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 Abstract  
 Artificial intelligence (AI) has become a game-changer in many scientific fields. Gene 
editing is no exception, and many applications are increasingly playing a crucial role in the field 
of human health. Emblematically, when combined with the CRISPR technology, AI allows 
creating such helpful tools as DeepCRISPR, CRISTA, and DeepHF. These instruments can help 
to treat various serious diseases, improve immunotherapy, increase longevity, and develop 
biomedical research. These promising applications of AI need appropriate responses from 
international bio law. So far, somatic gene editing for diagnostic and therapeutic purposes has 
been considered admissible under international law; however, important challenges need to be 
addressed. On this premise, this study, first off, aims at analysing the compatibility of advanced 
AI-based tools with the principles of bioethics and with human rights, while also adopting a 
comparative law perspective. Subsequently, a bioethically consistent and human rights-based 
framework for the promising use of AI in gene editing is theorized. Finally, this paper suggests 
that an internationally concerted action should be adopted in the framework of the World Health 
Organization.    
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 1. Introduction 
 
 In his renowned utopic novel New Atlantis, Francis Bacon had suggestively 
described the Magnalia Naturae, an enumeration of human eternal ambitions of well-
being and longevity. 
 The Magnalia Naturae resounded in an astonishing way, as the proclamation of 
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the promise to: “prolong life […]. Delay old age. Cure incurable illnesses. Relieve 
suffering [...]. Manipulate somatic traits. Increase and exalt intellectual faculties. Move 
bodies into different bodies”3. While in the Seventeenth Century Bacon’s words 
sounded like wishes and illusions, scientific progress has gradually made them become 
prophetic.  
 The relentless scientific and biomedical evolution has enabled the human being 
to take an impressive control over human health and life. The so called genetic 
revolution and the advent of what could be defined the digital and algorithmic era have 
been a real game-changer: the outstanding achievements in the field of genetics and 
genomics and the possibility to manipulate “the code of life” have largely made the 
Magnalia Naturae turn into reality. In this regard, looking more closely into this 
process, when in the late 1990s the Human Genome Project successfully proclaimed to 
have sequenced the human genome a crucial step was taken, one that Neil Armstrong 
would have defined a “one giant leap for Mankind”. Subsequently, the advent of the 
CRISPR technology boosted the opportunities that cracking the code of life could offer: 
the Nobel Prize winners Jennifer Doudna and Emmanuelle Charpentier had discovered 
how to precisely and efficiently modify the human genome, by removing or inserting 
genetic material thanks to a technology that works like genetic scissors – the 
CRISPR/Cas9 – that allow to identify the spot on the target DNA and to cut it. In the 
meantime, scientific and technological progress also led to novel outstanding 
opportunities in relation to data processing, thanks to the interaction between the so-
called Big Data and the relentless development of artificial intelligence (AI).  
 The results and the tools that the interaction between these achievements, as 
well as scientific and technological development, are progressively making available 
are remarkable. In fact, to describe how it works in practice, AI increases the precision, 
the affordability and the efficiency of gene editing and genome editing and, when 
combined with the CRISPR technology, it allows creating such helpful tools as 
DeepCRISPR, CRISTA, and DeepHF, which are capable of predicting optimal guide 
RNAs for a specified target sequence4. More specifically, as clarified in scholarship, 
“DeepCRISPR is a comprehensive computational platform to unify sgRNA on-target 
and off-target site prediction into one framework with deep learning, surpassing 
available state-of-the-art in silico tools”, and it “fully automates the identification of 
sequence and epigenetic features that may affect sgRNA knockout efficacy in a data-
driven manner”5. At the intersection between AI and nanorobotics, intelligent 
nanotherapeutic strategies for the delivery of CRISPR system are just as innovative and 
promising.  
 These instruments have a great potential, and can contribute to effectively 
improve patients’ lives, as they can help to treat various serious diseases, improve 

 
3 Francis Bacon, New Atlantis (No publisher given, 1(627), 173,174. 
4  See Mohammed Toufikuzzaman et al., “CRISPR-DIPOFF: an interpretable deep learning approach for 
CRISPR Cas-9 off-target prediction,” Briefings in Bioinformatics 25, no. 2 (2024): 1-10, 
https://doi.org/10.1093/bib/bbad530, and  Guohui Chuai et al., “DeepCRISPR: optimized CRISPR guide 
RNA design by deep learning,” Genome Biology 19, no. 1 (2018): 80, doi: 10.1186/s13059-018-1459-4.  
5 Chuai et al., “DeepCRISPR,” 80. 
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immunotherapy, increase longevity, and develop biomedical research. Although gene 
editing is not a new horizon in the scientific and medical dimension, these instruments 
can help to change and enhance the therapeutic opportunities available, which may be 
administered in a more targeted and personalized fashion. Nevertheless, significant 
risks exist and should not be overlooked. For example, as was further clarified by some 
prominent scientists, “[a] major challenge for effective application of CRISPR systems 
is to accurately predict the single guide RNA (sgRNA) on-target knockout efficacy and 
off target profile, which would facilitate the optimized design of sgRNAs with high 
sensitivity and specificity”. This complex scientific and technological scenario poses 
critical challenges for the law, especially at the international level, since concerted 
responses and cooperation are necessary. Indeed, domestic, fragmented approaches 
would not be sufficient to address questions that transcend domestic borders, due to 
various reasons such as, prominently, the globalization of research and the 
interconnected nature of human health beyond the national dimension, as well as the 
risks of scientific and medical tourism.  
 On this premise, this study pursues several purposes. First off, it aims at 
analyzing the compatibility of advanced AI-based tools with the principles of bioethics 
and with human rights. In this respect, the international legal landscape on gene editing 
is thoroughly explored, and the relevant instruments of both hard and soft law adopted 
so far are analyzed. In this sense, the experience of the United Nations Educational, 
Scientific and Cultural Organization (UNESCO) and its Declarations, namely the 
Universal Declaration on the Human Genome and Human Rights (UDHGHR), the 
International Declaration on Human Genetic Data (IDHGD), and the Universal 
Declaration on Bioethics and Human Rights (UDBHR) –without overlooking the 
Declaration on the Responsibility of the Present Generations towards Future 
Generations (DRPGFG)– are discussed, together with the European Convention on 
Human Rights and Biomedicine (also known as the Oviedo Convention). Some of the 
most emblematic national experiences are taken into consideration from a comparative 
perspective, also in order to better elucidate the international views and trends. By so 
doing, the principles and the normative approach on gene editing and its limitations are 
elucidated, by addressing both somatic and germline interventions. Consistently with 
this scenario, this study aims at theorizing a bioethically consistent and human rights-
based framework for the promising use of AI-based tools, as deep learning, and 
nanorobotics in the field of somatic gene editing, placing special emphasis on human 
dignity, autonomy, morphological freedom, as well as on the right to identity and the 
right to physical and mental integrity, including from a genetic perspective. Moreover, 
it is theorized that the use of AI in gene editing falls within the scope of the right to 
health and the right to enjoy the benefits of scientific progress. The challenges related 
to algorithmic training are analyzed too. In this respect, special emphasis is placed on 
the need to ensure data protection and informational self-determination.  
 From this viewpoint, the innovative concept of the informationally-projected 
corporality is theorized and used to suggest a bioethically and human rights-consistent 
approach to the use of AI-based tools in the field of gene editing, including with regard 
to such critical issues as the need to obtain qualitatively and quantitatively adequate 
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amounts of data, and the need to ensure appropriate, safe and trustworthy algorithmic 
training. Finally, this paper suggests that an internationally concerted action and, 
possibly, a specific instrument should be adopted in the framework of the World Health 
Organization (WHO), especially by drawing inspiration from the innovative approaches 
to international law-making in the field of international environmental law, which offers 
a valuable example of what Daniel García San José has suggestively called the “nueva 
nomogenética”6. The innovative nature of the topics addressed – the promising and 
innovative use of AI-based tools in the field of gene editing and their compatibility with 
bioethics and international human rights law, by also using a comparative law 
perspective –, the use of original concepts as the informationally projected corporality 
and the “nueva nomogenética” for addressing the field of bio law, importantly 
contribute to the novelty of this study in comparison with the existing doctrinal 
approach and views.  
 The research has been structured according to a multi-level and 
multidisciplinary approach, by exploring the different normative dimensions. In this 
vein, from a methodological viewpoint, emphasis has been placed mainly on 
international law, especially international bio law and international human rights law, 
taking into consideration the relevant issues of international bioethics as well. 
Furthermore, some of the most representative national legal instruments and approaches 
have been explored by using the methodology of comparative law. Last but not least, 
the framework of European Union (EU) law been considered, keeping in mind the 
uniqueness of the EU as the only existing supranational Organization. Given the 
multidisciplinary nature of the questions explored, the relevant scientific, technological, 
medical and biological issues have been thoroughly tackled too. In light of this complex 
and wide landscape, the solutions suggested revolve around the idea that an 
internationally concerted approach may be the appropriate and viable solution, and the 
institutional framework of the WHO is identified as the suitable context for developing 
a global response, that could importantly consist in the adoption of a targeted instrument 
structured consistently with the technique of the “nueva nomogenética”. 
 
 2. Gene Editing Under International Law: Principles, Potential and 
Limitations 
  
 As paradigmatically affirmed by Professor García San José, one of the most 
prominent challenges in the field of bio law is that it is hard to prevent law from lagging 
behind science. Indeed, the relentless scientific progress makes it hard for legislators, 
at all levels, to adopt a definitive or at least long lasting approach throughout legal 
standards and norms. Flexibility and adaptability to scientific progress is a necessary 
feature, which affects the legal technique used as well the nature of the instruments 
adopted to address bio legal issues. Of course, this is true for gene editing too. In this 
regard, international law has long defined a series of principles, that have succeeded to 

 
6 Daniel García San José, “La elaboración de Derecho internacional más allá del consentimiento estatal. La 
emergente legalidad internacional de base consensual,” Anuario Español de Derecho Internacional XXIV, 
(2008): 107-139, 10.15581/010.24.28341. 
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remain valid despite scientific evolution and the changes in the ethical perspective. In 
fact, when one observes the international legal landscape, several prominent references 
can be found, that still provide guidance in such a complex and ethically and politically 
sensitive field. In this respect, the relevant tools can be sought in the framework of the 
UNESCO, at the global level, and, at the regional level, in the Oviedo Convention, 
which was adopted in the context of the Council of Europe (COE) but, as usually 
happens, was also open to the signature of non-European States interested in the 
definition of minimum common standards for biomedicine, throughout reliance on 
human rights as a universal  paradigm.  
 Some context should be primarily given, before delving into the analysis of 
these tools and assessing the compatibility of AI-based tools for gene editing with the 
principles and standards set by the abovementioned framework. Indeed, both the 
UNESCO’s UDHGHR and the Oviedo Convention were adopted in the late 1990s, at 
the historical time when the Human Genome Project had achieved the outstanding result 
of the sequencing of the human genome. This represented an authentic revolution, to 
put it in the words of UNESCO, it inaugurated the so-called genetic revolution. 
Cracking the code of life, in fact, deeply transformed the way in which medicine and 
human health were conceived: indeed, it marked the transition from preventive 
medicine to predictive medicine. The revolution went even beyond these achievements: 
rewriting the code of life has become possible throughout gene editing, and the advent 
of CRISPR/Cas97 in early 2010s has made it even safer and more precise in comparison 
with the technologies previously available, as protein-based tools like Zinc Finger 
Nucleases (ZFNs) and TALENs. As stressed earlier, the combination between the 
CRISPR/Cas9 and AI is paving the way to further opportunities too. In light of this 
scenario, since the start, law, especially international bio law, has tried not to lag behind 
science, and the UNESCO Declarations and the Oviedo Convention have defined a 
framework of principles and standards that is still valid.  
 In this regard, in order to explore this landscape, the difference between somatic 
gene editing and germline interventions should be recalled, as the questions it raises for 
the law are to some extent diverse. More in detail, while somatic gene therapy only 
affects the patient who undergoes it and just some of his or her cells, since it “involves 
the introduction of novel genetic material into somatic cells to express therapeutic gene 
products”8, the impact of human germline editing is deeper, as it “affects all cells in an 

 
7 In a suggestive fashion, it was said that the CRISPR/Cas9 represented the “[g]enetic scissors […] [in 
practice] a tool for rewriting the code of life”, see The Nobel Prize, “Press release – The Nobel Prize in 
Chemistry 2020,” October 7, 2020, https://www.nobelprize.org/prizes/chemistry/2020/press-release/. 
Sebastian Schleidgen et al., “Human germline editing in the era of CRISPR-Cas: risk and uncertainty, inter-
generational responsibility, therapeutic legitimacy,” BMC Medical Ethics 21, (2020): 87, https://doi.org/ 
10.1186/s12910-020-00487-1.  
8 Bert W. O'Malley et al., “Somatic gene therapy. Methods for the present and future,” Archives of 
Otolaryngology-Head & Neck Surgery 119, no. 10 (1993): 1100-1107, doi:10.1001/archotol.1993.018802 
20044007. See: Stella Maris Martínez, “Ingeniería genética (Jurídico),” Enciclopedia de Bioderecho y 
Bioética, Cátedra Interuniversitaria de Derecho y Genoma Humano, accessed August 8, 2025, https:// 
enciclopedia-bioderecho.com/voces/186. 
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organism, including eggs and sperm, and so is passed on to future generations”9. 
International law has addressed both somatic and germline interventions, and the 
supreme principle of human dignity represents the very core of the normative view that 
the UDHGHR and the Oviedo Convention contemplate. Human dignity transcends the 
individual dimension, and represents the minimum common denominator of the 
“human family”, as the Universal Declaration of Human Rights (UDHR), the archetype 
of all the subsequent human rights treaties, defines the humankind. In this respect, 
indeed, in its Preamble, the UDHR says that human dignity is “inherent” not only in 
each individual but also in “all members of the human family’’, who were “born free 
and equal in dignity and rights”. In this sense, the view enshrined in the UDHR conveys 
an idea of universality, that is at the same time reflected and enhanced by the intrinsic 
connection between human dignity and human rights, since, as Roberto Andorno 
prominently pointed out human dignity is the source of human rights10.  
 The language of universality also underlies the link with bioethics, that plays a 
critical role in the understanding of the acceptability and the viability of genome editing. 
In fact, human dignity is also ““the shaping principle’’ of international bioethics”, as 
can be observed in the landscape of the UNESCO Declarations, the UDHGHR, the 
IDHGD, and the UDBHR, that are eloquent because they reveal the interconnection 
between bioethics and human rights as well11. Importantly, Andorno has also 
authoritatively and effectively described this interconnection by emphasizing the “role 
of ‘‘universal ethics’’ that human rights play in our world of philosophical pluralism”12. 
This relationship is mutually fruitful as, what is more, human rights importantly provide 
an effective paradigm for translating bioethics into legal standards. Last but not least, 
further evidence for the universality of this framework can be sought in the generalized 
acceptance that the UDHGHR, the IDHGD, and the UDBHR have received, since they 
were approved unanimously and by acclamation, without overlooking that, 
significantly, UNESCO can adopt “general normative frameworks of a predominantly 
philosophical and legal nature”13, differently from other international Organizations. 
 On this premise, it can be observed that human dignity provides the ultimate 
and universal principle and standard for assessing the consistency of scientific practices, 
as genome editing, with bioethics and human rights, and therefore it helps to elucidate 
which of them are admissible and can be allowed in practice. This view clearly emerges 

 
9 Mary Todd Bergman, “Perspectives on gene editing,” Harvard Gazette, January 9, 2019, https://news.har 
vard.edu/gazette/story/2019/01/perspectives-on-gene-editing/. 
10 Roberto Andorno, “Biomedicine and international human rights law: in search of a global consensus,” 
Bulletin of the World Health Organization 80, (2002): 959, doi: 10.1590/S0042-96862002001200010. 
11 Roberto Andorno, “Human Dignity” and Human Rights as a Common Ground for a Global Bioethics,” 
Journal of Medicine and Philosophy 34, (2009): 225, doi: 10.1093/jmp/jhp023. 
12 Andorno, “Biomedicine”, 959. Also see: Andorno, “Human Dignity”, 223. 
13 Roberto Andorno, “Global bioethics at UNESCO: in defence of the Universal Declaration on Bioethics 
and Human Rights,” Journal of Medical Ethics 33, no. 3 (2007): 152, doi: 10.1136/jme.2006.016543. Also 
see: Ezekiel J. Emanuel and Christine Grady, “Four Paradigms of Clinical Research and Research 
Oversight,” Cambridge Quarterly of Healthcare Ethics 16, no.1 (2006): 84, doi: 10.1017/s096318010707 
0090, and Ezekiel J. Emanuel, David Wendler, Jack Killen, Christine Grady, “What Makes Clinical 
Research in Developing Countries Ethical? The Benchmarks of Ethical Research,” The Journal of 
Infectious Diseases 189, (2004): 930-37, doi: 10.1086/381709. 
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from the relevant international legal sources under consideration. In its Preamble, the 
Oviedo Convention14 – which conveys the compromise between the different views of 
the Member States of the COE – affirms “the need to respect the human being both as 
an individual and as a member of the human species and recognis[es] the importance of 
ensuring the dignity of the human being”, and also acknowledges that “the misuse of 
biology and medicine” may pose a threat to human dignity, as it “may lead to acts 
endangering [it]”15. Interestingly, at its Article 13, the Oviedo Convention expressly 
addresses gene editing, affirming the admissibility of somatic genome modifications, 
that is, the interventions “undertaken for preventive, diagnostic or therapeutic purposes 
and only if its aim is not to introduce any modification in the genome of any 
descendants16”. Therefore, under the Oviedo Convention, while somatic gene editing is 
allowed, human germline interventions are not permitted.  
 The language of the UDHGHR is interesting where, at Article 24, it refers to 
the “practices that could be contrary to human dignity, such as germ-line intervention”, 
whilst the wording of Article is more direct where, at Article 11, it refers to the 
“[p]ractices which are contrary to human dignity, such as reproductive cloning of human 
beings”. Nevertheless, the fact that the language appears more opaque that one could 
wish, should not make one question the coherence of the view expressed. The 
prohibition of human germline interventions is clearly stated under international law, 
and this view has not changed since the late 1990s, when the Oviedo Convention and 
the UDHGHR were adopted. Interestingly enough, such a prominent scholar as Roberto 
Andorno has pointed out that the prohibition of human germline interventions is one of 
the two practices, together with the prohibition of human reproductive cloning, to have 
obtained a generalized consensus from the international community, to the point of even 
questioning whether such norms were like to have achieved the status of customary law.  
 
 3. The Scope and the Rationale of the International Approach and Its 
Multilevel Consistency 
 
 Once the existing principles and norms have been identified, some 
considerations should be made on the rationale underlying this approach on human 
germline interventions and on the scope of somatic gene editing. First off, the latter 
deserves some further elucidation, in particular in order to clarify which practices are 
allowed in practice. In this sense, some limitations can be inferred by the formulation 
of the provisions recalled. In particular, Article 13 of the Oviedo Convention is very 

 
14 It seems interesting to emphasize here the peculiar vocation of the Oviedo Convention, that specifically 
focuses on “Human Rights and Biomedicine”. Interestingly, the word “biomedicine” rather than the word 
“bioethics” was chosen for a specific reason, that is that the scope ethics and law does not always overlaps 
– therefore, something that is considered unethical is not necessarily provided as illegal. See Andorno, 
“Human Dignity”, 225. Rather than identifying what is unethical, the role of law is to set “the indispensable 
conditions for social life”, without overlooking that, as Jellinek said, the law identifies the minimum 
standard of ethics, see Georg Jellinek, Die sozialethische Bedeutung von Recht, Unrecht und Strafe (Häring, 
1908). 
15 Preamble of the Oviedo Convention. 
16 Emphasis added by the Author. 
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clear where it refers to the preventive, diagnostic and therapeutic purposes that can be 
pursued. In this regard, indeed, a dichotomy has emerged between those purposes, that 
are related to human health, and the so called enhancement17, that aims at improving 
the human being’s skills or features without any connection to health. This dichotomy 
between therapy and enhancement has been defined as a “moral warning flag”18, and 
scholarship has importantly contributed to the debate in order to clarify the boundaries 
between the two categories.  
 On the one hand, it was suggested that the “restoration of the normal functions 
of the human body”19 should be considered the criterion for identifying therapeutic 
interventions, which can be considered admissible. This view was supported by such 
prominent scholars as John Harris and Jürgen Habermas, who took a cautious approach 
that does not share a transhumanistic idea of the human being20. In this sense, 
emblematically, Habermas “argue[d] that the natural contingency of the biological 
genetic setup of humans plays a fundamental role for their self-understanding as moral 
agents”, and that “[t]his is why one should proceed with caution when intentionally 
introducing changes to the human genome, especially for the purpose of 
enhancement”21. 
  In a similar fashion, Harris supports the admissibility of somatic gene editing 
for reasons of therapy and in 2015, talking about the International Human Genome 
Summit, he advanced a flexible conception of the relationship between therapy and 
enhancement, by making the example of the interventions aimed at strengthening the 
immune system22. Improving human health would help to improve living conditions, 

 
17 In this regard, it seems interesting to provide more information on the debate on “enhancement”. Indeed, 
a tripartite view was elaborated, according to which: “[f]irst, ‘enhancement’ is sometimes used to refer to 
measures that go beyond therapy or prevention of diseases, i.e., that transcend goals of medicine. Second, 
‘enhancement’ is used to refer to measures that equip a human with traits or capacities that they typically 
do not possess. In both cases, the term points to equally controversial and contrasting concepts: on the one 
hand, those of ‘health’, ‘disease’ or ‘therapy’, and on the other, those of ‘normality’ or ‘naturalness’. Third, 
‘enhancement’ is sometimes also used as an umbrella-term describing all measures that have a positive 
effect on a person’s well-being. According to this definition, the cure, or prevention of a disease is then also 
not opposed to an enhancement. Here again, this use refers to the controversial concept of ‘well-being’ or 
a ‘good life’.”, see Mara Almeida and Robert Ranish, “Beyond safety: mapping the ethical debate on 
heritable genome editing interventions,” Humanities and Social Sciences Communications 9, (2022): 6, 
https://doi.org/10.1057/s41599-022-01147-y. 
18 Carla Faralli and Silvia Zullo, “Terapia genica e diritti della persona,” in Trattato di Biodiritto. Il Governo 
del Corpo. Tomo I, ed. Stefano Canestrari, Gilda Ferrando, Cosimo Marco Mazzoni, Stefano Rodotà, Paolo 
Zatti (Giuffré, 2011), 527. 
19 Faralli and Zullo, “Terapia genica e diritti della persona,” 523.  
20  Julian Huxley is considered the father of transhumanism for coining this concept in his essay: Julian 
Huxley, New Bottles For New Wine (Chatto & Windus,1957). Interestingly enough Julian Huxley was the 
first Director-General of UNESCO, serving from 1946 to 1948. 
21 Annett Wienmeister, “Rereading Habermas in Times of CRISPR-cas: A Critique of and an Alternative to 
the Instrumentalist Interpretation of the Human Nature Argument,” Journal of Bioethical Inquiry 19, no. 4 
(2022): 545–56, doi: 10.1007/s11673-022-10206-7; also see; Jürgen Habermas, The Future of Human 
Nature (Polity Press, 2003), and John Harris, “Why human gene editing must not be stopped,” The 
Guardian, December 2, 2015, https://www.theguardian.com/science/2015/dec/02/why-human-gene-editi 
ng-must-not-bestopped. 
22 Faralli and Zullo, “Terapia genica e diritti della persona,” 527. See: John Harris, Enhancing Evolution: 
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which is also consistent with the evolutionary tendency inherent in the human being23. 
On the other hand, some commentators have expressed their rejection with regard to all 
forms of genome editing, either somatic or affecting the human germline. For example, 
this view was taken by Michael J. Sandel who, in his  book The Case Against Perfection: 
Ethics in the Age of Genetic Engineering, has expressed his concerns on the quest of 
perfection, that may be pursued throughout genetic engineering, designer children and 
creating bionic athletes24. 
 When looking into the justification of the views set out, first off, the  respect 
for human nature and the rejection of the “liberal eugenics”25 stand out, consistently 
with a Kantian idea of dignity. Focusing on the respect for human nature, it is inherently 
related to the human genome that, according to Article 1 of the UDHGHR, “underlies 
the fundamental unity of all members of the human family” and that, “[i]n a symbolic 
sense, it is the heritage of humanity”. Importantly, this conception transcends the present 
to assume an intertemporal and diachronic significance, as also resonates in Article 6 of 
the DRPGFG, according to which “[t]he human genome, in full respect of the dignity 
of the human person and human rights, must be protected” and “[s]cientific and 
technological progress should not in any way impair or compromise the preservation of 
the human and other species”, a point that was also stressed by the Explanatory Report 
to the Oviedo Convention, at para. 89, where it clarifies that “[w]hilst developments in 
[the] […] field [of gene editing] may lead to great benefit for humanity, misuse of these 
developments may endanger not only the individual but the species itself”. The 
protection of the human nature and the human genome are ensured throughout the 
protection of genetic identity and genetic integrity, that have been the focus of an 
interesting debate in scholarship. Some scholars consider that no difference exists 
between the right to genetic identity and genetic integrity. Some other commentators 
have taken the view that the right to genetic identity encompassed the right to genetic 
integrity and the right to have a non-modified genetic heritage26, that can be further 
considered, with regard to future generations, as the right to an open future and the 
complex question of the impossibility of consent from future generations27.  

 
The Ethical Case for Making Better People (Princeton University Press, 2007). 
23 Faralli and Zullo, “Terapia genica e diritti della persona,” 52. 
24 Michael J. Sandel, The Case Against Perfection: Ethics in the Age of Genetic Engineering (Harvard 
University Press, 2007). 
25 Vilhjálmur Árnason, “From species ethics to social concerns: Habermas’s critique of “liberal eugenics” 
evaluated,” Theoretical Medicine and Bioethics 35, no. 5 (2017): 353-67, doi: 10.1007/s11017-014-9308-
2. 
26 Norberto Nuno Gomes De Andrade, “Human Genetic Manipulation and the Right to Identity: the 
Contradictions of Human Rights Law in Regulating the Human Genome,” SCRIPTed  10, no. 3 (2010): 
434, https://ssrn.com/abstract=1726130. 
27 See: Martin, Gunderson, “Enhancing Human Rights: How the Use of Human Rights Treaties to Prohibit 
Genetic Engineering Weakens Human Rights”, Journal of Evolution and Technology 18, no. 1 (2008): 27-
34; George J. Annas, Lori B.  Andrews, Rosario M. Isasi, “Protecting the endangered human: toward an 
international treaty prohibiting cloning and inheritable alterations,” American Journal of Law & Medicine 
28, no. 2-3 (2002): 151-78, https://doi.org/10.1017/S009885880001162X; George J. Annas, “Genome 
Editing 2020: Ethics and Human Rights in Germline Editing in Human and Gene Drives in Mosquitoes,” 
American Journal of Law & Medicine 46, (2020): 143-65, https://doi.org/10.1177/0098858820933492. 
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 A similar view was also restated in 2005, by the UDBHR, whose Article 16 
affirms that “[t]he impact of life sciences on future generations, including on their 
genetic constitution, should be given due regard”. However, also a different view is 
possible: first off, moving from the premise that the right to genetic identity is intended 
as a component of the right to identity, which has been construed as dynamic and self-
defined. This has led to a “narrative and developmental idea of individual identity”28, 
that was suggestively framed in genetic and epigenetic terms by Professor Romeo 
Casabona, who elaborated the conception of epigenetic identity29. In this respect, it 
seems interesting to point out that a dynamic and proactive idea of identity also emerges 
from UNESCO’s Declaration, especially from the Preamble of the UDBHR, which says 
that “person’s identity includes biological, psychological, social, cultural and spiritual 
dimensions”, and Article 3 of the IDHGD, that says that “a person’s identity should not 
be reduced to genetic characteristics, since it involves complex educational, 
environmental and personal factors and emotional, social, spiritual and cultural bonds 
with others and implies a dimension of freedom”. It can be inferred that the idea of 
identity accepted under the normative framework under consideration conveys the 
rejection of genetic determinism.  
 Moreover, it may be suggested that this perspective conveys and is consistent 
with the idea of human dignity as empowerment, which is juxtaposed to the conception 
of human dignity as restraint. Those two dimensions of dignity are not in contradiction; 
on the contrary they flexibly pursue the aim of ensuring adequate protection of the 
human being, by limiting controversial, risky or detrimental scientific or technological 
practices – as it was the case for euthanasia or, of course, human germline interventions 
– and allowing those practices that can “empower” the human being30. This latter 
conception may apply to somatic gene editing carried out as “therapy” or, to put it in 
the words of Article 13 of the Oviedo Convention, “for preventive, diagnostic or 
therapeutic purposes”.  
 Consistently with this view, an empowering idea of genetic integrity may be 
advanced as well, which may be intended as an expression of the individual’s moral 
agency and autonomy. In this sense, it might be argued that somatic gene editing 
represents an expression of morphological freedom31, and that it appears to be consistent 
with the conception of integrity under international human rights law. In particular, 
Article 3 of the Charter of Fundamental Rights of the European Union (CFREU) –one 
of the youngest generalist human rights instruments– could be recalled to support this 
idea. This provision specifically protects the right to integrity of the person but does not 
contain an explicit reference to genetic integrity, although its inclusion was suggested 

 
28 Gomes De Andrade, “Human Genetic Manipulation,” 429, 432. 
29 Carlos María Romeo Casabona, “La tutela del genoma humano,” in Trattato di Biodiritto. Il Governo 
del Corpo. Tomo I, ed. Stefano Canestrari, Gilda Ferrando, Cosimo Marco Mazzoni, Stefano Rodotà, Paolo 
Zatti (Giuffré, 2011), 250. It is interesting to also recall the “epigenetic principle” tackled by Ángela Aparisi 
Miralles, “Derecho a la identidad genética (Jurídico),” Enciclopedia de Bioderecho y Bioética, accessed 
August 20, 2025, https://enciclopedia-bioderecho.com/voces/177. 
30 Roberto Andorno, “Dignidad humana (Jurídico),” Enciclopedia de Bioderecho y Bioética, accesed 
August 20, 2025, https://enciclopedia-bioderecho.com/voces/120. 
31 Stefano Rodotà, Il diritto di avere diritti (Laterza, 2012), 348. 
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during the travaux préparatoires32. Nevertheless, this provision contains an important 
statement, as it provides that “[i]n the fields of medicine and biology, the following 
must be respected in particular […] the prohibition of eugenic practices, in particular 
those aiming at the selection of persons”. The tenor of this statement seems to address 
the aforementioned “liberal eugenics” and its rejection, which underlies the prohibition 
of human germline interventions. It appears clear when the scope of this practice is 
better recalled as elucidated by both the Explanatory Report to the Oviedo Convention 
and by the Conclusions and Clarifications of the of the re-examination process of Article 
13 of the Oviedo Convention, insofar as they specify that “in particular genetic 
modifications of spermatozoa or ova for fertilisation are not allowed”33 and that “an 
intervention seeking to introduce a modification in the genome of any descendants has 
the implication that gametes, embryos or their precursors that have been subjected to 
such intervention may not be used for the purposes of procreation”34.  
 As a result, this provides further evidence in support of the consistency of 
somatic gene editing intended as “therapy” with the right to genetic identity and 
integrity. What is more, it seems relevant to recall that a more permissive conception of 
genetic identity has been discussed in scholarship, which suggests that it only refers to 
nuclear DNA, whilst mitochondrial DNA would not be contemplated as component of 
the genetic identity that cannot be modified in the descendants. Interestingly enough, 
this helps to explain why mitochondrial replacement therapy (MRT) is considered 
admissible and is allowed in some countries, as the United Kingdom. Importantly, the 
approach explored has not changed at the international level, and it was restated in 
several recent documents and views expressed, prominently, by the WHO, UNESCO 
and the Council of Europe. In this respect, the UNESCO’s Report of the IBC [that is, 
the International Bioethics Committee] on Updating Its Reflection on the Human 
Genome and Human Rights, adopted in 2015, and the Conclusions and Clarification of 
the re-examination process of Article 13 of the Convention on Human Rights and 
Biomedicine, of the Steering Committee for Human Rights in the field of Biomedicine 
and Health (CDBIO) adopted in 2022, stand out. Interestingly, the WHO has established 
an Expert Advisory Committee to provide guidance and develop a global framework 
for the responsible governance of human gene editing, and has adopted several 
remarkable documents in 2021, which provide guidance and an updated framework for 
gene editing. Emphasis is placed on the advent of CRISPR, also in light of the concerns 
that were globally raised by the “CRISPR-babies” incident dating back to 2016 when, 
in China, the biophysicist He Jiankui produced two genetically altered babies (which 
had also led the WHO Director General to urge a halt to this kind of experiments, in 
2019).  
 In the instruments adopted to deal with Human Genome Editing namely, the 
Reports, the Recommendations, the Framework for Governance, and the Position Paper, 

 
32 Carla Faralli and Matteo Galletti, eds., Biobanche e informazioni genetiche (Aracne, 2011), 516.  
33 Explanatory Report, para. 91. 
34 Conclusions and Clarification of the re-examination process of Article 13 of the Convention on Human 
Rights and Biomedicine, of the Steering Committee for Human Rights in the field of Biomedicine and 
Health (CDBIO), p. 3. 
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the WHO has taken up the consolidated perspective analyzed, and has promoted the 
creation of an appropriate institutional framework for governance too. Significantly, 
there is consistency between the approach to gene editing adopted under the 
international and the domestic perspectives. In this sense, eloquently, in 2011 the late 
Professor Romeo Casabona had pointed out the emergence of a “Derecho 
Constitucional de una bioética en ciernes”35, namely, of a “constitutional law of 
bioethics in the making”, that is the result of the interaction of international law with 
the constitutional dimension in various countries. The Constitutions of Portugal, 
Greece, and Germany provide paradigmatic examples, and the Swiss Constitution –
dating back to 1999 – stands out. In fact, its Article 119 provides that the human being 
has to be protected against the abuse of genetic engineering and reproductive medicine 
and reaffirms the role of the legislator in adopting the normative framework for the 
protection of the human genetic makeup and the human germline, stressing that, in this 
regard, the protection of human dignity has to be ensured36.  
 Legislation all over the world is taking up this view on gene editing, and 
consistency can be observed in the permissive approach in relation to somatic gene 
editing and, on the contrary, the prohibition of human germline interventions. For 
instance, in France, somatic gene therapy is permitted but any change in reproductive 
cells is prohibited pursuant Article 16(4) of the French Civil Code. In the United States 
of America, gene therapy is permitted but must be approved by the Department of 
Health and Human Services (DHHS), which is responsible for overseeing clinical trials. 
The Food and Drug Administration (FDA), a DHHS agency, considers any use of 
CRISPR in humans to be a form of gene therapy. Latin America offers an interesting 
landscape too: in 2019, a measure was approved by the Brazilian Health Regulatory 
Agency to regulate gene therapy as a drug and to establish specific criteria for clinical 
studies using gene therapy; in Mexico, gene therapy is not explicitly regulated, but new 
biotechnology drugs are regulated by the General Health Law, which includes safety 
and efficacy assessments. Applicants for new drugs must meet with the New Molecules 
Committee (NMC), which defines the trials and information required for a drug to be 
approved.  
 The EU  that, as Mariachiara Tallacchini suggestively said, is building the 
biostatute of the European citizen37, considers Gene Therapy Medicinal Products 
(GTMPs) as a form of Advance Therapy Medicinal Products (ATMPs), and has 
addressed this field by adopting Directive 2001/83/EC on the Community code relating 
to medicinal products for human use, and Regulation (EC) 1394/2007 of the European 
Parliament and of the Council of 13 November 2007 on advanced therapy medicinal 
products.  Therefore, as the World Health Organization (WHO) has pointed out, somatic 
gene editing is considered well-established and acceptable in some scientifically 
advanced countries with regulations in place, while human germline interventions still 

 
35 Carlos María Romeo Casabona, “La tutela,” 258-259. 
36 Ibid. 
37 Mariachiara Tallacchini, “Cellule e tessuti come terapie avanzate: una biopolitica europea,” in Trattato 
di Biodiritto. Il Governo del Corpo. Tomo I, ed. Stefano Canestrari, Gilda Ferrando, Cosimo Marco 
Mazzoni, Stefano Rodotà, Paolo Zatti (Giuffré, 2011), 1065, 1066. 
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are considered inadmissible. That being said, it seems interesting to explore whether a 
step ahead can be taken, and try to theorize a human rights-based framework for somatic 
genome editing when it is carried out throughout the advanced AI-based tools and 
technologies relying on the CRISPR. 
 
 4. A Human Rights-Based Framework for Ai-Based Tools and Human 
Genome Editing 
 
 “And it's going to be you, it's probably your parents already. Everyone is going 
to have a modified body.”38 These words were pronounced by the outstanding athlete, 
model and actress Aimee Mullins, who set world records at the 1996 Paralympics in 
Atlanta, and stands out for being an advocate for a “new perspective on prosthetic 
devices for women, men, and children alike”39. Suggestively, Aimee Mullins has 
affirmed that using technology to improve our body is not an advantage but a right. This 
idea sounds particularly fascinating when one considers how technologies are changing 
our body, and in particular how the opportunities offered by human genome editing and 
the CRISPR can be beneficial to human health and wellbeing. In this respect, as was 
discussed earlier, somatic gene editing has enabled physicians to treat a wide series of 
diseases, and the elaboration of such tools as DeepCRISPR, CRISTA, and DeepHF 
thanks to the combination of AI with the CRISPR technology has been a landmark 
achievement, as was explored more thoroughly earlier.  
 As was pointed out in the previous section, while human germline 
interventions, at the moment, are bioethically and legally considered inadmissible, 
somatic gene or genome editing for preventive, diagnostic and therapeutic purposes not 
only is allowed, but is also regulated in the context of a multi-level legal framework. As 
was said before, indeed, these practices can be considered as expression of the 
empowering conception of human dignity, which allows a proactive, dynamic and 
epigenetic conception of identity, including from a genetic viewpoint, and are also 
consistent with the right to genetic integrity and the morphologic freedom. That being 
said, this study suggests that a step further may be taken and that a human rights-based 
approach to the use of deep-learning methodologies and nanotechnologies in the field 
of somatic gene editing may and should be theorized. In this sense, it may be theorized 
that use of the AI-based tools for preventive, diagnostic and therapeutic purposes falls 
within the scope of the right to health and the right to enjoy the benefits of scientific 
progress or the right to science40.  
 The starting point for the elaboration of this view should be sought in the very 
notion of health contemplated by the Constitution of the WHO, which proclaims in its 

 
38 Rose Eveleth, “Blueprint for a Better Human Body,” The Atlantic, May 15, 2015, https://www.theatlantic. 
com/technology/archive/2015/05/a-blueprint-for-a-better-human-body/389655/. 
39 See “Actor Profile: Aimee Mullins,” BioTech Possibilities, published January 11, 2023, https://www.bio 
techpossibilities.com/possibilities/actor-profile-aimee-mullins. Aimee Mullins’ personal story is an 
inspiration: she was born without fibular bones, and had both of her legs amputated below the knee when 
she was a child. She is a spokeswoman for the promise of high-tech prosthetics, and her contribution to the 
debate on human corporality and the language of rights is remarkable. 
40 The two definitions are used interchangeably in this study. 
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Preamble that “[t]he enjoyment [without any discrimination] of the highest attainable 
standard of health is one of the fundamental rights of every human being” without any 
discrimination. As was stressed by Professor García San José41, “the enjoyment of the 
highest attainable standards of health” without any discrimination, as mentioned earlier, 
represents the noyau dur of the right to health, and has received such generalized and 
constant acceptance that it may be said that an opinio iuris has emerged within the 
international community in this sense. To provide an eloquent example of this 
generalized acceptance, this conception is shared also under international human rights 
law and a consistent idea of the right to health can be found in Article 12 of the 
International Covenant on Economic, Social and Cultural Rights (ICESCR), which says 
that “[e]very human being is entitled to the enjoyment of the highest attainable standard 
of health conducive to living a life in dignity” the reference to dignity and to a dignified 
life is significant, as it arguably encompasses the idea of empowerment which underlies 
the admissibility of somatic gene editing. That being said, it is relevant to question 
whether access to novel technologies as AI-based tools, including AI-based 
nanotechnologies, for purposes of somatic gene editing falls within the notion of the 
highest attainable standards of health.  
 In this respect, the Committee on Economic, Social and Cultural Rights 
(CESCR) has provided helpful guidance in its General Comment No. 14 (2000) on “The 
Right to the Highest Attainable Standard of Health” (GC No. 14 (2000)), at para. 12(d), 
where it clarified that “health facilities, goods and services must also be scientifically 
and medically appropriate and of good quality”. General Comment No. 22 (2016) (GC 
No. 22 (2016)) of the CESCR on “The Right to Sexual and Reproductive Health”, at 
para. 21, contains a clearer statement where it says that “[t]he failure or refusal to 
incorporate technological advances and innovations in the provision of sexual and 
reproductive health services […] jeopardizes the quality of care”. It should be pointed 
out that both statements help to elucidate the standards that healthcare has to meet, in 
particular, in relation to “quality”, that is one of the elements by which the 4A-Scheme 
is composed, together with availability, accessibility, and acceptability (in relation to 
some rights, as the right to health and the right to science, quality corresponds to 
adaptability)42.  
 Significantly, the aforementioned noyau dur of the right to health and the related 
opinio iuris encompass the elements of the 4A-Scheme too43. Therefore, it may be 
suggested that compliance with the standard of quality implies scientific and 
technological adequacy of healthcare and, it may be argued, that it includes the scientific 
and technological advances and innovations. It may be objected that the more explicit 

 
41 Daniel García San José, “Crisis económica, vulnerabilidad multidimensional y cambio climático: la 
“tormenta perfecta” para el derecho a la salud en Europa,” Bioderecho.es, Estudios de Vulnerabilidad 5, 
(2017): 2. On the opinio iuris on the right to health, Brigit Toebes, “Towards an improved understanding 
of the international human right to health”, Human Rights Quarterly 21, (1999): 661-79, doi: 10.1353/ 
hrq.1999.0044. 
42 See Yvonne Donders, “The right to enjoy the benefits of scientific progress: in search of State obligations 
in relation to health,” Medicine, Health Care and Philosophy 14, (2011): 378, https://doi.org/10.1007/s1 
1019-011-9327-y. 
43 García San José, “Crisis económica.” 
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and advanced interpretation of quality provided by GC No. 22 (2016) is limited to the 
dimension of sexual and reproductive health, that is a specific aspect of the right to 
health44. However some crucial hermeneutical guidance on the scope of the highest 
attainable standards of health and the inclusion of the scientific and technological state 
of the art, is provided by the long-awaited General Comment No. 25 (2020) of the 
CESCR on science and economic, social and cultural rights (GC No. 25 (2020)), which 
clarifies that “States parties have a duty to make available and accessible to all persons, 
without discrimination, especially to the most vulnerable, all the best available 
applications of scientific progress necessary to enjoy the highest attainable standard of 
heath[, and that States] […] should fulfil this duty to the maximum of their available 
resources”45. Importantly, GC No. 25 (2020), at para. 67, clarifies that “[t]he links 
between the right to participate in and to enjoy the benefits of scientific progress and its 
applications and the right to health are clear and diverse”.   
 The relevance of these links to define the scope of the highest attainable 
standards of health, significantly, was also pointed out by GC No. 14 (2000), at para. 3, 
which clarifies that “[t]he right to health is closely related to and dependent upon the 
realization of other human rights, as contained in the International Bill of Rights” and 
also points out that “[t]hese and other rights and freedoms address integral components 
of the right to health”. Therefore, (as GC No. 25 (2020) says at para. 67) an inherent 
interconnection and interdependence exists between the right to health and the right to 
science, which is so intense that “[t]he right to participate in and to enjoy the benefits 
of scientific progress and its applications is therefore instrumental in realizing the right 
to health” and that the incorporation of the scientific and technological state of the art 
is a component of the highest attainable standards of health that States have a duty to 
ensure. In this sense, clearly, also “the medical applications” that “scientific progress 
creates […] that prevent diseases […] or that enable them to be more effectively treated” 
are included, as well as the promotion of “scientific research, through financial support 
or other incentives, to create new medical applications and make them accessible and 
affordable to everyone, especially the most vulnerable[…] [as well as] prioritize[ing] 
the promotion of scientific progress to facilitate better and more accessible means for 
the prevention, control and treatment of epidemic, endemic, occupational and other 
diseases”.  
 Besides crucially helping to define the scope of the highest attainable standards 
of health, the interconnection with other rights and, especially with the right to health, 
helps to identify the core obligations of the right to enjoy the benefits of scientific 
progress. In this sense, at para. 52, GC No. 25 (2020) clarifies that “[e]nsur[ing] access 
to those applications of scientific progress that are critical to the enjoyment of the right 

 
44 For further analysis on the relationship between the right to sexual and reproductive health and the right 
to health in general, see: Lucìa Berro Pizzarossa, “Here to Stay: The Evolution of Sexual and Reproductive 
Health and Rights in International Human Rights Law,” Law 7, no. 3 (2018): 29, https://doi.org/10.3390/ 
laws7030029. 
45 General comment No. 25 (2020) on science and economic, social and cultural rights (article 15 (1) (b), 
(2), (3) and (4) of the International Covenant on Economic, Social and Cultural Rights), adopted on 30 
April 2020, UN. Committee on Economic, Social and Cultural Rights (67th sess., Geneva), para. 70. 
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to health” is one of the core obligations of this right, which States have to implement as 
a matter of priority and at the maximum of the available resources, and consistently 
with the principle of progressive realization and non-regression contemplated by Article 
2(1) of the ICESCR, and through assistance and cooperation too46. What is more, a step 
further may be taken consistently with this conception of the highest attainable 
standards of health and the scope and the core obligations of the right to enjoy the 
benefits of scientific progress, to suggest an idea of participation47 as a form of benefit 
sharing, without any discrimination. Some inspiration may be drawn in this sense from 
Article 19 of the IDHGD and Article 15 of the UDBHR, by placing special emphasis 
on access to quality health care, the provision of new diagnostic and therapeutic 
modalities or products stemming from research, the support for health services, and the 
access to scientific and technological knowledge. 
 According to the articulated framework analyzed, therefore, it may be theorized 
that the access and the enjoyment of AI-based tools and nanorobotics that allow somatic 
gene editing for preventive, diagnostic and therapeutic purposes fall within the scope of 
both the right to health and the right to enjoy the benefits of scientific progress, and that 
may even be seen as an element of a regime of sharing of benefits. Importantly, the 
principle of non-discrimination eloquently enriches this perspective with issues of 
equality and justice, that should be critically and thoroughly incorporated into the 
implementation of the human rights framework theorized. This is of critical importance 
to prevent some significant concerns that were raised from a bioethical, legal and 
sociopolitical perspective, as the fact that access to these technologies and the 
opportunities they offer should be ensured in practice in a democratic way, prioritizing 
health needs and not economic or social privilege, in a dystopic fashion that might recall 
Aldous Huxley’s Brave New World. 
 GC No. 25 (2020), at para. 73, has not overlooked this dimension, insofar as it 
has pointed out that, if on the one hand “applications of artificial intelligence in industry 
or services can lead to enormous gains in productivity and efficiency, and biotechnology 
can enable the cure or treatment of many diseases[,] […] [o]n the other hand, these 
changes might intensify social inequalities […], and algorithms incorporated in 
artificial intelligence can reinforce discrimination, and so forth”. In this regard, the 
CESCR has warned about the risks related to these technologies, inviting States to adopt 
appropriate measures and policies. Importantly, the view expressed by the CESCR 
moves from the recognition of the growing interconnection between the human being, 
especially the human body, and the development and the application of these 
technologies. In this sense, para. 72 of GC No. 25 (2020) contains a crucial statement, 
as it recognizes that “[t]echnological change is now so intense and rapid that it is 

 
46 See General Comment No. 25 (2020), para. 51 and see Markus Vordermayer-Riemer, Non-Regression in 
International Environmental Law (Intersentia, 2020). 
47 At para. 10, GC No. 25 (2020) has clarified the meaning of this expression, by recalling the link with 
Article 27 of the UDHR on the right to share in the benefits of scientific advancement and the purpose to 
elaborate it further, as emerges from the travaux préparatoires of the ICESCR. In this regard, it is extremely 
interesting to read the studies of Mikel Mancisidor, as: Mikel Mancisidor, “Is There Such a Thing as a 
Human Right to Science in International Law?,” ESIL Reflections 4, no. 1 (2015): 3-8, https://esil-sedi. 
eu/post_name-132/. 
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blurring the boundaries between the physical, digital and biological worlds, because of 
the growing fusion of scientific and technological advancements in areas such as 
artificial intelligence, […] biotechnology, genetic engineering […] and management of 
big data”.  
 This osmosis between the human corporality and these technologies is 
particularly significant with respect to the AI-based tools tackled by this study, as the 
aforementioned DeepCRISPR, CRISTA, DeepHF. In fact, their development, including 
with reference to algorithmic training, crucially relies on huge amounts of data, as the 
sensitive health and genetic data. In this sense, the emergence of a novel corporality 
may be suggested, namely, the informationally projected corporality, which needs a 
novel biostatute, an adequate Habeas Data, so that its rights are not violated and so that 
it can fruitfully support scientific and technological progress without being debased or 
exploited. From the perspective data protection assumes fundamental importance. So 
far, only the CFREU explicitly contemplates it, at Article 8, and interestingly enough it 
applies when secondary EU law is implemented by Member States. This is significant 
because EU law can provide critical inspiration due do its human centric and human 
rights based approach to AI (in the AI Act) and to the way in which electronic health 
data (or EHD, which encompass health and genetic data in the electronic form) have 
been regulated in Regulation (EU) 2025/327 on the European Health Data Space. It is 
noteworthy that the latter, at Article 53(1)(e), allows that EHD are used for innovation 
activities, including algorithmic training, consistently with a consensual mechanism 
based on the right to opt out, but which also valorizes overriding scientific and research 
interests. Defining an adequate paradigm of data protection is essential also for the 
development of AI-based tools used in the field of somatic gene editing. This would 
imply not only to clarify States’ role and obligations and to strike the balance with the 
dimension of research and its interests, but also to normatively define a suitable and 
effective approach to the role of pharmaceutical and technology companies.  
 That would require States to comply with the duty to protect and the principle 
of due diligence in the field of human rights, a need that has been addressed by the 
CESCR (at para. 76 of GC No. 25 (2020)) insofar as it has clarified the need to “tak[e] 
into account that many of the emerging inequalities are strongly linked to the capacity 
of some business entities to access, store and exploit massive data, it is crucial to 
regulate the ownership and control of data according to human rights principles”. 
 In order to ensure and possibly enhance the application of the human rights 
framework theorized, this study suggests that a universal instrument focused on human 
gene editing should be adopted at the global level. The WHO might provide the suitable 
institutional framework, due to its vocation and its recent experience in the field of gene 
editing. Cooperation with UNESCO may be a valuable asset, and in practice it could be 
carried out thanks to the existence of such a coordination body as the UN Inter-Agency 
Committee on Bioethics. The recommendable technique of international law-making 
seems to be what Professor García San José has called the “nueva nomogenética”, that 
is, the novel international law-making, which has been used in the field of 
environmental law and which results to be an adequate approach to regulate sensitive 
issues. An interesting feature of the “nueva nomogenética” is the combination of hard 
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law and soft law, which characterizes a category of multilateral treaties that set a core 
regulation, basically minimum shared standards and rules.  
 These agreements establish treaty organs entrusted with the further promotion 
and development of the commitments that States Parties have undertaken (as the 
Conferences of the Parties or the Meetings of the Parties), that to this end can adopt 
both binding and non-binding instruments –as, for example, resolutions or guidelines. 
This is possible thanks to the consensus generalis that these bodies can express, and 
which may evolve into international customary law throughout time. This instrument 
may be a culmination of the efforts that have been made since the late 1990s to provide 
a human rights-based and bioethically-consistent response to human genome editing 
and, that, in the meantime, may rely on the legal framework explored, that is enshrined 
in a human-rights treaty as the ICESCR to which almost all countries in the world are 
parties. 
 
 5. Conclusions 
 
 The genetic revolution inaugurated in the late 1990s by the success of the 
Human Genome Project and the sequencing of the human genome has deeply changed 
the relationship between the human being and the opportunities that scientific and 
technological progress offer. Accessing the adyton of the code of life was a 
groundbreaking achievement for science and the humankind. It made us even wonder 
whether the time had come to question The Obsolescence of the Human, to put it in the 
words of Günther Anders. Law, at all levels, has made remarkable efforts not to lag 
behind science and to provide some human rights-based and bioethically-consistent 
responses to the possibility to change the very essence of the human being, the human 
genome. By relying on the dichotomy between “therapy” and “enhancement”, and 
moved by the intent to preserve human nature, the normative responses provided have 
traced the line between the admissibility of somatic gene editing for preventive, 
diagnostic and therapeutic purposes, and the inadmissibility of other forms of human 
improvement.  
 The will to protect the human family and species diachronically, without 
overlooking our responsibilities towards future generations, has led to the rejection of 
human germline interventions. Human dignity has been the core of this approach, the 
founding principle of the whole human rights framework that protects the human being 
in this fascinating but complex dimension, and which informs the reading of genetic 
identity and integrity. Besides elucidating the boundaries of human gene editing, this 
study has taken a step further, theorizing a human rights-based approach focused on the 
right to health and the right to enjoy the benefits of scientific progress. But since the 
novel technologies addressed –as DeepCRISPR, CRISTA and DeepHF– rely on AI and 
algorithms, data protection could not be neglected. In fact, a novel human dimension, 
the informationally projected corporality, has emerged in our era, which requires to 
innovate and enrich the discourse on human gene editing.  
 The human rights-based framework theorized in this study not only may help 
law to effectively avoid to lag behind science, but may help it to keep pace with the 
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relentless development of AI and its impact on the human being, including the human 
essence enshrined in the genome, supporting an equitable and just access to and 
enjoyment of the benefits of scientific progress in this field. Finally, a possible major 
step ahead is suggested too, that is, the adoption of a specific global instrument inspired 
to the “nueva nomogenética” in the context of the WHO, as a culmination of this 
process.  
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