1duosnuey Joyiny 1duosnuen Joyiny 1duosnuey Joyiny

1duosnuey Joyiny

Author manuscript
Nature. Author manuscript; available in PMC 2018 October 01.

-, HHS Public Access
«

Published in final edited form as:
Nature. 2018 April ; 556(7702): 429-432. d0i:10.1038/d41586-018-04813-x.

The ethics of experimenting with human brain tissue

Nita A. Farahany,
Professor of law and philosophy at Duke University, director of the Duke Initiative for Science &
Society, Duke University, Durham, North Carolina, USA

Henry T. Greely,
Professor of law, director of the Center for Law and the Biosciences, and director of the Stanford
Program in Neuroscience and Society at Stanford University, California, USA

Steven Hyman, Christof Koch, Christine Grady, Sergiu P. Pasca, Nenad Sestan, Paola
Arlotta, James L. Bernat, Jonathan Ting, Jeantine E. Lunshof, Eswar P. R. lyer, Insoo Hyun,
Beatrice H. Capestany, George M. Church, Hao Huang, and Hongjun Song

Difficult questions will be raised as models of the human brain get closer to
replicating its functions, explain Nita A. Farahany, Henry T. Greely and 15
colleagues.

If researchers could create brain tissue in the laboratory that might appear to have conscious
experiences or subjective phenomenal states, would that tissue deserve any of the protections
routinely given to human or animal research subjects?

This question might seem outlandish. Certainly, today’s experimental models are far from
having such capabilities. But various models are now being developed to better understand
the human brain, including miniaturized, simplified versions of brain tissue grown in a dish
from stem cells — brain organoids-2. And advances keep being made.

These models could provide a much more accurate representation of normal and abnormal
human brain function and development than animal models can (although animal models
will remain useful for many goals). In fact, the promise of brain surrogates is such that
abandoning them seems itself unethical, given the vast amount of human suffering caused by
neurological and psychiatric disorders, and given that most therapies for these diseases
developed in animal models fail to work in people. Yet the closer the proxy gets to a
functioning human brain, the more ethically problematic it becomes.

There is now a need for clear guidelines for research, albeit ones that can be adapted to new
discoveries. This is the conclusion of many neuroscientists, stem-cell biologists, ethicists
and philosophers — ourselves included — who gathered in the past year to explore the
ethical dilemmas raised by brain organoids and related neuroscience tools. A workshop was
held in May 2017 at the Duke Initiative for Science & Society at Duke University in
Durham, North Carolina, with limited support from the US National Institutes of Health
(NIH) BRAIN Initiative. A similar US meeting was held last month on related topics.

A full list of author affiliations accompanies this Comment online (see go.nature.com/2hz3ogu).
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Here we lay out some of the issues that we think researchers, funders, review boards and the
public should discuss as a first step to guiding research on brain surrogates.

SAFE SURROGATES

Organoids

Three classes of brain surrogate offer researchers a way to investigate how the living human
brain works, without the need for potentially risky — if not ethically impossible —
procedures in people.

Brain organoids can be produced much as other 3D multicellular structures resembling eye,
gut, liver, kidney and other human tissues have been built?-4. By adding appropriate
signalling factors, aggregates of pluripotent stem cells (which have the ability to develop
into any cell type) can differentiate and self-organize into structures that resemble certain
regions of the human brain®~’.

Investigators use different approaches. They might coax pluripotent stem cells to turn into
specific populations of neural cells, such as those specific to a particular brain region. Or
they can allow the pluripotent cells to differentiate on their own, in which case both neural
cells and other cell types might be generated?. Brain organoids resembling particular brain
regions can even be combined into ‘brain assembloids’ to enable researchers to study the
formation of neural circuits and cellular interactions between different regions®.

Compared with 2D sheets of neural cells in a dish, the 3D structures last longer (for around
two years®) and can consist of more types of cell. They also mimic key features of
developing brains. For instance, in later stages of fetal development, the cerebral cortex
switches from generating neurons to creating glial cells (the various other cell types in the
brain that nourish, surround and protect neurons). This process can be captured in brain
organoids, allowing investigators to gain insights that would be experimentally and ethically
extremely challenging, if not ethically unacceptable, to obtain from developing brains.

Already, researchers have deployed brain organoids to investigate neurodevelopmental
alterations in people with autism spectrum disorders810 or schizophreniall, and to study the
unusually small brain size (microcephaly) seen in some babies infected with the Zika virus
before birth12,

Brain organoids have limitations. They lack certain cell types, such as micro-glia and cells
that form blood vessels. Today, the largest organoids are about 4 millimetres in diameter and
contain only about 2 million to 3 million cells. An adult human brain measures roughly
1,350 cubic centimetres, and is made up of 86 billion neurons and a similar number of non-
neuronal cells. Moreover, so far, brain organoids have received sensory input only in
primitive form, and connections from other brain regions are limited.

Given such constraints, the possibility of organoids becoming conscious to some degree, or
of acquiring other higher-order properties, such as the ability to feel distress, seems highly
remote. But organoids are becoming increasingly complex. Indeed, one of us (P.A.) recorded
neural activity from an organoid after shining light on a region where cells of the retina had
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formed together with cells of the brain. This illustrated that an external stimulus can result in
an organoid response?3.

Ex vivo brain tissue

Chimaeras

Another type of model involves slices of brain tissue that have been removed from
individuals during some surgical procedure, for example to treat seizures.

For more than a century, researchers have studied brain cells in tissue extracted from patients
undergoing surgery, or from people who have died. But technological advances, including in
imaging and in the techniques used to preserve the functional properties of brain tissues in
the lab (ex vivo), could make this approach considerably more powerful.

When tissue from the neocortex or hippocampus regions is removed to treat a pathology,
such as epilepsy or cancer, the piece removed is typically the size of a sugar cube (about 1-4
cubic centimetres), although it can sometimes be much bigger. That piece is then generally
cut into slices, the functional properties of which can be preserved for weeks.

Using these slices, researchers can measure the synaptic and other properties of neurons in
intact brain circuits; map the 3D morphology of circuits; and extract and analyse cellular
RNA to probe gene expression. They can also manipulate the firing of specific neurons using
optogenetics, which could enable them to analyse in more detail the functional properties of
human brain circuits. (Optogenetics uses light to track or selectively activate neurons that
have been genetically modified to express a light-sensitive protein.)

Currently, ex vivo brain tissue does not have sensory inputs. And with outbound connections
severed, isolated tissues can’t communicate with other regions of the brain, or generate
motor outputs. Thus, the possibility of consciousness or other higher-order perceptive
properties emerging seems extremely remote.

The third class of experimental brain model involves the transplantation of human cells,
derived /n vitro from pluripotent stem cells, into the brains of animals such as rodents. This
can be done while the animal fetus is developing or after the animal is born. Such chimaeras
are generated to provide a more physiologically natural environment in which the human
cells can mature.

Neuroscientists have transplanted human glial cells into mice, for instance, and found that
the animals perform better in certain tasks involving learning. Researchers have also injected
human stem cells into early-stage pig embryos, and then transferred the embryos into
surrogate sows, where they’ve been allowed to develop until the first trimester. More than
150 of the embryos developed into chimaeras; in these embryos, about 1 in 10,000 cells in
the precursors of hearts and livers were human.

In principle, chimaeras could help researchers to better understand human illnesses and the
effects of drug treatments. Labs have developed human—mouse chimaeras to shed light on
Parkinson’s disease, for example.
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Some groups have even successfully transplanted human brain organoids into rodents, where
they have become supported by blood vessels (vascularized)'4. The provision of a blood
supply is an essential step in enabling organoids to grow larger than their current achievable
size. But the size of rodent models restricts the degree to which human brain organoids can
grow within them.

ISSUES TO CONSIDER

Metrics

Currently, if research on human tissue occurs outside a living person, only the processes of
obtaining, storing, sharing and identifying the tissue fall under the regulations and guidelines
that limit what interventions can be conducted on people. As brain surrogates become larger
and more sophisticated, the possibility of them having capabilities akin to human sentience
might become less remote. Such capacities could include being able to feel (to some degree)
pleasure, pain or distress; being able to store and retrieve memaories; or perhaps even having
some perception of agency or awareness of self.

Could studies involving brain tissue that has been removed from a living person or corpse
provide information about the person’s memories, say? Could organisms that aren’t
‘biologically human’ ever warrant some degree of quasi-human or human moral status?

In the light of such possibilities, here we lay out some of the issues that we think civil
society, researchers, ethicists, funders and reviewers ought now to be considering.

Is it even possible to assess the sentient capabilities of a brain surrogate? What should
researchers measure? If appropriate metrics can be developed, how do investigators decide
which capabilities are morally concerning?

Neuroscientists have made considerable progress when it comes to identifying the neural
correlates of consciousness!®. Yet the signals for consciousness or unconsciousness detected
in a living adult — using electroencephalography (EEG) electrodes, for example — don’t
necessarily translate to infants, animals or experimental brain surrogates. Without knowing
more about what consciousness is and what building blocks it requires, it might be hard to
know what signals to look for in an experimental brain model®.

With regard to human-animal chimaeras, researchers are already dealing with beings that
have some form of consciousness. Here, the need to establish what measures to base
protections on (both for the animal and the human subject) is more pressing. One possibility
is for researchers to use anaesthetics or other methods to maintain comatose-like brain
states. Perhaps certain brain functions or a pre-specified level of brain activity, signalling a
lack of capacity, could be used to delineate ethically justifiable research.

Human-animal blurring

Researchers have already produced mice with rat pancreases by injecting rat pluripotent
stem cells into mouse embryos. The same approach could one day enable the production of
human organs in other animals?6.
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How do we define the boundaries of this research? What implications might such boundaries
have for vascularizing brain organoids, or for growing neural tissue in animals? Is the
production of a human heart in a pig’s body acceptable, for instance, but not the production
of a brain from human cells?

We believe that decisions about which kinds of chimaera are permitted, or about whether
certain human organs grown in animals make animals ‘too human-like’, should ultimately be
made on a case-by-case basis — taking into account the risks, benefits and people’s diverse
sensitivities.

Do ex vivo human brain models challenge our understanding of life and death? What
implications might such models have for the legal definition of death, and what are the
implications for decisions tied to this definition, such as organ donation?

The advent of tracheal positive-pressure ventilation in the 1950s and cardiopulmonary
resuscitation (CPR) in the 1960s led to the concept of brain death. Beginning in the 1960s, a
person whose brain had completely and irreversibly ceased to function could be declared
dead, even if they still had a heartbeat.

Any emerging technologies that could restore lost functionality to a person’s brain could
potentially undermine the diagnosis of brain death, because the cessation of brain function
might no longer be permanent and irreversible. But a distinction here is important:
technologies that would restore a few neurons or certain limited kinds of brain activity
would not restore clinical functionality of the brain and so would not raise this concern.

Is the standard process of obtaining informed consent adequate for research using human
brain cells or tissue, or developing brain surrogates from induced pluripotent stem cells?

Currently, researchers using pluripotent stem cells or brain tissues generally disclose their
plans to donors in broad terms. Given how much people associate their experiences and
sense of self with their brains, more transparency and assurances could be warranted.
Donors might wish to deny the use of their stem cells for the creation of, say, human-animal
chimaeras.

This targeted approach is used in other contexts. When people undergoing /n vitro
fertilization procedures choose to donate excess embryos to research, for instance, they are
assured that these will not be used to create a baby.

Stewardship

Is there a point at which we should be concerned about the welfare of brain surrogates or
chimaeras, such that assigning someone loosely akin to a guardian or decision-maker for the
brain surrogate might be warranted, beyond the researchers involved? Such an arrangement
would be similar to the appointment of a guardian ad /item in custody disputes involving
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children in the United States (someone besides the parents who can represent the child’s
interests).

Who, if anyone, should ‘own’ ex vivo brain tissue, brain organoids or chimaeras?

At present, brain tissue samples are owned by the researchers or organizations collecting the
tissue or doing the science. If significant developments in the field one day lead us to regard
any of these brain surrogates as having greater moral status than we would currently give
them, might greater privileges and protections be appropriate?

Post-research handling

Data

How should human brain tissue be disposed of, or handled at the end of an experiment?

Today, brain organoids or ex vivo brain tissue are destroyed following standard practices for
disposing of all tissues. But if researchers develop mice, say, with some advanced cognitive
capacities, should those animals be destroyed or given special treatment at the end of a
study? Already certain animals, such as chimpanzees, enter sanctuaries to live out the
remainder of their lives after researchers have finished working with them in laboratories.

Should there be special requirements for data sharing, collaboration and legacy use of brain
tissue?

The unique benefits and risks of sharing data obtained from such tissues will need to be
considered. £x vivo human brain tissue could reveal sensitive information — for instance,
about a person’s memories or disease status. Equally, there could be more value in sharing
such information, because of the difficulty of obtaining human brain tissue. In some cases,
certain features of the data might need to be stripped out, or the extent of sharing limited.

Geneticists have long grappled with similar issues for people’s genomic information; some
of their approaches could be applied to brain research.

ETHICS EFFORTS

Various efforts are already tackling the ethics of advances in neurosciencel’. When the
BRAIN Initiative was announced in 2013, the Presidential Commission for the Study of
Bioethical Issues was charged with evaluating ethics, and produced a two-volume report in
responsel819, The European Commission’s Human Brain Project has a major ethics
component, and the NIH BRAIN Initiative has a neuroethics division.

But we think more needs to be done. Existing institutional ethics review boards or those for
stem-cell research oversight might not yet be equipped to address issues specific to these
experimental brain models because they are so new. We recommend that such organizations
ask experts in this area to join their boards or serve as consultants. New committees,
dedicated to overseeing the use of human-brain surrogates, could also be assembled.
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As for the broader societal conversation, various models exist for democratic deliberation
that could be applied. One example is the successful consultations between the public,
scientists, regulators and bioethicists that preceded the UK government’s decision to permit
the clinical use of mitochondrial DNA transfer in 2015.

As these conversations play out, the major funders of biomedical research should strive to
provide guidance and, eventually, guidelines. Also, researchers engaged in the development
and use of human-brain surrogates should seek ethical guidance, for instance from their
funders, review boards or institutions. They should also share their experiences and
concerns, as reviewers, in their own papers or at conferences.

We do not think that these difficult questions should halt this research. Experimental models
of the human brain could help us to unlock mysteries about psychiatric and neurological
illnesses that have long remained elusive. But to ensure the success and social acceptance of
this research long term, an ethical framework must be forged now, while brain surrogates
remain in the early stages of development.
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Simplified 3D brain organoids can be grown in a dish using human stem cells as the starting
material.
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A researcher dissects slices of human brain tissue.
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A 3D human-brain assembloid derived from stem cells.
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