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contemporary biomedical research and clinical application. 
Ms Gray is a woman of colour. This is no coincidence: sickle 
cell disease is most prevalent in sub-Saharan Africans and 
black Americans. More than 75% of people with the disease 
are born in sub-Saharan Africa and India. But this obser-
vation raises the question of whether the very people that 
most need new interventions to improve their health can get 
access to them. What roles are played (and have been played 
historically) by ethnicity and geographical location in such 
accessibility and associated health disparities? (Answer: 
significant ones (National Academies of Sciences, 2017). 
Has biological sex – and sex bias in research – also played a 
role and does it continue to do so? (Answer: yes (Avery and 
Clark 2016; Patwardhan et al. 2024)). Clinical trials, such 
as the one she consented to, are highly expensive to design 
and perform and, perhaps as a consequence, their status as 
the ‘gold standard’ of medical evidence is frequently con-
tested. Victoria Gray is a reminder that the development of 
new technologies and the translation of preclinical research 
into innovative therapies are events that occur (or do not) in 
particular social and political circumstances, as well as sci-
entific eras. Their success or otherwise is a multi-factorial 
matter.

For someone who studied and began to practice molecu-
lar genetics in the 1980s, it seems a near miracle that such 
a treatment was not only conceived but was also successful 

Introduction

In March 2023, I attended the 3rd International Summit 
on Human Genome Editing in London. This was, thank-
fully, a less dramatic and incendiary affair than the 2nd 
Summit in Hong Kong in 2019, at which a scientist from 
China reported the birth of twins following genome editing 
and uterine transfer of human embryos. The London Sum-
mit was notable for pivoting away (to some extent) from 
discussions of heritable uses of genome editing for disease 
prevention and towards therapeutic uses in affected indi-
viduals. One highlight was a talk given by Victoria Gray, 
the first person to receive a genome editing-based treatment 
for sickle cell disease as part of a clinical trial (Singh et al. 
2024). She spoke movingly (and bravely) about her experi-
ences of living with sickle cell disease and the remarkable 
improvement in her condition following treatment.

This anecdote is chosen with a purpose. It neatly encap-
sulates so many issues, scientific and social, surrounding 
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(to our knowledge – it is early days for the use of such inter-
ventions). But we must now dream, not just of technologi-
cal breakthroughs that can deliver such an obvious good 
to someone (although we still desperately need these), but 
also of breakthroughs in developing a research and clinical 
translation ecosystem that can deliver high-quality, innova-
tive healthcare equitably, i.e. to all those who need it, on 
a global scale. Ms. Gray’s treatment was the product of 
decades of research, fundamental and clinical, public and 
private, characterised by certain institutional and funding 
structures; of a healthcare system that provides new treat-
ments to those who need them only after rigorous assess-
ment processes (that can sometimes be flawed) and only if 
they are deemed affordable; and what is affordable can vary 
wildly from individual to individual, community to com-
munity and from state to state. Is it an ecosystem that is fit 
for purpose? New gene therapy and genome-editing based 
therapies are renowned for their astronomical costs and so 
raise the topic of distributive justice because healthcare bud-
gets are finite and under pressure. A session at the London 
Summit on affordability and equity in provision of genome 
editing-based interventions suggested that this dimension, 
particularly the global provision of high-tech genetic inter-
ventions, is a challenge that some think we cannot meet. It is 
reassuring, therefore, that others do not agree (Harlow and 
Adair 2024; Kliegman et al. 2024).

This perspective considers, in particular, the role that 
could (should) be played by preclinical research in promot-
ing (by orienting itself towards) a healthcare ecosystem 
characterised by equity (and justice), with a focus on rare 
diseases. By the very nature of perspectives, it does not aim 
to be systematic and comprehensive. Instead, I will discuss 
some issues that strike me as important based on personal 
experiences and a reading of the recent literature on this 
topic and suggest some approaches that could be adopted 
in preclinical research, without dwelling on the details of 
regulation and governance frameworks, which, whilst vital, 
vary so much from nation to nation.

The ambition of health equity

We can begin by making a distinction between equity and 
equality. Equality amounts to everybody having, or at least 
being entitled to, the same – the same amount of anything, 
the same quality of anything, etc. Equity exists when every-
body receives (or is entitled to) whatever it is they need. 
What is needed, of course, varies from individual to indi-
vidual, from community to community or from state to 
state. Health equity has been defined as follows: “Health 
equity means that everyone has a fair and just opportunity to 
be as healthy as possible. This requires removing obstacles 

to health such as poverty, discrimination, and their con-
sequences, including powerlessness and lack of access to 
good jobs with fair pay, quality education and housing, safe 
environments, and health care” (Braveman 2017). This defi-
nition, whilst no doubt contestable, makes it clear that there 
are a number of determinants of health, including not just 
biological but also social and political factors. The evidence 
suggests that many health outcomes are affected by social, 
economic and environmental factors: poverty (of different 
types), socioeconomic class, and ethnicity are all associated 
with poorer health outcomes. Problems like unemployment, 
poor transportation, poor housing, exposure to violence 
and the deterioration of neighbourhood environments (both 
social and physical) all contribute to health outcomes and 
they do so unequally. Roughly, unequal distribution of the 
determinants of health results in inequitable distribution of 
the benefits of good health and the burdens of ill-health. 
To give just one example, from the US: African Ameri-
can women have a higher chance of giving birth to low-
birthweight offspring and their newborns have higher infant 
mortality rates (National Academies of Sciences, 2017). 
Numerous other instances of such health disparities are well 
documented (Macias-Konstantopoulos et al. 2023).

Rare diseases and health equity

Addressing the unequal distribution of health determinants 
is a matter of social change, and science is a social activ-
ity that can play a role. The topic here is how preclinical 
research can contribute to the aim of health equity, with an 
emphasis on rare diseases (RDs). Whilst there is no univer-
sal definition of RDs, they are commonly defined as those 
affecting fewer than or equal to 1 in 2000 individuals in the 
population. There are estimated to be around 6–8,000 RDs, 
affecting 3.5 million people in the UK and over 300 mil-
lion globally (Nguengang Wakap et al. 2020). They are, 
therefore, individually rare but collectively common. Rare 
genetic diseases have benefitted from the rise of genomics 
and the improved ability to identify causal variants through 
exome/genome sequencing programmes and supporting 
studies using model systems. But many remain undiag-
nosed. It is clear that, as with other health determinants, the 
benefits of modern genetic diagnostics are not available to 
all.

It is also important to note that RDs present a unique 
challenge to the ambition of health equity, since some rel-
evant difficulties arise precisely due to the rareness of these 
conditions, including the potential difficulty in diagnosis, 
inadequate clinical management and very limited access to 
treatments, development of which is hindered by ignorance 
of the underlying mechanisms of disease and the difficulty 
of implementing clinical trials (Halley et al. 2022, 2023; 
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Adachi et al. 2023). Further research is required to better 
diagnose and understand rare diseases, but such research 
requires funding. Even here, RDs present a challenge, since 
companies developing innovative therapies may not invest 
in RDs due to the small market size. The role of philan-
thropy in funding research, driven by advocacy on behalf of 
RD sufferers and their families, also highlights the structural 
complexity of health disparities in this context, since not all 
communities and geographical regions are equally likely to 
have the social capital to produce eloquent and influential 
advocates for RD research or philanthropists who can invest 
in such research.

Finally, diversifying recruitment and enrolment into 
the genome sequencing programmes that fuel preclini-
cal research is required to ensure that the needs of under-
served or vulnerable populations are met (Baynam et al. 
2017; Serrano et al. 2023; Gaviglio et al. 2023). All these 
observations suggest an ethical imperative for the scientific 
community to do even more to reduce the burden on all RD 
sufferers and their families by speeding up diagnosis and 
improving care through the provision of novel treatments. 
This is especially challenging in low-middle income coun-
tries (LMICs), where collaborative strategies are required 
(Tkemaladze 2024).

What follows are some suggestions, mostly not novel, 
for how preclinical researchers, including those developing 
models to examine the genetic bases of rare diseases, might 
respond to the imperative of making preclinical research 
better aligned with the promotion of health equity, ulti-
mately leading to better diagnostics, novel treatments and 
more effective healthcare solutions for all.

Ensure study populations are diverse

The use of animal models is key to better understanding 
the role played by genetic variants in human disease, some-
times being vital in confirming the causal role of a gene/
variant in a disease phenotype. Such models, notably using 
the mouse, also act as important tools for assessing the fea-
sibility of novel therapies (Koblan et al. 2021; Reichart et 
al. 2023). But animal research is not without its critics. I 
have discussed ethical issues in the context of using genome 
editing in research animals elsewhere and will not repeat 
those arguments here (Greenfield 2017). Briefly, it is vital 
that animals are only used when alternatives cannot deliver 
the necessary scientific insights and that suitable models 
(species, genetic background, choice of variant(s) etc.) are 
used, depending on research aims, in accordance with the 
principles of the 3Rs. It is even more challenging to make 
a judgment about suitability now, given the rapid progress 
of human organoid (Liu et al. 2024) and assembloid (Meng 

et al. 2023) approaches and related stem cell-based devel-
opments, such as human embryo models (Zernicka-Goetz 
2023).

Whatever models are used, and insights into the systemic, 
physiological origins of certain diseases will continue to 
require animals for the forseeable future, it is important that 
the genetic variants being modelled represent the full diver-
sity of human genomes and disease-associated variants. It is 
well established that human sequencing programmes must 
aim to capture the full range of human genetic diversity if 
the knowledge they yield, and the diagnostic and therapeutic 
opportunities such knowledge delivers, are to be relevant to 
the full range of human subjects that seek or have an interest 
in such interventions. The same point applies to the preclini-
cal research models (human cell lines, organoids etc.) that 
are used to investigate the relationship between gene vari-
ants and phenotypes and to assess novel therapeutics: they 
should be representative of diverse human communities too, 
with distinct genetic architectures underlying disease. This 
is the case even if therapies target functional elements com-
monly affected by distinct upstream mutations in a key bio-
chemical pathway, since confirmation that such an approach 
can rescue a disease phenotype in diverse genetic models is 
required.

It has been argued that under-representation (or simpli-
fied grouping) of patients from minority groups in sequenc-
ing cohorts and associated preclinical models is also a major 
hurdle in addressing cancer disparities (Halmai and Carva-
jal-Carmona 2022). For example, epidemiological studies 
suggest that black men and women are twice as likely to die 
from prostate and breast cancer, respectively, than are white 
people. But the cancer genome atlas (TCGA) has been 
dominated by samples from individuals of white ancestry 
(Carrot-Zhang et al. 2020). Again, patient-derived organ-
oids and patient-derived xenograft models (PDXs) should 
also reflect the diversity of cancer genomes in order to be 
effective in understanding and treating disease in diverse 
communities and human ancestries. In a similar vein, the 
use of genetic ‘humanised’ mice, containing a segment 
of DNA of human origin that can replace the endogenous 
murine equivalent, is of growing importance in assessing 
the causality and underpinning mechanisms of pathology of 
human gene variants, especially in neurobiology (Nair et al. 
2019). Details of the human genomes that are the sources of 
human segments in such mice, including ancestry, should be 
routinely reported. Is the particular source justified? Are the 
sources representative of human genome diversity? Mouse 
geneticists understand that simply referring to a ‘mouse’ 
gene without specifying the strain of origin (or justifying 
its selection) would be unacceptable in a study and the same 
considerations apply to human genome data employed in 
such studies.
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in preclinical studies, of the sex, age and genetic ancestry 
of human participants (and the DNA, cells and tissues they 
consent to donate) and how/why the data generated have 
led to additional, detailed functional studies in preclinical 
models in particular cases.

Consider all diseases fairly

Prevalence is just one dimension of a disease. We should be 
careful not to erect impregnable taxonomic barriers between 
rare diseases and more common ones – since it is more 
accurate to see these as existing on a spectrum (Sergouniotis 
et al. 2023). Another dimension is the pathology associated 
with a disease, which can vary greatly in severity between 
individuals. The seriousness of a disease is commonly a 
consideration in decision-making in a wide range of areas 
(Kleiderman et al. 2024): the use of risky interventions and 
whether they are justified, funding allocations and even the 
likelihood of charitable donations are all likely to have seri-
ousness – especially ‘life-threatening or not?’ – as a central 
consideration. But not all diseases are life-limiting. Approx-
imately 1 in 6 people globally have experienced infertility at 
some point in their lives (WHO 2023). Infertility frequently 
causes stigmatisation of affected individuals and can cause 
great psychological harm. It is highly complex genetically 
and physiologically and, despite its prevalence, it is reason-
able to view infertility as many rarer diseases with a com-
mon functional outcome. Is infertility a neglected disease? 
It often seems to be treated as exceptional or raises difficul-
ties for health policy. For example, in its categorisation of 
heritable conditions that might in future justify the use of 
safe heritable genome editing (for their prevention), based 
on criteria including seriousness, the National Academies 
Commission on Heritable Human Genome Editing placed 
infertility in a ‘special category’ of its own, distinct from all 
other monogenic conditions (National Academy of Medi-
cine, 2020). Assisted reproductive techniques, such as in 
vitro fertilisation and associated ‘add-ons’, often offered by 
profit-driven private companies, are increasingly associated 
with exploitation of vulnerable and often desperate patients 
(Lancet 2024). This desperation in itself should be a clear 
indication of the degree of suffering experienced by those 
living with infertility (and subfertility). It is in the spirit of 
health equity that we should recognise all pathologies and 
the impacts they have on people’s lives and not rely on 
an overly narrow conception of ‘serious’ to legitimise the 
development of interventions.

Aiming for inclusivity in preclinical research will inevi-
tably be constrained by the economic realities of funding. It 
is unrealistic for individual research teams or even institutes 
to be as inclusive as is required to systematically address 
health disparities. One solution is for such an aim to be 
realised through global collaboration, such as international 
consortia, whereby research is coordinated across institutes 
and geographical regions to ensure inclusivity as an over-
all outcome. This should also involve greater support for 
the development of preclinical research in LMICs through 
international funding initiatives. Such collaboration should 
also be multi-disciplinary: the insights of life scientists, 
social scientists and bioethicists can and should be shared 
and useful synergies exploited.

Engage under-represented communities

There is a slogan familiar to anybody that has worked on 
the governance of emerging biotechnologies in the medi-
cal space: ‘nothing about us, without us’. The point is that 
many individuals that are purportedly the focus of particular 
research programmes leading to potential clinical interven-
tions do not wish to be mere subjects but also want to be ‘at 
the table’, contributing to the conception of research at an 
early stage in an attempt to ensure that preclinical research 
will ultimately address relevant health issues. Participation 
at early stages means not just through clinical interfaces 
(recruitment to sequencing programmes, consenting, etc.) 
but also when preclinical research, involving models such 
as animals and organoids, is conceived and planned. How 
many research institutes, where fundamental and applied 
preclinical research occurs, are actively reaching out to 
minority communities? Have they established appropriate 
fora for dialogue (and not just one-way education initia-
tives, although these remain important) about their research 
and the health needs of such communities, rather than rely-
ing on their clinical collaborators to do so? Establishing 
channels of communication and feedback at different points 
of the research pipeline will be key to informing existing 
and future research priorities. Such communication is also 
important precisely because much preclinical research pres-
ages clinical interventions that are highly innovative and 
often controversial, especially for communities that have 
historically been marginalised or exploited by mainstream 
medical research. Dialogue at early stages is a precondition 
of relationships worthy of trust developing between inno-
vators and all patients/advocates/carers and broader publics 
with an interest in such innovation being successful.

It follows from the need to engage more widely that all 
relevant data should be made publicly available for scru-
tiny. Such data should include details of demographics used 
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countries, all funded through large international collabora-
tions that prioritise LMIC interactions with richer nations 
(Shaaban et al. 2024). In this spirit, the WHO has promoted 
global programs of international collaboration in support of 
human genomics to address inequitable access to genomics 
(Ambrosino et al. 2024).

In addition to obvious changes to funding regimes, such 
a cultural shift might require a change in the expectation of 
what a life sciences PhD is for, for example. Just to generate 
publishable biological data? Or to also contribute to a wider 
debate about the role of science in society, about science as 
an ethical enterprise on the global stage? There are choices to 
be made. It may be that better orienting preclinical research 
towards greater health equity may require such cultural evo-
lution; its ramifications on the research ecosystem – fund-
ing, the nature of research assessment exercises etc. - would 
be great. Imagine all journals and funders in this space 
requiring a ‘health equity statement’ to accompany submis-
sions, and so on. The question of research ethics reviews in 
biomedical science and their legitimate scope – e.g. whether 
research ethics committees consider the long(er)-term soci-
etal implications of transformative research or the adoption 
of disruptive technologies and are appropriately constituted 
to do so - is also a topical one (Rothstein et al. 2024).

Finally, it is clear that scientific research should itself be 
something performed by suitably qualified women and men 
(and persons who identify as neither) of all ages, sexualities, 
ancestries and social backgrounds, if it is to (rightly) reflect 
the diverse societies in which it is embedded and which 
fund it. But diversity alone may not be enough to change 
cultures if young scientists do not feel that they can speak 
truth to power. Research institutes and universities should 
ensure that they create and support environments in which 
challenges, scientific and ethical, are the norm and nobody’s 
behaviour is beyond scrutiny.

Conclusion

Health is an important part of human flourishing – of living 
a good life – and health equity is therefore an element in 
the broader topic of social justice, since a just society will 
promote flourishing for all. I assume here that I don’t need 
to mount an argument in favour of justice and will assume 
health equity is an incontestable social good. It is morally 
unconscionable that a large proportion of humanity suffers 
from diseases of poverty and hunger, of poor sanitation and 
food insecurity, whilst the other suffers from diseases often 
(but not exclusively) associated with excess – of obesity and 
associated comorbidities. Scientific research occurs with 
this miserable fact as its backdrop – but it is one that should 
also act as an incentive for scientists to strive even further.

Ethical review and cultures of ethical 
curiosity

Frameworks of ethical review are common in most coun-
tries, varying from law-based regulation to self-governance 
models. They cover the use of human cells, tissues and 
organoids as well as animals in research. This means that 
infrastructures of ethical oversight already exist in most 
countries, which is itself important. But a cultural shift 
may be just as important as the formal processes that occur 
under the auspices of institutional review boards and related 
bodies. I chaired an AWERB (an animal welfare ethical 
review body) in the UK for around a decade and I do not 
recall health equity being directly addressed at any point – 
although our discussions were wide-ranging, nevertheless, 
and often went beyond conventional harm-benefit analyses. 
It may be that an AWERB is not the best place for discus-
sions about health equity, where the focus is rightly the wel-
fare of research animals; but it would be reasonable to ask 
a researcher how or whether considerations of equity had 
been taken into account when choosing the particular mod-
els that were being scrutinised, since this would be relevant 
to a discussion about the wider impact of the research. Of 
course, such a question might reasonably also be asked in 
lab meetings, in seminars or works in progress discussions 
– anywhere, in fact. We should encourage ethical curios-
ity amongst scientists – ‘why should we do this, but not 
this?’ But it might require a shift in cultural expectations 
– for example, that a life sciences graduate student could be 
reasonably expected to be conversant in a topic like health 
equity and its relationship to preclinical research, along with 
other social justice themes, such as justifying their use of 
animals through the construction of arguments. A shift like 
this might take time and will require training. How common 
is training for life scientists in subjects such as bioethics, 
sociology and philosophy? Perhaps not common enough – 
although I have not seen an analysis of the relevant data. 
Might there be a social scientist ‘in residence’ at a bio-
medical research institute, occasionally, to act as a ‘critical 
friend’, discuss governance and society-oriented policy ini-
tiatives and generally aid with training in bioethics?

Health equity is compromised by geographic dispari-
ties, because access to relevant specialists and advanced 
diagnostics tends to be concentrated in urban areas or 
rich countries, leaving rural populations in LMICs under-
served. I would contend that many early career scientists 
researching RDs in Europe and the US and other rich parts 
of the world would benefit from a period of research in an 
LMIC, learning about their research priorities, of course, 
but also the economic or cultural constraints that operate 
there - perhaps as part of an exchange programme that also 
allows LMIC researchers to experience research in richer 
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use, you will need to obtain permission directly from the copyright 
holder. To view a copy of this licence, visit http://creativecommons.
org/licenses/by/4.0/.
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The pursuit of a preclinical scientific research base that 
promotes health equity is something that relies on both an 
ethical ambition – the fair and just distribution of health – 
and a scientific one – the rapid translation of knowledge 
produced by fundamental and biomedical scientific research 
into improved diagnostics and effective therapeutics for all 
those that need them. These two go hand in hand, and so 
it is evident that one should not be used in opposition to 
the other. It is, however, possible for anti-science rheto-
ric (depressingly, all too common) to (overtly or covertly) 
exploit existing health inequities, by implying that scien-
tific research and technological innovation have done little 
to resolve these and that solutions must lie elsewhere; or 
by implying that not using innovative therapies is prefer-
able if accessibility to all cannot be guaranteed at the very 
outset. Whilst not all researchers are exclusively motivated 
by securing a better world for all – other motives exist - 
such conclusions often reflect a failure or an unwillingness 
to acknowledge the multiple sources of health inequities 
and the often slow, painstaking nature of progress in sci-
ence, medicine and health policy. What is important now is 
that progress occurs on a trajectory towards greater health 
equity, with preclinical research doing its bit. Scientists 
should continue to defend their preclinical research efforts 
as one important element in the social enterprise of combat-
ting the burden of RDs and other diseases. The suggestions 
made here might help them mount such a defence by forti-
fying the social licence to perform their research. We pre-
clinical research scientists should discuss health equity and 
related social justice topics freely, but we also need institu-
tional infrastructures, great and small, to promote, nurture 
and amplify the impact of such discussions.
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