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“With the recent advents of gene-editing technologies, how can we establish ethical
guidelines to prevent the exploitations of these technologies in applications that are

outside of conventional medicine?”

The genetic technology known as CRISPR/Cas9
(clustered regularly interspaced short palindromic re-
peats/CRISPR-associated system 9) has revolutionized
the field of gene editing and generated much excitement
in the scientific community. While previous gene editing
technologies have been resource-heavy and required
significant specific expertise, CRISPR/Cas9 is relatively
quick, simple, inexpensive, and widely available. The
CRISPR/Cas9 system, naturally found as part of the
bacterial immune system, recognizes foreign DNA and
removes it with unparalleled precision and ease (1). Sci-
entists have already adapted this technology in the labo-
ratory to eliminate disease in animal models (2) and to
edit human cells (3).

In humans, CRISPR/Cas9 can be used to edit so-
matic cells of the body, changing the genetic information
in a subset of cells in a living human. There has been
promising research in somatic CRISPR/Cas9 applica-
tions, such as its recent use in repairing a mutation in
hematopoietic stem and progenitor cells (4,5). In fact,
clinical trials using CRISPR/Cas9 to alter immune cells
for the treatment of cancer are already underway (6,7).

This technology can also be used to edit human
germline cells. Editing the genome of egg or sperm cells
differs significantly from somatic cells, as it produces a
change that would be in every cell of the resulting indi-
vidual. This would result in a human whose genome has
been edited even before birth, and these changes would
be heritable and passed on to the next generation.

While somatic applications of CRISPR/Cas9 are ad-
vancing rapidly, the use of CRISPR/Cas9 in human germ-
line cells has been much more controversial, and has
essentially been put to a halt. The potential for misuse
of this technology in the prenatal setting, and concerns
over safety and unknown risks, has prompted the scien-
tific community to call for a world-wide moratorium on
the use of CRISPR/Cas9 in human reproductive cells,
while international discussion and guideline develop-
ment ensues (8).

While much of the hope associated with this tech-

nology is centered on application to genetic syndromes,
CRISPR/Cas9 could theoretically be used outside the
realm of conventional medicine for enhancement or
even cosmetic purposes, not just to alter a disease gene
that runs in the family.

The moratorium on the use of CRISPR/Cas9 in
germline cells comes, in part, from fear of exploitation
of the technology; it is meant to provide time for guide-
lines and regulations to be in place before the technol-
ogy is developed for non-conventional use. Discussion
within the scientific and ethics communities, as well as
research on stakeholder perspectives, including experts
in the field, patients and families influenced by genetic
disease, and the public, are essential in creating robust
policy that takes all perspectives into account. Ethical
considerations include social consequences, potential
stigmatization of groups with disabilities, issues of ac-
cess across different levels of socioeconomic status,
and the exploitation of vulnerable individuals who might
wish to pursue a cure. On the other hand, putting this
technology on hold also means it will be difficult to learn
more about it. Such fears led the United Nations Con-
vention of Biodiversity to reject a moratorium on the ap-
plication of CRISPR/Cas9 for gene drive (the ability of
a gene to be inherited more frequently than Mendelian
genetics would dictate, increasing its prevalence in the
population) (9).

CRISPR/Cas9 gene editing technology is undoubt-
edly here to stay, and the technology is expanding. We
are already seeing discoveries of variants of the CRIS-
PR/Cas9 system, like the CRISPR/Cpfl, the CRISPR/
CasX and the CRISPR/CasY systems (10,11). In addition,
while a worldwide moratorium may be laudable, it has no
legislative power or regulation on a global scale. As such,
focused attention to build appropriate and meaningful
policy, built on the foundations of international discus-
sion and stakeholder perspectives, can lead us in the
right direction. ®
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