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Abstract

Background: Human genome editing technologies offer much potential benefit. However, central to any
conversation relating to the application of such technologies are certain ethical, legal, and social difficulties around
their application. The recent misuse, or inappropriate use, by certain Chinese actors of the application of genome
editing technologies has been, of late, well noted and described. Consequently, caution is expressed by various
policy experts, scientists, bioethicists, and members of the public with regard to the appropriate use of human
germline genome editing and its possible future effect on future generations.

Main text: As concerns about the applications of heritable genome editing have grown, so too have the questions
around what is to be done to curtail ‘rogue actors’. This paper explores various ways in which to regulate genomic
editing that are socially beneficial, while being cognisant of legal and ethical principles and rights values. This is
done by evolving regulatory frameworks across jurisdictions in an attempt to raise issues, address common
principles, and set responsible standards for stewardship of the novel technology.

Conclusions: It is suggested that robust and concrete regulatory measures be introduced that are culturally and
contextually sensitive, inclusive, appropriate, and trustworthy – and are based on public empowerment and human
rights objectives. Doing so will ensure that we are perfectly positioned to harness and promote the benefits that
novel technologies have to offer, while safeguarding public health and curtailing the ambitions of rogue actors.
This it is acknowledged is no easy task, so, as a point of departure, this paper sets out a path forward by means of
certain, practical recommendations – by constructing genome editing regulation in a manner that both fulfils the
desire to better progress human health and that can withstand legal and ethical scrutiny.
The following observations and recommendations are made: Firstly, that a solution of effective, legitimate
governance should consist of a combination of national and supranational legislative regulation or ‘hard’ law, in
combination with ‘soft’ ethics, firmly anchored in and underpinned by human rights values. Second, that efforts to
support legal and ethical solutions should be rigorous, practical, and robust, contribute to a reaffirmation of human
rights in a contextually sensitive manner, and be transnational in reach. Lastly, that greater harmonisation across
jurisdictions and increased public engagement be sought. This it is proposed will address the question of how to
implement a normative framework which in turn can prevent future rogue actors.
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Introduction
On 30 December 2019, Chinese biophysicist, He Jiankui,
was convicted and sentenced to three years imprison-
ment and fined 3 million Yuan for the ‘illegal practice of
medicine’ by the Shenzhen Nanshan District People’s
Court in the People’s Republic of China [1]. This is the
consequence of recent experimentation into the realms
of human germline genome editing conducted by He,
and two colleagues, embryologists, Zhang Renli and Qin
Jinzhou. Their efforts caused widespread outrage and
consternation within the international scientific commu-
nity. He and his colleagues illegally conducted genome
editing on human embryos intended for human
reproduction using the genome editing technique, CRIS
PR-Cas9. All three pleaded guilty, Zhang and Qin re-
ceived lesser sentences.
In terms of the judgment, the parties, not qualified to

work as doctors, knowingly violated Chinese regulations
and ethical principles by practising genome editing in
assisted reproductive medicine, by altering embryos
in vitro and implanting them into two women [2]. The
effect of the edit was to inactivate a gene, the CCR5
gene. Inactivation of CCR5 is associated with HIV resist-
ance, a consequence of which is to hinder the ability of
HIV to enter the cells. Twin girls born in November
2018 are the world’s first genetically edited babies – with
a third baby expected, but unconfirmed, to have been
born in August 2019 [3]. The court found inter alia that
the conduct of the parties was a ‘deliberate violation of
China’s relevant regulations and medical ethics,’ by ‘the
application of human embryonic gene editing technolo-
gies for which safety and efficacy have not been proven
to clinical practices of assisted reproduction and that
their actions went ‘beyond the bottom line of research/
clinical ethics’ [4].
He’s actions were widely condemned as medically un-

necessary and potentially dangerous to the children –
not to mention, sadly, reinforcing the (perhaps, inaccur-
ate) notion that China is an unregulated jurisdiction for
research and a playground for speculative and dangerous
genetic experimentation. Chinese authorities condemned
the practice, announcing at the time He’s work was first
made public in November 2018, that the conducted ex-
periments were ‘extremely abominable in nature’ [sic]
and in contravention of Chinese law [4]. Significantly,
such actions, while infringing upon administrative regu-
lations and ethical norms on genome editing, were not
illegal at the time under China’s civil or criminal legisla-
tion. The case turned on, and the parties were convicted,
solely on the grounds of ‘illegal medical practice’. This is
to suggest that had He and his accomplices had medical
licences (they ostensibly did not), such medical practices
may have been permitted – or at least unregulated. This
calls into question the obvious inadequacy of the extant

law. Subsequently, and premised on a widespread public
outcry and global pressure, the Chinese Civil Code is in
the process of being amended to create nuclease germ-
line editing-specific laws [5].
The pressing question, asked both of regulators and

the scientific community alike, is how best to stop
‘rogue’ actors in what many may view as dangerous pur-
suits? While new regulations and ethical rules to govern
research and therapies that involve genome editing, gene
transfers or attempts to regulate gene expression, and
other so-called ‘high-risk’ biotechnologies in humans (or
embryos) have been called for, is the behaviour of these
actors ‘unethical’ and/or ‘illegal’? What benchmark do
we use to hold such actors accountable? Without a nor-
mative framework of ethics and law directing their con-
duct, such activities are neither unlawful nor unethical.
While the Chinese authorities have rushed through new
laws in an attempt to prevent a similar situation from
re-occurring, the question is posed: is this response ne-
cessary, reasonable, and sufficient? Chinese proposed
new legislation sets in place the same regulations and
benchmark standards for germline editing as is required
for clinical research on ethically less controversial som-
atic cells. Certain aspects of the Chinese reaction – rap-
idly implemented – may not have been carefully
considered.

Genome editing: considerations of what and how
Although the safety and efficacy of germline editing is
yet to be proven, the power to eradicate various diseases
and redesign the human genome using genome editing
technologies is becoming a certainty. The expectation is
that the alteration of the human genome to edit out gen-
etic diseases will morph into the ability to edit ‘normal’
genes, and ultimately to architect selection-specific hu-
man genomes [6]. Revolutionising healthcare by editing
the genome, and in particular the prospect of using such
technologies for non-therapeutic purposes, is not with-
out controversy. Genome editing is predicated on a par-
ticular legal, ethical, social and policy construct, the
implications and challenges of which, and the desire to
re-examine or ‘push’ various ethical and legal boundar-
ies, have been well noted in the literature [7]. Capabil-
ities to edit the genome cannot occur within an ethical
and regulatory vacuum. This vacuum can be filled by
principles, guidelines, codes, and normative frameworks
that guide, direct and govern various aspects of genome
editing technologies. Such normative frameworks define
what standards, guidelines and provisions are required.
Once the what is established, it is necessary to establish
how these normative frameworks can be effectively and
successfully applied and implemented. This is the
process of adopting and implementing the guidelines
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and provisions into systems, or concrete and workable
measures, of practice.
Crucially, however, how these issues and the means

of policy adoption will differ between jurisdictions. It is
anticipated that, based on public sentiment and opin-
ion, regulations will vary between places as the develop-
ment of a normative framework follows an approach
that is reflective of the moral codes and norms reflect-
ive of the wider position held by society in general and
the pursuance of a common, greater good [8]. The re-
sponse to, and adoption of ethical and legal measures
differ, and certain countries may thus present a regula-
tory position where no, or limited, regulation is pro-
vided on new technological developments. Thus,
disparities and variations exist between the what and
the how of genome editing regulation and oversight in
various jurisdictions [9].
This article explores the what and the how of provid-

ing a framework to assist in curtailing rogue actors and
proposes various solutions. These include the role of
greater harmonisation, increased mechanisms of global
governance, engaging the public, and adopting a rights-
based approach.

The role of harmonisation: is it achievable?
Harmonisation is a process by which aspects of legisla-
tive, regulatory or policy convergence are identified and
differences made compatible [10]. In so doing, common
or minimum standards and equivalence across jurisdic-
tions is sought in the nature and adoption of national le-
gislation, regulations, and policies. Harmonisation seeks
to effect an approximation or coordination of different
legal systems [11].
Harmonisation, collaboration, and cooperation be-

tween jurisdictions are notions described in various
international instruments. As a point of departure, the
Universal Declaration on Bioethics and Human Rights
stresses the need to reinforce international cooperation
in bioethics – this by taking cognisance of the particular
needs of developing countries, indigenous communities,
and vulnerable populations [12]. Article 13 stipulates
that solidarity among human beings and international
cooperation towards that end, are to be encouraged.
Similarly, the UNESCO Report of the International Bio-
ethics Committee addresses ethical issues associated
with the human genome with regard to human rights in
‘Updating Its Reflection on the Human Genome and
Human Rights’. The report cautions against unregulated
actions resulting from a lack of ethical awareness and in-
effective national and international regulatory frame-
works [13]. An approach of global cooperation and
transnational collaboration is also advocated in the U.S.
National Academies report [14–16]. A Common State-
ment issued in 2019 by the Association for the

Responsible Research and Innovation in Genome Editing
(ARRIGE), the Genome Writers Guild (GWG) and the
Japanese Society for Genome Editing (JSGE) called for
the launch of ‘a broad and open debate with all stake-
holders, including the public’, with regard to the imple-
mentation of a comprehensive framework for the
international regulation of human genome editing activ-
ities [15]. As suggested in a WHO report, what is re-
quired is an appreciation of a collaborative, open,
inclusive approach based on shared societal values in in-
fluencing ethics. One that values diversity and transpar-
ency and in turn guides the complexity of genome
editing regulation [17]. The WHO has called upon regu-
lators to engage and take action and has called for a cen-
tral registry for human genome editing research studies,
to create an open and transparent database of all on-
going research [18].
A number of governance concerns arise with regard to

the application of genome editing to human embryos,
the potential and capability for genetic alteration to the
human germline, and the access to non-therapeutic gen-
etic enhancements. Such concerns are predicated on the
opinions and perspectives of society at a particular time,
location and context. As such perspectives on such mat-
ters are variable, flexible, and transient in nature – views
and opinions of the public are known to change over
time and across locations. We can see that opinions and
perspectives that at first seem appalling, unnecessary, or
incoherent, may and often do soften in time, and per-
haps it will be the case with certain attitudes towards
genome editing. Moreover, certain jurisdictions may be
slower to implement regulatory measures or their law
may be silent on matters governing novel technology.
The notion that public acceptance and policy will vary

among jurisdictions and lead to divergent policy re-
sponses is stated by the Organising Committee of the
International Summit on Human genome editing (re-
leased on November 2018) [16]. The statement con-
cludes that ‘public acceptability will likely vary among
jurisdictions, leading to differing policy responses’ [16].
That being said, engagement and greater cooperation

within and between agencies and jurisdictions may be
both a worthwhile and a mutually beneficial endeavour.
This offers an opportunity to open up collaboration and
synergy between international, regional, and local regula-
tors, health administrators, health professionals, academic
institutions, and communities. To do so requires fewer pre-
scriptive rules and standards, and an emphasis on increased
foundational principles in an overarching governance
framework based on human rights. These principles – or
core values – should provide a shared form of reference
which in turn promotes dialogue and encourages harmon-
isation between jurisdictions [19]. The clear advantage is
that it promotes good practices and builds regulatory
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capacity [20]. These principles may then form the corpus of
what is understood as global health ethics, or an attempt at
applying moral value to health issues that are characterised
by the need for a global, co-ordinated effort [21].
The proposition is to encourage, to the extent that it is

possible, regulatory harmonisation between jurisdictions.
Is harmonisation a panacea, though? While a conver-
gence of regulatory approaches would be of benefit,
where countries have already adopted diverse laws rele-
vant to a technology, or because the technology is new
and countries have no laws whatsoever, harmonisation
may not be feasible or likely. The difficulty in getting
governance agreement from countries and public con-
sensus should not be understated. Moreover, national
responses reflect unique historical, cultural, economic,
and social positions which should not be discounted or
underestimated. Thus, greater harmonisation, although
desirable, may not be easily achievable.

The role of global governance, ethics and law
How do we begin to regulate disruptive technologies?
Particularly, where industry self-regulation and ethical
undertakings by scientists to ‘do no harm’ are insuffi-
cient mechanisms, in and of themselves, to regulate cer-
tain behaviours, and to enforce compliance. The
difficulty and urgency is in converting ethical, social and
moral reflections on biotechnological problems into
practical and workable solutions. Doudna suggests that
public conversation and stronger safeguards – based on
transparency and accountability – are urgently needed,
as ‘moratoria are no longer strong enough as a counter-
measure’ to prevent unethical behaviour [22].
There is no international consensus at this time on

how human genome editing should be regulated, par-
ticularly with regard to the pressing issues of human
germline editing and non-therapeutic applications. The
first determination is whether ethics instruments will
suffice or whether stronger legal-regulatory frameworks
are needed. The second is to establish whether any exist-
ing ethical and regulatory frameworks sufficiently ad-
dress the impact of the technologies, and if not, what
the gaps are, and how best to address these.
Before attempting to set out a method of governance

of genome editing, it is opportune to more carefully de-
scribe the relationship between ethics and law in the
field of biotechnology, and it particular, human genome
editing. Although an oversimplification, ethics is an at-
tempt to answer questions about how, shaped by our
values and principles, we should conduct our activities,
whereas the law creates a basic, enforceable standard of
behaviour that we are compelled to follow [23]. The law
sets out the minimum requirements, whereas ethics typ-
ically sets out the maximum requirements. The solution
offered by law, albeit clear and concise, may be too

limited and rigid in scope, while the failings of ethical
solutions are that they all too frequently suffer from con-
ceptual deficiencies and ambiguities, often lacking en-
forcement mechanisms, remedies and sanction [24]. The
relationship between law and ethics is mutually inter-
active rather than a single flow of influence: ethics influ-
ences law in many ways, as law influences ethics [25].
Although ethics and law have developed into separate
disciplines, they remain closely connected in their com-
mon purpose, that is, the search for appropriate answers
to the novel issues facing biotechnology implementation
and the compliance with norms shared by law and eth-
ics. Interdisciplinary co-operation between the two disci-
plines by translating and sharing norms and values may
contribute to finding effective solutions – an approach
based on a combination of both sound ethical analysis
and appropriate legal constructs. The proposal is one of
co-operation at the interaction of law and ethics. Law
and ethics should complement each other in providing
comprehensive governance – therefore regulatory goals
should be identified and both legal and ethical responses
considered in concert to ascertain the best way to
achieve these goals. However, legal and ethical frame-
works are often developed in isolation, thus creating
something of a patchwork of regulation due in part to
the perception of the ‘separate disciplines’ I previously
alluded to.

The role of broader public consultation and deliberative
engagement
Increasingly there has been an effort to engage the pub-
lic in areas of complex and contentious technological
endeavours – for instance, by the use of public consult-
ation and engagement to inform biotechnological and
environmental policies. Given the unprecedented and
persistent interest and public concern over the applica-
tions of CRISPR-Cas9, particularly with regard to germ-
line genome editing and enhancement applications, it is
necessary to determine, understand and address these
concerns by using a process of informed public engage-
ment. The concern is that with the recent birth of the
twins in China, interdisciplinary and stakeholder en-
gagement has been replaced by the involvement of ex-
pert groupings in an effort to take swift measures to
curb unethical genome editing applications of the tech-
nology [26].
Public engagement involves educating the public, lis-

tening to the public, and empowering the public.
Through this mechanism of public discourse, we can
navigate the delicate and complex terrain of divergent
viewpoints, and the substance and scope of the ethical
issues can be more carefully clarified and potentially re-
solved – this with the ultimate purpose of deriving a
‘broader’ or ‘fuller’ consensus. This approach is endorsed
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by Jasanoff et al., who state that ‘good governance de-
pends on visions of progress that are collectively defined,
drawing on the full richness of the democratic imagin-
ation’ [27]. True consensus however may not be readily,
or ever, achievable as opinions widely differ, particularly
with regard to the far-reaching ethical questions of
‘should genome editing be done’ and ‘under what condi-
tions’. But by opening up the debate and listening to the
broader public, the voice of the ‘human community’ can
(at least) be heard. A recommendation is to adopt a dual
approach – from both the ‘top down’ and the ‘bottom up’.
Ensuring transparency and accountability in the

decision-making process, by effective public dialogue
and broader stakeholder participation might also in-
crease policy legitimacy. Public inclusion would thus en-
sure that policy decision-making, at the very least,
considers societal views on various contentious issues,
which can inform the successful implementation of eth-
ically acceptable and appropriate regulatory policies [28].
Although it may not be possible to obtain consensus, as
views and opinions differ, engagement is at least worthy
of exploration as it is a approach supportive of greater
social cohesion and collaboration, both within societies
and between them. These societal discussions and solu-
tions can in turn feed into a global arena, where com-
mon issues and values may be debated and shared. Such
policy direction should be, however, founded within the
parameters of a rights-based framework.
A further, and perhaps more obvious, advantage of

heightened public engagement is in securing the public
trust in, and acceptance of, new technologies. Trust is a
significant determinant in the success of any new
technological implementation. Public engagement mech-
anisms have been applied in various areas of biotechnol-
ogy to address concerns [29]. Such efforts can go some
distance in anticipating the reactions of members of the
public to controversial technologies and thus, import-
antly, to avoid stymying innovation, stigmatising new
technologies, or creating barriers to use. Reactions to
genome editing applications, for instance, may be ele-
vated by the apprehension over ‘playing God’, the fear of
eugenics, or the creation of ‘designer babies’, all views
which are deeply influenced by religious, cultural, and
historical roots in societies [30–32]. In this way, it is
possible to firmly grasp, firstly, what the public’s sub-
stantive ethical concerns are with regards to genome
editing, secondly, what their attitudes and perceptions
are regarding the introduction and application of such
technologies into society, and lastly, how their opinions
should, and may, be used to resolve these issues and in-
form policy direction. Public engagement serves to es-
tablish a value-based threshold that members of the
public find acceptable and which can inform regulatory
policy-making.

How much value should be placed on the outcome of
public engagement? Public inclusion might ensure that
policies take societal views into account [33]. However,
it does not follow that because the public agrees on a
certain issue or holds a particular opinion, that view is
necessarily ethical or legally justifiable. Public opinion
should only guide normative frameworks relating to gen-
ome editing insofar as they do not infringe upon funda-
mental human rights – rights which, at times, may need
to be carefully balanced.
To obtain democratic legitimacy by following a partici-

patory notion of democracy, policy-makers would not
necessarily have to follow what is proposed by groups of
the public, but will need to give them due consideration
and justify why they select an alternative approach. The
purpose of a deliberative process is ultimately to ‘not re-
flect the position of any particular interest group but ra-
ther express a reasoned, informed, judgment forged out
of the initially disparate knowledge, values, and prefer-
ences of the participants, as these have evolved through
the deliberative experience itself’ [34].
Moreover, within this context, can consensus ever

realistically be attained? Questions such as whether it is
acceptable to genetically engineer changes that will be
passed on to future generations, those pertaining to gen-
etic enhancement, and the danger of ‘designing’ off-
spring according to predetermined, more-highly prized,
genetic criteria, flow into particularly tricky terrain.
Similarly, questions regarding the best interests of the
unborn child, the moral status of embryos, and the pro-
spect of ‘tampering with nature’ may evoke formidable
responses. So will divergent views on whether an activity
is a ‘line that should not be crossed’ and where that line
should be drawn. As opinions are formed within a par-
ticular (often deep-seated) philosophical, cultural, reli-
gious, and social context, differences are to be
anticipated, and even welcomed. But, if by ‘broad soci-
etal consensus’ we mean a general agreement on all is-
sues by all members of society, on certain issues,
consensus may well never be reached [35]. Should this
then derail the process? I think not. Rather, we should
seek to frame the debate in such a way that we speak of
an opportunity for the community to engage, to partici-
pate, to be heard, and to provide input. The purpose of
the engagement is not only to inform and educate, but
also to stimulate debate and to be allowed to participate.
While in no way diminishing the role and benefit of
public engagement, given the plurality of perspectives in
society, we should be realistic. We should not lose sight
of the aim which is to represent the moral codes and
norms reflective of the wider position held by society in
general and the pursuance of a common, greater good,
not necessarily only the moral indignation of a few or
those with clear vested interest [8].
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Finally, the ‘public’ is not an undifferentiated mass, so
the engagement process should not be designed on the
premise that there is a single perspective awaiting identi-
fication. Rather, a range of perspectives are likely to
exist, ranging from the favourable or compliant to the
less so, sparking nuanced perspectives regarding the
adoption of genome editing technology and its implica-
tions. Fundamentally different views co-exist within
most democratic societies, so a plurality of perspectives
is to be anticipated and differences in substantive ethical
perspectives should not be seen to be problematic [28].

Towards developing a framework aligned to a rights-
based approach
Ethical values are dynamic, and ethical thinking evolves
- with various principles gaining increased prominence
at different times [36]. Ethical norms and frameworks
are expressed to varying degrees within national regula-
tions and determining what is acceptable or permissible,
within a context. However, a common thread that runs
through most rights-based frameworks is an approach
that endorses values and universally accepted human
rights: the right to life, the rights of the future child, the
right to health care, the right to dignity, the right to
equality and non-discrimination, and the freedom of sci-
entific progress. These positions are reflected in, for in-
stance, the Universal Declaration on the Human
Genome and Human Rights (UDHGHR) [37], the Inter-
national Declaration on Human Genetic Data (IDHGD)
[38], and the Universal Declaration on Bioethics and Hu-
man Rights (UDBHR) [39].
In considering the application of genome editing tech-

nologies and research various rights come into play.
Freedom of scientific researchers is one such right, and
should be balanced carefully with due regard to other
rights [13]. One central and critical focus should be on
the equitable distribution of, and access to, expensive
technologies and the scalability of therapeutic applica-
tions – that is, issues of equitable access to, and partici-
pation in, social justice and to such technologies [40].
Where governance frameworks are inappropriate or

incomplete, this not only creates barriers to scientific
and clinical advancements, but compromises individual
rights protection. Thus, the introduction of an inter-
national human rights-based framework will address
ethical issues, and serve as a valuable point of departure
from which to launch practical solutions within the con-
text of regulating novel technologies [41]. The principles
contained within these frameworks might then be repli-
cated in regional, national, and supranational legislative
structures. As suggested by Brokowski and Adli, the devel-
opment of such national and supranational regulatory
measures, although unlikely to eliminate all risk, may rea-
sonably manage and minimise it [42]. The WHO may be

best positioned to lead the way in this regard and create
such a guidance framework [43]. To this end, the WHO
has established a committee with the purpose of examin-
ing the scientific, ethical, social, and legal challenges asso-
ciated with human genome editing, establishing global
standards for the governance and oversight thereof, and
advising and making recommendations on appropriate
governance mechanisms [44]. An analysis, review and
amendment of existing international, national and re-
gional regulations may be needed [40]. Particular consid-
eration is needed primarily of the value of scientific
progress, scientific benefit, benefit sharing, the equitable
access to new therapies, and the implication and role of
human germline therapies and enhancements to society –
with a focus on the underlying principles of transparency,
inclusiveness, responsible stewardship of science, fairness
and social justice. Much may be achieved by leveraging off
of existing international frameworks. In addition, inter-
national organisations, such as ARRIGE, could be instru-
mental in providing support and guidance in establishing
a path forward. Such approaches by non-governmental or-
ganisations are beneficial in encouraging a forum of trans-
national shared dialogue and networking on issues of
regulation and governance.
Worthy of mention is the call for the establishment of

a global observatory for genome editing consisting of an
international network of scholars and organisations
dedicated to collecting data from dispersed sources –
thereby bringing together previously disregarded
perspectives, and encouraging the sharing of ideas and
co-operation across disciplinary and cultural divides
[45]. This is a view proposed by Jasanoff and Hurlbut
and entails a coordinated international effort of integrat-
ing perspectives from science and society, with the aim
of uncovering divergent ideas and making suggestions
on how best to protect human rights with respect to bio-
technological advancements [45]. This process should
encourage sustained international and interdisciplinary
reflection on several key considerations, including: the
questions to be asked, whose views should be heard,
what imbalances of power should be made visible, and
what diversity of views exist globally [45]. Divergent per-
spectives should be represented, and existing approaches
should be recalibrated in the light of alternative posi-
tions [45], thereby introducing a position of greater glo-
bal integration and consolidation.

Managing risk in the uncertain world of genome
editing and exercising caution
Ethics is founded in norms and values – and describes
the way society ‘ought to be’ or ‘should be’ [46]. At
times, it is not clear how much benefit or harm is being
done. Genetic therapeutic interventions occur within a
world where absolute certainty can never be realistically
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achieved, and that is why it is by definition ‘uncertain’
and therefore intrinsically unknowable. Risk on the other
any hand may be reasonably determined based on prob-
abilistic outcomes and might be measured, quantified,
and managed. To properly manage risk, however, we
need to understand the probabilities we are dealing with,
including the risk of very unlikely and very bad events
occurring. Whether we are prepared to assume risk will
depend, thus, on how well we understand the possible
outcomes and on our capacity to be able to successfully
manage the risk posed by genome editing. Essentially, it
amounts to an act of carefully balancing the probabilistic
risks with the potential rewards.
This does indicate a need for caution – as, like Icarus,

we too may be burned by the sun, if hubristically, we ig-
nore the possibility that things could, and do, go wrong
and not take measures to prevent harm to humankind,
the environment, and our future. But caution should not
be used as an excuse to avoid us understanding and ap-
preciating the risks and taking steps to manage them. It
is only then that we can be expected to make informed
decisions. Given the balance of risks and benefits, what
these decisions may require of us is determining, not
what is safe, but what is ‘safe enough’ and what this
means within the context of genome editing. Where the
potential for harm is increased the technology would re-
quire a more restrictive regulatory framework.
With regard to a determination of biosafety, much

turns on the presumption about risk – either one of pre-
caution (presuming danger until safety is proven) or one
of permission (presuming safe until the contrary is
proven) [47]. Certain benchmarks will need to be set,
but how do we determine these benchmarks and who is
to make the final determination?
Benefits may well outweigh the risks in certain circum-

stances. Given the promise of this technology to relieve
human suffering and support human flourishing, there
may be a moral imperative in certain cases to proceed
along this path. In an uncertain future, how can we be cer-
tain that the inactions of today will not worsen the future
position, rather than ameliorate it? By doing nothing, we
may be in effect denying others valuable treatment op-
tions. So, although genome editing may carry plausible
risk, failing to pursue such technology may likewise carry
resultant and equally plausible outcomes. We should not,
however, forgo the worthy pursuits of addressing shared
human needs, societal health priorities, therapeutic devel-
opment (particularly in cases of dire conditions), and the
value of autonomy (by not denying patient treatment op-
tions) without a clear path forward.
The suggestion is that genome editing be approached in

a way that is sensible and responsible, and regulated – this
means evidence-based determinations and the assessment
of probabilistic predictions and outcomes, and crucially,

the correct checks and balances must be put in place and
strictly adhered to. The social and ethical implications of
adopting these technologies should be carefully consid-
ered and clear parameters set to enable actors to under-
stand the normative framework within which they may
(or may not) lawfully and ethically operate. What is clear,
however, is that we cannot allow rogue actors to make
these irreversible decisions for us all.

Summation: A way forward
Four distinct observations and recommendations are
made. Firstly, the suggestion is that a solution of effective,
legitimate governance should consist of a combination of
national and supranational legislative regulation or ‘hard’
law, in combination with ‘soft’ ethics, firmly anchored in
and underpinned by human rights values. Neither an ap-
proach solely reliant on ‘soft law’ nor on industry self-
regulation will be sufficient – as inclusive, democratic le-
gitimacy is needed [26]. While ethics and ethical guide-
lines are of value and can make a significant contribution
to resolving the various dilemmas, such ethical guidelines
should not be used as a placeholder for robust, appropri-
ate legal frameworks, but should be complementary to, ra-
ther than a substitute for, the law [48].
Secondly, in proposing a normative framework, it is

suggested that any guidance must: (1) be sensitive to so-
cietal and cultural differences in what is considered ap-
propriate and realistic, (2) be responsive, proactive and
flexible to the rapid technological transformation in the
biotechnology industry, (3) foster and build confidence
of the public in providing adequate protection measures
within this context, and (4) align with global rights-
based best practice, principles and standards. This will
encourage and enable implementation and facilitate
much needed confidence and trust in the new technol-
ogy – an approach therefore that provides a regulatory
baseline comprising clearly defined, yet contextually and
culturally sensitive principles, that is cognisant of differ-
ing societal needs and which endorses democratic par-
ticipation. In this way, regulation and governance is
underpinned by rights principles, and is based on con-
siderations of consensus that take socioeconomic issues
into account. The solution is in building a comprehen-
sive institutional system to effectively guide, manage,
regulate and then enforce biotechnology policy.
Thirdly, a global instrument to assist in establishing a

stable list of non-arbitrary standards and principles that
justifies and endorses certain values, ethics and rights
should be developed. This would assist in issues of glo-
bal governance and provide a much needed regulatory
framework. It should be borne in mind that informal
mechanisms of international cooperation do not impose
legal requirements on the individual countries or states
to implement specific provisions, but rather provide
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general agreement between countries in the form of
non-binding guidelines to do so.
The adoption of formal international instruments or

conventions, however, requires ratification by member
countries and then incorporation into national or domes-
tic legislation. Although they have normative value, their
enforcement-level is often inconsistent, in that state prac-
tice determines what eventually becomes settled as norms,
values and rules [49]. In the case of most conventions,
they are not self-executing instruments. A ‘self-executing
treaty’ is enforced directly into national law without enact-
ment by domestic legislation. Most international instru-
ments or conventions would offer a malleable template or
guide for advancing legislation, which can be modified by
member states to fit their national peculiarities and re-
quirements [50]. Countries which accede to and ratify the
treaty, however, would commit to establishing a legal re-
gime based on its provisions and the obligations created
therein may provide a useful catalyst for the evolution of
legal frameworks around the world. Although harmonisa-
tion is not entirely achievable, notwithstanding these diffi-
culties, there is compelling value in an approach of
coordination and collaboration between regulators in dif-
ferent countries, where feasible. Not least to provide op-
portunities for identifying common ground on specific
substantive or technical aspects and in creating a valuable
framework for adoption [51].
Lastly, in finding a solution we should not lose sight of

the tremendous potential benefit genome editing affords
– particularly, somatic cell editing. As the promise of
germline editing is still under question (as noted in the
literature) how useful it might be and its safety and effi-
cacy is still to be established. We have an entire toolbox
of instruments, guidelines, measures and platforms at
our disposal from which to proactively develop ethical
and legal safeguards so that technology can be allowed
to progress for the benefit of humankind.

Conclusion
In the final analysis, much can be done to curtail rogue
actors. Genome editing technologies are often referenced
as key developments in future therapeutic and non-
therapeutic applications. Central to any conversation re-
lating to the application of such technologies are certain
ethical, legal, and social difficulties around their applica-
tion. Potential forces of ethical and unlawful misuse of
new technologies increase, unless their existence is
checked and actors are held accountable. Although the
response from the public and scientific community
assisted, interestingly, and perhaps tellingly, it was the
Chinese courts and national law that ultimately held the
actors accountable and provided a remedy.
It is only when an actor moves beyond the limits of

what is deemed lawful and ethical (and by implication

reasonable), that they can be called a ‘rogue actor’. Hav-
ing laws within a sovereign state, and enforcing those
laws, is the best way to stop rogue actors and to prevent
such behaviour from re-occurring.
Discussions and cooperative efforts at a global level

should continue to review and keep abreast of the evolv-
ing regulatory frameworks across jurisdictions in an at-
tempt to raise issues, address common principles, and
set responsible standards for stewardship of the technol-
ogy. This allows for proactive rather than reactive
decision-making and can provide for an ethical and
regulatory toolbox of formal and informal rules, guide-
lines, protocols and practices for appropriate genome
editing governance. Additionally, cooperative efforts help
determine the acceptable ethical boundaries of genome
editing and should be a priority, so that the diversity of
societal, cultural, and political values become an asset
rather than a hindrance in reaching consensus [17]. This
is a perspective supportive of an ‘ecosystem’ approach to
the regulation of novel biotechnologies. It serves to take
‘advantage of the ecosystem of regulatory actors and de-
velop a road map for responsible translational research’
that includes ‘stringent criteria for use of germline edit-
ing and standards for determining whether these criteria
have been met, embedded within larger political struc-
tures offering vehicles for public input’ [52].
Regulatory measures may be introduced that are cul-

turally and contextually sensitive, inclusive, responsive
and trustworthy – and are based on public empower-
ment and human rights objectives. This being said, while
many approaches may provide partial or incomplete an-
swers, an integrated, holistic solution to global enforce-
ment and remedy is not easily done, but the above
recommendations may go some way in providing a path
forward.
We are at an interesting juncture in the discourse on

the regulation of genome editing technology. Efforts to
support legal and ethical solutions should contribute to
a reaffirmation of human rights in a contextually sensi-
tive manner, and be transnational in reach. It is sug-
gested that this necessitates greater harmonisation
across jurisdictions, increased public engagement, a
framework endorsing a rights-based approach, and a
multi-layered regulatory approach consisting of both
‘hard’ and ‘soft’ law. This it is proposed will address not
only the question of what but also of how to implement
a normative framework, which, in turn, can prevent fu-
ture rogue actors.

Acknowledgements
None.

Author’s contributions
The author was involved in the design, drafting and revising of the
manuscript. The author(s) read and approved the final manuscript.

Townsend BMC Medical Ethics           (2020) 21:95 Page 8 of 10



Funding
This work is based on the research supported in part by the National
Research Foundation of South Africa (grant no. 116275) and by the African
Health Research Flagship of the University of KwaZulu-Natal.

Availability of data and materials
Not applicable.

Ethics approval and consent to participate
Not applicable.

Consent for publication
Not applicable.

Competing interests
The author declares that she has no competing interests.

Received: 5 February 2020 Accepted: 24 August 2020

References
1. Wee SL. Chinese scientist who genetically edited babies gets 3 years in

prison. New York: Times; 2019.
2. Three jailed in China’s “gene-edited babies” trial. Xinhua News Agency.

2019. http://www.xinhuanet.com/english/2019-12/30/c_138667350.htm.
Accessed 25 Aug 2020.

3. Cyranoski D. The CRISPR-baby scandal: What's next for human gene editing.
Nature. 2019;566(7745):440–2.

4. Research activities of persons halted over gene-edited babies incident.
2019. Xinhua News Agency. http://www.xinhuanet.com/english/2018-11/29/
c_137640246.htm. Accessed 25 Aug 2020.

5. Lei R, Qiu R. Chinese Bioethicists: He Jiankui’s Crime is More than Illegal
Medical Practice. 2020. The Hastings Center. https://www.thehastingscenter.
org/chinese-bioethicists-he-jiankuis-crime-is-more-than-illegal-medical-
practice/. Accessed 25 Aug 2020.

6. See: Nuffield Council on Bioethics. Genome editing and human
reproduction: social and ethical issues. London: Nuffield Council on
Bioethics; 2018.

7. Caplan AL, Parent B, Shen M, Plunkett C. No time to waste – the ethical
challenges created by CRISPR. Sci Soc. 2015;16(11):1421–6.

8. Harris J. Germline modification and the burden of human existence. Camb
Q Healthc Ethics. 2016;25:6–18.

9. Araki M, Ishii T. International regulatory landscape and integration of
corrective genome editing into in vitro fertilization. Reprod Biol Endocrinol.
2014;12:108.

10. Dove ES. Biobanks, data sharing, and the drive for a global privacy
governance framework. J Law Med Ethics. 2015;43:675–89.

11. Kamba WJ. Comparative law: A theoretical framework. Int Comp Law Q.
1974;23(3):485.

12. Universal Declaration on Bioethics and Human Rights. 2005. https://en.
unesco.org/themes/ethics-science-and-technology/bioethics-and-human-
rights. Accessed 25 Aug 2020.

13. UNESCO Report of the international bioethics committee (IBC) ‘updating its
reflection on the human genome and human rights’ 2015. https://unesdoc.
unesco.org/ark:/48223/pf0000233258. Accessed 25 Aug 2020.

14. Pei D, Beier DW, Levy-Lahad E, Marchant G, Rossant J, Izpisua Belmonte J,
Lovell-Badge R, Jaenisch R, Charo RA, Baltimore D. Human embryo editing:
opportunities and importance of transnational cooperation. Cell Stem Cell.
2017;21:423–6.

15. See: https://arrige.org/Common_statement_Arrige_GWG_JSGE.pdf. Accessed
21 Nov 2019.

16. National Academies of Sciences, Engineering, and Medicine. Human
Genome Editing: Science, Ethics, and Governance; the Second International
Summit on Human Genome Editing at the University of Hong Kong. 2017.
http://www.nationalacademies.org/geneediting/2nd_summit/index.htm.
Accessed 25 Aug 2020.

17. World Health Organization. Genetic databases: assessing the benefits and
the impact on human and patient rights. 2003.

18. World Health Organization. WHO launches global registry on human
genome editing. 2019.

19. See: Dove, ES. Knoppers, BM. & Zawati, MH. Towards an ethics Safe Harbor
for global biomedical research. J Law Biosci. 2014;1(1):3–51.

20. OECD. International regulatory co-operation: Addressing global challenges.
2013. https://www.oecd.org/env/international-regulatory-co-operation-
9789264200463-en.htm. Accessed 25 Aug 2020.

21. Stapleton G, Schroder-Back P, Laaser U, Meershoek A, Popa D. Global health
ethics: an introduction to prominent theories and relevant topics. Glob
Health Action. 2014;13(7):23569.

22. Doudna J. CRISPR’s unwanted anniversary. Science. 2019;366(6467):777.
23. Merriam-Webster Dictionary. http://www.merriam-webster.com/dictionary/

ethics. Accessed 28 Nov 2019.
24. Cath C. Governing artificial intelligence: ethical, legal and technical

opportunities and challenges. Philos Trans Royal Soc A. 2018;376:20180080.
25. Van der Burg, W. Law and bioethics in A companion to bioethics. 2001.

Kuhse, H. & Singer, P. (eds).
26. Blasimme A. Why include the public in genome editing governance

deliberation? AMA J Ethics. 2019;21(12):E1065–70.
27. Jasanoff S, Hurlbut JB. Saha K. CRISPR democracy: gene editing and the

need for inclusive deliberation. Issues Sci Technol. 2015;32(1):37.
28. Cavaliere G, Devolder K, Giubilini A. Regulating genome editing: for an

enlightened democratic governance. Camb Q Healthc Ethics. 2019;28(1):76–88.
29. Irwin A. Constructing the scientific citizen: Science and democracy in the

biosciences. Public Unders Sci. 2001;10(1):1e18.
30. Warmflash, D. Religious beliefs shape our thinking on cloning, stem cells

and gene editing. Genetic literacy project. 2019. https://
geneticliteracyproject.org/2019/11/27/religious-beliefs-shape-our-thinking-
on-cloning-stem-cells-and-gene-editing/. Accessed 5 Aug 2020.

31. Savulescu J, Brostrom N, Coady CAJ. Playing God in Human Enhancement
Savulescu J, Bostrom N, (eds.). Oxford: Oxford University Press; 2009. p.
155–80.

32. Pei DB, Levy-Lahad DW, Marchant E, Rossant G, Izpisua Belmonte J, Lovell-Badge
J, Jaenisch R, Charo RA, Baltimore D. Human embryo editing: opportunities and
importance of transnational cooperation. Cell Stem Cell. 2017;21:423–6.

33. Cavaliere G, et al. Regulating Genome Editing: For an Enlightened
Democratic Governance: Cambridge Quarterly of Healthcare Ethics CQ: the
International Journal of Healthcare Ethics Committees; 2019. p. 76–88.

34. Hamlett PW. Technology theory and deliberative democracy. Sci Technol
Hum Values. 2003;28(1):112e140.

35. Chapman CR. Pursue public engagement, but don’t expect broad societal
consensus: The Hastings Center; 2019. https://www.thehastingscenter.org/
pursue-public-engagement-but-dont-expect-broad-societal-consensus/.
Accessed 8 Jan 2020.

36. See Knoppers BM, Chadwick R. Human genetic research: emerging trends in
ethics. Nat Rev Genet. 2005;6:75–6.

37. Available at http://portal.unesco.org/en/ev.phpURL_ID=31058&URL_DO=
DO_TOPIC&URL_SECTION=201.html.

38. Available at http://portal.unesco.org/en/ev.php-URL_ID=17720&URL_DO=
DO_TOPIC&URL_SECTION=201.html.

39. Available at http://portal.unesco.org/en/ev.php-URL_ID=13177&URL_DO=
DO_TOPIC&URL_SECTION=201.html.

40. Document on Bioethics and Gene Editing in Humans. http://www.
publicacions.ub.edu/refs/observatoriBioEticaDret/documents/08543.pdf.
Accessed 7 Nov 2019.

41. Knoppers BM, et al. A human rights approach to an international code of
conduct for genomic and clinical data sharing. Hum Genet. 2014;133(7):895–903.

42. Brokowski C, Adli M. CRISPR ethics: moral considerations for applications of
a powerful tool. J Mol Biol. 2018;431(1):88–101.

43. WHO. A DRAFT guidance framework for Human Genome Editing. 2020.
https://www.who.int/ethics/topics/human-genome-editing/Governance-
framework-for-HGE-Jan2020.pdf?ua=1. Accessed 25 Aug 2020.

44. See: https://www.who.int/ethics/topics/human-genome-editing/committee-
members/en/. Accessed 25 Nov 2019.

45. See: Jasanoff, S. & Hurlbut, JB. A global observatory for gene editing. Nature.
2018;555:435.

46. Savulescu J. Bioethics: why philosophy is essential for progress. BMJ. 2015;
41:28–33.

47. Charo RA. The legal and regulatory context for human gene editing. Issues
Sci Technol. 2016;32(3):39.

48. Wagner B. Ethics as an escape from regulation: from ethics-washing to
ethics-shopping? In: Being Profiling Hildebrandt M (ed). Cogitas ergo
sum; 2018.

Townsend BMC Medical Ethics           (2020) 21:95 Page 9 of 10

http://www.xinhuanet.com/english/2019-12/30/c_138667350.htm
http://www.xinhuanet.com/english/2018-11/29/c_137640246.htm
http://www.xinhuanet.com/english/2018-11/29/c_137640246.htm
https://www.thehastingscenter.org/chinese-bioethicists-he-jiankuis-crime-is-more-than-illegal-medical-practice/
https://www.thehastingscenter.org/chinese-bioethicists-he-jiankuis-crime-is-more-than-illegal-medical-practice/
https://www.thehastingscenter.org/chinese-bioethicists-he-jiankuis-crime-is-more-than-illegal-medical-practice/
https://en.unesco.org/themes/ethics-science-and-technology/bioethics-and-human-rights
https://en.unesco.org/themes/ethics-science-and-technology/bioethics-and-human-rights
https://en.unesco.org/themes/ethics-science-and-technology/bioethics-and-human-rights
https://unesdoc.unesco.org/ark:/48223/pf0000233258
https://unesdoc.unesco.org/ark:/48223/pf0000233258
https://arrige.org/Common_statement_Arrige_GWG_JSGE.pdf
http://www.nationalacademies.org/geneediting/2nd_summit/index.htm
https://www.oecd.org/env/international-regulatory-co-operation-9789264200463-en.htm
https://www.oecd.org/env/international-regulatory-co-operation-9789264200463-en.htm
http://www.merriam-webster.com/dictionary/ethics
http://www.merriam-webster.com/dictionary/ethics
https://geneticliteracyproject.org/2019/11/27/religious-beliefs-shape-our-thinking-on-cloning-stem-cells-and-gene-editing/
https://geneticliteracyproject.org/2019/11/27/religious-beliefs-shape-our-thinking-on-cloning-stem-cells-and-gene-editing/
https://geneticliteracyproject.org/2019/11/27/religious-beliefs-shape-our-thinking-on-cloning-stem-cells-and-gene-editing/
https://www.thehastingscenter.org/pursue-public-engagement-but-dont-expect-broad-societal-consensus/
https://www.thehastingscenter.org/pursue-public-engagement-but-dont-expect-broad-societal-consensus/
http://portal.unesco.org/en/ev.phpURL_ID=31058&URL_DO=DO_TOPIC&URL_SECTION=201.html
http://portal.unesco.org/en/ev.phpURL_ID=31058&URL_DO=DO_TOPIC&URL_SECTION=201.html
http://portal.unesco.org/en/ev.php-URL_ID=17720&URL_DO=DO_TOPIC&URL_SECTION=201.html
http://portal.unesco.org/en/ev.php-URL_ID=17720&URL_DO=DO_TOPIC&URL_SECTION=201.html
http://portal.unesco.org/en/ev.php-URL_ID=13177&URL_DO=DO_TOPIC&URL_SECTION=201.html
http://portal.unesco.org/en/ev.php-URL_ID=13177&URL_DO=DO_TOPIC&URL_SECTION=201.html
http://www.publicacions.ub.edu/refs/observatoriBioEticaDret/documents/08543.pdf
http://www.publicacions.ub.edu/refs/observatoriBioEticaDret/documents/08543.pdf
https://www.who.int/ethics/topics/human-genome-editing/Governance-framework-for-HGE-Jan2020.pdf?ua=1
https://www.who.int/ethics/topics/human-genome-editing/Governance-framework-for-HGE-Jan2020.pdf?ua=1
https://www.who.int/ethics/topics/human-genome-editing/committee-members/en/
https://www.who.int/ethics/topics/human-genome-editing/committee-members/en/


49. See: Susskind, L. Strengthening the global environmental treaty system.
Issues Sci Technol. 2008;25(1):60–68.

50. Riesenfeld SA. The doctrine of self-executing treaties and US v postal: win at
any Price. Am J Int Law. 1980;74(892):895–6.

51. Vogel D. Globalization of pharmaceutical regulation. Governance. 1998;11(1):
1–22.

52. Charo RA. Rogues and regulation of germline editing. N Engl J Med. 2019;
380:976–80.

Publisher’s Note
Springer Nature remains neutral with regard to jurisdictional claims in
published maps and institutional affiliations.

Townsend BMC Medical Ethics           (2020) 21:95 Page 10 of 10


	Abstract
	Background
	Main text
	Conclusions

	Introduction
	Genome editing: considerations of what and how
	The role of harmonisation: is it achievable?
	The role of global governance, ethics and law
	The role of broader public consultation and deliberative engagement
	Towards developing a framework aligned to a rights-based approach

	Managing risk in the uncertain world of genome editing and exercising caution
	Summation: A way forward
	Conclusion
	Acknowledgements
	Author’s contributions
	Funding
	Availability of data and materials
	Ethics approval and consent to participate
	Consent for publication
	Competing interests
	References
	Publisher’s Note

