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Introduction

For decades, researchers have inserted different types of human cells into nonhuman 

animals at various stages of development.1 Sometimes the goal is to create a model of 

human biology or human disease, as for example, when scientists insert human cancer 

cells into adult nonhuman animals before testing the effectiveness of a new cancer drug. 

Sometimes the goal is to study how human tissues and organs develop. This might be 

done by transferring different types of human stem cells into nonhuman animal embryos 

and culturing those embryos in the lab or gestating them for a short time in nonhuman 

surrogates. These cell transplantation studies—and others like them—have helped scientists 

learn how human diseases develop, how human cells behave in a living environment, and 

how human tissues and organs form. Research with nonhuman animals containing human 

cells has also led to the development of islet cell transplantation for Type 1 diabetes, a 

promising new investigational intervention.2 Other chimeric studies, such as alteration of a 

pig fetus so that it might develop human organs, like a kidney or a heart, aim to one day 

alleviate the critical shortage of human organs for transplantation.3

Many scientists use the term “chimera” to describe nonhuman animals and nonhuman 

animal embryos that contain human cells (as explained below, we choose not to use this 

specific term, at least not without qualifiers). In the scientific literature, the term broadly 

applies to all organisms that carry cell populations derived from two or more genetically 

distinct sources. The research may be in vitro (e.g., studies of chimeric embryos in a Petri 

dish), or in vivo (e.g., studies of chimeric embryos or chimeric fetuses that are gestated 

in live female animals, or studies of postnatal chimeric animals). The transplanted cells 
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may come from another individual of the same species—in scientific research, one of 

the most commonly used chimeric animals are mice with cells from other mice. Or the 

transplanted cells may come from a different species, as is the case in human-nonhuman 

chimeric research, which commonly involves the transfer of human cells into nonhuman 

animals such as laboratory rats. These human-nonhuman chimeric studies are sometimes 

labeled controversial or morally troubling and have been the focus of ethics and policy 

attention. For almost as long as scientists have conducted human-nonhuman animal chimeric 

research there has been debate about whether such scientific work should take place, 

and if it does, how best to respond to the ethical and policy issues it raises.4 Although 

regulatory bodies, like the Food and Drug Administration in the United States, and similar 

authorities internationally, require researchers to test stem cell-based biologics in animal 

models proceeding to human trials, these translational research requirements are not enough 

to quell some people’s ethical concerns. Scholars in bioethics, philosophy, religious studies, 

and other academic fields, as well as scientists, journalists, policymakers, and religious and 

animal rights organizations, have discussed and debated various ethical and governance 

questions related to this research. These questions include whether the moral status of 

nonhuman animals is altered by the insertion of human cells,5 whether it is morally 

appropriate to cross species boundaries in this way,6 whether it is acceptable to patent these 

new kinds of nonhuman animals,7 and whether human-nonhuman chimeric animal studies 

should be subject to additional prohibitions or oversight beyond those generally imposed on 

research with human cells and research with nonhuman animals.8

In the U.S. and several other countries, national bioethics advisory committees and other 

advisory bodies have published reports addressing some of these ethical and policy 

questions. Most reports have focused on embryonic and other kinds of stem cell research, 

addressing stem cell-based chimeric studies among a range of other issues. In the U.S., 

the most influential of these guidelines have come from the U.S. National Academies 

(now the National Academies of Sciences, Engineering, and Medicine; NASEM) first 

issued in 20059 and last updated in 2010,10 and from an international scientific society 

called the International Society for Stem Cell Research (ISSCR), first issued in 200611 

and last updated in 2021.12 In 2021, the NASEM Committee on Science, Technology, and 

Law issued a report that includes the committee’s consensus findings about the science, 

ethics, and governance of human neural organoids, transplants, and chimeras.13 In addition, 

funders of research have sometimes developed policies touching on chimeric studies. The 

U.S. National Institutes of Health (NIH) currently will not fund certain types of chimeric 

research, a policy that has led some U.S.-based researchers to seek funding from alternative 

sources, including private foundations.14

In these reports and recommendations, some types of chimeric study are singled out for 

additional oversight, and some specific activities—such as mating of nonhuman chimeric 

animals—are prohibited. The ethical bases for these chimeric research-related prohibitions 

and restrictions are sometimes unclear, making it difficult to assess and reconcile governance 

and oversight or know how to adapt to changing public attitudes or changing science. 

In addition, oversight approaches are fragmented, and specific rules or guidelines can be 

difficult for researchers and oversight committees to operationalize.
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In response to these uncertainties and to an absence of empirical data about the perspectives, 

insights, and experiences of scientists and oversight committees, researchers at The Hastings 

Center and Case Western Reserve University conducted an interdisciplinary research project 

to clarify the conceptual, ethical, and policy issues raised by chimeric research. Our research 

team conducted in-depth interviews with a sample of scientists and oversight committee 

stakeholders across the U.S.15 We also analyzed the scientific literature and literature in 

bioethics and other fields, including academic articles and books as well as national and 

international reports, recommendations, guidelines, and surveys. We convened an expert 

Project Work Group [see Box 6] to discuss both theoretical and practical issues surrounding 

chimeric research in a series of Work Group workshops.

This Special Report, which comprises this article and six accompanying essays, presents 

the results of our conceptual, ethical, and oversight research. While we, the authors of 

this report, agree that there is value in disentangling and analyzing the ethical concerns 

associated with chimeric research, we are not in full agreement about their implications. In 

particular, we disagree about whether in vivo chimeric research should happen at all. In this 

report we do not take a stand on that issue one way or the other. Instead, we discuss how to 

understand, assess, and regulate this type of research as thoughtfully as possible to the extent 

that it does happen. That said, we do agree that one particular concern is key: the welfare of 

the nonhuman animals used in chimeric studies.

The Special Report adds value to the current national and international discussion 

about chimeric research by reorienting ethical analysis to place a greater emphasis on 

nonhuman animal welfare concerns and less emphasis on issues such as concerns about 

the “humanization” of nonhuman animals or taboos around crossing species boundaries. 

We also offer recommendations for improving governance and oversight of this diverse 

category of research. Our analyses and recommendations are developed for and within the 

U.S. context. Because many of the ethical and oversight issues we address here are being 

faced by other nations, we hope our work will be useful across national borders.

Beyond the substance of this Special Report, we also note that, in contrast to some other 

reports referenced above, this report’s authors were not appointed by a national government 

or a government body (although the project from which this report emerges was carried out 

under a federally funded grant) and do not represent the interests of scientists or any other 

particular stakeholders. Rather, we are a bioethics research team working in partnership with 

an interdisciplinary workgroup of scholars and oversight experts.

In this project, we focused on chimeric research that is stem cell-based, that is, research 

involving the transfer of human embryonic or induced pluripotent stem cells, or cells derived 

directly from them, into nonhuman animals or nonhuman animal embryos.16 Although 

chimeric research can include the transfer of many other human cell types (e.g., cancer 

cells), we focused on stem-cell based chimeric studies for three reasons. First, the effect 

of transplanted stem cells on nonhuman animals or embryos is potentially more systemic 

but also more unpredictable than the effect of transplanting more specialized cells. Second, 

most, if not all, of the recent bioethics literature on chimeric research engages exclusively 

with stem cell varieties of this scientific work. Our analyses and recommendations are meant 
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to add to this rich body of literature. Third, the influential guidelines issued by professional 

scientific bodies such as the National Academies and the ISSCR solely concern chimeric 

research involving the transfer of human pluripotent and multipotent stem cells or their 

direct derivatives into nonhuman animals. In this project, we have endeavored to identify 

ways these stem cell guidelines could be better justified and made more operational to better 

support implementation by researchers and their institutions. Despite our focus on stem 

cell-based chimeric research, much of our analyses and recommendations will be relevant 

for non-stem cell-based studies.

This article is arranged in four main subsections following the foci of our project: a 

section on language, a section for each of the two main types of ethical issues (concern 

for nonhuman animals, concern about human dignity and integrity), and a fourth section 

addressing oversight and governance challenges.

Descriptive Language to Facilitate Ethical Clarity

Recommendation #1:Scientists, bioethicists, journalists, and others writing about 

chimeric research should seek to use precise and accessible language that clarifies 

rather than obscures the ethical issues at stake. In particular, we discourage use of 

the nouns “chimera” and “humanization”.

Clear, accurate, and accessible language can promote understanding of research that 

raises conceptual and ethical concerns. Some of the language used in discussions about 

human-nonhuman chimeric research can be obscure or frightening, in particular the 

term “chimera,” which in Greek mythology refers to a fire-breathing monster. Language 

can also intentionally or unintentionally suggest or connote certain ethical concerns 

about or conclusions regarding the research, as is arguably the case with the term 

“humanization”. Terms that are obscure, frightening, ethically-laden, or overly broad can 

foreclose opportunities to understand the nature and outcomes of the work.

In this article, we have made decisions about various key terms in the human-nonhuman 

chimeric research debate that we hope others will consider adopting when discussing the 

science, ethics, and policy of this research:

• “Chimeric research,” or “chimeric nonhuman animal”, or “chimeric embryo” 

but not “chimera”: In contemporary biomedical science, the noun “chimera” 

describes an embryo or nonhuman animal created for research and carrying cell 

populations derived from two or more genetically distinct sources. Although 

often used in scientific publications, there are numerous problems with the 

term. Few nonscientists understand what it means. Its connotations are literally 

monstrous—media reports of human-nonhuman cell transfer research often 

describe or present images of monsters.17 And it does not clearly differentiate 

between in vitro research (studies conducted with cells and embryos in a 

laboratory dish) and in vivo research (studies involving a living nonhuman 

animal). Indeed, the term obscures not just whether the research is in vitro or 

in vivo, but the type of nonhuman animals involved, thereby obscuring some of 

the most important ethical issues at stake. Some committees have recognized 
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this challenge but dealt with it by reserving the term chimera for specific 

study types.18 Others have developed new terms such as “animals containing 

human materials.19 We avoid the noun “chimera” altogether. Instead—and in 

recognition of the long-standing use of the term in the scientific literature—we 

use the adjective “chimeric” to signal research involving a mix of cell sources 

but where possible include details about the relevant in vivo or in vitro organism, 

such as “chimeric mouse embryo,” “chimeric pig fetus,” or “chimeric postnatal 

monkey.”

• “Nonhuman animals or embryos with human cells” but not “humanized” or 

“humanization”: In science, a “humanized” nonhuman animal has been modified 

to contain human genes, cells, tissues, or organs. The term indicates biological 

changes in the nonhuman animal. It is not intended to convey any specific 

changes in the nonhuman animal’s behavior or its moral status. Yet in ethics 

discussions, “humanized” can code for a set of distinct concerns about human 

dignity and human morality that, as discussed below, are contested. It is a 

mistake to absorb these ideas into seemingly neutral scientific terminology. We 

therefore avoid using the terms “humanized” or “humanization”, even though 

they do appear in the scientific and ethics literature, preferring instead descriptive 

terms explaining what has been or will be done in an experiment. If the term 

“humanized” must be used, we recommend that scientists and other relevant 

experts include clarificatory language. For example, instead of “the mouse 

was humanized” or “we created a humanized mouse,” one might say “human 

embryonic stem cells were added to the mouse’s brain/liver/bloodstream” or “in 

this study we created a mouse with X% human brain cells in the cerebellum.” 

Likewise, instead of voicing a moral concern such as “the nonhuman primate is 

humanized and therefore should not be used in research,” we encourage the more 

specific statement “the nonhuman primate’s enhanced capacity for cognition 

and self-awareness mean that it should not be used in research.” If the term 

“humanized” must be used, we recommend that scientists and other relevant 

experts include clarificatory language.

• “Human and nonhuman animals” rather than “humans and animals” to draw 

attention to the fact that we humans are also animals, a fact that can be obscured 

when the term “animal” exclusively refers to nonhumans.

Concern for Nonhuman Animals

Recommendation #2: Ethical and policy analysis as well as governance and 

oversight of chimeric research should focus on the welfare of any nonhuman 

animals involved in such studies. Animal welfare is a primary ethical issue and 

should be a focus of ethical and policy analysis as well as governance and oversight 

of this research.

Our underscoring of the crucial importance of nonhuman animal welfare may come as a 

surprise to readers familiar with the relevant ethics literature. As discussed below, much 

of the past ethical analyses of chimeric research has focused on issues associated with the 
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derivation and use of human stem cells, taboos over crossing species boundaries by mixing 

human cells with cells from nonhuman animals, concerns that chimeric animals will be 

“human like,” and theoretical discussions of moral status, personhood, and human dignity 

when nonhuman animals contain human cells.20 We address these issues below, but note 

here that placing them at the forefront of ethics and oversight recommendations for chimeric 

research risks ignoring one of the most ethically salient facts about these studies: namely, 

that chimeric research involves nonhuman animals with interests grounded in (at least) their 

sentience.21

Even the creation of chimeric embryos directly involves nonhuman animals: eggs and sperm 

are procured from these animals to create the embryos into which human stem cells are 

transferred. Chimeric embryos are also sometimes implanted in female nonhuman animals 

for gestation, whether until birth or for a shorter time before being surgically removed, all 

of which also directly involves a nonhuman animal. In light of the inescapable involvement 

of nonhuman animals in chimeric research, their interests should be a focal point of ethical 

analyses and governance.

We understand that welfare is an issue for all research with nonhuman animals, and that 

concerns for the welfare of animals in research is leading to the development of alternative 

approaches, including organoid systems and human-based assays. In many senses, chimeric 

studies are just another type of research with nonhuman animals. Yet chimeric studies 

raise the additional possibility of unique or novel harms resulting from the insertion and 

development of human stem cells in nonhuman animals, particularly when those cells 

develop in the brain or central nervous system. Chimeric studies are also an area of growing 

research interest, raising the possibility that they will result in more nonhuman animals 

being used in research. And because much ethics analysis of chimeric research has focused 

on issues related to human dignity and integrity, the welfare of nonhuman animals in these 

studies risks being overlooked.

We try to remain as agnostic as possible in this article about the philosophical basis of 

duties that humans owe to nonhuman animals. Yet we take as settled that nonhuman animals 

occupy a moral status that sets limits on how and the extent to which humans can use them 

in research.22 With respect to nonhuman animals proposed for use in chimeric research 

(including mice and other rodents, pigs, and primates), we endorse R.G. Frey’s assertion that 

a nonhuman animal’s life is:

An unfolding series of experiences, that, depending on their quality, can make that creature’s 

life go well or badly. Such a creature has a welfare that can be positively and negatively 

affected, depending on what we do to it, and with a welfare that can be enhanced and 

diminished.23

Because nonhuman animal welfare is a matter of moral significance, using them in 

virtually any kind of research raises ethical questions. Breeding, rearing, and using animals 

in research influences their experiences and the quality of those experiences, thereby 

imposing enormous responsibility on the scientific teams and institutions involved with 

such research. It is clearly unethical to subject nonhuman animals to harms caused by 
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laboratory confinement and scientific experimentation when there is no or merely trivial 

anticipated knowledge produced by doing so, as well as when the anticipated benefit is very 

unlikely to be obtained. But even in studies likely to produce valuable knowledge, there 

is a widely accepted ethical obligation to abide by the three Rs—replacement, reduction, 

and refinement—as proposed in Russell and Burch’s influential book The Principles of 
Humane Experimental Technique.24 The three Rs and other general principles for nonhuman 

animal research clearly apply to chimeric research, but it is also important to highlight and 

incorporate the welfare concerns about nonhuman animals explicitly into the governance 

and oversight of chimeric research. We are not suggesting that animal welfare is currently 

ignored in chimeric research—indeed we learned from some workgroup members that 

concerns over the appropriate use of animals in biomedical research animate funding 

discussions and, in their experience, can contribute to decisions to not fund specific research 

proposals. However, we are urging researchers, ethicists, policy makers and others to keep 

animal welfare front and center.

Recommendation #3: Scientists, scholars, and other stakeholders should together 

undertake a focused analysis of what it means for chimeric studies to have 

a sufficiently strong scientific justification for the proposed use of nonhuman 

animals.

For almost a century, research that advances understanding of human biology and seeks 

to improve our ability to prevent and treat human disease has been a national priority in 

the U.S. and in many other nations. Governments and other funders devote billions of 

dollars each year to biomedical research, institutions showcase biomedical science in their 

missions and budgets, and hundreds of thousands of individuals voluntarily participate in 

studies, donate their own funds to research, and devote their careers to its advancement. 

Justifications for this substantial commitment of talent and resources include that the 

knowledge produced through biomedical research leads to new diagnostics and treatments, 

drives economic growth, and in some cases can reduce healthcare costs. These instrumental 

justifications are premised on the belief that humans are intrinsically morally significant, and 

perhaps even that the prevention and relief of suffering in other humans is among our highest 

moral callings.

Whether instrumentally or intrinsically grounded, the case for biomedical research focuses 

on the interests and well-being of humans. As important as those interests are, they are 

not absolute, and the methods used in the production of new biomedical knowledge must 

be subject to some constraints. Just as research with humans is subject to limitations and 

oversight requirements developed in the wake of ethically indefensible harms and injustices, 

so too is research with nonhuman animals. These limitations vary depending on the goals 

of the study, the type of nonhuman animal involved, and the particular harms they may 

be subject to. Some constraints are absolute, but others are weighted against the potential 

benefits of the research, a calculation that generally prefers the interests of humans.

Virtually all chimeric research has welfare implications for nonhuman animals yet promises 

to advance knowledge that will primarily be relevant to human health and well-being. In this 

way, chimeric studies are much like other kinds of research with nonhuman animals. It is 

ditherefore important to be able to assess the strength of the claim that a particular chimeric 
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study addresses important questions, is well-designed, and is necessary to answer those 

questions—that it is “scientifically justified.” The 2021 ISSCR Guidelines for Stem Cell 

Research and Clinical Translation state at several points that research, including chimeric 

studies, should be “well justified.”25 What well or scientifically justified means for chimeric 

studies, whether in theory or in practice, is not explained.

This omission is not unusual; “scientifically justified” is seldom defined—in chimeric 

research or other research—and approaches for evaluating it in studies that explicitly seek to 

model aspects of human biology in nonhuman animals have not been identified. But it is a 

pressing question in an area of research such as chimeric research where increasing numbers 

of studies with nonhuman animals are being planned and undertaken, where novel harms are 

possible, and where the welfare of nonhuman animals has not been widely acknowledged to 

be a primary ethical issue. Leaving the term vague not only makes assessment and oversight 

challenging, but it also invites assumption of scientific merit. Indeed, ethical analyses of 

chimeric research generally operate from the assumption that rigorous scientific review and 

justification has already been established, without diving deeper into what it takes to meet 

this bar.26 While many chimeric studies undergo peer review when they are submitted for 

funding, which is generally before they are presented to oversight bodies, not all studies will 

have done so.

Questions about the meaning of “scientifically justified” and how to assess the strength of 

the scientific justification are not unique to chimeric research—they are important questions 

for all research with nonhuman animals. Indeed in nonhuman animal research generally, 

concerns have been raised about whether nonhuman animals are less robust models of 

human biology than hoped, and that studies with nonhuman animals may not generate the 

kind or quality or degree of knowledge claimed, whether because the studies rest on faulty 

scientific or philosophical premises, have methodological flaws, or permit bias.27 Chimeric 

studies are a response to at least the first of these concerns because they involve nonhuman 

animals with human cells, tissues, or possibly one day organs; nonetheless, as with all 

models of human biology the scientific benefit of research with chimeric embryos, fetuses 

and/or post-natal animals should not be taken for granted.

Identifying and describing the components of a strong scientific justification for chimeric 

research is a complex undertaking requiring input from a broad range of scientific and other 

experts, a process that would ideally involve other stakeholders as well. This undertaking 

involves several outstanding theoretical and process questions about scientific justifications, 

how they ought to be assessed, and by whom. Examples of theoretical questions include 

whether the distinction between so-called basic and translational research is relevant when 

assessing a study’s scientific justification,28 and whether scientific justifications ought to 

include an assessment of the tangible benefits of a particular line of biomedical research 

(e.g., the development of treatments or other interventions) or be limited to an assessment of 

the likelihood of knowledge production from a particular experiment.29 Examples of process 

questions includes who ought to be involved in the assessment of scientific justification and 

how to balance scientific justification against other considerations that count for and against 

a particular experiment. For example, should a study that is assessed to be scientifically 

justified and even necessary to advance human health be subject to any other ethical 
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constraints? Analyses of the scientific justification of chimeric research may be enriched by 

critiques of scientists’ reliance on nonhuman models more generally. It is our understanding 

that the ISSCR is currently exploring the meaning and assessment of scientifically justified 

in the context of stem cell research, an undertaking that we hope other interdisciplinary 

groups will also engage in.

Recommendation #4: Researchers conducting chimeric studies with nonhuman 
animals should systematically assess the behavior of their nonhuman animal 
subjects so that novel changes can be detected, monitored, and reported, including 
behavioral changes that might indicate novel or unexpected forms of pain, 
suffering, or lack of flourishing potentially caused by the presence of human cells, 
especially in the nonhuman animal’s brain or central nervous system.

As stated above, many of the familiar concerns about conducting research with 
nonhuman animals are relevant to chimeric research, chief among them is the welfare of 

the nonhuman animals, especially when that they have been altered to model human disease. 

In chimeric research, a particular concern is that the nonhuman animals might experience 

novel, unexpected, difficult to detect, or more acute discomfort, pain, distress, or stress 

resulting specifically from the presence of human cells. The alteration of basic cellular, 

chemical, or other physiologic processes might be painful, possibly in novel ways. This 

concern is especially significant now, because chimeric studies modeling human diseases, 

especially neurological conditions are still in their early days.

Chimeric research that involves the creation of models of psychiatric disorders in nonhuman 

animals (e.g., autism, depression, or schizophrenia) may rely on behavioral endpoints 

(e.g., antisocial behavior or self-harm) that cannot be medicated without undermining 

study design to validate models.30 Yet those same behaviors may indicate stress, distress, 

or suffering. Do nonhuman animals involved in chimeric research experience these 

behaviors as more distressing than control conspecifics exhibiting similar behaviors? Control 

conspecifics may need to include both members of the same species, bred and reared in the 

lab and not used in disease modeling and, when possible, members of the same species with 

psychiatric illnesses induced in other ways (e.g., through genetic modification, chemical 

induction, or behavioral methods).

It is unknown whether existing methods for assessing welfare, which generally involve 

monitoring the behavior of nonhuman animals such as grooming habits, socialization, and 

eating, will be sufficient for detecting and assessing the welfare impact of the presence of 

human stem cells or their derivatives in nonhuman animals, especially human neural cells. 

Currently, the focus in ethics guidance is on the intended location of the human cells and 

the extent to which they engraft (sometimes expressed as the percentage of human cells in 

the nonhuman animal, which have thus far remained quite low). Because a large number 

of nonhuman animals could be involved in the development of chimeric animals serving as 

human disease models, researchers and their institutions should be equipped to look beyond 

percentage of engraftment and recognize and manage both familiar and novel signs and 

indicators of pain and discomfort at every step of the process.

Johnston et al. Page 10

Hastings Cent Rep. Author manuscript; available in PMC 2023 February 09.

A
uthor M

anuscript
A

uthor M
anuscript

A
uthor M

anuscript
A

uthor M
anuscript



Identifying any potential novel welfare issues may be difficult in practice. We learned in our 

interviews and from the project’s Work Group members that some institutions do employ 

a designated staff person who has expertise regarding the behavior of nonhuman animals 

(their professional title might be a welfarist, behaviorist, or ethologist) to augment the 

expertise of a veterinarian who is typically a key member of the nonhuman animal research 

program. Moreover, not just the veterinarians, but also the veterinarian technicians, animal 

husbandry staff and other members of the research groups working with the animals should 

be involved. While the behaviorist can provide treatment plans, enrichment, etc. to enrich the 

life of the chimeric animal, or help prevent aberrant behaviors, the research staff working 

with the chimeric animals on a daily basis will be the ones who will notice if the changes (if 

any) in behavior are noticed. Thus, it is the collaborative effort of all that helps to notice and 

provide the necessary support.

It is currently unclear whether research institutions provide such expertise as a standard 

part of their nonhuman animal research programs, or whether researchers are able to 

obtain funding for inclusion of such expertise through their federal or private funding 

awards.31 Experts in the behavior of nonhuman animals could play an important role in the 

identification of novel changes, including by creating a catalogue of behaviors they observe 

before and after they introduce human stem cells into nonhuman animals, so that changes 

in behavior or capacity can be more easily noted, quantified, and compared across research 

laboratories conducting similar types of studies. These experts could also develop cross-

institutional standards for the welfare of the nonhuman animals used in chimeric studies, 

possibly developing their own literature on the topic. Funders and research institutions will 

need to support this additional work.

Recommendation #5: Bioethicists, journalists, and others writing about chimeric 
research should contextualize chimeric studies within ongoing debates in ethics, 
science, law, and society about the moral and legal status of nonhuman animals and 
the morality of using them in research. Developments in these debates may impact 
chimeric research, and vice versa.

Often, discussions of the ethics of chimeric research focus on a narrow set of issues 

specific to the moral acceptability of research with human embryos, emphasizing links 

to the embryonic stem cell debate. Or discussions focus on the morality of mixing human 

and nonhuman cells, emphasizing links to debates about crossing species boundaries. These 

discussions may not differentiate between in vitro studies involving nonhuman embryos and 

in vivo studies involving post-natal nonhuman animals (more on these specific concerns 

below). In line with our recommendation 2, analyses and conversations can be enriched 

by acknowledging that chimeric research is first and foremost a form of nonhuman animal 

research. It is therefore part of broader debates and concerns about the use of nonhuman 

animals in scientific research. It is also part of ongoing debates, legal challenges, and 

societal discussions regarding the moral and legal status of certain nonhuman animals. These 

debates are in flux and may evolve in ways that significantly impact chimeric studies.

For example, debates about the moral and legal status of nonhuman animals used in chimeric 

research, especially nonhuman primates, should be informed by research and debates in 

the early twenty-first century that led the NIH, the world’s largest funder of biomedical 
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research, to end its funding support of the use of chimpanzees in invasive research in 

2015.32 The same research and debates informed arguments presented in a legal case that 

unsuccessfully sought a writ of habeas corpus on behalf of two captive chimpanzees, 

attempting to recognize the legal personhood and right to bodily liberty of these two 

nonhumans.33 While chimpanzees are no longer used in U.S. research, other nonhuman 

primates such as rhesus macaques are still used and in fact were critical animal models 

in research leading to the development of COVID-19 vaccines, for example.34 Shifts in 

thinking about the moral and legal status of nonhuman primates in contexts outside chimeric 

research will almost certainly limit or otherwise impact chimeric studies.

Indeed, changes in public attitudes about the use of nonhuman animals in research in general 

may well impact views of chimeric research specifically. As scientists learn more about the 

complexity of nonhuman animals’ lives and cognition, a moral hierarchy with humans at 

the top, alone entitled to certain moral and legal rights or protections is arguably untenable. 

Some bioethicists question the idea that research involving human subjects should fall under 

an entirely different moral and legal framework than research involving nonhuman animal 

subjects.35 These questions are not felt solely by those opposed to animal research. Several 

scientists interviewed for this project noted that while they were not too worried about 

the overall ethics of the specific chimeric research they were involved in or its impact on 

nonhuman animals, discussion of the use and welfare of nonhuman animals in chimeric 

studies was an occasion for more thoughtful consideration generally about the balance of 

benefits and risks in research with nonhuman animals.36 We take this observation as a sign 

that at least some stakeholders view chimeric research as an opportunity to further engage 

with ongoing discussion of the use of nonhuman animals in research.

Finally, we note that the connection between chimeric studies and broader animal rights 

debates might flow in the other direction. It is not difficult to imagine nonhuman primates 

involved in chimeric research, especially studies where human neurological cells are 

introduced, becoming case studies in larger debates about the moral and legal rights of 

nonhuman animals.

Respect for Humans and Concerns about Human Dignity

Recommendation #6: Opposition to chimeric research based on concerns about 
the use of human embryonic or other stem cells in such research, or about human 
integrity and dignity, should not warrant blanket prohibitions on chimeric research. 
Nevertheless, respect for the individuals who hold those views may motivate 
governance approaches that empower people to decide in an informed way whether 
to donate their cells to such studies.

We focused above on concerns about the welfare of nonhuman animals involved in chimeric 

research, noting that such concerns deserve significant attention in ethics and policy 

addressing chimeric research. Here, we describe concerns about what chimeric research 

might mean for human dignity and human integrity and propose ways to address these 

concerns. We focus on two broad categories of human-centric concerns regarding chimeric 

research.
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Public opinion surveys and polls37 (and our preliminary analysis of public comments 

submitted to the NIH) show that some people are opposed to chimeric research due 

to their personal moral commitments regarding research that involves the use of human 

embryonic stem cells or their derivatives (and therefore is implicated in the destruction of 

human embryos for research). These same opinion surveys and polls (and our preliminary 

analysis of public comments submitted to the NIH) also reveal concerns about chimeric 

studies grounded in religious or cultural commitments to not crossing species boundaries, 

particularly the boundary between human and nonhuman animals. People with either or 

both of these beliefs may complain that chimeric research, especially when it uses their 

cells and perhaps also when it is undertaken using public funds, contravenes their beliefs. 

A commitment to respecting the beliefs of fellow citizens might justify imposition of some 

limits on chimeric research.

Human embryonic stem cell research has been controversial since at least the late 1990s 

when pluripotent stem cells were first derived from human embryos.38 Opposition is most 

often grounded in concern for the human embryos that are destroyed in the derivation 

process, which some people see as full human beings or as entities whose moral standing 

is at least significant enough to obviate their use in research.39 Arguments for and against 

embryonic stem cell research were publicly debated in the early 2000s, especially after 

President George W. Bush acted to significantly limit federal funding for the research. 

While public opinion polls continue to show that a majority of the public support the 

research,40 opposition has remained and extends to chimeric research that uses embryonic 

stem cells or their derivates. The embryonic stem cell debate has been widely covered in the 

ethics literature—here we simply note that it informs some people’s opposition to chimeric 

research.

Much of the bioethics literature, as well as research guidelines, proposed federal legislation, 

and proposed and enacted state laws regarding chimeric research, which explicitly or 

implicitly suggest that the integrity and moral standing (sometimes called “dignity”) of 

humans is implicated when human cells are transferred into nonhuman animal embryos 

or post-natal nonhuman animals.41 Guidelines direct specific attention to research that 

could result in changes to nonhuman animals so that they appear more “human-like,” or 

to their brains so that they have enhanced or more human-like cognition.42 The rationale 

for focusing on these kinds of potential changes in nonhuman animals—rather than or in 

addition to changes that increase pain in or otherwise decrease the welfare of nonhuman 

animals—is not generally directly spelled out, beyond noting that this kind of research 

can be particularly “controversial.” But where the issue is not grounded in concern for the 

nonhuman animals involved, it may be that this kind of research is thought to offend some or 

all humans.

According to the strongest version of this concern, humans and nonhuman animals are 

and should remain separate. Mixing the two transgresses the biological boundary between 

“us” and “them”, which may in turn confuse the moral status of the resulting nonhuman 

animal and also, by implication, of all humans.43 This concern about blurring the boundaries 

between humans and nonhumans may draw on religious teachings, including a belief 

that humans were divinely created as separate from and superior to nonhuman animals. 
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The concern could also have a secular framing, pointing to the specific cognitive or 

communicative capacities of humans, or to the importance of maintaining a number of 

long-standing human practices, such as the farming and eating of nonhuman animals, that 

depend on the view that humans are morally distinct from nonhuman animals.44 Mixing 

human cells with cells of nonhuman animal embryos or inserting human cells into post-natal 

nonhuman animals may be seen as blurring this boundary and thereby undermining or 

destabilizing a moral order that places human beings above nonhuman animals.

Critiques of the crossing species boundaries concern point out that species divisions are 

somewhat of a fiction scientifically.45 Species are not fixed, but change as a result of 

evolutionary processes, nor are they clearly distinct from each other, as studies of the 

evolution and comingling of prehistoric humans have shown. Furthermore, humans and 

nonhuman primates are actually very similar biologically—human DNA is on average 99% 

identical to the DNA of chimpanzees and bonobos.46 Humans are on a continuum with and 

connected to nonhuman animals. Critics may also argue that a history of domination of 

nonhuman animals does not prove that humans ought to maintain that dominion.47

The two broad human-centric concerns described here are difficult to adjudicate and may be 

impossible to reconcile (it is easy to see how someone deeply opposed to crossing species 

boundaries or the use of human embryos in research would reject a chimeric study involving 

human embryonic stem cells, no matter how strong the scientific justification or urgent the 

medical need it seeks to address). The authors of this report are not of one mind on all 

issues raised here. However, we have broad if not unanimous agreement that concerns about 

human embryos, as well as human integrity or human dignity, should not foreclose chimeric 

research.

That said, we recognize that it can be both morally important and politically necessary 

to develop policy and practice mechanisms that show respect for individuals who oppose 

chimeric research for these or other reasons. One important way of showing that respect may 

be to ensure that people who are opposed to this research are not directly involved in it, a 

strategy narrowly achieved by requiring that the human cells used in chimeric research were 

obtained with informed consent to their use in these kinds of studies.

Recommendations or guidelines requiring informed consent from the donors of embryos 

that will be used to derive human embryonic stem cells (hESCs) and of cells 

used in chimeric research seek to ensure that people who are opposed to this kind 

of research do not contribute their own biological material to it.48 This strategy 

has been comprehensively addressed by other commentators and in various reports, 

recommendations, and guidelines.49 We do note, however, two particularly tricky issues 

attending it: one regarding how specific that consent must be (should the consent be for 

the particular chimeric study, for chimeric research in general, or for a broader category of 

cell-based research?) and the other regarding whether that consent must come from all cell 

donors, including gamete donors involved in the creation of human embryos from which 

cells are extracted and then used in the study. While we support commitments to informed 

consent and see them as an important and powerful way to recognize an individual’s 

opposition to chimeric (and related kinds of) research, we note that it can often be quite 
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difficult for researchers and their institutions to make good on the most demanding of 

these recommendations. We therefore support the use of consent forms that include general 

statements about future chimeric research (e.g., “cells or products may be transplanted to 

animals”) and requirements for obtaining consent from cell and embryo donors (but not 

necessarily any gamete donors involved in creating those embryos).

Governance and Oversight

Most scientific research is subject to some kind of governance—that is, to structures and 

processes that shape its development and conduct. These structures and processes include 

peer review of many research proposals and publications, ethics review of research with 

human and nonhuman animals, and the requirement for disclosure and management of 

financial interests. Where the goals or methods of a particular type of research are ethically 

complex, governance seeks to address those issues. Sometimes a stronger justification 

is required for certain studies. Research with children, for instance, is subject to more 

exacting risk-benefit calculations than research with adults. Sometimes additional oversight 

or monitoring is imposed. Studies involving investigators with a financial interest may be 

subject to independent monitoring or other conditions.50 Sometimes limits are placed on 

which kinds of research are eligible for federal and/or state funding or whether the studies 

can take place at all. In several countries, research with human embryos cannot proceed 

beyond 14 consecutive days of development,51 and in the U.S. research in which human 

embryos are harmed or destroyed is not eligible for federal funding.52 Ideally, science 

governance directly addresses specified issues of concern, promotes accountability, and 

provides clarity and stability. It may also need to be responsive to the evolving nature 

of many scientific, ethical, or social contexts, meaning that good science governance can 

involve periodic reassessment to ensure that core principles or standards can still be met 

given new scientific developments or changes in how oversight is managed.

In chimeric research, U.S. governance frameworks and oversight mechanisms suffer from 

several limitations or challenges. In particular, the ethical rationales for governance in 

general and various rules and prohibitions in particular are not adequately identified and 

explained. Oversight can be fragmented. More than one oversight body or committee often 

addresses related sets of ethical concerns without clear ways to reconcile decisions. In 

addition, guidelines and funding policies may differ regarding the kinds of research that may 

be conducted, and the types of oversight required [see Box 2]. To address these limitations, 

we offer four recommendations aimed at improving governance and oversight. Although our 

analysis and recommendations are U.S.-centric, we hope that aspects of them will be helpful 

to regulators, researchers, and institutional leaders in other jurisdictions.

Recommendation #7: Within institutions, oversight committees that review 
chimeric studies should establish channels of communication and consider sharing 
expertise, perhaps by sharing members and/or staff. In addition, procedures for 
communication between committees should be developed so that committees can 
consult each other on matters of overlapping interest. At the institutional level, 
institutions should have mechanisms for tracking research portfolios involving 
chimeric research so that they can routinely assess the challenges posed by this 
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research as well as any gaps in oversight. Institutions can then proactively decide 
whether these gaps are acceptable, whether existing oversight committees should 
assume responsibility, or whether a new process/committee is needed.

The three governance frameworks described in Box 2—focused on research with nonhuman 

animals, human subjects, and embryonic stem cells—all shape the conduct of chimeric 

research in the U.S. Those experienced in research with human embryos and hESCs will 

already be familiar with the challenges of managing one set of rules for federally funded 

research and another for research with nonfederal funds. However, the existence of two 

sets of guidelines for hESC research—especially when one set is regularly updated (the 

ISSCR guidelines) and the other is not (the National Academies’ guidelines received their 

final update in 2010)—leaves oversight committees in a particularly challenging position 

when reviewing studies that are permissible under one but not both sets of guidelines, a 

challenge that has only grown as the ISSCR guidelines have been expanded to cover broader 

categories of research and relaxed to allow for review of research that it previously deemed 

impermissible. The result is that research institutions, researchers, and oversight committees 

are navigating a rather complex governance picture.

Variability also exists in how U.S. research institutions translate these guidelines into 

oversight of chimeric research. While all institutions will require review by Institutional 

Animal Care and Use Committees (IACUCs) and institutional review boards (IRBs) 

when required by law, many also require institutional approval for chimeric research 

if it involves hESCs, human induced pluripotent stem cells (hiPSCs), and at some 

institutions, human embryos. Institutions typically ask researchers to seek that approval 

from a standing specialized review committee—often called an “Embryonic Stem Cell 

Research Oversight (ESCRO) committee.” However, some institutions (e.g., Oregon Health 

& Science University) use an ad hoc committee or institutional official to review these 

studies, sometimes in conjunction with the IACUC or IRB. Depending on an institution’s 

oversight approach, some chimeric research might not be reviewed by any committee, or 

it might be reviewed for certain issues (e.g., nonhuman animal welfare) but not others 

(e.g., donor consent to the cell transfer use of human embryonic or induced pluripotent 

stem cells). Although there is no requirement for committees to work together, even when 

they are reviewing the same proposed study, some authors of this report have experienced 

institutional oversight that is collaborative across different domains, e.g., IACUCs, ESCRO 

committees, and IRBs interacting when they need input about specific studies. To encourage 

and facilitate this kind of interaction, the chair or other member of an IACUC could also be 

a member of that institution’s ESCRO committee.

Because guidelines can vary in substance, oversight committees (as well as journals, 

funders, and other actors in this space) may sometimes choose which set of guidelines to 

follow and when to diverge from them (guidelines being recommendations not regulations). 

This choice may not be transparent—committees do not typically publicly report when 

they choose not to follow a particular guideline or publicly explain how they reconcile 

contradictory guidance. As also shown above, regarding some issues—such as when to 

permit studies in which human stem cells (or other human cells) are introduced to the 

brains of nonhuman animals—very little guidance is available. For example, there are no 
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clear guidelines for assessing specific changes in behavior in a nonhuman animal containing 

human stem cells that might raise ethical concerns. Committees currently have little choice 

but to employ a “we’ll know it when we see it” approach to line drawing, which is unreliable 

and invites significant variation across institutions. Alternatively, they could adopt a “go 

slow” approach that includes multiple check-ins with the investigators as part of their 

oversight during the course of a specific research project.

Under current rules and policies regarding the welfare of nonhuman animals used in 

research, those who manage research with nonhuman animals are already looking at 

the nonhuman animals’ overall health and well-being, including observing the nonhuman 

animal’s behavior or conducting tests to identify signs of pain or stress. However, as 

discussed above they may not be considering whether the presence of human cells could 

lead to novel harms. In one view, this issue is not concerning, since the science is not 

there yet, leaving time for oversight to adapt and become more sensitive as the science 

evolves. Yet oversight committees may need assistance knowing what to look for, and there 

is not yet guidance about what types of changes in the behavior of a nonhuman animal 

should be cause for concern.53 By bringing together appropriate expertise from the different 

committees, and possibly including an animal behaviorist as described above, institutions 

may better be able to address these overlapping concerns and make recommendations jointly 

to assure the research moves forward ethically. It is important for all involved with the 

research, investigators, lab staff, animal care staff, vet staff, and IACUCs to work together 

and to be vigilant about potential changes (for better or worse) in the nonhuman animals’ 

well-being and health.

Recommendation #8: There should be a regularly convened national forum where 
representatives from U.S. research institutions can discuss ethics, governance, and 
oversight challenges pertaining to chimeric research (whether in the context of 
larger discussions about other areas of science or as a standalone topic) including 
issues related to the welfare of nonhuman animals containing human cells.

A centralized forum for discussions among institutions, review board members, and 

scientists about chimeric research can help identify emerging ethical challenges and 

facilitate sharing of useful oversight approaches. One barrier to this kind of cross-

institutional collaboration that may warrant further attention is institutional reluctance to 

share details about their research with potential competitors. Nevertheless, a forum for 

some kind of national discussion would help researchers, funders, and oversight officials to 

anticipate the ethical challenges associated with future research and share governance and 

oversight strategies.

These discussions could address approaches to oversight. For example, some institutions 

have adapted oversight approaches for stem cell research to anticipate and accommodate 

rapidly changing and cutting-edge science. Some ESCRO committees have expanded their 

scope to include oversight of research with hiPSCs and research that creates human 

gametes and studies involving making changes to human embryos, including mitochondrial 

replacement and other research “in the gap” that existing committees do not cover. There is 

currently no regular forum in which these oversight committees can share their experiences 

and learn from each other.
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A national forum could also be a chance to anticipate governance needs. Even if concerns 

about the emergence of “human-like” behaviors or capacities in nonhuman animals that 

contain human stem cells are far ahead of the current state of the science, it is important 

for researchers and oversight officials to think ahead together. A centralized information-

gathering and discussion forum could help IRBs, ESCRO committees, and IACUCs prepare 

for future research developments in an informed way that allows for consistent approaches 

across institutions and the development of a body of best practices.

The nonprofit membership organization Public Responsibility in Medicine & Research 

(PRIM&R) could be the venue for such a national forum. PRIM&R holds an annual 

conference that brings together research oversight professionals to address a wide range 

of ethical, regulatory, and operational issues in research with human beings and with 

nonhuman animals. PRIM&R members include professionals involved with oversight of 

research involving stem cells, animals, and human participants. Other possible hosts of 

an annual forum would be the NASEM or the NIH’s Novel and Exceptional Technology 

and Research Advisory Committee (NExTRAC). The NASEM convenes experts to address 

current and future challenges related to science and technology, and those experts’ findings 

and recommendations are highly respected and often influence research institutions’ policies 

and practices (NASEM’s guidelines for embryonic stem cell research were very influential 

in the development of ESCRO committees). The NExTRAC is a new federal advisory 

committee that provides recommendations to the NIH director about the scientific, safety, 

and ethical issues associated with emerging biotechnologies. Both the NASEM and the 

NExTRAC make some of their meetings open to the public, and PRIM&R conferences are 

open to the public, although there is a conference fee.

Recommendation #9: Scientists, funders, research institutions, research advocates, 
and journalists should provide to the public clear information about chimeric 
research and the various scientific reasons for conducting specific studies. They 
should avoid using technical scientific language and references (either in writing 
or with visuals) to mythological chimeras. Visuals that depict realistic in vitro and 
in vivo chimeric research would be more helpful in clearly communicating to the 
public the nature and purposes of the research.

There is a special imperative for research funders, researchers, and research institutions to 

communicate well with the public about scientific research that is known to be troubling 

to some people. Because some kinds of chimeric research are known to be controversial 

or morally concerning, those involved in this work have a heightened responsibility to 

proactively anticipate concerns and to clearly communicate to the public and to journalists 

the state of the science and the current issues. However, public communication should not 

begin from the assumption that people with deeply held religious beliefs and moral values 

about the species boundaries, the moral status of human embryos, or the use of nonhuman 

animals in research are unable to understand the research that is proposed and conducted. 

Rather, transparency in a democratic society requires public communication about science 

in lay terms, first and foremost, regardless of whether some members of the public support 

or oppose the science under discussion. For example, while it is commendable that the 

NIH invited public comments on a proposed funding policy for chimeric research, the 

Johnston et al. Page 18

Hastings Cent Rep. Author manuscript; available in PMC 2023 February 09.

A
uthor M

anuscript
A

uthor M
anuscript

A
uthor M

anuscript
A

uthor M
anuscript



notice and request for comments in the Federal Register were written in technical scientific 

language, which is not optimal for communicating complex and potentially contested 

science to the general public.54 Our research team’s preliminary analysis of a sample of 

the comments submitted to the NIH indicate that thousands of the comments used identical 

or nearly identical language expressing opposition to chimeric research and reflected a 

misunderstanding of the issues the NIH had raised.

Institutions where chimeric research is conducted may be reluctant to provide detailed 

information to the public about such research or to provide details about members of 

committees that oversee the research. Many people object to research with hESCs, to 

chimeric research, and to research with nonhuman animals. And researchers and institutions 

that conduct research with nonhuman animals have sometimes received threats for doing 

so. What matters, as a minimum baseline, is that research institutions are transparent about 

the governance and oversight mechanisms in place to ensure that chimeric research is 

conducted according to ethical standards, institutional and funder policies, and relevant laws 

and regulations. Researchers should continue to disclose in presentations and publications 

about their research—but also in interviews with journalists—which oversight committees 

reviewed and approved their studies. Many journals publishing this type of research now 

do an ethical review of the submitted manuscript which includes asking for a description of 

the oversight in the methods. All journals publishing the results of chimeric research should 

adopt the practice.

Since some members of the public may be opposed to various kinds of chimeric research, 

scientists and their institutions should acknowledge such opposition, explain why they are 

doing the work, why they see it as important, and acknowledge any ethical and other 

concerns that arise about the research. Funders of this chimeric research—particularly 

funders using public dollars—should do the same. In this way, research institutions and 

scientists and their funders are accountable for providing reasons for their funding and 

research, along with some details about it.55 This approach to public communication was 

used when many scientists who supported and/or conducted research with hESCs and human 

fetal tissue/cell lines tried to be open and clear about the importance of using these human 

biological materials in certain types of research while acknowledging the ethical issues 

involved and the opposition to such research by some members of the public.56 Clear and 

open communication with the public reflects the ethos of responsible science and research 

transparency in a democratic society.

It is also important that journalists communicate clearly to the public about chimeric 

research. This means not only emphasizing the potential benefits of the research for the 

development of preventive and treatment interventions for humans but also acknowledging 

the ethical concerns such research raises, including concerns about research with nonhuman 

animals. And just as importantly, journalists should avoid using misleading references 

to mythological stories about, and cartooned images of, nonhuman animals with human 

features.57

Recommendation #10: In recognition of the importance of public communication 
about chimeric studies, funders should provide financial support to cover 
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collaboration between researchers and communications staff. Research institutions 
should assert the value of effective lay communication for continued scientific 
progress by recognizing such efforts when granting tenure and supporting access to 
a robust communications staff. Academic journals can contribute to this endeavor 
by allowing or requiring that lay summaries, other documents, or video abstracts 
appear with a published scientific article. With more readily available lay language, 
journalists and their editors should endeavor to represent the science as clearly, 
simply, and accurately as possible.

Innovative public communication has historically been treated as beyond the scope of 

scientific research. It requires an investment of time and money, and scientists’ efforts 

on this front are rarely afforded recognition or prestige. In the contemporary information 

landscape, however, science is increasingly exposed to public notice and attention. To meet 

growing interest in scientific activities, communication strategies should be developed that 

are lay friendly and acknowledge the ethical and governance approaches about the research 

in question.

Recent work in genomics may offer insight into effective public communication strategies. 

Research groups have used various approaches to clarify and explain work that is easily 

misinterpreted, may be controversial, or has a troubling history. In 2019, for example, a 

genome-wide association study of same-sex sexual behavior appeared in the journal Science 
on the same day that the research team released a collection of other articles, videos, and 

even an animation intended for journalists and the lay public.58

For the strategies described above, connecting the publication of a scientific article with 

the accompanying materials can be challenging. Someone who comes across the article via 

a direct internet link or scientific database may not see the communications materials that 

have been developed in tandem. To address this challenge, other innovative communication 

strategies could be used. For example, the journal Autism Research requires authors to 

provide a summary of the science “in more lay terms intended to make the research findings 

presented in the article accessible to those outside the scientific community, especially 

families” with individuals on the autism spectrum. Although the primary public audience 

for communicating information about chimeric research may not be a patient population, lay 

abstracts and video summaries can contribute to the broader project of engaging in effective 

public communication about complex scientific research and the ethical issues the research 

raises.59 Communication tools such as videos and other materials that are developed can 

build off one another to facilitate easier production for other research teams that want to 

develop robust public communication materials.

While we advocate for improved and more frequent public communication regarding the 

methods and goals of chimeric studies, this report does not call for research funders, 

researchers, or research institutions to conduct public engagement activities regarding this 

area of science. Others have called for public engagement to inform this type of research60 

as well as other types of scientific research that raise ethical issues (e.g., hESC research, 

human genome editing research, and research involving gene drives to genetically modify 

nonhuman organisms).61 Yet calls for public engagement tend to list a smorgasbord of 
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possible engagement activities without taking a firm position on whether decision-makers—

i.e., funders, researchers, and research institutions—ought to follow the advice of public 

engagement participants. Indeed, public engagement activities often take place after the 

research in question is in progress or has been completed. There is value in learning—

through various public engagement activities and social science research—about the publics’ 

perceptions and concerns regarding chimeric research. We leave it to others to address who 

should conduct public engagement and how, and but note that the views of those who 

participate in engagement activities is unlikely to play a definitive role in deciding whether 

and how chimeric research is conducted or the oversight policies and practices affecting 

such research.
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BOX 1:

Chimeric Research Today

Chimeric research involves the creation or use of embryos or animals carrying cell 

populations derived from two or more genetically distinct sources. Today, such research 

typically involves adding human cells derived from human embryos or other human stem 

cells to nonhuman embryos or nonhuman animals. Interest in the potential for cell-based 

therapeutic products for humans, including stem cell, gene addition, and gene editing 

interventions, has been an important driver of chimeric research. International regulatory 

frameworks typically require the developers of such interventions to demonstrate, in 

studies with nonhuman animals, that cell and gene addition products take root in the host 

and demonstrate an effect. In the larger regulatory context, these studies are intended 

to satisfy the safety and efficacy standard for moving from preclinical studies with 

nonhuman animals to human clinical trials.62

Although basic and translational chimeric research is progressing quickly, there are 

scientific challenges. In particular, thus far, the concentration of human cells in 

nonhuman animals and embryos has been low, especially when human stem cells are 

transplanted into a post-natal nonhuman animal. This may be due to the few weeks that 

chimeric embryos and fetuses are allowed to develop, or it may be due to differences 

in developmental timing between human and nonhuman cells. If human stem cells are 

introduced into a nonhuman animal fetus in utero or into a nonhuman animal embryo 

(especially if that embryo is then gestated), the percentage of human cells and their 

degree of physiological integration in the developing chimeric animal are predicted to be 

somewhat higher.

The degree of cellular integration may also be influenced by the evolutionary distance 

between species, with integration of human cells expected to be more substantial in 

closely related species, such as nonhuman primates. To investigate this possibility, 

researchers are studying the development in vitro of nonhuman primate embryos 

into which human stem cells have been transferred.63 One team recently reported 

the survival of hPSCs in nonhuman primate embryos for 19 days in vitro at 7% 

maximum contribution of human cells, which while modest is higher than in prior 

studies with mouse and pig embryos.64 Researchers have also proposed in vivo studies of 

nonhuman primates with human brain cells as a way to better understand psychiatric and 

neurological disorders, which have thus far proved difficult to accurately model in other 

nonhuman animals.

One concern raised about inserting human cells into nonhuman animals, including 

nonhuman primates, is that by biologically altering nonhuman animals early in 

development, scientists may end up changing them in morally relevant ways, especially 

if the nonhuman animals exhibit “humanlike” behaviors or capacities that they previously 

lacked.65 A 2013 study raised this concern for some commentators when it was reported 

that mice with human glial cells in their forebrains showed learning speeds about two 

times greater than mice in the control group.66 Specifically, the speed at which these 

chimeric mice were able to navigate mazes was enhanced, perhaps due to greater 
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efficiency of the human-derived supportive cells. The study reported no other changes 

to behavior or capabilities and has not been replicated. A recent review of neurological 

experiments with nonhuman animals suggests that significant neurological changes have 

yet to occur following transfer to human cells to nonhuman animals.67 None of the 150 

peer-reviewed scientific publications involving the transfer of human stem cells or their 

direct derivatives into the central nervous systems of mice, rats, or nonhuman primates 

reported cognitive or behavioral abilities that surpassed those exhibited by the animals’ 

wild-type counterparts.

INTERSECTING GOVERNANCE OF CHIMERIC STUDIES

With a focus on the U.S., we summarize here the three governance frameworks shaping 

chimeric research.
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BOX 2:

Research with nonhuman animals.

The Animal Welfare Act and its regulations set minimum standards for the care and 

treatment of nonhuman animals in research, exhibition, and transport and by dealers. 

The law applies to warm-blooded nonhuman animals, but not to many of the nonhuman 

animals most commonly used in laboratory research (specifically rats of the genus Rattus 
and mice of the genus Mus bred for use in research, estimated to account for over 95% 

of all research animals). One of the law’s main functions is to require adequate housing, 

sanitation, nutrition, water, and veterinary care, including pain control, for research with 

covered nonhuman animals and to ensure that alternatives to using covered species are 

pursued when they are available. Where research is funded by the U.S. government, that 

research must also follow the U.S. Public Health Service (PHS) Policy on Humane Care 

and Use of Laboratory Animals and, through that policy, the Guide for the Care and Use 
of Laboratory Animals (Guide), both of which cover a much larger range of nonhuman 

animals, applying to “any live, vertebrate animal used or intended for use in research, 

research training, experimentation, or biological testing or for related purposes.”68

Under this framework, oversight committees typically called “institutional animal care 

and use committees” (IACUCs) review a broad range of chimeric research protocols. 

They review studies in which human cells will be inserted into post-natal nonhuman 

animals as well as those in which nonhuman embryos containing human cells will 

be gestated in nonhuman animals, even if only for a short time. IACUCs also review 

protocols that involve collecting gametes or embryos from nonhuman animals. IACUCs 

do not review purely in vitro studies using previously obtained nonhuman animal 

gametes or embryos.

When reviewing chimeric studies, IACUCs are not explicitly directed to consider issues 

specific to chimeric research. Neither the Animal Welfare Act and its regulations, the 

PHS Policy, the Guide, nor any other federal law or regulation directly addresses 

the possibility of research combining human cells with nonhuman animal cells in 

vitro or in post-natal nonhuman animals. IACUCs are, however, responsible for 

ongoing assessment of unexpected adverse outcomes, which could include unknown or 

unexpected phenotypes that may occur in genetically modified or other kinds of novel 

nonhuman animals. The Guide, for instance, notes that “more frequent monitoring of 

animals may be required” when novel changes are introduced into laboratory animals.69 

Despite this requirement, authors of this report with IACUC experience, as well as some 

respondents in this project’s interview study70 have not observed any differences in the 

review of studies involving chimeric research in terms of the welfare of the nonhuman 

animals at least thus far.
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BOX 3:

Research with human subjects.

The “Federal Policy for the Protection of Human Subjects,” (the Common Rule) requires 

that research institutions use a specialized oversight committee called an institutional 

review board (IRB) to review and approve such research.71 The IRB must ensure that 

risks to research subjects are minimized and reasonable, and that selection of subjects 

results in a just distribution of risks and benefits. With some exceptions, research subjects 

must give voluntary informed consent to participate in every study.72 The U.S. Food and 

Drug Administration has similar rules for research to test the safety and efficacy of drugs, 

devices, and biologics.73

Under the Common Rule’s governance framework, no issues specific to chimeric 

research are mentioned. Nevertheless, IRBs will prospectively review proposed chimeric 

research studies if, but typically only if, the proposed study involves the collection of 

cells, gametes, or embryos from identifiable human donors. The IRB’s primary focus 

will be to ensure that researchers obtain voluntary informed consent from donors. If the 

proposed study will use cells, gametes or embryos that have been previously collected 

and stored for research use, and if identifying information about the human donors 

will not be passed onto researchers, then the study may not constitute “human subjects 

research” as defined in the regulations and may not require IRB review.
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BOX 4:

Research with human embryos and human embryonic stem cells.

The governance frameworks most likely to directly reference chimeric research are 

various laws, rules, and guidelines developed since the late 1990s in response to the 

derivation of pluripotent stem cells from human embryos. These laws, regulations, 

policies, and guidelines differ, sometimes in contradictory ways.

There is no U.S. federal law addressing chimeric research. However, in the early 

2000s and again in 2021, federal legislation was proposed that would have prohibited 

researchers in the U.S. from creating certain types of chimeric embryos and conducing 

certain types of research with human cells and nonhuman post-natal animals.74 Closely-

related law was passed at the state level in Arizona and Louisiana. In those states, 

prohibited experiments include creating “a human embryo into which a non-human 

cell or cells (or the component parts thereof) have been introduced.”75 Creation of “a 

non-human life form engineered such that it contains a human brain or a brain derived 

wholly or predominantly from human neural tissues” is also prohibited, as are chimeric 

studies resulting in a nonhuman animal that can produce human gametes.76

The U.S. does, however, place restrictions on the use of federal funds for chimeric 

research. Prior to 2015, the NIH provided some funding for chimeric research, although 

not if it involved the introduction of human pluripotent cells into nonhuman primate 

blastocysts. That year, the agency issued a moratorium on funding of research where 

hPSCs are inserted into all pre-gastrulation nonhuman animal embryos77 while it 

gathered input on a proposal to create an internal steering committee to provide 

programmatic input to NIH Institute and Center Directors about funding decisions for 

two areas of research: studies involving the introduction of “human pluripotent cells 

into non-human vertebrate embryos, up through the end of gastrulation stage, with the 

exception of non-human primates, which would only be considered after the blastocyst 

stage,” or studies involving the introduction of human cells into post-gastrulation 

non-human mammals (excluding rodents), where there could be either a substantial 

contribution or a substantial functional modification to the animal brain by the human 

cells.”78

The NIH received more than 20,000 public comments on its proposed funding policy. 

Common themes in the comments included that chimeric research (1) violates religious 

commitments or beliefs about the use of human embryos and hESCs, (2) violates the 

moral status of human embryos, and (3) degrades the moral standing of humans vis-a-

vis their relationship to nonhuman animals and to themselves as humans.79 Many of 

the letters used verbatim or near-verbatim language, contending that chimeric research 

inappropriately and unnecessarily harms nonhuman animals, violates species boundaries, 

and involves inappropriate use of public money. In addition, some comment writers 

thought that the proposed policy was the wrong way to address the concerns that people 

have about this type of research. To date, the NIH has not acted on the funding proposal, 

and the 2015 moratorium remains in effect.
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In response to federal funding restrictions for embryonic stem cell research, some U.S. 

states, in particular California and New York, developed their own funding streams with 

their own rules about chimeric research. California, for example, prohibits use of its 

funds for research in which hPSCs are introduced into nonhuman primate embryos, 

where nonhuman stem cells are introduced into human embryos, or where nonhuman 

chimeric animals breed.80 Some institutions that have derived and now distribute hPSCs 

also restrict use of those cells. Restrictions mentioned or implied in donor’s consent 

forms may prevent those stem cell lines being used in chimeric studies.

Beyond these various restrictions, two sets of guidelines for human embryonic stem 

cell research—one from the U.S. National Academies and the other from the ISSCR—

influence the conduct and oversight of chimeric research in the U.S. Although similar 

in many ways, the guidelines are not identical and only the ISSCR guidelines have been 

recently updated, creating the potential for uncertainty and variation.

Procedurally, both sets of guidelines recommend that institutions conducting hPSC 

research create specialized oversight committees to review and oversee various 

subcategories of the research, including studies in which hPSCs are inserted into 

nonhuman animal embryos or post-natal nonhuman animals. Though much of the 

research this Special Report addresses falls under the purview of these oversight 

committees, not all chimeric research involves the use of hPSCs.81

Substantively, the two sets of guidelines stress the need for consent from human cell 

donors to use of their biological materials in research, a requirement that can go beyond 

the consent requirement imposed by the federal regulators and may include obtaining 

explicit consent from donors to the transfer the their cells (or cells derived from the 

donor’s cells) into nonhuman animals.82

The guidelines also direct oversight committees to focus their review on studies in 

which human cells could enter the nonhuman animals’ central nervous system, especially 

their brains, although they differ on exactly what the committees should consider. The 

National Academies’ 2010 guidelines require oversight committees to consider “the 

consequences of the human contribution to the resulting chimeras.” They call for a strong 

scientific justification where studies involve transplanting hESCs or their derivatives into 

adult nonhuman animals if there is a possibility “that the human cells could contribute 

in a major way to the brain of the recipient animal,” and ask oversight committees to 

consider “any functional contributions to the brain” of nonhuman animal fetuses that are 

allowed to develop into adult nonhuman animals.83 No more specific guidance is given 

regarding levels of human cell concentration that would and would not be acceptable, 

how functional impact should be identified, or how much can be permitted, leaving each 

oversight committee to draw these lines. The ISSCR 2021 guidelines instead recommend 

that research where human stem or neural cells are transplanted into the central nervous 

systems of nonhuman animals be reviewed by IACUCs supplemented by “reviewer 

expertise in stem cell or developmental biology.”84 They provide little specific guidance 

on how to evaluate whether such research should be allowed to proceed or not.

To address the concern that a nonhuman animal containing human cells might generate 

human gametes, the 2010 National Academies’ guidelines prohibit the breeding of 
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any nonhuman animals into which hPSCs have been introduced “such that they could 

contribute to the germ line.”85 The 2021 ISSCR guidelines contain a similar constraint, 

but neither set of guidelines identifies the basis for this particular rule or offers specific 

guidance on how oversight committees should determine when a particular study poses 

this risk.

Regarding research with nonhuman primates, the 2010 revision of the National 

Academies’ guidelines recommended additional review for studies involving nonhuman 

primates at any stage of fetal or postnatal development and includes a specific rule 

against research in which hESCs are introduced into nonhuman primate blastocysts. 

Again, the reasoning is not spelled out but it may be because in such studies it is 

not known or possible to control where human cells will concentrate in the developing 

nonhuman primate embryo and therefore it is theoretically possible that a nonhuman 

primate with a lot of human brain cells or a lot of human germ cells could be born. 

Contrast this rule with the 2021 ISSCR guidelines, which recommend specialized review 

of such studies.
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BOX 5:

RECOMMENDATIONS [collated list]

1. Scientists, bioethicists, journalists, and others writing about chimeric research 

should seek to use precise and accessible language that clarifies rather than 

obscures the ethical issues at stake. In particular, we discourage use of the 

nouns “chimera” and “humanization”.

2. Ethical and policy analysis as well as governance and oversight of chimeric 

research should focus on the welfare of any nonhuman animals involved in 

such studies. Animal welfare is a primary ethical issue and should be a focus 

of ethical and policy analysis as well as governance and oversight of this 

research.

3. Scientists, scholars, and other stakeholders should together undertake a 

focused analysis of what it means for chimeric studies to have a sufficiently 

strong scientific justification for the proposed use of nonhuman animals.

4. Researchers conducting chimeric studies with nonhuman animals should 

systematically assess the behavior of their nonhuman animal subjects so that 

novel changes can be detected, monitored, and reported, including behavioral 

changes that might indicate novel or unexpected forms of pain, suffering, 

or lack of flourishing potentially caused by the presence of human cells, 

especially in the nonhuman animal’s brain or central nervous system.

5. Bioethicists, journalists, and others writing about chimeric research should 

contextualize chimeric studies within ongoing debates in ethics, science, law, 

and society about the moral and legal status of nonhuman animals and the 

morality of using them in research. Developments in these debates may 

impact chimeric research, and vice versa.

6. Opposition to chimeric research based on concerns about the use of human 

embryonic or other stem cells in such research, or about human integrity 

and dignity, should not warrant blanket prohibitions on chimeric research. 

Nevertheless, respect for the individuals who hold those views may motivate 

governance approaches that empower people to decide in an informed way 

whether to donate their cells to such studies.

7. Within institutions, oversight committees that review chimeric studies should 

establish channels of communication and consider sharing expertise, perhaps 

by sharing members and/or staff. In addition, procedures for communication 

between committees should be developed so that committees can consult 

each other on matters of overlapping interest. At the institutional level, 

institutions should have mechanisms for tracking research portfolios involving 

chimeric research so that they can routinely assess the challenges posed 

by this research as well as any gaps in oversight. Institutions can then 

proactively decide whether these gaps are acceptable, whether existing 
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oversight committees should assume responsibility, or whether a new process/

committee is needed.

8. There should be a regularly convened national forum where representatives 

from U.S. research institutions can discuss ethics, governance, and oversight 

challenges pertaining to chimeric research (whether in the context of larger 

discussions about other areas of science or as a standalone topic) including 

issues related to the welfare of nonhuman animals containing human cells.

9. Scientists, funders, research institutions, research advocates, and journalists 

should provide to the public clear information about chimeric research and the 

various scientific reasons for conducting specific studies. They should avoid 

using technical scientific language and references (either in writing or with 

visuals) to mythological chimeras. Visuals that depict realistic in vitro and in 

vivo chimeric research would be more helpful in clearly communicating to 

the public the nature and purposes of the research.

10. In recognition of the importance of public communication about chimeric 

studies, funders should provide financial support to cover collaboration 

between researchers and communications staff. Research institutions should 

assert the value of effective lay communication for continued scientific 

progress by recognizing such efforts when granting tenure and supporting 

access to a robust communications staff. Academic journals can contribute to 

this endeavor by allowing or requiring that lay summaries, other documents, 

or video abstracts appear with a published scientific article. With more 

readily available lay language, journalists and their editors should endeavor to 

represent the science as clearly, simply, and accurately as possible.
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BOX 6:

ABOUT THIS PROJECT

The NIH-funded project from which this Special Report was developed was led by a 

research team comprised of bioethics experts at The Hastings Center (HC) and Case 

Western Reserve University (CRWU). The HC/CRWU research team undertook a mixed-

methods research project that included:

1. Reviewing existing guidelines, recommendations, laws, regulations, funder 

requirements and academic literatures (e.g., in stem cell science, bioethics, 

and animal studies) pertaining to research with human stem cells and 

nonhuman animals;

2. Conducting 35 audio-taped in-depth interviews with relevant scientists and 

members of relevant oversight committees to better understand the strengths 

and challenges of current oversight approaches for research with human stem 

cells and nonhuman animals;

3. Analyzing a sample of the more than 20,000 public comments the NIH 

received in response to the agency’s proposed funding policy for certain types 

of human stem cell research with nonhuman animals; and

4. Creating an interdisciplinary Work Group composed of: scientists engaged 

in human stem cell research with nonhuman animal embryos and post-

natal nonhuman animals; members of relevant oversight bodies (primarily 

embryonic stem cell research oversight (ESCRO/SCRO) committees and 

institutional animal care and use committees (IACUCs)); and academic 

researchers in philosophy, law, bioethics, and nonhuman animal studies. 

The workgroup undertook an interdisciplinary analysis to investigate the 

motivating factors for the project and to identify inconsistencies and 

uncertainties about ethical, conceptual, and oversight dimensions of research 

with human stem cells and nonhuman animals.
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