A Bioethical Analysis of Gene Editing
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ABSTRACT

New developments in gene editing methods include the possibility to alter embryos for disease resistance. This
could allow for increased immunity in the future, but at what cost? Gene editing may have unintended conse-
quences. Some alterations may prevent the development of one disease but increase susceptibility to another.
Other genes persist in populations for complex evolutionary reasons. Scientists must therefore consider the con-
sequences and bioethics associated with these genetic changes. With examples such as the CCR5 coreceptor and
major histocompatibility complex, it becomes clear that this type of genetic enhancement is immoral when evalu-
ating it from biological, evolutionary, social, and economic perspectives. First, having the ability to select for cer-
tain desirable genes limits genetic diversity, which creates a barrier for evolution. Selecting for certain genes per-
petuates the concept of ideal genes resembling dangerous eugenic ideologies. Should these procedures become
more prevalent, the issue of accessibility arises. If these expensive procedures are only available to those who can
afford them, the opportunity gap between the poor and the rich will widen. An investigation of case studies and

ethical implications demonstrates that genomic editing is immoral and impermissible.
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In 2018, Chinese scientist He Jiankui shocked the
world by stating that he had altered the genome of two
embryos to confer resistance to the Human Immuno-
deficiency Virus (HIV).* This sparked debate in the
scientific community and brought an ethical debate on
the permissibility of gene editing to the forefront.2 On
one hand, alterations could provide immunity to ge-
netic conditions. However, risks far outweigh potential
benefits. The genome is complex, and protective alter-
ations for one medical condition may pose a risk for
another debilitating disorder. Additionally, many
genes persist in the population for evolutionary pur-
poses, and the removal of a malicious gene could have
unintended consequences. For these reasons, attempts
to edit human embryos are immoral.

One example of the ramifications of gene editing is
He’s embryonic alterations of the CCR5 coreceptor,
which is a protein that allows HIV to enter human
cells.3 The literature shows that those who are homo-
zygous for a 32 base pair deletion in the gene (CCR5-
deltag2) are resistant to HIV.3 However, the homozy-
gous mutation that confers HIV resistance increases
susceptibility to flaviviruses like Zika and West Nile
Virus.45 Studies in mice without wild type CCRj5

proved fatal upon infection with West Nile Virus.¢ Fur-
thermore, in a meta-analysis of American cohorts, a
higher number of patients with West Nile Virus are
homozygous for CCR5-deltag2 than those that possess
the wild-type alleles.” Even more concerning, around
5% of West Nile patients had this homozygous geno-
type, which is higher than the 1% in a typical popula-
tion.6 While the promise of preventing HIV may seem
tantalizing, scientists are exposing altered embryos to
the possibility of developing other dangerous and po-
tentially fatal diseases.

Many genes that seem detrimental in a population
may be advantageous in other ways, which is why gene
editing should be prohibited. The major histocompati-
bility complex (MHC) is a section of the genome that
helps regulate the immune system, and human leuko-
cyte antigen (HLA) genes in this area have many ge-
netic variations.8 This likely fosters pathogen re-
sistance and makes the immune system adaptable.
However, the MHC region also has genes that are
linked to autoimmune conditions, cancers, and schizo-
phrenia.9 Since these detrimental genes are in close
proximity to the HLA genes, they “hitchhike” with the
beneficial HLA genes; they cannot be eliminated with-
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out eliminating pathogen resistance.9

These examples demonstrate that gene editing should
not be permitted . The genetic hitchhiking described
above creates evolutionary trade-offs, as editing the
genome could remove a detrimental gene at the ex-
pense of another. This also raises larger issues about
which alterations should be pursued. This may reduce
population diversity, which is a barrier to evolution.
The effects of genetic selection may mimic populations
affected by genetic drift, as certain traits may disap-
pear with changes in the frequency of certain genes
perceived as desirable or undesirable.t Although more
desirable traits may seem to be genetically favourable,
cases of genetic hitchhiking and the breaking news
about He’s experiment suggest the importance of these
genetic tradeoffs. This artificial selection of traits may
disrupt natural selective pressures. The decrease in
genetic diversity may then make populations more
susceptible to changes.1o1t This evolutionary perspec-
tive is crucial in the ethical debate surrounding gene
editing, and no physician should be given this power.

In addition to the complexities outlined, there are
questions about what might happen when scientists
cross the line between gene therapy for the treatment
of genetic conditions and enhancement of already
healthy genes. When scientists have the ability and
access to technology that allows for gene editing, they
are solely responsible for deciding what should be
changed. From both a philosophical and an evolution-
ary perspective, this amount of power is dangerous.
The issue of eugenics also arises within this debate.
The power to alter certain genes perceived as undesir-
able, partnered with the goal of creating an ideal pop-
ulation takes this debate about ethics to a more dan-
gerous level.12 This concept of ideal is completely sub-
jective and strongly fosters discrimination, which may
impact specific disabled communities.2

Many healthcare systems worldwide operate on a basic
needs system, which provides a standard level of
healthcare for all members of society. The growing in-
terest in gene editing may jeopardize equitable access.
This genetic enhancement will likely be a luxury. Pro-
cedures of this nature may only be available to those
who can afford it, and it is estimated that certain
forms of gene therapy could cost as much as $1 Million
USD.13:14 Socio-economic class already determines who
can get medical procedures in many places worldwide,
and this may also apply to gene editing in the future.3
This would further expand the opportunity gap be-
tween the rich and the poor, which is problematic.!3

Any genomic modification has both biological ramifi-
cations and ethical considerations, and any theoretical
benefits must be weighed against potential risks. Giv-
en these consequences, both for the embryo and in
terms of greater societal implications, this type of ge-
netic modification cannot be permitted.
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