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Gene Editing Technologies

• Zinc Finger Nucleases (ZFN)
• TALEN (transcription activator-like effector 

nucleases)
• CRISPR (clustered regularly interspaced short 

palindromic repeat)- Cas9 (CRISPR associated 
protein 9)



CRISPR-Cas9

Charpentier E, Doudna JA. Nature
2013;495(7439):50-1. 

Basic Idea

Cas=Universal scissor

gRNA=Homing device



Why the excitement?

• Precise (especially for knock-outs)
• Easy
• Inexpensive



Gene Editing: 
Potential Research and Applications

• Pathogens
• Nonhuman animals
• Somatic
• Germline



Somatic
• Aimed at treating diseases by correcting 

genetic defects at the level of individual 
nucleotides
– Ex vivo (e.g., CCR5 receptor)
– In vivo

• Concerns
– Possibility of inadvertent germline effects
– Enhancements

Sugarman J. EMBO Rep 2015;16(8):879-80.



Germline
• Changing DNA in human germ cells and progenitors
• Hope for correcting genetic disorders that are fatal in 

utero (e.g., alpha-thalassemia)
• Supplant the need for certain assisted reproductive 

technologies
– Correct a faulty gene in embryos or gametes
– Decrease need for oocyte stimulation and selective 

abortion following prenatal genetic diagnosis
• Derivation of gametes with iPSCs
• “Permanently” correct disorders so they are not 

transmitted (e.g., Tay-Sachs)

Sugarman J. EMBO Rep 2015;16(8):879-80.



Science 2015 Apr 3;348(6230):36-8. 





Selected Proclamations

• American Society for Gene and Cellular 
Therapy

• Hinxton Group
• International Society for Stem Cell Research
• National Institutes of Health
• Society for Developmental Biology
• UNESCO International Bioethics Committee
• Wellcome Trust

Adashi EY, Cohen IG. Am J Bioeth 2015;15(12):40-2.





Ethical Worries
• Mis-targeting causes uncertain and unwanted 

problems
• Specter of eugenics
• Slippery slope to enhancement
• Once introduced it may not be possible to reverse 

alterations
• Alterations may exacerbate inequalities
• Manipulating the germline has long been viewed 

as morally unacceptable to many
Sugarman J. EMBO Rep 2015;16(8):879-80.



Prior Debates about Ethics and 
Germline Manipulation

• Recombinant DNA technology
• Assisted reproductive technologies
• Gene-transfer research
• Human cloning
• Embryonic stem cell research
• Mitochondrial replacement therapy

Sugarman J. EMBO Rep 2015;16(8):879-80.



Selected Arguments Against Germline 
Manipulation

• Intergenerational consent infeasible
• Impossible to predict consequences
• Threat to human dignity

UNESCO Declaration 1997, Article 24

Sugarman J. EMBO Rep 2015;16(8):879-80.



Counterarguments
• Intergenerational consent is not considered 

relevant for multiple other decisions regarding 
future generations

• It is impossible to predict consequences for 
other well-intentioned efforts to improve the 
human condition and this doesn’t generally 
preclude attempts to do so

• There is not a shared conception regarding the 
notion of dignity

Sugarman J. EMBO Rep 2015;16(8):879-80.



Arguments for Permitting Germline 
Modification

• Clinicians’ professional responsibility to 
choose the optimal treatment for their 
patients 

• Right of individuals to have their reproductive 
autonomy respected

Sugarman J. EMBO Rep 2015;16(8):879-80.



Variable Oversight

• Research on and clinical uses of reproductive 
technologies has variable oversight
– HFEA
– “Octomom”

• This opens the door to shoddy science the 
possibility of rogue clinical practice akin to 
stem cell ‘tourism’

Charo RA. N Engl J Med 2016;374(10):901-3.





Overview

• Ethical principles
• Lab-based research
• Clinical translation
• Communications
• Standards

http://www.isscr.org/professional-resources/policy/2016-
guidelines/guidelines-for-stem-cell-research-and-clinical-translation

http://www.isscr.org/professional-resources/policy/2016-guidelines/guidelines-for-stem-cell-research-and-clinical-translation


ISSCR Permissible Activities

“The ISSCR holds that scientific research on 
preimplantation-stage embryos is ethically 
permissible when performed under rigorous 
scientific and ethical oversight, especially in the 
area of human development, genetic and 
chromosomal disorders, human reproduction, 
and new disease therapies.”



ISSCR Modified Germline Restrictions

“Research in which human embryos that have 
undergone modification of their nuclear 
genome are implanted into or gestated in a 
human or animal uterus.”



NAM/NAS Report
(2/14/2017)

• Global principles
• Basic laboratory 

research
• Somatic genome editing
• Germline genome 

editing
• Enhancement
• Public engagement



Basic Laboratory Research

• Use existing regulatory processes to oversee 
human genome editing laboratory research 
(3.1)



Somatic Genome Editing

• Use existing regulatory processes for human gene 
therapy to oversee somatic human genome 
editing research and uses (4.1)

• Limit clinical trials or therapies to treatment and 
prevention of disease or disability at this time 
(4.2)

• Evaluate safety and efficacy in the context of risks 
and benefits of intended use (4.3)

• Require broad public input prior to extending 
uses (4.4)



Germline (Heritable) Genome Editing

• Permit clinical research trials only for 
compelling purposes of treating or preventing 
serious disease or disabilities, and only if there 
is a stringent oversight system able to limit 
uses to specified criteria (5.1)



Enhancement

• Do not proceed at this time with human 
genome editing for purposes other than 
treatment or prevention of disease and 
disability (6.1)

• Encourage public discussion and policy debate 
with respect to somatic human genome 
editing for uses other than treatment or 
prevention of disease and disability (6.2)



Carolyn Brokowski, The CRISPR Journal 2018; 1 (2).  
DOI: 10.1089/crispr.2017.0024

“At least 61 ethics reports and statements have been crafted by 
more than 50 countries and organizations over the past 3 years”



Carolyn Brokowski, The CRISPR Journal 2018; 1 (2).  
DOI: 10.1089/crispr.2017.0024

Heritable Genome Editing



• November 25, 2018 – MIT Technology Review posted a story: “EXCLUSIVE: 
Chinese Scientists Are Creating CRISPR Babies” 
• Based on online documents posted earlier that month
• Efforts by He Jiankui’s team to create the first gene-edited baby

• He posted a 5 minute video on YouTube, “About Lulu and Nana: Twin Girls Born 
Healthy After Gene Surgery As Single-Cell Embryos” – and 4 additional brief 
videos describing the work

• Intense media coverage follows… 

He Jankui told The Associated Press that he carried out his 
experiment to protect the twin sisters from HIV infection later in 
life. MARK SCHIEFELBEIN/AP PHOTO

The Story Breaks



Second International Summit on 
Human Genome Editing

• November 27 – 29, 2018
• Sponsored by
– The Academy of Sciences of Hong Kong
– The Royal Society
– US National Academy of Sciences
– US National Academy of Medicine



Selected Problems
• The consent form mentions gene editing, but initially 

describes the research as an “AIDS vaccine 
development project”

• He appears not to have sought approval from Chinese 
regulators and waited months to list his research in a 
Chinese clinical trial registry (in November)

• AP reports that some of the medical staff assisting with 
the project were allowed to believe that they were 
involved in conventional IVF efforts that also included 
mapping genomes

• Questions raised about “ethics dumping” to overcome 
barriers to such research in the US



• Were warning signs missed?
• If others knew, what could or should they have 

done?
• Does this make similar efforts more or less 

likely in the future? 
• Applicability for related science?

Lingering Questions





Concluding Comments

• Continued deliberation among a broad range 
of stakeholders regarding the range of 
appropriate uses of gene editing technologies 
is clearly necessary



THANK YOU!!!


