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Abstract
Human brain organoids are three-dimensional masses of tissues derived from hu-
man stem cells that partially recapitulate the characteristics of the human brain. 
They have promising applications in many fields, from basic research to applied 
medicine. However, ethical concerns have been raised regarding the use of hu-
man brain organoids. These concerns primarily relate to the possibility that brain 
organoids may become conscious in the future. This possibility is associated with 
uncertainties about whether and in what sense brain organoids could have con-
sciousness and what the moral significance of that would be. These uncertainties 
raise further concerns regarding consent from stem cell donors who may not be 
sufficiently informed to provide valid consent to the use of their donated cells in 
human brain organoid research. Furthermore, the possibility of harm to the brain 
organoids raises question about the scope of the donor’s autonomy in consenting to 
research involving these entities. Donor consent does not establish the reasonable-
ness of the risk and harms to the organoids, which ethical oversight must ensure by 
establishing some measures to mitigate them. To address these concerns, we pro-
vide three proposals for the consent procedure for human brain organoid research. 
First, it is vital to obtain project-specific consent rather than broad consent. Second, 
donors should be assured that appropriate measures will be taken to protect human 
brain organoids during research. Lastly, these assurances should be fulfilled through 
the implementation of precautionary measures. These proposals aim to enhance the 
ethical framework surrounding human brain organoid research.

Keywords  Brain organoids · Consciousness · Consent · Autonomy · Precautionary 
principle
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Introduction

Organoids are three-dimensional tissues derived from stem cells, such as embryonic 
stem cells or induced pluripotent stem cells, that are used to replicate the process 
of organogenesis in vitro. Among these, “brain organoids” specifically mimic the 
brain. The first brain-like tissues resembling the cerebrum were created from human 
embryonic stem cells in 2008 (Eiraku et al., 2008) and were later termed “organoids” 
in 2013 (Kadoshima et al., 2013; Lancaster et al., 2013). Since then, researchers have 
produced organoids that mimic various brain regions, including the cerebrum, hypo-
thalamus, and pituitary gland. However, current brain organoid technology faces sev-
eral limitations. Notably, a lack of blood vessels restricts the size of brain organoids 
to that of a pea or smaller. Additionally, they differ significantly from the normal 
brain in terms of maturity, laminar structure, absence of an input/output system, and 
lack of supporting cells (Benito-Kwiecinski & Lancaster, 2020).

Despite these limitations, brain organoids are valuable tools for studying the 
developmental processes of the brain and modeling diseases. To date, brain organoids 
have played an important role in studying microcephaly caused by Zika virus infec-
tion during pregnancy (Dang et al., 2016). Furthermore, brain organoids may have 
future applications in regenerative medicine. It may be possible to grow region-spe-
cific brain organoids to replicate damaged parts of a human brain and subsequently 
transplant them to restore proper function. Human brain organoids have already been 
successfully transplanted into the brains of mice, rats, and rhesus macaques (Chen et 
al., 2019; Kitahara et al., 2020; Revah et al., 2022).

Various ethical issues have been identified in brain organoid research (Sawai et 
al., 2022). Many of these issues relate to the possibility that brain organoids possess 
some form of consciousness. The concept of “consciousness” has various meanings 
and has been a subject of in-depth and vigorous debate within the fields of philosophy 
and cognitive science (Michel, 2020). However, nearly all scientists and ethicists 
believe that, at present and in the near future, brain organoids do not possess any form 
of consciousness owing to their structural and functional simplicity (International 
Society for Stem Cell Research, 2021). Moreover, it remains uncertain whether con-
scious brain organoids can ever be created. Thus, discussions regarding the possible 
consciousness of brain organoids are largely speculative. Nevertheless, it is important 
to consider the ethical implications of this possibility to anticipate future problematic 
research scenarios and enhance public trust in scientific research.1

If brain organoids were to exhibit consciousness, how should brain organoid 
research be approached? We refer to this as “the problem of consciousness.” While 
this problem holds inherent importance, in this paper, we specifically examine how it 
complicates the issue of obtaining consent from human cell donors for brain organoid 
research. In Sect.  “The Problem of Consciousness: Double Uncertainty”, we pro-
vide a more detailed introduction to the problem of consciousness. Subsequently, 

1  Koplin (2023) argues that the potential improvement in cognitive abilities and moral status of human-
animal chimeras (including animals implanted with human brain organoids) should be examined now, 
even if it may only be feasible in the future. The same could be said about the possibility that human brain 
organoids themselves could become conscious and, therefore, acquire an elevated moral status.

1 3

3  Page 2 of 15



The Donation of Human Biological Material for Brain Organoid…

in Sect.  “The Complicated Problem of Consent”, we provide an overview of pre-
vious discussions that have linked the problem of consciousness to consent. They 
have discussed how the problem of consciousness creates challenges in respecting 
the donor’s autonomy during the consent procedure. In Sect. “Moral Uncertainty and 
the Scope of Autonomy”, we highlight further how it may transform brain organ-
oid research into a research category that could harm third parties (i.e., organoids). 
This kind of harm falls outside the scope of donor autonomy or self-determination. 
Therefore, adequate ethical oversight is necessary to prevent donors from inadver-
tently participating in unethical research, and the details of ethical oversight need to 
be communicated to the donors to protect their moral integrity. Considering these 
complications, in Sect.  “Proposals for the Consent Procedure”, we briefly present 
three proposals regarding the consent procedure for brain organoid research. First, 
project-specific informed consent should be implemented. Second, donors should be 
informed that appropriate measures will be taken to mitigate the risks associated with 
brain organoids. Third, precautionary measures should be implemented to ensure the 
well-being of donors and minimize potential harm.

The Problem of Consciousness: Double Uncertainty

The potential consciousness of brain organoids poses a significant ethical concern in 
brain organoid research. If brain organoids were to achieve consciousness like that 
of human or animal, they would possess moral status, necessitating careful consider-
ation of the ethical implications when subjecting them to invasive manipulations and 
eventual destruction. Determining whether and in what sense brain organoids can be 
conscious is a crucial task, but it is complicated by two uncertainties, epistemological 
and moral uncertainties (Sharma et al., 2021).

Epistemological Uncertainty

The first uncertainty is epistemological. Currently, there is limited scientific knowl-
edge about the presence and forms of consciousness in future brain organoids. There 
is no established scientific method for determining whether and how a neural net-
work realizes consciousness. The ongoing controversy among various theories of 
consciousness makes it unlikely that a consensus will be reached soon. As a result, 
determining the consciousness of brain organoids is highly dependent on the the-
ory of consciousness one endorses (Lavazza, 2020; Niikawa et al., 2022; Zilio & 
Lavazza, 2023). For example, according to the global workspace theory, conscious-
ness can arise when there is functional connectivity between cortices through long-
range projections (Dehaene & Naccache, 2001). Current brain organoids do not meet 
this condition, and it will not easily be met in the future. Alternatively, the integrated 
information theory posits that the intrinsic ability of a system to integrate informa-
tion is a sufficient condition for consciousness (Tononi et al., 2016). According to this 
theory, even current brain organoids with certain complex patterns of neural activity 
could be considered conscious. Many other rival theories of consciousness make 
different claims about the consciousness of brain organoids (Niikawa et al., 2022).
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Most theories of consciousness would agree that current immature and simple 
brain organoids are not conscious. Therefore, epistemological uncertainty is rela-
tively low at present. However, if more complex brain organoids can be cultured 
in the future, uncertainty will increase. Epistemological uncertainty regarding brain 
organoids may be a long-term feature of decision-making in this field.2

Moral Uncertainty

Even if the state of consciousness in brain organoids could be determined, a second 
uncertainty arises: the relationship between the different forms of consciousness and 
the moral consideration is unclear. It is important to distinguish the meanings of the 
term “consciousness.” An entity may be conscious in the sense of having experiences 
that are neither good nor bad for that entity,3 in the sense of having good or bad expe-
riences for that entity like pleasure or pain (being sentient), in the sense of having 
advanced cognitive abilities, and so forth.4 However, the moral significance of these 
features and to what degree they matter remain uncertain.

Sentience, which refers to the capacity for good or bad experiences, and other 
more advanced forms of consciousness are relatively ethically unambiguous. This is 
because we are already familiar with examples of sentient non-human animals and 
cognitively advanced humans, and there is some agreement on how we should treat 
these entities in research. Thus, we can say that brain organoids should be treated at 
least in the same way as animals or humans if they have animal- or human-like sen-
tience or advanced cognitive abilities.5

However, there is no consensus on the moral significance of other forms of con-
sciousness, such as experiences that are neither good nor bad for their possessor. Fur-

2  Here, we are not necessarily committed to the view that we cannot know about the consciousness of 
brain organoids or other entities in general. We are merely stating that it will be challenging in the near 
future. This difficulty may be resolved through developments in the science and philosophy of conscious-
ness.

3  An entity may have visual, auditory, and other sensory experiences, but these experiences have no value 
to that entity. Brain organoids, which have areas related to vision but no areas related to rewards, may be 
an example of such an entity.

4  Experience (phenomenal consciousness), sentience, and advanced cognitive capacity are mentioned 
here because they have been featured in the literature on brain organoid ethics. However, they are just 
some of the various concepts used to capture different aspects of consciousness. For example, “wakeful-
ness” and “awareness” are used to classify disorders of consciousness, but it is not always clear how 
these relate to the aforementioned concepts. While not the focus of this paper, further consideration of the 
moral significance of each diverse form of consciousness is necessary to reduce moral uncertainty. Such 
a detailed examination will also be important considering the possibility that brain organoids may only 
realize some of the conscious functions typically found in animals or humans. In such cases, it becomes 
challenging to simply compare the treatment of brain organoids with that of animals or humans, as we 
suggest below (thanks to a reviewer for this point).

5  Here, the caveat “at least” is important. Even if human brain organoids possess mouse-like conscious-
ness, there may be reasons to believe that they deserve more moral consideration than mice. One possible 
reason is their human origin (Zilio & Lavazza, 2023). Although such a view can be seen as a form of 
speciesism — asserting a moral difference based solely on species distinction — we believe this claim 
cannot be easily dismissed in the context of the ethics of human biological materials. This paper presents 
several claims that analogize human brain organoids to animals, but these claims are minimal. We do 
not exclude the possibility that human brain organoids may hold greater moral importance than animals.
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thermore, as brain organoid technology advances in the future, the moral importance 
of such experiences will become a pressing question. Researchers have divergent 
views on this issue. Some argue that only good or bad experiences are morally worth 
considering (Shepherd, 2018), while others contend that experiences without good-
ness or badness also hold moral significance (Niikawa, 2018). As the discussion on 
the moral significance of this form of consciousness has only recently begun, it is 
unlikely that a consensus will be reached soon.

Although many would agree that it is pro tanto wrong to invade or discard an 
entity with some form of consciousness6 it is uncertain whether the treatment of 
brain organoids falls under such wrongdoing. Therefore, brain organoid research is 
characterized by moral uncertainty. This moral uncertainty is currently less relevant, 
as many theories of consciousness would agree that current brain organoids lack 
consciousness. However, this uncertainty will also become salient as brain organoid 
technology develops.

Thus, the problem of consciousness presents a double uncertainty that complicates 
ethical discussions on the topic. In this paper, we do not attempt to solve this prob-
lem. Instead, we focus on how this uncertainty complicates the issue of consent from 
cell donors.

The Complicated Problem of Consent

The problem of consciousness in brain organoid research is often regarded as a novel 
problem in bioethics, while consent for brain organoid research is regarded as a clas-
sical ethical problem (Lavazza & Massimini, 2018; Koplin & Savulescu, 2019). 
Although consent is a traditional issue in bioethics (Faden & Beauchamp, 1986), new 
problems often intersect old problems. The problem of consciousness may present 
challenges to obtaining consent for brain organoid research. The challenges can be 
categorized into two types: challenges for broad consent and challenges for project-
specific consent.7 While the focus differs, the core issue remains the same: the uncer-
tainties inherent in brain organoid research make it difficult to respect the donor’s 
autonomy or right to self-determination during the consent procedure (Sugarman & 
Bredenoord, 2019; Hyun et al., 2020; Greely, 2021).

Challenge for Broad Consent

The problem of consciousness may undermine the validity of broad consent in bio-
banks and similar institutions. The human biological materials provided to biobanks 
may be used for various studies over a long period. Informing donors of the details of 
future research at the time of initial consent is extremely difficult, if not impossible. 
For this reason, some biobanks adopt the method of broad consent, whereby consent 
is given for an unspecified range of future uses under certain restrictions (Grady et 

6  For simplicity, the phrase “pro tanto” is often omitted hereafter.
7  Additionally, it is suggested that considerations regarding consent procedures are insufficient for fully 
respecting the autonomy of donors in brain organoid research (Lewis & Holm, 2022).
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al., 2015). Therefore, broad consent allows for the use of samples in future diverse 
medical research endeavors. However, it has been argued that this should not extend 
to brain organoid research (Boers & Bredenoord, 2018; Farahany et al., 2018). For 
example, Greely (2020) argues that broad consent is insufficient for “controversial 
uses”, including brain organoid research, which some donors may object to. Greely 
suggests that donors should be asked to provide explicit consent based on specific 
details of the research project for such uses. If cells for which broad consent has 
already been obtained are to be used, consent should be obtained retrospectively 
(Greely, 2020).8 Greely does not explicitly state why brain organoid research would 
be controversial, but we can assume that the problem of consciousness is a plausible 
source of controversy. Research that may produce novel conscious entities is distinct 
from standard medical research, and it is not surprising if some donors object to the 
possibility of conscious entities being created from their cells.9  

A comprehensive understanding of donors’ attitudes toward brain organoids 
requires empirical investigation. To date, there is only one relevant study (Haselager 
et al., 2020). This study conducted semi-structured interviews with 28 Dutch citizens 
and found that many interviewees were willing to donate their cells for brain organ-
oid research if sufficient information was provided. However, when instructed to con-
sider the possibility of conscious brain organoids, moral concerns emerged. While 
many individuals were opposed to brain organoids with advanced cognitive abilities, 
others were opposed to those with any form of consciousness owing to the follow-
ing concerns: the devaluation of human uniqueness, misuses, and the welfare of the 
conscious brain organoids. Moreover, those who attributed greater moral significance 
to brain organoids called for stricter ethical constraints on the research involving their 
cells. Thus, this study suggests that, for some donors, broad consent does not imply 
consent for brain organoid research.10 However, it is important to note that this is 
only a tentative claim based on a small-scale study. Further empirical investigations 
into donors’ attitudes toward brain organoids are required to deepen the discussion.

Challenge for Project-Specific Consent

For project-specific consent, the problem of consciousness in brain organoid research 
poses another challenge. Owing to the aforementioned double uncertainty, research-
ers would face difficulties in providing donors with definitive explanations regard-
ing the details of brain organoid research. This may result in inadequate informed 
consent, raising doubts about its validity (Greely, 2021; Mollaki, 2021). Certainly, 

8  For marketed human pluripotent stem cells, it would be unrealistic to obtain consent retrospectively 
from the donor for the creation of brain organoids. In such cases, ethical oversight becomes crucial to 
prevent the donor from unknowingly becoming complicit in unethical research (see note 13).

9  Brain organoid research may raise controversies beyond the issue of consciousness. For example, some 
authors suggest that informed consent will be important for the potential use of brain organoids in bio-
computing (Kagan et al., 2023).

10  In a partially related study, 60 U.S. citizens were interviewed about their perspectives on organoids in 
general (Bollinger et al., 2021). Although this study did not specifically focus on brain organoids or cell 
donation, many interviewees perceived brain organoids as morally distinct from other types of organoids, 
partially owing to the possibility of consciousness.
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informing individuals about uncertainties is an important component of informed 
consent, and accepting a high degree of uncertainty is part of the donor’s right to self-
determination (Deuring, 2022). Donors need to be informed of empirical information 
about organoids’ capacities and nature relevant to their own values around moral 
status. Then, some donors may be able to resolve the moral uncertainties based on 
their personal moral standards.11 However, when the degree of uncertainty becomes 
very high, it may compromise the validity of the consent.

As mentioned previously, there are currently relatively little epistemological and 
moral uncertainties regarding immature brain organoids. If this situation persists, 
valid consent to organoid research is possible. However, if more complex brain 
organoids can be cultured in the future, the emergence of morally significant con-
sciousness becomes more uncertain. Consequently, obtaining valid informed consent 
will become increasingly challenging.

Moral Uncertainty and the Scope of Autonomy

Previous discussions linking the problem of consciousness to consent have high-
lighted how uncertainty makes it difficult for donors to make autonomous decisions. 
However, even if certain types of consent can respect the donor’s autonomy, another 
problem arises. The moral uncertainty of brain organoids may place the research par-
tially outside the proper scope of the donor’s autonomous decision-making.

In research that poses various risks to the participants, obtaining their consent is 
necessary. These risks may include physical harm, disclosure of sensitive informa-
tion, deception, and challenges to one’s beliefs. In such cases, it is reasonable to 
consider that if the participants are fully informed and consent to the research, the 
risks involved are largely (if not entirely) justified. This is what it means to respect 
the participants’ autonomy or right to self-determination.

In contrast, the risks of brain organoid research may not only involve the donors 
but also extend to third parties, i.e. the brain organoids. Brain organoid research 
has the potential to create entities with morally significant consciousness and sub-
sequently harm or destroy those entities. This is precisely the sense in which the 
research is morally uncertain. As the risks to these third parties are not risks to the 
participants, they fall beyond the appropriate scope of the participants’ autonomy or 
self-determination.

It is not uncommon for individuals to consent to participate in research involving 
risks to third parties. However, in such cases, the research cannot be fully justified by 
consent alone. A relevant example is human-animal chimera research, which involves 
not only human cell donors but also laboratory animals. For such research, ethical 
oversight regarding animal welfare, in addition to the consent of the participants, is 
critical. The necessity of using animals must be rigorously evaluated, and even when 

11  For example, some individuals may not concern themselves with the moral status of brain organoids, 
much like those who do not consider the moral status of animals. However, even if donors can personally 
resolve the moral uncertainty this manner, it does not change the moral uncertainty of the research when 
assessed from the standpoint of research ethics (see the next section). Thanks to a reviewer for pointing 
this out.
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animal experimentation is deemed necessary, efforts should be made to minimize 
animal suffering. The consent from donors does not establish the reasonableness of 
the risks and harms involved in the research, which ethical oversight must establish. 
This role of ethical oversight is especially important if the cell donors themselves 
have little interest in the informed risks or harms in animal welfare. We believe the 
same principles should apply to future brain organoid research.12 A donor who is 
informed about the details of a particular brain organoid study may willingly accept 
the high degree of moral uncertainty based on their own moral standards. However, 
this does not reduce the moral uncertainty of the research itself. Thus, respecting 
donors’ autonomy is not the sole problem in the consent procedure for brain organoid 
research. What is overlooked is the problem of consenting to unethical research, 
which makes the donor complicit.

Without adequate consideration for the possible welfare of the brain organoids, 
donors may have a moral reason to refrain from donating their cells. Again, drawing 
an analogy with human-animal chimera research is helpful. Individuals may have 
firm moral views related to the moral status of chimeric animals, that ought normally 
to be respected, and information relevant to these must be provided. However, sup-
pose a cell donor is informed that the creation and use of chimeric animals will cause 
harm to them, but there is no consideration for the animals’ welfare. The donors may 
still agree to donate cells to this study based on their own moral standards, but they 
should not do so in this case. There are moral reasons for the donor not to donate their 
cells, leading to unjustified harm to the animals. To prevent donors from becoming 
complicit in unethical research in such a way, researchers should inform donors that 
the welfare of the animals will be appropriately considered and implement measures 
to ensure their welfare.

We believe that the same should apply to cell donation for brain organoid research 
if future brain organoids become more mature and more likely to possess conscious-
ness. Donors must be fully informed that measures will be taken to minimize poten-
tial harm to the organoids. This provides another reason for project-specific consent 
rather than broad consent.13 If individuals have not been informed of such measures, 
they should not donate their cells to such research, regardless of their beliefs regard-
ing the moral importance of brain organoid consciousness. Notably, as mentioned 
previously, there is a double uncertainty regarding whether and how research may 
harm brain organoids. These uncertainties create ambiguity regarding the specific 
actions that would be implemented to mitigate possible negative consequences. Nev-

12  If brain organoids possessed highly developed cognitive abilities that enabled them to make indepen-
dent decisions, they would be considered research participants rather than entities like experimental ani-
mals. In such a scenario, the justification for conducting the research would necessitate obtaining consent 
from the cell donor and brain organoids. Sawai et al. (2022) highlighted that, even if the donor were to 
withdraw consent, the research may continue as long as it does not result in the destruction of the brain 
organoids (see also, Khuram et al., 2023). However, it is unlikely that brain organoids will reach such a 
sophisticated state in the foreseeable future.
13  As mentioned in note 8, it is difficult to re-obtain consent from the donor of marketed human pluripotent 
stem cells for the creation of brain organoids. This reinforces the importance of ethical oversight. Even if 
the donor consents to the use of their cells for any purpose, this does not justify involving them in unethi-
cal research.
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ertheless, this does not imply that nothing can be done (see Proposal 3 in Sect. “Pro-
posals for the Consent Procedure”).

In summary, we argue that the donor’s consent is morally unproblematic and suffi-
ciently justifies the use of donated cells in brain organoid research only if the organoids 
are treated appropriately. This supports the general concerns raised by Boers et al. (2016), 
who have pointed out that an emphasis on consent alone may not provide sufficient moral 
justification for using human tissues in organoid technology. They highlight the inherent 
problems associated with the storage, distribution, and use of organoids, primarily in the 
context of medical applications, and considerations of benefits for patients and personal 
information. We further emphasize that, in the case of the brain organoid technology, it is 
crucial to consider the possible harm to the organoids. Consent should not be used as an 
“ethics-wash” for deeply controversial research.

Proposals for the Consent Procedure

The problem of consciousness presents significant challenges to obtaining informed 
consent in brain organoid research. To address these challenges, we present three 
tentative proposals for the consent procedure.

Proposal 1: Develop Specific Consent Mechanisms

Broad consent is not sufficient for brain organoid research, as some donors may 
object to the possibility of creating a conscious entity from their cells. Additionally, 
it is crucial to inform the donor about the details of ethical oversight to ensure their 
active participation without unknowingly engaging in controversial research. Thus, 
to respect the donor’s autonomy, right to self-determination, and moral integrity, 
project-specific informed consent should be obtained (and re-obtained as much as 
possible) for each research project. In consent procedures, various aspects of uncer-
tainty will need to be emphasized, as we explain in Proposal 2.

Proposal 2: Incorporate Epistemological and Moral Uncertainties into Consent 
Procedures

When obtaining project-specific consent for brain organoid research, researchers should 
inform donors about the epistemological and moral uncertainties associated with the 
research. Donors should be given sufficient opportunity to critically reflect on these uncer-
tainties. With current brain organoid research, we believe, it is acceptable for research-
ers to describe epistemological uncertainty (the uncertainty regarding the possibility that 
brain organoids can be conscious) as very low. However, if brain organoids become more 
complex, epistemological uncertainty would need to be continually revised. Furthermore, 
researchers should also stress the moral uncertainty involved (the uncertainty regard-
ing the moral significance of various forms of consciousness). Donors should be fully 
informed that even if they accept higher levels of moral uncertainty, ethical oversight 
ensures that the research itself is (at least minimally) unproblematic. If these points are 
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insufficiently stressed, there is a greater risk that the donated cells will be used contrarily 
to the donor’s autonomy and moral integrity.

Proposal 3: Develop a Risk Framework for Brain Organoids

Safety and risk-mitigation measures must be implemented for brain organoids derived 
from donor cells, as explained to the donor in the consent procedure. In addition to 
the donor’s consent, these measures are necessary to morally justify the research.14 
Ethicists and neuroscientists should collaborate to determine which types of research 
are more likely to result in conscious brain organoids that may experience suffering 
and find ways to mitigate such suffering. This should be incorporated into a risk 
framework to identify particularly risky forms of research.

Some authors have already recommended a precautionary approach to brain organoid 
research (Birch & Browning, 2021; Niikawa et al., 2022). According to these proposals, 
if there is a certain reasonable feasibility about the consciousness of brain organoids, 
research should be conducted as if they have morally significant consciousness. Specifi-
cally, research may be conducted with precautional adherence to principles such as the 
Three Rs (Replacement, Reduction, and Refinement) of animal experiments. These prin-
ciples may inform the risk framework for brain organoid research.

However, further research is needed to address challenges in applying these 
principles to brain organoid research, such as how to compare the harms in animal 
research with those in brain organoid research. For example, it may be unclear how 
to reduce the suffering of brain organoids (Refinement). While it is relatively easy 
just to reduce the number of brain organoids to be created (Reduction), we must 
consider scenarios where such reduction leads to an increased reliance on animal 
research (Replacement). Handling situations where the only viable form of replace-
ment amplifies the necessity for other morally precarious or problematic research 
poses a significant ethical challenge without clear guidelines.

Certain studies have suggested that brain organoid research should be subject to 
stricter restrictions beyond the Three Rs (Koplin & Savulescu, 2019). In a recent 
discussion on animal research, additional principles have been developed to protect 
animals more comprehensively (Beauchamp & DeGrazia, 2020). However, applying 
such new principles to brain organoid research is not straightforward. Apart from 
the challenges posed by the uncertainty of consciousness, each principle presents 
specific difficulties. For example, the Principle of Basic Needs requires meeting the 
basic needs of animals unless failure is unavoidable and morally justified. However, 

14  This proposal is similar to the “consent for governance” model as it integrates research governance 
into the consent procedure. In the consent for governance model, the donor is informed about how future 
unspecified research will be governed, and the donated materials are used only for research that adheres 
to the agreed-upon governance conditions (Boers & Bredenoord, 2018). However, presently, when brain 
organoids are not widely understood by the society, it seems premature to adopt this model for brain 
organoid research. We believe that the possibility of creating conscious entities can be unexpected, even 
as something monstrous, to some donors. Even if the governance conditions are agreed upon, individuals 
without a thorough understanding of brain organoids may unwillingly become involved in the creation 
of potentially conscious entities, which can undermine their moral integrity. Therefore, we propose that, 
at least for the time being, project-specific consent should be individually obtained for brain organoid 
research.
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determining the basic needs of an artificially created entity such as a human brain 
organoid and how to fulfill them raise questions (Kataoka & Sawai, 2023).

Furthermore, the risks associated with brain organoid research may vary depend-
ing on which brain region is being recapitulated. Precautionary measures may need 
to be intensified for organoids that mimic brain regions known to be particularly 
relevant to consciousness, such as the cerebrum and brainstem.

It is also important to avoid oversimplifying the interpretation of precautionary 
measures. Assuming that brain organoids possess morally significant consciousness 
also carries risks (Żuradzki, 2021). For example, treating brain organoids with exces-
sive ethical rigor could significantly stagnate research, with adverse long-term con-
sequences for human health. This problem of competing risks is well recognized in 
the debate about the precautionary principle (Sunstein, 2005).

Therefore, while precautionary measures are crucial for brain organoid research, 
they may face numerous challenges. Prior to the culture of more mature brain organ-
oids and the increased uncertainty regarding their consciousness, it is necessary to 
conduct detailed examinations on how to address these challenges. Such examina-
tions should align with the discussion on the precautionary principle, animal research 
ethics, and the development of the brain organoid technology.

Conclusions

The problem of consciousness in brain organoid research introduces significant uncer-
tainty regarding the potential consciousness of brain organoids, the nature of that con-
sciousness, and its moral implications. This uncertainty also extends to various other 
ethical issues. We have examined the impact of the problem of consciousness on the 
consent process and highlighted the challenges in respecting donor autonomy. We 
have also emphasized on the importance of ethical oversight and effective communi-
cation with donors regarding the potential consciousness of brain organoids. While 
autonomy is currently the primary concern given the immaturity of brain organoids 
and low uncertainty, as research progresses, ethical oversight will become increas-
ingly important to prevent the misuse of consent in justifying controversial research. 
At that time, consent from donors should not be used to “ethics-wash” controversial 
research. Based on these considerations, we have presented three tentative proposals 
for an appropriate consent procedure. We have not provided a detailed examination 
of the desirable procedures but hope to stimulate further research and discussion. In 
future research, it is crucial to examine the limits of donor consent and develop a risk 
framework that guides organoid research, including the investigation of appropriate 
precautionary measures for brain organoids.

While we have focused on consent for brain organoid research, the arguments pre-
sented have broader implications for research involving (potentially) conscious enti-
ties, including animals. Informed consent requires comprehensive examination of the 
moral dimensions of the research proposed, ensuring that individuals do not uninten-
tionally become involved in potentially unethical research. The ethical dimensions of 
research should always be considered in the consent procedure.

1 3

Page 11 of 15  3



M. Kataoka et al.

Author Contributions  MK wrote the first draft of the paper and edited the manuscript. CG and JS edited 
the manuscript. TS conceived the study, wrote the first draft of the paper, supervised the study, reviewed 
and edited the manuscript.

Funding  TS was funded in whole, or in part, by the Japan Agency for Medical Research and Development 
(AMED) [Grant Number JP23wm0425021], the JST Research Institute of Science and Technology for 
Society (RISTEX) [Grant Number JPMJRS22J4], the JSPS KAKENHI [Grant Number 21K12908], and 
the Uehiro Foundation on Ethics and Education [Grant Number UEHIRO2023-0110]. CG and JS, through 
their involvement with the Murdoch Children’s Research Institute, received funding through from the Vic-
torian State Government through the Operational Infrastructure Support (OIS) Program. This research was 
funded in whole, or in part, by the Wellcome Trust [Grant number WT203132/Z/16/Z]. For the purpose of 
open access, the author has applied a CC BY public copyright licence to any Author Accepted Manuscript 
version arising from this submission.
Open Access funding provided by Hiroshima University.

Declarations

Conflict of Interest  JS is a Partner Investigator on an Australian Research Council grant LP190100841 
which involves industry partnership from Illumina. He does not personally receive any funds from Illu-
mina. Julian Savulescu is a Bioethics Committee consultant for Bayer. The other Authors declare that there 
is no conflict of interest.

Open Access   This article is licensed under a Creative Commons 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 Creative 
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

Beauchamp, T. L., & DeGrazia, D. (2020). Principles of animal research ethics. Oxford University Press.
Benito-Kwiecinski, S., & Lancaster, M. A. (2020). Brain organoids: Human neurodevelopment in a dish. 

Cold Spring Harbor Perspectives in Biology, 12(8), a035709. https://doi.org/10.1101/cshperspect.
a035709.

Birch, J., & Browning, H. (2021). Neural organoids and the precautionary principle. American Journal of 
Bioethics, 21(1), 56–58. https://doi.org/10.1080/15265161.2020.1845858.

Boers, S. N., & Bredenoord, A. L. (2018). Consent for governance in the ethical use of organoids. Nature 
Cell Biology, 20(6), 642–645. https://doi.org/10.1038/s41556-018-0112-5.

Boers, S. N., van Delden, J. J., Clevers, H., & Bredenoord, A. L. (2016). Organoid biobanking: Identifying 
the ethics: Organoids revive old and raise new ethical challenges for basic research and therapeutic 
use. EMBO Reports, 17(7), 938–941. https://doi.org/10.15252/embr.201642613.

Bollinger, J., May, E., Mathews, D., Donowitz, M., & Sugarman, J. (2021). Patients’ perspectives on 
the derivation and use of organoids. Stem Cell Reports, 16(8), 1874–1883. https://doi.org/10.1016/j.
stemcr.2021.07.004.

Chen, H. I., Song, H., & Ming, G. L. (2019). Applications of human brain organoids to clinical prob-
lems. Developmental Dynamics: An Official Publication of the American Association of Anatomists, 
248(1), 53–64. https://doi.org/10.1002/dvdy.24662.

Dang, J., Tiwari, S. K., Lichinchi, G., Qin, Y., Patil, V. S., Eroshkin, A. M., & Rana, T. M. (2016). Zika 
virus depletes neural progenitors in human cerebral organoids through activation of the innate 
immune receptor TLR3. Cell Stem Cell, 19(2), 258–265. https://doi.org/10.1016/j.stem.2016.04.014.

1 3

3  Page 12 of 15

http://creativecommons.org/licenses/by/4.0/
http://creativecommons.org/licenses/by/4.0/
https://doi.org/10.1101/cshperspect.a035709
https://doi.org/10.1101/cshperspect.a035709
https://doi.org/10.1080/15265161.2020.1845858
https://doi.org/10.1038/s41556-018-0112-5
https://doi.org/10.15252/embr.201642613
https://doi.org/10.1016/j.stemcr.2021.07.004
https://doi.org/10.1016/j.stemcr.2021.07.004
https://doi.org/10.1002/dvdy.24662
https://doi.org/10.1016/j.stem.2016.04.014


The Donation of Human Biological Material for Brain Organoid…

Dehaene, S., & Naccache, L. (2001). Towards a cognitive neuroscience of consciousness: Basic evidence 
and a workspace framework. Cognition, 79(1), 1–37. https://doi.org/10.1016/s0010-0277(00)00123-2.

Deuring, S. (2022). The legal requirements for—and limits to—the donor’s and the patient’s consent. In H. 
G. Dederer, & D. Hamburger (Eds.), Brain organoids in research and therapy: Fundamental ethical 
and legal aspects (pp. 131–190). Springer. https://doi.org/10.1007/978-3-030-97641-5_7.

Eiraku, M., Watanabe, K., Matsuo-Takasaki, M., Kawada, M., Yonemura, S., Matsumura, M., Wataya, T., 
Nishiyama, A., Muguruma, K., & Sasai, Y. (2008). Self-organized formation of polarized cortical 
tissues from ESCs and its active manipulation by extrinsic signals. Cell Stem Cell, 3(5), 519–532. 
https://doi.org/10.1016/j.stem.2008.09.002.

Faden, R. R., & Beauchamp, T. L. (1986). A history and theory of informed consent. Oxford University 
Press.

Farahany, N. A., Greely, H. T., Hyman, S., Koch, C., Grady, C., Pașca, S. P., Sestan, N., Arlotta, P., Bernat, 
J. L., Ting, J., Lunshof, J. E., Iyer, E. P. R., Hyun, I., Capestany, B. H., Church, G. M., Huang, H., & 
Song, H. (2018). The ethics of experimenting with human brain tissue. Nature, 556(7702), 429–432. 
https://doi.org/10.1038/d41586-018-04813-x.

Grady, C., Eckstein, L., Berkman, B., Brock, D., Cook-Deegan, R., Fullerton, S. M., Greely, H., Hansson, 
M. G., Hull, S., Kim, S., Lo, B., Pentz, R., Rodriguez, L., Weil, C., Wilfond, B. S., & Wendler, D. 
(2015). Broad consent for research with biological samples: Workshop conclusions. American Jour-
nal of Bioethics, 15(9), 34–42. https://doi.org/10.1080/15265161.2015.1062162.

Greely, H. T. (2020). The dilemma of human brain surrogates: Scientific opportunities, ethical concerns. In 
A. D’Aloia, & M. C. Errigo (Eds.), Neuroscience and law: Complicated crossings and new perspec-
tives (pp. 371–399). Springer. https://doi.org/10.1007/978-3-030-38840-9_18.

Greely, H. T. (2021). Human brain surrogates research: The onrushing ethical dilemma. American Journal 
of Bioethics, 21(1), 34–45. https://doi.org/10.1080/15265161.2020.1845853.

Haselager, D. R., Boers, S. N., Jongsma, K. R., Vinkers, C. H., Broekman, M. L., & Bredenoord, A. L. 
(2020). Breeding brains? Patients’ and laymen’s perspectives on cerebral organoids. Regenerative 
Medicine, 15(12), 2351–2360. https://doi.org/10.2217/rme-2020-0108.

Hyun, I., Scharf-Deering, J. C., & Lunshof, J. E. (2020). Ethical issues related to brain organoid research. 
Brain Research, 1732, 146653. https://doi.org/10.1016/j.brainres.2020.146653.

International Society for Stem Cell Research (2021). ISSCR guidelines for stem cell research 
and clinical translation. Retrieved November 6, 2022, from https://www.isscr.org/policy/
guidelines-for-stem-cell-research-and-clinical-translation/.

Kadoshima, T., Sakaguchi, H., Nakano, T., Soen, M., Ando, S., Eiraku, M., & Sasai, Y. (2013). Self-orga-
nization of axial polarity, inside-out layer pattern, and species-specific progenitor dynamics in human 
ES cell-derived neocortex. Proceedings of the National Academy of Sciences of the United States of 
America, 110(50), 20284–20289. https://doi.org/10.1073/pnas.1315710110.

Kagan, B. J., Gyngell, C., Lysaght, T., Cole, V. M., Sawai, T., & Savulescu, J. (2023). The technology, 
opportunities, and challenges of Synthetic Biological Intelligence.  Biotechnology Advances,  68, 
108233. https://doi.org/10.1016/j.biotechadv.2023.108233

Kataoka, M., & Sawai, T. (2023). What implications do a consciousness-independent perspective on moral 
status entail for future brain organoid research? AJOB Neuroscience, 14(2), 163–165. https://doi.org
/10.1080/21507740.2023.2188285.

Khuram, H., Maddox, P., Elahi, A., Hirani, R., & Issani, A. (2023). Human cerebral organoids: Implica-
tions of ontological considerations. AJOB Neuroscience, 14(2), 213–214. https://doi.org/10.1080/21
507740.2023.2188310.

Kitahara, T., Sakaguchi, H., Morizane, A., Kikuchi, T., Miyamoto, S., & Takahashi, J. (2020). Axonal 
extensions along corticospinal tracts from transplanted human cerebral organoids. Stem Cell Reports, 
15(2), 467–481. https://doi.org/10.1016/j.stemcr.2020.06.016.

Koplin, J. J. (2023). Response to the ISSCR guidelines on human–animal chimera research. Bioethics, 
37(2), 192–198. https://doi.org/10.1111/bioe.13104.

Koplin, J. J., & Savulescu, J. (2019). Moral limits of brain organoid research. Journal of Law Medicine 
& Ethics: A Journal of the American Society of Law Medicine & Ethics, 47(4), 760–767. https://doi.
org/10.1177/1073110519897789.

Lancaster, M. A., Renner, M., Martin, C. A., Wenzel, D., Bicknell, L. S., Hurles, M. E., Homfray, T., 
Penninger, J. M., Jackson, A. P., & Knoblich, J. A. (2013). Cerebral organoids model human brain 
development and microcephaly. Nature, 501(7467), 373–379. https://doi.org/10.1038/nature12517.

Lavazza, A. (2020). Human cerebral organoids and consciousness: A double-edged sword. Monash Bio-
ethics Review, 38(2), 105–128. https://doi.org/10.1007/s40592-020-00116-y.

1 3

Page 13 of 15  3

https://doi.org/10.1016/s0010-0277(00)00123-2
https://doi.org/10.1007/978-3-030-97641-5_7
https://doi.org/10.1016/j.stem.2008.09.002
https://doi.org/10.1038/d41586-018-04813-x
https://doi.org/10.1080/15265161.2015.1062162
https://doi.org/10.1007/978-3-030-38840-9_18
https://doi.org/10.1080/15265161.2020.1845853
https://doi.org/10.2217/rme-2020-0108
https://doi.org/10.1016/j.brainres.2020.146653
https://www.isscr.org/policy/guidelines-for-stem-cell-research-and-clinical-translation/
https://www.isscr.org/policy/guidelines-for-stem-cell-research-and-clinical-translation/
https://doi.org/10.1073/pnas.1315710110
https://doi.org/10.1016/j.biotechadv.2023.108233
https://doi.org/10.1080/21507740.2023.2188285
https://doi.org/10.1080/21507740.2023.2188285
https://doi.org/10.1080/21507740.2023.2188310
https://doi.org/10.1080/21507740.2023.2188310
https://doi.org/10.1016/j.stemcr.2020.06.016
https://doi.org/10.1111/bioe.13104
https://doi.org/10.1177/1073110519897789
https://doi.org/10.1177/1073110519897789
https://doi.org/10.1038/nature12517
https://doi.org/10.1007/s40592-020-00116-y


M. Kataoka et al.

Lavazza, A., & Massimini, M. (2018). Cerebral organoids: Ethical issues and consciousness assessment. 
Journal of Medical Ethics, 44(9), 606–610. https://doi.org/10.1136/medethics-2017-104555.

Lewis, J., & Holm, S. (2022). Organoid biobanking, autonomy and the limits of consent. Bioethics, 36(7), 
742–756. https://doi.org/10.1111/bioe.13047.

Michel, M. (2020). Consciousness science underdetermined: A short history of endless debates. Ergo an 
Open Access Journal of Philosophy, 6, 771–809. https://doi.org/10.3998/ergo.12405314.0006.028.

Mollaki, V. (2021). Ethical challenges in organoid use. BioTech, 10(3), 12. https://doi.org/10.3390/
biotech10030012.

Niikawa, T. (2018). Moral status and consciousness. Annals of the University of Bucharest: Philosophy 
Series, 67(1), 235–257.

Niikawa, T., Hayashi, Y., Shepherd, J., & Sawai, T. (2022). Human brain organoids and consciousness. 
Neuroethics, 15(1), 5. https://doi.org/10.1007/s12152-022-09483-1

Revah, O., Gore, F., Kelley, K. W., Andersen, J., Sakai, N., Chen, X., Li, M. Y., Birey, F., Yang, X., Saw, N. 
L., Baker, S. W., Amin, N. D., Kulkarni, S., Mudipalli, R., Cui, B., Nishino, S., Grant, G. A., Knowles, 
J. K., Shamloo, M., & Pașca, S. P. (2022). Maturation and circuit integration of transplanted human 
cortical organoids. Nature, 610(7931), 319–326. https://doi.org/10.1038/s41586-022-05277-w.

Sawai, T., Hayashi, Y., Niikawa, T., Shepherd, J., Thomas, E., Lee, T. L., Erler, A., Watanabe, M., & 
Sakaguchi, H. (2022). Mapping the ethical issues of brain organoid research and application. AJOB 
Neuroscience, 13(2), 81–94. https://doi.org/10.1080/21507740.2021.1896603.

Sharma, A., Zuk, P., & Scott, C. T. (2021). Scientific and ethical uncertainties in brain organoid research. 
American Journal of Bioethics, 21(1), 48–51. https://doi.org/10.1080/15265161.2020.1845866.

Shepherd, J. (2018). Ethical (and epistemological) issues regarding consciousness in cerebral organoids. 
Journal of Medical Ethics, 44(9), 611–612. https://doi.org/10.1136/medethics-2018-104778.

Sugarman, J., & Bredenoord, A. L. (2019). Reflections on organoid ethics: Jeremy Sugarman and Annelien 
Bredenoord. Cell Stem Cell, 24(6), 849–851. https://doi.org/10.1016/j.stem.2019.05.010.

Sunstein, C. R. (2005). Laws of fear: Beyond the precautionary principle. Cambridge University Press. 
https://doi.org/10.1017/CBO9780511790850.

Tononi, G., Boly, M., Massimini, M., & Koch, C. (2016). Integrated information theory: From conscious-
ness to its physical substrate. Nature Reviews Neuroscience, 17, 450–461. https://doi.org/10.1038/
nrn.2016.44.

Zilio, F., & Lavazza, A. (2023). Consciousness in a rotor? Science and ethics of potentially conscious 
human cerebral organoids. AJOB Neuroscience, 14(2), 178–196. https://doi.org/10.1080/21507740
.2023.2173329.

Żuradzki, T. (2021). Against the precautionary approach to moral status: The case of surrogates for living 
human brains. American Journal of Bioethics: AJOB, 21(1), 53–56. https://doi.org/10.1080/152651
61.2020.1845868.

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

Authors and Affiliations

Masanori Kataoka1  · Christopher Gyngell2,3,4  · Julian Savulescu2,5,6  · 
Tsutomu Sawai1,5,7

	
 Tsutomu Sawai
tstmsw@hiroshima-u.ac.jp

1	 Graduate School of Humanities and Social Sciences, Hiroshima University, Higashi-
Hiroshima, Japan

2	 Biomedical Ethics Research Group, Murdoch Children’s Research Institute, Melbourne, 
Australia

3	 Melbourne Law School, The University of Melbourne, Melbourne, Australia

1 3

3  Page 14 of 15

https://doi.org/10.1136/medethics-2017-104555
https://doi.org/10.1111/bioe.13047
https://doi.org/10.3998/ergo.12405314.0006.028
https://doi.org/10.3390/biotech10030012
https://doi.org/10.3390/biotech10030012
https://doi.org/10.1007/s12152-022-09483-1
https://doi.org/10.1038/s41586-022-05277-w
https://doi.org/10.1080/21507740.2021.1896603
https://doi.org/10.1080/15265161.2020.1845866
https://doi.org/10.1136/medethics-2018-104778
https://doi.org/10.1016/j.stem.2019.05.010
https://doi.org/10.1017/CBO9780511790850
https://doi.org/10.1038/nrn.2016.44
https://doi.org/10.1038/nrn.2016.44
https://doi.org/10.1080/21507740.2023.2173329
https://doi.org/10.1080/21507740.2023.2173329
https://doi.org/10.1080/15265161.2020.1845868
https://doi.org/10.1080/15265161.2020.1845868
http://orcid.org/0000-0002-8687-0589
http://orcid.org/0000-0002-1340-3947
http://orcid.org/0000-0003-1691-6403
http://orcid.org/0000-0002-3806-0573


The Donation of Human Biological Material for Brain Organoid…

4	 Department of Paediatrics, The University of Melbourne, Melbourne, Australia
5	 Centre for Biomedical Ethics, Yong Loo Lin School of Medicine, National University of 

Singapore, Queenstown, Singapore
6	 Faculty of Philosophy, University of Oxford, Oxford, UK
7	 Institute for the Advanced Study of Human Biology (ASHBi), Kyoto University, Kyoto, 

Japan

1 3

Page 15 of 15  3


	﻿The Donation of Human Biological Material for Brain Organoid Research: The Problems of Consciousness and Consent
	﻿Abstract
	﻿Introduction
	﻿﻿The Problem of Consciousness: Double Uncertainty
	﻿Epistemological Uncertainty
	﻿Moral Uncertainty

	﻿﻿The Complicated Problem of Consent
	﻿Challenge for Broad Consent
	﻿Challenge for Project-Specific Consent

	﻿﻿Moral Uncertainty and the Scope of Autonomy
	﻿﻿Proposals for the Consent Procedure
	﻿Proposal 1: Develop Specific Consent Mechanisms
	﻿Proposal 2: Incorporate Epistemological and Moral Uncertainties into Consent Procedures
	﻿Proposal 3: Develop a Risk Framework for Brain Organoids

	﻿Conclusions
	﻿References


