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Neuroprivacy, or the privacy of
neural data, has attracted consid-
erable interest. Here, we explore
the implications of neuroprivacy in
human brain organoid research, de-
tailing different interpretations of
this right. Findings suggest a limited
connection between neuroprivacy
and brain organoid research,
underscoring the importance of
further examination of this critical
issue.
With the recent rapid progress in
neurotechnology, there has been an in-
creasing emphasis among stakeholders
on the need for normative principles to
protect the brain and neural activities.
This concern has led to the introduction
of the new notion of ‘neurorights’, which
comprise several human rights related
to the brain and mind (see Council of
Europe Round Tablei) (Box 1). Neurorights
are being actively explored around the
world, with some jurisdictions, such as
Chile and the US state of Colorado, mak-
ing attempts at legislation.

One essential aspect is neuroprivacy, or the
privacy of neural data. Neurorights were ini-
tially established for neurotechnologies,
such as brain–computer interfaces, but
they can extend to more basic neurosci-
ence, including research with functional
magnetic resonance imaging (fMRI) or
electroencephalography (EEG). They may
apply further to research involving human
brain organoids (Box 2). Human brain
organoid research depends on cell dona-
tion. Indeed, some have stressed the impor-
tance of de-identifying materials donated
for brain organoid research in terms of
neuroprivacy [1].

However, it remains unclear how well
donor data associated with human brain
organoids should be protected under the
new guise of neuroprivacy. To examine
this point, it is important to recognize that
discussions on neuroprivacy often focus,
in effect, on mental privacy. The primary
concern here is the protection of mental in-
formation that could be read or inferred
from neural data. There is apprehension
that neuroimaging data could reveal a
person’s memories, intentions, or prefer-
ences. Importantly, not all neural data are
related to mental states. For instance,
data on the physiological characteristics
of neural tissue might not provide insights
into a person’s mental state, but could
still contain information on sensitive brain
diseases, which warrants protection.
Therefore, in some cases, neuroprivacy
refers to the privacy of neural data itself,
regardless of whether it reveals mental
states. Thus, neuroprivacy is an umbrella
term that encompasses different subjects
and legal interests, each with distinct impli-
cations for brain organoid research.

First, we considered whether the protec-
tion of mental privacy is an issue in human
brain organoid research. If brain organoids
can disclose the mental state of the cell
donor, this could raise concerns about vio-
lating the mental privacy of the donor.
However, this is not possible for fundamen-
tal reasons. Since brain organoids are
developed from scratch using stem cells,
they cannot replicate neural circuits of the
donor that support memories, intentions,
preferences, and other mental states.
Even when using induced pluripotent
stem cells (iPSCs) with the same genetic
information as the donor, the developmen-
tal process differs from that of the donor
brain. Certainly, the ethics of brain surro-
gates, including brain organoids, have
raised concerns about whether donor
memories can be revealed; however, this
applies only to ex vivo human brains and
not to brain organoids [2].

In the context of scientific communication,
we believe that it is important to empha-
size that the mental states of a donor can-
not be revealed by brain organoids. Some
empirical studies suggest that people
often misunderstand this point, leading
to concerns about the transference of
donor’s thoughts or personality to brain
organoids [3,4]. The misconception that
regards human brain organoids as mental
duplicates of the donor could jeopardize
human brain organoid research, making it
appear ethically questionable. This could
result in limited public acceptance of this
research or unnecessarily strict regula-
tions that hinder its long-term beneficial
applications [5]. Therefore, eliminating
this misconception is crucial for encourag-
ing constructive ethical and regulatory
debates regarding human brain organoid
research. Also note that while ethical con-
cerns have been raised regarding the
minds of individuals born through human
reproductive cloning being identical to
those of their donors, this argument is no
longer considered credible.

Second, neuroprivacy can mean the pri-
vacy of neural data per se. In this sense,
neuroprivacy is relevant to human brain
organoid research. Although it is unclear
whether all physiological data of the do-
nor’s neural tissue recapitulated in brain
organoids warrant protection, some stud-
ies have raised particular concerns. Brain
organoids generated from patient-derived
iPSCs have served as models for various
brain disorders, including Miller–Dieker
syndrome, microcephaly, autism spec-
trum disorder, Timothy syndrome, and
Alzheimer’s disease [6]. As long as these
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Box 1. Neurorights

Neurorights are a proposed set of human rights aimed at safeguarding the brain and neural activities. These
rights have been called for to address new ethical and legal concerns in recently advanced neurotechnologies
[10]. The right to mental privacy is a key component of neurorights, as it protects against unauthorized access
to, andmisuse of, neural data that could reveal personal thoughts, memories, and preferences. Cognitive free-
dom ensures that individuals have the right to control their own mental processes and resist coercive or invol-
untary manipulation through neurotechnologies. Psychological continuity protects a person’s identity, which
could be affected by cognitive interventions or alterations in neural function. Furthermore, neurorights advo-
cate for equitable access to cognitive enhancement technologies to prevent exacerbation of social inequal-
ities.

Re-interpreting neurorights through human rights instruments may be a vital step toward establishing a global
standard for the use of neurotechnologiesiii. However, defining the scope and limits of neurorights in a rapidly
evolving technological landscape remains a significant challenge. Moreover, raising public awareness of
neurorights is essential to ensure informed discussions and decisions regarding the use of neurotechnology.
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organoids successfully model such dis-
ease, they can exhibit certain disease-
related features of the donor’s neural tis-
sue. In fact, brain organoids are adept at
mimicking neural malformations during
early development, making them useful
for drug screening in diseases that have
an etiology related to this phase, such as
Zika virus-induced microcephaly [7]. How-
ever, organoid-based disease modeling
raises privacy concerns, particularly when
brain organoids are derived from the cells
of patients with conditions vulnerable to
stigmatization. In such cases, measures
should be taken to ensure donor anonym-
ity [8]. A similar privacy issue can arise in
the handling of incidental findings during
the creation of brain organoids [8].

However, it appears unnecessary to
introduce a new concept of neuroprivacy,
separate from existing privacy discussions,
Box 2. Neurotechnologies and human brain orga

Neurotechnologies encompass tools and devices interfa
enhance neural activity. Brain–computer interfaces (BC
external devices. Neuroimaging technologies, such as
structure, aiding clinical research on neurological and p
including deep brain stimulation (DBS) and transcrania
and have shown efficacy in alleviating symptoms of co
depression [12]. Emerging applications aim to enhance
BCI technologies [13].

Human brain organoids are 3D neural structures derived
human brain structure and function. The generation of br
stem cells, such as induced pluripotent stem cells, embr
genitor cells [14,15], which then self-organize into com
stages of the brain. Brain organoids are invaluable for mo
spectrum disorders, and microcephaly, providing insigh
targets. They also offer platforms for drug screening an
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to address the protection of sensitive
disease information in brain organoid
research. The needs to protect personal
information about a disease is not specifi-
cally related to the brain. Indeed, there are
patient-derived organoids other than brain
organoids, for which privacy protection is
very important. An oft-cited example is
intestinal organoids produced from iPSCs
derived from patients with cystic fibrosis
[8]. It is unlikely that such case and disease
studies using brain organoids require dif-
ferent rationales for privacy protection.
Introducing the concept of neuroprivacy
in the latter would be similar to introducing
the concept of ‘bowel privacy’ in the for-
mer, which has no more meaning than
merely identifying the organ in which the
cause of the disease resides. However, as
the bowl-privacy example might suggest,
the neologism ‘neuroprivacy’ could serve
the purpose of drawing renewed attention
noids

cing with the nervous system to record, modulate, or
Is) allow direct communication between the brain and
fMRI and EEG, provide insights into brain activity and
sychiatric disorders [11]. Neuromodulation devices,
l magnetic stimulation (TMS), modulate brain activity
nditions such as Parkinson's disease, seizures, and
cognitive functions through neurofeedback and other

from human stem cells that exhibit certain aspects of
ain organoids involves the differentiation of pluripotent
yonic stem cells, and tissue stem cells, into neural pro-
plex structures that resemble the early development
deling disorders such as Alzheimer's disease, autism
ts into disease mechanisms and potential therapeutic
d studying human brain development.
to existing issues rather than introducing
new ones. If confined to this heuristic
meaning, we might consider the protection
of sensitive information in human brain
organoid research as a ‘neuroprivacy
issue’.

Other privacy concerns have been raised
in human brain organoid research [8,9],
which are indeed significant ethical issues
in this area. However, none of these con-
cerns are particularly relevant to neural
data. In fact, despite the extensive litera-
ture on privacy in organoid research,
there are no specific references to brain
organoid research except for the afore-
mentioned issues related to brain dis-
eases. For example, iPSC-derived human
brain organoids share genetic information
with their donors; therefore, protecting
the genetic privacy of the donors is a chal-
lenge. However, this challenge is common
to all studies using iPSCs. Furthermore,
separating organoids from more compre-
hensive donor information could diminish
the scientific and clinical value of the
research [8]. Without access to donor
information, brain organoids cannot be
studied in terms of a wider range of char-
acteristics, and neither can they be used
in precision medicine. Thus, it is preferable
to retain as much the donor information as
necessary while protecting it more strin-
gently. In particular, biobanks involving
multiple research institutions require
proper governance in terms of collabora-
tion with various partners, data manage-
ment, and data sharing, and possible
donors should be informed of such gover-
nance during the consent process [9].
Again, these issues are all common in re-
search using human biological materials,
stem cells, or organoids research in gen-
eral. Therefore, there is no need for addi-
tional neuroprivacy protection in human
brain organoid research.

The International Society for Stem Cell Re-
search has already established guidelines
on privacy issues in stem cell research,
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including human brain organoid researchii,
which recognize the importance and diffi-
culties of maintaining the confidentiality of
genetic data and recommend keeping
donors’ relevant information and sharing
data on a firm basis to safeguard donor
privacy. While current practices in stem
cell or organoid research regarding privacy
protection may not be ethically perfect, it
is reasonable that human brain organoid
research has not been singled out for
special consideration.

Finally, we wish to clarify what we are
not claiming. First, our skepticism regard-
ing neuroprivacy is not intended to
diminish the importance of privacy pro-
tection. Rather, we argue that privacy
protection in this domain has been a
longstanding issue that does not neces-
sarily require a new concept to be identi-
fied and analyzed. Additionally, we do
not deny that neuroprivacy is significant
in other contexts, particularly in regulating
neurotechnologies targeting the entire
human brain. Furthermore, our discus-
sion primarily concerns in vitro human
brain organoid research. Studies where
human brain organoids are fused with,
or transplanted into, other human tissues
may indeed raise different kinds of pri-
vacy concern, which warrant further
investigation. Last, we do not imply that
further regulations are not necessary
for human brain organoid research beyond
those pertaining to privacy. The moral and
legal status of human brain organoids, the
ethical and legal implications of their trans-
plantation into animals, their connection
to machines, and the appropriate form of
consent for cell donation are under active
debate. It is crucial to exercise caution
and prudence when assessing the rele-
vance of various rights to the research or
development in question, to carry out that
research responsibly.
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