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Abstract

The question of the legal permissibility of heritable gene editing techniques is unsettled.
The international consensus opposes clinical research and applications involving germline
modifications. Building on previous work, this paper examines how international human rights
law, particularly human right to science standards, can inform the regulation of this
controversial advancement. We present the normative content of the human right to science,
apply it to the governance of heritable gene editing, and identify action points that States must
take, as a matter of national law and international cooperation, to align the governance of
heritable gene editing with human rights standards.
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1. Introduction

The advent of CRISPR-Cas9 technology has created unprecedented
opportunities to treat genetic diseases and cancer.” CRISPR-Cas9 tools are beginning
to have an impact on clinical practice and trials. Exa-cel, also known as Casgevy, is the
first FDA-approved gene therapy that uses CRISPR/Cas9 genome editing technology
to treat sickle cell disease and beta-thalassemia in patients 12 years and older.* The
treatment involves extracting a patient’s own hematopoietic stem cells (blood-forming
cells) and using CRISPR-Cas9 to edit a gene responsible for producing fetal
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3 CRISPR is an acronym for Clustered Regularly Interspaced Short Palindromic Repeats.

4 Office of the Commissioner, “FDA Approves First Gene Therapies to Treat Patients with Sickle Cell
Disease,” FDA, FDA, September 8, 2024, https://www.fda.gov/news-events/press-announcements/fda-
approves-first-gene-therapies-treat-patients-sickle-cell-disease.
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hemoglobin. An RNA guide is used to direct the Cas9 enzyme (a molecular scissor) to
a specific DNA sequence, where it makes a double-stranded cut.” The edited cells are
then re-infused into the patient, allowing them to produce fetal hemoglobin, which can
compensate for the defective adult hemoglobin and alleviate symptoms. Clinical
applications are also been studied or developed for cancer treatments, particularly in the
field of immunotherapy, and to treat genetic conditions such as transthyretin
Amyloidosis (a rare, progressive disease caused by a misfolded protein produced in the
liver), Duchenne Muscular Dystrophy (a degenerative diseases affecting the muscles)
and hereditary angioedema (a rare disorder that causes severe swelling attacks).’

These clinical advancements involve exclusively somatic cells. Somatic cells
are any cells in the body other than germline cells (sperm and oocytes). This means that
any genetic changes made using gene editing techniques are not passed on to a person’s
offspring. However, there is a second path of intervention on the human genome:
hereditary gene editing. Also known as germline editing, this form of gene editing
involves making genetic changes that future generations inherit. Unlike somatic cell
editing, which targets non-reproductive cells and whose effects are confined to the
treated individual, germline editing alters the DNA in sperm, eggs, or early embryos.
This means the genetic modifications become a permanent part of the hereditary
blueprint, affecting not only the person who was edited but all of their descendants.
Heritable germline editing raises issues distinguishable from those raised by somatic
gene editing — highly debated issues, we can add.” However, it also offers unique
opportunities to improve human health in ways that are not possible with somatic gene
editing. If a gene or genes causing disease are edited at the germline level, they are
suppressed for all descendants of the person. One day, entire genetic diseases could be
eliminated, much like vaccination has done with other diseases.

More than a decade after the publication of the seminal paper by Jennifer
Doudna and Emmanuelle Charpentier in which they described how they successfully
repurposed a little-known component of the bacterial adaptive immune system into a
versatile, programmable tool for genetic engineering,® the question of its use for
germline modification purposes is still unsettled.” Due to significant ethical, safety, and

5 George Q. Daley, “Welcoming the Era of Gene Editing in Medicine,” Perspective, The New England
Journal of Medicine (Boston, United States) 390, no. 18 (2024): 164245, https://doi.org/10.1056/NEJM
p2314279.

¢ Krishanu Saha et al., “The NIH Somatic Cell Genome Editing Program,” Nature 592, no. 7853 (2021):
197, https://doi.org/10.1038/s41586-021-03191-1; Olga C. Pandos, “Somatic Genome Editing Therapies
Are Becoming a Reality — but Debate over Ethics, Equitable Access and Governance Continue,” The
Conversation, March 10, 2023, https://doi.org/10.64628/AA.p57dgk4rn.

7 Madeleine Hayenhjelm and Christer Nordlund, “Positions on the Germline Boundary: Stop, Wait, or
Go?,” in The Risks and Ethics of Human Gene Editing: A Philosophical Guide to the Arguments, ed.
Madeleine Hayenhjelm and Christer Nordlund (Springer Fachmedien, 2025), https://doi.org/10.1007/978-
3-658-46979-5 3.

§ Martin Jinek et al., “A Programmable Dual RNA-Guided DNA Endonuclease in Adaptive Bacterial
Immunity,” Science (New York, N.Y.) 337, no. 6096 (2012): 81621, https://doi.org/10.1126/science.122
5829.

° Frangoise Baylis, A4ltered Inheritance: CRISPR and the Ethics of Human Genome Editing (Harvard
University Press, 2019), https://doi.org/10.4159/9780674241954.
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societal concerns, germline editing is not currently approved for clinical use, and its
future remains uncertain. A global consensus holds that it should not be attempted, at
least for the time being."

This paper contributes to the literature on the governance of heritable gene
editing, building on previous work that has explored how international human rights
law can inform the regulation of this controversial intervention. In our previous work,'"
we identified the lesser-known human rights to science as a source of principles and
standards on which the governance of human germinal genetic modifications can be
grounded. In this paper, we reiterate and expand that proposal in light of further
development in the understanding of the normative content of the human right to
science.'? While earlier work focused primarily on the legal recognition of scientific
freedom in international law, we now expand that analysis to additional normative
elements of the human right to science. These elements are the right to participate in,
and the right to benefit from, scientific progress and its applications and the duty to
international scientific cooperation.'* We identify action points that States must take, as
a matter of national law and international cooperation, to align the governance of
heritable gene editing with human rights standards.

This paper begins by providing an overview of the human rights to science.
After introducing its history and the current renaissance of interest among scholars and
practitioners, we present the four clusters of rights that form its normative content and
the additional duty to international scientific cooperation. We then turn to applying the
human-right-to-science standard to the domestic and international governance of
heritable gene editing. After identifying how current frameworks fail to align with these
standards, we identify ways in which governments can bring their regulatory
frameworks into adherence with human rights law. We conclude with a call for the
government to establish a more robust system of global governance, ensuring the proper
fulfillment of its duties under the human right to science.

10 Shai Carmi et al., “Human Embryo Editing against Disease Is Unsafe and Unproven — despite Rosy
Predictions,” Nature 637, no. 8046 (2025): 554-56, https://doi.org/10.1038/d41586-024-04105-7.

' Andrea Boggio et al., “Toward a Human Rights Framework for the Regulation of Human Germline
Genome Modification,” in Human Germline Genome Modification and the Right to Science: A
Comparative Study of National Laws and Policies, ed. Andrea Boggio et al. (Cambridge University Press,
2020), Cambridge Core, https://doi.org/10.1017/9781108759083.023; Andrea Boggio et al., Human
Germline Modification and the Right to Science: A Comparative Study of National Laws and Policies
(Cambridge University Press, 2020); Andrea Boggio et al., “The Regulation of Human Germline Genome
Modification (HGGM) at the National Level: A Call for Comprehensive Legal Reform,” Loyola of Los
Angeles International and Comparative Law Review 43, no. 3 (2021).

12 Cesare P. R. Romano and Andrea Boggio, The Human Right to Science: History, Development, and
Normative Content (Oxford University Press, 2024); Andrea Boggio, “The Right to Participate In and
Enjoy the Benefits of Scientific Progress and Its Applications: A Conceptual Map,” New York International
Law Review 34, no. 2 (2021): 43-77.

13 Our approach does not exhaust the possibilities of rights-based analyses of germline gene editing, which
could look at how other human rights, particularly the right to health and to have a family, could contribute
to the debate.
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2. An Overview of the Human Right to Science

The human right to science is commonly understood to entitle the public to four
guarantees regarding scientific and technological advancements: (1) Innovation must
occur, (2) in a responsible and (3) participatory fashion, (4) for the benefit of all,
producing advancements that are beneficial to peace, welfare, and human rights.

2.1. History and Renaissance

First recognized in the American regional human rights system,'* the right is
enshrined in Article 27 of the 1948 Universal Declaration of Human Rights. The right
was later codified in Article 15 of the 1967 International Covenant on Economic, Social,
and Cultural Rights. Until the late 2000s, this human right had been mentioned a few
times in international legal instruments but had received little attention from scholars
and practitioners. Impulse to revive interest in this right came from an initiative under
the auspices of UNESCO, which led to the publication, in 2009, of the Venice Statement
on the Right to Enjoy the Benefits of Scientific Progress and its Applications."” In the
following decade, scholars began paying more attention to this right, and, more
significantly, the UN Special Rapporteur on Cultural Rights, Farida Shaheed, devoted
two of her annual reports to this right.'® The normative understanding of the human
right to science was then significantly enriched by the adoption in 2020 by the UN
Committee on Economic, Social and Cultural Rights (CESCR) of General Comment
No. 25."7 Although the CESCR named the right as the “right to participate in and to
enjoy the benefits of scientific progress and its applications,”'® it is commonly referred
to in practice and literature as the “human right to science.”

The normative understanding of this right is now more developed than it was
just a few years ago. Scholars and practitioners tend to converge in identifying three
fundamental aspects that comprise its normative content: a participatory entitlement of
the public, a right to access the benefits of scientific progress and its applications, and
an obligation to prevent or mitigate harm caused by scientific progress and its
applications.'® In our work, we propose a normative picture of the right, which is more

14 Cesare P. R. Romano, “The Origins of the Right to Science. The American Declaration on the Rights
and Duties of Man,” in The Right to Science: Then and Now, ed. Helle Porsdam and Sebastian Porsdam
Mann (Cambridge University Press, 2021).

15 United Nations Educational, Scientific and Cultural Organization (UNESCO), Venice Statement on the
Rights to Enjoy the Benefits of Scientific Progress and its Applications (art. 15 (1) (b) ICESCR) (17 July
2009), https://www.aaas.org/sites/default/files/VeniceStatement July2009.pdf,

16 UN HCR, 2012 Report; UN HCR, Report of the Special Rapporteur in the field of cultural rights, Ms
Farida Shaheed, on “copyright policy and the right to science and culture,” UN Doc. A/HRC/28/57 (24
December 2014), https://digitallibrary.un.org/record/792652.

17 UN, CESCR, General Comment No. 25 on Science and Economic, Social and Cultural Rights (Art. 15
(1)(b), (2), (3) and (4)), E/C.12/GC/25 (April 30, 2020) [hereinafter, CESCR, General Comment No. 25].
18 CESCR, General Comment No. 25, para 20.

19 Yvonne Donders and Monika Plozza, “Look before You Leap: States’ Prevention and Anticipation
Duties under the Right to Science,” The International Journal of Human Rights 28, no. 3 (2024): 354-79,
https://doi.org/10.1080/13642987.2023.2269096; Samantha Besson, “Anticipation under the Human Right
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elaborate and complex than this tripartite conception but nonetheless in agreement with
the fundamental aspects of the right identified by other scholars.*® We construct the
right as a supercluster of rights, which we break down into four clusters, each containing
several sub-rights. Some of these are particularly germane for a discussion of germline
cells gene editing. Our reading of the rights included in the human right to science, as
we will try to demonstrate, is supported by a close reading of international instruments
addressing the link between human rights and science and technology. A holistic view
that the human right to science was codified with the intent to provide a comprehensive
normative treatment of scientific progress and its application in international human
rights law undergirds our analysis. This does not mean that other human rights
considerations are not relevant to understanding the impact of science and technology
on humans and human dignity. We take the view that the normative content of the right
must be constructed in broad terms to reach all aspects of that relationship.

2.2. Scientific Freedom or the Right to Scientific Progress

The human right to science mandates that scientific progress occurs. Science
must be carried out and scientific knowledge produced. Without this normative
dimension, which is understated or absent in the classical tripartite account, the human
right to science lacks a foundational and logical aspect of the relationship between
science and human rights — the public cannot participate or benefit from scientific
progress unless scientific advancement happens in the first place. This is expressly
acknowledged in paragraph 16 of General Comment No. 25, under the heading of
“Elements of the right,” where it states that “States parties should direct their own
resources and coordinate actions of others fo ensure that scientific progress happens
... (emphasis added).”!

For scientific progress to occur, scientific freedom must be guaranteed.
Freedom of research (and responsibility) is an integral element of the human right to
science, secured under Article 15.3 of the Covenant on Economic, Social and Cultural
Rights both as an end and as a means. It is an end because scientists are entitled to enjoy
scientific freedom by virtue of engaging in the practice of science. It is an entitlement
essential to carrying out activities valued and protected in themselves under human

to Science: Concepts, Stakes and Specificities,” SSRN Scholarly Paper no. 4431685, Rochester, NY, April
28, 2023, https://doi.org/10.2139/ssrn.4431685; Lea Bishop, “The Right to Science: Ensuring That
Everyone Benefits from Scientific and Technological Progress,” European Journal of Human Rights 2015,
no. 4 (n.d.): 411-30; Rumiana Yotova and Bartha M Knoppers, “The Right to Benefit from Science and Its
Implications for Genomic Data Sharing,” European Journal of International Law 31, no. 2 (2020): 665—
91, https://doi.org/10.1093/ejil/chaa028; Sebastian Porsdam Mann et al., “‘Sleeping Beauty’: The Right to
Science as a Global Ethical Discourse,” Human Rights Quarterly 42, no. 2 (2020): 332-56, https://doi.org/
10.1353/hrq.2020.0020; Eibe Riedel, “Sleeping Beauty or Let Sleeping Dogs Lie? The Right of Everyone
to Enjoy the Benefits of Scientific Progress and Its Applications (REBSPA),” in Coexistence, Cooperation
and Solidarity (n.d.); Amrei Miiller, “Remarks on the Venice Statement on the Right to Enjoy the Benefits
of Scientific Progress and Its Applications (Article 15 (1)(b) ICESCR),” Human Rights Law Review 10,
no. 4 (2010): 765-84.

20 Romano and Boggio, The Human Right to Science.

21 CESCR, General Comment No. 25, para. 16.
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rights law. Additionally, scientific freedom is a means of producing scientific
advancements and applications that benefit humanity. It is the vehicle for innovation.
Without freedom to research, science cannot advance, frustrating the implicit goals of
Article 27 of the Universal Declaration of Human Rights and Article 15 of the Covenant
on Economic, Social and Cultural Rights. Therefore, scientific freedom is not separate
from or connected to the human right to science; it is included in its normative content.

2.3. Scientific Responsibility or the Right to Responsible Scientific
Progress

The second guarantee of the human right to science is responsible scientific
progress. The necessary companion of scientific freedom, scientific responsibility
dictates that scientists respect scientific integrity and engage in responsible anticipation
when carrying out scientific activities.

Scientific integrity concerns both adhering to ethical principles and professional
standards in the conduct of scientific research (integrity of science)*” and behaving as
“good scientific citizens,” ** meaning that they behave properly as members of the
scientific community (integrity in science).* Upholding scientific integrity ensures the
reliability and trustworthiness of scientific knowledge, which is a necessary condition
for scientific expressions to be beneficial to the public. Scientific expressions that fail
to meet these standards do not benefit from the protection afforded by international
human rights law.

Responsible anticipation is a proactive approach to understanding and
addressing the potential impacts of scientific progress and its applications on those
involved in the research (individuals and populations) and the public at large. It consists
of considering both the intended and unintended consequences, including ethical,
social, and environmental implications, before these innovations are fully developed
and deployed. This approach encourages foresight and societal engagement to guide
innovation in a way that benefits humanity and minimizes harm.

Scientific responsibility demands that the scientific community exercise its
power of self-restraint and identify guardrails and possible redlines to keep research.
This responsibility is paramount in the case of germline gene editing since societies
have yet to determine whether we should cross that line. Self-restraint is an act of self-
governance of the scientific community, which is a power that States must guarantee as
part of scientific freedom.

22 Tt involves being honest, transparent, and accountable throughout the entire research process, from
designing experiments to reporting results. Romano and Boggio, The Human Right to Science, 546—48.

23 Romano and Boggio, The Human Right to Science, 548-50.

24 The principles of integrity in science are honesty, credit, accountability, objectivity, carefulness, respect
the intellectual property of others, openness, transparency, respect for colleagues, non-discrimination, and
professional responsibility. Adil E Shamoo and David B. Resnik, Responsible Conduct of Research, Fourth
edition (Oxford University Press, 2022), 17-18.
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2.4. Right to Participate in Scientific Progress and Its Applications

Participation in scientific progress stems from the notion that science is a
participatory good that is produced and nurtured by societal collective efforts. While
“doing science” primarily involves a community of individuals with the proper
credentials and skills, the footprint of science extends beyond the activities carried out
in labs and scientific institutions. The right of the public to participate in science can be
broken down into four normative dimensions, each of which gives rise to a sub-right:
scientific literacy,? access to the scientific professions, participation in research, and
participation in science affairs. The right to scientific literacy is an entitlement to attain
a “familiarity with the enterprise and practice of science” sufficient to adequately
participate in and benefit from scientific progress.”® The right to access the scientific
professions entitles one to turn a non-professional interest in science into a profession.*’
The right to participate in research entitles everyone to contribute to science as a
research participant or as a citizen scientist.”®

The latter is the most important for heritable gene editing, so it is worth a few
extra words. Participation in science affairs empowers citizens to get involved in how
science is conducted, funded, and used to shape public policy. It moves beyond simply
consuming scientific information to actively engaging in the scientific process and its
societal implications. This creates a duty for states to educate the public about germline
gene editing and to establish participatory mechanisms that allow the public to have a
voice in decisions regarding the permissibility of such research. Examples of effective
participatory mechanisms include citizens’ juries, deliberative polling, and open town
hall meetings, which can help bridge the gap between scientific expertise and public
values.”

2.5. Right to Benefit from Scientific Progress and Its Applications

The right to benefit from scientific progress and its applications is the fourth
cluster of rights contained in the human right to science that is relevant for the
discussion at hand. The sub-rights in this cluster are four. First, the right to impact
anticipation and monitoring is an entitlement akin to the obligation of responsible
anticipation expected from scientists. It requires governments to monitor and anticipate
the impacts of research and its applications. Second is the right to the development and
diffusion of beneficial applications. This is an entitlement that, if scientific research has
shown that beneficial applications can be developed, these applications must be
developed. Granted, it incorporates a duty to exercise sound judgment regarding what

25 Romano and Boggio, The Human Right to Science, 588-91.

26 Catherine E. Snow and Kenne A. Dibner, eds., Science Literacy: Concepts, Contexts, and Consequences,
with Committee on Science Literacy and Public Perception of Science et al. (National Academies Press,
2016), 1, https://doi.org/10.17226/23595.

27 Romano and Boggio, The Human Right to Science, 591-93.

28 Citizen science is the direct participation of lay members of the public in “doing science.” Romano and
Boggio, The Human Right to Science, 593—600.

29 Romano and Boggio, The Human Right to Science, 600—602.
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is “beneficial.” This entails, at a minimum, assessing potential risks against potential
benefits. However, risk assessment in emerging technologies is much more complex
than just the mere risk-benefit analysis. New technologies may have the power to
transform society well beyond the direct impacts of their use.

Let’s take the advent of the internet as an example. The internet has had
profound consequences on political life, everywhere. Social media plays a significant
role in political polarization and the conduct of political campaigns. Streaming
platforms and other digital means have transformed the creative industries to deliver
products. The ability to communicate internationally in video calls at no charge has
reached internet users all around the world. The use of virtual classrooms has
transformed education. And so forth.

With its mix of positive and negative societal impacts, the case of the internet
illustrates the complexity of determining what is “beneficial.” Governments have
traditionally relied on precautionary approaches to manage this problem. Our position
is that the way in which precaution has been construed and practiced in the past decades
has led to excessive restraint, resulting in a disservice to society. Excessive precaution
fails to meet human rights standards because it leads to suboptimal levels of innovation
and holds back beneficial applications from the public. Instead, we propose the principle
of prudent vigilance as a substitute for precaution. “When using prudent vigilance as
the decision-making standard, States shall “set up a robust impact anticipation and
monitoring system to assess and reassess impacts judiciously.”" “A prudent approach
to anticipation,” we add, “demands establishing processes to anticipate technologies’
potential benefits and risks and ongoing evaluation of their beneficial nature as they
develop and diffuse.”'

The two additional subrights in the cluster “right to benefit from scientific
progress and its applications” are the right to access beneficial applications and the right
to policies aligned with scientific evidence. Once an application has been developed,
the human right to science creates an obligation to make that application accessible to
all. The overarching goal is to ensure that everyone, regardless of their circumstances,
can access the life-improving benefits of science and technology. The discharge of this
duty can take many forms, from developing medicines and vaccines that address
socioeconomic and geographic barriers to ensuring that the technology is designed in a
way that includes all potential users, regardless of their abilities, without requiring
adaptation or specialized design (universal design).

Finally, governments have an obligation to align their policies and programs
with the best available scientific evidence.*? In the discharge of this duty, States must
ensure that their scientific evidence supports policies and programs. Two necessary
steps to achieve this goal are to obtain the required input of experts during the
policymaking process and to avoid adopting policies that clash with the best available
scientific evidence, particularly when the scientific community has reached a

30 Romano and Boggio, The Human Right to Science, 667.
31 Romano and Boggio, The Human Right to Science, 667.
32 CESCR, General Comment No.25, para 52 (listed as a core obligation).
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consensus.™
2.6. The Duty to International Scientific Cooperation

To conclude our overview of the normative content of the human right to
science, we would be remiss if we did not point out that the human right to science
includes also a duty to international scientific cooperation, which is also codified in
Article 15(4) of the ICESCR: 4. The States Parties to the present Covenant recognize
the benefits to be derived from the encouragement and development of international
contacts and co-operation in the scientific and cultural fields.

According to General Comment No. 25, the obligation to international
scientific cooperation is a core obligation of the human right to science.’ It is a
“reinforced” duty because, in reality, Article 15 fixes in the context of the fields of
science and technology a duty already existing under international law.*> According to
Samantha Besson, the duty’s binding nature is grounded “in the transnational good of
science and the corresponding ‘collective’ dimension of the duties correlative to the
human right to science that are held jointly by all States.”*® Scholarship and practice
have neglected this duty, so its normative content is unclear. At a minimum, States are
expected to cooperate in regulating scientific progress and applications that have a
transnational character, such as heritable gene editing. This point is also highlighted in
General Comment No. 25, which requires States “to take steps through legislation and
policies, including diplomatic and foreign relations, to promote an enabling global
environment for the advancement of science and the enjoyment of the benefits of its
applications.”’

3. Applying Human Rights Standards to the Governance of Human
Germline Gene Editing

Having laid out the normative content of the human right to science, let us now

33 Romano and Boggio, The Human Right to Science, 649-53.

34 CESCR, General Comment No. 25, para 52 (“Foster the development of international contacts and

cooperation in the scientific field, without imposing restrictions on the movements of persons, goods and

knowledge beyond those that are justifiable in accordance with article 4 of the Covenant.”)

35 Indeed, international cooperation is required as a matter of general international law under Article 1(3)

of the UN Charter, which provides that a purpose of the United Nations is to “achieve international co-

operation in solving international problems of an economic, social, cultural, or humanitarian character, and

in promoting and encouraging respect for human rights and for fundamental freedoms for all without

distinction as to race, sex, language, or religion.” Article 55 provides that the United Nations “shall promote
. international cultural and educational cooperation.” Article 56 imposes this obligation directly on

Member States (“All Members pledge themselves to take joint and separate action in co-operation with the

Organization for the achievement of the purposes set forth in Article 55”).

36 Samantha Besson, “Science without Borders and the Boundaries of Human Rights: Who Owes the

Human Right to Science?” (2015) 4 European Journal of Human Rights 462; Katja Achermann &

Samantha Besson, “International Cooperation under the Human Right to Science: What and Whose Duties

and Responsibilities?” (2023) 8 Frontiers in Sociology 1.

37 CESCR, General Comment No. 25, para 77.
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apply it to domestic and international governance frameworks for human germline gene
editing.

3.1. The Scientific Research-by-Design Obligation

We consider this obligation the starting point of the analysis of a rights-based
approach to heritage gene editing governance. If this is correct, the human right to
science must then be read as an enabler of scientific progress and applications. It is not
neutral as to whether scientific progress should occur or its value in society. It takes a
stand proclaiming that scientific progress is an entitlement of everyone, and therefore,
it must occur. This is an important starting point for the analysis of the governance of
human germline gene editing. From this, we identify as part of the normative content
of the human right to science the principle that scientific research must be considered
free and permissible by default. Adapting Ot van Daalen’s work on human rights and
quantum technologies,*® the human right to science creates a scientific research-by-
design obligation as a guiding principle for the governance of science and technology.
This principle translates into the presumption that, in the absence of a restriction that
meets the human rights standards of legality, necessity, and proportionality, research is
legally permissible. Restrictions can be implemented only as long as they are justifiable.
The protection of other human rights or the respect for dignity can be justifiable grounds
under the principle of necessity and, more broadly, as part of the balancing of human
rights that underlies international human rights law.

Unless the law prohibits or restricts research on human germline gene editing,
research is free and permissible. Considering that scientific freedom often appears in
national constitutions, the argument that, in the absence of an express prohibition,
research into human germline gene editing is permissible could be recognized as a valid
approach to the subject matter. However, no jurisprudence exists on the point because
no case has dealt with the problem directly. This has important practical implications
because scientists need clear directives on what is permissible to operate freely.
Uncertainty is not conducive to good science and may result in self-censorship, fearing
that, later on, research that is not expressly prohibited may be considered unlawful.
Vague or ambiguous language, such as that found in older legislative texts not explicitly
designed for technologies like CRISPR, can create significant legal uncertainty for
researchers.

Our study of 18 national normative frameworks revealed that a substantial
number fail to meet the essential standards articulated by this right.*’ No single country

38 Ot van Daalen, From Encryption to Quantum Computing. The Governance of Information Security and
Human Rights (T.M.C. Asser Press, 2025), 239-40, 285, 362 (“Just as the principle of privacy by design
requires that technological measures mirror the privacy protection afforded by rules, communication
freedom by design would require organisations to ensure that users are afforded the rights to
communications freedom they have under applicable legal frameworks.”).

3 Boggio et al., Human Germline Modification and the Right to Science: A Comparative Study of National
Laws and Policies; Boggio et al., “The Regulation of Human Germline Genome Modification (HGGM) at
the National Level: A Call for Comprehensive Legal Reform.” For additional comparative legal analysis,
see, Frangoise Baylis et al., “Human Germline and Heritable Genome Editing: The Global Policy
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has truly comprehensive legislation that regulates all parts of the research pipeline.
Instead, most States have taken a piecemeal approach, regulating individual segments.
Many normative frameworks are riddled with ambiguities that can impede scientific
progress by making it difficult for scientists to secure funding, plan long-term projects,
or ascertain the legality of their work. The laws are often vague or ambiguous, with
inconsistent definitions for key terms like "embryo" and "gamete" across different
segments of the legal framework. This is particularly concerning because violations are
often met with heavy penalties, including criminal sanctions.

We concluded that to align domestic regulatory frameworks with the duty to
respect scientific freedom and fulfill the right to scientific progress, governments must
draft new or revisit existing laws and regulations. Governance frameworks must select
measures that, to the extent possible, are minimally restrictive, thereby eschewing
sweeping prohibitions in favor of more targeted and proportionate regulations. This
standard holds that any restriction on scientific freedom must constitute the least
intrusive means to achieve a legitimate goal. For instance, the enactment of absolute
prohibitions on all forms of germline gene editing research —often referred to as “ne
plus ultra” provisions— is considered unduly restrictive. These blanket bans, while
seemingly addressing societal concerns, may inadvertently hinder the development of
applications to cure severe monogenic diseases, thereby failing to satisfy the principles
of legitimacy and necessity. Such provisions can have the effect of preventing
advancements that could alleviate immense human suffering, effectively compromising
the right to benefit from scientific progress.

3.2. Participatory Lawmaking

Current national and international regulatory frameworks are often outdated
and inadequate for regulating new technologies like CRISPR. Most legal instruments
predate 2012, and the advent of CRISPR. A flurry of legislative and regulatory action
would offer the possibility of ensuring public participation in lawmaking. Given the
nature of the policy questions, normative frameworks must be established through a
democratic process and be enacted for the pursuit of legitimate objectives. This requires
meaningful public consultation, transparent legislative processes, and a clear
articulation of the societal goals the regulations are intended to achieve. Evidence
suggests that, even if public engagement on hereditary gene editing has been “put into
practice” in the past decade,”” “[e]ngagement studies were disproportionately
concentrated in countries of the Global North,”*! and raised issues of “inclusion of
underrepresented groups, gathering values, and reaching societal impact.”** A rights-

Landscape,” The CRISPR Journal 3, no. 5 (2020): 36577, https://doi.org/10.1089/crispr.2020.0082; R.
Isasi et al., “Editing Policy to Fit the Genome?,” Science 351, no. 6271 (2016): 33739, https://doi.org/10.
1126/science.aad6778.

40'Wendy P. Geuverink et al., “A Decade of Public Engagement Regarding Human Germline Gene Editing:
A Systematic Scoping Review,” European Journal of Human Genetics 33, no. 5 (2025): 570-79,
https://doi.org/10.1038/541431-024-01740-6.

41 Geuverink et al., “A Decade of Public Engagement Regarding Human Germline Gene Editing.”

42 Geuverink et al., “A Decade of Public Engagement Regarding Human Germline Gene Editing.”
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based approach champions changes that would address these shortcomings. Legitimate
objectives in this context include preventing harm to future generations, protecting
vulnerable populations from exploitation, and promoting equitable access to beneficial
technologies. Without a legitimate democratic foundation, a regulatory framework fails
to meet human rights standards and lacks the authority necessary for long-term
adherence and public trust.*

3.3. Benefits for All and Nondiscrimination

The human right to science includes a duty to develop applications that are
beneficial for all and make them accessible to all. Not developing applications may
harm those who would have benefited from a never-developed application. No one
should be excluded from benefiting from scientific progress.

This argument is reinforced by non-discrimination, a cornerstone principle of
international human rights law.** This principle ensures that all individuals are treated
equally and have an equal opportunity to access and enjoy their human rights without
being treated less favorably based on specific, personal characteristics. International
human rights instruments consistently prohibit discrimination on grounds such as race,
color, sex, language, religion, political or other opinion, national or social origin,
property, birth, or other status.

Indirect discrimination in connection with birth and disability, which has been
recognized over time by human rights bodies, is particularly relevant here. Indirect
discrimination occurs when a seemingly neutral law, policy, or practice has a
disproportionately negative impact on a group of people sharing a protected
characteristic and cannot be objectively justified. The human right to science dictates
that “everyone” should benefit from scientific progress and its applications. This
obligation also appears in the basic principles enunciated in the Constitution of the
World Health Organization: The health of all peoples is fundamental to the attainment
of peace and security and is dependent on the fullest co-operation of individuals and
States. The achievement of any State in the promotion and protection of health is of
value to all. The extension to all peoples of the benefits of medical, psychological and
related knowledge is essential to the fullest attainment of health.”

A prohibition of research leading to clinical applications that could remove
hereditary diseases in newborns is arguably discriminatory against those who carry
these diseases and is, on its face, in violation of these principles. Policies that lead to

43 Dorit Barlevy et al., “Governing with Public Engagement: An Anticipatory Approach to Human Genome
Editing,” Science and Public Policy 51, no. 4 (2024): 684, https://doi.org/10.1093/scipol/scae010; Eli Y.
Adashi et al., “Heritable Human Genome Editing: The Public Engagement Imperative,” The CRISPR
Journal 3, no. 6 (2020): 434-39, https://doi.org/10.1089/crispr.2020.0049.

4 Universal Declaration of Human Rights, Article 2; International Covenant on Civil and Political Rights,
Articles 2 and 26; International Covenant on Economic, Social and Cultural Rights, Article 2. See also
Article 5 of the Convention on the Rights of Persons with Disabilities, which prohibits discrimination based
on disability and mandates reasonable accommodation to ensure equal access and protection under the law
for people with disabilities.

45 Constitution of the World Health Organization (1948).
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the birth of a person who would have been otherwise healthy, had their germline been
modified, suffer a disproportionately negative impact because of that policy. If a
hereditary condition that negatively affects health could have been safely removed at
an earlier stage of development (by intervening at the level of gametes, embryo, or
fetus), there is a duty to pursue those interventions to avoid discriminating against
carriers of genetic diseases. It is also important to note that human rights treaties not
only prohibit discriminatory acts but also place positive obligations on States to take
steps to eliminate discrimination in all its forms, both in law and in practice. This means
that governments must actively promote basic and clinical research that has the potential
to treat all newborns equally.

The argument may be mitigated if the hereditary disease can be cured or treated
after birth. However, this is rarely the case. Additionally, the newborn would still be
burdened by disease between the time of birth and the time of the medical intervention,
and would have to undergo a medical procedure, with unavoidable risks and pain, that
could have been avoided with prebirth germline interventions. Consequently, while cure
and treatment are undoubtedly beneficial to a newborn carrying a hereditary disease,
safe interventions on the germline genome before birth are superior.

The discussion must also touch upon the critical distinction between therapy
and enhancement. In general terms, therapy is intended to correct a genetic mutation
that causes a disease, while enhancement intends to improve human capabilities beyond
the typical species-specific range. Rather than treating or curing a disease, it aims to
augment a person above what is typical. Therapeutic germline editing, when safely
performed, can be considered permissible because it addresses a medical need and seeks
to restore a person to a state of typical human health. By contrast, enhancement is likely
to be rejected on moral grounds, as it raises concerns about social equity and human
dignity.

Appealing to the human right to science neither solves the tension between the
two nor can it be used as the sole basis for rejecting enhancement. However, the prudent
approach that we advocate calls for qualifying which “genetic disease” should be
targeted, at least initially, by research. At least initially, the list of candidate diseases
should be limited to single-gene mutation diseases that greatly affect the quality of life
or survival of newborns. While all diseases have a genetic component, some are caused
entirely by a single gene mutation. The list includes diseases caused by a single copy
(e.g., Huntington’s Disease or Marfan Syndrome) or two copies (one from each parent)
of a mutated gene causing the disease (e.g., Cystic Fibrosis or Tay-Sachs Disease).
Single-gene mutation diseases that are life-threatening or significantly affect the quality
of life of those affected comprise not only ideal candidates for hereditary gene editing
but arguably the only candidates. These are sometimes called “serious genetic
conditions,” a concept that, although it needs further clarification, can help navigate the
blurred distinction between therapy and enhancement and set clinical priorities aligned
with human rights standards.*®

4 We defer readers to the literature on the topic for further details. See, Shizuko Takahashi et al.,
“Reevaluating ‘Seriousness’ in Genetic Conditions: Balancing Clinical Criteria and Lived Experiences,”
European Journal of Human Genetics 33, no. 6 (2025): 699-700, https://doi.org/10.1038/s41431-025-
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In closing this section, it is worth mentioning that germline interventions would
not be done on a living person and therefore are not a matter of human rights. Clinicians
would modify the germline in tissue or organisms that have the potential to become
persons but have not yet done so. Without fully exploring this complex aspect of the
discussion, which raises issues of the legal status of pre-birth organisms but also issues
of non-identity in case the embryo or fetus does not develop into a person,*’ we just
want to point out that newborns would suffer from discrimination as soon as they are
born. That is an actual discriminatory harm suffered by a human being, which
governments have a duty to address and remove if possible actively.

3.4. Longer Impacts and Future Generations

The human right to science encompasses both a duty of government and a
responsibility for scientists to monitor and anticipate the short- and long-term impacts
of scientific progress. This duty offers the opportunity to address another objection to
heritable gene editing — its impact on future generations and the lack of authority of
the present generation to cause these changes.

The issue of the impact on future generations is also a highly controversial topic
in the debate over hereditary gene editing. In practical terms, we presently affect the
well-being of future generations. It is unavoidable because future generations will share
the planet we currently inhabit. Everything that occurs on this planet, particularly if
irreversible, as a result of human activities, will likely impact future generations.

International human rights law does not provide an unequivocal answer as to
what we ought to do and the extent to which we have a right to affect the destiny of
future people. However, it provides standards to think through this issue. There is a
responsibility to future generations that translates into a duty to responsible anticipation,
which was introduced earlier in the paper. This duty requires monitoring and
anticipating the impacts of an emerging technology as part of its prudent release. The
development and deployment of the technology is not prohibited but permitted,
provided it is done prudently and with anticipation of its short- and long-term impacts.
The interests of future generations play a role in this exercise of prudence, but they are
neither trumping present and short-term options nor demanding certainty of how a
technology’s impacts will be. It is a system that integrates unknowns into today’s
decision-making. It is worth reiterating that, to be in full compliance with human-right-

01829-6; Erika Kleiderman et al., “Unpacking the Notion of ‘Serious’ Genetic Conditions: Towards
Implementation in Reproductive Decision-Making?,” European Journal of Human Genetics 33, no. 2
(2025): 15866, https://doi.org/10.1038/s41431-024-01681-0; Felicity K. Boardman and Corinna C. Clark,
“What Is a ‘Serious’ Genetic Condition? The Perceptions of People Living with Genetic Conditions,”
European Journal of Human Genetics 30, no. 2 (2022): 160-69, https://doi.org/10.1038/s41431-021-
00962-2; Ainsley J. Newson and Lisa Dive, “Taking Seriousness Seriously in Genomic Health,” European
Journal of Human Genetics: EJHG 30, no. 2 (2022): 14041, https://doi.org/10.1038/s41431-021-01002-
9; Kristin Savell and Isabel Karpin, “The Meaning of ‘Serious Disability’ in the Legal Regulation of
Prenatal and Neonatal Decision-Making,” Journal of Law and Medicine 16, no. 2 (2008): 233-45.

47 This issue is relevant in the event an embryo or foetus fails to develop because of the hereditary disease
that could have been stopped from being passed by a clinical intervention modifying the germline.
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to-science standards, responsible anticipation must be participatory, ensuring that
everyone has the opportunity to contribute to the governance of a new technology,
evidence-driven, and nondiscriminatory.

3.5. International Scientific Cooperation and Global Governance

The last point we need to make concerns the obligation of international
scientific cooperation and the global governance of human germline editing. At present,
there is no comprehensive, globally adopted legal regime to manage human germline
editing. A fragile international consensus exists that heritable germline editing should
not proceed at this time due to safety concerns. This largely prohibitive consensus came
to be in reaction to the scandal of Lulu and Nana, the pseudonyms of gene-edited twins
born in China in 2018 as a result of a widely condemned experiment.*® This landmark
event, which shocked the global scientific and bioethical communities, led to a more
conservative and cautious approach, even for bodies that were more open to
experimenting with germline gene editing, such as the International Summit on Human
Gene Editing.* This shift is reasonable and even desirable in the face of the abusive
and unethical misuse of gene editing that had taken place in 2018.

The international consensus in 2025 is that basic research using genome editing
technologies is permissible while a moratorium is in place on clinical research. This
consensus on a moratorium is not a permanent solution, but a temporary solution to give
us “breathing room” due to the technology being premature and unsafe. It is a workable
solution in the interim that does not close doors to future steps in a clinical direction
while signaling the necessity for further debate before heading in that direction. The
World Health Organization has set up a Human Gene Editing (HGE) Registry to ensure
that, if a germline clinical trial begins, the international community knows about it. This
consensus meets human rights standards. Restrictions on scientific freedom are narrow
(limited to clinical research) and necessary (to discourage and prevent abuses). The
Registry enables the monitoring and anticipation of human gene editing research
progress. It is coupled with self-regulation by the scientific community in the form of a
moratorium. It calls for an inclusive and equitable discussion, at the national level and
internationally, on how to move forward.

48 David Cyranoski and Heidi Ledford, “Genome-Edited Baby Claim Provokes International Outcry,”
Nature 563, no. 7733 (2018): 607-8.

49 Readers can compare the subtle shift of the Summit’s position from its second (“it is time to define a
rigorous, responsible translational pathway toward such trials”) to third meeting (“Heritable human genome
editing should not be used unless, at a minimum, it meets reasonable standards for safety and efficacy, is
legally sanctioned, and has been developed and tested under a system of rigorous oversight that is subject
to responsible governance. At this time, these conditions have not been met.”). See, Steve Olson, ed.,
Second International Summit on Human Genome Editing: Continuing the Global Discussion: Proceedings
of a Workshop in Brief, with Policy and Global Affairs and National Academies of Sciences, Engineering,
and Medicine (National Academies Press, 2019), https://doi.org/10.17226/25343; National Academies of
Sciences, Engineering, and Medicine; Policy and Global Affairs, Third International Summit on Human
Genome Editing: Expanding Capabilities, Participation, and Access: Proceedings of a Workshop—in
Brief, ed. Steve Olson, The National Academies Collection: Reports Funded by National Institutes of
Health (National Academies Press (US), 2023), http://www.ncbi.nlm.nih.gov/books/NBK593530/.
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The WHO Expert Advisory Committee recommended further actions, which
have yet to be implemented. It calls “upon the United Nations Secretary-General to
establish a United Nations interagency working group on frontier technologies that
facilitates global dialogue and produces a report outlining the implications of innovative
technologies, including human genome editing, and the ethical frameworks to guide
their application.”*® The International Commission on the Clinical Use of Human
Germline Genome Editing, brought together by the National Academy of Medicine, the
National Academy of Sciences, and The Royal Society, called for setting up a system
of global coordination and collaboration to provide governance of human germline gene
editing. The recommendation is to create three bodies: (1) one “to provide ongoing
technical assessment and evaluation of developments in the science and technologies
on which [germline gene editing] depends and to make recommendations about their
suitability and readiness for particular clinical uses;” (2) one “for evaluating and making
recommendations on crossing major thresholds associated with the clinical use of
[germline gene editing], based on consideration of a wide range of societal and scientific
perspectives;” and a mechanism “by which individuals or organizations in one country
can bring forward technical or ethical concerns arising from [germline gene editing]
work conducted in their own country or in another country.”

Establishing an oversight international system would also fulfill the obligation
to international scientific cooperation, which is an element of the human right to
science. An important step to consolidating international cooperative efforts is to
implement the recommendation of the WHO’s Expert Advisory Committee to extend
the HGE Registry’s scope to clinical trials involving genome editing tools on human
embryos and germline cells on (i) human embryos and on (ii) germline cells or their
progenitors when gametes derived from these will be used to create embryos, even when
there is no attempt to initiate/establish a pregnancy.’’ Governments should also fund a
session of the International Summit on Human Genome Editing to convene scientists to
discuss advancements in gene editing since the last time it met in 2023. Additionally,
we believe governments must cooperate to set up the three international bodies
recommended by the International Commission on the Clinical Use of Human Germline
Genome Editing.

The time to build a proactive framework — one that defines what is permissible
and just — is during this period of fragile consensus, not after it has collapsed. This
framework, we suggest, should be informed by international human rights law,
particularly the standards embedded in the human right to science. A human rights-
based approach to the governance of germline gene editing builds on fundamental
human rights that are considered universal and based on the inherent worth of every
individual. It brings the focus on broad, justice-centered considerations, valuing the

30 WHO Advisory Committee on Developing Global Standards for Governance and Oversight of Human
Genome Editing, Human Genome Editing: Position Paper (World Health Organization, 2021), 5, https:/
iris.who.int/bitstream/handle/10665/342485/9789240030404-eng.pdf.

31 “Human Genome Editing Registry,” World Health Organization, accessed September 12, 2025,
https://www.who.int/groups/expert-advisory-committee-on-developing-global-standards-for-governance-
and-oversight-of-human-genome-editing/registry.
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right of everyone to participate in decisions that affect their human rights, especially
those concerning their life and health. It calls for the effective monitoring of human
rights standards and the anticipation of future impacts, while considering mechanisms
for redress when those rights are breached. This principle holds institutions and
researchers responsible for ensuring that their work respects and protects human
dignity. Finally, it promotes non-discrimination and equality, which is significant given
gene editing's potential to either reduce or exacerbate existing inequalities. In sum, our
call is for the development of an international governance framework, supported by
governments in a spirit of cooperation, grounded in human rights and fostering broad
public deliberation.

4. Conclusions

Heritable gene editing is a complex and controversial technique that, for now,
has not successfully reached the clinical stage. The international consensus is against
testing this procedure on humans. At the national level, States have adopted a patchwork
of regulatory frameworks that are often fragmented, unclear, and obsolete. We believe
that a rights-based approach, informed by the normative content of the human rights to
science, can serve as a principled basis for governance debates on this controversial
technique. While human rights law may not have the answer to thorny questions, it
provides a roadmap to address key normative issues, supporting forms of scientific
progress that respect human dignity. States have an obligation to cooperate in matters
of science and technology. This paper serves as a call to engage in cooperation to
articulate global norms for heritable gene editing better.
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