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FROM THE EDITORS
Ethics, Values, and Responsibility in Human Genome Editing
Sean C. McConnell, PhD and Alessandro Blasimme, PhD

CRISPR/Cas9 genome editing is an inexpensive and efficient tool to introduce changes in
DNA. Its ease of use sets virtually no limits on potential scientific and clinical
applications. Prospects include correcting congenital monogenic disorders, targeting
disease-causing molecular lesions,” and even altering multiple genetic loci at the same
time.2 Beyond therapeutic applications, there is at least in principle the possibility that
CRISPR/Cas9 can be used to enhance human traits,? such as resistance to infectious
diseases, strength, or cognitive capacity. Such interventions can target somatic cells in
adults or be employed in embryos during early development. Genome editing at the
beginning of embryonic life means that any genomic alteration introduced will pass on to
the germline and propagate through future generations. These possibilities have sparked
considerable debate about germline genome editing ethics, governance, and the scope of
responsible use of germline interventions.*

An announcement by Chinese researchers in April 2015° that they had edited human
embryos initiated public controversy and fear about germline genome editing.® In
November 2018, He Jiankui announced the birth of twin girls with a modified version of
the CCR5 gene,” an alteration that could confer resistance to HIV infection. Similar
experiments are being planned in Russia.? Some have argued that the promise of safe
and effective germline genome editing therapies should prevent any outright ban or
prohibition® and that using gene editing to improve prospects of future persons could
even be a moral imperative.™

However, many researchers and organizations have expressed reservations about
germline editing. It has been argued that ethics and governance debates should go
beyond the imperative of clinical innovation by paying attention to respect for human
rights™ and dignity'? and by carefully considering unknown consequences for gene-
edited people and future generations, both in terms of safety and possible eugenic uses
of this technology." Others have pointed to the availability of safer and more ethically
acceptable means of preventing congenital genetic defects, such as pre-implantation
genetic diagnosis.™ Still others fear that, if anything goes wrong with human germline
editing, research on and clinical use of somatic cell therapy could face reputational
crises.’ Consensus has gradually emerged in the scientific community about the need
for an international moratorium on premature clinical uses of human germline
editing.”®"""® Public dialogue aimed at reaching "broad societal consensus”'® on uses of
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genome editing has also emerged as key to the legitimacy of governance decisions about
such controversial technology.™

Given that the first clinical trials involving somatic uses of CRISPR/Cas9 are
underway,*°?" genome editing is primed to foster dramatic innovation in patient care
provided that it is used responsibly. A group of scholars—including national and
international experts in ethics, governance, science, and medicine—discuss such
pressing matters in this issue of the AMA Journal of Ethics.

References

1.

10.

11.

12.

1018

You L, Tong R, Li M, Xue J, Lu Y. Advancements and obstacles of CRISPR-Cas9
technology in translational research. Mo/ Ther Methods Clin Dev. 2019;13:359-
370.

Campa CC, Weisbach NR, Santinah AJ, Incarnato D, Platt RJ. Multiplexed genome
engineering by Cas12a and CRISPR arrays encoded on single transcripts. Nat
Methods. 2019;16:887-893.

National Academies of Sciences, Engineering, and Medicine. Enhancement. In:
Human Genome Editing: Science, Ethics, and Governance. Washington, DC:
National Academies Press; 2017:137-162.

Sugarman J. Ethics and germline gene editing. EMBO Rep. 2015;16(8):879-880.
Liang P, Xu Y, Zhang X, et al. CRISPR/Cas9-mediated gene editing in human
tripronuclear zygotes. Protein Cell. 2015;6(5):363-372.

Knapton S. China shocks world by genetically engineering human embryos.
Telegraph. April 23, 2015.
https://www.telegraph.co.uk/news/science/11558305/China-shocks-world-
by-genetically-engineering-human-embryos.html. Accessed August 30, 2019.
Regalado A. Exclusive: Chinese scientists are creating CRISPR babies. M/T
Technology Review. November 25, 2018.
https://www.technologyreview.com/s/612458/exclusive-chinese-scientists-
are-creating-crispr-babies/. Accessed July 10, 2019.

Cyranoski D. Russian biologist plans more CRISPR-edited babies. Nature.
2019;570(7760):145-146.

Sykora P, Caplan A. The Council of Europe should not reaffirm the ban on
germline genome editing in humans. EMBO Rep. 2017;18(11):1871-1872.
Savulescu J, Pugh J, Douglas T, Gyngell C. The moral imperative to continue gene
editing research on human embryos. Protein Cell. 2015;6(7):476-479.

UNESCO International Bioethics Committee. Report of the IBC on updating its
reflection on the human genome and human rights.
https://unesdoc.unesco.org/ark:/48223/pf0000233258. Published October 2,
2015. Accessed July 10, 2019.

Segers S, Mertes H. Does human genome editing reinforce or violate human
dignity? [published online ahead of print June 20, 2019]. Bioethics.

www.amajournalofethics.org


https://journalofethics.ama-assn.org/article/what-prudent-governance-human-genome-editing/2019-12
https://www.telegraph.co.uk/news/science/11558305/China-shocks-world-by-genetically-engineering-human-embryos.html
https://www.telegraph.co.uk/news/science/11558305/China-shocks-world-by-genetically-engineering-human-embryos.html
https://www.technologyreview.com/s/612458/exclusive-chinese-scientists-are-creating-crispr-babies/
https://www.technologyreview.com/s/612458/exclusive-chinese-scientists-are-creating-crispr-babies/
https://unesdoc.unesco.org/ark:/48223/pf0000233258

13. Pollack R. Eugenics lurk in the shadow of CRISPR. Science. 2015;348(6237):871-
871.

14. Lander ES. Brave new genome. New Engl// Med. 2015;373(1):5-8.

15. Lanphier E, Urnov F, Haecker SE, Werner M, Smolenski J. Don't edit the human
germ line. Nature. 2015;519(7544):410-411.

16. Lander ES, Baylis F, Zhang F, et al. Adopt a moratorium on heritable genome
editing. Nature. 2019;567(7747):165-168.

17. Wolinetz C, Collins F. NIH supports call for moratorium on clinical uses of
germline gene editing. Nature. 2019;567(7747):175.

18. Dzau VJ, McNutt M, Ramakrishnan V. Academies’ action plan for germline editing.
Nature. 2019;567(7747):175.

19. Jasanoff S, Hurlbut JB, Saha K. CRISPR democracy: gene editing and the need for
inclusive deliberation. /ssues 5S¢/ Technol. 2015;32(1):37.

20. Cyranoski D. CRISPR gene-editing tested in a person for the first time. Nature.
2016;539(7630):479.

21. Sheridan C. Go-ahead for first in-body CRISPR medicine testing. Nat Biotechnol.
https://www.nature.com/articles/d41587-018-00003-2. Published December
14, 2018. Accessed on July 10, 2019.

Sean C. McConnell, PhD is a senior policy analyst at the American Medical Association in
Chicago, Illinois, whose work focuses on genomics and precision medicine. His interests
also include digital health and augmented intelligence. He earned a doctorate in
biochemistry and molecular genetics at the University of Alabama at Birmingham and
completed postdoctoral research at the University of Chicago.

Alessandro Blasimme, PhD is a senior scientist at the Swiss Federal Institute of
Technology in Zurich, Switzerland. He graduated with a degree in philosophy and
obtained a master’s degree in bioethics from La Sapienza University of Rome and as well
as a doctoral degree in bioethics from the University of Milan. His research focuses on
ethical and policy issues in biomedical innovation and biotechnology, and his areas of
expertise include translational medicine, precision medicine, regenerative medicine,
genetic engineering, digital health, and aging.

AMA Journal of Ethics, December 2019 1019


https://www.nature.com/articles/d41587-018-00003-2

Citation
AMA / Ethics. 2019:21(12):E1017-1020.

DOI
10.1001/amajethics.2019.1017.

Conflict of Interest Disclosure
The author(s) had no conflicts of interest to disclose.

The viewpoints expressed in this article are those of the author(s) and do not
necessarily reflect the views and policies of the AMA.

Copyright 2019 American Medical Association. All rights reserved.
ISSN 2376-6980

1020 www.amajournalofethics.org



