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Introduction

Organoid technology has been rapidly advancing in recent years. “Organoids”
are three-dimensional structures created by imitating the process of organ formation in
vitro using pluripotent stem cells, such as induced pluripotent stem cells (iPSCs) and
embryonic stem cells (ESCs). In 2008, researchers created human three-dimensional
neural tissue — known as the pioneering work of “brain organoids.” In recent years, some
researchers have transplanted human brain organoids into animal brains for applicational
purposes. With these experiments have come many ethical concerns. It is thus an urgent
task to clarify what is ethically permissible and impermissible in brain organoid research.
Delayed consideration of ethical issues may unnecessarily fuel public unrest and
adversely affect current basic research.

Although multiple academic groups have examined the ethical issues of brain
organoid research (Farahany, et al. 2018, Koplin and Savulescu 2019b, Hyun, et al. 2020,
Lavazza 2020), the issues have not yet been comprehensively identified and tackled. As
such, this paper seeks (1) to sort out the ethical issues related to brain organoid research
and application and (2) to propose future directions for additional ethical consideration
and policy debates in the field. Toward (1), this paper first outlines the current state of
brain organoid research, and then briefly responds to previously raised related ethical
concerns. Looking next at anticipated scientific developments in brain organoid research,
we will discuss 1) ethical issues related to in vitro brain organoids, ii) ethical issues raised
when brain organoids form complexes or have relationships with other entities, and iii)
ethical issues of research ethics and governance. Finally, in pursuit of (2), we propose
research policies that are mindful of the ethics of brain organoid research and application
and also suggest the need for an international framework for research and application of

brain organoids.

Brain Organoid Research: State of the Science and Ethical Concerns
State of the Science

In 2008, Yoshiki Sasai and his colleagues generated three-dimensional (3D)
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cerebral tissue from mouse and human ESCs (Eiraku, et al. 2008). In this study, the
induced mouse cerebral tissue showed synchronized neural function and was successfully
transplanted and integrated into mouse brains. Also, the cerebral tissues responded to
extrinsic signals to regionalize different domains of the telencephalon. The same group
reported a follow-up study that demonstrated improved cerebral tissue that recapitulates
some human specific features in 2013 (Kadoshima, et al. 2013).

In the same year, Jiirgen Knoblich, Madeline Lancaster, and their colleagues also
produced 3D human brain tissue (Lancaster, et al. 2013). The group dubbed their
structures “cerebral organoids,” for tissues mimicking the developing cerebrum. So far,
various region-specific brain organoids have been generated, including the cerebral
cortex, hypothalamus, ventral telencephalon, optic cup, anterior pituitary, cerebellum,
hippocampus, choroid plexus, and thalamus (Wataya, et al. 2008, Danjo, et al. 2011,
Eiraku, et al. 2011, Suga, et al. 2011, Nakano, et al. 2012, Nasu, et al. 2012, Watanabe, et
al. 2012, Kadoshima, et al. 2013, Kuwahara, et al. 2015, Muguruma, et al. 2015,
Sakaguchi, et al. 2015, Hasegawa, et al. 2016, Ishida, et al. 2016, Ozone, et al. 2016,
Shiraishi, et al. 2017, Takata, et al. 2017).

Brain organoids provide unprecedented opportunities to study human
neurodevelopment and disease, and can be a useful platform to screen drugs. Commonly
used animal models have been very useful, but there are human specific features that
cannot be recapitulated in lower species. Human monolayer cell culture has been one
approach; however, it cannot fully mimic 3D architecture, which is likely important for
predicting clinical outcomes and finding effective drugs. Thus, organoids are of particular
strength by providing accessible human 3D brain-like tissues that would provide a better
platform to study neurological disorders.

Zika virus outbreak demonstrated an early example of brain organoids as a
powerful tool for disease modeling. In 2015, Zika virus infection during pregnancy led to
birth defects including microcephaly in South America. Concern of the virus spreading
to North America drove a great deal of attention from the American scientific community.
Amidst this backdrop, a series of studies used cerebral organoids to elucidate the cause

of microcephaly due to Zika virus infection, create disease models, and identify
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candidates for therapeutic agents such as TLR3 inhibitor, Ivermectin, and Duramycine
(Cugola, et al. 2016, Dang, et al. 2016, Garcez, et al. 2016, Qian, et al. 2016, Watanabe,
etal. 2017).

Despite the clear utility of brain organoids, many challenges remain including
the incomplete recapitulation of brain structure, size, maturity, vascularization,
lamination and lack of input/output systems, external stimuli, and non-neuroectodermal
cells. Currently, researchers are trying to tackle these challenges by comparing brain
organoids to human fetal tissues to decipher the lack of developmental maturity and
diversity (Pollen, et al. 2019, Bhaduri, et al. 2020), transplanting brain organoids into
animal brains for the host vascularization (Mansour, et al., 2018), slicing organoids for
better layered-organization (Qian, et al. 2020), fusing organoids or spheroids (that is,
aggregated neural tissues) to make input/output systems (Xiang, et al. 2019), and adding
non-neuroectodermal cells such as microglia and oligodendrocyte to create more
complete cerebral tissues (Madhavan, et al. 2018, Ormel, et al. 2018). These approaches
have been under development and many scientists are aiming to enhance the cerebral

organoids to fully recapitulate the developing human brain for better disease modeling.

Ethical Concerns Raised by Current Brain Organoid Research

The ethical questions raised by previous studies can be categorized into the
following topics; 1) in case that cerebral organoids have interacted with other tissues, 2)
in case that cerebral organoids have become integrated with an in vivo brain, and 3)
whether or not organoids have consciousness by themselves in vitro.

For the topic 1), one paper reported brain organoids that possessed direct
synaptic connections between cerebral neurons and photoreceptor cells, which responded
to external light stimuli (Quadrato, et al. 2017). However, the direct connection between
cerebral neurons and photoreceptor cells is different from the in vivo visual pathway. In
vivo, the photoreceptor cells connect to the optic nerve, which is sent to the bilateral
thalamus through electrical and chemical signals and then to the visual cortex (fields 17
and 18) of the cerebrum to be perceived as information in the visual field. Here, all of the

distribution of photoreceptor cells, the relay of the thalamus, and the area of the cerebrum
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to recognize the given light information as the visual field are required.

It is also believed that activity in the visual field is combined with past memories
by comparing it to memories stored in other areas of the cerebrum and the processing of
sensory experience is very complex. Thus, the direct connection between cerebral
neurons and photoreceptor cells does not necessarily mean the generation of brain-like
tissues with vision. The current study is far away from the actual recapitulation of the
complex visual system in vivo. However, in the future, due to the progress of scientific
technologies like assembloids (see, for instance, the recent report of the assembly of a
fused cortical-spinal-muscle organoid [Andersen et al. 2020]), it will be possible to
generate the fusion of cerebral, thalamic, and retinal organoids. This would enable the
construction of the full visual pathway and might potentially open ethical concerns related
to an entity capable of visual perception and pain in vitro.

Regarding the topic 2), the series of transplantation studies of cerebral organoids
into the animal brain brought the ethical concerns regarding the creation of human-animal
chimeras. One study showed vascularization of transplanted cerebral organoid from host
brain and the function of transplanted organoids (Mansour et al. 2018). Another study
showed transplanted organoids provided better graft survival with neuronal
differentiation compared with the transplantation of neural progenitor cells derived from
human PSCs (Daviaud, et al. 2018). These studies did not focus on the connection
between the host and the graft via appropriate neural circuits. However, a very recent
paper showed the axonal extension from organoids transplanted in the motor area to the
spinal cord via the cortico-spinal tract which is a major motor related circuit in the brain
(Kitahara, et al. 2020).

Once the appropriate neural circuit is formed from transplanted organoids, the
host with chimeric brain might have functional contribution from transplanted human
brain organoids, possibly leading to enhanced and acquired ability that does not exist
originally. Furthermore, transplanted organoids could disturb the host brain activity via
unnatural activation or inhibition. This kind of topic has similarity with the ethical
concern regarding the creation of chimeric animal brain by blastocyst complementation.

Thus, the existing model might have already created a chimeric brain that has aberrant
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cognitive function, which should be carefully characterized scientifically and brought to
ethicists’ attention for future consideration.

Regarding the topic 3), the studies that revealed brain organoid activities have
opened the possibility of the generation of consciousness in vitro. Some recent studies
have focused on detecting complex neural activity consisting of synchronized oscillation
with individual firing in neural networks (Sakaguchi, et al. 2019), reproducing a
waveform from in vitro human brain organoids similar to those seen in preterm neonatal
electroencephalography (EEG) (Trujillo, et al. 2019), and demonstrating epileptiform
network activity (Samarasinghe, et al. 2019). On some theories of consciousness, such as
integrated information theory (IIT) — which postulates that consciousness amounts to the
integration of a certain amount of information by some system (Tononi 2012, Tononi, et
al. 2016) — this may seem sufficient for attributing consciousness to an in vitro organoid.

All of the complex neural activities in Sakaguchi's work, neonatal EEG-like
activity in Muotri's work, and epilepsy-like neural activity in Novitch's group can
correspond to information in IIT. These data do not directly mean that these activities
bring consciousness because they lack integration of the activity with the surrounding
environment. Based on IIT, however, they might have consciousness even if they have no
connections with some materials that bind the organoid with the outer world. Thus, it is
possible to say that these studies involve the ethical issue of the generation of
consciousness in vitro, though we have to pay attention to the fact that IIT is not fully
accepted in the scientific community.

Even with these more cautionary views of the progress claimed by recent brain
organoid studies, it is undeniable that the field has made tremendous progress. This
scientific advancement demands ethical reasoning and guidance, the subject of the rest of

this paper.

Ethical Issues Associated with Brain Organoid Research and Application
Given the rapid rate of progress in brain organoid research, it is prudent to

consider not only existing but also anticipated future ethical issues (indeed, some previous
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ethical studies have examined existing and potential issues (Lavazza and Massimini 2018,
Hostiuc, et al. 2019, Koplin and Savulescu 2019b, Sawali, et al. 2019, Lavazza 2020)).
Currently, human brain organoids have been produced and used in vitro, transplanted into
rodents, and transplanted into rhesus monkeys (Kitahara, et al. 2020). Though animal
transplantation experiments have thus far been conducted as basic research, future
preclinical studies may evaluate therapeutic organoid transplantation in humans (Chen,
et al. 2019a, 2019b). In light of the current and future state of the field, the following
sections will discuss 1) issues raised by the in vitro brain organoid itself, 2) issues raised
by transplanting brain organoids into the brains of living organisms or connection with
non-living ones, and 3) issues of research ethics and governance, with an eye toward

suggestions for future brain organoid research.

1. Ethical Issues raised by In Vitro Brain Organoids

If researchers continue developing brain organoids in structure, size, cellular
complexity and maturity, brain organoids cultured in vitro may have some morally
relevant consciousness. This possibility raises questions regarding brain organoids’ moral
status. This section delineates related issues, focusing primarily on concerns about
consciousness. After introducing the notion of consciousness, we discuss the problems of
(1) detection of consciousness, (ii) moral relevance of consciousness, (iii) functional role

of bodies, and (iv) moral relevance of self-consciousness.

(1) Detection of consciousness

Consciousness could have profound practical implications for brain organoid
research. Although there are many distinctions among the numerous kinds of
consciousness (Van Gulick 2018), this paper (and others so far) mainly focuses on
phenomenal consciousness which is characterized by what-it's-likeness (Nagel 1974), or
what it is like to be in such-and-such mental states. This means if one has phenomenally
conscious mental states, he or she experiences (and sometimes enjoys) certain “feels” that
accompany them. Typical examples of such feels include the painfulness of pain or

bitterness of tasting coffee. We focus on phenomenal consciousness, and particularly on
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conscious states with hedonic valence, because it seems morally relevant to have
experiences like pain. Phenomenal consciousness has also been the source of the “hard
problem” of consciousness in the philosophy of mind for decades (Chalmers 1995).

We could divide the problem of consciousness in brain organoids roughly into
two stages. Firstly, we need to know how to detect if the organoids are phenomenally
conscious. Secondly, after a successful detection of consciousness, we need to see exactly
how the presence of consciousness would be morally relevant. Below, we will discuss
these two stages in turn.

The detection of consciousness in brain organoids poses difficult empirical and
epistemological problems. In current scientific practice, the gold standard for evidence of
consciousness is an introspective report. This measure is hardly foolproof, and is arguably
only applicable to humans with linguistic abilities. This concern might suggest the
method that Davies and Levy call the silver standard for consciousness detection — the
search for evidence of intentional agency (or action) guided by the brain or entity in
question (Davies and Levy 2016). Applying this method has suggested that in some cases,
humans diagnosed as in ‘persistent vegetative states’ due to traumatic brain injuries may
actually retain consciousness (Owen, et al. 2006, Boly, et al. 2007, Monti, et al. 2010,
Cruse, et al. 2012, Fernandez-Espejo and Owen 2013, Owen 2019) with the exhibition of
both. As the evidence of intentional agency methodology asks patients to imagine certain
scenarios, its results arguably only apply to humans with linguistic comprehension
abilities. Some different methodologies for detecting intentional agency might be
envisioned for application to brain organoids, but we are not aware of any plausible
candidates at the present time.

A different, non-introspective method may hold some promise for brain organoid
application. Lavazza and Massimini (2018) propose a promising method for
consciousness detection by using an existing measurement method called the
Perturbational Complexity Index (PCI). The PCI has theoretical connections to IIT
(Lavazza and Massimini 2018). IIT is controversial (Bayne 2018), but one does not need
to accept it to see the value in the PCI. It is a measure of the complexity of the response

of the thalamocortical system to direct perturbation (by transcranial magnetic stimulation)
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(Casali, et al. 2013).

The PCI is better than chance at discriminating between levels of consciousness
in humans. That is, the PCI can discriminate between [a] wakefulness and NREM sleep
in healthy adults, [b] different levels of sedation with propofol anesthesia, and [c]
different conditions following traumatic brain injury. However, even if the PCI is a good
candidate for a biomarker of consciousness in well-developed human brains, the measure
would not work in very different neural structures such as a brain organoid. At this point,
the PCI might be best seen as proof of principle that biomarkers for consciousness can be
developed and relied upon as evidence for consciousness. Application of PCI evaluation
for organoid study looks unfeasible because the method of transcranial magnetic
stimulation (TMS) modulation with EEG recording needs the size and complexity of a
whole brain which is lacking in current organoids. But once the complex neural circuits
with much space or micro-equipment of PCI for organoids are achieved, the evaluation
of PCI for organoids could be performed. We may require more knowledge about both
the architecture of different organoids and what kinds of signals qualify as evidence of
consciousness in normal brains before the novel application of an existing biomarker

could be justified.

(i1) Moral relevance of consciousness

Generally speaking, even if it is uncertain whether an entity has consciousness,
it might be the case that we must take certain moral attitudes or actions towards them,
whatever such attitudes and actions are. Under such circumstances, it would be wise to
choose what to do more conservatively, namely, in a precautionary way that would
exclude false negatives. Hence, it would be prudent to proceed under the assumption that
the entity has consciousness for the time being by applying a precautionary principle
(Birch 2017, Shepherd forthcoming). As Birch has it, “[i]n broad terms, the idea is clearly
that we should not require absolute certainty that a species is sentient before affording it
a degree of legal protection. Absolute certainty will never be attained (indeed, the
“problem of other minds” suggests it cannot even be attained with respect to human

minds), and its absence is not a good reason to deny basic legal protections to potentially

RBAFFHER)FD b

Kyoto University Research Information

Repository



A Self-archived copy in

[N Y, RBAFFHER)FD b
) #ﬁ ﬂ( ? Kyoto University Research Information Repository ?
e KURENAI #L

Wt KYOTO UNIVERSITY https://repository.kulib.kyoto-u.ac.jp

FINAL DRAFT: 2021 in AJOB Neuroscience

sentient animals” (Birch 2017: 2).

Carefully deciding how exactly to apply a precautionary principle to possibly
conscious entities will likely require significant collaboration between scientists and
policy-makers. But the basic idea seems wise. Deciding which of the many competing
theories of phenomenal consciousness is the winner among all will not be possible in the
near future. Although some influential theories including IIT and Global Neural
Workspace Theory (GWT) (Dehaene and Naccache 2001) might be applicable to brain
organoids (Lavazza 2020) for now it is uncertain whether these theories would fully
unveil the nature of consciousness. Instead, some have advocated that we search for
consensus on common features shared by each theory (Shepherd 2018, Wiese 2020).
Assuming that brain organoids themselves may have some consciousness, some of the
authors of this paper have already started phenomenological consideration of what kind
of consciousness they may have and what value consciousness has.

Despite the problems of detection, we need to know how consciousness in the
organoids would be morally relevant. Recently, phenomenal consciousness has not only
been of purely philosophical interest but of practical ethics interest (Kahane and
Savulescu 2009) . The capacity for phenomenal consciousness is often regarded as
equivalent to sentience, which is the ability to feel pain, pleasure, and distress. Given this
understanding of phenomenal consciousness, some argue that possessing phenomenal
consciousness is thus sufficient to underwrite moral status (Levy and Savulescu 2009),
possession of which would entitle an entity to morally appropriate treatment. Yet, this
explanation may not be quite right. Some draw a distinction between conscious
experiences that have a valence (that are good or bad for the subject) and those that do
not (Shepherd 2018, Lee 2019). One moral view is that only experiences with valence
have moral value, and thus undergird moral status. Another moral view is that any
conscious experience has moral value, and so undergirds moral status. This distinction is
relevant to organoids, where one can imagine an organoid with a well-developed visual
cortex (say) but no pain system.

Although clearly, phenomenal consciousness is the basis of moral consideration,

it is not immediately apparent that creating an entity with such consciousness for research
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use should be prohibited (Koplin and Savulescu 2019b). Indeed, common research
animals such as rodents and non-human primates are usually taken to have some
conscious experiences (although there is active discussion around the ethics of animal
experiments (Visak and Garner 2016, Beauchamp and DeGrazia 2020). See also (b)
below.).

In addition to the problem of detection and moral relevance, we suggest further
problems concerning organoids' consciousness and cognition and their relationships with

morality.

(ii1) Functional role of bodies

We need to consider the functional role of bodies potentially connected to brain
organoids. Being disembodied, brain organoids may constitute “islands of awareness” —
streams or systems of consciousness unshaped by sensory input and unable to produce
expressions via motor output (Bayne, et al. 2020). Current brain organoids may be in a
peculiar or even unique state of consciousness because they have no body, sensory input,
or motor output. That said, brain organoids of the future may be given “bodies” by such
means as programming using artificial gene circuits, connection with animals/humans,
connection with other organs of biological origin, or connection with non-living materials
(Munsie, et al. 2017, Hyun, et al. 2020). Consequently, future brain organoids may have
a different state of consciousness with bodies. There is ongoing active exploration
regarding what kind of consciousness developmentally different or embodied brain

organoids may have, and the moral implications of these various kinds of consciousness.

(iv) Moral relevance of self-consciousness

We also need to consider the moral relevance of more advanced cognitive
abilities other than phenomenal consciousness. While most authors discussing this issue
agree that sentience is sufficient for ethical consideration, they also generally hold that
self-consciousness may enhance moral status (Shepherd 2017, Koplin and Savulescu
2019Db). Possessing self-consciousness would seem to give brain organoids a higher moral

status than those with only phenomenal consciousness, as self-consciousness brings with
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it more critical needs and interests. Similarly, the potential for higher levels of distress
can also endow brain organoids with a higher moral status (Koplin and Savulescu 2019b).
However, the relationship between phenomenal consciousness and sophisticated
cognitive abilities remains unclear. Phenomenal consciousness may or may not be
necessary for such cognitive abilities (Niikawa 2018), for example. As it is not
conceptually impossible for brain organoids to have such advanced cognitive abilities,
the analysis of phenomenal consciousness alone would be unsatisfactory for the full

ethical consideration.

2. Ethical Issues raised by Transplanted Brain Organoids

Recent years have seen some transplantations of human brain organoids into
animal brains. If some would focus on the connection between the host and the graft via
appropriate neural circuits in the transplantation studies, we would face the pressing need
for ethical evaluation. Also, though too futuristic, this might soon be applied to
therapeutic transplantation (Chen, et al. 2019a, 2019b). In the following section, we will
present three ethical issues associated with transplantation studies, namely, (a) issues
related to chimeras resulting from human brain organoid transplantation in animals, (b)
issues of hybrids connected to non-living entities, and (c) issues associated with future
transplantation into humans. We will also examine future directions for organoid

transplantation research and application.

(a) Ethical issues related to the production of chimeric animals

The transplantation of more sophisticated human brain organoids into animals
may produce chimeric animals with types of consciousness and cognitive abilities not
seen in untransplanted animals. This possibility is the basis for concerns about the “moral
humanization of animals,” which can be differentiated from “biological humanization of
animals”: while both confer human-like properties to a particular animal, only the former
does so in a way that carries moral significance. Humanization of animal hosts in both

senses has been actively discussed in human-animal chimera research using the blastocyst
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complementation technique (see, for example, (Greely 2011, Hyun 2016, 2018)).
However, the moral status implications of chimera studies which cause the moral
humanization of animals, remains unclear (International Society for Stem Cell Research
2016, Koplin and Savulescu 2019a). With that, it is difficult to answer the ontological
question of what features define the moral status of human-animal chimeras and the
epistemological question of how competent animals are. Due to this moral uncertainty,
some argue that animal rights should be taken into full consideration (Koplin and
Wilkinson 2019).

Related to this, two ethical issues would be raised by transplanting human brain
organoids in animal hosts: one is animal enhancement and human dignity that have been
debated in the literature, and the other is significance of the subjective viewpoint that
have been overlooked thus far. Conventional animal humanization concerns center on the
dignity of humans and the enhancement of animals when animals acquire human
cognitive or psychological/mental abilities (e.g. self-consciousness). Some argue that, if
animals acquired psychological/mental abilities that only humans possess, this would
violate human dignity, which would be morally problematic (Karpowicz, et al. 2005). As
an example of animal disenhancement, in a research proposal about the intentional
production of human-(non-ape) primate chimeras for modeling human neurological and
psychiatric disease using blastocyst complementation, others show that the chimeric
animals would be affected in ways that “compromise rather than enhance their normal
capabilities and health” (De Los Angeles, et al. 2019). The other concern is that
transplantation of brain organoids into the animal brains would change the brains of
animal hosts in an unintended way. This might also raise some profound moral questions.

For the former, some argue that animal (dis)enhancement which does not give
the animal self-consciousness is ethically acceptable when the benefit to humans
outweighs the suffering of the animal (Savulescu 2011). Additionally, some authors argue
that the creation of a human-animal chimera with psychological/mental ability that
underlies human dignity constitutes the creation of new dignity, so that no one’s (human)
dignity is violated (Palacios-Gonzélez 2015). In any case, the areas of brain organoid

research which genuinely elicit concern about animal (dis)enhancement or violation of
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human dignity must be identified. We should judge the extent to which human brain
organoids may permissibly be transplanted into animals for research use while taking into
consideration animal enhancement and human dignity, the adequacy of experimental
design and approach, and the welfare of involved animals (Hyun, et al. 2007, Porsdam
Mann, et al. 2019). In the event that creating a chimeric animal with acquired self-
consciousness is deemed permissible, the resulting animal ought to be considered
according to its moral status (Streiffer 2010, 2019).

For the latter, transplanting a brain organoid in vitro might raise the problem of
unintended connection between brain organoids and the transplanted animal brain. There
are two possible axes concerning the connection: (1) symmetric or asymmetric, and (2)
phenomenal unity or compartment.

In symmetric cases, two autonomous, comprehensive minds will be connected.
This may be the case between a matured-enough brain organoid in the future and an
animal brain. However, we don't see an urgent reason to connect two mature brains,
although some argue that this is a hypothetical possibility (Sotala and Valpola 2012). In
contrast, in asymmetric cases, a brain organoid that realizes only partial psychological
states will be transplanted. For example, this might include transplantation of a part of
memory systems into a (malfunctioning) animal brain. Such an asymmetric connection
would not raise the question whether one of the viewpoints would cease to exist, in so far
as organoids with limited psychological capability would not instantiate phenomenal
consciousness by themselves.

In comparison, cases of symmetric connection might entail either phenomenal
unity or compartmentalization of consciousness. Phenomenal unity holds if and only if
there is a single, total conscious state that encompasses (or subsumes) all the aspects of
the subject's conscious experiences at a time (Bayne 2010). Our phenomenal
consciousness is typically unified in this sense, although some argue that the
consciousness of split-brain subjects might not (Schechter 2010). Phenomenal unity also
guarantees only a single, unique subjective point of view within each organism. Hence,
if symmetric connection were the case, the phenomenal unity scenario would eliminate

one of the two unique perspectives. The possible disappearance of a subjective viewpoint
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due to such fusion may cast doubts on the moral permissibility of transplantation, even if
the transplantation itself is initially permitted for some reasons. Though it is unclear
whether such selves would also individuate moral units, which are demarcated from each
other as targets of morally relevant behaviors, the subjective point of view might be a
proper index of the number of moral units. Further discussion is needed on what defines
the boundaries of moral units.

Phenomenal unity might not occur even with the symmetric connection case. In
the compartmentalization of consciousness scenario, two subjective viewpoints would
co-habit within one single organism, possibly interacting with each other. This might raise
an ethical problem similar to conjoined twins (cf. (Savulescu and Persson 2016)),
especially if two brains are irreversibly fused at the neural, tissue level.

The actual ethical concerns associated with these connections have yet to be fully
clarified. To recap, the possibility of transplanting brain organoids into animal brains
would force us to consider if such transplantation was morally permissible. Besides, we
need to consider the fundamental moral problems, such as what it would mean morally

to have a subjective perspective and lose such a viewpoint.

(b) Issues of hybrids connected to non-living entities

When discussing the moral importance of consciousness, we need to consider
the potential consciousness of not only human brain organoids themselves or animals
transplanted with human brain organoids, but also that of other hybrids connected to non-
living entities such as artificial intelligence (AI) and robots (Kahane and Savulescu 2009,
Levy and Savulescu 2009). Some already argue that combining brain organoids in the
future with other living or non-living systems may lead us to regard them as human
individuals (Hyun, et al. 2020). Therefore, the moral status of brain organoids with
“bodies” may need to be considered in conjunction with the moral status of the embryo
or fetus. The possibility of brain organoids interacting with the external world or their
surrounding environment by having a “body” raises the additional questions of what
kinds of behavioral repertoires become possible and what moral implications these

behaviors have. Collaboration with researchers in adjacent areas (such as Al) will become
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increasingly important in the future (Hyun, et al. 2020).

Some argue that phenomenal consciousness in a brain organoid ought not
immediately lead to a ban on its experimental use (Koplin and Savulescu 2019b).
However, even such philosophers admit that we should not use brain organoids with
higher cognitive abilities for research purposes. Hence, if there is concern that connection
of human brain organoids with non-living entities may induce higher cognitive abilities
in hybrids, based on the precautionary principle, restrictions may potentially need to be

imposed on such hybrid studies (Munthe 2019).

(c) Issues of future transplantation into human brains

In the future, it is expected that functional brain organoids will be transplanted
to treat neurologic ailments including traumatic brain injury, and stroke. The possibility
of therapeutic transplantation poses some ethical concerns. Similar to concerns relating
to deep brain stimulation (DBS) (Gilbert, et al. 2018, Pugh, et al. 2018, Erler 2019), the
transplantation of brain organoids to treat motor dysfunction could affect thoughts and
behavior in an unintended or unpredictable way.

There is a significant difference between brain organoid transplantation and DBS,
though, in the degree of reversibility of the two treatments. If DBS does not produce its
desired therapeutic effect or if it produces an unwanted effect, the DBS electrode system
can be turned on and off, and/or it can be removed altogether. It is believed that the effects
and side effects of DBS treatment are reversed by removing DBS devices. In that sense,
DBS is a reversible intervention.

Human brain organoids cannot be removed following transplantation, even if
such a procedure does not have its desired outcome. It is possible that nerve cells from
transplanted brain organoids may extend axons and create new neural pathways with the
transplant recipient’s own brain tissue, making the complete removal of the transplanted
organoid difficult to impossible. In that sense, brain organoid transplantation is a highly
invasive and irreversible intervention.

Other forms of therapeutic neural transplantation have previously been

performed. Allogeneic transplantation using iPSC-derived dopaminergic neurons has
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been reported (Cyranoski 2018, Takahashi 2020). Brain organoids have more complex
structures that may have cognitive function in their own right, thus raising the problem
of psychological alteration due to transplanted brain organoids. Since this point cannot
necessarily be resolved through animal experimentation alone, it may be an ethical
obstacle in promoting clinical transplantation. On the other hand, even with this
outstanding concern, medical scientists may try to use brain organoids for clinical
application in patients with various brain-related diseases and their families may also
desire clinical transplantation. Given these considerations, an appropriate ethical

framework for clinical research based on proof of concept should be well established.

3. Issues of Research Ethics and Governance
Research using human-derived samples generally requires an ethically stringent
process. For example, it is necessary to obtain appropriate informed consent from

individuals who give samples and to ensure their right to withdraw consent during

research in a transparent manner (World Medical Association 2013, Farahany, et al. 2018).

Such consent is relevant to brain organoid research, as well. As brain organoids are
produced from ESCs or iPSCs, a donor may give their cells as the seed of brain organoids,
and in vitro brain organoids are a cloned entity of the donor. Nonetheless, they also have
some types of consciousness, so that there may be cases where cell donors cannot
withdraw consent because of organoids gaining consciousness. Thus, how to set the range
of rights of the cell donor presents a problem in the production and use of brain organoids.
Absent a clear answer, research ethics issues, i.e., the relations of cell donor to research
materials or “research subjects” may arise.

It has been argued that brain organoid research poses the problem of stewardship
and ownership -- if a brain organoid or an animal transplanted with the brain organoid
acquires some form of consciousness which confers it moral status, who is responsible
for the welfare of that brain organoid, and who owns it (Farahany, et al. 2018)? In the
event of the creation of brain organoids or human-animal chimeras with self-
consciousness, their moral status should be equivalent to that of humans, and they ought

to be treated in an appropriate manner. On this question, Chen et al. argue that, “[i]f there
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is evidence of rudimentary self-awareness, perhaps the chimeras should be removed from
the research setting and retired to colonies such as chimpanzee sanctuaries. If there is
further development of self-awareness, it may even be necessary to afford chimeras legal
protections similar to humans, including consent for procedures and the right of self-
determination” (Chen, et al. 2019b: 469). Before producing such chimeric animals as well
as hybrids, we need to discuss how to grow and keep brain organoids, chimeras and
hybrids, and how to consider the benefits and welfare of such entities who do not have
verbal abilities (Savulescu 2011, Farahany, et al. 2018).

More practically, a further point of discussion involves which normative position
to adopt for developing public policy. In the 1980s, the Warnock Committee in the UK
discussed the ethical permissibility of human embryo research and adopted a utilitarian
position that weighed costs and benefits to justify research use of human embryos (UK
Department of Health and Social Security 1984: 65). In advocating for a utilitarian stance,
Peter Singer argues that “[t]he capacity for suffering and enjoying things is a prerequisite
for having interests at all, a condition that must be satisfied before we can speak of
interests in any meaningful way... No matter what the nature of the being, the principle
of equality requires that its suffering be counted equally with the like suffering — in so far
as rough comparisons can be made — of any other being” (Singer 2011: 50). If sentience
is a morally relevant property for brain organoid research, Singer’s position dictates that
the well-being of conscious beings (e.g. experimental animals) must be considered in
planning and carrying out research. There are other, non-utilitarian moral frameworks that
could inform policy debates. If the utilitarian position is not adopted, it is crucial that we
decide which position will be taken up in its place.

In a different research context, He Jiankui’s 2018 creation of twin girls using
genome editing technology called CRISPR-Cas9 (Regalado 2018) has precipitated
extensive ethical debate from academic groups and professional bodies about germline
genome editing (National Academy of Sciences 2020). Currently, there is a broad
consensus that reproductive uses of germline genome editing are unacceptable and
irresponsible, though the question of a moratorium against such editing remains

controversial (Lander, et al. 2019). One of the problems raised by germline genome
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editing is that undeveloped regulations and regulatory gaps between countries allow
ethically gray research and clinical application loopholes. As international efforts to
discuss ethical permissibility of emerging new technologies (e.g. germline genome
editing) are underway (Jasanoff and Hurlbut 2018), the debate must include stakeholders
in the production and use of brain organoids and set regulatory frameworks accordingly.
As brain organoid research is closely related to other research domains such as Al and
robotics, it is imperative to discuss the governance of organoid research in cooperation
with adjacent areas of science and technology.

At the global level, articulating an international framework for research and
application of brain organoids will be challenging, but undoubtedly necessary. The
scientific community — including researchers, institutions, and funders — have an
obligation to engage with the public and policy-makers about different moral positions
and nuanced ethical challenges in research and application. National governments need
to improve regulatory oversight to ensure that appropriate mechanisms are in place for
the three categories of brain organoid, that is, in vitro brain organoid research, brain
organoid transplantation in animals or brain organoid connection with non-living systems,
and brain organoid transplantation in humans identified in the paper. Governance must
all the while remain flexible, to accommodate the evolving science and be informed by
the ethical considerations of individual societies. While it might be difficult to integrate
different ethical norms and social and cultural concerns into a coherent instrument,
developing international guidelines on scientific research practices, under the auspice of
the World Health Organization, may be a starting point for international dialogue among

governments, research institutes, and the public.

Conclusion

Following from the discussion up until this point, we propose three research
policies for the ethics of brain organoid research and application.

Firstly, ethical issues should be identified and considered in anticipation of future

research and clinical application of human brain organoids. With the rapid progress of
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brain organoid research, it is imperative to consider not only existing ethical challenges,
but those likely to arise in the future. The path from basic to clinical application of human
brain organoids has three phases of research: (i) in vitro studies of brain organoids, (ii)
transplantation of human brain organoids into animal brains, and (iii) transplantation of
human brain organoids into the human brain. As each phase involves different scientific
and ethical issues, it would be useful to consider the phases separately.

The first phase of research will likely see further refinement of region-specific
brain organoids (Benito-Kwiecinski and Lancaster 2020). This development will in turn
facilitate the emergence of more complex brain organoids, created by fusing multiple
region-specific brain organoids (Marton and Pasca 2020). This increased complexity may
give such fused organoids capacities for sensory input and behavioral output. Capacity
for sensory input and behavioral output should be a distinguishing characteristic in how
we think about the consciousness of future brain organoids. Critically, as it is difficult to
definitively determine whether brain organoids possess conscious experience, it may be
advisable to adopt a precautionary approach that assumes future brain organoids will
possess particular kinds of consciousness. (The authors of this paper have started this type
of analysis).

In the second phase of research, transplanting immature human brain organoids
into the brain of a living animal is not likely to lead to more sophisticated conscious
experiences than the animal already possesses. Nevertheless, in the future, if a human
brain organoid with more sophisticated brain structure and function is transplanted into
an animal, the transplanted animal might develop higher brain function.

Secondly, to achieve the first policy, ethical evaluation needs to be well-informed
by scientific research. To accurately estimate current and future research developments,
there should be scientific input by researchers who conduct brain organoid research with
expertise in related fields such as developmental biology and neuroscience. To prevent
ethics and governance from being outpaced by scientific progress, scientists (including
brain organoid researchers, but also biologists in neighboring fields and Al researchers),
philosophers, legal scholars, and funding agencies should communicate with each other

on both scientific facts and their resulting ethical, legal, and social implications. Also,
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alongside such interdisciplinary collaborations, it is also important to encourage public
debates, involving a variety of stakeholders, on how to proceed with such research.
Thirdly, human brain organoid research and application both pose their own
ethical and legal implications and exert a mutual influence on various other research areas.
To ensure that impacts are both ethically and legally sound, it will be crucial to continue
to develop human brain organoid research following appropriate guidelines established
in each country as well as worldwide. It will be important for countries to develop
appropriate regulations on human brain organoid research that are consistent with the
ethical principles governing other types of biomedical research, e.g., research on embryos
and non-human animals. In addition to national regulations, the development of an
international regulatory framework is desirable, although this prospect presents familiar
challenges, as illustrated for instance by the cases of human reproductive cloning or
germline genome editing. However, such a framework may be necessary to ensure a
minimal agreement exists at the international level over what is ethically and legally

permissible in human brain organoid research.
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