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The National Academies of
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The National Academy of Sciences was established in 1863 by an Act of Congress, signed by
President Lincoln, as a private, nongovernmental institution to advise the nation on issues related to
science and technology. Members are elected by their peers for outstanding contributions to research.
Dr. Marcia K. McNutt is president.

The National Academy of Engineering was established in 1964 under the charter of the National
Academy of Sciences to bring the practices of engineering to advising the nation. Members are elected
by their peers for extraordinary contributions to engineering. Dr. C. D. Mote, Jr., is president.

The National Academy of Medicine (formerly the Institute of Medicine) was established in 1970 under
the charter of the National Academy of Sciences to advise the nation on medical and health issues.
Members are elected by their peers for distinguished contributions to medicine and health. Dr. Victor J.
Dzau is president.

The three Academies work together as the National Academies of Sciences, Engineering, and
Medicine to provide independent, objective analysis and advice to the nation and conduct other
activities to solve complex problems and inform public policy decisions. The National Academies also
encourage education and research, recognize outstanding contributions to knowledge, and increase
public understanding in matters of science, engineering, and medicine.

Learn more about the National Academies of Sciences, Engineering, and Medicine at www.national-
academies.org.
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The National Academies of
SCIENCES - ENGINEERING « MEDICINE

Reports document the evidence-based consensus of an authoring committee of experts. Reports
typically include findings, conclusions, and recommendations based on information gathered by the
committee and committee deliberations. Reports are peer reviewed and are approved by the National
Academies of Sciences, Engineering, and Medicine.

Proceedings chronicle the presentations and discussions at a workshop, symposium, or other
convening event. The statements and opinions contained in proceedings are those of the participants
and have not been endorsed by other participants, the planning committee, or the National Academies
of Sciences, Engineering, and Medicine.

For information about other products and activities of the National Academies, please visit
nationalacademies.org/whatwedo.
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Dedication

Dr. Ralph Cicerone (1943-2016) was President of the National Academy of Sciences in 2015 when, in
partnership with the President of the National Academy of Medicine, he announced a human genome-editing
initiative that would encompass science, ethics, and regulation. He noted that the National Academies of Sciences,
Engineering, and Medicine have led the effort to develop responsible, comprehensive policies for many emerging
and controversial areas of genetics and cell biology, such as human embryonic stem cell research, human cloning,
and “gain-of-function” research. Most notable was its involvement in key events leading up to the 1975 Asilomar
conference. But there are important differences between the Asilomar era and today, Dr. Cicerone said in an
interview with Nature, because few researchers were pursuing recombinant DNA research in 1975. Modern
genome-editing techniques are easy to use and widely accessible, leading him to conclude that the situation
requires an approach that is “really more international than Asilomar ever had to be.”

Dr. Cicerone was as good as his word. In collaboration with science and medicine academies from China and
the United Kingdom, an initiative was launched with an international summit. From this came a commitment
to future summits, and the formation of a study committee, with members hailing from or working in Canada,
China, Egypt, France, Germany, Israel, Italy, Spain, the United Kingdom, and the United States. This report is
the culmination of the work by that committee and is dedicated to this great leader of the National Academy of
Sciences.



B

AR HE R A A R AR T M AR AT H A . AT H A H 16 2 SR A A
HEVEME M PRIR, DAFEBYAHIMR AT RE 583 C A MRS, 0 ORI & AT & HUA AR HE R B 9T 9 R0 AH ¢
HIERRAE . AR H R M, FERRAREAERRE . BATER LT & NS AR E R H K

Eli Adashi, fiiBiA%

George Annas, 3 ¥l K%

Dana Carroll, #ffth k2%

Michael Dahlstrom, %2 #HH v K2

Hank Greely, 74 K%

J. Benjamin Hurlbut, ¥ 7 Z& 0} 37 k2

Maria Jasin, £ - SUARE PRIEEAE Pt

James Lawford-Davies, & AR E&PT, JEE

Andrew Maynard, WVF| &AM 7 K2

Krishanu Saha, g7 FEAL K2

Fyodor Urnov, B /R 5 St 7 e

Keith Wailoo, ¥ #fJi7iii K 2

RE FRHEAEAN AR T P2 EREELAEW, EIFAZRMITATT XL RN, RITH 3
AEBIME RATAT R A . %4 197 2 1 Harvey Fineberg ( #2/R2£4x45 ) 1 Jonathan Moreno ( 5% 4/
FERW K ) 535, A FA ST ZRNUARE P AR S AT IS A, SR ARAER L. &K
RE M BRA N T HME R RSP 79T,



Reviewers

This report was reviewed in draft form by individuals chosen for their diverse perspectives and technical
expertise. The purpose of this independent review is to provide candid and critical comments that will assist the
institution in making its published report as sound as possible and to ensure that the report meets institutional
standards for objectivity, evidence, and responsiveness to the study charge. The review comments and draft
manuscript remain confidential to protect the integrity of the deliberative process. We wish to thank the following

individuals for their review of this report:

Eli Adashi, Brown University

George Annas, Boston University

Dana Carroll, University of Utah

Michael Dahlstrom, lowa State University

Hank Greely, Stanford University

J. Benjamin Hurlbut, Arizona State University
Maria Jasin, Memorial Sloan Kettering Cancer Center
James Lawford-Davies, Hempsons Law Firm, United Kingdom
Andrew Maynard, Arizona State University
Krishanu Saha, University of Wisconsin-Madison
Fyodor Urnov, Altius Insitute

Keith Wailoo, Princeton University

Although the reviewers listed above provided many constructive comments and suggestions, they were not
asked to endorse the conclusions or recommendations, nor did they see the final draft of the report before its
release. The review of this report was overseen by Harvey Fineberg (Moore Foundation) and Jonathan Moreno
(University of Pennsylvania). They were responsible for making certain that an independent examination of this
report was carried out in accordance with institutional procedures and that all review comments were carefully
considered. Responsibility for the final content of this report rests entirely with the authoring committee and the
institution.
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Preface

Genome editing—a suite of methods for creating changes in DNA more accurately and flexibly than previous
approaches—was hailed as the 2011 Method of the Year by Nature Methods , and the CRISPR/Cas9 system of
genome editing was named the 2015 Breakthrough of the Year by Science. The technology has excited interest
across the globe because of the insights it may offer into fundamental biological processes and the advances it may
bring to human health. But with these advances come many questions, about the technical aspects of achieving
desired results while avoiding unwanted effects, and about a range of uses that may include not only healing the
sick, but also preventing disease in this and future generations, or even altering traits unrelated to health needs.
Now is the time to consider these questions. Clinical trials using edited human somatic cells are already underway,
and more are anticipated. To help direct the use of genome editing toward broadly promoting human well being,
it is important to examine the scientific, ethical, and social issues it raises, and assess the capacity of governance
systems to ensure the technologies’ responsible development and use. Doing so also entails articulating the larger
principles that should underlie such systems.

These were not easy tasks, but we are profoundly grateful to the committee members who joined us in tackling
our charge. They willingly and thoughtfully brought their diverse perspectives to bear on our discussions, and we
thank them for their commitment to this study and for devoting so much of their time and energy over the past
year. It has been a pleasure and a privilege to work with them. The report was also informed by many presentations
and discussions with speakers whose contributions provided a wealth of information and insight. We thank them
for sharing their research and viewpoints with us. Finally, on behalf of the committee, we would like to thank
the staff of the National Academies of Sciences, Engineering, and Medicine for working alongside us throughout
the study—their ideas and support were crucial to bringing the project to fruition—and thank the sponsors of the
study, who had an expansive vision for its potential.

R. Alta Charo and Richard O. Hynes, Co-Chairs

Committee on Human Gene Editing: Scientific, Medical, and Ethical Considerations
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