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Abstract
We examine the ethics of using induced pluripotent stem cells (iPSCs) in cell transplantation treatment of neurologic diseases and
the essential types of ethical benchmarks required in clinical trials in neurology using iPSCs, including embryonic pluripotent
stem cells. We focus on two issues: (1) comparison and (2) criticism of the two types of neuro-hype (neuro-purism and neuro-
essentialism). In order to ensure that the dialog on ethical benchmarks continues to develop in a manner that promotes trust with
society and research subjects, concerns about the clinical use of pluripotent stem cells (particularly iPSCs) in neurology must be
at the forefront of any ethics discussion.
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On November 9, 2018, Kyoto University Hospital announced
that a team had performed a physician-initiated first-in-human
clinical trial for Parkinson’s disease (PD) involving the trans-
plantation of dopaminergic progenitors generated from human
induced pluripotent stem cells (iPSCs) [1]. On February 28,
2019, the specialist committee of the Ministry of Health,
Labour and Welfare approved the protocol for the transplan-
tation of iPSC-derived motor neurons in four patients with
spinal cord injuries [2]. Meanwhile, on October 3, 2018, a
team from Keio University published a paper demonstrating
that a voltage-gated calcium channel antagonist benidipine, an
FDA-approved drug library, suppresses rotenone-induced

apoptosis using PD patient-specific iPSCs [3]. The two types
of clinical application for iPSC use are drug discovery and cell
transplantation. The present report examines the ethics of
iPSC use in cell transplantation treatment of neurologic dis-
eases; the examination was conducted broadly, including em-
bryonic pluripotent stem cells (ESCs) as well as the types of
ethical benchmarks that require adherence in treatment trials
using iPSCs in neurology. We highlight two urgent issues: the
comparison and the criticism of the two types of neuro-hype.

Comparison

Uncertainty of iPSCs in Clinical Applications

Due to the incomplete reprogramming of iPSCs, the epige-
nome and epigenetics of original cells are partially preserved.
Consequently, cellular characteristics, including epigenetic
characteristics, fluctuate widely by iPSC line. This makes it
difficult to ensure reliable quality and raises the possibility of
unforeseen events occurring. Moreover, iPSC lines inherit all
somatic genome mutations.

Because the epigenome of the early embryonic cell is sim-
ilar to that of pluripotent stem cells, fluctuations in the ESC
epigenome are minor. Furthermore, ESC lines derived from
germline cells that carry the genome to the next generation
suppress genomic mutations. By contrast, iPSCs inherit dif-
ferentiated cell genomes that have accumulated somatic
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mutations; as such, these will naturally have more genome
mutations.

Neural stem cells, which already have been programmed to
differentiate into neurons, have a limited capacity to propa-
gate. Among them, fetal brain-derived neural stem cells,
which have high propagation potential, face a limited ability
to propagate in culture.

If iPSCs are chosen for cell transplantation treatment, over-
coming the inherent quality issues discussed above will be
important. By contrast, ESCs seem to be considered equiva-
lent or better [4]. At the very least, comparative studies should
be conducted between ESCs and iPSCs.

Irreversibility and Aberrant Neural Reorganization

Unlike retina [5] or heart [6] clinical trials, once iPSCs (or
ESCs) are transplanted into the central nervous system
(CNS) (which includes the brain and spinal cord), removing
them is nearly impossible if the cells are rejected or if
canceration occurs. This differs from the retina or heart, where
the rejected portion can be removed by funduscopy or surgery.
In the case of the CNS, the only options are irradiation or
surgical removal of the transplanted region, which might ir-
reparably damage large regions. Depending on the targeted
region, this might reduce the QOL relative to that before
transplantation.

One of our major concerns is the possibility for pluripotent
stem cells to promote aberrant neural reorganization when cell
transplantation treatment is used. As Bretzner et al. reported
for cases of spinal cord injury [7], “the presence of either
undifferentiated hESCs (human embryonic stem cells) and/
or inappropriate inflammation may trigger aberrant changes
to central nervous system networks that could lead to neuro-
logic dysfunction such as hyperreflexia, spasticity, dystonia,
pain, and allodynia.”

The command chain from the CNS to peripheral systems
represents an extraordinarily intricate network that controls a
delicate balance in order to maintain homeostasis throughout
the body. In other words, the CNS is unlike other localized
tissue or organs which do not directly impact other organs.
This characteristic warrants ethical review. Indeed, there is
always the possibility that transplanting cells into the CNS
could disrupt the delicate balance of the overall network.

Besides the local graft-induced dyskinesia, this possibility
should be carefully considered and observed when pluripotent
stem cells are transplanted into CNS areas.

Irreversibility is tied to the issue of informed consent.
Many neurology patients lack the capacity to provide consent
(e.g., due to advanced stage Alzheimer’s disease) and some
are children with hereditary disorders. If treatment for such
patients is fundamentally premised on consent by proxy, then
careful ethical scrutiny is required, because once initiated,
these treatments cannot be reversed. The situation differs from

that of the retina and heart, where transplanted tissue could
simply be removed if the subject decides to stop trial partici-
pation. It may be best to erect a more conscientious framework
for handling the conditions of proxy consent and respecting
the individual’s right to refuse. This is particularly important
when using iPSCs in the CNS, given the greater possibility of
unknown effects compared with other stem cells applications.

Autologous or Allogeneic iPSCs?

In the planned Parkinson’s disease (PD) study, iPS stock cells
will be used. iPS stock cells are allogeneic cells generated
from individuals with HLA types with a lower likelihood of
rejection [8]. They are still cells from another person, howev-
er, and immune-suppressants are required, which increases
patient burden. In the case of PD, autologous iPSCs have a
genetic background which leads synuclein to aggregate into
Lewy bodies, and thus, allogeneic iPSCs may be considered
better options. According to this hypothesis, it is better to use
allogeneic iPSCs in sporadic diseases, such as sporadic amyo-
trophic lateral sclerosis. In the case of sporadic diseases, risks
of immune-suppressant should be balanced with this possibil-
ity, although, there is so far no strong scientific evidence [9].
At the very least, these two types of cells should be carefully
compared in terms of efficacy and risks on a case-by-case
basis.

Criticism of Two Types of Neuro-Hype

Reorganization of the neural network due to transplantation of
pluripotent stem cells to the CNS requires neuroethical con-
sideration. From at least two perspectives, reorganization of
neural networks may evoke ethical concerns in the general
public. However, we believe that this may actually be a type
of neuro-hype.

Neuro-Purism

One form of neuro-hype is “neuro-purism.” The neuro-purism
to which we refer emphasizes physical integrity and pureness.
For example, in xenotransplantation, and even in allogeneic
organ transplantation (e.g., heart, lung, liver, and kidney), en-
graftment of another person’s organs into one’s own body
might be viewed by society with apprehension, as a threat to
bodily integrity or personal identity. Bodily integrity is valu-
able to human beings and delineating between self and others
is integral to personal identity. For this reason, it is not simple
to justify this type of neuro-purism. A powerful counterargu-
ment that must be addressed is that even if people hold that
bodily integrity is compromised through xenotransplantation
or allogeneic organ transplantation, this is a temporary
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psychological repugnance toward novelty that will diminish
as people become accustomed and adjust.

Neuro-Essentialism

The other form of neuro-hype is “neuro-essentialism”; in the
present context, this approach holds that the brain is a special
organ and that the brain alone is responsible for individual
personality. From that perspective, the CNS might be consid-
ered the seat of personal identity. Therefore, the reorganization
of the neural network through transplantation of stem cells to
the CNS may, at first glance, seem like an affront to personal
identity.

In response, however, such an interpretation conflates two
distinct aspects of personal identity: numerical and qualitative.
If something persists throughout a period of time as one and
the same thing, it is numerically identical. If two things are
qualitatively identical, they share the same property. For ex-
ample, two oranges are numerically different but qualitatively
identical: they share the same property of being oranges, al-
though they are two distinct oranges, not one. We can apply
this categorization to the concept of personal identity as well.
Our present characters are different from those when we were
10 years old. However, both belong to our identical lives,
which is why we have numerical identity.

Under normal conditions, it is rare that numerical identity
becomes unstable or threatened. As a practical matter, our
lives are constructed on the basis of personal numerical iden-
tities. If the reorganization of the neural network through stem
cell transplantation to the CNS threatens the integrity of some-
one’s numerical identity, this raises a red flag, suggesting per-
haps that it should be regulated. Reorganization of the neural
network through stem cell transplantation to the CNS can also
threaten qualitative identity and our sense of a unified self.
With respect to qualitative identity, one approach is to assess
whether change occurs rapidly or slowly. Rapidly altering
might be more prone than slow altering to disrupt a person’s
sense of a unified self. In the ordinary case, the pace at which
personal qualities comprising qualitative identity transform is
slow. We can form relatively stable and unified self-
conceptions even though we change gradually over time.

As far as determining what kinds of characteristics are em-
bodied through the reorganization of the neural network
through stem cell transplantation to the CNS, particularly
when compared to changes to character and belief systems
as a result of administration of psychotropic drugs, deep brain
stimulation, or other neurosurgeries, further experience with
these techniques will be needed. Of course, the changes are

dependent on the area of the brain targeted by these transplan-
tations. We propose that transplantation into the areas of the
brain that control moral judgments and emotions requires ut-
most care and consideration.

If the above concerns are held at the forefront of discus-
sions on ethical benchmarks, the clinical use of pluripotent
stem cells in neurology, particularly iPSCs, may very well
continue to progress in a manner that maintains society’s trust.
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