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Abstract

Human cerebral organoids (HCOs) are three-dimensional in vitro cell cultures that
mimic the developmental process and organization of the developing human brain.
In just a few years this technique has produced brain models that are already being
used to study diseases of the nervous system and to test treatments and drugs. Cur-
rently, HCOs consist of tens of millions of cells and have a size of a few millimeters.
The greatest limitation to further development is due to their lack of vascularization.
However, recent research has shown that human cerebral organoids can manifest the
same electrical activity and connections between brain neurons and EEG patterns
as those recorded in preterm babies. All this suggests that, in the future, HCOs may
manifest an ability to experience basic sensations such as pain, therefore manifest-
ing sentience, or even rudimentary forms of consciousness. This calls for considera-
tion of whether cerebral organoids should be given a moral status and what limita-
tions should be introduced to regulate research. In this article I focus particularly
on the study of the emergence and mechanisms of human consciousness, i.e. one of
the most complex scientific problems there are, by means of experiments on HCOs.
This type of experiment raises relevant ethical issues and, as I will argue, should
probably not be considered morally acceptable.
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1 Introduction

Human consciousness is an elusive object for scientific research. Until a few decades
ago it was even doubtful whether it was an entity in the full sense, from the point of
view of the ontology of the physical world on which science is based (Searle 1992).
Today consciousness has become one of the great unresolved puzzles for scholars,
and there is no unanimous consensus on its definition (Gennaro 2018). In accord to
a pragmatic definition that still captures a widespread intuition, consciousness is that
thing that disappears when we go to sleep at night and reappears when we wake up
in the morning. We know that consciousness understood as awareness of the envi-
ronment and of ourselves is something innate to our very existence, and that it seems
to diminish or disappear, for example, in sleep, anesthesia or coma.

What we do not know is how this capacity arises from the activity of our brain
(and there are still respectable philosophical theories—heirs to the classical Carte-
sian position—which suggest that the brain is not enough to explain human con-
sciousness). There are many empirically-based theories that seek an explanation of
consciousness in brain activity (I will not mention here purely cognitive theories
[cf. van Gulick 2018]), but none seem to be really convincing enough to reach a sig-
nificant, albeit temporary, consensus in the scientific and philosophical community.
It is no coincidence that, just recently, a $20 million contest was launched by the
Templeton Foundation to compete for the most accredited (or less discredited) pro-
posals on the origin of consciousness, involving scholars from all around the world
(Reardon 2019).

Unraveling the mysteries of consciousness matters not only because the latter is
what qualifies us as human beings—i.e. it is what makes sensations have a certain
effect on us and seems to characterize our lives in a unique way (Kriegel 2019). It
is also important in order to intervene over so-called altered states of consciousness,
such as vegetative states, as well as to understand what kind of consciousness cer-
tain animals may have and whether a software or a robot can become aware of the
environment and their selves in a way similar to us humans (Kahane and Savulescu
2009; Godfrey-Smith 2016).

In this article, the focus will be different from that of research on consciousness
in healthy adult human beings. In fact, the rapid development of so-called human
brain organoids or human cerebral organoids (HCOs), i.e. brains grown in vitro
from stem cells, opens up a completely new scenario worthy of a careful ethical, or
better neuroethical (Lavazza 2016), examination in relation to the implications and
consequences of neuroscientific research. The fact that in vitro brain organoids can
recreate the cytoarchitectonic development typical of a human brain and manifest a
complex functional activity, including coordinated electrical activity, suggests that
human cerebral organoids, if further developed for medical research and patient care
(provided this becomes possible in the near future), may also develop some form of
rudimentary consciousness.

It should be noted that this consciousness might initially be simple sentience, i.e.
the ability to experience basic sensations, such as thirst or pain, and then become a
consciousness that would still not be fully developed compared to that of a healthy
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adult human being. This hypothesis is based on the assumption that consciousness
manifests itself, at least in some features, by degrees instead of immediately appear-
ing in an all-or-nothing form. But even if this were the case, we could not exclude
with certainty that a brain grown in vitro, being very similar to a brain grown in
utero, might not tend to develop the same functions and capabilities as the latter,
except of course for the important differences involved in the ontogenesis process,
starting from the lack of interaction with the external environment.

The presence of a degree of consciousness in HCOs would give rise to the ethical
issue of what moral status should be attributed to them and, possibly, what rights
should come with the attribution of a moral status. The theme I want to consider
here is that the development of some form of consciousness in HCOs could also be
sought as a goal in itself, in order to unravel the mystery of human consciousness
and, consequently, to obtain benefits for all patients with altered states of conscious-
ness who today have no available treatments (cf. Bayne et al. 2019). This type of
research, which on the one hand would seem to be of great importance for science
and of great utility for medicine, would directly and voluntarily create situations that
we would regard as problematic if they occurred as unintended effects of a different
type of research. In other words, already today, by trying to create models of human
brains for the treatment of diseases, we could end up growing sentient organs, and
this would probably raise serious ethical dilemmas.

Now, as mentioned, it cannot be ruled out that some researchers may want to try
to develop human brain organoids capable of some form of consciousness in order
to study how this phenomenon arises and manifests itself, both to understand its
mechanisms and to obtain new treatments to be applied to patients who are cur-
rently incurable. Would it be ethically licit to proceed in the way described, whether
the desired results are achievable or not? The research on human brain organoids is
therefore characterized as a double-edged sword: very promising for both research
and personalized care, extremely controversial from an ethical point of view pre-
cisely insofar as it could help to achieve results so far unhoped-for, i.e. the under-
standing of what is one of the biggest questions, if not mysteries, for science.

Based on the current knowledge about human cerebral organoids, I will consider
the possibility that they are conscious and what theories of consciousness might fit
with the fact that sentient HCOs do not have any relations with the external environ-
ment. If a brain organoid could develop some form of awareness, I argue, it should
be granted a moral status. That means the HCO would be worth special considera-
tion insofar as it has subjective experiences and is of human origin. In this vein, also
the ethical issues concerning chimeras concur to give value and dignity to HCOs
grown in a dish. All that considered, the project to study consciousness by experi-
menting on human brain organoids in the lab should not be considered licit, because
it would imply using HCOs as a means and not as an end. And this claim is justified
on the basis of avoiding unnecessary pain as a moral imperative in an extended Kan-
tian view.

The article has the following structure. I will briefly explain what human brain
organoids are and what their current degree of development is (Sect. 2); I will argue
that the evaluation of their possible state of consciousness depends on the theory of
consciousness that is adopted and I will discuss the implications of this scientific
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uncertainty (Sect. 3); I will analyze what it may mean that a human brain organoid
has some rudimentary form of consciousness (Sect. 4); I will also consider the stud-
ies conducted on human-animal chimeras carried out by implanting human brain
organoids into the brains of mice (and in the future of other animals) (Sect. 5); I will
address the topic of possible research on human brain organoids for the purpose of
studying human consciousness (Sect. 6); and I will conclude with a brief general
discussion of the topic of research with and on human brain organoids in the event
that they may become conscious (Sect. 7).

2 Human brain organoids: what are they?

One of the biggest and most promising advances in biomedical research over the
last decade has been the development of organoid culture techniques. Organoids are
three-dimensional cell cultures grown in a dish that recreate the spatial morphology,
structural features, and physiological responses of the represented organ of origin, as
well as some of its key cell types. To testify that we are dealing with a new frontier
whose potential and implications are not yet well explored, there is the fact that the
first published landmark study on intestinal organoids dates back to 2009 (Sato et al.
2009). The first study that has paved the way to cerebral organoids dates back only
to 2013 (Lancaster et al. 2013; Lancaster and Knoblich 2014).

The differentiation between cerebral organoids and embryonic stem (ES) cells
or induced pluripotent stem (iPS) cells can now generate three-dimensional in vitro
cultures that mimic the developmental process and organization of the developing
human brain (Setia and Moutri 2019; Arlotta and Pagca 2019). These so-called mini-
brains have immediately provided a unique, physiologically relevant in vitro model
system for the study of human neurological development and diseases. The advan-
tage of this technique over 2D cell cultures is enormous. In general, organoids con-
tain many different types of cells specific to the organ in which they are induced to
develop, in order to reproduce the functionalities of the organ itself. This is achieved
by using appropriate signaling factors that mimic the signaling environment typi-
cal of organ development in the human body. For this reason, organoids display a
complex architecture similar to that observed in vivo: for example, HCOs have an
appropriate cellular stratification.

Organoids have quickly found a wide variety of applications, from basic research
to translational and industrial uses. First, organoids are providing important infor-
mation on the development of the tissue that they model. Secondly, they also rep-
resent relevant models for studying cell biology, which includes tissue regeneration
mechanisms and interactions with bacteria, viruses, and cells from other tissues.
From an experimental point of view, organoids add up the advantages of high com-
plexity of cell cultures with the absence of confounding variables typical of animal
models and the ease of in vitro handling and lower costs in terms of resources and
time. For this reason, in many cases (though not all), they can already complement
or replace in vitro experiments that today use primary cells or immortalized cells
and animal experimentations. The fact that organoids are genetically stable, i.e. they
maintain the genotype and phenotype of the tissue of origin, allows them to be used
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as reliable models for the study of diseases and their mechanisms and progression.
Organotypes are also being used to predict a patient’s specific response to a certain
drug treatment. At least for some organs, it is possible to envision reaching, one day,
the goal of what is considered the holy grail of biomedical research, namely the pro-
duction of organs grown in a dish that can be transplanted into the body of a patient
with full biological and immune compatibility, without needing a living donor.

A human cerebral organoid is grown in the lab starting from an embryoid (tis-
sue that has some embryonic features) obtained from ES or iPS cells. The nervous
system grows from the ectoderm layer of an embryoid. Ectodermal cells are placed
into matrigel droplets (which provide nutrients) and floated in a nutrient broth in
a rotating bioreactor. After 10 days the organoid develops neurons. After 30 days
it displays regions similar to parts of foetus developing brains. Lacking vasculari-
zation and consequently blood supply, brian organoids can reach about 4-5 mm
across and remain vital for a year or even more. For different scientific purposes,
scientists grow 3D cell cultures systems of different complexity. They range from
neurospheres (small clusters grown in suspension) to neural aggregates (based on
pluripotent stem cells by first forming an embryoid body), up to cortical spheroids
(containing only cortical neurons and astrocytes) and cerebral organoids or whole-
brain organoids that are models derived from pluripotent stem cells capable of pro-
ducing organized structures resembling those of the human brain.

By adding patterning factors, one obtains models of specific regions (e.g. the
forebrain), while without patterning factors one obtains a complex structure repre-
senting multiple brain regions: a mini-brain, like the one first created by Lancastaer
et al. (2013). This technique developed by Lancaster and colleagues and consistently
perfected by other research groups (Velasco et al. 2019) has already been used for
the study (and treatment) of many diseases, starting from microcephaly and Zika
virus to Angelman’s disease and Hungtington’s disease. In just a few years, HCOs
have been used to learn how viruses affect human neurodevelopment, to assess the
effects of nerve tissue exposure to environmental toxins, to create genetic neuro-
logical disorders models and find possible remedies, and to have oncological models
from which to understand the progression of cancer and find possible treatments (Li
et al. 2016; Schwartz et al. 2015; Yin et al. 2016; Qian et al. 2016, 2017; Pacitti
et al. 2019; Sun et al. 2019; Grenier et al. 2019).

These important clinical applications go hand in hand with the possibility of
studying the brain in all its development stages in unprecedented ways. Brain orga-
noids that have been grown for many months have reached important levels of dif-
ferentiation and cellular activity. The small spheres that initially appeared to be only
3-dimensional transpositions of the cultures of nerve cells on the Petri dish have
begun to show important functionalities. Just to name a few, Birey et al. (2017)
produced “three-dimensional spheroids from human pluripotent stem cells that
resemble either the dorsal or ventral forebrain and contain cortical glutamatergic
or GABAergic neurons”, thus showcasing the saltatory migration of interneurons
in the fetal forebrain. They also showed that after migration, interneurons function-
ally integrate with glutamatergic neurons to form a microphysiological system. And
“spheroids cells were remarkably similar with those from corresponding regions of
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humans’ fetal brain”, with “both excitatory and inhibitory neuronal activity” (Camp
and Treutlein 2017; cf. Pacitti et al. 2019).

It is said that without inputs and outputs, the HCOs’ neural networks cannot
reach maturity, but the issue is open because “transcriptional analysis and compari-
son to the developing human brain have revealed that hCSs after 2.5 months resem-
bled the mid-fetal prenatal brain (19-24 post-conception weeks). Cortical neurons
were accompanied by a network of nonreactive astrocytes and were synaptically
connected” (Pagca et al. 2015; Pagca 2018). Today, lab-made cerebral organoids
already “acquire structural traits of mature neurons, including dendritic spine-like
structures” and researchers have recorded excitatory spikes in organoids grown for
8 months, where monosynaptic connections were detected with high-density silicon
microelectrodes (Quadrato et al. 2017). These findings “suggest that brain organoids
establish neuronal networks that can support self-organized patterns of activity”
(ibidem).

Also, HCOs show the differentiation of photoreceptor-like cells endowed with
proteins for light responsiveness. These photosensitive cells “can respond to non-
invasive, light based sensory stimulation” (ibidem). These steps forward indicate
that it is possible to transmit afferent stimulations to cerebral organoids, and this has
important implications, since so far one of the main limitations in the development
of HCOs has been precisely the fact that they do not have any sensory communica-
tion with their environment. A further step forward has been made with new meth-
ods of cultivation of cerebral organoids (air-liquid interface) that have allowed to
generate diverse nerve tracts with functional outputs (Giandomenico et al. 2019). In
this way, “these cultures exhibit active neuronal networks, and subcortical projecting
tracts can innervate mouse spinal cord explants and evoke contractions of adjacent
muscle in a manner dependent on intact organoid-derived innervating tracts” (ibi-
dem). In other words, cerebral organoids have proved capable of inducing move-
ment, although not yet of a purpose-oriented kind.

A recent study showed for the first time that cortical organoids generated from
induced pluripotent stem cells can spontaneously develop periodic and regular oscil-
latory network electrical activity which resembles the EEG patterns of preterm
babies (Trujillo et al. 2019). This means that, even in the absence of external or
subcortical inputs, 10-month-old HCOs can develop according to a specific genetic
program, like all human beings, and manifest a complex brain activity. “The sponta-
neous network formation displayed periodic and regular oscillatory events that were
dependent on glutamatergic and GABAergic signaling" (ibidem). The firing rate, up
to two or three per second, and the kind of waves—gamma, alpha, and delta—are all
a hallmark of a vital human brain. Indeed, a machine-learned model based on a pre-
term newborn’s EEG features was able to predict the organoid culture’s age based
on the electrical activity of the organoid itself. In other words, the software found
no significant differences in EEG between patterns of preterm babies and patterns of
human cerebral organoids. This, however, does not mean that the two kinds of brains
are the same.

In another study (Sakaguchi et al. 2019), researchers have managed to visualize
activities in networks and connections between individual neurons in cortical sphe-
roids. They managed to detect dynamic changes in the calcium ion activity and find
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comprehensive activities among cells capable of organising themselves into clusters
and form networks with other nearby clusters. The manifestation of a synchronized
neural activity can be the basis for various relevant brain functions, including mem-
ory. Another important element brought to light by research is that neurons grown
in vitro fire spontaneously, which is one of the ways neurons grow and create new
connections in the human brain.

3 Theories of consciousness and potential consciousness of HCOs

Although the available techniques do not seem capable of producing cerebral orga-
noids that mature beyond the equivalent of a prenatal brain (with tens of millions of
nerve cells, while an adult brain has 86 billion of them), much research is focusing
on overcoming the main limit of the current models, namely the absence of vascu-
larization. It is known that blood vessels play a decisive role in gas exchange, nutri-
ent supply, and waste removal. The lack of microglia, which in turn could be added
from the outside, is also important. As we shall see, one way that has already been
experimented to fix this problem is to transplant HCOs into mice to exploit the lat-
ter’s vascular system.

However, even in the current research situation, based on which the major-
ity of scientists working with organoids are convinced that they have not and can-
not develop forms of consciousness, ethical questions in this regard have already
been raised (Cheshire 2014; Bredenoord et al. 2017; Munsie et al. 2017; Lavazza
and Massimini 2018a; Farahany et al. 2018; Lavazza and Massimini 2018b; Boers
et al. 2018; Lavazza 2019; Hostiuc et al. 2019; Sawai et al. 2019; Lavazza and Piz-
zetti 2020). A more pressing, albeit non-detailed, call for caution was raised in Octo-
ber 2019 in Chicago at the annual meeting of the Society for Neuroscience. Elan
Ohayon, the director of the Green Neuroscience Laboratory in San Diego, Cali-
fornia, and his Toronto-based colleagues Ann Lam and Paul Tsang stated that “if
there’s even a possibility of the organoid being sentient, we could be crossing that
line. We don’t want people doing research where there is potential for something to
suffer” (Sample 2019).!

On that same occasion, Ohayon and colleagues presented a paper called “A com-
putational window into the problem with organoids: Approaching minimal sub-
strates for consciousness”. Their work was about “several computational network
models and accompanying methods for analyzing dynamics that may help identify
the encroachment toward functional and possibly sentient activity” in reference
to human brain organoids. And, according to the authors, “assessment informed
by the models and associated dynamics suggests that current organoid research is
perilously close to crossing this ethical Rubicon and may have already done so”.
Nevertheless, they underlined that “it is important to note that the observations in

! That claim is surely vague and seems to ignore that non-human animals suffer when they are experi-
mented on. But I quoted Ohayon’s statement as it indicates the ethical relevance organoid research has
acquired.

@ Springer



112 A. Lavazza

this computational study point at minimal guidelines and undoubtedly would fail
to identify alternate forms of sentience”. Hence the demand to discontinue research
with human brain organoids implants in non-human animals and in all those cases
where there is a reasonable chance that HCOs might become sentient.’

The key point is the identification of the underlying mechanisms and minimal
conditions for consciousness. According to Ohayon and colleagues, “there are at
least five domains that can help anchor this question when studying the brain: [1]
compositional (e.g., atomic, molecular), [2] causal (e.g., genetic, evolutionary),
[3] anatomical (e.g., cellular, network geometry, brain regions), [4] physiological
(e.g., cellular, network, whole brain activity), and [5] behavioral (e.g., embodied,
virtual)”. So far, however, all attempts to find necessary and sufficient specific cor-
relates of consciousness seem to have failed. Therefore, in relation to HCOs it may
be useful to consider at least two of the most promising scientific theories of con-
sciousness. It is not possible here to give an in-depth and complete description of
them, nor to consider the objections that have been made against these theories. I
will therefore proceed to a general overview of them.

The two best-known theories are also those competing in the first round of the
Templeton Foundation contest mentioned above: the Theory of Global Workspace
(GWT), supported by Stanislas Dehaene, and the Integrated Information Theory
(IIT), proposed by Giulio Tononi. In a nutshell, GWT states that the prefrontal cor-
tex of the brain, which controls higher order cognitive processes such as decision
making, acts as a central processor that collects and prioritizes information com-
ing from the senses. It then transmits this information to other areas of the brain
that perform additional tasks. Dehaene thinks that this process of brain selection and
sharing is what we call consciousness.

On the contrary, IIT assumes that consciousness derives from the interconnec-
tion of brain networks. The more neurons interact with each other in a complex and
non-stereotypical way, the higher the level of consciousness, even without any sen-
sory input. IIT advocates hypothesize that this process takes place in the back of the
brain, where neurons connect in a grid structure. For this reason, a sort of experi-
mentum crucis will involve researchers measuring the neuronal response of a person
when they become aware of an image. GWT predicts that the anterior part of the
brain will suddenly become active, while IIT posits that the posterior part will be
constantly active. This quick outline concerns research on healthy adult humans and
allows us to understand the positions at stake. Considering in more detail the two
theories will allow assessing their potential relevance with respect to human cer-
ebral organoids.

2 It is worth mentioning that other scientists at the same conference offered different data. Arnold Krieg-
stein presented single-cell RNA-sequencing results from both HCOs and human brain tissue. “Images
of brain tissue contrasted with organoids clearly show the reduced complexity of the model brains, with
fewer cell types and a different developmental timeline. Kriegstein showed that the organoid cells are
under a type of cellular stress that seems to limit their ability to mimic normal cells” (MacKenzie 2019).
And Paola Arlotta noted: “This is not an adult brain that you make. It’s not even a complete younger
brain, it’s very primitive and reductive. There is a limit to what you can do in culture; they only grow to a
certain size and they only make certain cells” (ibidem).
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3.1 The integrated information theory

The Integrated Information Theory (IIT) claims that if a system has the intrinsic
potential to integrate information, then we can assume presence of consciousness
(Tononi et al. 2016). Indeed, according to IIT, an experience does not require the
involvement of body and world, language, introspection or reflection: it can exist
without spatial frames of reference or a sense of the body and the self, and it is not
reduced to attention or memory (Koch et al. 2016). More precisely, Tononi and col-
leagues argue that information coming from the environment is an important ele-
ment for the brain, shaping the quality and structure of the conscious experience we
have through the evolutionary history of the human brain (Joshi et al. 2013) as well
as through the individual’s development and plastic changes (Tononi and Sporns
2003; Tononi and Koch 2008). However, the brain as such, or even better a precise
conceptual structure within it, i.e. cause-effect structure, can be the only sufficient
condition for consciousness. In this respect, Tononi and colleagues make the exam-
ple of a dreaming brain as isolated from the external world, in a body completely
paralyzed and unresponsive, but still producing a world of conscious experiences
(Nir and Tononi 2010; Sarasso et al. 2014; Tononi 2012).

Thus, consciousness as integrated information is intrinsic and solipsistic, and
it does not necessarily require any extrinsic relation outside the system, nor func-
tions or purposes towards something else (Tononi 2008). Indeed, a system with the
right architecture for a sufficient integration of information could exist in complete
detachment from the external world, producing its own internal states (Oizumi et al.
2014). Furthermore, according to IIT, the brain is a sufficient non-necessary con-
dition for consciousness, since, in principle, any artificial or natural being which
integrates information can be conscious, even without a brain (Oizumi et al. 2014;
Tononi and Koch 2015).

3.2 Global workspace theory

The Global Neuronal Workspace Theory (GWT) is a cognitive theory of conscious-
ness with neuronal correlates, according to which the latter is tantamount to global
information availability (Dehaene and Naccache 2001). The theory argues for the
existence of recurrent and competitive top-down/bottom-up loops that accumulate
information from perceptual, motor, attention, memory, and value networks, then
sharing and broadcasting back information to lower-level processors. This broadly
distributed network permits conscious access to the unified and synthesized infor-
mation, i.e. consciousness of some specific content (Dehaene et al. 2011).

This theory does not claim for the importance of some specific brain area,
because it is the global state of information availability as such, i.e. neuronal work-
space through long-range cortico-cortical fibers, that is necessary for consciousness.
According to GWT, a neuronal marker useful to determine the level of informa-
tion availability is the late component P300, particularly P3b (in fact, P3a com-
ponent may reflect automatic and non-conscious attention) (Dehaene et al. 2011).
P3b is observed mainly during subjective reports and the diffused and simultaneous
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involvement of multiple area activations. According to the theory, the world plays an
“accessory role”, since consciousness can be mainly described as a process of unifi-
cation, selection and broadcasting of information, i.e. “brain-wide information shar-
ing” (Dehaene 2014). The world can be understood as the set of stimuli that comes
into the brain through the sensory system and is processed by a multitude of uncon-
scious processes, in order to produce a faithful representation of the environment for
the following high-cortical processing, i.e. conscious access (Dehaene et al. 2006).

Whereas in some theories of consciousness, like the Temporo-spatial Theory
(Northoff and Huang 2017), the world is constitutive as a necessary predisposition
for consciousness, in the two theories I have described (IIT and GWT), the world
plays a somehow secondary role, being useful for the development of the brain and
for the enrichment of the subjective experience, but consciousness could arise even
without it, purely through brain activity. And this element leads to an important
distinction between the accessory and constitutive role of the world for conscious-
ness, which is relevant if one wants to assess the possibility that a cerebral organoid
develops some form of consciousness without structured relations with the external
environment.

4 Presence of consciousness and moral status

There are two questions about the presence of consciousness in HCOs and their pos-
sible moral status. The first is strictly philosophical and concerns how to identify
what consciousness is and what characteristics attribute moral status to an entity,
while the second is gnoseological and concerns how consciousness can be found and
evaluated and the characteristics that allow moral status to be given. In the case of
cerebral organoids, however, moral status is linked to the presence of forms of con-
sciousness, so that the identification of the characteristics capable of motivating the
attribution of moral status derives from the presence of evidence of consciousness.

The descriptions above show that the current structural impossibility of HCOs
to relate to the external environment excludes that they can be conscious in the
sense envisioned for example by the Temporo-spatial Theory. This means that in the
absence of verbal reports or behavioral manifestations, the detection of conscious-
ness must rely on parameters that can be acquired with instruments such as an EEG,
the interpretation of which also depends on the theory of consciousness that we
believe to be the most scientifically founded.

Based on IIT, instead, Lavazza and Massimini (2018a, b) have hypothesized that
it can be possible to measure consciousness also in human cerebral organoids. The
Integrated Information Theory posits two phenomenic axioms that give rise to postu-
lates on the properties of brain mechanisms that support consciousness. The axioms
are: (i) conscious experience is informative (each conscious experience differs in
specific ways from countless other possible experiences); (ii) conscious experience
is integrated (no conscious experience can be divided into parts). It follows that a
system has subjective experience to the extent that it is able to integrate information.
This capacity depends on an optimal balance between differentiation (information)
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and unity (integration)—a non-trivial condition for a physical system. Indeed, at first
sight, that these two properties appear extremely difficult to reconcile.

In this sense, IIT proposes a theoretical measure (PHI) and empirical metrics to
quantify the ability of a system to integrate information. The Perturbational Com-
plexity Index (PCI) is a parameter inspired by the main postulate of IIT, namely that
consciousness is based on the joint presence of integration and differentiation in the
brain. The calculation of the PCI locally involves perturbing the cerebral cortex (by
transcranial magnetic stimulation, TMS) and measuring the complexity of the elec-
trical response in the rest of the brain (by EEG) (Massimini et al. 2009; Casali et al.
2013; D’Andola et al. 2018).

The basic idea is that the PCI is low if the interactions between neuronal elements
are reduced (loss of integration), because the response induced by TMS is limited
in space. The PCI is low even if many connected areas react to the perturbation, but
they do so in a stereotyped way (with a loss of differentiation), because in this case
the response is wide but not complex. The PCI should only reach high values if the
initial disturbance is transmitted to a large network of neuronal elements that react in
a differentiated way. As such, the PCI is independent of sensory processing, execu-
tive function, or motor behavior. For this reason, with specific technologies, it could
also be applied to cerebral organoids.

However, although this technique has been tested on comatose and vegetative
patients with instrumental results consistent with behavioral evidence (Casarotto
et al. 2016; Gosseries et al. 2014; Owen 2017), there is no consensus that IIT cap-
tures the real mechanism of consciousness (Doerig et al. 2019). For this reason,
it makes sense to turn to the Global Workspace Theory, which like IIT does not
exclude that there can be consciousness even in the absence of direct and constant
interaction with the external environment. Nevertheless, its application to the case of
HCOs seems to immediately highlight the problem of their reduced size. In fact, for
GWT, long-range cortico-cortical functional connectivity is a necessary condition
of conscious state (Bourdillon et al. 2019). In HCOs with a size of a few millimeters
these (centimeter) long connections are absent and, therefore, the presence of forms
of consciousness would seem extremely unlikely.

Assuming, however, that there is a reasonable likelihood that in the near future a
human cerebral organoid will be capable of a form of sentience, what ethical impli-
cations would arise from this? For example, even if it is true that the brain has no
pain sensors and therefore neither do HCOs, it may still be possible for an isolated
brain to experience something like pain without having any body parts. Phantom
pain following arm or leg amputations is an example of how pain can be experi-
enced by the brain, even though it is no longer connected to the body part or sensi-
tive nerve fibres where the pain impulses would normally occur. Under this assump-
tion, it would be possible to measure electrical activity in those areas of the brain
that are usually particularly active when experiencing a painful sensation (although
the phenomenon of phantom limb pain may be due to having actually had an arm or
leg).

Now, based on a shared concept of it, moral status is a condition for which a
certain entity receives consideration in the ethical sphere for being that entity and
not only for its relations with other entities (Jaworska and Tannenbaum 2018). Moral
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status is not equivalent to moral value, the former being a basic condition that does
not determine the degree of the latter. Moral status, in fact, is attributed on the basis
of a being’s intrinsic properties and, for living beings, can specifically be attributed
to entities that have subjective interests, i.e. interests in having or not having specific
subjective experiences and in not being harmed in a general sense.

In this vein, subjective interests are generally linked to certain subjective experi-
ences, or in some cases to the potential capacity to have subjective experiences, as
it happens for unconscious born persons to whom are recognized legal rights and
protection. However, we need to distinguish among subjective interests, which are
primarily in the moral domain and depend on the agreement of a specific commu-
nity on some criteria, and subjective rights, which are established as duties for the
agents who interact with the entity vested in those rights. So, to obtain moral status
it is necessary to have (or to have had or potentially have) some form of conscious-
ness. Some may want to endow with a moral status a corpse as well. We obviously
respect the dead, but their moral status seems not to be unconditioned and have dif-
ferent criteria.

Secondly, moral status can be attributed based on various justifications, the most
relevant of which include having a certain relevant moral characteristic or having a
relationship of similarity or biological affiliation. In the case of HCOs, the necessary
premise seems to be the possession of subjective interests and, therefore, of some
even minimal form of consciousness, i.e. sentience. If cerebral organoids possessed
this characteristic, this would not qualify them as moral as such: they would prob-
ably have to reach a certain threshold of complexity, as happens in the heated and
controversial debate on which states of consciousness a human being must manifest
in order to be defined as a person, who is in general deemed as the maximum degree
of moral status. On the other hand, HCOs are human by definition, as they come
from human cells, and this biological affiliation could grant them a moral status.
Now, the biological criterion is contested as speculative and discriminatory in rela-
tion to other species. But the argument against the criterion of biological belonging
is that other species also have sentience and therefore subjective interests. It seems,
therefore, that having sentience could guarantee cerebral organoids a moral status.

What is important to underline is that once an entity has been given moral sta-
tus, this does not imply any necessary consequences. First of all, one may consider
that there are different levels of moral status, which can be for example partial or
complete, or that moral status is a continuum, based on the characteristics and com-
plexity of the psychic life of the entity under consideration (Streiffer 2007). In fact,
one must specify the moral hierarchy in which the entity is inserted, what kind of
rights it acquires through its new status and what kind of obligations, if any, other
moral agents have towards it. This is based on the premise that obtaining a moral
status in itself neither implies the acquisition of specific rights nor imposes specific
obligations on other moral agents. The moral status attributed to a sentient entity can
then be further broken down analytically into two components. The first concerns a
purely evaluative function that gives an intrinsic value to the entity granted moral
status. The second concerns a prescriptive function, according to which the entity
with intrinsic value has the right to receive specific treatment by moral agents.
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It would therefore seem plausible to attribute a moral status to any human whole-
brain organoids (or perhaps even to cortical spheroids) that might experience sensa-
tions capable of generating subjective interests, such as pain or suffering of some
kind (caused by the experimental situation, for example by the induction of malfor-
mations, diseases and pathological development for study purposes). And if larger
HCOs manifest higher forms of awareness, their moral status might be accompanied
by higher moral value compared to organoids of lower cortical complexity.

The cases of human embryos and foetuses—which certainly do have a moral sta-
tus (as human and/or as potentially sentient entities), but which under some legis-
lations up to 14 days are legally used for experiments or whose gestation may be
interrupted at different times according to different national laws—indicate that the
attribution of moral status is not tantamount to the unavailability of such entities to
research (cf. Chan 2018; Pera et al. 2015). In those cases, while moral disagreement
remains strong, many if not the majority of people believe that embryos or foetuses
have a lower moral value than fully conscious individuals, and that other moral val-
ues prevail in relation to their use, such as scientific research in favour of seriously
ill people or the decision-making autonomy of mothers. However, there are reasons
to doubt that one can establish a full analogy between foetuses and HCOs, as the lat-
ter would only have their own moral characteristics if they developed some form of
consciousness. In fact, they are neither physically autonomous nor able to give rise
to an adult human being. Yet the brain is the key organ of the person, the one from
which one can deduce the presence of life in a person and which, if conscious, even
though in a dish, should be considered a person, with increasing moral value the
greater its consciousness.

5 Cerebral organoids and chimeras: risks and limitations

A recent interesting proposal on the moral relevance of being human may help to
understand why the analogy between HCOs that have developed even rudimentary
forms of consciousness and other cases already discussed in bioethics (embryos or
fetuses) is not adequate. And it may also help in considering the issue of the implan-
tation of human cerebral organoids in non-human animals, both in order to make
HCOs develop more than what is currently possible in a dish, and to enhance the
receiving non-human animals.

In this regard, Kipke (2019) proposes to overcome the classic dichotomy between
personism and speciesism in the debate on the moral status of human beings and the
boundaries of the moral community. As we have already seen, personism considers
certain mental properties morally crucial, whereas speciesism considers member-
ship in the human species morally crucial. The idea is to find a new criterion that
is in line with many common moral insights, which are at odds with the traditional
approaches of personism and speciesism (for example, the exclusion from the scope
of maximum moral protection of people with altered states of consciousness or of
some animals interacting significantly with human beings).
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We recognize each other quite directly, through the living human gestalt or the
form of the body. We recognize ourselves as living physical beings with a spe-
cifically formed human body. Despite all the differences, whether baby or old
man, small or tall, thin or fat, beautiful or ugly, disabled or non-disabled, of
whatever ethnic background or gender—we immediately recognize ourselves
as beings with an undoubtedly human body (Kipke 2019).

In this sense, “the human form is what makes us equals” and is a “morally signifi-
cant property that all humans possess equally”. As the essential criterion to belong
to the moral community, having a living human form has significant moral conse-
quences. “Newborns, as well as demented people and the severely mentally disable,
belong to us as a matter of course” (Kipke 2019). However, this inclusive morpho-
logical approach does not include, for example, early-stage embryos, which do not
exhibit the human form as they are faceless and invisible to naked eye. Now, it is not
necessary to fully subscribe to this new approach, which seems to have some incon-
sistencies within it, to understand that the case of human cerebral organoids does not
fit with any of the assumptions of this theory. In fact, HCOs do not have a human
form and are not visible to the naked eye but could have those qualities that, accord-
ing to Kikpe, are “evaluatively and normatively significant in persons”, namely a
formed consciousness capable of “understanding themselves as members of a moral
community”’.

Human cerebral organoids thus seem to elude any typical characterisation and
this is further accentuated in the moral debate on chimeras, which are “single
organism[s] made up of cells of different embryonic origins” (Nagy and Rossant
2002). The first study involving human tissue dates back to 1969, with a tumor
grafted into a mouse (Rygaard and Poulsen 1969). Here, I'm only interested in non-
human animals with human neural tissue, since scientists are trying to produce chi-
meras to make HCOs vascularize and grow better than in vitro. But there is also the
possibility of enhancing animals with human nerve cells.

A vascularized and functional in vivo model of brain organoids was recently
obtained thanks to a method for transplanting human cerebral organoids into the
adult mouse brain (Mansour et al. 2018). “Organoid grafts showed progressive
neuronal differentiation and maturation, gliogenesis, integration of microglia, and
growth of axons to multiple regions of the host brain. In vivo two-photon imaging
demonstrated functional neuronal networks and blood vessels in the grafts. Finally,
in vivo extracellular recording combined with optogenetics revealed intragraft neu-
ronal activity and suggested graft-to-host functional synaptic connectivity” (ibidem).
In an earlier study, researchers “engrafted human glial progenitor cells into neonatal
immunodeficient mice. Upon maturation, the recipient brains exhibited large num-
bers and high proportions of both human glial progenitors and astrocytes” (Han
et al. 2013). The outcome was that “long-term potentiation was sharply enhanced
in the human glial chimeric mice, as was their learning, as assessed by Barnes maze
navigation, object-location memory, and both contextual and tone fear condition-
ing. Mice allografted with murine glial progenitor cells showed no enhancement of
either long-term potentiation or learning” (ibidem).
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HCOs developed within a non-human animal could hybridize cognitively,
because they would rely, for example, on the sensory apparatus of the host animal,
which is different from the human one and therefore gives a different perspective on
the world from that of a brain grown together with a human body. This would mean
that we would have an entity with no human form that does not belong completely
to the human species, thus excluding that it can be attributed a full moral status.
However, from the point of view of personism, i.e. the presence of mental states, we
would be dealing with hybrid states that are difficult to evaluate, even if their very
presence seems to imply a "mixed" moral status between those of human beings and
those of non-human animals.

Assuming that an HCO grown in the organism of a non-human animal and inte-
grated at least in the vascular system of the host could no longer be transplanted in
vital form, it would seem to be ethically highly problematic to conduct such experi-
ments when there is a reasonable chance that human cerebral organoids of this type
might develop some form of sentience or consciousness. A conscious organoid
forced to exist inside a non-human animal could be deprived of part of its dignity,
as it would be in the hypothesis of a perfectly formed human being of a below-aver-
age size who was coupled, without the possibility of release, to a mouse or a mon-
key (think of the case of the woman connected to a violinist proposed by Thomson
(1971) to argue against the obligation to remain connected if the union was made
against the will of the subject).

In the case of non-human animals that develop new cognitive abilities through
human nerve cell implants (e.g. cortical spheroids), i.e. increase the range of their
mental states, somehow "humanizing" their consciousness, these types of experi-
ments should be considered highly problematic if they aim, for example, to make the
non-human animal a better source of organs for transplantation or use it as a guinea
pig for experiments that cause suffering or death. If, on the other hand, the goal
was to see the effect of cognitively "humanizing" certain species genetically close to
the human being, one might wonder whether experiments of this kind would not be
detrimental to the dignity of these new animal entities, unless they were treated as
fully-fledged human beings, for example as severely disabled persons. It would seem
plausible to defend the idea that anything human should be treated in such a way
that it is never a means and always an end, even if the mental abilities it exhibits are
not those typical of a healthy adult (see Sect. 6).

Several proposals have been made to address ethical concerns about chimeric
research. Koplin and Savulescu (2019a) aim at regulating part-human chimera
research in order to balance ethical research with the prevention of unethical experi-
ments involving the use of chimeras with an uncertain—or potentially substan-
tial—degree of moral status. In the range of possible regulatory frameworks, Koplin
and Savulescu (2019a) suggest adopting a moderately restrictive approach, which
“allow[s] the full development of chimeras with humanized brains, but prohibit[s]
experimentation until after the chimeric animal’s moral status has been determined”.

Mann et al. (2019), instead, propose a commensurability approach, “which states
that regardless of how a chimera came into existence or what species it belongs to,
the chimera should not be treated in a way that is incommensurate with its moral sta-
tus”. According to its proponents, this principle depends, in its practical application,
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on the attribution of full or partial moral status and on the rights and duties deriving
from it. However, it is interesting to note that their conclusion coincides with the
position suggested here with regard to experiments aimed at studying the emergence
of human consciousness.

Because of the need to treat creatures commensurate with their moral status,
creating chimeric models with advanced human-type brain functions that
ground full moral status would in some ways be self-defeating. The same rea-
sons that prohibit certain kinds of research on humans would also apply to
them. Chimeras with enhanced cognition immediately below this level will
require stringent justification for use as research subjects (Mann et al. 2019).

In this sense, the use of chimeras for the sole purpose of acquiring new knowl-
edge about the mechanisms of consciousness seems to clash with strong, and poten-
tially insuperable, ethical objections related to the instrumental use of entities which,
precisely because of their moral status, acquired on the basis of sentience and cogni-
tive abilities, can only be considered ends and not means in a moral perspective.

6 Studying the consciousness of human cerebral organoids?

Hence the double-edged sword character of consciousness research through human
cerebral organoids. On the one hand, the latter could become an extraordinary tool
to penetrate the secrets of consciousness, but on the other hand, the very appearance
of consciousness in them should constitute an impassable ethical limit to the use of
HCOs as means for this purpose.

Why can’t persons be treated as means? The classical Kantian justification refers
mainly to the concept of autonomy. The point, for the purposes of our discussion, is
that first we need to be able to talk about human cerebral organoids as persons, and
only then can we introduce arguments that prohibit the instrumental use of an entity
that is granted the full moral status of personhood. In the contemporary debate, for
example, according to DeGrazia (2007), personhood “is associated with a cluster of
more specific properties without being precisely analyzable in terms of any specific
subset: autonomy, rationality, self-awareness, linguistic competence, sociability,
moral agency, and the capacity for intentional action”. But these are not necessary
and sufficient conditions: in fact, “a person is someone who has enough of these
properties”.

In this perspective, the emergence of sentience or a minimum degree of con-
sciousness would not give HCOs the status of a person nor, consequently, a full
moral status by virtue of which to have rights such as to guarantee their absolute
protection, as is typically the case for adult human beings. However, the idea of
studying the mechanisms of consciousness of an adult human being, therefore of
a "person" from the moral point of view, with cerebral organoids developed to that
degree seems to place the entire process of creating conscious HCOs, whatever their
current state of sentience or awareness, within the context of treating an entity with
moral status as a pure means. This eventuality seems contrary to a strong normative
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rule that can be easily rationally justified—indeed, it might even be considered intui-
tively self-evident.

In justifying treating persons as ends and not as a means in a non-strictly Kantian
way, Audi (2016, pp. 88-90) resorts to the concept of pain. We can in fact think of
not harming as the least form of respect and recognition of dignity that is due to
an entity endowed with moral status. Not harming can be understood as not caus-
ing negative sensations (i.e. those sensations that we generally try to avoid, albeit
to different degrees and with exceptions). Accordingly, pain can be the guideline to
implement the prescription not to use as means those entities to which we recognize
some degree of moral status related to their ability to have subjective experiences.

Since pain is a subjective sensation, in the case of non-human animals we make
inferences from manifest behaviour. In some cases of phylogenetically ancient spe-
cies we may think that certain behaviours are only avoidance reflexes and do not
have an internal equivalent similar to the phenomenology of pain typical of human
beings. In this sense, the "pain" relevant here is understood as something that has a
certain effect and therefore can be associated with a minimal form of consciousness.
HCOs, being similar to adult human brains, are likely to develop the ability to expe-
rience this form of pain.

The topic of pain is part of the discussion of how to treat human persons, but the
attitude that we should have in the face of the suffering of a sentient entity can be
the basis for a more general mode of moral behavior, although we don’t consider
that entity as a person. According to Audi, the notion of pain is psychological: pain
is a psychological phenomenon that has behavioral aspects (avoidance, for example)
as well as introspectable ones (the feeling that is experienced). In general, we can
understand the notion and identify the phenomenon without having nor applying a
moral concept of it. However, suffering appears to require a palliative response, one
that either attenuates or interrupts it. This makes this response fitting and as such it
involves behaviour that treats the entity as an end. This type of response is fully jus-
tified and signals the fittingness of treating the entity as an end. In this sense, giving
an a priori justification for palliative acts, such as cooling a burnt hand, pain is moral
and therefore normative in its consequences.

This ability of pain to provide reasons to act gives it a strong normative signifi-
cance, such that it makes it appropriate to speak of the moral being of something in
terms of the result or consequence as a type of normativity. And this is particularly
appropriate when the element that provides the reasons to act can be considered
self-evident, as in the case of pain. In Audi’s view, the concept of pain is neither axi-
ological nor normative in any respect. Its normativity is not internal to the content
of the concept but is a consequence of its application. The concept of pain is psy-
chological and descriptive, but since the fact that some entity is in pain provides—
and also implies a priori—a reason to do something to eliminate its suffering, it has
a significant relationship with normativity "proper”, i.e. with what is constitutively
normative. In fact, Audi states: “If no one could suffer pain, morality would be quite
different from what it is”.

In this sense, it does not seem ethically permissible to use human cerebral orga-
noids as pure means if they are sentient or endowed with some rudimentary form
of consciousness, i.e. able to experience suffering, even if they are not persons in
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the full sense of the word, precisely on the basis of the aforementioned argument
related to the normativity of pain that should be alleviated.’ If it is true that current
biotechnologies seem to “blur the legal distinction between human beings and other
living organisms, between living human beings and dead ones, and between human
tissues and cells and nonhuman ones” (Knoppers and Greely 2019), then sentient
HCOs would “substantially” (“which is not measurable by percentages or similar
specific tests but will be a judgment call”) fall within the category of “human”, with
the resulting corollary of rights.

On the other hand, we know that human beings who may not have full moral sta-
tus under restrictive criteria of personhood, like individuals in a vegetative state, are
still not used as means. It is not considered morally acceptable to use them as guinea
pigs for experiments, although for some philosophers and bioethicists it is legitimate
to end their existence.* In the case of sentient human cerebral organoids, we should
also consider the fact that they are voluntarily and specifically produced by us for
the purpose of being instruments of experimentation, which aggravates their condi-
tion of exploitation.

It can be argued that non-human sentient animals, perhaps endowed with rudi-
mentary forms of consciousness, are still used in the experimental field, as they
are not granted a full moral status, although today this is generally done only when
strictly necessary, while trying to minimise their suffering. The fact remains, how-
ever, that pragmatic speciesism is implicit in these practices. Non-human animals
are used as means for research aimed at the welfare of human beings—and this
research is as such justified—but the reverse never occurs, and human beings are
never used as means for the purpose of animal welfare. If there is a justification
for these practices, it amounts to the fact that the human species is considered to
have a higher moral status than the non-human animal, which can thus serve as a
means. Alternatively, from a utilitarian point of view, it is considered that promoting
the welfare of human beings entails a higher overall utility than that of non-human
species.

In this perspective, human cerebral organoids that are sentient or endowed with
some form of consciousness (and also chimeras that have developed an increased
consciousness thanks to human grafts) are to be treated as ends and not as means,
particularly for the study of the emergence and mechanisms of consciousness. Their
moral status could even be considered superior to that of an embryo up to 14 days
old, which many legislations do not protect against instrumental use or destruction

3 One can ask if I am here considering the “capability” or the “potentiality” to feel something (or to
experience suffering) in order to provide grounds for the argument. My point is that in the case of HCOs
the difference is small. If an entity has the capability to suffer and we do not want it to suffer, we should
not do anything that can hurt it. The “potentiality” is related to our ignorance of the real inner function-
ing of HCOs. But if we reasonably suspect that an HCO can have some form of consciousness, then we
can draw a legitimate inference that it can suffer as most living beings.

4 Obviously, most if not all legislations recognize legal status—and therefore a moral status—also to
humans who are not capable of experiencing pain, including individuals in a vegetative state. This is
precisely because they were conscious persons (and could become conscious again). It is known how-
ever that a number of biomedical scholars and bioethicists disagree on that and claim that only an (even
though not perfectly) autonomous and rational individual can be considered as a person.
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for research purposes. The fact remains, however, that an embryo can develop into
an adult human being, something that an HCO is precluded from doing, and this
might result in the absolute protection of human embryos as well (Marquis 1989).

7 Conclusion

We have seen how the technology that has led to the growth of human cerebral
organoids in the laboratory is rapidly advancing (Benito-Kwieciriski and Lancas-
ter 2019) and how HCOs are one of the most promising revolutions in biomedical
research. Despite the aforementioned limitations the most recent overviews high-
light the advanced state of the art. “Human pluripotent stem cell-derived brain orga-
noids produce a diversity of cell types that interact with each other in a complex 3D
environment. Combining organoids resembling distinct areas into assembloids can
be used to model aspects of interactions that occur between regions in the human
brain. Organoids can be supplemented with non-central nervous system-derived cell
types, including microglia and endothelial cells, to study the interplay of nervous
system cells with immune cells and blood vessels” (Marton and Pagca 2019).

In addition, Xiang et al. (2019) “reported establishment of reciprocal thalamo-
cortical projections. As the thalamus is the gate of all sensory input to the cerebrum,
such a finding might have the potential to transmit sensory information to the neu-
ronal tissue of the organoid. If the fused organoids are further fused with dorsal spi-
nal cord and peripheral nerves, the organoid might have somatic sensory experience.
If such fused organoids are further fused with neural retina and optic nerve tissues,
they might recognize light” (Sawai et al. 2019).

These developments open up the possibility that HCOs may manifest a form of
sentience or a more advanced degree of consciousness with the specific qualities
typical of the human being in the growth phase, if not of a healthy adult once orga-
noids are able to develop beyond the current limits. This characteristic of cerebral
organoids makes them morally special, even though they cannot be considered per-
sons in the full sense. Even considering HCOs as entities with a unique ontologi-
cal status that needs to be clarified, they certainly share two convergent criteria for
the attribution of moral status: the fact of potentially having a rudimentary form of
consciousness and the fact of being part of the human species. If we combine this
with the form of prudence that leads to “err on the side of generosity when resolv-
ing uncertainty regarding brain organoids cognitive capacity and/or moral status”
(Koplin and Savulescu 2019b), it can be said that, once it is reasonably assumed that
they meet the sentience threshold which makes them worthy of moral status, HCOs
should enjoy a form of protection that is particularly restrictive with respect to their
use as pure means.

Specifically, the use of cerebral organoids—if developed to very advanced stages
precisely to study the emergence of human consciousness and its mechanisms—
would end up violating Kant’s humanity formula in the extended formulation pro-
posed here, which requires not using certain entities as means but only as ends. In
this sense, even the mere culture of HCOs in the laboratory to do research on human
consciousness would amount to a similar violation. In fact, even the recognition
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of a minimal form of moral status combined with Kant’s proviso induces to spare
such an entity forms of suffering that it could experience as a sentient being. Does
this mean that human cerebral organoids should no longer be used for biomedical
research? Certainly not. The discriminating point is the potential (as we cannot be
sure so far) presence of more complete forms of sentience or consciousness, whose
verification is undoubtedly complex and controversial, but whose possibility can no
longer be ignored at the present state of the art.

Koplin and Savulescu (2019b) have proposed to make the use of HCOs propor-
tionate to some critically important purposes or sufficiently great expected benefits
of the research. This view implies the lawfulness of using both “conscious or poten-
tially conscious brain organoids (equivalent to 20 weeks’ in vivo brain development
or more)” and “brain organoids with the potential to develop advanced cognitive
capacities (e.g., mature brain organoids capable of interacting with the outside envi-
ronment”. This framework to regulate the use of HCOs capable of developing higher
consciousness and cognitive abilities is based on a consequentialist perspective that
seems to admit a limited exploitation of human cerebral organoids in exchange for
great expected benefits related to biomedical research.

What I have considered in this paper concerns specifically the research that could
be undertaken for the study of the emergence and mechanisms of human conscious-
ness, i.e. one of the most important scientific questions that still lacks a well-founded
and shared answer. This objective appears to be achievable only with the growth
of cerebral organoids able to progressively reach advanced stages of consciousness.
This purely instrumental use of entities that would then acquire a high, or perhaps
fully human, moral status seems unethical. Although we don’t know exactly what it
would be like to be "a brain in a vat", as in the well-known mental experiment pro-
posed by Putnam (1981), it seems reasonable to think that a conscious human cer-
ebral organoid in a vat would be somehow similar to a person suffering from locked-
in syndrome. And although there have been cases of people who have been able to
claim not to be unhappy in such a condition (Owen 2017), it would not be morally
licit to grow on purpose a series of human entities that experience that condition just
in order to better understand how this happens.
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