F.2. HUMAN GENETIC MODIFICATION

The items in this section are edited versions of material prepared by the Center for Genetics and Society.

F.2.a. GENE EDITING FOR HUMAN REPRODUCTION - June 2017

Introduction

The decade from 2004 to 2014 was a period of relative quiet about human germline modification. That changed in
2014-2015 as an inexpensive, easy-to-use, more accurate set of genetic engineering techniques became available.
These were collectively known as “gene editing,” tools, with CRISPR by far the best known.

Human gene-editing proposals were made to address scores of conditions that had previously been out of reach.
CRISPR-using researchers began floating the prospect of “gene drive,” a technique to genetically modify an entire
population of short-generation organisms — e.g. disease-bearing mosquitoes — in a very short time period.

Scientists were aware that CRISPR could be used to genetically alter human gametes or embryos. In April 2015
researchers from Sun Yat-sen University announced that they had edited the genomes of non-viable human
embryos.

The advent of CRISPR has significantly reduced the technical barriers to making human germline modification
clinically practicable. While there are many prominent scientists, biotech industry figures, academics and
advocates who have been and remain opposed to human germliine modification, others are forging ahead with
new enthusiasm.

1. SOBERING DEVELOPMENTS

e Although by most medical standards it would still be too risky to use CRISPR in clinical tests, some scientists
are arguing that it is “safe enough,” especially in “last resort” situations, and that argument is getting traction.

e Advances in prenatal testing could make it easier to monitor pregnancies established with altered embryos, so
that fetuses developing in anomalous ways could be terminated.

e Thereis little awareness that germline editing is unnecessary to prevent the transmission of serious inherited
diseases in nearly all cases. News reports on gene-editing developments rarely mention the current availability
of such techniques. See this study by the Center for Genetics and Society on media coverage.

¢ News coverage and commentary regarding germline gene editing continues to frame the issue as one of
scientific breakthroughs and life-saving cures being opposed by fearful Luddites and religious zealots, and
frequently concluding that “like it or not —it’s inevitable.”

e Some highly visible researchers, physicians and bioethicists have begun asserting that it is a social and medical
duty to use germline editing to fulfill the desire of the very small number of people who, for technical reasons,
cannot use embryo screening to have a child both unaffected by the disease they carry and aiso fully
genetically related to both members of a heterosexual couple. Some go even further and say that it a moral
duty to use any high-tech means to enhance future generations. This was considered a bizarre, off-the-
reservation position just a few years ago; now it has become normalized, even if it’s still a minority view.

e Ahigh-level report, authored by a committee of the US National Academies of Sciences, recommends
proceeding with reproductive use of gene editing under certain conditions. (See the Center for Genetics and

Societ press statement.) This is the first time in human history that a body of this stature has advocated
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human germline modification. It was no surprise, however. The individuals leading the initiative are known to
support human germline modification, and have been preparing the way for this for literally decades; some
played key roles in the early 1970s efforts by the scientific community to clear the way for the first
recombinant DNA experimentation.

e New York-based fertility doctor John Zhang recently “pioneered” the rogue use of a technique that, while it
does not alter genes per se, is a form of germline modification. Zhang used nuclear transfer to reconstruct an
embryo, and went to Mexico to impregnate a woman with it. He explained that he did this because “there are
no rules” in Mexico; although this is not actually true, neither Mexican nor US authorities appear to have
appetite for enforcing existing policies that at least arguably prohibit it. Zhang has now launched a start-up
called Darwin Life to commercialize the technique for women affected by general age-related infertility. He
has published no peer-reviewed evidence, but his presentation about the technique at a large medical
congress, available online, is set to the music of Chariots of Fire. In spite of all this, criticism from researchers
and physicians has been quite sparse. This open flouting of regulations and professional guidelines, and the
absence of subsequent sanctions, is unprecedented and represents a dangerous turn in the evolving
relationship of the scientific community and the larger human community.

e The “Transhumanist” subculture is growing in numbers, visibility, and legitimacy, and are increasingly vocal
and explicit about their advocacy of designer babies and a post-human future. Their ideas have entered the
mainstream in Silicon Valley and much of the tech sector. See more on transhumanism, eugenics and the Tech
sector in Attachment F.3.

2. ENCOURAGING DEVELOPMENTS

e A number of noted scientists and biotech industry figures openly oppose using gene editing for human
reproduction; some are willing to play a public role in making this case. Examples:

= “Don't Edit the Human Germ Line,” an opinion piece published in Nature.

= UC Davis stem cell researcher Paul Knoepfler's Dec 2015 book GMO Sapiens: The Life-Changing
Science of Designer Babiesis is highly critical of human gene editing for reproduction.

=  Emanuelle Charpentier, one of the three CRISPR developers usually named as a potential Nobelist,
has made it clear that she opposes human germline modification.

e During the Obama administration several US agencies ruled out human germline modification or warned
about it:

= April 2015: Francis S. Collins, Director of the National Institutes of Health, released a Statement
saying that the NIH would not fund gene editing for reproduction.

=  Dec 2015: President Obama signed the federal omnibus budget bill, which contained a rider that
effectively prevents clinical uses of human germline modification (it bars the FDA from using any
funds to consider any such applications). The sponsor, Rep. Robert Adherholt (R-AL), intends to add
the language in subsequent years.

»  Feb 2016: James Clapper, Director of U.S. National Intelligence, added genome editing to the list of
"weapons of mass destruction and proliferation."”

e The international consensus against human germline modification appears to be holding (despite counter-
initiatives in several countries).

= The Council of Europe has reaffirmed the Oviedo Convention’s prohibition of human germline
modification in December 2015.
= UNESCO’s International Bioethics Committee updated its Report on the Human
~ Genome recommending a "moratorium on genome editing of the human germline."
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e A December 2015 “International Summit on Human Gene Editing” was of mixed import. This 3-day, 500-
person meeting in Washington DC, organized by the US National Academies of Sciences and Medicine, the UK
Royal Society, and the Chinese Academy of Sciences, is considered a landmark event. A concluding statement
by the organizing committee said that it would be “irresponsible to proceed” with human germline
modification uniess and until a “broad societal consensus” had been reached.

e In public opinion studies, sentiment against germline modification for enhancement purposes appears to be
holding steady, although it’s well known that question wording can elicit strikingly different responses:

=  STAT-Harvard poll: Americans say no to ‘designer babies’, STAT (February 11th, 2016): Most
Americans oppose using powerful new technology to "alter the genes of unborn babies," according to
a new poll, even to prevent serious inherited diseases.

= U.S. Public Wary of Biomedical Technologies tg 'Enhance’ Human Abilities, Pew Research Center (July
26, 2016): A new survey suggests Americans are more worried than enthusiastic about using gene
editing, brain chip implants and synthetic blood to change human capabilities. Focus groups talked
about unequal access and social inequality.

= The Public and the Gene-Editing Revolution, New England Journal of Medicine {April 14, 2016): A
problematic analysis of a selection of 17 studies over 30 years leads the authors to argue that a
majority of Americans approve of gene editing aimed at preventing one’s children from inheriting
certain diseases.

e  Projects recently completed or underway by scholars, scientists and advocates opposed to human germline
modification include:

= A new anthology, Beyond Bioethics: Toward a New Biopolitics, by Marcy Darnovsky and Osagie
Obasogie of the Center for Genetics and Society, was published by UC Press in Spring 2018.

®»  Stuart Newman and Tina Stevens are writing Biotech Juggernaut: Hope, Hype, and Hidden Agendas of
Entrepreneurial BioScience, to be published by Routledge.

» A Dangerous Idea: Eugenics, Genetics and the American Dream, produced by Andy Kimbreli of the
International Center for Technology Assessment, is a feature-length documentary featuring Robert
Reich and Van Jones, among others.

®  Other recent relevant documentaries include: DNA Dreams (BGI’s cloning and cognitive research
project), Future Baby (surrogacy, egg freezing, etc), State of Eugenics (how North Carolina came to
compensate survivors of its eugenic sterilization program), Fixed (disability and enhancement), Made
in India (cross-border surrogacy), No Mds Bebés (involuntary sterilization in 1970s Los Angeles of
Latinas), Surviving Eugenics (sterilizations in Canada).
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F.2.b. ADDITIONAL DEVELOPMENTS AND EVENTS RELEVANT TO THE POLITICS OF
HUMAN GENETIC MODIFICATION [June 2017]

o v M w

10.
11.

12.

13.
14.
15,

16.

17.

18.

19.
20.
21.

22.

Several “3-person IVF” babies born via nuclear transfer techniques, which do not alter genes but are a form of
germline modification

Synthetic biology developments, including HGP-Write, a high-profile project to synthesize the complete
human genome. Bad publicity about an initial secretive meeting at Harvard. Has some DARPA funds.

Direct-to-consumer genetic testing: FDA restricts then partly relaxes tests for health risks
Dramatic fall in sequencing prices {$1K genome in 2014)
Police DNA databases & familial searching, with predictable abuses

Gametogenesis: creation of sperm and eggs from stem cells, which would allow creation of large numbers of
gametes or embryos that could be modified and tested. Hank Greely predicts “easy PGD” — gametogenesis
plus embryo screening —in his recent The End of Sex and the Future of Human Reproduction, now getting a fair
amount of play in the media and on the lecture circuit.

Gene drives: technique that uses gene editing to force an alteration throughout an entire population of short-
generation organisms (e.g. yeast, insects)

“De-extinction” proposals, including in the name of environmentalism, for species including passenger pigeon,
woolly mammoth, and Neanderthals

Very high pricing of early gene editing-based therapies (> $1M)
CRISPR patent fight; CRISPR startups acquired by Big Biotech and Pharma companies

BGl fails to deliver the “genius genes” (but this year a research team claims to have found 52 genes with
effects on “1Q”)

Genetic scientists acknowledge the “missing heritability” in many common conditions; physicians question the
value of whole-genome sequencing for most people

Supreme Court victory (partial but important) against Myriad re patents on human genes
Fraudulent stem cell clinics proliferate in many countries, including hundreds in the US

Human cloning all but disappeared as an issue, though human embryos now can be cloned. (In mid 2000s,
Hwang Woo Suk’s celebrated claim to have cloned human embryos turned out to be a fraud; also he
embezzled government research funds and put ~20 egg “donors” in hospital.)

Cross-border surrogacy: numbers of treatments and agencies continues to rise, as does media attention

A number of destination countries (India, Thailand, Cambodia, more) pass laws limiting the practice, often
restricting surrogacy arrangements to citizens, sometimes in unfortunately discriminatory ways (e.g., only
heterosexual married couples)

Egg freezing via a new fast-freeze method; Silicon Valley first and other companies later offer it as an
employee perk

Marketing juggernaut for early-pregnancy non-invasive prenatal tests
More and more US fertility clinics openly offer non-medical sex selection

LA fertility doctor offers embryo screening for “hair, eye & skin color” (and is forced to put the program on
hold at least temporarily)

23andMe’s “designer baby” patent revealed and disavowed
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F.2.c. KEY READINGS ON CONSEQUENTIAL DEVELOPMENTS REGARDING HUMAN
GENETIC MODIFICATION 2015-2018

2015

Engineering the Perfect Baby, Antonio Regalado, MIT Technology Review (March 5, 2015)
Scientists are developing ways to edit the DNA of tomorrow’s children. Should they stop before it’s too late?

Don't Edit the Human Germ Line, Edward Lanphier et. al., Nature (March 12, 2015)
Heritable human genetic modifications pose serious risks, and the therapeutic benefits are tenuous.

Human Germline Genetic Modification, Lisa lkemoto and Paul Knoepfler, Knoepfler Lab Stem Cell Blog (March
23, 2015): "The call for a moratorium [is] a game changer" that creates an opportunity for open exchange.

A Prudent Path Forward for Genomic Engineering and Germline Gene Modification, David Baltimore et. al.,
Science (April 3, 2015): Recommendations include "clinical applications in humans" of germline gene editing
"while societal, environmental, and ethical implications of such activity are discussed...”.

Who's Getting Rich Off Your Genes?, Patricia J. Williams, The Nation (April 3, 2015)
The post-war aversion to eugenics... has eroded.

Human Genetic Engineering Demands More Than a Moratorium, Sheila Jasanoff, J. Benjamin Hurlbut and
Krishanu Saha, The Guardian (April 7, 2015)
Expert calls for a moratorium on germline gene engineering are not a substitute for richer public debate.

Brave New Genome, Eric S. Lander, New England Journal of Medicine (June 3, 2015) It has been only about a
decade since we first read the human genome. We should exercise great caution before we begin to rewrite it.

Can We Cure Genetic Diseases Without Slipping Into Eugenics?, Nathaniel Comfort, Nation (July 16, 2015).
CRISPR gene editing could correct genetic mutations for serious illnesses. Will it also create a new eugenics?

Better Babies, Nathaniel Comfort, Aeon (November 17, 2015)
The long, peculiar history of designer humans, from Plato’s citizen breeders to Nobel sperm banks and CRISPR.

Human gene editing is a social and political matter, not just a scientific one, Marcy Darnovsky, The Guardian
(December 4, 2015): The organizing committee kicked the can down the road, leaving the door open for gene
editing for human reproduction.

2016

Should you edit your children’s genes?, Erika Check Hayden, Nature News (February 23, 2016)
In the fierce debate about CRISPR gene editing, it’s time to give patients a voice.

The Return of Eugenics, Fraser Nelson, The Spectator [UK] (April 2, 2016) Emerging prenatal genetic screening
technologies are creating a "new" eugenics not so ideologically different from that of the past.

Will Modern Genetics Turn Us Into Gene “Genies”?, by Marcy Darnovsky, Dan Sarewitz, Samuel Weiss Evans,
Arvis Sulovari, Eric A. Widra, Zécalo Public Square {(May 24, 2016) Contributors discuss their stances on the
dangers and potential benefits of gene manipulation.

Considering Gene Editing, Jef Akst, The Scientist (July 12, 2016) "Given the world as we know it, germline
genetic enhancement could exacerbate the already obscene gap between the 'haves' and the 'have nots."

Pro and Con: Should Gene Editing Be Performed on Human Embryos?, John Harris (Pro); Marcy Darnovsky
(Con), National Geographic (luly 15, 2016): Harris: "Research on Gene Editing in Humans Must Continue."
Darnovsky: "Do Not Open the Door to Editing Genes in Future Humans."
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2017

Human Germline Gene Editing: An 'Impressive’ Sleight of Hand?, Francoise Baylis, Impact Ethics (Feb 17, 2017)

Human germline genome editing and broad societal consensus, Francoise Baylis, Nature (May 8, 2017): Baylis
advocates for setting aside the 2017 NAS/NAM report that recommends permitting germline gene editing for
therapeutic purposes, and makes a wider call to embrace the challenge of seeking broad societal consensus.

Genome editing: That's the way the CRISPR crumbles, Nathaniel Comfort, Nature (May 31, 2017): Review of
Jennifer Doudan’s Crack in Creation.

Fixing genes won't fix us, Jim Kozubek, Boston Globe (June 1, 2017): Kozubek argues that efforts to engineer
genes often attribute social problems to biological sources.

The illusion of control in germline-engineering policy, Harald Kénig, Nature (lune 7, 2017)

The Fertility Doctor Trying to Commercialize Three-Parent Babies, Emily Mullin, MIT Technology Review (June
13, 2017): John Zhang’s start-up, Darwin Life, plans to commercialize experimental nuclear transfer techniques
as an age-related fertility treatment. Zhang wants to combine the technique with gene editing for 1Q.

CRISPR, human genetic modification, & a needed course correction, Paul Knoepfler, The Niche (June 26, 2017):
Paul Knoepler of UC Davis advocates more assertive policy stances by scientists to prevent threats to society.

DNA variants that are bad for health may also make you stupid, Michael Le Page, New Scientist (June 20, 2017)

Who will pay for CRISPR?, Jim Kozubek, STAT (June 26, 2017): Insurance companies are already excluding
CRISPR treatments from coverage. Will only the wealthy be able to access them?

Jennifer Doudna: ‘| have to be true to who | am as a scientist’, Hannah Devlin, The Guardian (July 2, 2017):
Interview in which Doudna says that CRISPR to edit embryos “shouldn’t be used clinically today, but in the
future possibly. That’s a big change for me.”

The Brave New World of Gene Editing, Matthew Cobb, New York Review of Books (July 13, 2017). Review of
The Gene Machine by Bonnie Rochman, DNA Is Not Destiny by Steven J. Heine, and A Crack in Creation by
Jennifer A. Doudna and Samuel H. Sternberg.

2018

[in preparation]
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