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Introduction

Suppose oneman has sexual intercourse with one woman. A spermatozoon fertilizes

an egg and creates an embryo with 46 chromosomes.1 These chromosomes are

studded with genes: discrete passages of deoxyribonucleic acid (DNA) coding for

the amino acid chains that form proteins.2 Proteins build cells; cells create tissues;

and, ultimately, tissues become a baby.3 Other than the choice of mate, no design is

involved. Because this process accounts for most births, this book describes it as

standard reproduction.

An alternative to standard reproduction may soon emerge. In human germline

modification (HGM), scientists use molecular editing tools to alter the genes in

human gametes (sperm and eggs) or embryos.4 Such gametes or embryos can be

used to conceive babies with modified traits (HGM for reproduction) or to perform

lab research (HGM for research).

Bioethicists, lawyers, and policymakers have debated the costs and benefits of

HGM for reproduction for many years.5 Until recently, this debate was academic

because efficient editing technology did not exist.6 However, in 2015, Chinese

researchers published the results of an experiment in which a molecular editing

tool known as CRISPR/Cas9* was applied to human embryos.7 The goal was to cut

the beta-globin gene (HBB), which when mutated causes a blood disorder known as

beta thalassemia,8 and repair the break with a new sequence of DNA. Upon testing

54 surviving embryos, the researchers found that the CRISPR/Cas9 tool cut the HBB

* CRISPR/Cas9 has many uses. For example, in addition to HGM, it can be applied to cells in culture
or used to create or cure experimental animals. ELIZABETH PENNISI, The CRISPR Craze, 341
SCIENCE 833, 834–35 (2013); MARGARET KNOX, The Gene Genie, 311 SCI. AM. 42, 45–46
(December 2014). Here is a simplified explanation of how it works: suppose a researcher wishes to
disable a specific gene in the nucleus of a cell. She creates a synthetic guide ribonucleic acid (gRNA)
molecule complementary to the gene’s sequence and attaches the gRNA to the Cas9 enzyme. Using
one of various methods, she introduces the complex into the nucleus of the cell. The gRNA leads the
Cas9 enzyme to the relevant DNA sequence, which the enzyme then cuts and disables. If the
researcher wants to substitute a new DNA sequence, she can add it to the gRNA/enzyme complex
in the hope that the cell will use it as a template to repair the cut. ANDREW POLLACK, A Powerful New
Way to Edit DNA,NEW YORK TIMES (March 3, 2014), www.nytimes.com/2014/03/04/health/a-power
ful-new-way-to-edit-dna.html

1

www.cambridge.org/9781108471206
www.cambridge.org


Cambridge University Press
978-1-108-47120-6 — Enhanced Beings
Kerry Lynn Macintosh 
Excerpt
More Information

www.cambridge.org© in this web service Cambridge University Press

gene in 28. However, only 4 took up the new DNA, and those 4 were mosaic,

incorporating the new DNA in some cells but not others.9 Seven other embryos

repaired the cut on their own using HBD, an endogenous gene with a sequence

similar to that of HBB.10 Also, the CRISPR-Cas9 tool sometimes cut the DNA in the

wrong place, leading to off-target mutations.11 The researchers concluded that

further study was needed before the CRISPR/Cas9 tool could be applied to

human embryos in a clinical setting.12

A stunning reality overshadowed this modest conclusion: the Chinese researchers

had dared to modify human embryos.13 To be sure, they never intended to create

babies and used only nonviable embryos in the experiment.14 Nevertheless, their

work was so shocking that when news of it leaked out, scientists and bioethicists

immediately began to comment.15 Some objected that HGM was unsafe16 and

would lead to human enhancement.17 Others countered that scientists could con-

tinue their research as long as they did not conceive babies through HGM.18

HGM research did continue around the world. British and Swedish scientists

edited genes in healthy human embryos to study embryonic development,19 while

Chinese scientists explored potential therapeutic uses of HGM.20 Finally, in 2017,

two years after the first experiment, an international team of scientists from the

United States, Korea, and China reported major advances in editing human

embryos.21

The international team obtained donor sperm from a man who carried

a mutation that causes hypertrophic cardiomyopathy, a dangerous condition in

which the heart muscle develops thicker walls.22 The team hypothesized that

mosaicism could be reduced if editing were performed when only a single copy

of the mutated gene was present; accordingly, it injected the CRISPR/Cas9 tool

together with the sperm directly into eggs.23 Fifty-eight embryos were analyzed.

The team did not detect the mutation in 42 embryos, or 72.4 percent.

(In comparison, 47.4 percent of control embryos created with the sperm lacked the

mutation.24) Only 1 of the 42 embryos was a mosaic.25 Even better, the team did not

detect off-target mutations in the embryonic cells it examined,26 perhaps because it

modified the CRISPR/Cas9 tool so that the cutting enzyme was present in

a purified form and dissipated more quickly.27

Hard on the heels of this report, Chinese scientists announced that they had

applied a new technology called base editing to cloned human embryos.28

Unlike CRISPR/Cas9, which cuts and repairs DNA, base editing uses enzymes

to change a mutated nucleotide base into the standard one.29 The embryos in the

experiment contained a mutation that causes beta thalassemia. The scientists

found that the mutation was corrected in more than 20 percent of the embryonic

cells tested.30

While some scientists innovated, others pondered the policy implications.

In 2017, the National Academy of Sciences (NAS) and the National Academy of

Medicine issued a report about human genome editing, including HGM
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(hereinafter NAS Report).31 The report opined that research on human gametes and

embryos could proceed subject to existing ethical rules and legal regulations.32

Clinical trials performed to conceive children without a serious disease or condition

might be acceptable if reasonable alternatives were not available and research

subjects were closely monitored for health and safety.33 However, the report advised

that regulators should not authorize clinical trials for other purposes, such as

enhancement, at the present time.34

These recommendations are generally consistent with federal law in the United

States. HGM for research is permitted,35 and HGM for reproduction is not yet

banned (although federal regulators cannot receive applications for clinical trials at

present).36 However, political forces may lead to changes in the law. Conservatives

who wish to protect human embryos may demand that the US Congress ban all

HGM, including basic research.37 Liberals who favor research but wish to prevent

the birth of modified babies may insist that Congress ban HGM for reproduction,38

as other countries have already done.39

Too often, both sides of the political divide ignore a simple fact: when human

beings are motivated to procreate, they do what it takes to circumvent laws that get in

the way. For example, within the United States, residents of states that prohibit

gestational surrogacy travel to states with more permissive laws.40 Likewise, citizens

of foreign nations that ban donor gametes and gestational surrogacy travel to places

where those technologies are legal.41

Therefore, this book proceeds on the basis of two assumptions: first, scientists may

eventually acquire enough technical expertise and genetic knowledge to make

HGM reasonably safe for mothers and babies; and second, if the United States

bans HGM, those who wish to use it may travel to China or other nations for

treatment. As a consequence, children with modified genomes will be born and

raised here, go to school here, and (upon reaching adulthood) work here. This book

describes such individuals as children of HGM.

Analysis proceeds in three parts. Part I discusses HGM for reproduction as

a matter of public policy. Chapter 1 presents hypotheticals in which parents use

HGM to conceive children with therapeutic or enhancing modifications. Next,

Chapters 2, 3, 4, and 5 collect complaints about such interventions into four

categories. The first, the hubris objection, addresses claims that adults who use

HGM transgress divine and natural boundaries, leading to bad outcomes.

The second, the manufacture objection, asserts that adults who employ HGM

transform human reproduction into manufacture. The third, the stratification

objection, charges that children of HGM and their descendants will produce class

divides and social inequalities. The fourth, the apocalypse objection, includes

allegations that children of HGM will bring about catastrophic outcomes, such as

the collapse of democracy or genocide. Chapters 2 through 5 subject these objec-

tions and related concerns to critical analysis and link them to negative stereotypes

about children of HGM.
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Some critics may assert a fifth objection: HGM is hazardous to human embryos.42

Many will die in the lab or be transferred to women but fail to come to term. But

harm to embryos is a general concern: it applies to most embryo research and many

assisted reproductive technologies.43 Therefore, this book does not examine this

objection in detail, although it mentions it where relevant.

Part II shifts the focus to the psychological origins and consequences of the four

objections and related concerns. Chapter 6 explains that the objections are consis-

tent with, and likely the product of, a heuristic called “psychological essentialism.”

Thus, stereotypes about children of HGM derive or draw power from essentialism.

Chapter 7 claims that predictions of social stratification and apocalyptic outcomes

encourage people to envy and mistreat children of HGM.

Part III addresses the laws of HGM in the United States. Chapter 8 presents

existing federal and state laws that affect HGM for research and reproduction. Next,

Chapter 9 describes future laws that Congress or state legislatures may enact in an

effort to stop HGM. Finally, Chapter 10 discusses the harms that bans impose on

scientists and science, parents, children, foreigners who travel to the United States,

and society. This book concludes that education is a safer and more effective means

of preventing abuses of HGM.
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