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Abstract 
Genome editing holds tremendous promise for preventing, ameliorating, or 
even curing disease, but a thorough discussion of its bioethical and social 
implications is necessary to protect humankind against harm, a central tenet 
of the original Hippocratic Oath. It is therefore essential that medical 
students, physicians, and all health care workers have a working 
understanding of what gene editing entails, the controversy surrounding its 
use, and its far-reaching clinical and ethical implications. 

 
Gene Editing’s Promise 
“Have no fear of perfection—you’ll never reach it.” Arguably one of the closest scientific 
challenges to Salvador Dali’s famed proclamation came in 2012, when scientists repurposed 
a bacterial adaptive immune system to make precise edits to genomic DNA with astounding 
ease and efficiency.1 The concept of genetic engineering to modify genes has been around 
since the 1970s,2,3,4 but only relatively recently has its promise materialized due to the 
discovery of sophisticated gene editing systems. Although multiple forms of gene editing 
have been studied and refined (eg, zinc-finger nucleases and transcription activator-like 
effector nucleases),5,6 the clustered regularly interspaced short palindromic repeats 
(CRISPR)/Cas9 gene editing tools have bolstered the promise of correcting genetic miscues 
due to the relative ease and efficiency with which they can be used.7 The promise of Cas9, a 
bacterial-derived DNA-editing enzyme, is its ability to home in on a specific DNA sequence by 
using a CRISPR RNA guide sequence that is complementary to the target DNA sequence and 
that binds by Watson-Crick base pairing, thereby allowing Cas9 to cleave the sequence of 
interest.8 A CRISPR/Cas9 complex targeting the mutated Huntington gene, for example, could 
locate the defective DNA sequence and cut it with high accuracy, preventing production of 
defective Huntingtin protein.9 This technology has advanced rapidly, and a variety of other 
genomic modifications are now being introduced by mRNA editing and alternative splicing.10 
 
Current Applications 
Today, numerous academic and biotechnology groups are focused on the translation of 
CRISPR/Cas9 technology to correct a variety of genetic diseases. Derivation of induced 
pluripotent stem cells from patients with the targeted disease is a common model to study 
the capabilities of CRISPR. By targeting disease-causing mutations, somatic and germline 
gene editing could soon be a clinical reality for patients suffering from a variety of 
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diseases,11,12 such as β-thalassemia,13 hemophilia A,14 cystic fibrosis,15 Duchenne muscular 
dystrophy,16 α1-antitrypsin deficiency,17 polycythemia vera,17 HIV-1,18 and Epstein-Barr 
Virus.19 
 
In addition to preclinical work in gene editing, clinical trials are underway to target aberrantly 
expressed genes in a variety of disease processes, including malignancy.20 The University of 
Pennsylvania is currently enrolling patients for a phase I clinical trial to CRISPR-edit 
autologous T-cells ex vivo in an effort to target an immunogenic tumor antigen (NY-ESO-1) in 
relapsed refractory multiple myeloma, melanoma, synovial sarcoma, and myxoid/round cell 
liposarcoma.21 In late 2018, the pharmaceutical company Editas Medicine received approval 
from the US Food and Drug Administration for a phase I/II in vivo trial to correct a point 
mutation in the CEP290 gene for Leber’s congenital amaurosis type 10, the most common 
form of inherited childhood blindness.22 
 
Finally, due to the shortage of organs available for transplantation, xenotransplantation—the 
transfer of living cells, tissues, or organs from one species to another—is being reconsidered 
due to advances in CRISPR editing.23 Specifically, scientists have used CRISPR/Cas9 to 
inactivate porcine endogenous retroviruses, thereby preventing cross-species transmission 
and mitigating harmful pig-to-human immune incompatibilities.24,25 These examples 
demonstrate the extraordinary promise of human gene editing, which raises exciting 
possibilities for treating a plethora of diseases but also introduces a variety of ethical and 
societal challenges. 
 
Somatic vs Germline Gene Editing 
An important distinction that will help guide our discussion of ethical implications of human 
gene editing is the difference between somatic and germline gene editing. Somatic gene 
editing involves making nonheritable genetic modifications to a person’s genome to treat the 
disease being targeted. By contrast, in germline gene editing, egg or sperm DNA is altered, 
and these modifications affect all subsequent cell types following fertilization and are 
transmitted to future generations, potentially altering the gene pool. The heritability of 
germline gene alterations is one of the  main reasons why the World Health Organization 
(WHO) is developing an advisory panel to oversee and provide guidance on human gene 
editing,26 and it highlights the importance of reaching international consensus on appropriate 
uses of germline editing technologies. 
 
Managing Risk and Hope 
In 2015, just 3 years after CRISPR-Cas9 was used to cleave DNA in vitro,1 the Economist 
brought to life in its cover issue what many feared would become a reality with the advent of 
germline gene editing: eugenics via the creation of “designer babies” with enhanced features 
and characteristics.27 In the United States, 72% of respondents polled in 2018 said that gene 
editing is an appropriate use of technology to treat a serious disease or condition.28 But only 
19% answered in the affirmative when asked whether this technology should be used to 
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make babies more intelligent, underscoring the idea that these efforts should focus on 
treating serious illnesses. 
 
By late 2018, gene editing suddenly faced blistering criticism when He Jiankui of China 
announced that, for the first time, human germline gene editing had been used to confer HIV 
resistance by modifying the CCR5 gene in embryos that were then implanted, producing 
twins.29 The choice to use germline gene editing for the purpose of preventing HIV 
transmission was highly controversial,30,31,32 as some have argued that the focus of human 
gene editing should be to serve an unmet clinical need, and the US Department of Health and 
Human Services notes that the risk of the virus being transmitted from mother to baby is 1% 
or less when a pregnant woman is treated appropriately.33 Furthermore, experiments done to 
render the twins immune to HIV could cause them serious harm. Some studies suggest that 
deletion of the CCR5 gene can potentially increase susceptibility to West Nile virus34 and 
tickborne encephalitis35 and have additional deleterious effects on immune responses.36 
Perhaps even more importantly, the demonstration that this technology was viable in human 
applications without the risks being first fully considered opened up Pandora’s Box. 
 
In March 2019, several leading gene editing experts called for a global moratorium on 
germline genome editing in humans37 in order to give the international community time to 
establish a more detailed framework by which to guide its future use. Part of the need for 
such a moratorium is the persistence of many uncertainties about the consequences of gene 
editing, such as off-target effects, or unintended cleavages of DNA sequences. There is also 
the chance that only some copies of targeted genes are modified, causing mosaicism. 
 
So how should we, as medical professionals, address these concerns, and which values 
should guide clinical and research practice? In order to mitigate the potential adverse effects 
of gene editing, we need well-designed preclinical studies that support uses of gene editing 
for patients’ unmet clinical needs. Of utmost importance are the scientific rigor with which 
these studies are evaluated and the publication of both positive and negative findings. Every 
proposal for gene editing in human embryos that would not be brought to term should be 
subject to rigorous international oversight, even during study design, to ensure proper 
informed consent and high technical standards that motivate scientific rigor and integrity. 
 
Because gene editing is enticing and has now actually been done in humans, organizations 
such as the National Academy of Sciences, Engineering and Medicine (NASEM) have set forth 
principles to guide somatic and germline gene editing in clinical practice and human subjects 
research (see Table).38,39 

 
Table. Governance of Human Genome Editinga 

Principles Description 

Promote well-being “Providing benefit and preventing harm to those affected.” 

https://journalofethics.ama-assn.org/article/what-prudent-governance-human-genome-editing/2019-12
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Transparency “Openness and sharing of information in ways that are 
accessible and understandable” to patients, their families, 
and other stakeholders. 

Due care Proceeding with research “only when supported by sufficient 
and robust evidence.” 

Responsible science Adhering “to the highest standards of research … in 
accordance with international and professional norms.” 

Respect for persons Recognizing “the personal dignity of all individuals … and 
respect for individual decisions.” 

Fairness Treating all cases alike, with an equitable distribution of risks 
and benefits. 

Transnational cooperation Committing “to collaborative approaches to research and 
governance while respecting different cultural contexts.” 

aAdapted from National Academies of Sciences, Engineering and Medicine.39,40 

 
Individual and Collective Impact 
Making decisions and contributing ideas during decision making processes are important 
expressions of autonomy, a value that both practitioners and patients hold sacred. One 
central problem with human germline gene editing is that autonomy is taken away from an 
individual, even before birth. In a poignant piece published in Nature,40 a young girl with 
albinism and blindness, full of determination to play soccer, was asked if she wished her 
parents had corrected the genes that contributed to her genetic condition before she was 
born. Without a second thought she answered no. In a thought-provoking twist, their having 
done so might have changed her character or ambition or resulted in her being less motivated 
to overcome challenges. Were this question asked of someone else, that person might 
answer differently than she did, but it is presumptuous to think that every person would want 
genetic “defects” to be edited prior to birth. The perspective of persons with disabilities gives 
credence to the idea that germline gene editing might best serve society if used to prevent 
serious illnesses or fatal germline inheritance. A discussion about what separates serious 
from nonserious illness is perhaps an important one to have. 
 
Because an unborn person is unable to participate in these kinds of conversations, there 
should be broad societal consensus about what constitutes acceptable use of germline gene 
editing. Furthermore, because members of different cultures hold different values, 
international governance of human gene editing is complex. While the aforementioned 
moratorium on human germline gene editing outlines key issues that should be addressed 
before resuming human germline gene editing experimentation, it also expresses respect for 
sovereign nations’ opting to resume experimentation if certain criteria are met, such as 
engaging the public, offering justification for national implementation plans, and attaining 
societal consensus before proceeding.37 
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Engagement With Patients and the Public 
The NASEM and other scholars have identified strategies that clinicians can use to engage 
patients and other stakeholders in discussions of human gene editing.38,41 Communication 
about gene editing and its nuances should reach a broad cross-section of society, including 
advocacy groups, religious communities, and well and poorly educated segments of the 
population. Clinicians and health care workers should be able to explain the basics of gene 
editing and its potential uses in health care. Clinicians’ consultation with advocacy groups 
could also help spread information, as these groups can continue broader discussions of 
pertinent topics among their stakeholders. Finally, exchanges of decision-relevant 
information through dialogue can increase the spread of helpful information and awareness 
among the public. By using our platform as clinicians who care for a broad cross-section of 
society on a daily basis, we can help guide, inform, and grow public conversations about gene 
editing. 
 
Conclusion 
Despite the sometimes-negative media attention to human gene editing, scientific curiosity 
and discovery should not be stifled. Without bold ideas accompanied by good intentions, we 
would not have great scientific discoveries, such as vaccination or organ transplantation. 
However, bold ideas must also be accompanied by rigorous regulation to guarantee 
transparency, the ethical conduct and beneficial intention of gene editing studies, and 
protection of vulnerable patients and communities. Ultimately, as a society, we must try to 
carefully distinguish what is medically necessary from what is medically or socially desirable. 
Clinicians can have central roles in shaping these conversations. 
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