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ARTICLE INFO ABSTRACT

Article history: Organoids are 3D biological structures constructed from stem cells in vitro. They partially mimic the
Received 1 October 2018 function of real organs. Although the number of articles detailing this technology has increased in recent
Received in revised form years, papers debating their ethical issues are few. In addition, many of such articles outline a mere
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consciousness assessment or organoid use in cystic fibrosis treatment. This article seeks to evaluate the
moral status of cerebral organoids and to determine under which conditions their use should be allowed
from a bioethical standpoint. We will present an overview of recent steps in developing highly advanced
cerebral organoids, followed by an analysis of their ethics based on three factors: human origin, a specific
biological threshold (which, once crossed, grants an entity moral status), and the potential to generate
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human beings. We will also make practical recommendations for researchers working in this biological
field.
© 2019, The Japanese Society for Regenerative Medicine. Production and hosting by Elsevier B.V. This is
an open access article under the CC BY-NC-ND license (http://creativecommons.org/licenses/by-nc-nd/
4.0/).
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hepatic), endocrine (testicular, thyroid), cardiac, kidney, and lung
organoids, as well as gastruloids (embryonic organoids). There are
two main varieties of organoids that differ depending on the
cellular source, either pluripotent stem cells (PSCs) [1,2] or somatic
stem cells [3,4].

While an increasing amount of articles have covered this tech-
nology, the number of studies debating their ethics remains low
[5—14]. Moreover, most of them present an overview of the po-
tential ethical issues associated with organoids; only a few high-
lighted specific problems, including ethical issues related to
consciousness assessment [5,13,15] and the perspectives of patients
and their parents regarding the use of intestinal organoids in cystic
fibrosis treatment [11].

Currently, research on human embryos is limited by the so-
called “14-day rule”, according to which experiments using com-
plete human embryos should not use embryos more than 14 days
old or that demonstrate a primitive streak [12]. Some bioethical
committees identified this time frame as relevant primarily due to
its close temporal connection to the beginning of neural develop-
ment and to the embryo's distinct identity (the embryo is unique
after day 14 and cannot lead to twins) [16]. Some authors have
debated the moral relevance of this rule for organoids [6,8,14,15,17].
If moral status is explicitly linked with neural development in
complete embryos, one could easily question the morality of
developing and using cerebral organoids in clinical research. The
purpose of this article is to evaluate the moral status of cerebral
organoids and to see in which conditions their use should be
allowed from a bioethical standpoint.

2. A general overview of the brain (cerebral organoids)

Brain organoids are stem-derived 3D biological structures,
which are self-organizing in morphological units resembling a
developing brain [17]. In 2008, Gaspard et al. published an article
describing an intrinsic mechanism of corticogenesis, using em-
bryonic stem cells taken from mice [18]. Eiraku et al. showed that
cortical progenitors generated in cultures by mouse- and human-
derived embryonic stem cells can spontaneously form patterned
structures, mimicking the early aspects of corticogenesis [19].
Building on these results, Lancaster et al. built the first human brain
organoids from human pluripotent stem cells, which were shown
to have the capacity to recapitulate specific features of human
cortical development—such as progenitor zone organization—with
an increased density of outer radial glial stem cells [17]. Since 2013,
the year in which Lancaster et al. presented their initial findings,
numerous papers have been published that discuss the develop-
ment of more complete cerebral organoids. For example, Pasca et al.
developed human cortical spheroids containing both deep and
superficial cortical layer neurons. These spheroids exhibited
spontaneous activity [20] and corresponded to a 19—24 week
embryo. Qian et al. developed forebrain, midbrain, and hypotha-
lamic organoids containing neurons corresponding to all six
cortical layers of the human cortex [21]. Giandomenico et al.
developed cerebral organoids able to generate nerve tracts with
functional output, the axon bundles being capable of not only
intracortical projection within and across the cerebral organoid, but
also decussation and projection outside the organoid. Moreover,
organoid stimulation was shown to cause muscle contractions [22].
Bagley et al. developed a co-culture technique that combined
various brain regions within one organoid tissue, fostering complex
interaction between different brain regions [23]. Matsui et al.
identified the presence of mature oligodendrocytes, mature GAD-
67-positive inhibitory neurons, and VGLUT-1 positive excitatory
neurons in long-term cultured cerebral organoids induced from H9
human embryonic stem cells [24]. Quadrato et al. found that

organoids developed over an extended period exhibited mature
neuronal features, such as the formation of dendritic spines,
spontaneously active neuronal networks, and functional photo-
sensitive cells [25]. This brief summary enables an understanding of
this field's rate of advancement, and, more importantly, serves as a
reminder that matters such as human brain organoids interacting
with the environment may become reality in the near future.

3. An overview of the embryo's moral status

Moral status is one of the most important ethical concepts in
reproductive and regenerative medicine; if the subject of biomed-
ical research possesses moral status, he/she has specific rights, and
the investigators thereby have obligations that can significantly
impact their research protocol. Baertschi classified moral status
into four main types: complete (the subjects possess moral status
and therefore all rights and duties associated with it), incomplete
(subjects have entire or partial moral rights, but only some or none
of the obligations associated with it), intrinsic (moral status is given
based on intrinsic value or potentiality), and conferred (subjects are
awarded moral status based on specific characteristics or proper-
ties) [26]. According to many research ethics guidelines, early hu-
man embryos do not have definite moral status; however, they do
have to be respected based on their intrinsic potential to generate
other human beings (and subsequently moral agents). This value
was prescribed by the Warnock Committee as “respect for the
embryo” [16,27,28] and it is conferred to embryos up to 14 days old
(hence the 14-day rule) [29]. This time limit was selected because
the embryo develops a primitive streak on day 15, which marks the
beginning of gastrulation, the moment in which embryonic cells
start to differentiate. The first pre-neural cells are identifiable soon
after this stage, allowing for the embryo's potential to feel pain:
“the ethics of experiments on embryos must be determined by the
balance of benefit over harm, or pleasure over pain. Therefore, as
long as the embryo is incapable of feeling pain, it is argued that its
treatment does not weigh in the balance” [30]. Therefore, according
to the Warnock Report, the attribution of moral status to embryos is
based on three main elements: their human origin, their potential
to feel pain (the Warnock Committee selected a time earlier than
the beginning of neurulation to ensure zero possibility of the em-
bryo feeling pain) [30], and their potential to generate individual
human beings. Based on this rule, research on human embryos is
allowed in the first two weeks after conception, with some limi-
tations. As a rule, it is forbidden any time after that. In recent de-
cades, numerous researchers have argued for this rule to be
revisited based on recent developments in reproductive and
regenerative medicine. For example, Appleby and Bredenoord
argued that, as embryos used in research are predesigned to be
destroyed at 14 days, they have no potential of personhood [31].
Hurlbut et al. emphasized the fact that extending this rule would
allow greater insight into early human organogenesis [32], while
Aach et al. argued that this rule is only applicable to conventional
embryos. However, with the advent of organoids (especially gas-
truloids), recent advances in cell biology make this timeline
completely irrelevant, as synthetic embryos can now be developed
to skip some steps in embryogenesis [12], which was highly rele-
vant in establishing the 14-day rule. As such, there is now a need to
not only reassess relevant determinants of moral status in both
research and clinical practice, but to reconceptualize moral status.

4. Moral status of cerebral organoids
To establish if and what kind of moral status can be attributed to

cerebral organoids, we will follow the three elements presented in
the abstract above: human origin, a biological threshold that grants
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moral status to an entity and the potential to generate human be-
ings (or procreation potential).

The human origin of cerebral organoids is non-disputable; since
they consist of human-derived cells (either embryonic or adult),
they should be considered as having a human origin. A potential
issue complicating the human origin of cerebral organoids is the
possible use of techniques that could alter it, such as creating chi-
meras or changing a specimen's genetic code using technology such
as CRISPR-Cas9 [33]. Human-animal chimeric organoids have
already been developed [34], and chimeric cerebral organoids
could be a logical next step. According to Karpowicz et al., the
ethical viability of neural chimeras should be allowed provided the
following guidelines are respected: (1) researchers should be
required to use a minimum number of stem cells from the human
brain to make reliable scientific conclusions; (2) the host animal
should not be too morphologically or functionally similar to
humans (to mitigate the risk of developing human-like neurolog-
ical networks), and (3) dissociated human stem cells should be used
exclusively to avoid the manifestation of human characteristics in
the specimen, such as dignity [35]. Regarding genetic engineering
technologies, we recommend implementing minimal changes to
support a specific research protocol [33] that neither visibly alters
human morphology/physiology into that of another species nor
causes human augmentation [36]. These criteria can be used not
only to limit the development of chimeras/genetic engineering
technologies, but as a threshold for establishing the human origin
of organoids (in this case, cerebral organoids).

Establishing a specific threshold whose presence would poten-
tially generate moral status for cerebral organoids is much more
difficult. Until now, most authors have used criteria pertaining to
conventional/biological embryogenesis to determine moral status:
the presence of human genetic material, the appearance of the
zygote, a primitive streak, a functional heart, sensitivity, the visu-
alization of EEG patterns, the presence of a viable fetus, the
moment of birth, or even the moment when the person becomes an
adult from a legal standpoint [37,38]. However, when dealing with
“non-conventional” biological structures or entities with synthetic
human embryo-like features, such as cerebral organoids, such
thresholds are not very useful; various authors now seek alterna-
tive approaches. For example, Aach et al. presented a four-step al-
gorithm for seeking characteristics that could generate moral
status, namely: (1) cataloging morally significant events in canon-
ical embryogenesis, (2) determining the applicability of the catalog
to the entities with synthetic human embryo-like features, (3)
identifying the substrates of features signifying moral status, and
(4) organizing inquiries [12]. In a highly debated article [5,13,15],
Lavazza tried to link ethical issues associated with cerebral orga-
noids to the assessment of consciousness by using a specific tool
(Perturbational Complexity Index) [5]. This tool was used for the
clinical assessment of brain-injured, unresponsive patients, and is
independent upon the ability of the subject to interact with the
external environment [39]. Therefore, it is applicable to fully
developed human brains, even though in a very particular, basal
state, and we believe it is too advanced for the evaluation of the
moral status of cerebral organoids, at least if we were to take the
same precautions as the Warnock Committee. When establishing
possible criteria, we should consider that they must be as primitive
as possible to minimize the risk of harming moral entities
(regardless of their type of moral status), but also as advanced as
possible to maximize their utility. We must also consider that this
entity will develop outside a complete body; as such, some of the
above-mentioned criteria cannot be employed while others can
easily be circumvented. Lavazza and Massimini argued that, from a
consequentialist view, an entity that is sentient might have in-
terests and can be included in a consequentialist calculation, which

should be done using a risk-benefit analysis [5,15]. Therefore, moral
status could be attributed to any cerebral organoid that is sentient,
even if in the most minimal sense. We would refrain from adopting
this approach because sentience is not a uniquely human charac-
teristic, but is rather used as an argument for granting certain rights
to animals based on their ability to suffer or feel pain [40]. More-
over, if we decide the threshold for obtaining moral status entails
the capacity to feel pain, it is entirely possible to develop, in vitro, a
fully mature brain that can reason but cannot feel pain due to a lack
of nociceptors. Also, again, using the precautions of the Warnock
Committee, the sentience capacity would be too advanced as a
criterion for establishing moral status, as the capacity to feel pain
would be attributed to a biological construct with human-like
characteristics. Therefore, the attribution of moral status to cere-
bral organoids must rely on criteria that are specific to humans
(such as speech or abstract thought) or that are too multifaceted to
be circumvented once the brain organoid reaches a certain level of
complexity. We believe that the first approach (human-specific
criteria) is not morally acceptable, as it could yield the creation of
actual human brains in a dish [41]. This would contradict one of the
fundamental principles in the Helsinki Declaration, namely that “it
is the duty of physicians who are involved in medical research to
protect the life, health, dignity, integrity, right to self-
determination, privacy, and confidentiality of personal informa-
tion of research subjects” [42]. Protecting the dignity of research
subjects implies protecting their free choice of telos [43], which
cannot be done through their creation solely for scientific purposes.

The second approach is more feasible in practice, but the
challenge would be quantifying it using the available techniques
[5]. We recommend learning capacity as a specific criteria in this
regard; an entity that is capable of learning can self-develop,
interact with the environment, and can be considered as more
than a mere mass of cells in a 3D matrix. Learning capacity is not
unique to human beings, but is specific enough to differentiate
between biological structures that are capable or incapable of
interacting with the environment or understanding it. However,
humans have an increased learning capacity compared to other
beings; this, associated with the biological foundation of human
cerebral organoids (human cells/human genetic material), would
be specific enough to grant moral status. The quantification of
learning ability can be made using techniques such as single-
photon emission tomography [44], microRNAs [45], biochemical
markers [46], etc.

The potential to generate human beings is not necessarily
associated with cerebral organoids, since they cannot generate
fully developed humans. However, two issues must be considered:
first, if we were to develop a fully matured human brain in a Petri
dish, it would possess all the morally relevant characteristics of a
human being and would be considered a moral agent [38]. This can
be demonstrated through a reductionist approach. If we were to
take a fully developed adult human being and remove various
organs/biological structures, we would still view the adult as an
individual until removing the brain. A person without a limb is still
an individual; one without a liver is still an individual; one without
kidneys, a urethra, lungs—again, still individual human beings.
Many human beings live without various body parts, some of
which are replaced with synthetic or transplanted organs and
tissues. However, nobody can live without a brain (or have a brain
transplanted). Moreover, even if a human brain is theoretically
transplanted into another body, the individuality of the newly-
formed person would mostly be characterized by brain-related
functions.

Second, in a recent decision from the Court of Justice of the
European Union in a case about the patenting of neural precursor
stem cells from embryonic stem cells, the ruling was as follows:
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“The use of human embryos for scientific research purposes is not
patentable. A ‘human embryo’ within the meaning of Union law is
any human ovum after fertilization or any human ovum not
fertilized but which, through the effect of the technique used to
obtain it, is capable of commencing the process of development of
a human being” [47]. Also, the ruling extended the applicability of
any type of cell able to initiate the process of developing human
beings and linked it with human dignity [37], thus inferring moral
status: “the use of biological material originating from humans
must be consistent with regard for fundamental rights and, in
particular, the dignity of the person. It is from this perspective that
the patentability of the human body is prohibited. As a result of
this, in its opinion, the concept of human embryo, within the
meaning of Article 6(2) (c) of the Directive, must be interpreted
broadly as covering any cell capable of commencing the process of
development of a human being. This includes, on the one hand, the
human ovum as soon as fertilized and, on the other hand the non-
fertilized human ovum into which the nucleus from a mature
human cell has been transplanted and a non-fertilized human
ovum whose division and further development have been stimu-
lated by parthenogenesis” [48]. Based on this decision, as the cells
used to initiate the development of brain organoids are either
embryonic or induced pluripotent stem cells, cerebral organoids
have, from a legal point of view, the potential to generate human
beings—even if they are not necessarily human in the strict sense
of the term.

5. Discussions

By considering the three characteristics outlined above, we can
posit that human brain organoids have moral status. Research on
them should be prohibited because they have the potential to
generate human beings if (1) they are based on human genetic
material that has not been significantly altered, and/or (2) they
have reached a developmental threshold that is extremely difficult
to overcome by simply manipulating genetic and epigenetic infor-
mation (which we proposed as learning capacity). However, in the
case of the second criteria, we would allow the development of
advanced cerebral structures. Boers et al. found that people attri-
bute a higher moral value to 3D organized structures containing
human cells compared to ones associated with other types of
cellular materials obtained through biopsy: “it is the trans-
formation of the biopsy into a 3D immortalized cell line that is
genetically and functionally similar to the donor that is considered
meaningful, and to some extent as sensitive” [11]. This would be
especially true for human brain-like 3D structures, and special
safeguards should be imposed before performing studies on
them—perhaps based on a concept like “respect for the embryo”. In
this sense, we could distinguish between moral status and value.
Steinbock argued that while some sentient beings can have a moral
status, other entities, including stem cells or organoids, have the
potential to bring forth something unique to moral agents; this
might discourage people from considering them as mere objects
[49]. According to the same author, moral value can be attributed to
two main things: symbols (such as flags), and material things (such
as human cells or human remains). Based on this distinction, we
can use things with moral value for morally significant purposes,
such as improving knowledge about a disease or finding a cure
[37,49].

In conclusion, research on human cerebral organoids should be
allowed, but only if such organoids are not developed enough to
acquire moral status. Their moral value should be valued and
respected by only using them in studies conducted with morally
viable techniques.

Author's contributions

All authors participated equally in developing the ideas in this
paper, drafting the manuscript, correcting it, and approving the
final version.

Conflicts of interest

The authors report no conflict of interest.

Acknowledgments

None.

Appendix A. Supplementary data

Supplementary data related to this article can be found at
https://doi.org/10.1016/j.reth.2019.02.003.

References

[1] Yuen E, Amiri A, Vaccarino F. S58. Functional characterization of brain orga-
noids derived from human pluripotent stem cells. Biol Psychiatry 2018;83:
S369.

Pocock JM, Piers TM. Modelling microglial function with induced pluripotent

stem cells: an update. Nat Rev Neurosci 2018;19:445—52. https://doi.org/

10.1038/s41583-018-0030-3.

Sato T, Van Es JH, Snippert HJ, Stange DE, Vries RG, Van Den Born M, et al.

Paneth cells constitute the niche for Lgr5 stem cells in intestinal crypts. Nature

2011,;469:415.

Sato T, Vries RG, Snippert HJ, Van De Wetering M, Barker N, Stange DE, et al.

Single Lgr5 stem cells build crypt—villus structures in vitro without a

mesenchymal niche. Nature 2009;459:262.

Lavazza A, Massimini M. Cerebral organoids and consciousness: how far are

we willing to go? ] Med Ethics 2018:1—2. https://doi.org/10.1136/medethics-

2018-104976.

Munsie M, Hyun [, Sugarman J. Ethical issues in human organoid and gas-

truloid research. Development 2017;144:942—5. https://doi.org/10.1242/

dev.140111.

Howe EG. Ethical issues in diagnosing and treating alzheimer disease. Psy-

chiatry 2006;3:43—53.

Bredenoord AL, Clevers H, Knoblich JA. Human tissues in a dish: the research

and ethical implications of organoid technology. Science 2017;355:1—7.

https://doi.org/10.1126/science.aaf9414. 80-.

McCullough LB, Coverdale JH, Chervenak FA. Constructing a systematic review

for argument-based clinical ethics literature: the example of concealed

medications. ] Med Philos 2007;32:65—76. https://doi.org/10.1080/

03605310601152206.

[10] Boers SN, Clevers H, Bredenoord AL. Organoid biobanking: identifying
Organoids revive old and raise new ethical challenges for basic research and
therapeutic use. EMBO Rep 2016;17:1—4. https://doi.org/10.15252/
embr.201642613.

[11] Boers SN, de Winter-de Groot KM, Noordhoek ], Gulmans V, van der Ent CK,
van Delden JJM, et al. Mini-guts in a dish: perspectives of adult Cystic Fibrosis
(CF) patients and parents of young CF patients on organoid technology. ] Cyst
Fibros 2018;17:407—15. https://doi.org/10.1016/j.jcf.2018.02.004.

[12] Aach ], Lunshof ], Iyer E, Church GM. Addressing the ethical issues raised by
synthetic human entities with embryo-like features. Elife 2017;6:1—20.
https://doi.org/10.7554/eLife.20674.

[13] Shepherd J. Ethical (and epistemological) issues regarding consciousness in
cerebral organoids. ] Med Ethics 2018. https://doi.org/10.1136/medethics-
2018-104778. 13—5.

[14] Hyun L. Engineering ethics and self-organizing models of human develop-
ment: opportunities and challenges. Cell Stem Cell 2017;21:718—20. https://
doi.org/10.1016/j.stem.2017.09.002.

[15] Lavazza A, Massimini M. Cerebral organoids: ethical issues and consciousness
assessment. ] Med Ethics 2018:1—5. https://doi.org/10.1136/medethics-2017-
104555.

[16] Warnock M. A question of life: the Warnock report on human fertilisation and
embryology. 1985.

[17] Lancaster MA, Renner M, Martin C-A, Wenzel D, Bicknell LS, Hurles ME, et al.
Cerebral organoids model human brain development and microcephaly. Na-
ture 2013;501:373.

[18] Gaspard N, Bouschet T, Hourez R, Dimidschstein ], Naeije G, Van den Ameele ],
et al. An intrinsic mechanism of corticogenesis from embryonic stem cells.
Nature 2008;455:351.

[19] Eiraku M, Watanabe K, Matsuo-Takasaki M, Kawada M, Yonemura S,
Matsumura M, et al. Self-organized formation of polarized cortical tissues

2

[3

[4

[5

(6

[7

[8

[9


https://doi.org/10.1016/j.reth.2019.02.003
http://refhub.elsevier.com/S2352-3204(18)30056-7/sref1
http://refhub.elsevier.com/S2352-3204(18)30056-7/sref1
http://refhub.elsevier.com/S2352-3204(18)30056-7/sref1
https://doi.org/10.1038/s41583-018-0030-3
https://doi.org/10.1038/s41583-018-0030-3
http://refhub.elsevier.com/S2352-3204(18)30056-7/sref3
http://refhub.elsevier.com/S2352-3204(18)30056-7/sref3
http://refhub.elsevier.com/S2352-3204(18)30056-7/sref3
http://refhub.elsevier.com/S2352-3204(18)30056-7/sref4
http://refhub.elsevier.com/S2352-3204(18)30056-7/sref4
http://refhub.elsevier.com/S2352-3204(18)30056-7/sref4
http://refhub.elsevier.com/S2352-3204(18)30056-7/sref4
https://doi.org/10.1136/medethics-2018-104976
https://doi.org/10.1136/medethics-2018-104976
https://doi.org/10.1242/dev.140111
https://doi.org/10.1242/dev.140111
http://refhub.elsevier.com/S2352-3204(18)30056-7/sref7
http://refhub.elsevier.com/S2352-3204(18)30056-7/sref7
http://refhub.elsevier.com/S2352-3204(18)30056-7/sref7
https://doi.org/10.1126/science.aaf9414
https://doi.org/10.1080/03605310601152206
https://doi.org/10.1080/03605310601152206
https://doi.org/10.15252/embr.201642613
https://doi.org/10.15252/embr.201642613
https://doi.org/10.1016/j.jcf.2018.02.004
https://doi.org/10.7554/eLife.20674
https://doi.org/10.1136/medethics-2018-104778
https://doi.org/10.1136/medethics-2018-104778
https://doi.org/10.1016/j.stem.2017.09.002
https://doi.org/10.1016/j.stem.2017.09.002
https://doi.org/10.1136/medethics-2017-104555
https://doi.org/10.1136/medethics-2017-104555
http://refhub.elsevier.com/S2352-3204(18)30056-7/sref16
http://refhub.elsevier.com/S2352-3204(18)30056-7/sref16
http://refhub.elsevier.com/S2352-3204(18)30056-7/sref17
http://refhub.elsevier.com/S2352-3204(18)30056-7/sref17
http://refhub.elsevier.com/S2352-3204(18)30056-7/sref17
http://refhub.elsevier.com/S2352-3204(18)30056-7/sref18
http://refhub.elsevier.com/S2352-3204(18)30056-7/sref18
http://refhub.elsevier.com/S2352-3204(18)30056-7/sref18

122

[20]

[21]

[22]

[23]

[24]

[25]

[26]

[27]

[28]
[29]
[30]

[31]

[32]
[33]

[34]

S. Hostiuc et al. / Regenerative Therapy 10 (2019) 118—122

from ESCs and its active manipulation by extrinsic signals. Cell Stem Cell
2008;3:519—32. https://doi.org/10.1016/j.stem.2008.09.002.

Pagca AM, Sloan SA, Clarke LE, Tian Y, Makinson CD, Huber N, et al. Functional
cortical neurons and astrocytes from human pluripotent stem cells in 3D
culture. Nat Methods 2015;12:671.

Qian X, Nguyen HN, Song MM, Hadiono C, Ogden SC, Hammack C, et al. Brain-
region-specific organoids using mini-bioreactors for modeling ZIKV exposure.
Cell 2016;165:1238—54.

Giandomenico SL, Mierau SB, Gibbons GM, Wenger LM, Masullo L, Sit T, et al.
Cerebral organoids at the air-liquid interface generate diverse nerve tracts
with functional output. BioRxiv 2018:353151. https://doi.org/10.1101/
353151.

Bagley JA, Reumann D, Bian S, Lévi-Strauss ], Knoblich JA. Fused dorsal-ventral
cerebral organoids model complex interactions between diverse brain re-
gions. Nat Methods 2017;14:743-51. https://doi.org/10.1038/
nmeth.4304.Fused.

Matsui TK, Matsubayashi M, Sakaguchi YM, Hayashi RK, Zheng C, Sugie K,
et al. Six-month cultured cerebral organoids from human ES cells contain
matured neural cells. Neurosci Lett 2018;670:75—82. https://doi.org/10.1016/
j-neulet.2018.01.040.

Quadrato G, Nguyen T, Macosko EZ, Sherwood JL, Yang SM, Berger DR, et al.
Cell diversity and network dynamics in photosensitive human brain orga-
noids. Nature 2017;545:48.

Baertschi B. The question of the embryo's moral status. Bioeth Forum 2008;1:
76—80.

Cameron C, Williamson R. In the world of Dolly, when does a human embryo
acquire respect? ] Med Ethics 2005;31:215—20. https://doi.org/10.1136/
jme.2003.006395.

Lebacqz K. On the elusive nature of respect. Hum Embryonic Stem Cell Debate
2001:149—-62.

Hyun [, Wilkerson A, Johnston ]. Embryology policy: revisit the 14-day rule.
Nat News 2016;533:169.

Warnock M. Report of the committee of inquiry into human fertilisation and
embryology. 1984. London.

Appleby ]B, Bredenoord AL. Should the 14-day rule for embryo research
become the 28-day rule? EMBO Mol Med 2018. https://doi.org/10.15252/
emmm.201809437.

Hurlbut JB, Hyun I, Levine AD, Lovell-Badge R, Lunshof JE, Matthews KRW,
et al. Revisiting the Warnock rule. Nat Biotechnol 2017;35:1029.

Iancu D. Genomic editing—from human health to the “perfect child. In: Clin.
Ethics crossroads Genet. Reprod. Technol. Elsevier; 2018. p. 1-30.

Xinaris C, Benedetti V, Novelli R, Abbate M, Rizzo P, Conti S, et al. Functional
human podocytes generated in organoids from amniotic fluid stem cells. ] Am
Soc Nephrol 2016;27:1400—11.

[35]

[36]

[37]

(38]

[39]

[40]
[41]
[42]

[43]

[44

[45]

[46]

[47]

[48]
[49]

Karpowicz P, Cohen CB, Van der Kooy D. Developing human-nonhuman chi-
meras in human stem cell research: ethical issues and boundaries.
CHIMBRIDS— Chimeras Hybrids Comp Eur Int Res Sci Ethical Philos Leg Asp
2005:535-55.

Pavlovic S, Ugrin M, Micic S, Gasic V, Dimitrijevic ], Barteczko U. Using genetics
for enhancement (liberal eugenics). In: Clin. Ethics crossroads Genet. Reprod.
Technol. Elsevier; 2018. p. 335—66.

Hostiuc S, Negoi I, Rusu MC, Hostiuc M. Stem cell therapies for neurodegen-
erative disorders: an ethical analysis. In: Clin. Ethics crossroads Genet. Reprod.
Technol. Elsevier; 2018. p. 205—28.

Hostiuc S. Moral status of the embryo. Clinical and legal consequences.
GinecoEu 2014;10:102—4.

Casali AG, Gosseries O, Rosanova M, Boly M, Sarasso S, Casali KR, et al.
A theoretically based Index of consciousness independent of sensory pro-
cessing and behavior. Sci Transl Med 2013;5. https://doi.org/10.1126/sci-
translmed.3006294. 198ra105 LP-198ra105.

Singer P. Animal liberation. Anim. Rights. Springer; 1973. p. 7—18.
Dolmetsch R, Geschwind DH. The human brain in a dish: the promise of iPSC-
derived neurons. Cell 2011;145:831—4.

Association GA of the WM. World Medical Association Declaration of Helsinki:
ethical principles for medical research involving human subjects. ] Am Coll
Dent 2014;81:14.

Karaman B, Koplay M, Oezturk E, Basekim CC, Ogul H, Mutlu H, et al. Retro-
aortic left renal vein: multidetector computed tomography angiography
findings and its clinical importance. Acta Radiol 2007;48:355—60. https://
doi.org/10.1080/02841850701244755.

Backman L, Farde L. The role of dopamine systems in cognitive aging. In: Cogn.
Neurosci. Aging Link. Cogn. Cereb. Aging. Oxford: Oxford University Press;
2005. p. 58—85.

Sempere LF, Freemantle S, Pitha-Rowe I, Moss E, Dmitrovsky E, Ambros V.
Expression profiling of mammalian microRNAs uncovers a subset of brain-
expressed microRNAs with possible roles in murine and human neuronal
differentiation. Genome Biol 2004;5:R13.

Gallagher M, Burwell RD, Kodsi MH, McKinney M, Southerland S, Vella-
Rountree L, et al. Markers for biogenic amines in the aged rat brain: rela-
tionship to decline in spatial learning ability. Neurobiol Aging 1990;11:
507-14.

Spranger TM. Case C-34/10, oliver brustle v. Greenpeace eV, judgment of the
Court (grand chamber) of 18 october 2011, nyr. Common Mark Law Rev
2012;49:1197.

C34-10 Oliver Briistle v Greenpeace eV. 2011.

Steinbock B. The Oxford handbook of bioethics. Oxford University Press; 2007.


https://doi.org/10.1016/j.stem.2008.09.002
http://refhub.elsevier.com/S2352-3204(18)30056-7/sref20
http://refhub.elsevier.com/S2352-3204(18)30056-7/sref20
http://refhub.elsevier.com/S2352-3204(18)30056-7/sref20
http://refhub.elsevier.com/S2352-3204(18)30056-7/sref20
http://refhub.elsevier.com/S2352-3204(18)30056-7/sref21
http://refhub.elsevier.com/S2352-3204(18)30056-7/sref21
http://refhub.elsevier.com/S2352-3204(18)30056-7/sref21
http://refhub.elsevier.com/S2352-3204(18)30056-7/sref21
https://doi.org/10.1101/353151
https://doi.org/10.1101/353151
https://doi.org/10.1038/nmeth.4304.Fused
https://doi.org/10.1038/nmeth.4304.Fused
https://doi.org/10.1016/j.neulet.2018.01.040
https://doi.org/10.1016/j.neulet.2018.01.040
http://refhub.elsevier.com/S2352-3204(18)30056-7/sref25
http://refhub.elsevier.com/S2352-3204(18)30056-7/sref25
http://refhub.elsevier.com/S2352-3204(18)30056-7/sref25
http://refhub.elsevier.com/S2352-3204(18)30056-7/sref26
http://refhub.elsevier.com/S2352-3204(18)30056-7/sref26
http://refhub.elsevier.com/S2352-3204(18)30056-7/sref26
https://doi.org/10.1136/jme.2003.006395
https://doi.org/10.1136/jme.2003.006395
http://refhub.elsevier.com/S2352-3204(18)30056-7/sref28
http://refhub.elsevier.com/S2352-3204(18)30056-7/sref28
http://refhub.elsevier.com/S2352-3204(18)30056-7/sref28
http://refhub.elsevier.com/S2352-3204(18)30056-7/sref29
http://refhub.elsevier.com/S2352-3204(18)30056-7/sref29
http://refhub.elsevier.com/S2352-3204(18)30056-7/sref30
http://refhub.elsevier.com/S2352-3204(18)30056-7/sref30
https://doi.org/10.15252/emmm.201809437
https://doi.org/10.15252/emmm.201809437
http://refhub.elsevier.com/S2352-3204(18)30056-7/sref32
http://refhub.elsevier.com/S2352-3204(18)30056-7/sref32
http://refhub.elsevier.com/S2352-3204(18)30056-7/sref33
http://refhub.elsevier.com/S2352-3204(18)30056-7/sref33
http://refhub.elsevier.com/S2352-3204(18)30056-7/sref33
http://refhub.elsevier.com/S2352-3204(18)30056-7/sref33
http://refhub.elsevier.com/S2352-3204(18)30056-7/sref34
http://refhub.elsevier.com/S2352-3204(18)30056-7/sref34
http://refhub.elsevier.com/S2352-3204(18)30056-7/sref34
http://refhub.elsevier.com/S2352-3204(18)30056-7/sref34
http://refhub.elsevier.com/S2352-3204(18)30056-7/sref35
http://refhub.elsevier.com/S2352-3204(18)30056-7/sref35
http://refhub.elsevier.com/S2352-3204(18)30056-7/sref35
http://refhub.elsevier.com/S2352-3204(18)30056-7/sref35
http://refhub.elsevier.com/S2352-3204(18)30056-7/sref35
http://refhub.elsevier.com/S2352-3204(18)30056-7/sref35
http://refhub.elsevier.com/S2352-3204(18)30056-7/sref36
http://refhub.elsevier.com/S2352-3204(18)30056-7/sref36
http://refhub.elsevier.com/S2352-3204(18)30056-7/sref36
http://refhub.elsevier.com/S2352-3204(18)30056-7/sref36
http://refhub.elsevier.com/S2352-3204(18)30056-7/sref37
http://refhub.elsevier.com/S2352-3204(18)30056-7/sref37
http://refhub.elsevier.com/S2352-3204(18)30056-7/sref37
http://refhub.elsevier.com/S2352-3204(18)30056-7/sref37
http://refhub.elsevier.com/S2352-3204(18)30056-7/sref38
http://refhub.elsevier.com/S2352-3204(18)30056-7/sref38
http://refhub.elsevier.com/S2352-3204(18)30056-7/sref38
https://doi.org/10.1126/scitranslmed.3006294
https://doi.org/10.1126/scitranslmed.3006294
http://refhub.elsevier.com/S2352-3204(18)30056-7/sref40
http://refhub.elsevier.com/S2352-3204(18)30056-7/sref40
http://refhub.elsevier.com/S2352-3204(18)30056-7/sref41
http://refhub.elsevier.com/S2352-3204(18)30056-7/sref41
http://refhub.elsevier.com/S2352-3204(18)30056-7/sref41
http://refhub.elsevier.com/S2352-3204(18)30056-7/sref42
http://refhub.elsevier.com/S2352-3204(18)30056-7/sref42
http://refhub.elsevier.com/S2352-3204(18)30056-7/sref42
https://doi.org/10.1080/02841850701244755
https://doi.org/10.1080/02841850701244755
http://refhub.elsevier.com/S2352-3204(18)30056-7/sref44
http://refhub.elsevier.com/S2352-3204(18)30056-7/sref44
http://refhub.elsevier.com/S2352-3204(18)30056-7/sref44
http://refhub.elsevier.com/S2352-3204(18)30056-7/sref44
http://refhub.elsevier.com/S2352-3204(18)30056-7/sref44
http://refhub.elsevier.com/S2352-3204(18)30056-7/sref45
http://refhub.elsevier.com/S2352-3204(18)30056-7/sref45
http://refhub.elsevier.com/S2352-3204(18)30056-7/sref45
http://refhub.elsevier.com/S2352-3204(18)30056-7/sref45
http://refhub.elsevier.com/S2352-3204(18)30056-7/sref46
http://refhub.elsevier.com/S2352-3204(18)30056-7/sref46
http://refhub.elsevier.com/S2352-3204(18)30056-7/sref46
http://refhub.elsevier.com/S2352-3204(18)30056-7/sref46
http://refhub.elsevier.com/S2352-3204(18)30056-7/sref46
http://refhub.elsevier.com/S2352-3204(18)30056-7/sref47
http://refhub.elsevier.com/S2352-3204(18)30056-7/sref47
http://refhub.elsevier.com/S2352-3204(18)30056-7/sref47
http://refhub.elsevier.com/S2352-3204(18)30056-7/sref48
http://refhub.elsevier.com/S2352-3204(18)30056-7/sref49

	The moral status of cerebral organoids
	1. Introduction
	2. A general overview of the brain (cerebral organoids)
	3. An overview of the embryo's moral status
	4. Moral status of cerebral organoids
	5. Discussions
	Author's contributions
	Conflicts of interest
	Acknowledgments
	Appendix A. Supplementary data
	References


