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Abstract 
Advances in stem cell technology enable neuroscientists to develop 
induced pluripotent stem cell (iPSC)-based neuronal models of varying 
complexity, ranging from single human brain cells to two-dimensional 
neuronal cell models and three-dimensional brain organoids. While 
the discussion on the moral status of brain organoids is taking center 
stage in the bioethical literature and is invariably linked to the 
presumed capacity of future brain organoids to develop some form of 
consciousness, analyses of the moral status of other – less complex – 
iPSC-based neuronal models are lacking. In this paper we aim to 
clarify the moral value of various types of existing neuronal models, 
including brain organoids. We show how it is made up of several 
layers that may encompass various sorts of considerations, including 
moral values, the results of empirical research, and biological 
characteristics. We identify four such layers – instrumental, intrinsic, 
symbolic, and relational – that are relevant for the assessment of the 
moral value of neuronal models. We demonstrate that it lies not in a 
capacity to develop some form of consciousness (which is absent in 
current iPSC-based neuronal models, including brain organoids), but 
in other considerations, including the genetic links between models 
and donors, the ability of models to mimic brain (dys)function, and 
their symbolic value, all of which are often overlooked in the bioethical 
literature. Also, we demonstrate that the 'thickness' of the layers (i.e., 
their moral weight) increases when the neuronal model is more 
complex. Finally, we discuss the practical-ethical implications of our 
analysis for the use of neuronal models in research settings, for 
instance in relation to informed consent and biobank governance. Our 
four-layer framework can be applied also in moral assessments of 
other iPSC-based models, including emerging and future cell models.
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Introduction
Stem cell technology has made significant progress in the past 
two decades and is now increasingly used in personalized and  
reproductive medicine research. Scientists can reprogram 
cells taken from human donors’ biological samples to derive  
induced Pluripotent Stem Cells (iPSCs), and generate special-
ized human cells, tissues, and organoids with the same genetic 
profile as their donors. The resulting iPSC-based products  
can be used for disease modeling and the discovery of inno-
vative (personalized) treatments. In neuroscience, iPSCs ena-
ble researchers to model the human brain and investigate the  
pathophysiological mechanisms underlying neurodegenerative, 
neurodevelopmental, and psychiatric disorders. In this article we 
will refer to these stem cell-based entities as neuronal models. 
IPSC-based neuronal models vary in complexity, ranging from 
single human brain cells to stem cell-based two-dimensional  
(2D) neuronal cell models, to complex three-dimensional (3D) 
self-organizing brain organoids. The developments around neu-
ronal models provoke ethical questions about how they can be  
used in responsible ways.

In the Netherlands, the so-called Pluripotent Stem cells for 
Inherited Diseases and Embryonic Research (PSIDER) pro-
gram has been set up to facilitate research into iPSC technology  
in the Netherlands. In two PSIDER-funded research 
projects, iPSC-based neuronal models are used to investigate  
neurodevelopmental disorders. First, the BRAINmodel project 
develops 2D neuronal cell models to study the underlying disease  
mechanisms of rare genetic neurodevelopmental disorders,  
including Kleefstra syndrome and STXBP1 encephalopathy 
(Geertjens et al., 2022; https://projecten.zonmw.nl/nl/project/
brainmodel-standardized-ipsc-based-medicine-immediate-appli-
cation-monogenic). More complex neuronal models – 3D brain 
organoids – are used in the TAILORED project, which focuses 
on the development of customized antisense oligonucleotide  
therapy for children with neurodevelopmental disorders, including  
KCNQ2 encephalopathy and Tuberous sclerosis complex (https://
projecten.zonmw.nl/nl/project/towards-human-ipsc-neuronal- 
platform-neurodevelopmental-disorder-therapeutic-discovery).

Brain organoids, a subgroup of neuronal stem cell entities, have 
been the subject of special attention in bioethical literature. In 
the past two decades, brain organoids have come to be seen  
as morally distinct from other technologies, as having special 
moral ‘status’, and as demanding of special conditions for their 
(responsible) use in research settings (e.g. the setting of limits on 
chimera research, the development of ‘mature’ brain organoids,  
and commercialization of brain organoids) (De Jongh et al.,  
2022; Greely, 2021; Haselager et al., 2020; Koplin &  
Savulescu, 2019; Koplin & Massie, 2021; Lavazza &  
Massimini, 2018). The normative ground for the apparently  
distinctive position of brain organoids in the bioethical  
literature, however, has not always been made explicit and is  
certainly not self-evident. In addition, there is a strong focus  
on grounding the moral status of brain organoids in their 
potential (future) ability to develop consciousness (Greely, 
2021; Jeziorski  et al., 2023; Koplin & Savulescu, 2019;  

Lavazza, 2019; Lavazza & Massimini, 2018; Zilio & 
Lavazza, 2023). In contrast, research on the moral status  
of other – less complex – iPSC-based neuronal models is scarce. 
Still, in order to develop ethically sound policy for research 
using iPSC-based neuronal models, it should be clarified to  
what extent these cell models, too, have ‘moral status’.

The term moral status is often reserved for entities that are con-
sidered valuable ‘for their own sake’. To brain organoids,  
moral status is attributed mainly because of their presumed 
potential for developing ‘consciousness’ or ‘sentience’. If brain 
organoids were to develop consciousness or sentience, they  
would begin to have interests, for example, an interest not to 
suffer. Entities that have moral status are taken to engender  
moral obligations in others, for example, to protect the inter-
ests of these entities, or to refrain from unnecessarily harming 
them. A recent paper argues that consciousness is a suffi-
cient but not a necessary condition for ascribing moral status to  
brain organoids, as other morally relevant considerations could 
also provide a basis for the attribution of moral status to brain 
organoids, such as their human origin and their functional and 
structural resemblance to the human brain (Zilio & Lavazza,  
2023). These other considerations, however, are generally over-
looked in the bioethical literature, which is characterized by 
a binary concept of moral status, in which the presence of  
(or potential for) consciousness or sentience is seen as the  
decisive criterium for ascribing moral status to cell-based enti-
ties. In the following analysis of the moral status of neuronal 
models, we aim to clarify the ‘moral value’ of neuronal models.  
We prefer the term moral value over moral status to express 
the view that moral value is a complex and multilayered con-
cept. In our analysis, we use and build on the metaphor of 
layers introduced by the Argentinian bioethicist Florencia  
Luna (Luna, 2009).

To bring further the discussion on the moral value of neuro-
nal models, we will focus our analysis on neuronal models that  
are currently being used in research settings, not on potential 
future applications of cell technologies that are ultra-complex.  
We dissect the multiple layers of moral value of various 
sorts of iPSC-based neuronal models of increasing complex-
ity: from the single cell to 2D and 3D neuronal cell models,  
including brain organoids. We demonstrate how and to what 
extent each layer contributes to the moral value of the cur-
rent range of neuronal models. First, we provide brief descrip-
tions of the biological characteristics of the neuronal models of  
interest. After that, we will identify the multiple layers of 
moral considerations that are applicable to this range of neu-
ronal models. Finally, we will discuss the ethical and practical  
implications of our analysis for neuronal model research.

Current range of neuronal models
To situate our normative analysis in the current state of the 
art in neuronal model research, we first provide brief descrip-
tions of the biological characteristics of the neuronal models of  
interest. In our analysis, we distinguish 1D, 2D and 3D neu-
ronal models. It should be noted that this distinction may be  
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considered a simplified (and possibly even artificial) classification 
of neuronal models currently in use in biomedical research  
settings. Yet it serves as a starting point for discussions on the  
moral value of a broad range of neuronal models.

We will focus on neuronal cell cultures that are derived from 
iPSCs. As said, iPSCs are generated by reprogramming of 
somatic cells (e.g., monocytes or fibroblasts) that are taken from  
blood draws or skin biopsies of human donors. The iPSCs 
are stimulated by growth factors that lead genes to come to 
expression that prompt iPSCs to differentiate into mature 
neurons (Frega et al., 2017). These neurons can be cultured  
in various ways, resulting in 1D, 2D or 3D neuronal models.

1D neuronal models
In neuroscience research, single neurons can be used to inves-
tigate the functional and morphological characteristics of the 
neuron on a microlevel, for example the membrane poten-
tial, ion channels, and spiking activity of the neuron (Vardi  
et al., 2016). Both physiological (i.e. normal) and pathologi-
cal neurons can be used for brain modeling to provide informa-
tion about the neurons’ cellular behavior, to test the effects of  
external stimuli on cellular behavior, and to correlate the 
activity of the isolated neuron to more comprehensive neu-
ronal networks (Vardi et al., 2016). 1D models can therefore  
be useful tools in studying disease mechanisms of disorders 
that find their basis on the cellular level, such as pathologies 
of the ion channels and other synaptic dysfunctions, which  
could be related, for example, to epilepsy, autism spectrum dis-
order, neurodegenerative disorders, and intellectual disabil-
ity (Linda et al., 2018; Mandolesi et al., 2015; Zoghbi & Bear,  
2012).

One approach for the generation of 1D models makes use of so-
called astrocyte islands or glia microdot arrays (Meijer et al.,  
2019). The astrocytes (i.e. glial cells that modulate the com-
munication of neurons) can be derived either from human 
iPSCs or from animal (usually rat) iPSCs (Frega et al., 2019).  
On an astrocyte island (i.e. collection of astrocytes), a human 
iPSC-based single neuron can be placed to help sustain it and 
allow for its study on an single-cellular level. Once depos-
ited on an astrocyte island, the human neurons are able to grow  
and live, but unable to multiply. These isolated neurons 
have the ability to develop ample synapses on themselves to  
stimulate themselves, and therefore to enable the modeling of  
synaptic transmission (Bekkers & Stevens, 1991; Meijer et al.,  
2019). Using patch-clamp electrodes, many synaptic parameters  
can be measured to characterize the cellular behavior of the 
neuron, which can ultimately contribute to the generation  
of hypotheses on disease mechanisms on a network-level 
and to the development of innovative treatment approaches  
(Meijer et al., 2019).

2D neuronal model
Neurons can be cultured in a dish, by likewise placing them on 
an astrocyte-based medium. After a few days, the iPSC-based 
neurons will start to connect and to develop a neuronal network.  
These 2D models are self-limiting in size as mature neurons will 

not, in contrast to their iPSC-precursors, multiply. Depending 
on the approach that is used, 2D models can be developed  
in approximately 21 days, and those that are currently used  
in research laboratories commonly consist of approximately 
25.000 to 50.000 neuronal cells (Frega et al., 2017). To fully  
develop and be kept alive, the 2D model is dependent on fre-
quent renewal of the culture medium for nutrients and growth 
factors (Frega et al., 2017; Zhang et al., 2013). The culture con-
ditions of the models (e.g. temperature, pH and oxygen-level)  
should remain stable to allow for reliable measurements (Frega 
et al., 2017). For practical reasons (i.e. the associated costs 
and labor-intensity of their maintenance), 2D models are gen-
erally only preserved for the time that is necessary to con-
duct the research experiments of interest. However, it is known  
that under the right conditions, 2D models can be kept alive 
for at least 120 days, and the maximum time of survival may  
be even longer (Habibey et al., 2022).

2D neuronal cell models can show both spontaneous and 
evoked synaptic activity, i.e., based on external stimuli such as  
optogenetic simulation (with light) or electrical stimulation 
with microelectrode arrays, a grid of tens to thousands of micro-
electrodes that can gather or deliver neural signals. The syn-
aptic phenotypes of neuronal networks can also be displayed,  
using microelectrode arrays (Pelkonen et al., 2021). Param-
eters such as the frequency and duration of (network) bursts 
and the excitation/inhibition balance can be measured in 2D  
neuronal models to investigate various phenotypes which 
are associated with, for instance, autism spectrum disorder, 
schizophrenia, epilepsy, and (rare) developmental disorders  
(Dolmetsch & Geschwind, 2011; Klein Gunnewiek et al., 
2020; Marchetto et al., 2017; Mossink et al., 2021). 2D neu-
ronal models are increasingly used for disease modeling to 
unravel underlying disease mechanisms and test the efficacy 
of potential therapeutic compounds (Frega et al., 2019; Klein  
Gunnewiek et al., 2020; Marchetto et al., 2017). For example, 
in the BRAINmodel project, 2D neuronal cell models are used 
to connect network phenotypes with clinical information such as 
patients’ clinical symptoms and EEGs (Geertjens et al., 2022).  
Thus, 2D neuronal models can assist in overcoming the trans-
lational gap between genetic mutations and the heterogene-
ous clinical manifestations of neurodevelopmental disorders in  
patients (Dolmetsch & Geschwind, 2011). Furthermore, 2D 
neuronal models are easily scalable and therefore, they enable 
researchers to perform drugs screening, on a large scale. This  
approach can be used to discover personalized treatments 
that are specifically developed and tested on patient-derived  
iPSC-based 2D neuronal models. For instance, In the  
TAILORED project, researchers use neuronal models derived  
from iPSCs of patients (children with severe neurodevelopmental 
disorders) to develop and test customized antisense oligonucleotide 
therapies (https://projecten.zonmw.nl/nl/project/towards-human-
ipsc-neuronal-platform-neurodevelopmental-disorder-therapeutic-
discovery).

3D neuronal model
Brain organoids, too, are often (but not necessarily) gener-
ated out of human iPSCs. The development of 3D models 
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closely mimics the natural development of the human brain. The  
development of a brain organoid starts by stimulating iPSCs 
to form and expand of the three-dimensional aggregates,  
which usually serve as a common platform to generate spe-
cific cell lineages from PSCs (Lin & Chen, 2014). Those aggre-
gates reach the size of 400-600 µm over the course of a week of  
intensive maintenance with specific cultural media. By day 
75 to 90, organoids should have an abundance of mature neu-
rons and grow to 3-5 mm in size (Yakoub & Sadek, 2018).  
During the process of maturation, the brain organoid forms cor-
tical layering and differentiates into a variety of specialized 
human brain cell types. This process is often referred to as the  
self-organizing capacity of the brain organoid. (https://www.stem-
cell.com/neural-organoid-culture.html#more; Jgamadze et al.,  
2023). Whereas 2D models can be fully developed within 3 
weeks, some 3D model-protocols take up to even 210 days to  
complete (Mayhew & Singhania, 2022). Brain organoids can 
be maintained for at least a year (Lancaster & Knoblich, 2014;  
Sloan et al., 2017).

Researchers may use guided or unguided protocols to develop 
3D neuronal models. Organoids developed under unguided  
protocols contain a variety of cell types related to the forebrain, 
midbrain and hindbrain, retina, choroid plexus, and meso-
derm, which are the same as those observed in human embryos  
(Camp et al., 2015; Lancaster et al., 2013). The resulting brain 
organoids are often used to study the natural development of 
the human brain or to gain a better understanding of how cer-
tain disorders develop in individual patients (Lancaster &  
Knoblich, 2014). However, because the development and struc-
tural orientation of the model is minimally steered, these mod-
els are, at the same time, heterogenous and less applicable 
for reliable large-scale drug screening. Scientists can also use  
guided protocols to develop more predictable region-specific 
brain organoids that are used to model specific disorders that 
manifest in specific cell types, such as Zika virus exposure 
on the forebrain (Zhang et al., 2023; Qian et al., 2016; Qian  
et al., 2019; Sloan et al., 2017). While such selective ‘guid-
ance’ results in the right spatial positions of tissue types, it does 
lack the cell diversity that is necessary to model physiological  
brain functioning.

Neuronal models can contribute to fundamental research of 
brain formation by allowing us to observe in vitro the proc-
esses that usually eventuate in utero (Arlotta, 2018). Therefore,  
3D models are highly applicable in research into disorders 
that (are considered to be) rooted in the (early) development 
of the human brain. For instance, iPSC-based 3D models have 
brought key insights into disease mechanisms of neurodevel-
opmental disorders, such as microcephaly, autism, and focal  
epilepsy (Wang et al., 2023).

There have been concerns about the extent to which complex 
neuronal models could develop forms of consciousness or sen-
tience, following a widely publicized study suggesting that  
spontaneous electroactivity can be observed in brain organoids 
that are similar to that observed in preterm babies born between 
24 and 37 weeks of gestation (Trujillo et al., 2019). There  

are different perspectives on what consciousness or sentience 
means and how it might be measured (Zilio & Lavazza, 2023).  
However, there is consensus within the scientific community  
that at current stage of brain organoid research, the higher  
cognitive functions that would (at minimum) be necessary 
for an entity to experience any form of consciousness, cannot  
be developed in current 3D neuronal cell models (Hyun et al.,  
2022). This consensus is based on several limitations of current  
brain organoids, including absence of functionally important  
types of cells that are normally present in the human brain.

Other limitations to the use of 3D models in research  
settings include non-reproducible heterogeneity within the 
same batch of organoids (labeled as the ‘batch-syndrome’)  
(Lancaster & Knoblich, 2014; Kelava & Lancaster, 2016).  
Furthermore, the lack of vasculature within organoids severely 
limits the size of viable organoids, because of insufficient  
nutrient and oxygen delivery to enable further growth (Kelava &  
Lancaster, 2016; Sun et al., 2018). As a result, even well- 
characterized cortical organoids that are region-specific for the 
neocortex cannot nearly represent its complexity. While corti-
cal organoids can expand at most to about 4mm in diameter,  
the human neocortex is approximately 15cm in diameter (Qian  
et al., 2016; Qian et al., 2019). Even though these 3D orga-
noid models are more complex than 1D and 2D models, they 
are still far from resembling the mature human brain and its 
functions. Researchers in the field of organoid technology are  
still looking for solutions to overcome these limitations.

Finally, we have described relevant biological characteris-
tics of neuronal models of varying complexity and shown how 
these models can contribute to neuroscience research. Still,  
it should be noted that this whole range of models are highly 
simplified models of the original human brain, and that research 
results should always be interpreted with caution. In this 
stage, research results cannot directly be extrapolated to the  
clinical context of the donor.

Four layers of moral value applicable to neuronal 
models
To clarify, and ultimately assess, the moral value of the range 
of neuronal models used in research settings, we identify and 
analyze the various considerations that constitute this moral  
value using the metaphor of layers. The metaphor of layers is 
used by Luna to explain the complex nature of the concept of 
vulnerability (Luna, 2009). Luna proposed to consider the con-
cept of vulnerability not as being solid and unique (a fixed label),  
but rather as dynamic and relational:

  “The metaphor of layers refers to the functioning 
of the concept. It suggests that there may be multi-
ple and different strata and that they may be acquired,  
as well as removed, one by one.” (Luna, 2019)

We believe that this metaphor can assist to clarify the moral 
value of neuronal models. We do not aim to argue whether 
or not neuronal models should be granted ‘moral status’, but  
instead, we will unravel the layers of considerations that give 
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rise to the moral value of neuronal models. The layer metaphor 
contributes from both a conceptual and a practical perspective,  
as, first, it serves in defining how a term or a concept, in this  
case the moral value of neuronal models, can be understood, 
and second, it shows how it can be used properly and acted  
upon (Luna, 2019).

In our analysis we will show how the value of neuronal models 
is built up by several layers that may encompass various sorts 
of considerations, including moral values, results of empirical  
research, and biological characteristics. These considera-
tions can add to and interact with one another within layers, 
and may lead them to become thicker, and thus to add value to  
the entity. We identified four layers that should be con-
sidered in assessing the moral value of neuronal models;  
1) Instrumental layer; 2) Intrinsic layer, 3) Symbolic layer, and  
4) Relational layer. Table 1 shows the considerations that consti-
tute these layers. We will now, first of all, discuss these various 
layers one by one, including their corresponding considera-
tions. Thereafter we will show how these layers can be applied  
to and be weighted for the different types of models. Lastly, 
we will reflect on the practical-ethical implications resulting  
from our assessment.

1. Instrumental layer
Neuronal models have biological characteristics which make 
them valuable tools in research settings. The instrumentali-
zation of neuronal models may result in scientific progress,  
patient health benefits, and general healthcare improvements. 
Neuronal models may therefore assist in achieving important  
scientific and social goals.

The scientific value of neuronal models on this instrumen-
tal layer is rooted in their relation to generating new knowledge 
that could not be obtained otherwise. It refers to the ability of a  
study to produce reliable, valid information capable of reach-
ing the stated objectives of the research (Emanuel et al., 2000). 
First of all, neuronal models are used in fundamental research 
that aims to better understand the physiology of ‘typical’  
neuronal processes, such as the maturation and self-organizing 
capacities of neurons. Secondly, the value of neuronal models  
is mainly emphasized in the context of clinical research: neuronal  
models can be used to study the origin and disease  

mechanism of various psychiatric and developmental disorders.  
Before neuronal cell models became available to researchers,  
there had been very little opportunity to study brain tissue 
of individual patients in vitro, as brain cells or brain tissue  
cannot (easily) be collected from living individuals. This has 
always limited researchers’ opportunities for studying the  
cellular behavior and network activities of neuronal networks in  
detail (Kelava & Lancaster, 2016; Quadrato et al., 2016). Through 
the development of stem cell technology, neuroscientists can 
now access neuronal cells using merely minimally invasive  
blood draws from the patient.

The scientific value of neuronal model research does not  
necessarily increase with the complexity of the models that are 
used. Instead, it depends on the context in which they are used.  
Our scientific description of the neuronal models shows that 
different models can be chosen depending on the research 
question at hand (Pelkonen et al., 2021). Researchers should  
choose a model that is most appropriate, and also most  
efficient and practical for achieving their research aims. Even 
the most complex 3D models are worthless when they are used 
in a research project in which the morphological and functional 
characteristics of the model are not in accordance with those  
necessary to answer the project’s research questions. 

The social value of neuronal models refers to the significance  
of the research results for the well-being of individual patients 
or health benefits on a societal level. The two ongoing  
PSIDER-projects in the Netherlands, the BRAINmodel and TAI-
LORED project, aim to contribute to a better understanding  
of brain disorders and the development of novel treatments 
using 1D, 2D and 3D models. The targeted patient groups are  
patients with unmet needs – children with rare (and often 
severe) neurodevelopmental disorders. Children with devel-
opmental disorders can, among all, be affected with serious  
behavior problems, seizures, speech problems and children’s 
disorder and corresponding care can, as reported by their  
parents, highly impact various domains of life such as  
financially, socially, and emotionally (Spindler et al., 2017;  
Verhage & Sørensen, 2020). Still, for many of these patients, 
there are no curative or disease-modifying therapies available. 
In addition, psychiatric disorders, for which neuronal models  
are often used, are associated with a high disease burden for  

Table 1. Four layers giving rise to the moral value of neuronal models.

Instrumental layer    -   Social value 
   -   Scientific value 

Intrinsic layer    -   Potential to develop consciousness 
   -   Human origin

Symbolic layer    -   Representation of the brain as the source of human personhood and the ‘self’

Relational layer    -   Genetic link with donor 
   -   Resemblance with donors’ brain functions 
   -   Alignment of research aims and personal values
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individuals, but also with severe impacts from a global health, 
economic, and human rights perspective (Collins et al., 2011;  
Dakić, 2020). If neuronal models can assist in developing 
more effective treatment options for these patient groups, this 
could help relieve individual and societal burdens of psychi-
atric disorders (Zhang et al., 2023). Thus, brain models are  
instruments that can propagate beneficence and justice (e.g., 
by increasing equal access to treatment options) for seriously  
affected patient groups.

The social value of neuronal models depends to a certain extent 
on their complexity. While 1D models can be used to study 
the cellular behavior of single neurons, they can only poorly  
represent brain disorders’ complex nature. 2D neural cul-
tures and 3D organoids are often considered preferable for dis-
ease modeling and drug screening, because they would better 
resemble the brain functionally (Pickl & Ries, 2009; Seo et al.,  
2021). Still, we want to point out that while research using neu-
ronal models has already resulted in potential socially valuable 
outcomes (Frega et al., 2019; Marchetto et al., 2010; Marchetto  
et al., 2017; Qian et al., 2016; Samarasinghe et al., 2021), 
at this point in time, neuronal cell models do not yet have a 
place in clinical care, and the advances of neuronal cell model 
research will probably not become widely available to patient  
groups in the near future. The expected social value brought on 
by the use of neuronal cell models, even of the most complex  
models, should therefore be slightly nuanced.

Second, scientific value may not translate into social value  
per se. To let neuronal cell model research result in social value, 
it should be ensured that research outcomes contribute to a  
significant relief of the burdens on patients and their families,  
and that the aims of research align sufficiently with the  
perspectives of patient groups. For the past two decades there 
has been increasing attention to the ethical, legal, and social 
issues (ELSI) of and stakeholder engagement in research 
projects, also in research projects using stem cell technologies  
(Aartsma-Rus et al., 2022). Stakeholder engagement can 
help in identifying unmet needs and subsequent treatment- 
prioritizations, and in formulating aims, conditions, and limita-
tions for research projects. For example, in research projects 
focused on autism, it should be taken into consideration that 
according to some stakeholder communities, autism is seen as a  
form of neurodiversity, which should be valued and respected. 
From this perspective, treatments to ‘cure’ autism would not 
result in social value (Barnhart & Dierikx, 2023; Liu, 2017,  
pp. 394–411). The social value, a significant consideration in 
the instrumental layer, is thus highly dependent on the context 
in which neuronal models are used, and do not rely solely on  
the complexity of the model.

2. Intrinsic layer
In the literature on brain organoids, the moral ‘status’ of brain 
organoids is usually equated with their intrinsic value and 
assumed to result from their potential ability to develop forms 
of consciousness. However, as we outlined in the introduc-
tion, there are other relevant characteristics that can be at play  
within the intrinsic layer. 

The literature on brain organoids highlights sentience or phe-
nomenological experiences as an essential aspect for setting a 
“clear moral threshold” for brain organoids (Goddard et al.,  
2023). For many scholars, a human brain organoid should be 
afforded a degree of moral status when it develops some form 
of sentience or consciousness: if organoids were to experi-
ence pain and pleasure, they would have legitimate interests  
not to be harmed, and should be considered valuable for their own 
sake (Greely, 2021; Hostiuc et al., 2019; Koplin & Savulescu, 
2019; Lavazza & Massimini, 2018; Munsie et al., 2017;  
Sawai et al., 2019).

As said, neuroscientists agree that currently available brain 
organoids do not have sentience or consciousness that might 
lead them to having interests (Hyun et al., 2022). Yet some  
authors point out that even though current brain organoids 
may be far from having the potential to develop any form of  
consciousness, in the future, more complex organoids may arise 
that actually do have such potential, which can indeed affect 
their moral value and call for additional ethical requirements 
for the use of such models in research practice (Greely, 2021;  
Koplin & Savulescu, 2019; Zilio & Lavazza, 2023). However, 
in current and emerging neuronal models, consciousness, or 
even the potential to develop consciousness, does not occur.  
Furthermore, it is found that the fact that an entity has the poten-
tial to develop a morally relevant characteristic (in this case 
consciousness) is not sufficient to ascribe a layer of value equal 
to entities that have realized that potential (Koplin & Massie,  
2021). Hence, it is not on the basis of such potential that  
intrinsic value can be ascribed to today’s neuronal models. 

However, still there might be other considerations that can  
contribute to the intrinsic layer of the moral value of neuro-
nal models. Some authors consider the ‘human origin’ of orga-
noids as an important consideration in ascribing intrinsic value 
to brain organoids (Hostiuc et al., 2019; Zilio & Lavazza, 2023).  
Brain organoids grown in the laboratory belong to the human 
species according to genetic and biological criteria. Hostiuc 
et al. consider the human origin of human brain organoids 
as a non-disputable characteristic as these models consist of  
human-derived cells (2019, p 120). According to Zilio and 
Lavazza, human origin is a non-changeable ontological feature 
of organoids as “they are grown in the lab from induced pluripo-
tent stem cells taken from an adult human being” (2023, p 9).  
Given their human origin, it is argued, brain organoids should 
at least be treated with the same level of respect as other human 
or human-derived tissues. This consideration of ‘human ori-
gin’ is applicable to any type of neuronal models derived  
from human iPSCs.

While, clearly, human tissue does not have the moral value of a 
person or a subject (Kirchhoffer & Dierickx, 2011) by some 
authors, it has been placed somewhere on a continuum between  
human subjects and material objects. For example, Svenaeus 
refers to human tissue as a “sobject”, and Boers and colleagues 
showed how organoids can be attributed both subject-like  
and object-like values (Boers et al., 2019; Svenaeus, 2016). 
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However, the current debate on how the intrinsic value of neu-
ronal models should be understood is underdeveloped: can  
neuronal models really be said to be ‘subjects’ in any mean-
ingful way, and does ‘human origin’ really give rise to intrin-
sic value, or should it rather be seen as a consideration that may 
contribute to symbolic value or relational value (see below).  
Also, for instance, it remains unclear whether the intrinsic value 
of neuronal models should be considered equal to that of other 
human-derived tissues (e.g., blood samples, skin biopsies,  
surgical waste), and whether there are reasons – other than their 
presumed potential ability to develop any form of consciousness –  
for considering the intrinsic value of brain organoids to be  
different from that of other organoids, such as gut or pancreatic 
organoids. In sum, we can conclude that it might be possible  
to attribute some intrinsic value to neuronal models, based 
on the human origin of these models, but the extent to which it 
might, and the arguments that can ground it, should be further  
scrutinized.

3. Symbolic layer
The third layer of moral value of neuronal models we have 
identified, is the symbolic layer, which covers sociocultural 
perspectives on the symbolic value of the human brain and,  
consequently, of neuronal models.

Symbolic value is often understood as an extrinsic value, not 
an intrinsic value. People do not necessarily value the entity 
itself, but rather that which it represents. Symbolic value  
can be ascribed to signs, language, objects, places, and monu-
ments, and depends on the meanings given to these things by  
people: it is determined by the context and could thus vary in 
place and time. Symbolic value could also be at play in the context  
of neuronal models, and could, for example, be explained  
as that brain organoids are valuable because they resemble  
the human brain as an organ that hosts human personhood  
and the ‘self’ (Van Till & Bunnik, 2023). As stated, the  
scientific community agrees that the current range of neuronal  
models themselves are not capable of developing any form of 
consciousness, let alone personhood. Still, even if neuronal  
models do not contain or even model parts of donors’  
psychological identities or personhood in any reasonable way, 
they do represent the human brain in a way that is deemed  
valuable by the public. 

Until now, only limited empirical research has been conducted 
on the perspectives of the public and patients on neuronal mod-
els. The available empirical studies suggest that patients and  
general publics might have ethical concerns about the use 
of brain organoids in research, not only in relation to mis-
use of organoids (for example when brain organoids are  
commercialized) or their potential ability to develop forms 
of consciousness, but also that brain organoids can express 
aspects of human identity or personality. In an interview 
study conducted by Bollinger and colleagues in the US, it is 
reported that patients or parents of pediatric patients find brain  
organoids inherently different from other types of organoids 
(such as heart or lung organoids), because the brain is char-
acterized, by some respondents, as “the locus of personhood”  

(Bollinger et al., 2021). Also a Dutch interview study of  
Haselager and colleagues showed that some respondents, including  
both laymen and patients with neurological or psychiatric  
disorders, thought that the brain, and so possibly also brain 
organoids, contains parts of human personality, which makes 
brain tissue “more sensitive compared with the scientific use  
of other types of tissue” (Haselager et al., 2020). These  
studies suggest that there may be deeply rooted sociocultural  
perspectives on the human brain as the source or seat of (moral) 
reasoning, human behavior, and cognitive functioning, and the  
‘self’. The perspective from which the brains are considered 
as the essential source of our ‘self’ is sometimes referred to  
as neuroessentialistic thinking:

  “It is not so much that we are not also our genes, our 
bodies, members of social groups, and so on, but 
rather that when we conceive of ourselves, when 
we think of who we are as beings interacting in the 
world, the we that we think of primarily resides in our  
brains.” (Reiner, 2012)

Although different accounts of neuroessentialism exist, its 
main messages, which is that we as human beings, are highly  
determined by our brains, seems increasingly endorsed by 
the general public. Human behavior, moral and rational rea-
soning, and individual identity are often explained by  
biological processes in our brains. In a context in which the 
brain is a subject of public attention and deeply valued as the 
locus our ‘selves’, it may not be surprising that brain orga-
noids, too, are considered valuable, as they not only model the 
brain anatomically and functionally, but could also represent or  
symbolize the human brain and that what makes us human.

When objects or entities are attributed symbolic value, they 
deserve to be treated with some level of respect (Steinbock, 2009). 
The symbolic value of an entity or object can enforce implicit  
or explicit norms, and even moral obligations that describe 
how a ‘symbol’ should or should not be treated (Koplin &  
Massie, 2021). For example, to some readers, the term  
‘symbolic value’ may be familiar from discussions on the 
moral status of human embryos. In these discussions, symbolic 
value refers to the respect that is owed to embryos as they are a  
symbol of human existence, which entails that they may not be 
used in ‘frivolous’ ways (Steinbock, 2009). A similar line of  
argumentation can be applied to neuronal models, too.

The symbolic value of neuronal models may differ with the 
extent to which they resemble the human brain. We expect 
that more symbolic value is attributed to complex 3D neuronal  
models than to isolated single neurons, as 3D models will 
more closely resemble the human brain. Also, it is possible 
that the symbolic value attributed to neuronal models will be 
affected by the ways in which they are presented to the public:  
if they are presented as similar, anatomically, and functionally, 
to the human brain, and, for instance, are called ‘mini-brains’, 
this may cause their perceived symbolic value to increase.  
To assess the symbolic value of neuronal models, we need 
empirical studies to inform us on the perspectives of relevant  
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publics on what neuronal models represent for them. Until now, 
only two empirical studies have been conducted on publics’ 
and patients’ perspectives on 3D neuronal models, and none 
on sociocultural perspectives on 1D or 2D neuronal models  
(Bollinger et al., 2021; Haselager et al., 2020). Further empiri-
cal research is therefore needed to gain a better understand-
ing of the symbolic value of neuronal models of varying  
complexity.

4. Relational layer
Lastly, some of the moral value of neuronal models lies in 
their relationships with human donors. The relational layer 
reflects the personal entanglement of neuronal models with  
their donors. We distinguish three considerations in the  
relational layer: 1) neuronal models consist of biological  
material (i.e., cells) containing the genetic profiles of donors,  
2) neuronal models display functions that resemble those of the 
brain of the donor, and 3) neuronal models consist of biological  
material (i.e., cells) that reflect donors’ personal values.

First of all, neuronal models that originate from human stem 
cell lines are largely genetically identical to the genetic pro-
file of their donor. Genetic data is a sensitive type of data as  
it can be related to peoples’ personal characteristics, such 
as their family origin and predispositions to numerous dis-
eases. As every individual has their own unique DNA profile,  
genetic information derived from biological material can be 
traced to its donor, even when the sample itself is anonymized. 
It is often argued that genetic data therefor deserves special  
protection to protect the privacy of the donor – a view that is 
sometimes referred to as ‘genetic exceptionalism’ (Ruiz-Canela  
et al., 2011). As we noted earlier, the empirical fact that the 
model consists of biological material that contains the donor’s  
DNA could lead to the attribution of some intrinsic value to 
the model based on its human origin, but the moral signifi-
cance of this biological or genetic link could also be understood  
in relation to the individual donor him- or herself. Neu-
ronal models could be found valuable by their donors as 
the genetic data they incorporate can reveal their personal  
characteristics. Thus, in the relational layer, based on the 
genetic link between model and donor, value is contributed to 
the sum value of neuronal models. This consideration applies 
even more strongly in the context of research into rare genetic  
neurodevelopmental disorders, which may afflict or have 
been diagnosed in only a few patients or families worldwide  
(Mezinska et al., 2021). Even if information about ultra-rare  
genetic abnormalities were presented in an anonymized manner, 
specific individuals or families might be exposed. Further-
more, genetic information relates not only to the donors them-
selves, but also to their parents, siblings, and children. The  
protection of genetic data residing in neuronal models there-
fore serves not only to protect the privacy of the donors, but also  
that of their family members (Biesecker & Peay, 2003).

Second, neuronal models are often used to simulate neuropsy-
chiatric disorders and/or abnormal developmental physiol-
ogy in the brain. Several network parameters which can be  
displayed in 2D and 3D neuronal models, are associated with 

clinical disorders, including autism, schizophrenia, and bipo-
lar disorder (Quadrato et al., 2016). They may provide addi-
tional information about the (dys)functioning of the brain, over  
and above a genetic diagnosis. In the case of some monogenic 
neurodevelopmental disorders, for instance, the same genetic 
mutation can manifest itself in different synaptic and clinical  
phenotypes (Verhage & Sørensen, 2020). This information 
can have clinical significance and consequences for the donor. 
Brain data (i.e. data concerning the neurophysiology and  
neuropathophysiology of individuals) is often considered one of  
the most intimate and sensitive categories of personal data, 
because it can reveal (predictive) information about the mental  
status, including the cognitive, affective and emotional status, 
of the individual donor (Ienca & Malgieri, 2022; Minielly et al.,  
2020; Palermos, 2023). Disclosure of information about (risk 
of) brain dysfunctioning may have psychological impact on 
and lead to stigmatization of the donor, more so than disclosure 
of somatic disease (risks) (Westbrook et al., 1993). Participants  
in genetic psychiatry research in particular may be concerned 
about data security and privacy (Lawrence et al., 2016; Rostami  
et al., 2019). For the donor, neuronal models, and their cor-
responding brain data, can thus be considered as valuable and  
worthy of (special) protection.

A third way in which neuronal models relate to people is through 
their connection to the personal values of donors. Human  
tissues are described by Svenaeus as strong-identity-bearing  
sobjects (2016). Donors can contribute indirectly to research 
projects when they donate their biological material, and in that 
case, the biological material can be considered as a so-called  
“stand-in for the values and beliefs of individuals” (Boers et al.,  
2019, p 133). By choosing to participate in certain research 
projects and to withhold from participating in other research  
projects, participants can support research in a way that they 
consider meaningful. By donating their tissues to create  
neuronal models, donors have the opportunity to contribute to  
scientific and clinical goals that hold personal meaning and 
align with their personal values. This relational consideration  
is especially of importance for the informed consent process  
of research projects. The (potential) donor is informed about 
the research purposes and provides consent for the use of  
their biological material for this research project. To respect 
donors and their personal values, the biological material should  
only be used for research purposes they explicitly supported.

We have shown that neuronal models may be associated with 
relational values as they are entangled with donors’ genetic pro-
files, psychiatric and neurodevelopmental (risk) status, and  
personal values in relation to research. Privacy, non-discrimination,  
and respect for persons are key ethical considerations within the 
relational layer. Donors’ genetic profiles can theoretically be 
derived from complex brain organoids or 3D neuronal models  
just as well as from a single neuron or 1D neuronal model.  
Consequently, there is equal moral value based on genetic  
identity in all three neuronal model types. However, information  
on network phenotypes and the morphologic characteristics  
of neurons and organoids, which can be associated with  
clinical psychiatric or neurodevelopmental phenotypes, can be  
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displayed better in 2D or 3D cell models. This layer of rela-
tional value, associated with brain (dys)function, will there-
fore increase with the increasing complexity of the neuronal 
model. Last of all, neuronal models derived from donated stem  
cells can serve as a vehicle of donors’ personal values, as 
through donation, donors can make or withhold contributions 
to specific research projects in alignment with their per-
sonal values. The relational value based on this final consid-
eration does not necessarily increase with the complexity of the  
neuronal model.

The moral assessment of neuronal models
Now that we have identified these four layers, they can help 
us to clarify the discussion on the moral value of neuronal 
models. In Table 2 we provide an overview of the layers, the  
considerations that apply within these layers, and the extent 
to which these layers are applicable to the various neuronal 
models. The table visualizes the relevance of various consid-
erations and the resulting ‘thickness’ (reflected in the darkness of  
colors), i.e., moral weight, of the layers. From this table we 
can deduce that the layers generally become thicker when 
the neuronal model is more complex. In some respects, 3D  
neuronal models thus have more moral value than do 1D or 2D 
models. From our analysis, it is clear that although the major-
ity of the ethical literature on brain organoids is focused on 
the potential ability to develop a form of consciousness in  
future brain organoids (labeled as 4D models), the moral 
value of current neuronal models is made up not of an abil-
ity to develop a form of consciousness, for they do not have 
such ability, but of other considerations, including their genetic  
links to donors (and their families), their ability to model brain 
(dys)function, their symbolic value, and the expected benefits 

of neuronal model research which are often overseen in the  
literature and stand in need of careful scrutiny.

Now that we have determined the moral value of various types 
of neuronal models, we will draw out some practical-ethical  
implications for using neuronal models in research settings. 
What moral obligations do we owe neuronal models when we 
use them in research settings? We would like to address five  
points:

First, researchers may need to understand and be respon-
sive towards sociocultural beliefs about neuronal models.  
Table 2 visualizes how the symbolic layer of neuronal mod-
els is constituted by sociocultural beliefs about the human 
brain, and how the relational layer, among other considera-
tions, depends on donors’ expectations about potential research 
outcomes and the extent to which these outcomes align  
with donors’ personal values. Given that peoples’ percep-
tions of neuronal models shape their moral considerations, and 
thereby contribute to the attribution of value to those models, 
adequate information, and the development of a neutral com-
municative framework on neuronal model research should  
be prioritized. For instance, researchers have emphasized the 
importance of avoiding the label of ‘mini-brains’ when referring 
to neuronal models, because it incorrectly suggests that neuro-
nal models contain the same biological and anatomical char-
acteristics as ‘real’ human brains (Hyun et al., 2022). Presley  
et al. have reported on the risk of dystopian and utopian distor-
tions and misinformation in communication on brain orga-
noid research (Presley et al., 2022). To ensure public support 
for neuronal model research and sufficient alignment of public  
(moral) perspectives with the aims and limitations of neuronal 

Table 2. Assessment of the layers of moral value of current neuronal models.

Instrumental 
layer

Intrinsic layer Symbolic layer Relational layer

1D neuronal 
model

  •   Social value 
  •   Scientific value

  •    Potential to develop 
consciousness

  •   Human origin

Representation of the brain 
as the source of human 
personhood and the ‘self’

  •   Genetic link with donor 
  •   Resemblance with donors’ brain functions
  •    Alignment of research aims and personal 

values

2D neuronal 
model

  •   Social value 
  •   Scientific value

  •    Potential to develop 
consciousness

  •   Human origin

Representation of the brain 
as the source of human 
personhood and the ‘self’

  •   Genetic link with donor 
  •   Resemblance with donors’ brain functions
  •    Alignment of research aims and personal 

values

3D neuronal 
model

  •   Social value 
  •   Scientific value

  •    Potential to develop 
consciousness

  •   Human origin

Representation of the brain 
as the source of human 
personhood and the ‘self’

  •   Genetic link with donor 
  •    Resemblance with donors’ brain functions
  •    Alignment of research aims and personal 

values

4D neuronal 
model

  •   Social value 
  •   Scientific value

  •    Potential to develop 
consciousness

  •   Human origin

Representation of the brain 
as the source of human 
personhood and the ‘self’

  •   Genetic link with donor 
  •   Resemblance with donors’ brain functions
  •    Alignment of research aims and personal 

values
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model research, researchers have an important responsibil-
ity to be transparent and precise in research communication,  
and to adequately engage the public in research projects.

Second, from neuronal models, additional genetic or other 
medical information may be derived on the (future) mental sta-
tus of the donors. To protect the (sensitive) data inherent in  
neuronal models, additional measures may be required in 
responsible biobanking, such as the regulation of the using 
and sharing of neuronal models between various institutions.  
Both genetic data and health-related data, including (risk) infor-
mation pertaining to the (dys)functioning of the brain, are 
considered ‘sensitive’ personal data and are protected within  
Europe under the General Data Protection Regulation (https://
www.gdpreu.org/the-regulation/key-concepts/special-catego-
ries-personal-data/). It is a matter of debate whether additional 
sensitive phenotypical information regarding the psychiatric or  
neurodevelopmental health or risk status of the donor revealed 
by the neuronal models should be granted additional data 
protection (Ienca & Malgieri, 2022; Minielly et al., 2020;  
Palermos, 2023). In any case, careful data and sample govern-
ance by research groups and individual researchers is required 
to prevent (unintentional) disclosure of genetic or psychiatric 
or other potentially sensitive research results and protect the  
privacy of donors.

Third, our analysis can be used to help clarify the value of  
neuronal models in specific cases. An exemplary case is the 
question whether it is ethically acceptable to commercialize  
brain organoid biobanks (Boers et al., 2019; Haselager et al., 
2020). Commercialization refers to both selling or sharing of 
biological samples and obtained data with commercial parties,  
and financial or practical collaboration of scientific institu-
tions with commercial parties (Caulfield et al., 2014). One of the 
main motivations for donation of biological material to biobanks 
of academic hospitals and other publicly funded scientific  
institutions, is altruism or the wish to contribute to scien-
tific improvement (Richter et al., 2021). When these samples 
are commercialized (e.g. sold to or used by commercial par-
ties), their instrumental value may increase, for instance, when  
commercial collaborators facilitate the translation of research 
results into applications for users, such as the development of 
pharmacological treatments. Yet at the same time, commer-
cialization may take away any control by donors over the neu-
ronal models derived from their donated samples, and it may 
not be guaranteed that usage of the models will align with the  
personal values of the donor. A Dutch survey on donors’ per-
spectives (n=12,300) on consent for the secondary use of clini-
cal data and samples for the purposes of research, suggested 
that the majority of respondents does not support sharing  
of their donated biological material with parties other than 
publicly funded scientifical institutions (Patientenfederatie  
Nederland, 2021). Commercialization of neuronal models could 
therefor run counter to donors’ preferences, and thus conflict 
with the relational layer of value of the models. Also, the buy-
ing and selling of neuronal models might in some ways conflict 
with their symbolic value and/or intrinsic value (i.e., human  
origin) (see below).

Fourth, our analysis may serve as a basis for developing rec-
ommendations regarding the aims for which neuronal models  
can or cannot be used. Research projects should ensure that 
the expected benefits of their research (i.e., the social and sci-
entific value) outweigh the possible risks of research par-
ticipation for the donor, such as medical risks associated  
with stem cell collection and privacy risks, and that neu-
ronal models are used to attain social and scientific goals.  
But also, from the symbolic value of neuronal models, it fol-
lows that researchers should ensure that neuronal models 
are treated with respect and are not used in “frivolous” ways  
(Steinbock, 2009). Entities that have symbolic value are not 
precluded from being used, but if they are used, this should  
be done properly:

  “To respect the old-growth forest does not mean that 
no tree may ever be felled or harvested for human 
purposes. Respecting the forest may be consistent 
with using it. But the purposes should be weighty 
and appropriate to the wondrous nature of the thing.”  
(Sandel, 2004)

As different perspectives exist on the moral duties that we 
hold towards objects that are attributed symbolic value, we 
wish to encourage discussion on the implications of this  
argument (Bortolotti & Harris, 2006; Davis, 2019; Koplin et al., 
2022; Steinbock, 2009). For example, the attribution of moral  
value to neuronal models could require that researchers can 
only use such models for research purposes that have the 
potential to yield scientific and social value, such as disease  
modeling and the development of new treatments. Examples 
of frivolous usage of neuronal models might include the crea-
tion of excess neuronal models that will directly be destroyed, 
the use of neuronal models for cosmetic purposes, and cowboy  
science or so-called ‘quick and dirty’ science. Based on the 
symbolic value of neuronal models, researchers should refrain 
from such uses of neuronal models, and should treat the  
neuronal models with respect.

Fifth and finally, the rapid development of increasingly com-
plex neuronal models can raise ethical questions, for example 
on the informed consent process (Lavazza & Massimini, 2018). 
As said, neuronal models can serve as vehicles for donors’  
identities and personal values. The limited empirical research we 
mentioned earlier, suggests that patients and laymen may have 
a wide range of perspectives on brain organoids and the accept-
ability of certain types of usage of brain organoids (Bollinger  
et al., 2021; Haselager et al., 2020). For instance, gener-
ally respondents support using brain organoids to study dis-
ease mechanisms and treatment development but, at the same 
time, ambivalent perspectives exist on commercialization  
of organoids and the development of ‘mature’ brain organoids 
and connectoids (in which multiple organoids are connected). 
This is an especially important consideration in developing 
the informed consent process (Boers et al., 2019; MacDuffie,  
2022). Currently most research groups use a broad con-
sent process, in which the donor provides consent for the 
use of donated material for unspecified current and future 
research in a specific field (Maloy & Bass, 2020). However, to  
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respect the donor and their personal perspectives on neuronal 
model research, more precise informed consent processes may 
be more appropriate and are sometimes requested by poten-
tial donors themselves, in particularly, an informed consent  
process that ensures that donors are informed about the research 
projects in which their generated neuronal models will be 
used, and that donors got the opportunity to withdraw their  
consent for specific research projects (Haselager et al., 2020).

Conclusions
We have identified four layers of considerations that constitute  
the moral value of neuronal models: instrumental, intrinsic, 
symbolic, and relational. Our analysis shows that different  
considerations apply to different types of neuronal models. 
Some of these layers are already at stake in 1D models: 1D  
models contain medical information, both genetic and psychiatric  
or neurodevelopmental, and should therefore be used in ways 
that maintain and protect the privacy of the donor. Also, based 
on their human origin, 1D models should be treated with 
some level of respect. However, the sum moral value of 1D  
models is relatively limited as compared to that of 2D and 
3D models. Also, the considerations that make up the moral  
value of 1D neuronal models are not exclusively applicable to 
neuronal models, as, for instance, other types of human cells,  
such as gut or heart cells, also contain the donor’s genetic  
information and are of human origin. Thus, 1D neuronal  
models may need to be treated – at minimum – just like any  
other human biospecimen. 

Furthermore, our analysis suggests that moral value increases 
with the complexity of the neuronal model, and that more 
complex neuronal models may be more worthy of ethical  
consideration than less complex neuronal models. The use 
of neuronal models yields significant scientific and social  
benefits, and neuronal models may therefore be considered  
instrumentally valuable. The more closely a neuronal model  
mimics (some aspect of) the human brain, the better it can  
assist, for instance, in understanding the pathophysiology of 

brain diseases, or the relationships between genetic diagnosis 
and clinical phenotypes. At the same time, growing complexity  
of a neuronal model can add to its relational value, as it may  
reveal more (sensitive) clinical information about donors. Also,  
more complex neuronal models could provoke more  
symbolic value as they more closely resemble, and therefore  
better represent, the human brain that is often considered the  
source of personhood. However, there is still (very) little  
intrinsic value in currently available neuronal models.

The field of stem cell technology is rapidly developing, and 
it can reasonably be expected that in the future, even more 
complex neuronal models will be available, such as chimeras  
(organisms composed of cells from two or more species, for 
example mouses with humanized brains) and assembloids 
(defined as ‘self-organizing 3D cellular systems that result from 
the integration of multiple organoids or the combination of 
organoids with missing cell types or primary tissue explants’  
(Kanton & Pasca, 2022)); some research groups are developing  
brain organoids that are connected with neuroprothetics  
to provide sensory inputs, which raises anew the question 
whether a potential for sentience or consciousness may emerge 
and the intrinsic value of such models may increase (Koplin &  
Savulescu, 2019). Our four-layer framework can be used in the 
assessment of the moral value of emerging or future neuronal  
model entities. In these cases, some layers could be thicker/
more significant than in the case of current neuronal models, 
and perhaps even more layers could be identified in relation  
to these future entities.
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The research article from Till et. al. (2023) proposes a novel, and potentially very useful, framework 
for assessing the moral value of neuronal models. They aim to demonstrate how different kinds of 
moral consideration can be used to determine the overall moral value of diverse neuronal models, 
which the authors claim, justifiably, have received significantly less attention than potentially 
conscious brain organoids of the future. They propose that the moral value of neuronal models, 
which are identified as 1D, 2D, 3D, or 4D, should be determined from the thickness of four moral 
layers (instrumental, intrinsic, symbolic, and relational) that represent different sources of moral 
consideration. The framework provides a scaffold for identifying these factors that reflect the 
views of donors, researchers, publics, and neuronal models as entities themselves. According to 
the authors, these considerations are in addition to notions of moral status (founded on 
consciousness or sentience) that could be raised by ‘ultra complex’ neuronal models. Although not 
explicitly mentioned in the article, the ‘layer concept’ could also provide a helpful conceptual 
framework for researchers, policymakers, regulators, and ethics committees to capture, and 
deliberate on, a diversity of views in an anticipatory governance approach toward regulation of 
emerging neuronal models (10.1080/15265161.2021.20011111 and 
10.1016/j.biotechadv.2023.1082332).  
 
While the layer concept proposed by the authors provides a useful, high-level conceptual 
framework for identifying factors that contribute to moral value, there are several aspects of the 
approach that call for clearer argumentation or justification. Our questions primarily focus on 
principles that group neuronal models, how layer thickness is determined, and the normative 
implications for decision-making.  
 
First, the authors claim that more complex neuronal models (3D vs 2D, for instance) have greater 
moral value (p.10) than simpler ones (1D), but do so without clear rationale for how they arrived at 
these determinations across various the factors that contribute to each layer. Moreover, it remains 
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unclear what schema is used by the authors to group neuronal models in the first place. What 
generalized criteria do the authors have in mind for organizing neuronal models into 1D, 2D, 3D, 
and 4D classifications: morphology or spatial arrangement of cells, complexity of neural network 
activities, quantity of neurons, presence or absence of external feedback, or other criteria? 
Neuronal models vary along many dimensions beyond spatial with implications for whether they 
are considered more or less complex. The authors do provide examples for each group, yet the 
conceptual/philosophical/empirical framework that led to the proposed classifications could be 
made more clear. This would be especially helpful when applying the layer concept. For example, 
should neuronal cell cultures with real-time closed-loop electrical feedback from virtual 
environments that have been shown to rise to goal-directed learning or criticality 
(10.1016/j.neuron.2022.09.0013 and 10.1038/s41467-023-41020-34) be classified as 2D, 3D, or 
perhaps even, 4D? What about neuronal cultures that exhibit non-negligible PCI scores, which has 
been proposed as an indicator of consciousness (10.3390/brainsci111114535)? Should spheroids 
and cortical organoids both be considered 3D models despite their internal organization having 
demonstrated effects on the ability to generate spontaneous nested neural network activities 
(10.1016/j.stem.2019.08.0026)? The 4D classification is especially vague. Would Brain-o-ware be 
classified as 3D or 4D, according to the framework outlined by the authors (10.1038/s41928-023-
01069-w7)?  
 
Second, what method should be used to determine the amount of moral weight to assign a given 
factor within a layer, or across layers? Should social and scientific value have equal contribution 
toward overall instrumental layer thickness? How should we compare the degree of thickness 
across layers that are conceptually very different? Moreover, in pluralistic societies, the 
assessment of moral weight is likely to vary (significantly), thus, how should a consensus be 
reached on the appropriate thickness of each layer? In Table 2, the moral weight of the ‘human 
origin’ factor would be more significant among communities with certain ontological beliefs. 
Weight assignment seems very contextual, which may, in fact, be the intention of the authors, but 
they also presents a challenge when attempting to make generalized claims about the moral 
thickness of various neuronal models. It is also unclear how the authors arrived at the proposed 
layer thicknesses illustrated in Table 2. Are these the views of the authors? If so, what was the 
rationale? 
 
Third, more clarification is requested to delineate the symbolic layer as distinct from others. For 
instance, we are uncertain whether an individual’s ephemeral connection with donated tissue 
(10.1080/21507740.2022.20487278) as an extension of ‘self’ would fall under the symbolic or 
relational layer based on the considerations provided (p.9).   
 
Fourth, the authors claim that layer thickness adds moral value to an entity, yet the implications of 
thickness across the different layers can lead in different normative directions, as recognized by 
the authors when making their third point  on p.11. A neuronal model with high social and 
scientific value would produce a very thick instrumental layer in support of exploiting the neuronal 
model. Yet a very thick relational layer, due to high resemblance with donor brain function or 
strong mis-alignment with personal values, for example, would suggest more restrictions on using 
the neuronal model. Given that typical discussions of moral status associate more restrictions or 
protections for entities with higher values of moral status, the implications of layer thickness on 
normative decision making is somewhat clouded. Clarification here would strengthen the authors' 
aim to show how the layer metaphor can be understood acted upon (p.6).  
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A final a minor point to consider. There are several instances in the article when the authors make 
broad claims about the views of the scientific community. For example, the authors state, “there is 
consensus within the scientific community that at the current stage of brain organoid research, 
the higher cognitive functions that would (at minimum) be necessary for an entity to experience 
any form of consciousness, cannot be developed in current 3D neuronal cell models”. While there 
is a lack of empirical evidence that organoids have consciousness, the experiments that support or 
reject this claim have not been performed but are feasible (10.1007/s12152-023-09538-x9). The 
citation provided by the authors is founded on the views of some (prominent) 
neuroscientists/neuroethicists, but not a representative sociological sample of researcher beliefs 
about organoids, which in our view is needed in order to make such a claim. If survey 
data–qualitative or quantitative–is available then such evidence would support the broad claim 
being made, otherwise a more qualified statement seems warranted. 
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The manuscript "An assessment of the moral value of neuronal cell models and brain organoids” 
gives a comprehensive overview of moral aspects relating to the development and use of donor-
derived neuronal cell models. The manuscript focuses not so much on the moral aspect of 
consciousness that such models may or may not obtain at some point, but rather on ethical issues 
and moral aspects surrounding their existence in itself, their proxy to a human individual, their 
symbolic nature and other issues related to the use of these models. The article is very well written 
and it has been very enjoyable to read. For me, as a scientist working with patient-derived iPSC 
cells and neuronal cells, this has been very insightful and stimulating. 
 
My first comment is that the biology aspects and the description of the neuronal models is very 
well done. The scientific state-of-the-art is well described. 
 
I have only very minor comments and some thoughts in general about the issue.

Table 2: I would recommend not naming the last row “4D”. 4D typically refers to time, but 
here a “future” 3D model is meant. I would recommend “3D+”, for instance to make that 
clear. There is no additional dimension in the future 3D model. 
 

1. 

Table 2 shading: I would argue that the “potential to develop consciousness” increases from 
1D to 3D, so maybe an increased grey scale could reflect that. In the relational layer column, 
it seems that “Alignment of research aims and personal values” have different shades in 1D 

2. 
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compared to 2D and 3D, but should be the same? Maybe this is just my printout, though. 
 
One more aspect that may warrant mentioning is cell therapy. I am certain cell therapy will 
be done at some point, using either 2D or even 3D models to transplant directly into the 
brain of patients. These may be derived from the individual itself, but could potentially also 
be from another individual. If such a transplanted organoid integrates into the brain and 
takes over new functions, this could have great implications for the definition of self, 
memory, plasticity, etc. 
 

3. 

Also, what if a certain brain model results in the development of a new drug for neuronal 
disease, however later it turns out that this drug has limited or adverse effects in the large 
majority of patients and is only useful in a very small number? In that case, the donor or 
model may be taunted and there could be anger and even threats associated with the 
individual that donated the cells. This is hinted at under the respect and research use 
aspects, but I just wanted to point this example out. This is somewhat similar to the HeLa 
cell line, where for a long time it was hailed as a great tool for cancer research, yet, when 
you’re in the lab nowadays there is often a throwaway comment “But your findings are only 
valid in HeLa cells and have no physiological relevance”.

4. 
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The research article of van Till et al., “An assessment of the moral value of neuronal cell models 
and brain organoids” is an interesting conceptual study showing analyses of the moral status of 
various neuronal models starting from the simplest one cell (one neuron) model, through two 
dimensional neuronal networks up to more complicated three-dimensional models including brain 
organoids, resembling some features of early brain development. While the ethical considerations 
regarded mostly presumed capacity of brain organoids to develop some form of consciousness 
(which, is not confirmed case), there are many under considered and under investigated moral 
issues like, e.g. whether the neuronal models are used in responsible ways.   
 
The authors presented the new concept of four layers of moral value applicable to neuronal 
models. These four-layers, which are identified as: instrumental, intrinsic, symbolic, and relational, 
allow to encompass other sorts of considerations than only moral values, including the results of 
empirical research and biological characteristics. They demonstrated how and to what extent each 
layer contributes to the moral value of the current range of neuronal models and they indicated 
the possibility to overlap such values. 
 
While this is a research article, but based on conceptual work, not empirical data gathered in the 
designed experiments, my answer to the questions: “Are sufficient details of methods and analysis 
provided to allow replication by others?” and  “Are all the source data underlying the results 
available to ensure full reproducibility?” is “Partly”, since the section “Materials and Methods” in 
this article does not exist.   
The conclusions are drawn clearly and the paper is scientifically sound in its present way. In my 
opinion, this article can be indexed in its present form.
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Are all the source data underlying the results available to ensure full reproducibility?
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