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INTRODUCTION

Recent advances in human genetics have given us the ability to intervene in the process of human biological development controlled or influenced by genes that extends from zygotes and embryos to persons. One type of intervention is genetic diagnosis of embryos created through in vitro fertilization (IVF), before they are transferred to and implant in the uterine wall. These can be tested for genetic mutations that cause or make us susceptible to disease. This gives prospective parents the choice between allowing an embryo to develop into a person with the risk of having a severe disease or disability, or selectively terminating any further development of that embryo. Alternatively, soon it may become possible to prevent, control, or even cure diseases by delivering normal copies of genes coding for critical proteins into cells so that they will function properly. It even may become possible to manipulate genes in order to enhance people’s already normally functioning physical, cognitive, and emotional traits. All of these forms of genetic intervention give us considerable control over how many people will exist, when they will come into existence, their identities as persons, and the length and quality of their lives. In this regard, questions about human genetics are inextricably linked to “genesis” questions in philosophy.

The Human Genome Project was created in 1989 by the National Research Council of the National Academy of Sciences and the Congressional Office of Technology Assessment. Its goal was to map and sequence the entire human genome. To oversee this project, the National Institutes of Health established the National Center for Human Genome Research. Its mandate included the use of a small percentage of the Human Genome Project’s funds for assessment of and education on the ethical, legal, and social implications of human genetic research. While the ELSI project encompasses three areas of concern, legal and policy issues have strongly influenced the formulation and discussion of the ethical issues pertaining to human genetics. These issues hinge largely on the use of genetic information  acquired through testing and screening programs, and they include privacy, confidentiality, unlawful disclosure, and consent. A major rationale for formulating public policy guidelines and enacting legislation in these areas is to protect individuals from discrimination by prospective insurers or employers on the basis of genetic information. For example, one who has tested positive for a disease-causing gene and whose medical record is publicly accessible may find it difficult or even impossible to obtain life and health insurance. Because insurance operates on the idea of pooling risk, and the genetically better off may not want to pool their risk of disease with the genetically worse off, the latter may be rejected by insurance companies. Furthermore, if genetic information were required when applying for work, then employers who pay the health care costs of their employees might refuse to consider one who has tested positive for a gene that only predisposes one to disease.1


Although the legal and policy implications of genetics are of enormous importance, my concern in this book will not be with them. Nor will I address the issue of behavioral genetics. For the question of whether or to what extent genes influence or determine how humans act is so complex and controversial that it deserves to be discussed separately.2 Instead, I will focus on a particular set of philosophical questions generated by genetics. I believe that these questions are more intriguing and weightier than legal or policy questions, in the sense that they can help us to achieve a deeper understanding of our nature as human beings and persons, as well as of our moral obligations to future generations. More precisely, the book explores two related general philosophical questions pertinent to genetics, one metaphysical, the other moral: (1) How do genes, and different forms of genetic intervention (gene therapy, genetic enhancement, genetic diagnosis of preimplantation embryos, and so on) affect the identities of the people who already exist and those we bring into existence? (2) How do these interventions benefit or harm the people we bring into existence in the near future and those who will exist in the distant future? It is worth raising more specific questions germane to (2). Are we morally obligated to prevent the existence of people who would be severely diseased and disabled? Do the claims of people who will exist in the distant future have less moral weight than the claims of those who will exist in the near future? Would genetic enhancement of cognitive, physical, and emotional capacities to raise them above the normal level of functioning for people be morally objectionable and, if so, on what grounds? How could we ensure equal and  fair access to both therapeutic and enhancement genetic technologies for all people?

Methodologically, in each of the five chapters I first lay out the relevant biological or medical facts and possibilities involving genetics and then explore the metaphysical and moral implications of them, especially as they pertain to personal identity and our obligations to future generations. I have tried to make the discussion biologically and medically informed to give more substance to the philosophical claims and arguments. Philosophers frequently ignore or oversimplify science in their discussions of metaphysical and moral issues, often engaging in hypothetical thought-experiments that are overly speculative and lacking in plausibility outside of their own field. It should be noted, however, that my main concern is not with biology and medicine. Rather, I refer to these areas only as a necessary (but not sufficient) basis on which to intelligibly discuss the philosophical issues. Moreover, some of the ideas I explore involve what presently may seem to be remote biological and medical possibilities. These include genetic enhancement, human cloning, and extending the human life span on a broad scale. Nevertheless, it is instructive to consider these possibilities in order to test and refine our metaphysical and moral intuitions. It is particularly important to do this because all too often our moral attitudes and laws lag behind biotechnology. And rather than being forced to react to biotechnological findings, we can more effectively address the philosophical aspects of future findings when they occur by anticipating them in advance. Not too long ago, cryopreservation of embryos, cloning of animals, xenotransplantation, and gene therapy to treat human diseases were unthinkable to many people. Although now these procedures are actually practiced, we still have not sorted out all of the moral issues germane to them.

In thinking philosophically about genesis questions, I have been influenced primarily by the work of philosophers Derek Parfit and David Heyd, especially with respect to the nature and extent of our obligations to future generations.3 The work of Philip Kitcher and Jeff McMahan has influenced my discussion of other philosophical questions generated by human genetics.4 My presentation of the biological and medical issues has been shaped by the theory of evolutionary medicine, especially as explained in the work of George C.Williams and Randolph Nesse.5


While I was working on the final draft of this book, a much-anticipated book by philosophers Allen Buchanan, Dan Brock, Norman Daniels, and Daniel Wikler appeared.6 Their discussion of the social, political, and policy  implications of genetics is much more comprehensive than mine. However, my book differs from theirs in at least three important respects. First, I offer a more comprehensive discussion of genesis questions, of the extent to which genetics and genetic interventions influence personal identity and the quality of future people’s lives. This is significant because questions about whether people are benefited or harmed cannot be addressed adequately without identifying who they are. Second, the four philosophers just mentioned do not explore the implications of genetically manipulating the mechanisms of aging to extend the human life span. Third, while their account is biologically and medically well-informed, unlike them I discuss biology within an evolutionary framework. This is a function of the conviction that genes can be understood only from the perspective of evolutionary biology.

Rather than draw a fine-grained distinction between “ethics” and “morality,” many philosophers and bioethicists use these two terms interchangeably as equivalent normative notions indicating what ought to or ought not be done. Bernard Williams points out that the difference between the terms derives from distinct Greek and Latin origins. “One difference is that the Latin term from which “moral” comes emphasizes rather more the sense of social expectation, while the Greek favors that of individual character.”7 Similarly, for philosopher and legal theorist Ronald Dworkin, “ethics... includes convictions about which kinds of lives are good or bad for persons to lead, and morality includes principles about how a person should treat other people.”8 Because of its social content, “morality” better captures the normative aspects of genetic technology, and accordingly I will use this term instead of “ethics” throughout the book.

At a lower level of argument, I do not adopt a single moral theory to address the different issues in the chapters but instead use different theories to support different moral conclusions. My reason for doing this is to avoid a “top-down” method where I employ one theory from the outset and simply apply it to every moral aspect of genetics covered in the book. This would run the risk of artificially forcing the issues to fit the theory. More importantly, it would ignore the fact that different questions have been raised about different moral implications of human genetics and accordingly require moral analysis that is sensitive to these differences. For example, my discussion of the impersonal comparative principle in chapter 2, regarding the quality of the lives we bring into existence and minimizing the amount of pain and suffering in the world, is motivated by consequentialism.  In contrast, in chapter 4 the principle that human clones must not be treated solely as means but also as ends-in-themselves is motivated by Kantianism, or deontology. Similarly, my argument in chapter 3 against genetic manipulation of people’s cognitive capacities to improve their health status is grounded in deontological reasoning. The two theories in question are not entirely antithetical. Contemporary nonconsequentialists in the Kantian tradition hold that in some cases we are permitted not to maximize overall best consequences, and that in other cases there are constraints on promoting these consequences.9 This implies that consequences do matter morally and can be promoted to a certain extent. At a higher level of argument, my general concern in all of the chapters is with how people can benefit from or be harmed by different forms of genetic intervention. In this regard, my general theoretical orientation is a consequentialist one.

The structure of the book is as follows. In chapter 1, I lay out the basic features of human genetics, explain the role that genes play in disease, and discuss how these biological features bear on the identities of persons and our moral obligations to the people we bring into existence. Chapter 2 focuses more closely on moral issues, specifically what the genetic information acquired through presymptomatic genetic testing of adolescents and adults, as well as preimplantation genetic diagnosis of embryos, implies for our obligations to existing and future people. I consider whether there are diseases that make people’s lives on balance not worth living, and whether this entails a moral requirement to prevent these lives and the existence of the people who would have them by terminating genetically defective embryos. Early- and late-onset genetic diseases are considered in this regard. Also pertinent here is whether people who know that they are at risk of having a late-onset genetic disease as a result of presymptomatic testing have an obligation to share this information with family members who also may be at risk.

In chapter 3, I examine two other forms of genetic intervention—gene therapy to treat diseases, and genetic enhancement of cognitive, physical, and emotional traits and capacities. I analyze these procedures in terms of benefit and harm, permissibility and impermissibility, and equality and fairness regarding access to them. Because the effects of germ-line genetic manipulation will be passed on to offspring, and because it is not known what these effects might be in the long term, generally there are sound biological and moral reasons against this type of intervention. In somatic-cell gene therapy, on the other hand, the effects remain with the individual  who is treated. Although it is medically and morally desirable, somatic-cell gene therapy has been effective in treating only a few diseases and has resulted in some deaths. Insofar as all forms of genetic intervention are designed to prevent, control, or cure disease and disability, the general failure of somatic-cell gene therapy provides an even stronger case for testing and selectively terminating embryos with genetic anomalies causing severe disease and disability. With these same medical and moral goals in mind, I give five reasons against genetic enhancement.

Chapter 4 is an analysis of cloning human beings and human body parts. I maintain that there are few compelling biological reasons for cloning full-fledged humans, and that cloning body parts would sidestep many of the moral qualms generated by the idea of human cloning. Nevertheless, I argue that concerns about the loss of personal autonomy and dignity through human cloning are unfounded. These basic human values may be threatened by the purpose for which cloning is used, but not by the procedure itself, which does not necessarily imply the violation of our humanity or personhood. There are two main moral concerns about cloning that involve potential harm to people. First, DNA damage in the donor cell nucleus could result in premature aging and disease in cloned people. Second, as an asexual form of reproduction, cloning practiced on a broad scale could adversely affect genetic diversity and consequently the ability of future people to adapt to and survive in changing physical environments. Because of this, and because genetic material is transferred from the donor cell nucleus to the oocyte, there are unique genetic features of cloning that distinguish it from other forms of assisted reproduction. In response to the claim by some that widespread human cloning is a fanciful idea, I suggest that many parents might be inclined to resort to cloning to prevent disease in their children. I then point out the adverse impact this practice could have on future people.

In chapter 5, I explore the prospect of extending the human life span through genetic manipulation of the mechanisms of aging in general and telomeres and embryonic stem cells in particular. I explore whether this procedure might increase the number of deleterious mutations in humans and how this might affect the ability of people in the distant future to have a reasonably long and disease-free life span. Moreover, I consider what increased longevity would mean for our prudential concern about our future selves, as well as its collective effects on population and the quality of people’s lives.

The general aim of this book is to move philosophers, bioethicists, biologists, and readers in general to reflect on the philosophical questions generated by different aspects of human genetics. These questions include the extent to which genes and different forms of genetic intervention influence whether we are healthy or diseased, our identities as persons, the quality of our lives, and our moral obligations to people in future generations.






1

THE REACH OF GENES: BIOLOGY, METAPHYSICS, MORALITY

Genes are stretches of nucleotide base pairs along strands of the DNA molecule, the major component of each chromosome. They specify the amino acid sequences of structural and enzymatic proteins controlling the functions of simple and multicellular organisms from bacteria such as E. coli to humans. Genes are the basic units of heredity through which the biological characteristics that define us as humans are transmitted from one generation to the next.1 While all human organisms share the same basic genetic code, variations among different alleles, or forms of genes, distinguish each of us from other individuals in our species by producing differences in our phenotype, the set of our observable traits. These genotypic polymorphisms play a major role in shaping the unique biological identity of each human organism.

But while genes influence our biological functions in many crucial respects, they do not by themselves completely determine our biological fate. For how cells function at the molecular level depends to a great extent on how the genes in these cells interact with certain chemical processes inside our bodies and brains, as well as with various environmental factors. These include not only ionizing radiation, viruses, and bacteria, but also diet and manipulation of genes through different forms of biotechnology.2 Furthermore, while genes influence the structures and functions of our bodies and brains necessary to generate and sustain the consciousness and mental life that make us persons, genes cannot offer us a complete explanation of the psychological concepts of personhood and personal identity through time. Nor can genetics tell us what is morally permissible or impermissible, or what constitutes benefit and harm, with respect to the manipulation of genes in the somatic or germ cells to prevent or enhance the expression of certain physical and mental traits. These  questions cannot be raised and analyzed within the domain of genetics alone.

Nevertheless, an examination of the subtle and complex ways in which genes causally influence the nature of human biology and personal identity, as well as how they can benefit and harm us, can elucidate such questions as, What does it mean to be human? What is a “person”? Are we essentially human organisms or persons? What obligations do we have to prevent, treat, or cure diseases in people by intervening at the molecular genetic level? How many and what sort of people should we bring into existence in the near and distant future? My aim in this chapter, and more generally throughout this book, is to address these questions by exploring the influence of genes along biological, metaphysical, and moral dimensions.

Although they are interrelated in important respects, each of these three dimensions is necessary but not sufficient for a satisfactory account of the other two. An understanding of the biological features of our bodies and brains is necessary to explain how consciousness and other mental states identified with personhood and personal identity through time can emerge and be sustained. But biological features alone cannot account for the contents of these mental states or their phenomenological, qualitative character. Similarly, an understanding of the metaphysics of personal identity is necessary to account for the moral notions of benefit and harm. For only beings with interests can be harmed, and having interests presupposes the capacity for consciousness and other forms of mental life that define persons. Still, this metaphysical notion by itself cannot fully explain the moral significance of benefits and harms, or why benefits to some people can outweigh, or be outweighed by, harms to others. I will consider these three dimensions in turn, showing how each influences the others, with further elaboration and refinement of the nature of their interrelations in subsequent chapters.

The geneticist Theodosius Dobzhansky claimed that “nothing in biology makes sense except in the light of evolution.”3 In adopting this position, I will maintain that questions about genes and their implications for the metaphysical and moral issues I have mentioned should be raised and analyzed within a framework of evolutionary biology. Our bodies, immune systems, brains, and mental life have developed over a long period of evolutionary time and are integrated parts of a design naturally selected to confer a survival advantage on human organisms in different physical environments. We have been designed as organisms through natural selection  to survive in order to enhance our reproductive fitness so that our genes can be efficiently and effectively transmitted into the next generation. Biological fitness is necessary for reproductive success. Unfortunately, for persons with the desire to have longer lives, the protection that genes afford our organisms from acute diseases earlier in life makes our organisms more vulnerable to chronic diseases later in life. I will pay closer attention to this trade-off and what it implies for extending the human life span through genetic manipulation in chapter 5.

It is one thing to explain the impersonal nature of genes in terms of evolutionary biology. It is quite another to show how genes can affect the identities and interests of persons. Genes should be understood as operating at two distinct but related levels. On a general level, genes function according to principles of natural selection, enhancing human survival and reproductive fitness so that they can be passed on from one generation to the next. For humans and other species, this process takes place over many generations and involves extremely long periods of time. On a particular level, genes affect human organisms and persons over shorter periods of time by controlling the synthesis of proteins that underlies the cellular functions of our bodies and brains. Insofar as our mental life causally depends on the structures and functions of our bodies and brains, and genes influence these structures and functions, genes indirectly shape our understanding of ourselves as self-conscious individuals persisting through time. Moreover, by controlling cellular mechanisms genes play a causal role in the etiology of healthy and diseased conditions, depending on whether the alleles of these genes are normal or mutated and the extent to which mutations affect these mechanisms. Because persons have an interest in being healthy and avoiding disease, because benefit and harm are defined in terms of the satisfaction and defeat of interests, and because genes play a causal role in health and disease, genes can indirectly benefit or harm persons. So, while the health or disease that individual persons experience are not directly caused by the way genes operate at the evolutionary level, they are the indirect effects of the force of natural selection.

In the remainder of this chapter, I first discuss the connection between genes and disease. Then I go on to distinguish the biological type “human organism,” or “human being,” from the psychological type “person” and argue that we are essentially persons. I explain that these two ontological types correspond to distinct biological and psychological senses of “life” and that each of these types has distinct criteria of identity. In addition, I explain how genes and various forms of genetic intervention can affect the  identities of persons. Finally, I sketch some of the moral issues for discussion in subsequent chapters pertaining to these interventions, addressing the more general question of what our obligations are to the people we bring into existence in the near and distant future.




Genes and Disease 

The Human Genome Project was created in 1989 on the joint recommendation of the National Research Council of the National Academy of Sciences and the Congressional Office of Technology Assessment.4 Its aim was to decipher all of the roughly 30,000 to 40,000 genes encoded in the 3 billion nucleotide base pairs in our DNA. In 1991, the then director of the project, and earlier codiscoverer of the DNA molecule, James Watson, issued the following statement:


A more important set of instruction books will never be found by human beings. When finally interpreted, the genetic messages encoded within our DNA molecules will provide the ultimate answers to the chemical under-pinnings of human existence. They will not only help us understand how we function as healthy human beings but will also explain, at the chemical level, the role of genetic factors in a tnuleitude of diseases—such as cancer, Alzheimer’s disease and schizophrenia—that diminish the individual lives of so many millions of people.5




Clearly, deciphering the genetic code is motivated mainly by therapeutic concerns, and a better understanding of how genes function could lead to better means of preventing, treating, or even curing diseases and promoting health.This reasoning is based on the theory that diseases are caused by mutant alleles of genes that fail to properly encode proteins necessary for the regulation of cell functions, which in turn adversely affect the functions of different organs and organ systems in humans.

Some believe that Watson’s goal soon will be realized. This is in the wake of the joint announcement in June 2000 by Craig Venter of Celera Genomics and Francis Collins of the National Human Genome Research Institute that they had completed a first draft of the entire mapped and sequenced human genome. Presumably, it will be only a matter of time before genetic testing can be used to predict whether people will likely develop disease over the course of their lives and thus serve as a form of disease prevention. Genetic knowledge could lead to better diagnosis of and treatment for diseases people have already. Collins asserts that the  complete mapping and sequencing of the genome will make possible “a new understanding of genetic contributions to human disease and the development of rational strategies for minimizing or preventing disease phenotypes altogether.”6 This picture is misleading, however.

Diseases with a genetic cause may be divided into three types: monogenic, polygenic, and multifactorial. The first type is caused by a mutation in a single gene (cystic fibrosis, sickle-cell anemia, Huntington’s disease). The second is caused by mutations in several or more genes (some cancers). And the third is caused by the interaction between several or more genes and environmental factors that trigger mutations in these genes (most cancers, heart disease, mental disorders). In fact, it would be more accurate to collapse polygenic and multifactorial diseases into one category, since genes and the environment together play a critical causal role in all diseases of the second and third types. Cancers, for example, usually result from multiple genetic mutations that are triggered by such environmental insults as radiation or various pathogens. Because these insults rarely occur all at once, cancers typically develop over an extended period of time and do not affect people until later in life. While many diseases with a genetic component are inherited as monogenic, there may be variations in the mode of inheritance that determine the risk of getting a disease, as well as the time of onset and its severity. In particular, a mutation in the BRCA1 or BRCA2 gene gives a woman who inherits it a lifetime breast cancer risk of between 50 and 85 %, as distinct from a 12% risk for the general population, where breast cancer appears to be multifactorial. Furthermore, a strong hereditary factor has been implicated in early-onset Parkinson’s disease, while the later-onset and less severe version of this disease appears to be multifactorial.

Significantly, only a small proportion of the population is affected by monogenic, Mendelian, disorders. This is why claims that genetics will revolutionize medicine by focusing narrowly on specific genes are greatly exaggerated. To be sure, mapping and sequencing the entire human genome will lead to the identification of more genes implicated in various disorders. But most diseases are caused by more than the action of mutations in single genes. Neil Holtzman and Theresa Marteau attribute this to “the incomplete penetrance of genotypes for common (multifactorial) diseases.”7 In simplified terms, there is rarely a direct causal link between a given genetic mutation and a given disease. Having the mutation does not necessarily mean that one will develop the disease associated with it. Even in a family with a history of a heritable disorder, there may be varying degrees  of penetrance, and so not every member of the family will develop the disorder. This underscores the ambiguity of the genetic component in disease. The proportion of people carrying the mutation who actually develop the disease is quite low. Holtzman and Marteau focus on the search for susceptibility-conferring genotypes for breast cancer, colon cancer, early-onset Type 2 diabetes, and Alzheimer’s disease and point out that in each of these disorders genotypes account for less then 3% of all cases. They explain this by saying that “the risk of disease conferred by alleles at one locus depends not only on alleles at other, independently segregating loci, but also on environmental factors.”8


Perhaps the best explanation for the incomplete penetrance of genotypes for disease is the phenomenon of epigenesis. Although the term itself literally means “above” or “over” genes, epigenesis is the science of heritable changes in gene expression that occur without a change in DNA sequence. 9 In this process, mutations occur not because of changes to the base pairs constituting the DNA molecule, but because of other chemical processes. Gene expression can be modified by chemical groups attaching themselves to the base pairs, affecting the functions of the proteins the genes encode and in turn the functions of the cells these proteins regulate. Methyl groups, composed of one carbon and three hydrogen atoms, produce such an effect through the process of methylation.

As Holtzman and Marteau further point out, “the complexity of the genetics of common diseases casts doubt on whether accurate prediction will ever be possible. Alleles at many different gene loci will increase the risk of certain diseases only when they are inherited with alleles at other loci, and only in the presence of specific environmental and behavioral factors.”10 The upshot is that the goals of better disease prevention and treatment will more likely be realized, not by a narrow focus on particular genes, but instead by studying genes within a broader causal framework that also includes behavioral, environmental, and other biological factors in addition to genetics.

Still, a satisfactory account of health and disease in medicine can be given only within an even broader evolutionary biological framework. This is if one accepts Randolph Nesse and George Williams’s elaborated version of Dobzhansky’s dictum: “Evolutionary biology is, of course, the scientific foundation of all biology, and biology is the foundation for all medicine.”11 The relations among evolutionary biology, medicine, and disease can be illustrated by a brief description of the function of the “innate” and “adaptive” components of the human immune system.

The innate component does not require prior sensitization by a specific foreign antigen to become activated. Rather, the elements of this system (macrophages, natural killer cells, complement, and naturally occurring antibody) are activated nonspecifically by any antigen. In the adaptive component, a period of prior sensitization to a specific antigen is required before it responds. Once sensitization occurs, memory cells are generated and remain in the circulation and lymphoid tissue for life. B cells and helper and cytotoxic T cells constitute the adaptive component of the human immune system. These two components and their distinct but related functions have been naturally selected in order to protect our organisms from potentially life-threatening microbes so that they do not become pathogenic. The memory cells in the adaptive arm of our immune systems enhance its ability to ward off infectious agents by enabling millions of molecular receptors to repeatedly recognize these agents and guide the body’s defenses in the appropriate way.12 Immune memory cells are a major reason why human organisms can survive despite constant threats from microbes.

Crucially, there must be a balanced response from the innate and adaptive arms to foreign agents. They must be potent enough to protect our organisms from virulent microbes, but not so potent that they cause autoimmune disease, which in extreme cases can lead to the demise of our organisms. This balance in the response of the two components of the human immune system has evolved to protect human organisms from infectious agents and thereby enhance their survival and reproductive fitness so that genes can be passed on to future organisms. Beyond the age of reproduction, however, natural selection has no reason to protect us in this way. We become more susceptible to chronic diseases as we age because our immune systems are not designed to work as effectively or efficiently later in life as they are earlier in life against acute infectious diseases. With the example of the immune system in mind, when questions of treating or preventing disease through gene therapy or other forms of genetic intervention arise, they should be placed within a framework of evolutionary biology, as this is the best way to understand how genes function in maintaining health or causing disease.

I have been using “health” and “disease” very loosely. Because they figure prominently as core terms in this discussion, some general definitions are in order. “Health” is the biological condition of the human body and brain when cells, tissues, organs, and organ systems function normally. In contrast, “disease” is the biological condition of the body and brain in  which these same physiological features do not function normally, often because of the lack or dysfunction of enzymes or other proteins critical to the regulation of cellular processes.13 Or to adopt Norman Daniels’s view, “disease and disability are seen as departures from species-typical normal organization or functioning.”14 Daniels further says that “according to the normal functional model, the central purpose of health care is to maintain, restore, or compensate for the restricted opportunity and loss of function caused by disease and disability.”15 I will return to this definition of disease in chapter 3, when I discuss genetic enhancement and the goals of medical treatment.

Some diseases are both biological and mental at the same time. For example, schizophrenia is characterized as a disease of the brain involving dysfunction of neural connectivity and the neurotransmitter dopamine. It likely is caused by a sequence of multiple “hits,” or insults to cell DNA, which include a combination of inherited genetic factors and nongenetic factors affecting the regulation and expression of genes controlling brain functions.16 In this respect, its etiology is similar to that of most cancers.Yet schizophrenia is clinically expressed as a disease of the mind involving cognitive and affective abnormalities. So, in this disease at least, the biological and the mental are intertwined.

Although I am in general agreement with Daniels’s definition, disease must be distinguished from illness and disability. “Illness” is defined as the psychological experience of pain or other manifestations of disease. It is associated with suffering in the sense that illness involves one’s subjective response to disease.17 Thus, while the health or disease of the body or brain is defined in biological terms and refers to a human organism, illness is defined in psychological terms and refers to a person’s unique phenomenological experience of living with a disease. A person may have a disease or illness yet not be disabled by it. “Disability” implies a general inability to formulate and pursue a life plan, where a mental or physical condition presents obstacles to undertaking and completing projects within that plan. In most cases, people are disabled by disease; but disease does not necessarily imply disability. If a woman has become infertile as a result of endometriosis but has no desire to have children through normal reproductive means and can control any pain associated with it, then this disease would not count as a disability for her. Moreover, hypertension may be classified as a disease in the sense that it involves a dysfunction of the mechanisms controlling blood pressure within the body. But if one is able to control both systolic and diastolic pressure within safe limits by taking appropriate antihypertensive  medication, then one could live with the disease without becoming disabled by a stroke or cardiovascular disease.

Some might challenge the definition of disease in terms of species-typical functioning, claiming that there is no objective, value-free conception of function and therefore no objective, value-free conception of disease. Against the objectivist, whose conception of disease is grounded in facts about human physiology, the constructivist says that “function” and “disease” are social constructs formed relative to the values of different social groups or cultures.18


But constructivism mistakenly identifies the physiological functions that the body’s organs and systems (cardiovascular, endocrine, immune, nervous, and so on) naturally are designed to do with how different social groups or cultures assign meaning to these functions in the way they affect the quality of people’s lives. What must be distinguished, then, are the physiological dysfunctions that cause disease, on the one hand, and social judgments about quality of life given these dysfunctions, on the other. Nothing in these judgments vitiates the objective physiological definition of disease. More important, though, when we justify a medical intervention to treat or prevent a disease, it is by appealing to the way in which the disease affects or would affect people’s quality of life. And there are some diseases entailing so much pain and suffering as to lead to a general con-sensus that the lives of people with these diseases would not be worth living. Prenatal testing and selective termination of early-stage fetuses or embryos with genetic anomalies causing these disorders could be justified on grounds of disease prevention. Intervention in the form of gene therapy might be justified for people who already exist with severe disorders, though the risks have to be weighed against the potential benefits.

In the light of these points, it is instructive to consider Sanfilippo syndrome. This is a genetic disease manifesting in early childhood and causing both severe mental retardation and aggressive behavior. As Philip Kitcher reasons:
Testing to see if a fetus bears an allele for Sanfilippo syndrome is justified at bottom because the lives lived by these children with these alleles are sadly truncated and may diminish the quality of others, not because Sanfilippo is a disease or because people in Western society do not value children whose physical, cognitive, emotional, and behavioral development is massively disrupted. Deciding which types of prenatal testing or which types of molecular intervention are acceptable requires us to ask how the test and interventions would affects the quality of future lives.19






Returning to evolutionary biology, some authors estimate that up to 80% of all cancers are environmental in origin, suggesting that external insults to DNA are the main cause of this and other diseases.20 This is a plausible explanation as far as it goes; but it does not go far enough. For an evolutionary explanation indicates that there is more to the multifactorial account of disease. On the multifactorial model, the more carcinogens or other external insults to DNA to which a woman is exposed, the higher will be her risk of getting breast cancer. This is supported by the fact that in the United States there is a correlation between the distribution of toxic-waste dump sites and regions of high breast cancer mortality. Presumably, the incidence of breast cancer would be much higher in these regions than in others. However, a study by the National Center for Health Statistics shows that the incidence of breast cancer is just as high in major metropolitan areas, especially in the Northeast, where toxic pollution levels generally are lower than elsewhere and where education and socioeconomic levels of women are higher than in the rest of the country. In contrast, the Southeast has a lower incidence of breast cancer while having a higher teenage pregnancy rate and a considerably lower proportion of college graduates and professionals than in the Northeast.21 All of this suggests that an environmental explanation for the disease needs to be supplemented by an evolutionary one.

Higher education and income levels for many women in the Northeast indicate that increasing numbers of women are either foregoing or delaying having children until after they have established themselves in a career. If our bodies are designed by natural selection to ensure reproductive fitness early in life, then whatever disrupts this may adversely affect certain bodily processes, in this case the action of critical hormones such as estrogen on cells in breast tissue. We do know that childbearing before the age of thirty has a positive effect on the action of the relevant hormones. More women are having fewer babies, and are having them later in life. This means more menstrual cycles and consequently a greater amount of estrogen circulating in their bodies. Because of the effect of this hormone on cells in breast tissue in particular, not having children before age thirty puts women at an increased risk of developing breast cancer. An evolutionary explanation of the incidence of this disease is supported by the lower rate of breast cancer among women in the Southeast, where the rate of teenage pregnancy is higher. That is, women’s bodies have been designed over many generations by natural selection to enhance reproductive fitness and success earlier in life. Behavior that does not accord with that design may  make their bodies more susceptible to certain diseases, and delaying or foregoing reproduction can work against natural design and increase the risk of breast cancer. Over time, the body can adjust and become less susceptible to this disease when reproduction does not occur within a certain age range. But the period of time for the adjustment to take place would involve many generations of women.

Similarly, Nesse and Williams point out that, with respect to the human diet, the availability of certain foods has been so recent that natural selection has not yet had a chance to adjust to them.22 This phenomenon has had adverse effects on the health of certain populations. For example, Native Americans traditionally had “feast-or-famine” diets depending largely on the availability of complex starches and lean meat from wild game. Now that foods consisting of saturated fats and refined carbohydrates are readily available to them, there is a much higher incidence of obesity and the associated diseases of hypertension and diabetes among them as compared with the rest of the general population. In evolutionary terms, the bodies of people in this particular population have yet to adjust to these dietary changes. Indeed, in many respects our bodies and physiology have not transcended our evolutionary past but rather are the products of that past.23 Still, an evolutionary explanation cannot tell us what the causes of disease are in specific cases. It provides only a general understanding of the origins and development of disease in the human species.

Distinct from the three types of disease with a genetic component are three possibilities for a given genotype, the combination of alleles at a particular gene locus: normal, carrier, and disease.24 In a normal genotype, there are at least two functioning copies or alleles of each gene, which means that the proteins the genes encode and the functions the proteins regulate will operate properly. With a carrier, there is one functional and one defective allele. By itself, the defective copy of the gene will have no adverse effects on cellular or other physiological functions. But if a carrier mates with another carrier and their alleles combine, then there is a significant probability that some of their children will inherit the mutation and develop disease. This scenario is typical of the mode of inheritance of sickle-cell anemia (SCA) and cystic fibrosis (CF), which are single-gene autosomal recessive disorders.

SCA is a disease caused by a mutation in the allele coding for hemoglobin, the oxygen-carrying protein in red blood cells. Two abnormal copies of the allele (one from each parent) cause the individual’s red blood cells to become deformed, leading to blockage of blood vessels throughout the  body. This results in acute pain and disability early in life and often an early death. CF is caused by an abnormally functioning protein, CFTR (cystic fibrosis transmembrane conductance regulator), which regulates the transport of chloride ions across cell membranes. This leads to excessive mucus production in the lungs, making one vulnerable to opportunistic infections caused by such bacteria as Pseudomonas aeruginosa, as well as the dysfunction of digestive enzymes in the pancreas, which greatly impairs the ability to digest food. Treatments for the symptoms of CF have improved over the years, but those afflicted with the disease usually die by the third decade of life and have decreasing quality of life as they age with the disease.

In recessive diseases, if a child inherits only one copy of a defective allele from one carrier parent, then he or she at most will be a carrier and will not actually develop the disorder. In fact, carrying one defective copy of a gene that would otherwise cause disease if it were inherited with a second defective copy can protect one from other diseases. Perhaps the most familiar disease fitting this description is SCA, where one copy of the sickle-cell allele not only does not cause the disease but also confers protection against malaria.This is prevalent among people native to equatorial Africa, where malaria has been an endemic disease. Interestingly, the relation between SCA and malaria seems to confirm the evolutionary hypothesis of the causal interaction between genes and the external environment regarding the incidence of disease. The allele protecting against the Plasmodium responsible for malaria is selected for in an environment where this protozoan predominates, thereby enhancing the survival of human organisms in that environment.

Most inherited conditions are autosomal recessive. This means that if two carriers have children together, then each child has a one-in-four chance of inheriting the condition and having the symptoms associated with it. A smaller number of conditions are of autosomal dominant inheritance, which means that each child of a parent who carries a trait for a given condition will have a one-in-two chance of inheriting it. These disorders are rare because the people who have them are often too sick to have children, though people with the late-onset Huntington’s disease may already have children before knowing that they have the disorder. With dominant conditions, only one copy of a defective allele needs to be inherited for an individual to have the genetic disease it causes. So, while recessive genetic conditions are more frequent than dominant ones in the human population, the probability of a parent passing on a dominant trait to offspring is greater. Moreover, although recessive disorders generally are  more severe than dominant ones, the latter can be severe as well, as in Huntington’s. Equally serious are disorders traceable, not to any of the twenty-two autosomes, but instead to the sex chromosomes, X and Y. Well-known sex-linked disorders are Duchenne muscular dystrophy and hemophilia, both of which are traceable to mutations on the X chromosome and are inherited from the mother by half of the male children she bears.There are also disorders traceable to chromosomal anomalies that are not inherited but develop during fetal gestation, specifically trisomies 13, 18, and 21 (Down syndrome).

In chapter 2, I will discuss the prudential and moral importance of the differences in probabilities of inheriting dominant and recessive traits. I also will consider what the probability of inheritance means for the severity of a disorder, the age of onset of symptoms, the quality of life of affected individuals, and the projected life span. In particular, I will discuss what our moral obligation is to these individuals if we decide to bring them into existence and whether we have an obligation to prevent them from existing at all. In addition, there will be more detailed descriptions of the biological or medical characteristics of some of these monogenic diseases when I examine cases of people whose lives are or would be defined in terms of them. I also will address obligation and other moral issues with respect to polygenic or multifactorial diseases, where the genetic component is not the only medically or morally relevant consideration.
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