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Designing babies through gene editing:
science or science fiction?

A. Cecile J.W. Janssens'?

Recently, an international group of experts met in Washington,
DG, to discuss scientific, ethical, and governance issues regard-
ing gene editing research and applications. The summit was
convened following the rapid adoption of the CRISPR (clus-
tered regularly interspaced short palindromic repeat)-Cas9
gene editing technology, which is already being used by labora-
tories around the world to make cells and breed laboratory ani-
mals with modified DNA for the study of diseases."”” CRISPR
offers entirely new opportunities for the study of the function
of genes in the development and progression of human disease
and for the development of human gene therapy, stem cell ther-
apy, and the culture of human tissue,>* but is not without risks.

Scientists and bioethicists are concerned that gene editing
opens Pandora’s box,** warning that imperfections of the tech-
nology may introduce errors such as off-target cuts that cause
heritable modifications and that even successful edits may have
disastrous consequences, including irreversible damage to the
health of individuals, assaults on human dignity, issues stem-
ming from justice inequality, and unpredictable and unknown
threats to entire populations and future generations.”® They
caution that the technology may be used not only to eliminate
the mutations of life-threatening disorders but also to enhance
“human capabilities” such as intelligence and appearance.®

The “good” news, though, is that genetically enhancing indi-
viduals is not that simple. Programming favorable traits in
embryos may not be possible even with the most accurate and
reliable version of CRISPR. Technology is not the limiting fac-
tor in the enhancement of individuals; nature is. A trait can be
programmed in embryos only when the following two criteria
are met.

First, the trait must be predominantly determined by DNA,
which means that its heritability must be 100% or close to it.
The lower the heritability, the greater the role of nongenetic
factors such as lifestyle, education, and stress and the lower
the likelihood that the presence of a trait can be guaranteed.
Indeed, the heritability of most human traits is too limited for
enhancing offspring through gene editing. The most heritable
human trait, eye color, has an estimated heritability of 98%,
freckles has 91%, and hair curliness has 85-95%.” A recent
review summarizing 50 years of heritability research showed

that most potentially desirable human traits have much lower
estimates: the heritability of intelligence and higher-level cogni-
tive function is ~50%, muscle power ~70%, and temperament
and personality ~45%.°

Second, for enhancement to be practical, the traits in ques-
tion must be caused by a single variant or an interaction among
a limited number of variants. Although it may become tech-
nically possible to edit DNA accurately at multiple loci, it is
unlikely that we will learn anytime soon what exactly needs to
be programmed when tens or hundreds of variants are impli-
cated. Moreover, gene editing for favorable traits is not just a
matter of tweaking the relevant genes in the “right” direction.
People are intelligent not because they have the “right genes”
and had the “right environment” but because they have the
right combination of genes and environment. Because the
future environment of the embryo is unknown at the moment
of editing, it will be impossible to know what the right genes
need to be, now and in the future.

With these two criteria in mind, it is understandable why the
first experiment using human embryo editing aimed to repair
a mutation for B-thalassemia and not one for type 2 diabetes,
depression, or even cancer.” B-Thalassemia is a recessive disor-
der caused by a single mutation. Other diseases that are men-
tioned as examples of future applications for gene editing, such
as Duchenne muscular dystrophy and cystic fibrosis, are all sin-
gle-gene recessive disorders. It is for these types of diseases that
genome editing technologies hold promise for therapies and,
potentially, for prevention by genome editing if embryo selec-
tion after preimplantation genetic diagnosis is not an option.

These criteria also explain why genome editing for intelli-
gence, appearance, and other common polygenic traits and dis-
eases should not be anticipated. Despite the successes in gene
discovery over the past 10 years, the combined contribution
of all genetic variants is too limited for embryo editing. Even
when all genes and their complex interactions are completely
understood, the genetic contribution to phenotype will be too
limited to “program” traits in embryos—polygenic traits and
diseases are just not genetic enough.

Caution is also warranted for genetic editing of embryos for
single-gene disorders. Mutations, like polymorphisms, may
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have so-called antagonistic pleiotropic effects, whereby expres-
sion of the gene increases the risk of one disease and decreases
the risk of another.'*! Well-known examples are the protective
effects of carrying one mutated recessive copy of the sickle cell or
[-thalassemia genes, which reduces the risk of fatal malaria.'*'?
The international summit proposed allowing the use of gene
editing technology in basic and preclinical research and, for
clinical studies, allowing its use for modification of the DNA
of somatic cells but not of germ-line DNA.® This proposal was
endorsed by the academies of sciences of the United States,
the United Kingdom, and China and is in line with a recent
recommendation of the UNESCO International Bioethics
Committee.’ The clinical introduction of germ-line editing
needs further investigation regarding the potential adverse
effects of the technology as well as a broader discussion of the
ethical and societal implications. This discussion is justified,
the risks are real, but it should follow an inventory of what,
ultimately, can and cannot be meaningfully edited in embryo
DNA. The possibilities for germ-line gene editing are deter-
mined not only by the technical capabilities of CRISPR but also
by the underlying biology of traits and diseases. The origins of
polygenic diseases and traits are simultaneously too complex
and not sufficiently genetic. This will limit the opportunities for
disease prediction in adults and prevent the genetic enhance-
ment of babies, regardless of very real ethical concerns.
Nevertheless, although it seems unlikely that parents will be
willing to take unpredictable and unknown risks in an attempt
to enhance their offspring when the success of the editing is
so uncertain, there will also be parents who feel tempted
to modify the DNA to increase the likelihood of a trait and
reduce the likelihood of disease. Also, inevitably, there will be
companies eager to “serve” them, even in the absence of valid
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opportunities. It is going to be crucial to hold the companies
to accurate and truthful marketing and not allow exaggerated
claims, and proper regulations must be in place before they
enter the market to protect parents and their future offspring.
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