whole would also require a new human substantial form (or soul) to come into being at the instant of splitting. In contrast to the view of Ford,12 this would not be a case of “delayed hominization,” since the substantial form of the original embryo persists after twinning (see below) and the ensoulment of the newly generated embryo occurs immediately upon formation of the twin.

UNIFYING CONCEPT 8: Proximate active potential to develop to mature stages of human life is the criterion for being a human organism—that is, a human being at the beginning of the human life span.

No Corpse

A second concern regarding twinning involves what happens to the original embryo after the twinning event. While Ford acknowledges that twinning involves a substantial change (the change from a single “individual” to two “individuals”), he finds it “paradoxical, but still necessary, to admit that the original zygote and human individual cease to exist, when, without dying and without a dead cell remaining, it gives asexual origin to identical twin offspring.”13 A similar concern is voiced by Anscombe, who asks, “But what has become of the human that both of them [the twins] once were identical with? Has he—or it—simply ceased to exist, as we might say the parent amoeba ceases to exist on splitting?”14

Understandably, the notion that a new individual or individuals can be generated from the zygote without the zygote itself dying appears contradictory. Yet there are many examples of substantial change occurring without the requirement for a corpse. As Anscombe notes, cell division (or mitosis) routinely produces two cells out of one cell without a corpse. In the converse direction, sperm-egg fusion produces a single zygote out of two living cells without the gametes “dying.” Importantly, substantial change does not require a death, but merely a ceasing to be; apt matter persists and receives the new form. In the case of twinning, I will argue below that the original embryo persists without ceasing to be and that a part of the initial embryo undergoes a substantial change to become a complete individual (with the part ceasing to be, but not “dying,” since living cells persist throughout the process of twinning).



Ford and Anscombe are correct in insisting that there must be evidence for a new form coming into existence. The evidence for a substantial change converting human gametes into a human being upon fusion is the initiation of development; that is, the newly formed zygote immediately produces a molecular cascade that controls its subsequent maturation as a human organism. Similarly, the evidence for two embryos coming to be as a consequence of twinning is that each half of the split embryo assumes an independent developmental trajectory.

As an illustration of what occurs following splitting, consider the simplified case where a blastocyst-stage embryo is split and one half is discarded (figure 5.1). The resulting “demi-embryo” rapidly reseals and proceeds immediately with development,15 maturing in synchrony with unsplit sibling embryos.16 Direct observation indicates that the ratio of cells in the ICM and TE of the demi-embryo is either maintained or restored by cell proliferation,17 with lineage analysis indicating that the TE and ICM largely contribute cells to their own lineage, just as they do in normal development.18 Thus, without a perceptible pause, the surviving half immediately proceeds as a unified whole along the developmental trajectory that was established by the zygote and was ongoing prior to splitting. While the original embryo has clearly sustained a serious injury, there is no evidence that it has ceased to be.

What occurs after splitting most closely resembles the process of organismal “regulation” or wound healing, first described by Driesch in 1892.19 Just as a mature human organism that has been injured continues to be a human (albeit a damaged one), a blastocyst-stage human embryo that has lost half of its cells is still a human organism. And one of the characteristics of organisms is that they repair injuries—which is precisely what occurs following splitting. The fact that an embryo is more adept at repair and regeneration than an adult does not preclude the embryo from being a human individual. Therefore, in the example given above, it is reasonable to view the surviving demi-embryo as an injured human organism who is ontologically identical to the initial embryo.

Logically, the ontological status of the surviving half does not depend on the (as yet undetermined) status of the second (discarded) half. Yet if the embryo is split in half and both halves survive and regenerate their missing parts, there is still no evidence that the initial embryo ceases to be, indicating that one of the twins is ontologically identical to the original embryo, and one is a newly generated individual. Importantly, our inability to tell the twins apart is an epistemological, not an ontological, problem.[20] We may not know with certainty which half is the original embryo, but there is clearly no evidence the original embryo has ceased to be.[21]
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Figure 5.1. Twinning by embryo splitting at the blastocyst stage. Cells of the blastocyst have distinct molecular properties and developmental functions. After splitting (dashed line), a closed sphere rapidly reforms (large curved arrows), and cells are replaced within their own tissues (small curved arrows); that is, trophectoderm (dark gray) regenerates trophectoderm and ICM (light gray) regenerates ICM. There is no evidence for respecification across lineages. The smaller, “demiembryo” has approximately half as many cells as the original blastocyst and develops from the blastocyst stage in synchrony with unsplit sibling controls. An earlier version of this diagram appeared in M. L. Condic, “Totipotency: What It Is and What It Is Not,” Stem Cells and Development 23, no. 8 (2014): 796–812.



UNIFYING CONCEPT 9: Monozygotic twinning most closely resembles regeneration or wound healing of an injured human organism; development proceeds without pause along the trajectory initially established by the zygote, indicating that one of the two twins produced by splitting is ontologically identical to the original zygote.

Thus, Ford and Anscombe are rightly concerned that no new individual can come into existence without the matter constituting that individual undergoing a substantial change, but this does not require a corpse. In the case of twinning, the half of the original embryo that becomes the new individual undergoes a substantial change from a part to a whole,[22] a change that involves transformation of cells that were once part of an embryo into a unified organism, but not death.

Unnatural Reproduction: Who’s Your Daddy?

A third concern raised by twinning is that of “unnatural” reproduction. For example, in a 1994 article, William Wallace objects:

If God created the human soul and infused it into the zygote at the moment of fertilization, then a stable individual of human nature would already have been formed. And, were another individual to be formed subsequent to that moment, this would be an instance of asexual generation, the production of one individual from another of the species—a type of generation found in lower forms but not proper to humans.23

Asexual human reproduction is certainly unfamiliar to most of us; we don’t routinely see humans split in two or “bud” to produce a new individual. Yet from a scientific perspective, it is simply a factual observation that for the first fourteen days of life, asexual reproduction by splitting (i.e., identical twinning) is a rare, yet completely natural, form of human generation.

Setting aside the unfamiliarity of asexual reproduction, it seems that underlying Wallace’s objection is a concern regarding parenting and the relationship of the twins to each other. In Wallace’s view, if twinning initiates with an actual human individual (the zygote), then the original zygote is both the brother (or sister) and the father (or mother) of the twin that is generated. And to Wallace, this appears unseemly.

This concern can be addressed by drawing a clear distinction between random and intentional acts. Aquinas defines intention in two ways: primarily as the rational ordering of an act to a specific end and secondarily as the natural ordering of acts. In defense of this second sense, Aquinas states (Summa Theologica I-II, q. 12, a. 5, sed contra):



To intend is to tend toward something, which is indeed said of the mover and the thing moved. Accordingly, that which is moved to an end by another is said to intend the end. In this way, nature is said to intend an end, as it is moved to its end by God, just as the arrow is moved by the archer. And in this way also brute animals intend an end, in as much as they are moved by natural instinct to something.

Importantly, intention does not require “choosing.” In Aquinas’s view, an arrow shot by an archer intends to hit its mark. Swallows, driven by instinct, intend to return to Capistrano. Neither makes a rational choice to move in a particular direction.

Equally importantly, some acts, such as authorship and artistic creation, can only be intentional, because they reflect rational human agency. If a monkey at a typewriter randomly produces the text of Shakespeare’s Hamlet, the monkey cannot be legitimately named as the author of this work, because the act of randomly striking typewriter keys is not naturally or rationally ordered to any specific literary end. Similarly, if the growth of a tree randomly produces an image of the Virgin in the bark, the tree cannot be legitimately named as the artist creating this image, because the act of growth is not naturally or rationally ordered to the production of religious images. However, acts of living beings that are inherently determined by nature (e.g., the swallows returning to Capistrano) can also only be intentional, because “nature is said to intend an end, as it is moved to its end by God.” In the same manner, the actions of cells and molecules within a living organism that are ordered (“moved”) by an intrinsic organizing principle (i.e., a substantial form) can only be considered intentional. Thus, binding of oxygen by hemoglobin is “intentional,” in that it reflects the inherent nature of the hemoglobin molecule and its ordered function within a red blood cell of a living being.

In a similar manner, parenting can only be intentional, because (independent of the conscious intentions of the human actors), reproductive acts are inherently ordered towards reproduction. The terms “mother” and “father” refer to those agents who participate in a sexual reproductive act as reproductive. Whether through natural instinct (as is the case for animals) or through conscious intention (as is often the case for humans), whether out of love of pleasure, or love of each other, or even out of violence (as in the case of rape[24]), “mother” and “father” refer to those agents who act for the end of reproduction—that is, who act intentionally.

Yet, as we have seen, when an embryo secretes enzymes to degrade the zona pellucida, this act is naturally ordered towards implantation, not reproduction. Consequently, if twinning occurs as a random consequence of embryo hatching, due either to some atypical feature of the zygote itself or to some external agent (such as an abnormal intrauterine chemistry), it is still the father and mother of the original zygote, as the intentional originators of the reproductive act, who are the parents of the twin.[25]

Thus, Wallace is correctly concerned that human individuals cannot be generated without the involvement of human parents, yet the parents of the original zygote, as the intentional originators of the reproductive act, are also the parents of the twin.

UNIFYING CONCEPT 10: Sexual intercourse is intrinsically (or naturally) ordered to reproduction and therefore parenting of a child can only be an intentional act. In contrast, monozygotic twinning is a random disruption of actions that are naturally ordered toward development, not reproduction. Therefore, in cases of monozygotic twinning, the parents of the original embryo are the parents of the twins.

Identity in Form and Matter versus Ontological Identity

A component of all of the philosophical concerns raised by Donceel, Ford, Anscombe, and others about twinning is the question of identity in form and matter. The transitive nature of identity requires that if A equals B, and A equals C, then B must also equal C. Applying this principle to the embryo, if the original zygote is identical to both of the totipotent daughter blastomeres that will (when separated) develop as twins, then the twins are identical to each other, which is clearly not the case. Formally, the problem of transitivity proceeds as follows:



Zygote A is identical with blastomere B, and

zygote A is identical with blastomere C,

but two things identical with some third thing are identical with each other.

∴ Blastomere B is identical with blastomere C.

Some modifications to the concerns regarding transitivity are warranted in light of the scientific facts. As we have seen, twinning is unlikely to occur at the two-cell stage, and substantial evidence suggests that in most cases, the first two blastomeres are not totipotent and therefore not identical. Moreover, substantial evidence also indicates identical twins are epigenetically distinct, even at early stages.26 Consequently, zygote A is unlikely to be “identical” to both of the daughter blastomeres, although it may be “nearly identical.”[27]

There are three related responses to the question of the ontological identity of twins; (1) identity (or near identity) is not “sameness,” (2) structural-functional identity does not confer ontological identity, and (3) there is an important difference between traits used to fix a name to an individual and that individual’s identity.

(1) There are many cases in which two entities that are identical or nearly identical are nonetheless not the same in essence or in kind. For example, because a mature oocyte is roughly ten thousand times larger than a mature sperm,[28] an oocyte and a newly-formed zygote are more than 99.99 percent identical in their molecular composition. Yet there is a clear ontological difference between an oocyte (a human cell) and a zygote (a human being).

Similarly, whole genome sequencing has determined that the human and chimpanzee genomes are 98 percent identical,[29] and yet few would seriously argue that humans and chimpanzees are ontologically identical.

Finally, although the instant of human death is difficult (if not impossible) to determine with precision, death clearly does not happen by degrees; that is, humans are either alive or dead, they are never “half-dead.” However, death does not occur because some physical substance leaves the body. Consequently, immediately prior to death and in the instant following this event, the composition of the body is identical. Yet despite the identical composition of a living human being and a freshly formed corpse, the two are ontologically distinct.

(2) Donceel, Anscombe, Ford, and others appear to be using a confused notion of identity.

All of these authors acknowledge that monozygotic twins (believed to have arisen from “identical blastomeres”) are ontologically distinct, even though they are presumed to be structurally and functionally identical. Why is this not also the case for a zygote and the (presumed) “identical” blastomeres it generates? Ford acknowledges that in cases where separated blastomeres mature into twins, they both have “separate concrete existences,”30 an acknowledgment that logically requires the two entities (regardless of any similarity in their composition) to also be ontologically distinct—that is, separate members of the same species.

(3) Saul Kripke provides an important insight into this problem by drawing a distinction between naming and identity. Kripke notes that the attributes by which we fix a name to an individual do not make the individual be who he is.31 In more precise terms: The substantial identity of a thing is logically prior to the attributes distinguishing that thing from anything else. To use Kripke’s example, we may know Benjamin Franklin to be Franklin by virtue of a specific attribute; for example, Franklin is the inventor of bifocals. Similarly, we may know Thomas Jefferson to be Jefferson by a distinct attribute; for instance, Jefferson is the author of the Declaration of Independence. However, if we are mistaken, and it turns out that Jefferson, not Franklin, actually invented bifocals, this does not turn Jefferson into Franklin. An attribute used to name (or distinguish) one human from another does not “make” them distinct.

Applying Kripke’s insight into the case of twinning by separation of two hypothetically “identical” blastomeres, even if there are no unique attributes distinguishing the blastomeres, they are not made ontologically identical by this fact. It may be difficult (or impossible) to distinguish the two blastomeres (i.e., fix a name to them), but they still have “separate, concrete existences,” which requires them to have independent substantial forms. As noted earlier, the difficulty of determining which twin is which (i.e., fixing a name) is an epistemological, not an ontological, problem.

Thus, Donceel and others correctly insist that the transitive nature of identity requires that two individuals who are identical to a third individual also be identical to each other, but this fact does not include the substantial identity (or substantial form) of the individual, which is logically prior to any attributes that might distinguish one human from another.

UNIFYING CONCEPT 11: Monozygotic twins are unlikely to be truly “identical.” Distinguishing them from each other and determining which twin is ontologically identical to the original zygote is an epistemological question. Importantly, human individuals are not made to be distinct by distinguishing differences between them.

Alternative Possible Futures

A final concern raised regarding twinning is that of alternative possible futures, an argument most clearly articulated by Berit Brogaard.32 Brogaard considers three possible mechanisms of twinning: budding (separation of a group of cells from an initial organism, with the group becoming an independent organism), fission (splitting of a single cell into two identical cells, with concomitant destruction of the initial cell), and separation (or division of two cells or groups of cells into two separate organisms).

Brogaard rejects budding because, “unfortunately, . . . human development is nothing like that of plants. When a cutting is taken from a fully developed plant, we have an original organism and a part that develops into a separate individual. We do not have one cell or mass of cells, which divides in two.”33 Yet as we have seen, human twinning is quite similar to budding. For twinning at the blastocyst stage, the most reasonable interpretation is that one organism/twin continues to develop along the same trajectory as did the initial embryo and a new organism is produced from a separated part, just as in plants. The only difference between this case and that of plants is the relative size and maturity of the two organisms, a difference that does not introduce a meaningful philosophic complication.

Brogaard also rejects fission, both because it raises the problem of transitivity discussed above and because, “as it turns out, . . . human embryos do not undergo twinning via fission. The reason is that the cells—and sums of cells—in the pre-gastrula embryo are totipotent: each of them has the potential to develop into a complete human being.”34 As discussed, it is not the case that all cells of the pre-gastrula are totipotent. Yet if twinning occurs by division of the zygote to generate two blastomeres and the subsequent separation of these first two cells to yield two totipotent zygotes, it would be exactly like fission, raising the same questions of transitivity discussed above.

Brogaard favors separation as the mechanism of twinning, which also raises the problem of transitivity, albeit in a modified form. Brogaard argues that if an existing embryo composed of parts A and B is transtemporally identical to a single born individual C, yet the parts A and B could, in an alternative possible future, give rise to two distinct individuals through twinning, then the born individual C is identical to both of the possible individuals the parts could have produced. Formally, the argument proceeds like this:

Born human C = embryo composed of A+B;

embryo composed of A+B = possible born human A and possible born human B;

but two things identical with a third thing are identical with each other.

∴ Born human C is identical with possible born human A and possible born human B.

Brogaard rejects the possibility that the initial embryo is a whole and that separation of A and B destroys this whole and produces two new entities, stating, “The problem with this proposal is that the cells in the early embryo form a mere mass, being kept together spatially by an outer membrane. There is no causal interaction between the cells.”35 Yet, as we have seen, this characterization is factually incorrect; the cells of the early embryo rapidly become specialized and interact with each other from the very beginning in an integrated manner to advance the development and maturation of the embryo as a whole. Consequently, the embryo prior to splitting is most accurately seen as a whole, not as an aggregate of individual parts. Splitting of this single individual could result in either the destruction of the initial whole and production of two new individuals or (as argued above) the continued existence of the original individual and the concomitant production of a new individual.



The more serious problem with Brogaard’s argument arises from equating possible futures with actual futures, without adequately accounting for the difference between proximate and remote potency. While a single embryo composed of parts A and B is in remote potency to the “possible” future of producing two distinct individuals (should splitting occur), in actuality, only a single developmental trajectory is operative within the embryo prior to splitting.

To use the more familiar example raised by Brogaard, no one would doubt that a plant is a single, integrated organism that could, nonetheless, become multiple “possible” plants in an alternative future, following splitting. Yet, should a plant be split into two, three, or even a dozen separate divisions, all of which produce mature plants, the principle of transitivity does not require the original plant to be transtemporally identical to both its “possible” more mature self (had splitting not occurred) and also to the “possible” multitude of individual plants it could produce if splitting did occur. Splitting enables the remote potency of a part of the plant to become a proximate potency, resulting in a substantial change within the separated part such that it now functions as an independent whole. The new plants thus constituted are not identical to the initial plant, individually or in aggregate. They are distinct organisms.

The same holds for embryos. If an embryo composed of parts A and B would normally mature into a single individual C, then following twinning by separation, the evidence suggests the most likely case is that individual C persists, and the separated part becomes a new individual, D. The initial embryo is never identical to the new individual D and is always identical with the individual C. As Brogaard notes, distinguishing the twins may be difficult[36] because “there is no property in virtue of which one but not the other twin could be said to be identical to the ancestor entity.”37 Yet this is an epistemological, not an ontological, problem.

Thus while Brogaard is correct in pointing out that it is logically impossible for one embryo to be identical to both a single individual and two possible individuals in an alternative future, equating possible futures with an existing developmental trajectory does not adequately account for the difference between proximate and remote potency.






CHAPTER 6

PHILOSOPHICAL CONCERNS RAISED
BY HUMAN CHIMERISM

[image: Image]

How Do Human Chimeras and Mosaics Arise?

The converse of embryo splitting is embryo fusion, or the production of a single, chimeric individual from separate individuals. A chimera, or an organism that contains cells with two or more distinct genomes, can be formed in a number of ways. As noted earlier, chimeras containing cells from different animal species can be produced in the laboratory.[1] Naturally occurring chimeras arise during gestation of fraternal siblings (twins or higher-order multiples).[2] For example, if two eggs are fertilized to generate male and female twins, and these embryos (or some of their cells) subsequently combine, they will produce a single individual containing both female and male cells (figure 6.1A).

In contrast to chimeras, mosaics are individuals that contain cells with different genetic variations of the same genome. Typically, this is due to a genetic change that occurs in one cell of an early embryo that is passed along to all the progeny of that cell. Yet some relatively simple genetic changes can have a profound impact on the individual as a whole. For example, if one cell of a two-cell male embryo duplicates its chromosomes normally in preparation for division, yet erroneously donates both Y-chromosomes to only one of its progeny (figure 6.1B, dark gray cell), the resulting four-cell embryo will contain a mixture of three distinct genotypes; 50 percent normal male cells (46XY; figure 6.1B, light gray cells), 25 percent abnormal male cells with Jacobs syndrome (47XYY; figure 6.1B, dark gray cell) and 25 percent abnormal female cells with Turner’s syndrome (45X; figure 6.1B, white cell). In this case, the majority of the genome is shared by all the cells, but specific cells (and their progeny) will have distinct properties and distinct genetic sex.
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Figure 6.1. Formation of chimeras and mosaics. (A) A chimeric embryo can form when a two-cell male embryo (light gray) and a two-cell female embryo (white) fuse to form a four-cell chimeric embryo containing half male cells and half female cells. (B) A mosaic embryo can form if one cell of a two-cell male embryo divides abnormally and donates both of the duplicated Y chromosomes to one of its off-spring. The resulting four-cell embryo will consist of half normal male cells (light gray), a quarter abnormal male cells with two Y chromosomes (dark gray) and a quarter abnormal female cells with only one X chromosome.





Formation of Chimeras by Cell Incorporation

While the unusual case of intersex mosaic individuals described above presents challenging medical and gender issues,3 chimeras (both mixed-sex and same-sex) raise the further ontological question of how two individuals can combine to form a single individual. Although the precise mechanisms underlying formation of singleton human chimeras (in contrast to chimeric twins4) are not known, there are at least three possibilities, all of which involve fraternal sibling embryos: (1) incorporation of cells from one twin into another (e.g., by fusion of the placental circulation), followed by death of one of the twins; (2) death of one twin, with survival of some of its cells and subsequent incorporation of those cells into the surviving twin; (3) fusion of two (or more) embryos to form a single embryo (figure 6.1A).

The first two possibilities are the least problematic. Incorporation of cells from one individual into another is relatively common during prenatal life. For example, most of us exhibit some degree of “microchimerism,” due to exchange of a small number of cells between mother and child during gestation.5 Indeed, individuals who are not their mother’s first child can contain cells not only from their mother but also from all of their older siblings.[6] Similarly, fraternal twins can share cells due to fusion of the placental circulations allowing stem cells to pass between the twins.7 Clearly, such cases of cell-incorporation do not raise significant ontological issues regarding the identity of the chimeric individuals, any more than blood donation or organ transplant calls into question the identity of the patient receiving the transplant. Incorporated donor organs (or donor cells) participate in the host’s ongoing integrated, organismal function, whether the donor remains alive (as in the case of blood donation) or is already deceased (as in the case of cadaveric organ donation).[8]

Philosophically, the nature of chimeras formed by incorporation of cells turns on the distinction between a whole human and a part of a human. Cells or organs isolated from a living human are not organized to constitute a whole individual (i.e., they are not human organisms),9 but rather they are merely parts of a human organism. Upon incorporation into a new individual, these parts will contribute to the ongoing organized function of that individual; that is, they undergo a substantial change and are now governed by the substantial form of the host. In some cases, the host may acquire new characteristics, based on the genetic makeup of the incorporated cells. For example, if the donated cells carry the gene for sickle-cell anemia and these cells make substantial contributions to the bone marrow, the host is likely to acquire this genetic disease. Similarly, a fetus can incorporate cells from the mother that result in the development of chronic autoimmune disease.10 However, acquiring a disease as a consequence of cell incorporation does not call into question the ontological identity of the individual; the host is the same individual, but now with an unfortunate medical condition.[11]

There are, however, troubling cases in which cell incorporation is associated with a significant shift in the developmental trajectory of the embryo. For example, a recent review of fraternal twins who share a single chorionic cavity (dizygotic-monochorionic, or DZ-MC twins) indicates that 90 percent have some degree of chimerism, and in 15 percent of mixed-sex DZ-MC twins, one or both have a genital anomaly.12 Such cases are most likely due to hormones passing across the fused circulatory systems, but could, at least in part, be due to hormones produced by the incorporated cells themselves. Although the number of such cases is small (thirty-one DZ-MC twins in total were reported in this study), they call into question the identity of such chimeric embryos. For example, can an individual who was developing as a normal female, yet diverts to an abnormal, intersex trajectory after incorporating cells from her twin brother, still be considered the same person?

Again, the answer to this question turns on the difference between a whole and a part. In such cases, the overall developmental trajectory of the individual persists, as does the internal developmental “program.”[13] Just as incorporating cells that carry the sickle-cell gene can cause malfunction of a part (the hematopoietic system), incorporating opposite-sex cells can also disrupt the development of a part (the reproductive system). Thus, the intersex disorders observed in chimeric mixed-sex twins may be an unfortunate consequence of cell incorporation but do not alter the ontological identity of the host individual.

UNIFYING CONCEPT 12: Similar to mature individuals who receive a blood transfusion or an organ donation, chimeric individuals who are produced by incorporation of cells from a twin (whether the twin survives or dies) remain ontologically the same individual before and after incorporation. The incorporated cells are governed by the unifying principle (or substantial form) of the individual in whom they reside.

Do Chimeras Form by Embryo Fusion?

Fusion of two embryos (the final possibility noted above) is significantly more problematic than chimera formation by cell incorporation, primarily because fusion raises philosophical questions regarding the identity of the resulting embryo and the fate of the two original embryos. It is important to point out that it is currently unknown (and is perhaps unknowable) whether fusion of twin embryos ever naturally occurs; that is, in theory, all cases of singleton chimeras could be explained by incorporation of cells from a twin who had previously died or from a living twin who died following transfer of cells to their sibling. Neither of these two scenarios raises significant issues of identity for the surviving twin. It is only in cases where two living embryos fuse to give rise to a single chimeric embryo that metaphysical questions arise. Outside of laboratory manipulations, it is difficult to know whether fusion of this type ever naturally occurs.

Part of the uncertainty regarding the mechanism of chimera formation stems from the rarity of the condition. Most cases of a single chimeric individual (rather than chimeric twins) are detected when infants present at birth with an intersex disorder and are determined to have a mixture of male and female cells. This excludes most cases of same-sex chimeras (approximately 50 percent of all chimeras)—which can go undetected for decades.14 Yet not all cases of intersex disorders involve chimerism. For example, one in every one hundred thousand live-born individuals have both testicular and ovarian tissue, and of these, only approximately 10 percent involve chimerism15 (with the remaining 90 percent being mosaics). In the most well-studied case of human chimerism,16 the representation of cells with distinct genotypes varied considerably across different tissues, both making it difficult to exclude incorporation as a mechanism and (if fusion was the cause of the chimerism) making it difficult to predict when fusion was likely to have occurred.



UNIFYING CONCEPT 13: All singleton chimeric individuals could potentially be formed by incorporation of cells from a twin that does not survive, a mechanism that does not call into question the ontological status of the chimeric individual.

Philosophical Concerns Raised by Embryo Fusion

Formation of chimeras by embryo fusion is likely to be a rare event, yet due to the propensity of early embryonic cells to adhere to each other and to participate in a unified embryonic trajectory,[17] it remains a realistic possibility. Just as in the case of embryo splitting at the two-cell stage discussed above, if embryo fusion ever occurs, regardless of how rare this event may be, the philosophical issues remain. In light of our consideration of embryo splitting, what is the most reasonable view of cases (real or merely theoretical) where two living embryos fuse to generate a single chimeric embryo?

Based on experimental models of chimerism,18 the embryonic trajectory initiated at sperm-egg fusion clearly persists; that is, the development of the fused embryo proceeds without perceptible delay from the point of fusion onward. This observation could suggest that, just as in the case of twinning, one of the original embryos survives the fusion event. However, continuing along the same developmental trajectory is not sufficient evidence to conclude to the persistence of a specific individual. For example, if a morula-stage embryo is entirely dissociated, it is clearly dead; the embryo has been destroyed, and what is left is a collection of cells derived from the embryo. However, if the dissociated cells are reaggregated, they are in proximate potency to being a living organism and are therefore capable of undergoing a substantial change to generate a living embryo, which resumes development where the original embryo left off, prior to dissociation; that is, the embryo formed by reaggregation continues development from the morula stage.19 Yet despite containing the same cells that were present in the original embryo prior to dissociation and even though the newly constituted embryo proceeds along the same developmental trajectory, an embryo formed by reaggregation of cells would be a new (albeit very similar) individual, not a “reanimation” of the dead embryo.[20]



Chimeras formed by embryo fusion are similar to the case of embryos formed by aggregation of embryonic blastomeres, just described. Indeed, chimeric embryos are often produced in the laboratory in exactly this way; by dissociation (and therefore, destruction) of two embryos and aggregation of their cells to generate a single individual.21 Yet whether embryos are first dissociated or not, following fusion, the genetic and cellular basis for the developmental trajectory of the resulting embryo (i.e., the developmental program) has been radically altered, compared to the development of the initial two embryos.[22] This is especially evident in the case of mixed-sex chimeras, where the initial development of each embryo along a sex-appropriate path is abandoned and the chimeric embryo matures as an individual with some degree of intersex characteristics.[23]

Importantly, the new developmental trajectory that is assumed following fusion of a male and female embryo differs in significant ways from the trajectory of intersex individuals arising as a consequence of cell incorporation, described above. Incorporation of cells from an embryo of the opposite sex results in reproductive malformations while the overall developmental trajectory remains unaltered. However, in the case of embryo fusion, the trajectory of the entire embryo is now governed by a new, chimeric developmental program, with novel developmental outcomes arising from the interaction of the two distinct genomes. For example, if one embryo produces high levels of a growth factor for bone but low levels of the receptor for that factor, with the opposite being true for the second embryo, neither would mature to be an exceptionally tall individual. However, if they fuse, the new, chimeric embryo is likely to have increased bone growth that results in an unusually tall individual at maturity, precisely due to the interaction of its two constituent genomes.

This suggests that upon fusion, the organizing principles governing the development of the two initial embryos are no longer operative, and that a new organizing principle—that of an intersex individual in cases of male-female embryo fusion—now governs the ongoing development of the chimeric embryo. As when the zygote is formed at fusion of sperm and egg, upon fusion of two independent embryos, a new entity with distinct molecular/cellular composition and distinct developmental behavior comes into existence.[24] Because the genetic and cellular control of development is radically altered for the entity as a whole, it is likely that upon fusion, both of the initial embryos die and their cells combine to form a new individual with a distinct developmental program and, therefore, a new human substantial form.

Although several of the philosophical concerns discussed above in the context of twinning also apply to chimeras generated by fusion, the response to these concerns is identical. Embryos that subsequently fuse are not virtual humans, but rather human individuals undergoing two independent trajectories of development, who die upon fusion. The fact that the two initial embryos do not leave corpses behind does not indicate the embryos somehow persist; the cells of the initial embryos have undergone a substantial change to generate a distinct, third individual. Finally, the parents of the original embryos, as the intentional actors in a procreative event, are the parents of the two deceased embryos as well as the third, chimeric embryo.

UNIFYING CONCEPT 14: When two living embryos fuse to form a single chimeric individual, a substantial change occurs with the original embryos ceasing to be and a new individual coming into existence. However, the formation of an individual in this manner does not raise significant concerns regarding the ontological identity of the newly formed individual.




CHAPTER 7

WHY SCIENTISTS ARE CONFUSED
ABOUT EMBRYOS
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Many of the questions that have been raised by philosophers regarding human embryos can be addressed by a combination of accurate scientific observation and clear philosophical reasoning. Yet philosophers are not the only thinkers confused by the embryo. As we have seen with the coining of the term “preembryo” by a prominent biologist,[1] scientists can also draw inaccurate and misleading conclusions about embryos. Indeed, many of the most confusing statements regarding the beginning of human life and the nature of human embryos originate with scientists. For example, scientific authors frequently use the term “totipotent” in an inconsistent and misleading manner. These misapplications fall into four general classes: (1) equating participation in development with the ability to independently generate a developmental sequence, (2) equating the ability of groups of cells to collectively generate a developmental sequence with totipotency of individual cells, (3) equating the expression of early embryonic molecular markers with totipotency, and (4) taking a partial or superficial resemblance to an embryo as evidence for totipotency.2 All of these inaccurate usages of the term create considerable confusion, both within the scientific community and within the greater public that relies on scientists to accurately interpret scientific results.



Scientific confusions about the beginning of human life are not limited to totipotency and “preembryos,” but extend to the question of human value as well. The noted embryologist Scott Gilbert has stated categorically, “I don’t know when personhood begins, but I can state with absolute certainty there is no consensus among scientists,”3 despite the overwhelming consensus of the scientific literature on the issue of when life begins4 and the logical implications of that consensus for human personhood (see below). In light of such misleading representations of the scientific evidence and such poorly reasoned conclusions from the facts, it is important to ask: Why are scientists so confused about the embryo? Moreover, why do scientists routinely deny human status to the embryo by conducting embryo-destructive research? Here, I will briefly consider the challenges presented by the culture of science and how this culture promotes unethical human embryo research.5

Biomedical Research and Ethics

The confusion of scientists about embryos exists as part of a much wider confusion within the scientific profession about ethics and human life. For much of the history of science, there were no formal ethical guidelines for human research, with research topics being largely selected based on the importance of the question or the curiosity of the researcher. In the wake of the research atrocities committed by the Nazi government during World War II, ten basic principles of ethical research practice were articulated as the Nuremberg Code.6 The Nuremberg Code was subsequently formalized in the Declaration of Helsinki,7 which became the basis of legal regulations governing medical research in the United States,8 Europe,9 and elsewhere.

The Helsinki principles stipulate that research involving human subjects (including embryonic and fetal human subjects) be directed toward the best interest of the research subject and conducted in a manner that protects the subject’s “life, health, dignity, integrity, right to self-determination, privacy, and confidentiality.”10 The Helsinki Declaration does not make a principled argument regarding what it means to protect a patient’s interests, but rather it takes the form of a list of rules that presupposes the correctness and universality of the basic underlying principles. Consequently, it represents a deontological approach to ethics; that is, certain ends are accepted as “good,” and rules are established to accomplish those ends.

Yet in the current practice of biomedical research, the Helsinki principles are by no means universally accepted. Arguments are routinely made for research protocols that do not respect the life, health, and dignity of research subjects, due to the presumed value of such research for society. Examples include proposals to abandon the dead-donor rule in order to increase the supply of transplantable organs,11 or experiments in which human embryos are destroyed to facilitate research into human infertility and human disease.12

The novel reinterpretations of historically accepted research norms noted above often are based on consequentialist arguments—that is, that the overall consequences of an action determine its moral value.[13] Starting with the claim that destructive experimentation on human embryos will advance human knowledge and benefit human patients, such research is believed to be justified. Yet how does such a consequentialist argument balance the interests of one segment of society against another when they are in conflict? Can a research program be justified if it disregards the dignity of some individuals for the benefit of others? And who will be empowered to make such decisions? In the absence of a consensus on what constitutes “ethical” research, a consequentialist perspective reduces to a purely numerical calculation; if the number harmed is less than the number benefited, the research is justified. Clearly, such a view defies the principles of justice, liberty, and equality and therefore does not provide a compelling or universal answer to the question of how to ground ethical research guidelines.14

The Scientific Method Is Inherently Utilitarian

Part of the appeal of consequentialist arguments for scientists is their structural similarity to the scientific method; various courses of action are evaluated based on a quantifiable numerical outcome (the greatest “benefit” to society). Yet the scientific method is clearly not an ethical framework for decision making. It is merely a precise way of making observations and drawing valid inference from them. The goal of a scientific investigation is to acquire information, and consequently, the primary measure of the “quality” of a scientific investigation is utility; that is, research is evaluated based on the quantity, accuracy, and applicability of the data it generates. Decisions to pursue a specific line of scientific research are often made on the basis of utilitarian considerations regarding the likelihood that the research will yield “useful” results that will subsequently enable successful competition for new research funding.

In addition to the tendency of scientists to make decisions based on utilitarian considerations, the scientific method itself is not neutral to the utility of scientific findings. Consider, for example, an experiment that has two potential outcomes, with outcome A being a “positive” finding (i.e., altering a specific parameter alters the phenomenon under investigation) and outcome B being a “negative” finding (i.e., nothing changes when you alter the experimental conditions). As noted above in the discussion of experimental tests of cell potency (see chapter 2, under “How Long Does Totipotency Persist?,” especially n. 16), the negative finding B proves nothing and is therefore not useful in refining the experiment or explaining the phenomenon under investigation. In contrast, the positive finding A is useful because it both provides an explanation and suggests new experiments. Consequently, “useful,” positive findings advance the scientific method, while negative findings with no utility do not, and in this sense, the scientific method itself has a strongly utilitarian dimension.

This is not to suggest that scientists, as human persons, are not obligated to make sound moral judgments about their research or that scientific findings cannot have moral or immoral applications. It simply illustrates that science, as science, is fundamentally utilitarian, providing no guidance in the domain of ethics beyond the precept that whatever has the greatest utility also has the greatest worth.

In modern times, the application of the scientific method to biomedical questions has been very effective.[15] The impact of biomedical investigations on human health, combined with the fact that the “quality” of the research has nothing to do with morality, has led to the view that ethics should not constrain biomedical research. This is particularly true in the area of destructive human embryo research, where the perceived value of the embryo is small and the perceived public benefit is large. Christopher Tollefsen characterizes proponents of this view as believing that “because some forms of inquiry promise such significant benefits to human beings, those pursuing the relevant research should not be hindered by ‘ethics,’ for the benefits would outweigh any possible negative consequences of the research.”16

Within this context, it is important to appreciate that human embryos are both an exceptionally interesting scientific subject and an exceptionally useful tool. For example, production of embryos in the laboratory as a means of treating infertility has been a very lucrative technology, with a market size estimated at over $22 billion in 2015.17 Similarly, while medical applications of human embryonic stem cells have lagged behind the applications of other sources of human stem cells,[18] the current global market for stem cell therapies is estimated to be $33 billion.19 At the opposite end of the spectrum, the Guttmacher Institute estimates 926,200 abortions were performed in the United States in 2014, at an average cost of $470,20 making the destruction of embryos and fetuses a multimillion dollar business. Clearly, there is ample economic pressure for physicians and scientists to view the embryo as nothing more than an attractive economic resource. Adding to the direct earning potential of human embryo destruction and research, human development is also a scientifically fascinating topic, with tremendous potential for making important scientific discoveries. In a profession where utility largely prevails over ethical considerations, it is not surprising that human embryos are not given a privileged moral status by scientists.

An important implication of the lucrative aspects of embryo-destructive procedures is that many of the scientists and physicians who seem most qualified to offer society a factual answer to the questions of when human life begins and what constitutes an embryo are subject to a significant conflict of interest. For example, in an opinion piece recently published in the Los Angeles Times, Dr. Richard Paulson, a physician specializing in infertility treatment, states categorically, “A preimplantation embryo has the theoretical potential to become a human life, but it cannot be considered on the same moral plane as a human life.” Yet the author acknowledges that some answers to the question of when human life begins would have a profound impact on his own livelihood, stating, “If a pre-implantation embryo were to be considered a human being, then . . . fertility clinics would not be able to function.”21

In most contexts, the opinions of individuals with significant conflicts of interest are excluded from an unbiased consideration of a topic. Although embryologists (such as Dr. Gilbert, quoted above) and fertility specialists (such as Dr. Paulson) may be of the opinion that there is no consensus on when human life begins, scientists whose livelihood is not directly linked to human embryo experimentation quite frequently conclude the opposite, holding that human life clearly begins at sperm-egg fusion. Indeed, every major medical text on human embryology and dozens of peer-reviewed scientific papers openly acknowledge this fact,22 often with direct statements such as, “Most readers of this review originated from a sperm-egg fusion event.”[23]

UNIFYING CONCEPT 15: The production, manipulation, and destruction of human embryos is a highly lucrative business. Consequently, the objectivity of scientists and physicians directly involved in embryo research can be significantly compromised on topics that potentially impact their financial and professional interests. Claims that there is no consensus on the moral status of the embryo or on when human life begins must be interpreted in light of such potential conflicts of interest.

Due to the complexity of biomedical research, society increasingly depends on the judgments of scientists and physicians to evaluate the moral character of research. In light of this dependence, it is important to understand the nature of biomedical research itself and the personalities selected for by the scientific profession, both to appreciate the challenges presented by the culture of science and to work effectively with the cultural elements that can potentially promote a more accurate view of the embryo.

The Nature of Biomedical Research and Researchers

Although basic biomedical research is focused almost exclusively on the morally neutral goal of acquiring knowledge, the means by which facts are acquired and the motivations of the scientist conducting the research have clear moral dimensions.24 And basic biomedical scientists are driven by a complex and sometimes counterintuitive set of motives that can affect the moral character of the research, the researchers, and the institutions at which they work.25 In considering the research culture, it is instructive to view the scientific enterprise through three distinct lenses: (1) science as a business, (2) science as a public service, and (3) science as art.

(1) In many ways, basic scientific research is simply a business: scientific results are the “products” that enable scientists to obtain research funding, which in turn supports the ongoing work of their laboratories and (in many cases) their own salaries. A successful business requires both a quality product and a “market” for that product, and the scientific enterprise is no exception. Importantly, the primary market for scientific results is not the greater society that funds the research, but rather other scientists who, through the mechanism of peer review, reward those studies they judge to be of high quality with continued grant funding. The general public has almost no influence on the success (or failure) of a scientific enterprise.

A consequence of this closed system of peer review is that the utilitarian perspective inherent in the scientific method is strongly reinforced. Studies with the greatest explanatory power are the most marketable studies, precisely because they are perceived as being of high quality by other scientists. Yet surprisingly, the competitive nature of research funding also strongly reinforces the virtue of fortitude, or “firmness in the face of difficulties and constancy in the pursuit of a good end.”26 Typically, scientists are a stalwart group, who are willing to work long hours and endure considerable frustration in the hope of obtaining high-quality results.

A second, and perhaps more insidious, effect of the business aspect of science is how reliance on research funding can erode the university as an institution of higher learning. Scientific research often constitutes a significant financial resource for universities. For example, based on the annual financial report prepared by my own institution, grant income in 2016 was in excess of $367 million,27 a relatively modest figure that ranks the university fortieth out of more than two thousand five hundred institutions receiving funding from the National Institutes of Health that year.28 However, even this modest grant portfolio was $50 million larger than the total income derived either from tuition or from state appropriations to the university, as given in the same report.

Modern research universities have increasingly come to rely on grant funding as a source of revenue, and this reliance can profoundly affect academic freedom and the pursuit of interdisciplinary research. When the “success” of faculty is measured almost exclusively by the utilitarian criterion of grant dollars,[29] researchers are strongly incentivized to pursue only lucrative projects and to avoid any activities that do not directly result in increased grant funding—including teaching, service, collaboration, public education, or the search for meaning and truth. This serves to both isolate scientific researchers from their colleagues in the humanities and to elevate the perceived importance of scientific research as the only form of knowledge that matters for the financial health of the institution.

(2) Basic scientific research can also be seen as a public service, similar to education or medicine. And like other public servants, scientists are strongly motivated to make positive contributions to society. Even the most successful research programs only rarely advance human welfare directly, yet most scientists remain firmly convinced that their research will ultimately benefit humanity. This conviction demonstrates a sincere dedication to the virtue of justice, or “the will to give to others what it is rightly their due.”30 A recent comparison of altruistic versus economic motivations for research across different nations consistently ranks the United States among the most altruistic nations across a broad spectrum of research activities.31

(3) Finally, and perhaps somewhat surprisingly, basic scientific research can also be viewed as an artistic endeavor. Many scientists passionately love their areas of research and invest considerable effort in designing studies that are elegant and beautiful. For example, scientists routinely produce illustrations of their work that are both informative and aesthetically pleasing (figure 7.1). Even in the absence of such stunning illustrations, many arcane studies without any immediate practical application are nonetheless highly admired among scientists and upheld as both important and “elegant.”[32] For scientists, as for all humans, love of beauty is a powerful path to the true and the good, and the aesthetic aspects of science can serve to lead even the most jaded scientist to a broader appreciation both of the natural world and of human value.




[image: Image]
Figure 7.1. Embryology as art. (A) The peripheral nervous system of a mouse embryo. (B) The eye of a larval fruit fly. (C) Cells within the hippocampus of a genetically engineered mouse embryo. (D) The vasculature of the brain in a zebra fish. (E) Three bat embryos that are part of a scientific staging series. Images were obtained from Nikon’s Small World competition (https://www.nikonsmallworld.com/) and are used with permission.





In my experience, despite the virtues reinforced by the culture and practice of science, the scientific profession tends to attract individuals who are not strongly inclined to think about moral issues and are therefore largely unsuited to make sound moral judgments.33 Scientists who are unconcerned with how the public views their research understandably make little effort to reflect upon the broader impact of their research or the ethical issues it raises. This lack of concern is reinforced by the closed system of peer review, which incentivizes scientists to strive for “the best” science, a goal that does not entail a meaningful consideration of ethics.

UNIFYING CONCEPT 16: The utilitarian nature of science and the incentives provided by a competitive funding environment within a closed system of evaluation strongly motivate scientists to regard the human embryo as nothing more than a useful experimental tool. However, the virtues of fortitude and justice are also strongly reinforced by the scientific culture and can be a useful starting point for promoting a meaningful dialogue about the moral worth of the embryo.

Moving beyond a Utilitarian Approach

As for all human endeavors, the goals of biomedical research cannot be defined independently of the best interests of either society or the human person conducting the research. In light of the lack of consensus on what constitutes ethical research, how are research guidelines to be established? Addressing this question requires a clear view of what virtues will promote the ethical practice of science and a clear strategy for encouraging these virtues within the scientific community.

Virtues have been historically defined as admirable habits, or those that provide evidence for moral excellence. The concept that, for any given class of action, virtuous behavior represents the mean between two extremes was originally put forward by Aristotle in the Nichomachean Ethics and is a common basis for judging specific behaviors. For example, many would agree that courage lies between cowardice and rashness; modesty lies between false humility and pride; a healthy diet lies between indulgence and starvation. The Catholic Church has applied similar reasoning in defining the four cardinal virtues that guide moral behavior (prudence, justice, fortitude, temperance).34

As noted earlier, the fact that biomedical research requires perseverance in the face of adversity strongly promotes the virtue of fortitude. Similarly, the widely held belief among scientists that publicly funded research should benefit the public reinforces the virtue of justice. Because success in the scientific profession is strongly correlated with both of these virtues, they are well represented among scientists. In contrast, many of the ethical failings in biomedical research reflect the fact that the profession does little to promote (and, indeed, is actively antagonistic to) the two remaining cardinal virtues: temperance and prudence.

Temperance is the virtue that “ensures the will’s mastery over instincts and keeps desires within the limits of what is honorable.”35 The virtue of temperance is most strongly associated with the control of bodily appetites, but it applies to intellectual appetites as well. And in modern times, many of the most ethically problematic research approaches reflect a failure to adequately constrain intellectual curiosity.

Scientists tend to reflect only trivially on the question of whether something should be done, seeking instead to push the boundaries of what is technically possible as a means of satisfying their intellectual curiosity. For example, the lead author of a sensational study producing mice with two genetic fathers justified the research saying, “It has been a weird project, but we wanted to see if it could be done.”36 And satisfaction of intellectual curiosity is the motivation behind a large number of experiments—both ethical and unethical.

The problems arising from an unconstrained pursuit of curiosity are exacerbated by the almost complete absence of prudence in the scientific community. Prudence is defined as “the virtue that disposes practical reason to discern our true good in every circumstance and to choose the right means of achieving it.”37 Scientists, like most people, do not generally choose to pursue a course of action they know to be immoral. Rather, they simply never ask the question of whether their research is accomplished by moral means because the question of prudence is not considered a meaningful question.

Without ethical guidance from the profession and without a strong inclination to either temperance or prudence, research topics and research methodologies are selected largely on utilitarian grounds. Human cloning, human stem cell research, human genome editing, and a wide range of other morally questionable research areas reflect little more than the interest of the questions and the power of the techniques, independent of any serious ethical consideration. This is not to suggest that scientists do not have charitable motivations, but only to note that without a well-articulated ethical framework, individual scientists are left to make ethical judgments entirely on their own. Thus, if an individual scientist does not believe an embryo is a human person and if, in their professional judgment, research on human embryos will benefit humanity, this is sufficient justification to conduct the research.

UNIFYING CONCEPT 17: The virtues of temperance and prudence must be inculcated into the culture of science to restrain unethical research, to promote a wider appreciation of the moral worth of human embryos, and to direct appropriate policy regarding human embryo experimentation.

Practical Suggestions

It is important to ask what we, as members of society, can do to help promote the virtues of temperance and prudence within the scientific profession. Three practical suggestions have been offered.38

1. Science literacy: Biomedical research impacts society in important ways, and as citizens, we must accept personal responsibility for promoting basic scientific literacy, so that we can intelligently evaluate biomedical research and participate in the formulation of science policy that is based on sound moral judgments.

2. Community-based scientific policy: Rather than allowing science policy to be established by a handful of “experts” and government administrators, we should urge that policy be actively debated by the constituents who are most directly affected and by the greater community. This could in part be accomplished by encouraging individual scientists to actively participate in professional societies, thereby promoting a broader representation of views. Efforts to involve community members (patient groups, religious groups, and ethnic groups39 impacted by biomedical research) in decision making also serves to bring ethical and moral considerations held by the greater public into the discussion of research policy.40

3. Educating the next generation of scientists: The workforce employed in the fields of science, technology, engineering, and math (STEM) continues to expand, with an estimated 20 percent of all US jobs requiring a high-level STEM education.41 Consequently, there are ample opportunities to better incorporate greater ethical education into STEM curricula. The role of biomedical research in society and the role of ethics in formulating a sound research design should be actively addressed, beginning at the high school level. For those directly entering the biomedical research field, the National Science Foundation offers funding for ethics education.42 Proposals should be designed to specifically articulate how the virtues of prudence and temperance can help shape biomedical research in the context of a just society to promote human flourishing.

An important (albeit somewhat uncomfortable) implication of these practical suggestions is that nonscientists play a critical role in constraining and directing biomedical research. To enact this role, citizens must actively participate in the establishment of science policy and insist that future scientists receive adequate education in ethics. To serve these goals, citizens must be competent to evaluate the ethics underlying biomedical technologies, without relying critically on scientific experts who may be biased by financial or professional interests.

UNIFYING CONCEPT 18: The public can play an important role in regulating human embryo experimentation and educating future generations of scientists on key ethical issues. Yet these roles rely critically on citizens assuming personal responsibility for achieving greater scientific literacy on topics related to the human embryo.






CHAPTER 8

THE EMBRYO IN A LARGER CONTEXT

Embryos, even when they consist of only a single cell, are not like other human cells. At all stages of life, human beings are defined by the capacity for body-wide integration.1 Important features of organismal integration are autonomy and self-integration; that is, the bodily functions of human beings are controlled and orchestrated by the human being itself to maintain its health and survival. Autonomous self-integration for the sake of the body as a whole is a critical diagnostic feature of both the beginning2 and the end3 of human organismal life. As noted elsewhere,

Our understanding of when human life both begins and ends depends critically on the distinction between a living human being and living human cells. Human beings are multicellular organisms that autonomously integrate the biological activities required for continued health and survival of the organism as a whole. While aggregates of cells can have complex properties, they do not show such global integration of function.4

But how are we to view the “whole” toward which the structures and functions of the embryo are ordered? And what ultimately establishes a human ordering within an embryo, when the molecules that constitute an embryo could just as easily be part of a tumor or a chimpanzee?



The bias of modern science is to dismiss the metaphysical question of what an embryo is as irrelevant, and instead focus on the practical questions of how an embryo is constructed (efficient cause), what it is made of (material cause), and how it can be manipulated (a purely utilitarian consideration). Yet as the history of basic research amply illustrates, proceeding without sound ethical guidance is a path fraught with danger. And such guidance requires an answer both to the metaphysical question of what the embryo actually is and to the ethical question of what obligations we owe the embryo.

An Aristotelian View of the Embryo

Aristotle addresses the question of what constitutes a whole human being by appealing to the theory of hylomorphism and the concept of substantial form. In a hylomorphic view, substantial form is the cause of the embryo and the reason it is distinct from a tumor or a chimpanzee.5 Substantial form remains constant throughout human life, despite the complex and ongoing changes in the structure and composition of the body over developmental time.[6] But what is substantial form, in concrete terms? In precise philosophical language, substantial form is “the principle of act in relation to prime matter that makes something be what it is, most fundamentally.”7 Yet as modern thinkers, we struggle with such an abstract definition. To address this difficulty, it is instructive to consider a more familiar, scientific perspective on substantial form:

From a biological perspective, the simplest way to consider substantial form is to ask: What, in concrete terms, makes a living human different from a simple pile of organic molecules that is identical to those found in the body?

What differs between a human and a pile of chemicals is not what they are made of but how that material is organized or “formed,” and substantial form is the cause of the observed organization. The precise relationships and interactions between our molecular parts do not arise from the parts themselves, otherwise there would be no difference between a human and a pile of molecules identical in composition to a human being. Rather, the matter comprising a human is ordered by a specific set of rules that is distinct from the rules ordering those same molecules in a non-living pile. The rules governing molecules in a human are not a physical thing in themselves; i.e., some “Ingredient X” that is added, like pixie dust, to animate the body. This view is called “vitalism” and is in full display in Mary Shelley’s Frankenstein, where the addition of the mysterious electrical force brings the monster to life. Nevertheless, the rules must be real, and really present in living things, else the unique order of life has no explanation.

A developmental biologist sees these rules as practical matters of ligand-receptor binding affinities, concentration gradients, intracellular diffusion constants and other principles that govern how molecules function within cells and how cells communicate during formation of the mature body. Yet collectively, the rules or principles governing the life, function and development of a particular living being constitute the substantial form of that individual.[8] To emphasize that there is nothing mystical about substantial form, for most living things, if it were technically possible for an experimenter to start with a collection of inert organic compounds and establish all of the interrelationships between the molecules, cells, tissues and structures that are observed in a living body, this would “create” a soul that would subsequently be the cause of all the ongoing properties of life observed in the entity thus constituted. . . . Substantial form, in combination with the particular character or potency of properly disposed matter (the unique genome, transcriptome and proteome that contributed to a particular individual), constitutes a particular substance that we recognize as [an individual].9

Both Aristotle and Aquinas would argue that the human substantial form represents a special case,[10] yet the case for animal substantial form discussed above serves to illustrate the meaning of this term in language that is more familiar to the modern mind. Importantly, substantial form is not a mystical element added to ordinary materials such as carbon and phosphorous to make them human. It is an organizing principle that “enforms”[11] the matter constituting a human being at all stages of human life. And the integrated function of the embryo from the instant of sperm-egg fusion onward provides clear evidence for the presence of a human organizing principle. Therefore, when the product of sperm-egg fusion comes into existence with the capacity to undergo development, a human organism (i.e., human being) with a human substantial form also comes into existence.

The difference between a zygote and a complete hydatidiform mole (CHM) discussed above serves to illustrate the centrality of substantial form in determining the nature of a living entity. The acts of both the zygote and the CHM are caused by their underlying substantial forms, and these forms are fundamentally different. A zygote possesses a human substantial form that manifests through the process of development. A CHM possesses a cellular substantial form that manifests through formation of a tumor—that is, an aggregate of human cells. While death can cause a substantial change that converts a living human being into an aggregate of living human cells, this change is manifested by a loss of organismal function; in death, the cells of the body no longer function as an integrated whole. In contrast, a CHM never exhibits a globally integrated pattern of behavior that rises above the level of a cell (i.e., it never exhibits the higher level of integration seen in either a tissue or an organism) and therefore does not possess a human substantial form.

UNIFYING CONCEPT 19: The organismal nature of the human embryo, beginning at the instant of sperm-egg fusion, is caused by the human substantial form. Substantial form is not a “mystical” quality, but rather the organizing principle that determines the specific nature or character of a human individual.

Ethical and Legal Status of “Preembryos”

The Aristotelian view that a human substantial form causes all the acts of the embryo and exists from the very beginning of life is by no means universally accepted. While some view embryos as immature human beings,12 others consider them to be merely “potential” human beings, worthy of consideration but not of full human rights.13 Importantly, the debate over the status of the human embryo is not merely academic. The advent of modern assisted reproductive technologies has brought human embryos to the attention of the legal system. Excess, frozen embryos produced by fertility clinics have frequently become the subject of litigation between the parents who created them. In some cases, courts have viewed such embryos primarily as property and judged that destroying them can be warranted to prevent forced procreation.14 In other cases, courts have either viewed embryos as human beings15 or concluded precisely the opposite.16 In these situations, the term “preembryo” is often invoked to distinguish the limited consideration due to early human embryos, compared to later embryonic and fetal stages. For example, in 2005, Judge Kessler stated in Jeter v. Arizona, “Current scientific knowledge concerning embryonic development underscores the difference between a viable fetus in vivo and an eight-cell, three-day-old pre-embryo in vitro.”17

The term “preembryos” and the distinction it purports to make have clearly not been adopted by the scientific community. A query of PubMed, the world’s largest database of scientific publications, returns only 395 papers using the term “preembryo” over the last four decades, with many of these works being ethical commentaries rather than scientific research.[18] In contrast, the standard scientific terms used to describe the period of development Grobstein rechristened “preembryonic” (i.e., zygote, preimplantation embryo, morula, blastocyst) were used 36,435 times over the same period.[19] Yet even though “preembryo” is not an accepted scientific concept, the term is widely employed outside of the scientific profession. A recent search of the LexisNexis database of legal and business publications returned over 1,200 citations using the term “preembryo,” including more than 200 from the last five years alone.[20] Given the range of opinions regarding the ethical and legal status of early human embryos and the significance of the issues that turn on these opinions, it is important to revisit Clifford Grobstein’s argument in favor of the term “preembryo” in light of the scientific evidence and scientific reasoning presented here.

As noted in the introduction, in an article entitled “Biological Characteristics of the Preembryo,” published in 1988,21 Grobstein made a number of arguments in support of the claim that human embryos do not exist until formation of the primitive streak (approximately fourteen days following sperm-egg fusion). Grobstein’s strongest argument is based on “individuation.” He holds that because “preembryos” can be both split and fused (i.e., because monozygotic twinning and chimera formation are possible), early embryos lack “developmental individuality” and consequently “would not develop into an integrated and single adult.”22

Yet this is patently false. It is a simple matter of fact that the vast majority of embryos that survive to live birth (greater than 99.6 percent) do precisely what Grobstein claims they would not do: develop into an integrated and single individual.[23] Moreover, this distinction reflects an inadequate understanding of potency. For example, experiments on animal cloning (first published in 195824) clearly indicate that a portion of an adult individual can be split off and used to produce a second, genetically identical individual. This result demonstrates that parts of a mature human exhibit a remote, passive potency to become a complete human. Since it would have been theoretically possible to clone Dr. Grobstein at the time he coined the term “preembryo,” his own reasoning would require that he had not yet achieved “developmental individuality” and was still in the “preembryonic” stage, but just didn’t realize it. Finally, as we have seen, neither twinning nor formation of chimeras by embryo fusion calls into question the ontological identity of the embryo. Upon embryo splitting, the remote, active potency of early blastomeres to become a full and complete individual becomes proximate, and a substantial change occurs to generate a new individual. Upon fusion, the initial two embryos die, yet their surviving cells remain in proximate potency to undergo a substantial change and form a new individual.

Grobstein’s second argument is that the “preembryo” must produce the first two cell types (trophectoderm and inner cell mass; TE and ICM) before it can be considered an embryo. Yet this assertion fails to acknowledge that all of the structures, molecules, and molecular interactions required to produce the first two cell types existed in the embryo from the beginning. Consequently, formation of TE and ICM provides evidence an embryo exists, but does not produce an embryo. Moreover, it is not clear from Grobstein’s reasoning why formation of TE and ICM carries “embryo-forming” significance. If the mere production of new cell types were to signify that a new kind of entity has arisen, humans would undergo multiple changes as significant as the one from “preembryo” to embryo over the course of life—for example, at puberty, when mature sperm and egg cells are first produced. Yet we clearly recognize that adolescent and adult humans are not ontologically different kinds of beings but rather are different developmental stages of the same kind of being—namely, a human being.

Finally, Grobstein argues that because development is a continuum, “the advent of developmental individuality is only a step—albeit a major one—on the path to full individuality, with functional, behavioral, psychic, and social aspects still to be achieved.”25 Yet how or why this observation alters the nature of the embryo is unclear. At all stages of life, maturation is a continuous process. All of us were undoubtedly “preadults” before we achieved “behavioral, psychic, and social” maturity. Yet during childhood and adolescence, we did not have a significantly different nature or restricted value relative to the adults we ultimately became.

From these three arguments (“individuation,” sequential formation of different cell types, and the continuous nature of maturation), Grobstein concludes, “The scientific account that has been given clearly characterizes the preembryo as qualitatively different in kind from the embryo into which it subsequently transforms.” Yet this “scientific account” does not accurately represent the scientific facts (even those known at the time) and does not give a coherent account of early human development. Grobstein provides no evidence for a “qualitative difference in kind” that distinguishes early and later stages of human development and therefore does not justify the coinage of a name that explicitly sets “preembryos” apart from humans at more mature stages.

UNIFYING CONCEPT 20: Arguments made in support of the concept of a “preembryo” are logically inconsistent and scientifically unfounded, providing no evidence for a qualitative difference in kind that distinguishes early stages of human development from later stages.

Aristotle and Abortion

To support the conclusion that human embryos are human beings with inherent value, some authors appeal to the opinions of ancient thinkers on the value of prenatal life, in particular the views of Aristotle. Matthew Lu has considered Aristotle’s views on abortion and infanticide in detail. As noted by Lu26 and others,27 Aristotle holds in Politics 7.1335b19–26 that abortion is permissible only “before the onset of sensation and life.” In light of the modern biological evidence that the human embryo is a living human organism with a human substantial form from the point of sperm-egg fusion onward, Aristotle’s statement has led Lu, among other commentators, to conclude, “Faced with the results of modern embryology, I think Aristotle would be compelled by his own (implicit) principle to extend the unlawfulness abortion [sic] to the moment of conception.”28

Yet, upon reflection, Lu concludes that Aristotle’s position on the embryo and the permissibility of abortion cannot be interpreted so simplistically.29 Lu notes that both Aristotle and Aquinas held that animals exhibited a succession of souls over the course of development, with an initial “nutritive” soul being replaced by a “sensitive” soul and finally a rational, human soul. In Aristotle’s view, only upon acquisition of the rational, human soul after forty days of development (in males) could an embryo properly be considered a human being. An alternative view of Aristotle’s position is that the developing embryo possesses only a single human/rational soul from the very beginning, with the sensitive and rational powers existing as intrinsic powers of that soul that are actualized over time.30 Yet in either view, Aristotle’s statement in Politics 7 is consistent with the view that abortion is permissible while the embryo exhibits exclusively nutritive functions, before it acquires sensitive and rational functions.

How are we to interpret Aristotle’s prohibition on abortion after acquisition of the sensitive faculties? Lu maintains that Aristotle’s view of the impermissibility of abortion must be placed in the proper context, which includes his views on the permissibility of infanticide and the necessity of population control. Lu notes:

We must recognize that Aristotle’s entire discussion of abortion is taking place in a world where exposure/infanticide was widely practiced and that he seems to more or less take this for granted. This alone should lead us to realize that he is in no position to generate a strong prohibition against abortion.31

Given that Aristotle did not oppose infanticide and believed family size should be limited by law, even in cases where this required abortion, Lu argues32 that Aristotle concludes abortion is warranted as a form of population control in communities where infanticide is not a permissible alternative. Indeed, it does not seem that any other conclusion can be drawn because, as Lu notes, “if one did not think it was wrong to practice infanticide on a newborn infant, what reason would there be to reject abortion?”33

Lu is warranted in urging a better appreciation of “just how distant our moral universe really is from Aristotle’s,” an appreciation that would “require us to do the hard work of rethinking large parts of normative structure of his thought in light of his deeper metaphysical commitments.”34 Aristotle existed in a world that accepted infanticide yet drew a distinction between a newborn infant or fetus (in Greek, a brephos) and a child that had been formally accepted into the family by the father in a ceremony known as the amphidromia (such an accepted child is a pais in Greek). Greek law considered killing of a formally “recognized” pais to be a crime, while allowing infanticide and abortion of an “unrecognized” brephos.

Although Aristotle’s views on abortion and infanticide were clearly conditioned by his culture and by his limited understanding of human embryology, it is interesting to consider how he would have viewed the embryo had he possessed an accurate understanding of human development. Lu suspects that in light of modern embryology,

Aristotle would be content to give up his view of embryological development as consisting of a succession of different types of souls. Rather, he would likely conclude that with nuclear fusion of the parental gametes the zygote becomes an ontologically distinct biological human individual, with latent sensitive and rational potentialities.35

Kevin Flannery has also addressed Aristotle’s reasoning on this matter in some detail,36 and Flannery and I have extended his analysis to include an accurate account of early human embryology,37 with both analyses concluding that Aristotle would have viewed sperm-egg fusion, not nuclear fusion, as the onset of a distinct human substance with latent sensitive and rational potentialities. Yet in either view, the question remains: Is the conclusion that infanticide and abortion are licit consistent with the unique value Aristotle assigns to the rational human substantial form?[38]



Aristotle appeared to hold, as many do today,39 that the relevant parameter governing the question of abortion/infanticide is the social/legal consensus on the moral value of the embryo. Killing a child (pais) is illicit due to the social recognition conferred by the father in the amphidromia, while killing a newborn (brephos), who has not yet benefited from such recognition, is licit. In both cases, the legitimacy of the action is determined by social norms, not by the ontological nature of the child itself.

This argument is analogous to the contemporary distinction between a human being (i.e., a living human organism) who can be legally aborted by the mother and a human person (i.e., a human being who is “recognized” as being the subject of human rights). Yet this social/legal distinction does not alter the fact that both pais and brephos are clearly human beings. Although Aquinas does not use the term “person” with the same legal connotation it carries in the modern world, he accurately notes that while each individual human being is a representative of a particular species, they are also individual human persons with a rational nature that confers upon them a unique value:

So a special name is given among all other substances to individual beings having a rational nature, and this name is “person.” Thus in this definition of person, the term ‘individual substance’ is used to refer to a singular being in the category of substance; “rational nature” is added to mean the singular being among rational substances. (Summa Theologica I, q. 29, a. 1, sed contra)

Thus, while Aristotle’s conclusions regarding infanticide/abortion are consistent with the laws and normative values of his culture, this observation leaves open the question, taken up below, of how human value is best determined in light of the scientific and philosophical nature of the embryo.

Human Embryos and Human Value

The scientific evidence clearly indicates that a one-cell human organism, which is qualitatively distinct from the cells giving rise to it, forms immediately upon the fusion of sperm and egg. From both a scientific and an Aristotelian perspective, this single cell is a complete and living human organism—that is, a member of the human species. Yet despite the clarity of the scientific evidence, many find this conclusion difficult to accept. It can seem absurd to call a single cell a “human being,” and consequently, many simply reject the evidence as irrelevant, and instead ask different questions: When does human life become valuable? When does human personhood begin?

Like the question of when life begins, the question of when human beings have moral status and a right to life has also been answered in many ways. The three most common approaches are to confer rights based on (1) some aspect of form and/or function (or ability), (2) social convention (or fiat), and (3) status as a human being (or nature).40

Historically in Western society, human “personhood” (or the possession of human value and human rights) accrues to human beings by virtue of the fact that they are human; that is, all humans are created equal and endowed with unalienable rights. Logically, this requires that since human beings from the one-cell stage onward have a human substantial form, all human beings also have identical human value. There have, of course, been significant and egregious departures from this universal rule, most notably in the cases of slavery, women’s suffrage, and the unjust treatment of individuals with mental disabilities (including forced sterilization and involuntary experimental brain surgery). However, the principle of equal treatment of all humans has steadily expanded, such that in the modern Western world, slavery is not practiced, and women are free to exercise their rights as voting citizens. Notably, over 170 countries have ratified a United Nations “Convention on the Rights of Persons with Disabilities,” which asserts that individuals with mental disability are owed the same respect and rights as all citizens.41

In contrast, some assert that an embryo is not a “person” because it is immature (based on age), or because it doesn’t look like a human (based on appearance), or because it is not capable of specific human functions, such as “viability” or “consciousness” (based on ability).42 However, the novel proposal that human beings at some stages of life are not “persons” and that human rights are legitimately based on age, appearance, or ability significantly alters what the term “human rights” means for all human beings. Importantly, this shift from the historic norm of Western society makes “human rights” merely an arbitrary matter of consensus, thereby changing a “right” to a “convention” that is defined by those in power, according to their will.

The principles of justice, liberty, and equality form the basis of law in all Western societies, and denying rights to the embryo based on ability or social consensus defies these foundational values. Most of us reject linking rights to either ability or consensus as repugnant. It defies our basic sense of justice to envision a world where the strong, the beautiful, and the intelligent have a right to life, liberty, and the pursuit of happiness while the weak, the plain, and the slow do not. Similarly, most of us find repulsive the idea that a simple plurality of opinion can decide, as it did in Nazi Germany, who has rights and who does not.

The principles of justice, liberty, and equality impose clear duties on society with respect to human rights. Justice requires that humans receive what they are rightly due and rests on the foundation that all humans are the subject of natural rights. Liberty requires independence from government or private interference and rests on the foundation that the freedom (or life) of individuals cannot be restricted without due cause. Equality requires that all people be subject to identical treatment under the law and rests on the foundation that, regardless of age, ability, or social status, all humans have the same human rights. The only way of viewing human rights that does not offend the principles of justice, liberty, and equality is that rights are unalienable for all human beings, in other words, that we have rights only and always because we are humans. Such unalienable rights apply equally to humans at all stages of maturity, including the zygote stage.

The fact that human rights adhere to human beings by virtue of what they are has clear consequences for our duties to the embryo. As individuals and as a society, we have an obligation to respect and defend the life and dignity of the embryo. Embryos must not be bought or sold; they are human individuals, not property. Embryos must not be used as a means to an end; they are ends in and of themselves. Embryos must not be harmed or destroyed to achieve any purpose, no matter how noble that purpose may be;[43] they are persons, not tools. Finally, embryos must not be discarded or abandoned because they are “unwanted” or “unnecessary”; they have inherent dignity and worth that is equal to that of any other human being.

UNIFYING CONCEPT 21: The only basis for assigning moral status to human beings that does not defy our foundational values of justice, liberty, and equality is to assign worth based on the intrinsic nature of all humans as human beings. The scientific facts of human development indicate that the life of an individual human with a human substantial form begins at sperm-egg fusion. In identical twinning, this individual embryo splits to give rise to a second embryo, who is also (from the instant of splitting) a complete, albeit immature, human being with intrinsic value—that is, a human person.




CONCLUSION

Multidisciplinary Unifying Concepts
for Considering the Human Embryo



This analysis of human embryology and human twinning identifies twenty-one unifying concepts—drawn from the disciplines of biology, philosophy, sociology, and theology—that provide a three-dimensional context for interpreting the nature and value of the human embryo.

1. Based on objective, scientific criteria, the life of an individual human being unambiguously begins at sperm-egg fusion.

2. The moral and ethical consideration due to a human embryo is based on the underlying nature of the embryo itself, rather than on the mature state it will ultimately achieve.

3. Totipotency is a property of a single cell, and a mature human oocyte is a critical component of totipotency. Therefore, only a cell directly derived from an oocyte (i.e., the zygote) or the immediate progeny of the zygote (if separated from the embryo as a whole) can be a totipotent human embryo.

4. Human gametes are highly specialized cells that are predisposed to form a human being upon fusion, yet not all cells produced by the ovaries and testes are functional gametes.



5. The capacity for development is the defining (i.e., essential) feature of a zygote, and formation of the first two committed cell types in a temporally and spatially integrated manner is the minimum criterion for identifying that this capacity exists.

6. If the necessary structures (molecules, genes, etc.) required for production of the first two committed cell types do not exist in an entity from the beginning, the entity is intrinsically incapable of undergoing development as an organism and is therefore not a human being.

7. There is clear scientific evidence that the one-cell embryo or zygote initiates a developmental trajectory; that is, the zygote is manifestly a human organism. Therefore, twining at the two-cell stage or later does not call into question the ontological status of the original embryo as a complete and individual human being.

8. Proximate active potential to develop to mature stages of human life is the criterion for being a human organism—that is, a human being at the beginning of the human life span.

9. Monozygotic twinning most closely resembles regeneration or wound healing of an injured human organism; development proceeds without pause along the trajectory initially established by the zygote, indicating that one of the two twins produced by splitting is ontologically identical to the original zygote.

10. Sexual intercourse is intrinsically (or naturally) ordered to reproduction and therefore parenting of a child can only be an intentional act. In contrast, monozygotic twinning is a random disruption of actions that are naturally ordered toward development, not reproduction. Therefore, in cases of monozygotic twinning, the parents of the original embryo are the parents of the twins.

11. Monozygotic twins are unlikely to be truly “identical.” Distinguishing them from each other and determining which twin is ontologically identical to the original zygote is an epistemological question. Importantly, human individuals are not made to be distinct by distinguishing differences between them.

12. Similar to mature individuals who receive a blood transfusion or an organ donation, chimeric individuals who are produced by incorporation of cells from a twin (whether the twin survives or dies) remain ontologically the same individual before and after incorporation. The incorporated cells are governed by the unifying principle (or substantial form) of the individual in whom they reside.

13. All singleton chimeric individuals could potentially be formed by incorporation of cells from a twin that does not survive, a mechanism that does not call into question the ontological status of the chimeric individual.

14. When two living embryos fuse to form a single chimeric individual, a substantial change occurs with the original embryos ceasing to be and a new individual coming into existence. However, the formation of an individual in this manner does not raise significant concerns regarding the ontological identity of the newly formed individual.

15. The production, manipulation, and destruction of human embryos is a highly lucrative business. Consequently, the objectivity of scientists and physicians directly involved in embryo research can be significantly compromised on topics that potentially impact their financial and professional interests. Claims that there is no consensus on the moral status of the embryo or on when human life begins must be interpreted in light of such potential conflicts of interest.

16. The utilitarian nature of science and the incentives provided by a competitive funding environment within a closed system of evaluation strongly motivate scientists to regard the human embryo as nothing more than a useful experimental tool. However, the virtues of fortitude and justice are also strongly reinforced by the scientific culture and can be a useful starting point for promoting a meaningful dialogue about the moral worth of the embryo.

17. The virtues of temperance and prudence must be inculcated into the culture of science to restrain unethical research, to promote a wider appreciation of the moral worth of human embryos, and to direct appropriate policy regarding human embryo experimentation.

18. The public can play an important role in regulating human embryo experimentation and educating future generations of scientists on key ethical issues. Yet these roles rely critically on citizens assuming personal responsibility for achieving greater scientific literacy on topics related to the human embryo.

19. The organismal nature of the human embryo, beginning at the instant of sperm-egg fusion, is caused by the human substantial form. Substantial form is not a “mystical” quality, but rather the organizing principle that determines the specific nature or character of a human individual.

20. Arguments made in support of the concept of a “preembryo” are logically inconsistent and scientifically unfounded, providing no evidence for a qualitative difference in kind that distinguishes early stages of human development from later stages.

21. The only basis for assigning moral status to human beings that does not defy our foundational values of justice, liberty, and equality is to assign worth based on the intrinsic nature of all humans as human beings. The scientific facts of human development indicate that the life of an individual human with a human substantial form begins at sperm-egg fusion. In identical twinning, this individual embryo splits to give rise to a second embryo, who is also (from the instant of splitting) a complete, albeit immature, human being with intrinsic value—that is, a human person.

Vital Questions regarding Human Life
at the Embryonic Stage of Development

These concepts establish a view of the embryo that is consistent with the scientific facts yet also addresses the three vital questions raised at the outset of this investigation from a wider base of human understanding.

When does human life begin? The question of when human life begins is largely a matter of science but is also addressed by the Aristotelian concept of substantial form: a human being is caused by the presence of a human substantial form that comes into existence at the instant of sperm-egg fusion. Clear evidence for the presence of a human organizing principle is given by the organismal events the embryo autonomously initiates immediately after sperm-egg fusion, with the formation of the first two committed cell types in an appropriate developmental sequence being necessary and sufficient evidence to distinguish an embryo from a nonembryo.

Is a human embryo a human individual? The question of whether a human embryo is a human individual is addressed by reliance on a clear understanding of the term “potency.” The proximate, active potency to autonomously direct the formation of the cells, tissues, organs, and structures required for increasingly mature stages of human life (as witnessed by the observable events of development) is what identifies a human zygote as a human individual. This potency to undergo development arises from the human substantial form that is logically and metaphysically prior to the formation of the zygote itself. In cases of monozygotic twinning, a remote, active potency of parts to autonomously direct their own development, not as a part, but as an integrated and independent whole, becomes proximate; that is, a substantial change occurs. This can occur by the separation of a single early blastomere from the embryo or by separation of a group of cells (e.g., the demi-embryo resulting from embryo splitting at the blastocyst stage). Yet in both cases, it is the proximate, active potency for development (i.e., integrated function) that uniquely defines a human individual.

What is the basis of human value? To the question of what makes human beings worthy of human rights there is only a single answer that is consistent with the concepts of justice, liberty, and equality: human beings are human individuals with intrinsic human rights by virtue of their nature as human beings. Thus, all human organisms (human beings) are also human individuals with fundamental human rights.

Summary

This analysis demonstrates that, based on universally accepted scientific criteria, human life begins at the instant of sperm-egg fusion. From this moment forward, the embryo autonomously directs its own development to produce the cells, interactions, and structures necessary for the ongoing process of maturation. Human zygotes exhibit a proximate, active totipotency and are therefore human organisms (i.e., human beings). The preponderance of the scientific evidence strongly suggests that totipotency does not persist beyond the two-cell stage. Yet at all stages in which blastomeres exist that can develop into a mature individual when isolated, such blastomeres possess only a remote, active potency to direct their own development; that is, blastomeres are naturally a part of an embryo and must undergo a substantial change to become independent embryos. Totipotency reflects the ability of a zygote to undergo development, which minimally requires the ability to produce the first two cell types as part of an integrated spatial and temporal sequence. Twinning, whether it occurs at the two-cell stage or (far more likely) at the blastocyst stage, disrupts an ongoing developmental sequence of a single human organism. Consequently, twinning is an example of asexual human reproduction, where one twin is ontologically identical to the original embryo and one is newly formed at the moment of splitting. At splitting, the cells constituting the newly formed twin undergo a substantial change from being a part to being a whole; that is, a new human substantial form (soul) comes into existence. Our inability to distinguish which twin is the original embryo and which is newly formed is an epistemological, not an ontological, problem. In all cases of twinning, the parents of the original embryo, as the intentional participants in a reproductive act, are the parents of both twins. Similar reasoning applies to the converse process of embryo fusion to form a chimeric individual. Philosophical concerns regarding twinning reflect an inadequate understanding of potency, intention, and individuality. In contrast, scientific confusions about the embryo largely reflect the culture of science, which incentivizes a strictly utilitarian view of the embryo. Finally, human embryos are human individuals, by virtue of the same feature that makes them human organisms—that is, the presence of a human organizing principle or substantial form. Assigning human value based on what humans intrinsically are, rather than on some aspect of human form or function, is the only view of human rights that is consistent with the principles of justice, liberty, and equality.




GLOSSARY

Note: Wherever possible, definitions are taken from Merriam-Webster’s Medical Dictionary, with minor modifications and/or additions introduced for clarity shown in italics. For terms not included in this dictionary, definitions provided by the author are also indicated by italics.





	ANT:
	Altered nuclear transfer; a modification of SCNT/Cloning designed to generate a nonembryo.



	amnion:
	A thin membrane forming a closed sac about the embryos and fetuses of reptiles, birds, and mammals and containing the amniotic fluid—called also amniotic sac.



	Androgenesis
(androgenote):
	Development of an embryo containing only paternal chromosomes due to failure of the egg nucleus to participate in fertilization.



	blastocyst:
	The modified blastula of a placental mammal; an early metazoan embryo typically having the form of a hollow fluid-filled rounded cavity bounded by a single layer of cells.



	chimera:
	An individual, organ, or part containing tissue with two or more genetically distinct populations of cells. Chimeras are distinct from mosaics because the distinct populations of cells within a chimera arise from different organisms.



	chorion:
	The highly vascular outer embryonic membrane that is associated with the allantois in the formation of the placenta.



	cytoplast:
	The material or protoplasm within a living cell, excluding the nucleus.



	development:
	The process of growth and differentiation by which the potentialities of a zygote, spore, or embryo are realized. I have defined the ordered formation of the first two distinct committed cell types as the minimum requirement for development.



	diploid:
	Having the basic (haploid) chromosome number doubled. Diploid is the normal state for somatic (i.e., body) cells.



	dizygotic twins:
	Twins derived from two ova; fraternal or nonidentical twins.



	DNA:
	Any of various nucleic acids that are usually the molecular basis of heredity, are constructed 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, and in eukaryotes are localized chiefly in cell nuclei—also called deoxyribonucleic acid.



	embryo:
	An animal in 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; especially the developing human individual from the time of fertilization1 to the end of the eighth week after conception (cleavage commences immediately after fertilization to produce the two-cell embryo).



	enucleated egg:
	An egg or oocyte lacking a nucleus.



	epigenetic:
	Relating to, being, or involving a modification in gene expression that is independent of the DNA sequence of a gene.



	fertilization:
	The process of union of two gametes whereby the somatic chromosome number is restored and the development of a new individual is initiated.



	gamete:
	A mature male or female germ cell (sperm or egg) usually possessing a haploid chromosome set and capable of initiating formation of a new diploid individual by fusion with a gamete of the opposite sex—called also sex cell.



	gastrulation:
	The process of becoming or of forming a gastrula, an early metazoan embryo in which the ectoderm, mesoderm, and endoderm are established either by invagination of the blastula (as in fish and amphibians) to form a multilayered cellular cup with a blastopore opening into the archenteron or (as in reptiles, birds, and mammals) by differentiation of the upper layer of the blastodisc into the ectoderm and the lower layer into the endoderm and by the inward migration of cells through the primitive streak to form the mesoderm. In gastrulation, the main axes of the body are established and three early embryonic tissues are formed (ectoderm, mesoderm, and endoderm) that will subsequently produce the structures of the mature body. In human embryos, identical twinning is no longer possible after gastrulation begins at fourteen days after sperm-egg fusion.



	gene:
	A specific sequence of nucleotides in DNA or RNA that is located usually on a chromosome and that is the functional unit of inheritance controlling the transmission and expression of one or more traits by specifying the structure of a particular polypeptide and especially a protein or controlling the function of other genetic material—also called determinant, determiner, factor.



	genome:
	One haploid set of chromosomes with the genes they contain.



	haploid:
	Having the gametic number of chromosomes or half the number characteristic of somatic cells.



	hydatidiform
mole:
	A mass in the uterus that consists of enlarged edematous degenerated chorionic villi growing in clusters resembling grapes, that typically develops following fertilization of an enucleate egg, and that may or may not contain fetal tissue. A complete mole is a haploid or diploid entity containing only paternally derived chromosomes, and a partial mole is a triploid entity containing a preponderance of paternally derived chromosomes.



	implantation:
	In placental mammals: the process of attachment of the embryo to the maternal uterine wall—called also nidation.



	inner cell mass:
	(ICM) The portion of the blastocyst of a mammalian embryo that is destined to become the structures of the postnatal body.



	meiosis:
	The cellular process that results in the number of chromosomes in gamete-producing cells being reduced to one half and that involves a reduction division in which one of each pair of homologous chromosomes passes to each daughter cell and a mitotic division.



	membrane:
	A semipermeable limiting layer of cell protoplasm consisting of a fluid phospholipid bilayer with intercalated proteins—called also cell membrane, plasmalemma.



	mitosis:
	A process that takes place in the nucleus of a dividing cell, involves typically a series of steps consisting of prophase, metaphase, anaphase, and telophase, and results in the formation of two new nuclei, each having the same number of chromosomes as the parent nucleus.



	monozygotic twins:
	Twins derived from a single egg; identical twins.



	morula:
	A globular solid mass of blastomeres formed by cleavage of a zygote that typically precedes the blastula (blastocyst for human embryos).



	mosaic:
	An organism or one of its parts composed of cells of more than one genotype. Mosaics are distinct from chimeras because the genetic differences within a mosaic arise by alterations of a single, preexisting genome.



	nucleus:
	A cellular organelle of eukaryotes that is essential to cell functions (as reproduction and protein synthesis), is composed of nuclear sap and a nucleoprotein-rich network from which chromosomes and nucleoli arise, and is enclosed in a definite membrane.



	ooplast:
	A cytoplast derived from an oocyte or egg cell.



	organism:
	An individual constituted to carry on the activities of life by means of organs separate in function but mutually dependent: a living being.



	ovum
(oocyte, egg):
	A female gamete—especially a mature egg that has undergone reduction, is ready for fertilization, 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.



	parthenote:
	Development in which the embryo contains only maternal chromosomes due to activation of an egg by a sperm that degenerates without fusing with the egg nucleus or due to experimental activation; also, gynogenesis or parthenogenesis.



	placenta:
	The vascular organ in mammals that unites the fetus to the maternal uterus and mediates its metabolic exchanges through a more or less intimate association of uterine mucosal with chorionic and usually allantoic tissues permitting exchange of material by diffusion between the maternal and fetal vascular systems but without direct contact between maternal and fetal blood and typically involving the interlocking of fingerlike vascular chorionic villi with corresponding modified areas of the uterine mucosa.



	plenipotent:
	Able to produce all of the cell types derived from both inner cell mass and trophectoderm, but not able to organize them into a coherent body plan.



	pluripotent:
	Not fixed as to developmental potentialities; especially: capable of differentiating into one of many cell types; typically used to refer to stem cells that are able to produce all of the cell types of the mature body, but not those derived from trophectoderm.



	polyspermy:
	The entrance of several spermatozoa into one egg.



	pronucleus:
	The haploid nucleus of a male or female gamete (as an egg or sperm) up to the time of fusion with that of another gamete in fertilization.



	reprogramming:
	Altering the epigenetic state of a nucleus such that it enters into a new developmental state; e.g., during cloning, a body cell nucleus is reprogrammed by factors within an oocyte to enter into a state similar to that of a zygotic nucleus and capable of supporting a normal pattern of embryonic development.



	SCNT/Cloning:
	Somatic cell nuclear transfer (SCNT): transplanting nuclei from body (i.e., somatic) cells to enucleated eggs.



	somatic:
	Of, relating to, or affecting the body especially as distinguished from the germplasm or psyche.



	sperm
(spermatozoon):
	A sperm cell; a motile male gamete of an animal usually with rounded or elongated head and a long posterior flagellum.



	teratoma:
	A tumor derived from more than one embryonic layer and made up of a heterogeneous mixture of tissues (as epithelium, bone, cartilage, or muscle).



	tetraploid:
	Having or being a chromosome number four times the monoploid (i.e., haploid) number.



	totipotent:
	Capable of developing into a complete organism.



	triploid:
	Having or being a chromosome number three times the monoploid (i.e., haploid) number.



	trophectoderm:
	(TE) The outer layer of the mammalian blastocyst after differentiation of the ectoderm, mesoderm, and endoderm when the outer layer is continuous with the ectoderm of the embryo. Trophectoderm gives rise predominantly to the placenta.



	zona pellucida:
	The transparent, more-or-less elastic noncellular glycoprotein outer layer or envelope of a mammalian ovum.



	zygote:
	A cell formed by the union of two gametes; broadly, the developing individual produced from such a cell.







_____________

1. The definition given by Merriam-Webster’s indicates “implantation,” yet this is inconsistent with the evidence presented here and with the definition of “implantation” (see below). Moreover, this definition is a recent alteration that appears to be politically motivated; see Gacek, “Conceiving Pregnancy.”






APPENDIX: QUOTATIONS FROM
THE SCIENTIFIC LITERATURE
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Here is a compilation of quotations regarding when human life begins, taken from medical textbooks on human embryology or reproduction and from the peer-reviewed scientific literature. I have added emphasis (italics) and offered clarifications in brackets. As discussed above, human embryos are human organisms (i.e., human beings), and only organisms undergo development. “Zygote” is the scientific name for a one-cell embryo.

I. Medical Textbooks

1. Keith L. Moore, T. V. N. Persaud, and Mark G. Torchia, The Developing Human: Clinically Oriented Embryology, 10th ed. (Philadelphia: Saunders, 2016), 11.

“Human development begins at fertilization, when a sperm fuses with an oocyte to form a single cell, the zygote. This highly specialized, totipotent cell (capable of giving rise to any cell type) marks the beginning of each of us as a unique individual.”

2. Gary C. Schoenwolf, Steven B. Bleyl, Philip R. Brauer, and Philippa H. Francis-West, Larsen’s Human Embryology, 5th ed. (Philadelphia: Elsevier Saunders, 2015), 2.

“All of us were once human embryos, so the study of human embryology is the study of our own prenatal origins and experiences.”



3. Gary C. Schoenwolf, Steven B. Bleyl, Philip R. Brauer, and Philippa H. Francis-West, Larsen’s Human Embryology, 5th ed. (Philadelphia: Elsevier Saunders, 2015), 14.

“Fertilization, the uniting of egg and sperm, takes place in the oviduct. After the oocyte finishes meiosis, the paternal and maternal chromosomes come together, resulting in the formation of a zygote containing a single diploid nucleus. Embryonic development is considered to begin at this point.”

4. Richard Jones and Kristen H. Lopez, Human Reproductive Biology, 4th ed. (Waltham, MA: Elsevier Academic, 2014), 169.

“The fertilized egg (zygote) is the beginning of a new diploid individual.”

5. Keith L. Moore, Before We Are Born: Essentials of Embryology, 7th ed. (Philadelphia: Saunders, 2008), 2.

“[The zygote], formed by the union of an oocyte and a sperm, is the beginning of a new human being.”

6. Keith L. Moore, Before We Are Born: Essentials of Embryology, 9th ed. (Philadelphia: Saunders, 2016), 1.

“Human development begins at fertilization when an oocyte (ovum) from a female is fertilized by a sperm (spermatozoon) from a male. . . . Embryology is concerned with the origin and development of a human being from a zygote to birth.”

7. T. W. Sadler, Langman’s Medical Embryology, 10th ed. (Philadelphia: Lippincott Williams and Wilkins, 2006), 11.

“Development begins with fertilization, the process by which the male gamete, the sperm, and the female gamete, the oocyte, unite to give rise to a zygote.”

8. T. W. Sadler, Langman’s Medical Embryology, 13th ed. (Philadelphia: Lippincott Williams and Wilkins, 2015), 42.

“The main results of fertilization are as follows: Restoration of the diploid number of chromosomes, half from the father half from the mother. Hence, the zygote contains a new combination of chromosomes different from both parents. Determination of the sex of the new individual. An X-carrying sperm produces a female (XX) embryo and a Y-carrying sperm produces a male (XY) embryo. Therefore, the chromosomal sex of the embryo is determined at fertilization.”

9. Ronald W. Dudek, Embryology, 4th ed. (Philadelphia: Lippincott Williams and Wilkins, 2008), 1.

“Sexual reproduction occurs when female and male gametes (oocyte and spermatozoon, respectively) unite at fertilization.”

10. Ronan O’Rahilly and Fabiola Miller, Human Embryology and Teratology, 3rd ed. (New York: Wiley-Liss, 2001), 8.

“Although life is a continuous process, fertilization . . . is a critical landmark because, under ordinary circumstances, a new genetically distinct human organism is formed when the chromosomes of the male and female pronuclei blend in the oocyte.”

11. Bruce M. Carlson, Human Embryology and Developmental Biology, 5th ed. (Philadelphia: Elsevier Saunders, 2014), 2.

“Human pregnancy begins with the fusion of an egg and a sperm within the female reproductive tract.”

II. Peer-Reviewed Scientific Literature, 2001
to the Present (Chronological Order)

1. Paul M. Wassarman, Luca Jovine, and Eveline S. Litscher, “A Profile of Fertilization in Mammals,” Nature Cell Biology 3, no. 2 (February 2001): E59.

“When mammalian eggs and sperm come into contact in the female oviduct, a series of steps is set in motion that can lead to fertilization and ultimately to development of new individuals.”

2. Paul Primakoff and Diana Gold Myles, “Penetration, Adhesion, and Fusion in Mammalian Sperm-Egg Interaction,” Science 296, no. 5576 (June 2002): 2183.



“Fertilization is the sum of the cellular mechanisms that pass the genome from one generation to the next and initiate development of a new organism.”

3. Linda L. Runft, Laurinda A. Jaffe, and Lisa M. Mehlmann. “Egg Activation at Fertilization: Where It All Begins,” Developmental Biology 245, no. 2 (May 2002): 237.

[Note the use of the phrase] “Where It All Begins.”

4. Luigia Santella, Emanuela Ercolano, and Gilda A. Nusco. “The Cell Cycle: A New Entry in the Field of Ca2+ Signaling,” Cellular and Molecular Life Sciences 62, no. 21 (November 2005): 2405.

“Ca2+ signaling plays a crucial role in virtually all cellular processes, from the origin of new life at fertilization to the end of life when cells die.”

5. Naokazu Inoue, Masahito Ikawa, Ayako Isotani, and Masaru Okabe, “The Immunoglobulin Superfamily Protein Izumo Is Required for Sperm to Fuse with Eggs,” Nature 434, no. 7030 (March 2005): 234.

“Representing the 60 trillion cells that build a human body, a sperm and an egg meet, recognize each other, and fuse to form a new generation of life.”

6. Ken-ichi Sato, Yasuo Fukami, and Bradley J. Stith, “Signal Transduction Pathways Leading to Ca2+ Release in a Vertebrate Model System: Lessons from Xenopus Eggs,” Seminars in Cell & Developmental Biology 17, no. 2 (April 2006): 285.

“At fertilization, eggs unite with sperm to initiate developmental programs that give rise to development of the embryo. Defining the molecular mechanism of this fundamental process at the beginning of life has been a key question in cell and developmental biology.”

7. Meital Oren-Suissa and Benjamin Podbilewicz, “Cell Fusion during Development,” Trends in Cell Biology 17, no. 11 (November 2007): 537.

“Most readers of this review originated from a sperm-egg fusion event.”



8. Khaled Machaca, “Ca2+ Signaling Differentiation during Oocyte Maturation,” Journal of Cellular Physiology 213, no. 2 (November 2007): 331.

“Oocyte maturation is an essential cellular differentiation pathway that prepares the egg for activation at fertilization leading to the initiation of embryogenesis.”

9. Naokazu Inoue and Masaru Okabe, “Sperm-Egg Fusion Assay in Mammals,” Methods in Molecular Biology 475 (2008): 335.

“As representatives of the 60 trillion cells that make a human body, a sperm and an egg meet, recognize each other, and fuse to create a new generation.”

10. Tammy F. Wu and Diana S. Chu, “Sperm Chromatin: Fertile Grounds for Proteomic Discovery of Clinical Tools,” Molecular & Cellular Proteomics 7, no. 10 (October 2008): 1876.

“Sperm are remarkably complex cells with a singularly important mission: to deliver paternal DNA and its associated factors to the oocyte to start a new life.”

11. Alexei V. Evsikov and Caralina Marín de Evsikova, “Gene Expression during the Oocyte-to-Embryo Transition in Mammals,” Molecular Reproduction and Development 76, no. 9 (September 2009): 805.

“The seminal question in modern developmental biology is the origins of new life arising from the unification of sperm and egg.”

12. Yasunori Okada, Kazuo Yamagata, Kwonho Hong, Teruhiko Wakayama, and Yi Zhang, “A Role for Elongator in Zygotic Paternal Genome Demethylation,” Nature 463, no. 7280 (January 2010): 554.

“The life cycle of mammals begins when a sperm enters an egg.”

13. Matthew R. Marcello and Andrew W. Singson, “Fertilization and the Oocyte-to-Embryo Transition in C. Elegans,” BMB Reports 43, no. 6 (June 2010): 389.

“Fertilization is a complex process comprised of numerous steps. During fertilization, two highly specialized and differentiated cells (sperm and egg) fuse and subsequently trigger the development of an embryo from a quiescent, arrested oocyte.”

14. Hana Robson Marsden, Itsuro Tomatsu, and Alexander Kros, “Model Systems for Membrane Fusion,” Chemical Society Reviews 40, no. 3 (March 2011): 1572.

“The fusion of sperm and egg membranes initiates the life of a sexually reproducing organism.”

15. Alberto Darszon, Takuya Nishigaki, Carmen Beltran, and Claudia Lydia Treviño, “Calcium Channels in the Development, Maturation, and Function of Spermatozoa,” Physiological Reviews 91, no. 4 (October 2011): 1305.

“A proper dialogue between spermatozoa and the egg is essential for conception of a new individual in sexually reproducing animals. Ca(2+) is crucial in orchestrating this unique event leading to a new life.”

16. Ting Ting Sun, Chin Man Chung, and Hsiao Chang Chan, “Acrosome Reaction in the Cumulus Oophorus Revisited: Involvement of a Novel Sperm-Released Factor NYD-SP8,” Protein & Cell 2, no. 2 (February 2011): 92.

“Fertilization is a process involving multiple steps that lead to the final fusion of one sperm and oocyte to form the zygote.”

17. Michail Nomikos, Karl Swann, and F. Anthony Lai, “Starting a New Life: Sperm PLC-zeta Mobilizes the Ca2+ Signal That Induces Egg Activation and Embryo Development; An Essential Phospholipase C with Implications for Male Infertility,” BioEssays: News and Reviews in Molecular, Cellular and Developmental Biology 34, no. 2 (February 2012): 126.
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21. In Metaphysics (1.980a.21), Aristotle held that human beings are ordered by a rational principle, in addition to the nutritive principle shared with plants and the sensory principle shared with animals.

22. Potency will be discussed in greater detail in chapter 5.

23. There are over one hundred billion neurons in the human brain and at least a trillion glial cells. Ongoing classification of neuronal cell types based on function and/or gene expression (see the SciCrunch website, https://scicrunch.org/scicrunch/interlex/view/ilx_0107497) has identified over three hundred distinct classes of neurons (see the “Children” tab). If one considers cells with distinct operations (e.g., neurons in the somatosensory cortex that encode information from your right hand, as opposed to your left hand), there are likely to be hundreds of thousands of distinct neuronal-cell types.

24. Condic and Condic, Human Embryos, Human Beings, 177–94.

25. Development is the defining feature of embryos at all stages, but in practice, distinguishing zygotes/totipotent cells from other human cell types is more challenging than distinguishing later-stage embryos from collections of cells that are not embryos. For twins arising by blastocyst splitting after the formation of TE and ICM, development is evidenced by the progression of the entity through the appropriate next steps of development—e.g., gastrulation, neurulation, and formation of organs. The status of an entity formed by blastocyst splitting that does not undergo the subsequent stages of development would be determined by the same logic presented here for the zygote: an entity generated at a stage of normal development after the formation of TE and ICM can be identified as an embryo by virtue of its ability to produce a full or partial developmental sequence. Thus, when an entity produced by blastocyst splitting arrests and dies, this suggests (but does not prove) it is a nonembryo, while one that advances through (minimally) the next step of development (segregation of parietal endoderm from the ICM), regardless of how far it advances beyond this point, has demonstrated the capacity for development, and is therefore an embryo.

26. Condic, “When Does Human Life Begin? The Scientific Evidence.”

27. For example, tumors can form tissues and, in some cases, complex structures such as teeth and eyes. See Devoize et al., “Giant Mature Ovarian Cystic Teratoma”; Sergi et al., “Huge Fetal Sacrococcygeal Teratoma.”

28. For a more detailed discussion, see Condic, “Biological Definition,” especially figure 1.



29. A minor caveat to this conclusion is the case of developmental variation that is produced by random or stochastic events. Many developmental processes are not exclusively determined by genes or molecules, but involve an element of “chance.” An example is an “equivalence group.” The cells in such a group have identical developmental potential, yet when one cell of the group randomly differentiates along a particular path, it suppresses this ability in the surrounding cells. Due to such natural, random variation, not all individuals of the same genotype will be exactly identical—yet these are subtle differences that do not affect the overall structure or function of the organism.

30. As noted above, an enucleated cytoplast is arguably not a living cell, and therefore cannot be considered an egg.

31. An epistemological problem is one of knowledge or truth; i.e., discerning whether an entity is an embryo requires a means of accurately determining the potency of the entity, and (in most cases) this can only be determined by observation over time. If it is difficult (or indeed, impossible) to discern potency at the instant an entity is formed, this reflects a limitation in our ability to discern what is true (i.e., our knowledge). In contrast, ontology is concerned with the nature of being. If there were evidence that a human embryo could convert to a nonhuman embryo, this would raise the ontological question of how an entity as a whole could transition between two kinds of beings without any perceptible change in its composition or behavior.

32. The specific nature of any living entity is determined by its substantial form, the organizing principle that logically and metaphysically proceeds and causes the specific molecular composition of the entity. Substantial form will be discussed in more detail in chapter 8 under “An Aristotelian View of the Embryo.”

33. Due to the inherent differences in molecular composition between an embryo and a CHM, this is never the case. For example, all of the embryonic events associated with the maternally derived nucleus do not occur in a CHM.

34. Agar, “Embryonic Potential.”
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36. Rankin, “Can One Be Two?”; Griniezakis and Symeonides, “Twin Conception”; St. John, “And on the Fourteenth Day”; Grobstein, “Biological Characteristics of the Preembryo.”
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40. Penner and Hull, “Beginning of Individual Human Personhood.”

41. Burgess and Tawia, “When Did You First Begin to Feel It?”
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10. It can be reasonably objected that stem cells in culture spontaneously differentiate into cells with some of the properties of mature human cells (e.g., beating heart cells or blood), and therefore have the proximate active potency to be part of a human being. However, it can also be argued that cells in the laboratory are not, in and of themselves, parts of anything. Because stem cells are not totipotent and cannot intrinsically initiate a program of development, I would conclude that stem cells have the active proximate potency to exhibit characteristics of mature human cells, but only the remote passive potency to participate in development and thereby become part of an existing human being.

11. See discussion in Condic, “Totipotency.”

12. Ford, When Did I Begin?, 81.

13. Ford, When Did I Begin?, 120.

14. Anscombe, “Were You a Zygote?,” 41.

15. Gatica et al., “Micromanipulation of Sheep Morulae”; Mitalipov et al., “Monozygotic Twinning”; Reichelt and Niemann, “Generation of Identical Twin Piglets”; Wang, Trounson, and Dziadek, “Developmental Capacity.”

16. Morris, Guo, and Zernicka-Goetz, “Developmental Plasticity.”

17. Hardy and Handyside, “Cell Allocation”; Rho, Johnson, and Betteridge, “Cellular Composition”; Tao, Reichelt, and Niemann, “Ratio of Inner Cell Mass.”

18. Papaioannou, “Lineage Analysis”; Rossant et al., “Interspecific Hybrids”; Zheng et al., “Production of Mouse.”

19. Driesch, “Potency of the First Two Cleavage Cells.”

20. As noted earlier, an epistemological problem is one of knowledge or truth; i.e., discerning which twin is which requires a means of accurately distinguishing them. If this is difficult (or indeed, impossible), it reflects a limitation in our ability to discern what is true (i.e., our knowledge). In contrast, ontology is concerned with the nature of being. If there were evidence that twins did not have a “separate, concrete existence,” this would raise the ontological problem of how two humans could simultaneously be a single human. The (rare) cases of conjoined twins that function as a single organism raise such an ontological problem.

21. It may be possible (in theory) to establish a criterion to determine which twin is the original. During development, epigenetic modifications to the genome occur both randomly and in an ordered sequence. If the epigenetic state of the original zygote and that of the resulting twins could be compared (something that is not possible using current technology), several outcomes would be possible. Both twins would inevitably be different from the zygote (due to the ordered epigenetic changes occurring during development), yet the twins could either be identical to each other or different, due to one or both twins accruing random epigenetic modifications. Over time, accruing such random modifications is inevitable. Consequently, it would be theoretically possible to determine which twin is most similar to the original zygote and which most divergent. By this criterion, one could argue that the twin with an epigenetic state more similar to that of the original zygote is ontologically identical to the zygote, and the twin that is less similar is the newly generated individual.

22. Technically, only prime matter undergoes substantial change, but an analysis of why this is the case is beyond the scope of the current discussion.

23. Wallace, “Aquinas’s Legacy,” 188.

24. The case of rape illustrates the fact that “choosing” is not a necessary component of intention. Although the woman does not choose to participate in sexual intercourse, the action is nonetheless intrinsically ordered to reproduction, and therefore (if a pregnancy results) she is rightly considered the mother of the child.

25. The centrality of intention to the reproductive act has a number of implications. Contrast an atypical process of hatching that results in splitting an embryo with a couple having sex purely for their own entertainment. While neither the hatching embryo nor the couple “want” or “mean” to produce a baby, the activities are different. In the case of atypical hatching, the production of a child is a random or unintentional effect of an action that is naturally ordered toward development. In the case of the couple, the action they are performing is intrinsically (naturally) ordered to reproduction; while they may not consciously want a child or “intend” to produce one, their actions nevertheless intend that end. Both of these situations can be contrasted to the case of an experimenter who acts to produce a twin by intentionally spitting an embryo. In this situation, the scientist can legitimately be considered the parent of the twin by virtue of the fact that he has consciously ordered his actions to that end. Consequently, one twin can be seen as the child of the parents donating the embryo for experimentation, and one as the child of the experimenter. This is because the experimenter acts intentionally to produce a child, and the actions that elicit twinning are ordered to this outcome by design, just as a carpenter who produces a chair from a piece of wood is rightly considered its producer. For a more comprehensive discussion, see Condic and Condic, Human Embryos, Human Beings, 77–105.

26. Machin, “Non-identical Monozygotic Twins”; Machin, “Familial Monozygotic Twinning.”

27. As discussed above in chapter 2, “How Long Does Totipotency Persist?,” if a zygote generates two cells that are truly identical to the original zygote in every respect, development would never proceed, since the daughter cells B and C would also produce zygotes at their first division.

28. Human sperm (excluding the tail) measure roughly five microns by three microns with a volume of approximately 150 cubic microns, making them one of the smallest human cell types. In contrast, a human egg is roughly 100–150 microns in diameter, having a volume of over 1.5 million cubic microns (more than ten-thousand-fold larger than a sperm). Consequently, the oocyte contributes the vast majority of cellular material to the zygote.

29. The degree of genome identity can be calculated in a variety of ways, with most estimates suggesting a more than 95 percent overlap between humans and chimpanzees. See Mikkelsen et al., “Initial Sequence.”

30. Ford, When Did I Begin?, 122.

31. Kripke, “Identity and Necessity.”

32. Brogaard, “Moral Status.”

33. Brogaard, “Moral Status,” 46.
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35. Brogaard, “Moral Status,” 48.
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37. Brogaard, “Moral Status,” 46.
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1. See chapter 4, under “Is the Standard View of Twinning Correct?”

2. For simplicity, we will discuss the case of chimeras occurring in twin gestations although chimeras formed during gestation of multiple siblings are also possible.
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7. Peters et al., “Unusual Twinning Resulting in Chimerism.”

8. Scenarios in which the identity of the donor transfers to the host following transplant have been a common theme for horror movies. For example, in Hands of a Stranger (1962), hands of a murderer transplanted to a concert pianist transform the pianist into a killer. Such scenarios are fictional (and horrifying) precisely because they defy common sense regarding the continued ontological identity of the host following organ transplant.

9. Condic and Condic, “Defining Organisms.”

10. Stevens, “Maternal Microchimerism.”

11. These two cases differ in the nature of the disease-causing cells; in sickle cell, the cells themselves are defective, whereas in the case of autoimmune disease, the maternal cells are healthy but cause an immune problem in the context of the fetus.

12. Peters et al., “Unusual Twinning Resulting in Chimerism.”

13. See the discussion in chapter 3, under “The Critical Role of Gametes in Establishing Strict Totipotency.”

14. Yu et al., “Disputed Maternity.”

15. Nistal et al., “Ovotesticular DSD.”

16. Yu et al., “Disputed Maternity.”

17. See discussion in chapter 4, “Is the Standard View of Twinning Correct?”

18. Otsuki et al., “Symmetrical Division.”

19. Ziomek, Johnson, and Handyside, “Developmental Potential of Mouse.”

20. Reanimation would require that the substantial form of the embryo somehow persists in the dissociated cells, or in a disembodied state, waiting for the cells to be aggregated. Alternatively, one could argue from a strictly reductionist perspective that both the original and the reaggregated embryos are the same individual, because an individual is nothing more than the sum total of its constituent parts. However, this view is unable to explain the fact that an individual human can remain the same person despite an ever-changing molecular and cellular composition. For further discussion, see Condic and Condic, Human Embryos, Human Beings, especially chapter 1.

21. Ruffling et al., “Effects of Chimerism.”



22. This is entirely unlike the case of embryo splitting discussed above (see under “No Corpse” in chapter 5), where the demi-embryo that survives splitting continues without pause along the trajectory established by the developmental program of the original embryo.

23. The precise nature of the intersex disorder exhibited by such individuals will vary considerably, depending on the contribution of male and female cells to various body tissues. For example, if the gonads contain exclusively (or even predominantly) male cells, the individual is likely to develop as a phenotypic male, even if the rest of the body consists primarily of cells with a female genotype.

24. During development, the molecular composition of the embryo and the behavior of its cells are constantly changing. Consequently, for multicellular embryos (unlike individual cells), one cannot determine when a new embryo arises based on these criteria alone. Yet the fact that following fusion, the new chimeric, developmental program deflects the trajectory away from the path being followed by either of the original two embryos, and the fact that the molecular basis and the genetic basis of the developmental program are transformed, both strongly indicate a new individual has been formed.
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15. For example, a recent study from the United Kingdom estimates the rate of return on investment for publicly funded cardiovascular and cancer research at 9 percent and 10 percent, respectively; see Buxton et al., “Medical Research.”



16. Tollefsen, Biomedical Research, 11.

17. Ugalmugale, Assisted Reproductive Technology.

18. A search of the national database for clinical trials (www.clinicaltrials.gov) on February 28, 2017, using the term “stem cell” returned over five thousand nine hundred studies, only thirty-five of which involve stem cells originally derived from human embryos.
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20. Guttmacher Institute, “Induced Abortion in the United States.”

21. Paulson, “Why the Department of Health.”

22. See the compilation of quotations in the appendix.

23. Appendix, scientific literature citation number 7. The authors specify “most” readers since some readers are likely to be identical twins, one of whom arose at some time after sperm-egg fusion.

24. Levin, “Moral Challenge.”

25. Condic and Condic, “Appropriate Limits.”

26. Catechism of the Catholic Church, 1808.
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28. National Institutes of Health, “Research Portfolio Online Reporting Tools.”

29. It is common practice in the United States to link academic promotion, space allocation, and even faculty salary to the level of grant funding.

30. Catechism of the Catholic Church, 1807.

31. Klavans and Boyack, “Research Focus.”

32. An excellent example is a classic and beautiful paper published in 1983 describing the complete embryonic lineage of every cell in a microscopic soil worm; the paper has been cited over two thousand five hundred times in the literature and recognized with the 2002 Nobel Prize in Physiology or Medicine. See Sulston et al., “Embryonic Cell Lineage.”
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41. Rothwell, Hidden STEM Economy.
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2. Condic, “When Does Human Life Begin? The Scientific Evidence.”

3. Condic, “Determination of Death.”

4. Condic, “Embryos and Integration,” 295.

5. For a more comprehensive discussion of the centrality of substantial form, see Condic and Condic, Human Embryos, Human Beings, 20–45.

6. An Aristotelian view of the embryo in light of modern scientific evidence is discussed in detail in the following two works: Condic and Condic, Human Embryos, Human Beings; Condic and Flannery, “Contemporary Aristotelian Embryology.”

7. Condic and Condic, Human Embryos, Human Beings, 27.
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9. Condic and Condic, Human Embryos, Human Beings, 26.

10. In the view of Aristotle and Aquinas, human substantial form is unique. Aquinas held that the human soul is immortal and will persist after the death of the body, a view that is supported by the theological insights of Christianity and other world religions.

11. That is, “forms or fashions,” as opposed to “informs,” which carries a less active connotation of providing a foundation or an essential principle without being directly responsible for the observed characteristics; e.g., actions may be informed by specific values, but a potter enforms clay to produce a bowl. In contrast to a potter, substantial form organizes (or enforms) all aspects of the matter comprising a human, not merely its physical dimensions.
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13. Strong, “Preembryo Personhood.”
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15. For example, the opinion of Judge Lawrence in Miller v. American Infertility Group. See Vick, “Judge Declares Pre-embryo Is Human.”
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19. A search of the PubMed database was conducted on November 15, 2017, on file with the author, using the terms “zygote” OR “zygotes” OR “zygotic” OR “preimplantation embryo” OR “preimplantation embryos” OR “blastocyst” OR “blastocysts” OR “morula” OR “morulae” OR “morulas.”

20. Search conducted March 17, 2017, on file with the author, revealing 1288 citations, with 213 between 2012 and 2016.

21. Grobstein, “Biological Characteristics of the Preembryo.”

22. Grobstein, “Biological Characteristics of the Preembryo,” 346.

23. Approximately 10 percent of clinical pregnancies miscarry (see Committee on Practice Bulletins—Gynecology, “Early Pregnancy Loss.”). While it is often claimed that 70 percent of embryos do not advance to a clinical pregnancy, the actual number is likely to be much lower. Measures of fecundity (the percentage of cases where a couple of known fertility has intercourse during the fertile period and subsequently conceives a child) is between 40 and 60 percent (for review, see Practice Committee of American Society for Reproductive Medicine, “Optimizing Natural Fertility”). Current estimates suggest nonovulation occurs in 26 to 37 percent of cycles (for example see Prior et al., “Ovulation Prevalence”), and data from assisted reproduction clinics using fresh oocytes from donors of known fertility suggest that 15 to 25 percent of oocytes do not fertilize (for example see Solé et al., “How Does Vitrification Affect Oocyte Viability?”). Therefore, anovulation and nonfertilization alone are likely to account for the observed fecundity rates, with the great majority of zygotes proceeding to a clinical pregnancy.

24. Gurdon, Elsdale, and Fischberg, “Sexually Mature Individuals.”

25. Grobstein, “Biological Characteristics of the Preembryo,” 347.

26. Lu, “Aristotle on Abortion.”

27. Kraut, Aristotle, “Politics” Books VII and VIII.

28. Lu, “Abortion and Virtue Ethics,” 122n23.

29. Lu, “Aristotle on Abortion.”

30. Flannery, “Applying Aristotle in Contemporary Embryology”; Condic and Flannery, “Contemporary Aristotelian Embryology.”

31. Lu, “Aristotle on Abortion,” 57.

32. Lu, “Aristotle on Abortion,” 54.

33. Lu, “Aristotle on Abortion,” 55.
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35. Lu, “Aristotle on Abortion,” 60.

36. Flannery, “Applying Aristotle in Contemporary Embryology.”

37. Condic and Flannery, “Contemporary Aristotelian Embryology.”

38. The fact that Aristotle considered human life to have unique value appears clear from his view of ethics. For example, he considers murder to be among a handful of actions that are inherently immoral and absolutely prohibited, stating in the Nicomachean Ethics (2.6.1107a8–17): “But not every action nor every passion admits of a mean; for some have names that already imply badness, e.g., spite, shamelessness, envy, and in the case of actions adultery, theft, murder; for all of these and suchlike things imply by their names that they are themselves bad, and not the excesses or deficiencies of them. It is not possible, then, ever to be right with regard to them; one must always be wrong. Nor does goodness or badness with regard to such things depend on committing adultery with the right woman, at the right time, and in the right way, but simply to do any of them is to go wrong.” (Translation provided by K. Flannery.)

39. See below, under “Human Embryos and Human Value.”

40. For a more detailed discussion, see Condic, “When Does Human Life Begin? The Scientific Evidence”; Condic, “Preimplantation Stages.”

41. United Nations, Department of Economic and Social Affairs, Convention on the Rights of Persons with Disabilities.

42. Arguments regarding the intrinsic value of embryos are discussed in detail in George and Tollefsen, Embryo.

43. This would certainly include scientific experimentation, but it would also include the use of embryos in ART procedures for the noble end of achieving a pregnancy.
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