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the threshold associated with full moral status. I con-
clude that far from being premature, further debate 
on these issues is urgently needed to help clarify 
the prospects that a neural chimera might attain full 
moral status in the foreseeable future, and the level of 
quality of life required to make it acceptable to know-
ingly create such a being via HBO transplantation.

Keywords Animal ethics · Enhancement · Human-
animal chimeras · Moral status · Neural organoids · 
Personhood

Introduction: Human Brain Organoids and their 
Transplantation into Non‑Human Animals

Human brain organoids (HBOs) are small 3D struc-
tures, made of neural tissue, that mimic various parts 
of the human brain. Alongside studies of HBOs done 
in vitro, which are increasingly viewed as a promis-
ing new approach to study different aspects of human 
brain development and disease, researchers have 
already started transplanting HBOs into the brains of 
non-human animals, both to try and achieve greater 
maturation and complexity than allowed by in  vitro 
organoids (thanks to vascularization and sensory 
input), and to study new methods of brain repair 
[1–3]. Existing studies have already demonstrated 
that HBOs transplanted into animal brains can keep 
developing for many more months than in vitro orga-
noids [3]. Animals that have so far been the recipients 

Abstract Alongside in  vitro studies, research-
ers are increasingly exploring the transplantation of 
human brain organoids (HBOs) into non-human ani-
mals to study brain development, disease, and repair. 
This paper focuses on ethical issues raised by such 
transplantation studies. In particular, it investigates 
the possibility that they might yield enhanced brain 
function in recipient animals (especially non-human 
primates), thereby fundamentally altering their moral 
status. I assess the critique, raised by major voices in 
the bioethics and science communities, according to 
which such concerns are premature and misleading. 
I identify the assumptions underlying this skeptical 
critique, and mention some objections against them, 
followed by some possible replies. I proceed to argue 
that the skeptical position is ultimately implausible, 
because it presupposes an unreasonably high standard 
of full moral status. My argument appeals to David 
DeGrazia’s idea of a “borderline person”, and to the 
need for consistency with existing animal research 
regulations. I outline the practical implications of my 
view for the conduct of studies that might result in the 
development of full moral status in a transplanted ani-
mal. I also discuss some of the ethical implications of 
animal enhancement (particularly of rodents) below 

A. Erler (*) 
Institute of Philosophy of Mind and Cognition, National 
Yang Ming Chiao Tung University, No. 155, Sec. 2, 
Linong Street, Taipei 112, Taiwan
e-mail: alexerler@nycu.edu.tw

http://orcid.org/0000-0001-5553-7567
http://crossmark.crossref.org/dialog/?doi=10.1007/s12152-024-09556-3&domain=pdf


 Neuroethics (2024) 17:20

1 3

20 Page 2 of 14

Vol:. (1234567890)

of HBO transplants include mice and rats, but also 
monkeys. These animals can be categorized as a new 
form of neural chimera. The potential benefits cited 
for such transplantation studies include helping us 
better understand the mechanisms behind neurologi-
cal diseases, including neurodegenerative disorders 
like Alzheimer’s Disease [4].

Beyond the development of new disease models, 
several recent transplantation studies highlight the 
exciting, although at present still hypothetical future 
prospect of using HBOs to help repair the brain fol-
lowing injury or disease. Kitahara and colleagues 
thus transplanted HBOs at different developmental 
stages into the cerebral cortex of mice and cynomol-
gus monkeys, to advance the search for a cell-based 
therapy for brain injury and stroke [5]. Jgamadze 
and colleagues transplanted HBOs into rats with an 
injured visual cortex, and demonstrated that they 
could successfully integrate with the rats’ visual sys-
tem, thus supporting the use of such procedures as a 
strategy to restore cortical function [6].

Finally, researchers using HBO transplantation to 
study Alzheimer’s Disease also anticipate that their 
work could eventually lead to “personalized organoid 
transplants” to replace diseased or injured brain tissue 
[7, p. 24].

This paper focuses on ethical issues raised by HBO 
transplantation into non-human animals. In particu-
lar, it considers the prospect that such studies might 
lead to an enhancement of brain function in recipi-
ent animals, in ways that would significantly alter 
their moral status. My analysis proceeds as follows. 
Section 2 lays out the relevant concerns, distinguish-
ing the notions of “enhancement” and “humaniza-
tion”. Section  3 describes the critique, raised by 
major voices in the science and bioethics commu-
nities like the International Society for Stem Cell 
Research (ISSCR) and Insoo Hyun (the lead author 
of an article published by members of the ISSCR 
Task Force subcommittee responsible for the ISSCR 
2021 guidelines on stem cell research [8]), accord-
ing to which such concerns about alterations of moral 
status in neural chimeras are premature and mislead-
ing. Section  4 undertakes to identify the assump-
tions underlying this skeptical critique, and describes 
some objections that have been levelled at them, fol-
lowed by some possible replies. Section 5 argues that 
while those replies do have some force, the skepti-
cal position is nevertheless implausible, because it 

presupposes an unreasonably high standard of full 
moral status. My argument appeals to David DeGra-
zia’s idea of a “borderline person”, and to the need 
for consistency with existing animal research regula-
tions. Section 6 outlines the practical implications of 
my view for the conduct of studies that might result in 
the development of full moral status in a transplanted 
animal. Finally, Section 7 concludes by highlighting 
the urgent need for further debate to help clarify the 
pre-requisites of full moral status, the prospects that 
a neural chimera might meet them in the foresee-
able future, and the level of quality of life required to 
make it acceptable to knowingly create such a being 
via HBO transplantation.

Ethical Concerns about Humanization 
and Animal Enhancement

One important ethical concern raised by HBO trans-
plantation (and shared with other forms of neural chi-
meras created via postnatal intervention) relates to the 
possibility that the insertion of human neurons into 
the brain of a non-human animal, especially a non-
human primate, might bring about changes in its cog-
nitive function that would make it more similar to a 
“normal” human being. This possibility is sometimes 
referred to as the “humanization” of the transplanted 
animal [1, 2]. More specifically, scholars like Insoo 
Hyun have drawn a distinction between “biologi-
cal” and “moral” humanization [9]. The central idea 
behind this distinction is that while both biological 
and moral humanization refer to the acquisition by an 
animal of human-like characteristics, only the latter 
involves ethically significant varieties of such acquisi-
tion, varieties that mark a crucial increase in the ethi-
cal status of the humanized animal.1 One implication 

1 Some might define biological humanization more narrowly, 
as specifically involving the introduction of human cells (rather 
than human-like features more generally) into a non-human 
animal. As long as moral humanization is understood in terms 
of proximity to human functioning, however, without further 
presupposing that such proximity must result from the trans-
fer of human cells, this point does not make a difference to my 
analysis. At the same time, wider construal of the notion of 
moral humanization is also possible, according to which any 
kind process that makes an animal more “human” in an ethi-
cally significant manner counts as moral humanization, regard-
less of whether or not it alters the animal’s moral status. For 
example, one might hold that it is wrong to create human-
looking chimeras because of the “unnaturalness” of such enti-
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of this idea is that biological humanization leads to 
moral humanization once it crosses a certain thresh-
old (an issue to be discussed further in what follows).

Moral humanization is also frequently tied to the 
acquisition of “uniquely human” mental characteris-
tics [8, 9]. This last condition, however, may not be 
particularly plausible. Indeed, why should the ethical 
significance of a mental feature depend on whether 
that feature is uniquely possessed by one particular 
species (i.e. humans), rather than shared by different 
species? It would for instance seem absurd to suggest 
that the property of personhood can only be ethically 
significant if it is uniquely human, and that it would 
cease to count as such if we could establish the exist-
ence of non-human persons – whether great apes, 
cognitively enhanced animals, intelligent extraterres-
trials, or highly advanced AI.

Alongside concerns about humanization, a related 
worry refers to the possibility of ending up enhanc-
ing brain function in the transplanted animals, in 
ways that could substantially alter their ethical status. 
Chen and colleagues suggest that this framing is more 
helpful than a focus on moral humanization, partly 
because the enhanced traits that might be conferred 
by HBO transplantation need not be uniquely human, 
and partly due to the need to consider the welfare of 
chimeric animals even if their cognitive capacities do 
not match those of humans [1, p. 466]. The difference 
between concerns about moral humanization and 
about animal enhancement need not be immediately 
obvious, as there is clearly some overlap between 
the two. Nevertheless, this overlap is only partial. To 
illustrate this, we can imagine someone holding the 
view that the conferral of a more human-like appear-
ance on a human-animal chimera increases its moral 
status. Their justification might perhaps be grounded 
in the belief that a human-like appearance is among 
the properties that supposedly confer unique moral 
status or “dignity” on human beings, or in the concern 
that treating a human-looking chimera the way mice, 
for instance, are used in biomedical research, could 

set a dangerous precedent, threatening to dull our 
sense of empathy for our fellow humans. The confer-
ral of a human-like appearance would then be treated 
as a form of moral humanization. I do not claim that 
this is a particularly persuasive view (I do not believe 
it is), yet it seems at least intelligible, and crucially, 
those who might hypothetically endorse it would not 
thereby be asserting that any functional enhancement 
of the chimeric animal must have taken place.

Conversely, the enhancement of an animal’s brain 
function from a HBO transplant could arguably lead 
to biological but not moral humanization: for exam-
ple, if the animal were to develop faster reaction 
times, without simultaneously acquiring any rel-
evant higher-order cognitive capacities. Finally, we 
may note that even though most, if not all, realistic 
enhancements of brain function in a transplanted 
animal may well involve some form of humaniza-
tion, this is nevertheless not a conceptual necessity. 
We can at least conceive of cases in which a brain 
enhancement bestows a new capacity on the animal 
that ordinary humans lack, or enhances some existing 
capacity (say, working memory) to superhuman lev-
els,2 making the animal less rather than more similar 
to humans in that regard.

In light of this, it does not seem that either the 
notion of moral humanization, or that of brain 
enhancement, can capture all of the possible concerns 
associated with the other one. It is therefore wise not 
to conflate them with each other. That said, for rea-
sons I shall clarify in the coming sections, I do agree 
with Chen and colleagues that a focus on the pros-
pect of brain enhancement, and particularly cognitive 
enhancement, of transplanted animals is a more con-
structive approach, even though the concept of moral 
humanization is also likely to apply to any cases that 
might occur in the foreseeable future.3

2 Some researchers have claimed to have found evidence that 
young chimpanzees could already outperform human adults at 
certain memory tasks: [10].
3 A reviewer notes that animal enhancement of potential ethi-
cal significance could occur even from the transplantation of 
brain organoids made of non-human cells; say, cells derived 
from great apes. I agree that this does seem possible in princi-
ple, given that, as we shall see, I believe the great apes deserve 
to be granted the sort of protections against use in harmful 
research associated with full moral status. My main reason for 
focusing my discussion on the transplantation of specifically 
human brain organoids is that, to my knowledge at least, scien-
tists have so far not really considered the idea of transplanting 

ties, in which case doing so would represent a form of moral 
humanization on the wider definition just given, even though 
the implications, if any, for the animal’s moral status would be 
unclear. In this paper, I shall rely on my narrower construal of 
the notion, which is more useful for the purposes of my discus-
sion.

Footnote 1 (continued)
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To try and capture at least some of the insights 
behind the biological-moral humanization contrast, 
we can distinguish between the following two kinds 
of brain enhancement in neural chimeras, including 
recipients of transplanted HBOs:

a) Enhancements that arguably cross an ethically 
relevant threshold in functioning, thereby sub-
stantially altering the animal’s moral status;

b) Enhancements that do not have that effect, 
although they might still be ethically relevant, 
for instance through their impact on the animal’s 
needs or well-being.

A paradigm example of enhancement in the first 
category would involve the conferral of new cognitive 
abilities on an animal grafted with a HBO, such as 
self-awareness or a theory of mind, abilities that are 
commonly viewed as making a significant difference 
to a being’s moral status, conferring upon it what I 
will call “full” moral status – and entitling it to strong 
protections against involuntary, harmful use in bio-
medical research. Full moral status stands in contrast 
to the partial moral status currently granted to sen-
tient animals used in biomedical research: while the 
scientific community accepts that it is ethically obli-
gated to care for these animals’ welfare, it neverthe-
less deems its acceptable to impose some degree of 
discomfort on them, and sometimes to sacrifice them, 
for scientific purposes that are judged significant 
enough. An example of the second category might for 
instance involve an improvement in the animal’s hear-
ing ability that would make it more sensitive to out-
side noise, and thereby more likely to suffer discom-
fort in standard research environments, necessitating 

special measures to avoid unpleasant stimuli. This 
paper will focus on enhancements of the first type.

Animal Enhancement through HBO 
Transplantation: A Premature Concern?

Ethicists and scientists have recently started discuss-
ing the possibility of cognitively enhancing (or mor-
ally humanizing) non-human animals, presumably 
inadvertently, via HBO transplantation [1, 2, 7, 11]. 
As previously mentioned, this is one aspect of the 
broader ethical debate on the creation of neural chi-
meras with enhanced brain function. Nevertheless, 
prominent members of the scientific community, as 
well as some bioethicists, have countered that having 
such a discussion at the present time is premature and 
misleading. On the topic of HBOs and human-animal 
chimeras, for instance, the 2021 guidelines laid out 
by the ISSCR caution that “any statements implying 
human cognitive abilities, human consciousness or 
self-awareness, as well as phrases or graphical repre-
sentations suggesting human-like cognitive abilities 
risks misleading the public and sowing doubts about 
the legitimate nature of such research” [12, 12

The ISSCR’s emphasis on “human” cognitive 
capacities is notable, and as we will now see, may 
help explain the dismissal of concerns about alter-
ing the ethical status of chimeric animals in the 2021 
guidelines. This interpretation is supported by the 
aforementioned article published separately by mem-
bers of the ISSCR Task Force subcommittee that 
drafted those guidelines. The article criticizes the 
relevant concerns for assuming moral humanization, 
which it characterizes as involving the development 
of “unique human-like” capacities, when in fact, the 
authors argue, only biological humanization will fol-
low from HBO transplantation, or any other ways of 
creating neural chimeras, for the foreseeable future 
[8, p. 4]. We have already seen that including such an 
assumption about unique capacities in one’s defini-
tion of moral humanization seemed undesirable, but 
we can leave that point aside. The main reason given 
by the article’s authors for rejecting moral humani-
zation as a relevant prospect is that the human-like 
mental abilities in question, which include self-con-
sciousness, will not develop, even in a normal human 
brain, in the absence of appropriate social and nurtur-
ing conditions of child-rearing, which transplanted 

Footnote 3 (continued)
organoids made of cells from other species. This is presumably 
because the use of human cells is more conducive to the goals 
currently pursued by researchers, such as a better understand-
ing of human brain development and dysfunction, as well as 
identifying new ways of repairing the damaged brain. Still, if 
the transplantation of non-human organoids were to be pursued 
in the future, it may well raise some of the very same ethical 
issues addressed here. It is also interesting to note that, some-
what paradoxically, the use of human cells may not be strictly 
needed for moral humanization, since even the introduction of 
non-human cells could in principle bring an animal closer to a 
“human-like” level of cognitive functioning.
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animals would not be expected to find themselves in 
[ibid.].4 Furthermore, Hyun, the lead author on that 
paper, had already presented an argument along those 
lines in previous work, in which he also clarified 
that, on his view, self-consciousness requires hav-
ing propositional beliefs and a capacity for recursive 
thinking,5 properties tied to the use of language. On 
Hyun’s view, then, self-consciousness is therefore 
likely another human prerogative [13].

One can certainly agree with those critics that we 
should not misrepresent the current state of HBO 
research, or make wildly unrealistic predictions about 
future developments (although where to draw the 
line of “realism” is itself a contested matter, given 
the inherently uncertain nature of such predictions). 
Among other things, the integration of human cells 
into the brain of a postnatal animal still presents 
important challenges [9]. My aim here is not to pro-
pose a specific timeline for future brain enhancements 
in animals transplanted with HBOs, as a substitute for 
that presupposed by the critics, but I nevertheless do 
wish to challenge the foundation of the critics’ skepti-
cal predictions. I will argue that, contra the ISCCR 
guidelines, it is not premature to discuss these pos-
sibilities today already. On the contrary, doing so 
is a pressing matter, because if we are to rigorously 
estimate how remote those possibilities might be, we 
need to settle on a plausible threshold for cognitive 
development in animals that may undergo postnatal 
enhancement, a task which I contend has yet to be 
successfully completed.6

What Cognitive Threshold? Objections 
to the Appeal to “Human Self‑Consciousness” 
and Possible Responses

One key part of the case for skepticism about the rel-
evance, for the foreseeable future, of alterations of 
moral status in animals transplanted with HBOs, thus 
seems to be the high threshold set by the skeptics for 
such alterations to occur. According to them, the pro-
cedure should enhance the animal’s brain function to 
the point of producing higher-order cognitive capaci-
ties, such as self-consciousness and theory of mind, 
of the kind exhibited by normal human adults. For 
the reasons just outlined, this is indeed not a realistic 
prospect. Nevertheless, in the following two sections, 
I will consider (and ultimately endorse) the criti-
cism that the skeptics’ proposed threshold is overly 
demanding, and that it can derive undue plausibility 
from talk of “humanization” or “human-like” mental 
characteristics.

Recent years have thus seen many countries intro-
duce legislation restricting the use of great apes 
(chimpanzees, gorillas, orang-utans and bonobos) in 
invasive biomedical research. For instance, in 2015, 
the U.S. National Institutes of Health (NIH) followed 
in the footsteps of Australia, the European Union, and 
Japan in banning or severely limiting experiments on 
chimpanzees [14, 15ibid.].

In response, Hyun counters that this lower standard 
for self-consciousness and personhood is not persua-
sive, first by pointing to studies suggesting that only 
a minority of chimpanzees successfully pass Gordon 
Gallup’s traditional “mirror test” for self-awareness. 
In a 1999 article, Swartz and colleagues thus reported 
that out of 163 chimpanzees tested in different stud-
ies, only 73 demonstrated mirror self-recognition 
[16].7 Secondly, even if a much larger percentage of 
chimpanzees (and other non-human animals) were to 
pass the mirror test, Hyun might still dispute that this 
constituted sound evidence of self-awareness, given 
that passing the test still does not demonstrate linguis-
tic ability, and the “propositionally grounded beliefs” 
it makes possible, and which he, as we have seen, 
takes to be a condition of self-awareness [13, p. 145].

Hyun’s stringent requirements for self-awareness, 
and therefore personhood, have already elicited 

4 The authors also mention that biological factors will limit 
the degree of humanization in neural chimeras. In the case 
of HBO transplantation, the skull size of the recipient animal 
would be one such factor.
5 That is, the ability to “think about thinking”, which as Hyun 
depicts it involves entertaining propositional attitudes about 
other propositional attitudes.
6 Neural chimeras might also get created through the introduc-
tion of human cells into an animal embryo, leading to an adult 
animal with higher cognitive capacities than would otherwise 
have emerged, which might be described as a form of prenatal 
enhancement. The present analysis focuses on the possibility 
of postnatal enhancement, and on the associated issue of alter-
ations in the ethical status of a postnatal animal. 7 Hyun cites this very data in [13], p. 145.



 Neuroethics (2024) 17:20

1 3

20 Page 6 of 14

Vol:. (1234567890)

criticism. Julian Koplin, for instance, points out that 
if personhood as understood by Hyun is taken to be a 
precondition of full moral status, of the kind needed 
to rule out the use of a being in harmful, invasive 
biomedical research,8 it seems to follow that it would 
be ethically acceptable to conduct such research not 
only on chimpanzees and other great apes, but also 
on human infants, and on “feral” children (or other 
neglected children) who missed out on elementary 
human socialization and, as a result, did not learn any 
language; indeed, such humans fail to meet Hyun’s 
conditions for self-awareness and personhood [17]. 
Worse, Hyun’s view might even make it permissible 
to deliberately engineer such children by depriving 
them of the conditions required for language acquisi-
tion, with a view to using them in research [ibid.].

Such implications would certainly seem damn-
ing for Hyun’s view. One possible way of defend-
ing the view’s core tenets against Koplin’s objection 
would be to slightly amend it, by clarifying that only 
the potential to master language and recursive think-
ing, rather than their actual enjoyment, is required 
for self-awareness. This would allow Hyun to count 
“normal” human infants as persons, while also, on his 
own account at least, keeping out both the great apes 
and neural chimeras at a comparable level of cogni-
tive function. Hyun thus claims that efforts at training 
chimpanzees and other great apes to learn a language, 
in particular American Sign Language, have failed to 
produce convincing results [13]. Other experts, how-
ever, would dispute this verdict [18]. In any case, this 
first possible move runs into a number of difficulties: 
for one thing, it would require granting self-aware-
ness and personhood to human embryos and fetuses, 
with restrictive implications for the ethics of abortion 
and embryo research that many may find undesirable. 
For another thing, it remains unclear that this move 
can include feral children, or at least all of them, into 
the realm of persons. Indeed, while such children 
may initially have had the potential to develop lan-
guage and recursive thinking, this potential arguably 

atrophies, and in some cases is completely lost, fol-
lowing the end of the so-called “critical period” for 
language at puberty. While some limited degree of 
language learning may still be possible after that 
point in some cases [19], in other cases it likely will 
not be. Feral children who end up in this latter group, 
together with humans with intellectual disabilities 
severe enough to undermine language acquisition, 
will not count as persons even on this less demanding 
version of Hyun’s view.

Perhaps a stronger response on Hyun’s behalf 
would be to simply accept that the human beings in 
question are not entitled to strong protections against 
use in invasive research in virtue of being persons 
– while adding that such protections can nevertheless 
still be justified in those cases on different grounds. 
Several possible justifications might be offered here, 
and I shall only discuss three salient candidates. First, 
one might argue that all human beings, regardless of 
their level of cognitive sophistication, deserve to be 
granted the kind of protections associated with per-
sonhood, simply in virtue of their being human. 
Humans, some might say, are a certain “kind” of 
being whose “nature” includes the characteristics 
constitutive of personhood, even if these characteris-
tics may occasionally be missing in some individual 
humans [20]. This is probably the weakest of the can-
didate justifications I will consider here, as it is open 
to the charges of “speciesism” (arbitrarily treating 
membership in a particular species as ethically rel-
evant, [21]), and of fallacious reasoning: indeed, if 
most but not all members of a group G have property 
X, it does not seem plausible to treat all members of 
G as having X, even those who lack it, simply on the 
grounds that they are members of G.9

Secondly, and somewhat more plausibly, one 
might point to the serious negative social conse-
quences that could be expected to follow if harmful 
research on such “marginal humans” [22] were ever 
to be allowed: many people would feel outraged, 
leading to potentially violent reactions (sometimes 
directed at scientists believed to be involved in such 

9 Suppose for example that most current members of Perry’s 
family have passed the bar exam, but Perry himself has not. It 
would not make sense for Perry to argue that he still deserves 
to be allowed to practice law despite his lack of qualifications, 
because he belongs to the “kind” of family that has passed the 
bar exam.

8 Here, by “harmful research”, I mean research that foresee-
ably imposes significant harm on research subjects, without 
any compensating benefits for them; not improperly conducted 
research that results in unsafe medicines being put on the mar-
ket, or research that is otherwise harmful to society as a whole 
(because it is aimed at developing highly destructive weapons, 
or reinforces certain harmful stereotypes, etc.).
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experiments), as well as to a general loss of trust in 
researchers among the general public, and politi-
cal action to outlaw such experiments and withhold 
funding from biomedical research, causing it to slow 
down rather than pick up speed. This in turn leads us 
to a third possible rationale for protecting marginal 
humans, namely respect for the idea of democratic 
governance of science, and therefore for the public’s 
deeply held attitudes towards scientific research. Most 
people, it might be argued, strongly believe that all 
humans deserve the same strong protections against 
being used in harmful scientific experiments, in part 
because they find it easier to imaginatively place 
themselves in the position of an infant or marginal 
human, than in the position of a non-human animal 
[23, 24].10 By contrast, there is no similarly strong 
public opposition to the use of non-human animals in 
research, and people seem much more open to input 
from experts as to where the line should be drawn in 
that context.11 As a result, the argument goes, scien-
tists should align their research practices with those 
public attitudes, regardless of whether they personally 
regard them as speciesist, or otherwise irrational.

While these latter two justifications do strike 
me as having some force, many will still find them 
unsatisfactory, or even perverse, as they implicitly 
acknowledge that marginal humans do not have the 
same ethical status as humans who are persons, and 
therefore that they are not entitled to protection from 
use in harmful biomedical research in virtue of the 
kind of beings they are, but rather out of deference 
to the preferences of “normal” humans, which might 
be viewed as a “shaky” foundation [26, 27], as most 
of us oppose the use of sentient “marginal” humans 
in such research, regardless of the severity of their 
cognitive disability. From that perspective, the case of 
feral children is but one aspect of the broader ethical 
challenge of marginal cases.

Perhaps abolitionism is in fact the correct position 
to take on the ethics of animal research. Nonetheless, 
accepting it, at least in the current state of affairs, 
would have radically revisionary implications for 
the conduct of such research (and for our treatment 
of animals more generally), outlawing many prac-
tices that are currently treated as acceptable in most 
countries, and potentially slowing down the pace of 
research considerably. If we are not prepared to go 
down that path, Hyun might argue, then we should 
accept that Koplin’s objections to his view are not 
decisive. Furthermore, we may note that if abolition-
ism is accepted, the whole debate about the cognitive 
enhancement of animals transplanted with HBOs (or 
of other kinds of neural chimera) becomes otiose. If 
sentience marks the threshold for full moral status, 
then no such enhancement can be expected to alter 
the ethical status of the (sentient) recipient animal. 
And in any case, if such studies were expected to pre-
sent any significant risk of harm to the animal, then 
they should not be conducted at all.

Remaining Problems with the Skeptics’ Approach, 
and a Better Path Forward

Some lines of reply are therefore available to Hyun, 
and those who share his view, against the objections 
outlined above. Nevertheless, even if we accept 
that any non-abolitionist position on the ethics of 
animal research is likely to have some uncomfort-
able implications regarding our justifications for 
granting strong protections to marginal humans, the 
approach to full moral status favoured by Hyun and 
the ISSCR still seems unsatisfactory, for two main 
reasons. First, it does seem to set the threshold for 
full moral status unnecessarily high. We have seen 
that while Hyun takes self-awareness to require the 
ability to represent the world propositionally, and 
therefore a mastery of language, many will dispute 
the plausibility of that requirement – including, for 
instance, those who take Gallup’s mirror test to be 
an adequate measure of self-awareness. Support-
ers of that test might thus argue that if an animal 
manifests the behavioral dispositions required to 
pass the mirror test, and if it is appropriate to infer 
the right functional states from those dispositions, 
then this animal should count as having a self-
concept, and therefore, self-awareness [28]. Hyun 

10 This closer emotional connection is strengthened by the fact 
that real-life marginal humans are typically related to human 
persons via family ties, a property that has no strict equivalent 
in the case of non-human animals (although some beloved pets 
may come close to having such a status).
11 True, the issue of research involving animals remains a divi-
sive one in many countries. A 2021 Gallup poll thus found that 
only a slim majority (52%) of Americans regarded medical 
testing on animals as ethically acceptable [25].
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may plausibly point out that this is still not enough 
to qualify as having “human-like” self-awareness, 
because it does not demonstrate an ability for prop-
ositional and recursive thinking. Yet is it obvious 
that this more sophisticated form of self-awareness 
is required for a being to enjoy full moral status? I 
submit that it is not.

Importantly, this is not a mere linguistic dispute 
about how terms like “self-awareness” should be 
used, but one about the kind of capacities that make 
a key ethical difference. We could consistently accept 
that an animal lacks “self-awareness” on the grounds 
that it fails to meet Hyun’s conditions, and still main-
tain that it displays a level of cognitive sophistica-
tion sufficient to be granted full moral status. Perhaps 
coming “close enough” to the capacities of a normal 
human is sufficient for that purpose. David DeGrazia, 
for example, has characterized the great apes as “bor-
derline persons” based on the sort of abilities high-
lighted by the authors of the Philosophers’ Brief (i.e. 
capacity for mirror self-recognition, planning, use of 
tools, and understanding of social hierarchies), while 
recognizing their lack of linguistic ability [29]. In a 
similar vein, other authors have suggested that while 
animals like chimpanzees, as well as human infants, 
may lack a full-fledged theory of mind due to their 
apparent inability to represent propositional attitudes, 
they may nevertheless be ascribed a “minimal” the-
ory of mind based on “belief-like” states [30]. Some 
recent studies offer empirical support for at least 
such a claim about theory of mind in great apes [31]. 
DeGrazia argues that human borderline persons have 
full moral status, and on that basis, proceeds to extend 
that conclusion to non-human borderline persons like 
the great apes [29]. It seems to me that some animals 
transplanted with HBOs, particularly non-human pri-
mates, could potentially also attain the status of (non-
human) borderline person.

I suggest that this more inclusive approach to full 
moral status is more appealing than one that treats 
normal adult humans as the standard setters. At the 
very least, if it is not intuitively clear to us that the lat-
ter approach is the correct one, it is arguably prefer-
able to adopt the former as a precautionary measure. 
Furthermore, doing so can better match our intuitions 
about cases like that of feral children by extending the 
range of marginal humans who will qualify for full 
moral status, and therefore deserve protection from 
involvement in invasive research on intrinsic rather 

than extrinsic grounds – even though it admittedly 
cannot extend that range to all sentient humans.

The second reason to find the position of Hyun and 
the ISSCR inadequate is that, whether or not one is 
convinced by the arguments just outlined, granting 
the protections associated with full moral status to 
the great apes has, as previously mentioned, become 
a growing international trend in the regulation of 
biomedical research. Notably, Hyun and the ISSCR 
Task Force subcommittee do not argue against such 
protections – on the contrary, they endorse them in 
the context of research on human-animal chimeras, 
on the basis that they represent standard regulation in 
much of the world [8]. What is more, Hyun himself 
acknowledges being “very sympathetic” to the view 
that non-human primates possess a degree of moral 
status that warrants protection against use in invasive 
research. He goes on to add, however, that his discus-
sion of self-awareness and personhood in his 2013 
book is directed at “those who believe that invasive 
nonhuman primate research is, in principle, ethically 
permissible” [13, p. 133]. This, then, may explain the 
stringent standard for full moral status that he, and 
the ISSCR Task Force subcommittee in his wake, end 
up relying on in their assessment of neural chimera 
research.

Yet it is practically (if not also theoretically) incon-
sistent to, on the one hand, take for granted exist-
ing prohibitions on the use of great apes in invasive 
research, and on the other hand, set a threshold for 
altered moral status in neural chimeras, including ani-
mals transplanted with HBOs, that requires a substan-
tially higher level of cognitive function than that char-
acteristic of the great apes. Of course, animals – such 
as some Old World or New World monkeys – that 
would be the most likely to attain “great ape” level 
through cognitive enhancement, whether accidental 
or deliberate, would by hypothesis not start out at that 
level, so that using them in invasive research could 
not initially be ruled out on those grounds. Yet our 
concern here is with the possibility that they might 
acquire full moral status as a result of the interven-
tion. Even if scientists and bioethicists were to sup-
port protections for great apes solely out of respect 
for public attitudes, and not based on a belief in the 
animals’ moral status (which apparently does not 
reflect Hyun’s personal view), truly respecting those 
attitudes would still require them, at least in places 
where they are prevalent, to mention to the public that 
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consistency with existing practices required adopt-
ing similar protections for enhanced neural chimeras 
at a comparable level of cognitive functioning, and to 
indicate when the creation of such chimeras might be 
a realistic possibility. This would not impede the free-
dom of experts who might regard stronger protections 
for great apes as unjustified to argue for their revoca-
tion, and against extending them to enhanced neural 
chimeras.

Based on considerations of intrinsic plausibility, 
moral caution, and consistency with existing prac-
tices, I therefore conclude that “human-like” cogni-
tive capacities are not the proper threshold to use to 
assess when an animal whose cognition got enhanced 
as a result of HBO transplantation (or other form of 
postnatal enhancement) may have acquired full moral 
status. Instead, we should prefer a less demanding 
threshold, namely the one currently associated with 
the great apes. Further debate is required to deter-
mine what exact capacities are required to meet that 
threshold: for instance, should one or more capaci-
ties be viewed as both necessary and sufficient condi-
tions? Or must a being simply have enough, although 
not all, of the properties which, together, constitute 
personhood, as DeGrazia suggests [29]? I will not 
attempt to resolve this complex issue here. For the 
purposes of the present discussion, we can say at least 
that while the great apes already have the capacities 
required to meet the relevant conditions, it is possi-
ble that other species, currently used in research, will 
make the cut (without the need for cognitive enhance-
ment), depending on how we decide to set the thresh-
old. And of course, members of additional species 
that do not “naturally” meet the threshold could end 
up doing so as a result of cognitive enhancement.

Moving to such a lower threshold does not yet 
demonstrate that alterations in the ethical status of 
any animals used in HBO transplantation studies are 
likely in the foreseeable future. Nevertheless, it does 
call into question the grounds for skepticism about 
such alterations that Hyun and the ISSCR have been 
relying on in their analysis. For instance, even though 
important physiological differences remain between 
say, Old World monkeys and chimpanzees, in terms 
of cranium and brain size, these differences are still 
clearly less significant than those between Old World 
monkeys and normal adult humans. Moreover, the 
case might be made that some Old World monkeys 
already meet at least some of the criteria for being 

considered “borderline persons”: some researchers 
have thus claimed that rhesus monkeys can pass the 
mirror test, if they are first trained on how to use a 
mirror (but not trained to touch their foreheads [32]). 
It therefore matters that future expert assessments 
of the likelihood of such alterations in moral status 
should be rooted in this less demanding cognitive 
threshold.

My discussion so far has focused on possible 
changes in moral status following the transplantation 
of HBOs into non-human primates. Yet what about 
other non-human recipients of transplanted organoids 
– especially rodents, which have been the research 
subjects of choice in the studies conducted so far? I 
believe we should not rule out in advance the pos-
sibility that they, too, might at some point meet my 
proposed cognitive threshold. Nevertheless, this cur-
rently appears to be a less likely prospect in the case 
of rodents than in that of non-human primates, in 
light of the evidence regarding the latter’s cognitive 
capacities as compared with the former’s, and of the 
constraints imposed by physiological differences like 
cranium size [1]. If so, enhancements in the mental 
functioning of rodents transplanted with HBOs that 
might occur in the foreseeable future should probably 
not be expected to turn them into borderline persons, 
and to entitle them to the protections associated with 
full moral status. Harary and colleagues thus envisage 
that transplanted rodents might experience increases 
in functions like sensory sensitivity, motor function, 
some aspects of memory, and prosocial behaviour, 
but they judge the acquisition of “higher-level” capac-
ities such as self-awareness to be “much less likely” 
[33]. (The relevance of the last two types of function 
to borderline personhood, however, may warrant fur-
ther discussion.)

That said, even enhancements “below the thresh-
old” could still have significant implications for the 
ethical treatment of animals used in such research. 
I will discuss such potential implications, as well as 
those associated with enhancements to full moral sta-
tus, in the next section.

Practical Implications

Let me now consider the practical implications of 
the preceding analysis for the conduct and regulation 
of future HBO transplantation studies. A first set of 
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questions concerns accidental and unforeseen cases 
of brain enhancement through HBO transplantation, 
conferring full moral status on the research animal. A 
second set concerns the even more speculative pros-
pect of foreseeably enhancing an animal beyond the 
threshold as part of such a study.

Let us begin with accidental enhancements. First, 
how should we go about assessing whether an animal 
transplanted with a HBO has crossed that threshold? 
The ISSCR’s call to monitor neural chimeras for 
any behavioural changes is well taken, and scientists 
could sound the alarm if they noticed something unu-
sual in a transplanted animal. That said, to ascertain 
whether a key ethical line has been crossed, we would 
need more specific criteria. Since I have not sought 
to provide an exact list of conditions to be met for an 
animal to enjoy full moral status, arguing instead that 
such conditions should be established through fur-
ther dialogue and consensus-building among experts, 
I would extend those remarks to the empirical tests 
we should use to assess any alterations in an animal’s 
moral status. Nevertheless, setting the relevant thresh-
old at the cognitive level of the great apes does sug-
gest some possible candidates.

The most obvious one is the mirror test. No doubt, 
the test has received its share of criticisms, and I can-
not review them all here. I will confine myself to not-
ing that doubts about the presence of even “minimal” 
self-awareness (of the kind highlighted by Gordon 
Gallup) in chimpanzees, cannot simply be grounded 
in the observation that only a minority of chimpan-
zees have been shown to pass the test so far. Indeed, 
whether or not mirror self-recognition does consti-
tute good evidence of an animal having the relevant 
mental capacities is something to be judged indepen-
dently of how many animals might demonstrate that 
ability. If the answer is yes, then chimpanzees who 
pass the mirror test do have at least minimal self-
awareness, and the failure of other chimpanzees must 
be explained in terms of certain individual differences 
in cognitive functioning, which seem to correlate 
strongly with age.12 The test will then still leave room 
for concerns, but about false negatives rather than 

false positives. For instance, perhaps more chimpan-
zees would pass the test if provided with training on 
how to use mirrors.

Other candidate tests include those designed to 
assess a being’s understanding of false beliefs, such 
as the “goggles test” [31]. Several such tests could 
be administered in succession, whether to verify 
the presence of multiple relevant cognitive abilities 
in the animal, or to minimize the risk of false nega-
tives, depending on how exactly we choose to iden-
tify the cognitive threshold for full moral status. 
We may also ask how to view members of a species 
who consistently fail the relevant tests, even though 
many if not most of their conspecifics successfully 
pass them. Should strong protections against use in 
invasive research be extended to “marginal chimpan-
zees”, for instance, and if so, on what grounds? Are 
some of the considerations cited above, in relation 
to marginal humans, applicable here as well, or is it 
enough to invoke pragmatic considerations, such as 
the need for reasonably simple regulation (one single 
set of rules for each non-human species)? In any case, 
what is clear from the preceding remarks is that, if 
the acquisition of full moral status by an animal with 
an enhanced brain is our concern, we cannot just rest 
comfortably in the awareness that the animal was not 
exposed to the process of socialization required for 
the emergence of linguistic abilities.

Secondly, if an animal – again, presumably a 
non-human primate – turned out to pass the relevant 
cognitive test(s) for full moral status following trans-
plantation with a HBO, what would be the ethical 
implications? The main one is clearly that in virtue 
of that newly found higher moral status, the animal 
would be entitled to greater protections against harm-
ful treatment of the kind commonly found in biomed-
ical research. This could create some challenges for 
researchers. For instance, full moral status is typically 
viewed as entailing a right to life. If so, it seems to 
follow that the life of a transplanted animal who had 
accidentally achieved full moral status should not be 
terminated, as commonly happens to monkeys used 
in brain research, for purposes of tissue histology, for 
instance [34, 35]. Rather, the neural chimera in ques-
tion should be retired to an animal sanctuary [36] or 
other suitable setting, and should not be used in any 
further invasive research, even if these constraints 
happened to conflict with some of the original goals 
of the study.

12 Swartz and colleagues thus suggest that the capacity for 
mirror self-recognition “develops in the chimpanzee during the 
third year of life, and is shown robustly by 5 to 6 years of age” 
[16, p. 290].
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While these claims strike me as very plausible, it 
is nevertheless worth noting that they involve certain 
assumptions about the quality of life that the trans-
planted animal could be expected to enjoy follow-
ing the procedure. Namely, they presume that the 
animal’s quality of life would be “sufficiently” high, 
however this notion is to be exactly cashed out. Yet 
such a presumption might be questioned. We may for 
instance wonder whether an animal enhanced in this 
way would still be able to smoothly integrate into a 
community of unenhanced conspecifics in an animal 
sanctuary. If not, social isolation could hurt its quality 
of life.

Other possible harms to the animal could result 
from some aspects of the study itself. So far, scien-
tists who have conducted HBO transplantation stud-
ies have thus been ensuring that the recipient animals 
had dysfunctional immune systems, in order to pre-
vent rejection of the human cells grafted into their 
brains [37, 38]. One might worry that this kind of 
measure could negatively impact the well-being of 
transplanted animals after the studies have been con-
ducted, making them more vulnerable to diseases, and 
potentially shortening their lifespan. Harm might also 
result from complications related to the transplant, 
for instance if its cells did not survive for the rest of 
the animal’s life. The quality of life of an enhanced 
animal following a HBO transplantation study should 
therefore be carefully assessed, and steps taken to try 
and optimize it as much as possible. Euthanasia might 
be justified if the animal’s life post-transplantation 
were to be judged bad enough, although luckily, this 
may not be particularly likely, even if some of the pit-
falls just listed could not be avoided.

Some might contend that the standard for what 
constitutes a “sufficient” quality of life should be set 
higher in the case of foreseeable enhancements from 
HBO transplantation. The rationale for such a claim 
might be that the expected quality of life required to 
make it permissible to deliberately “create” a being 
with full moral status (including by cognitively 
enhancing an already existing being with only “par-
tial” moral status) is higher than the level required 
to make it wrong to terminate that being’s life once 
it already exists. For the former purpose, one might 
argue, a higher standard than a life “merely” worth 
living should be met.13 The following example might 
be taken to provide intuitive support to such claims: 
many people think it is wrong for prospective parents 

to deliberately give birth to a child with spina bifida 
if they could have avoided doing so without facing 
unreasonable costs, even though the lives of people 
with such a condition may typically be well worth 
living. Such a line argument is not uncontroversial, 
however. Not everyone will agree that prospective 
parents have an ethical obligation (as opposed to, say, 
weaker moral reasons) to take all reasonable meas-
ures to avoid having a child with spina bifida, given 
that a life with that condition can still be expected to 
be worth living. Those in that camp might also coun-
ter that the analogy with spina bifida does not support 
a higher quality of life standard in the case of foresee-
able enhancements, because in both cases, no one can 
properly be said to suffer any harm. Just as a child 
with spina bifida will not be made worse off than they 
otherwise could have been by the fact their parents 
allowed them to be born with that condition, if the 
alternative was for a numerically distinct child to be 
born without it [40], a cognitively enhanced animal 
suffering from a compromised immune system may 
not have been brought into existence at all if that pro-
cedure had been ruled out from the start.

In light of such philosophical controversies, what 
exactly counts as the correct standard of “sufficient” 
quality of life to create a neural chimera with full 
moral status is a difficult question that needs to be 
clarified through further debate. Additionally, related 
questions also need to be resolved, having to do for 
instance with the best way of measuring an ani-
mal’s quality of life. The ethical status of some rel-
evant cases, however, is already clear enough. If the 
nature of the study would require terminating the 
animal’s life after the procedure, the study should 
not be carried out, as it would either foreseeably vio-
late the enhanced animal’s right to life (assuming 
its life would be worth living), or represent a case 
of “wrongful life” (if its life, no matter how short, 
would be so bad as to be worse than death). Once a 
standard of minimally acceptable quality of life has 
been agreed upon, we can then use it to evaluate other 

13 David Benatar draws a related distinction between “a life 
worth continuing” and “a life worth bringing about” [39]. 
His distinction, however, revolves around prudential consid-
erations, whereas I am concerned with our ethical obligations 
towards borderline persons whose lives we might either extend 
or create.



 Neuroethics (2024) 17:20

1 3

20 Page 12 of 14

Vol:. (1234567890)

cases involving less severe expected consequences for 
the animal.

The provisional outcome of this discussion, which 
very much demands to be continued, is that it need 
not be wrong in principle to foreseeably create an ani-
mal with full moral status via HBO transplantation. 
If the animal’s life were protected, and if we could 
expect its quality of life following the intervention to 
meet whatever threshold we had settled upon, then 
the study in question might be ethically permissible 
(provided that it met other relevant constraints, such 
as compelling scientific rationale, and so on). How-
ever, in light of the concerns just outlined, there is 
reason to doubt that HBO transplantation studies 
would be likely to meet those conditions in the fore-
seeable future. Even if we think that the acquisition 
of full moral status is itself a boon to the animal, as 
some have suggested [41], it is not very plausible to 
think this could outweigh the burdens imposed on 
the transplanted animal. If that is correct, a reason-
able policy would be for researchers to refrain from 
proceeding with any such studies if they took an 
enhancement of the animal to full moral status to be a 
real possibility – at least as long as it couldn’t be con-
vincingly established that the enhanced animal would 
enjoy a “sufficient” quality of life.

As for cases of enhancement remaining below 
the threshold linked to full moral status, which I 
have argued will be most plausible with regards to 
rodents for the foreseeable future, they may not make 
it fundamentally wrong to create such animals with 
the expectation of terminating their lives. Neverthe-
less, there need not be a very sharp line between such 
cases and those involving enhancement above the 
threshold, as research on animals that do not count as 
borderline persons should still be subject to appropri-
ate ethical constraints, and as such constraints could 
sometimes be stringent enough to rule out a proposed 
study. Consider for instance the promising framework 
for animal research ethics recently proposed by David 
DeGrazia and Tom Beauchamp, based on six princi-
ples meant to improve upon the traditional “three Rs” 
[42]. While this framework does not endow research 
animals with a right to life, it nevertheless includes 
a “Principle of Upper Limits to Harm”, according to 
which “animal subjects must not be caused to endure 
severe suffering for a lengthy period of time” (p. 313). 
Assuming, as Harary and colleagues have suggested, 
that some enhancements – of memory for instance 

– could cause rodents to experience increased suffer-
ing, it is at least conceivable that knowingly produc-
ing such enhancements might violate DeGrazia and 
Beauchamp’s principle of upper limits to harm, which 
would justify a prohibition on studies that would have 
such an outcome.14

Conclusion

The prospect of cognitively enhancing non-human 
animals through interventions like HBO transplan-
tation has recently garnered increasing attention 
from ethicists. At the same time, concerns that such 
enhancements might lead to an alteration in the ethi-
cal status of those animals have been denounced as 
premature and misleading by major authorities in the 
science and bioethics communities. I have argued 
that while we should certainly pay careful attention 
to what scientists are telling us about the current and 
foreseeable state of the science, this skeptical critique 
is nevertheless unwarranted, because it presupposes 
an indefensibly high threshold for full moral status. 
For such concerns about altered moral status to be 
valid, I have submitted that a lower threshold is suf-
ficient, involving not full but only partial humaniza-
tion, or what we might call, somewhat less elegantly, 
“chimpanzification”.

While making the case for this lower threshold 
on grounds of intrinsic plausibility, moral caution, 
and consistency with existing practices, I have not 
sought to provide a definitive answer regarding its 
exact nature. Rather, I have suggested that further 
debate is needed to help clarify this matter, as well 
as other, related ones. These include how realistic the 
prospect of crossing that threshold might be in future 
HBO transplantation studies, as compared with full 
humanization; what counts as a “sufficient” quality of 
life for a neural chimera with full moral status, and 
whether this represents a higher standard than that 
relevant to a life worth continuing for such a being. 
Attention should also be paid to potential cognitive 

14 The implications of such an ethical framework for cases 
of HBO transplantation, and other potential forms of animal 
enhancement, will clearly depend on the specific impact of a 
given enhancement on the animal. As suggested previously, in 
some cases, adjustments to the animal’s environment to mini-
mize any discomfort might be sufficient.
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enhancements that would fall short of full moral sta-
tus, even though they have not been my main focus 
here. Far from being premature, discussion of those 
issues is highly timely if we wish to ensure that such 
animal studies are conducted in a responsible manner 
in the years to come.

Acknowledgements I am grateful to Tsutomu Sawai, Fed-
erico Bina, to the participants in the International Bioethics 
Symposium on Human Brain Organoid Research held at Kyoto 
University on December 2nd, 2022, and to two anonymous 
reviewers, for their helpful comments on previous versions of 
this paper. ChatGPT and Bing Chat were used to help draft a 
few sentences in the paper, particularly in the abstract.

Funding Open Access funding enabled and organized by 
National Yang Ming Chiao Tung University

Data Availability This paper offers a conceptual and ethical 
analysis of the transplantation of human brain organoids into 
non-human animals. It did not involve the generation of any 
new empirical data.

Declarations 

Conflict of Interest The author declares that he has no con-
flict of interest relevant to this article, and that no funding was 
received in association with it.

Open Access This article is licensed under a Creative Com-
mons Attribution 4.0 International License, which permits 
use, sharing, adaptation, distribution and reproduction in any 
medium or format, as long as you give appropriate credit to the 
original author(s) and the source, provide a link to the Crea-
tive Commons licence, and indicate if changes were made. The 
images or other third party material in this article are included 
in the article’s Creative Commons licence, unless indicated 
otherwise in a credit line to the material. If material is not 
included in the article’s Creative Commons licence and your 
intended use is not permitted by statutory regulation or exceeds 
the permitted use, you will need to obtain permission directly 
from the copyright holder. To view a copy of this licence, visit 
http://creativecommons.org/licenses/by/4.0/.

References

 1. Chen, H. Isaac., John A. Wolf, Rachel Blue, Mingyan 
Maggie Song, Jonathan D. Moreno, Guo-li Ming, and 
Hongjun Song. 2019. Transplantation of Human Brain 
Organoids: Revisiting the Science and Ethics of Brain 
Chimeras. Cell Stem Cell 25 (4): 462–472. https:// doi. org/ 
10. 1016/j. stem. 2019. 09. 002.

 2. Sawai, Tsutomu, Yoshiyuki Hayashi, Takuya Niikawa, 
Joshua Shepherd, Elizabeth Thomas, Tsung-Ling. Lee, 
Alexandre Erler, et  al. 2022. Mapping the Ethical Issues 
of Brain Organoid Research and Application. AJOB 

Neuroscience 13 (2): 81–94. https:// doi. org/ 10. 1080/ 
21507 740. 2021. 18966 03.

 3. Matsui, Takeshi K., Yuichiro Tsuru, Koichi Hasegawa, 
and Ken-ichiro Kuwako. 2021. Vascularization of Human 
Brain Organoids. Stem Cells 39: 1017–1024. https:// doi. 
org/ 10. 1002/ stem. 3368.

 4. Eichmüller, Oliver L., and Juergen A. Knoblich. 2022. 
Human Cerebral Organoids - a New Tool for Clinical 
Neurology Research. Nature Reviews. Neurology 18: 661–
680. https:// doi. org/ 10. 1038/ s41582- 022- 00723-9.

 5. Kitahara, Takahiro, Hideya Sakaguchi, Asuka Morizane, 
Tetsuhiro Kikuchi, Susumu Miyamoto, and Jun Taka-
hashi. 2020. Axonal Extensions along Corticospinal 
Tracts from Transplanted Human Cerebral Organoids. 
Stem Cell Reports 15: 467–481. https:// doi. org/ 10. 1016/j. 
stemcr. 2020. 06. 016.

 6. Jgamadze, Dennis, James T. Lim, Zhijian Zhang, Paul 
M. Harary, James Germi, Kobina Mensah-Brown, 
Christopher D. Adam, et al. 2023. Structural and Func-
tional Integration of Human Forebrain Organoids with 
the Injured Adult Rat Visual System. Cell Stem Cell 
30: 137-152 e7. https:// doi. org/ 10. 1016/j. stem. 2023. 01. 
004.

 7. Powell, Kendall. 2022. Hybrid Brains: The Eth-
ics of Transplanting Human Neurons into Animals. 
Nature 608 (7921): 22–25. https:// doi. org/ 10. 1038/ 
d41586- 022- 02073-4.

 8. Hyun, Insoo, Ellen Wright Clayton, Yali Cong, Misao 
Fujita, Steven A. Goldman, Lori R. Hill, Nuria Monser-
rat, et  al. 2021. ISSCR Guidelines for the Transfer of 
Human Pluripotent Stem Cells and their Direct Deriva-
tives into Animal Hosts. Stem Cell Reports 16 (6): 
1409–1415. https:// doi. org/ 10. 1016/j. stemcr. 2021. 05. 
005.

 9. Hyun, Insoo. 2016. What’s Wrong with Human/Nonhu-
man Chimera Research? PLoS Biology 14 (8): e1002535. 
https:// doi. org/ 10. 1371/ journ al. pbio. 10025 35.

 10. Matsuzawa, Tetsuro. 2009. Symbolic Representation of 
Number in Chimpanzees. Current Opinion in Neurobiol-
ogy 19: 92–98. https:// doi. org/ 10. 1016/j. conb. 2009. 04. 
007.

 11. Lavazza, Andrea and Massimo Reichlin. 2023. Human 
Brain Organoids: Why There Can Be Moral Concerns 
If They Grow Up in the Lab and Are Transplanted or 
Destroyed. Camb Q Healthc Ethics, First View, 1–15. 
https:// doi. org/ 10. 1017/ S0963 18012 30002 1X.

 12. International Society For Stem Cell Research. 2021. 
ISSCR Guidelines for stem cell research and clinical 
translation. ISSCR.  https:// www. isscr. org/ guide lines. 
Accessed 30 Jan 2024.

 13. Hyun, Insoo. 2013. Bioethics and the Future of Stem Cell 
Research. Cambridge: Cambridge University Press.

 14. Aguilera, Bernardo, Javiera Perez Gomez, and David 
DeGrazia. 2021. Should Biomedical Research with Great 
Apes Be Restricted? A Systematic Review of Reasons. 
BMC Medical Ethics 22: 15. https:// doi. org/ 10. 1186/ 
s12910- 021- 00580-z.

 15. Andrews, Kristin, G.K.D. Gary Comstock, Sue Donaldson 
Crozier, Andrew Fenton, Tyler M. John, L. Syd, M. John-
son, et  al. 2018. Chimpanzee Rights : The Philosophers’ 
Brief. 1st ed. London: Routledge.

http://creativecommons.org/licenses/by/4.0/
https://doi.org/10.1016/j.stem.2019.09.002
https://doi.org/10.1016/j.stem.2019.09.002
https://doi.org/10.1080/21507740.2021.1896603
https://doi.org/10.1080/21507740.2021.1896603
https://doi.org/10.1002/stem.3368
https://doi.org/10.1002/stem.3368
https://doi.org/10.1038/s41582-022-00723-9
https://doi.org/10.1016/j.stemcr.2020.06.016
https://doi.org/10.1016/j.stemcr.2020.06.016
https://doi.org/10.1016/j.stem.2023.01.004
https://doi.org/10.1016/j.stem.2023.01.004
https://doi.org/10.1038/d41586-022-02073-4
https://doi.org/10.1038/d41586-022-02073-4
https://doi.org/10.1016/j.stemcr.2021.05.005
https://doi.org/10.1016/j.stemcr.2021.05.005
https://doi.org/10.1371/journal.pbio.1002535
https://doi.org/10.1016/j.conb.2009.04.007
https://doi.org/10.1016/j.conb.2009.04.007
https://doi.org/10.1017/S096318012300021X
https://www.isscr.org/guidelines
https://doi.org/10.1186/s12910-021-00580-z
https://doi.org/10.1186/s12910-021-00580-z


 Neuroethics (2024) 17:20

1 3

20 Page 14 of 14

Vol:. (1234567890)

 16. Swartz, Karyl B., Dena Sarauw, and Siân Evans. 1999. 
Comparative aspects of mirror self-recognition in great 
Apes. In The Mentalities of Gorillas and Orangutans, ed. 
Parker, S.T., Mitchell, R.W. and Miles, H.L. Cambridge: 
Cambridge University Press, 283–294.

 17. Koplin, Julian J. 2023. Response to the ISSCR Guidelines 
on Human-Animal Chimera Research. Bioethics 37 (2): 
192–198. https:// doi. org/ 10. 1111/ bioe. 13104.

 18. DeGrazia, David. 2019. Animal self-awareness: Types, 
distribution, and ethical significance. In The Routledge 
Handbook of Animal Ethics, ed. B. Fischer, New York: 
Routledge, 71–82.

 19. Singleton, David M. and Lisa Ryan. 2004. Language 
acquisition: The age factor. Clevedon: Multilingual Mat-
ters, Ltd.

 20. Cohen, Carl. 2014. The case for the use of animals in bio-
medical research. In: Ethics in Practice: an Anthology, 
4th ed., ed. LaFollette, H., Malden, H., MA: Wiley Black-
well, 198–203.

 21. Singer, Peter. 2009. Speciesism and Moral Status. Met-
aphilosophy 40 (3–4): 567–581. https:// doi. org/ 10. 1111/j. 
1467- 9973. 2009. 01608.x.

 22. Dombrowski, Daniel A. 1997. Babies and Beasts : The 
Argument from Marginal Cases. Urbana: University of 
Illinois Press.

 23. Steinbock, Bonnie. 1978. Speciesism and the Idea of 
Equality. Philosophy 53 (204): 247–256. https:// doi. org/ 
10. 1017/ S0031 81910 00165 82.

 24. Warren, Mary Anne. 1986. A Critique of Regan’s Animal 
Rights Theory. Between the Species 2 (4): 163–173.

 25. Brenan, Megan. 2022. Americans say birth control, 
divorce most ’morally acceptable’. Gallup [Online]. 
https:// news. gallup. com/ poll/ 393515/ ameri cans- say- 
birth- contr ol- divor ce- moral ly- accep table. aspx. Accessed 
09/06/2023.

 26. Norcross, Alastair. 2012. Animal experimentation, mar-
ginal cases, and the significance of suffering. In The ethics 
of animal research: Exploring the controversy, ed. Gar-
rett, J.R., Cambridge, MA: The MIT Press, 67–80.

 27. Francione, Gary L. and Anna Charlton. 2015. Animal 
rights: The abolitionist approach. Newark, NJ: Exempla 
Press.

 28. Gallup, Gordon G. 1977. Self-Recognition in Primates: 
A Comparative Approach to Bidirectional Properties of 
Consciousness. American Psychologist 32 (5): 329–338. 
https:// doi. org/ 10. 1037/ 0003- 066X. 32.5. 329.

 29. DeGrazia, David. 2007. Human-Animal Chimeras: 
Human Dignity, Moral Status, and Species Prejudice. 
Metaphilosophy 38 (2–3): 309–329. https:// doi. org/ 10. 
1111/j. 1467- 9973. 2007. 00476.x.

 30. Butterfill, Stephen A., and Ian A. Apperly. 2013. How to 
Construct a Minimal Theory of Mind. Mind & Language 
28 (5): 606–637. https:// doi. org/ 10. 1111/ mila. 12036.

 31. Kano, Fumihiro, Christopher Krupenye, Satoshi Hirata, 
Masaki Tomonaga, and Josep Call. 2019. Great Apes 
Use Self-Experience to Anticipate an Agent’s Action in a 
False-Belief Test. Proceedings of the National Academy 

of Sciences of the United States of America 116 (42): 
20904–20909. https:// doi. org/ 10. 1073/ pnas. 19100 95116.

 32. Chang, Liangtang, Shikun Zhang, Mu.-ming Poo, and 
Neng Gong. 2017. Spontaneous Expression of Mirror 
Self-Recognition in Monkeys After Learning Precise 
Visual-Proprioceptive Association for Mirror Images. 
Proceedings of the National Academy of Sciences of the 
United States of America 114 (21): 3258–3263. https:// 
doi. org/ 10. 1073/ pnas. 16207 64114.

 33. Harary, Paul M., Rachel Blue, Mackenzie Castellanos, 
Mehek Dedhia, Sarah Hamimi, Dennis Jgamadze, Benja-
min Rees, et al. 2023. Human Brain Organoid Rransplan-
tation: Ethical Implications of Enhancing Specific Cer-
ebral Functions in Small-Animal Models [Version 1; peer 
review: 3 approved]. Molecular Psychology 2. https:// doi. 
org/ 10. 12688/ molps ychol. 17544.1.

 34. McAndrew, Rachele, Stephen I. Helms, and Tillery. 2016. 
Laboratory Primates: Their Lives in and After Research. 
Temperature 3 (4): 502–508. https:// doi. org/ 10. 1080/ 
23328 940. 2016. 12291 61.

 35. Ryan, Hannah. 2022. Elon Musk’s Neuralink Confirms 
Monkeys Died in Project, Denies Animal Cruelty Claims. 
CNN Business [Online]. https:// editi on. cnn. com/ 2022/ 02/ 
17/ busin ess/ elon- musk- neura link- animal- cruel ty- intl- scli/ 
index. html [Accessed 28/06/2023].

 36. Hoppe, Meagan, Ahmed Habib, Riya Desai, Lincoln 
Edwards, Chowdari Kodavali, Natalie Sandel Sherry Psy, 
and Pascal O. Zinn. 2023. Human Brain Organoid Code 
of Conduct. Frontiers in Molecular Medicine 3. https:// 
doi. org/ 10. 3389/ fmmed. 2023. 11432 98.

 37. Murugesu, Jason Arunn. 2022. Human Neurons Trans-
planted into a Rat’s Brain Influence its Behaviour. New 
Scientist [Online]. https:// www. newsc ienti st. com/ artic le/ 
23421 38- human- neuro ns- trans plant ed- into-a- rats- brain- 
influ ence- its- behav iour/ [Accessed 29/06/2023].

 38. Revah, Omer, Felicity Gore, Kevin W. Kelley, Jimena 
Andersen, Noriaki Sakai, Xiaoyu Chen, Min-Yin. Li, et al. 
2022. Maturation and Circuit Integration of Transplanted 
Human Cortical Organoids. Nature 610: 319–326. https:// 
doi. org/ 10. 1038/ s41586- 022- 05277-w.

 39. Benatar, David. 2000. The Wrong of Wrongful Life. 
American Philosophical Quarterly 37 (2): 175–183.

 40. Parfit, Derek. 1984. Reasons and Persons. Oxford: Clar-
endon Press.

 41. Streiffer, Robert. 2005. At the Edge of Humanity: Human 
Stem Cells, Chimeras, and Moral Status. Kennedy Insti-
tute of Ethics Journal 15 (4): 347–370. https:// doi. org/ 10. 
1353/ ken. 2005. 0030.

 42. DeGrazia, David, and Tom L. Beauchamp. 2021. Beyond 
The 3 Rs To A More Comprehensive Framework Of Prin-
ciples For Animal Research Ethics. ILAR Journal 60: 
308–317. https:// doi. org/ 10. 1093/ ilar/ ilz011.

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

https://doi.org/10.1111/bioe.13104
https://doi.org/10.1111/j.1467-9973.2009.01608.x
https://doi.org/10.1111/j.1467-9973.2009.01608.x
https://doi.org/10.1017/S0031819100016582
https://doi.org/10.1017/S0031819100016582
https://news.gallup.com/poll/393515/americans-say-birth-control-divorce-morally-acceptable.aspx
https://news.gallup.com/poll/393515/americans-say-birth-control-divorce-morally-acceptable.aspx
https://doi.org/10.1037/0003-066X.32.5.329
https://doi.org/10.1111/j.1467-9973.2007.00476.x
https://doi.org/10.1111/j.1467-9973.2007.00476.x
https://doi.org/10.1111/mila.12036
https://doi.org/10.1073/pnas.1910095116
https://doi.org/10.1073/pnas.1620764114
https://doi.org/10.1073/pnas.1620764114
https://doi.org/10.12688/molpsychol.17544.1
https://doi.org/10.12688/molpsychol.17544.1
https://doi.org/10.1080/23328940.2016.1229161
https://doi.org/10.1080/23328940.2016.1229161
https://edition.cnn.com/2022/02/17/business/elon-musk-neuralink-animal-cruelty-intl-scli/index.html
https://edition.cnn.com/2022/02/17/business/elon-musk-neuralink-animal-cruelty-intl-scli/index.html
https://edition.cnn.com/2022/02/17/business/elon-musk-neuralink-animal-cruelty-intl-scli/index.html
https://doi.org/10.3389/fmmed.2023.1143298
https://doi.org/10.3389/fmmed.2023.1143298
https://www.newscientist.com/article/2342138-human-neurons-transplanted-into-a-rats-brain-influence-its-behaviour/
https://www.newscientist.com/article/2342138-human-neurons-transplanted-into-a-rats-brain-influence-its-behaviour/
https://www.newscientist.com/article/2342138-human-neurons-transplanted-into-a-rats-brain-influence-its-behaviour/
https://doi.org/10.1038/s41586-022-05277-w
https://doi.org/10.1038/s41586-022-05277-w
https://doi.org/10.1353/ken.2005.0030
https://doi.org/10.1353/ken.2005.0030
https://doi.org/10.1093/ilar/ilz011

	Human Brain Organoid Transplantation: Testing the Foundations of Animal Research Ethics
	Abstract 
	Introduction: Human Brain Organoids and their Transplantation into Non-Human Animals
	Ethical Concerns about Humanization and Animal Enhancement
	Animal Enhancement through HBO Transplantation: A Premature Concern?
	What Cognitive Threshold? Objections to the Appeal to “Human Self-Consciousness” and Possible Responses
	Remaining Problems with the Skeptics’ Approach, and a Better Path Forward
	Practical Implications
	Conclusion
	Acknowledgements 
	References


