Stem cells

outlook

Sergiu Pasca is a physician-scientist at Stanford University in California.

Systeminadish

Invitro models of biological tissue that incorporate
multiple cell types are the latest tools for understanding
human development and disease. By Charlie Schmidt

ver since he was a medical studentin
Romania, Sergiu Pasca has wanted to
understand how connections between
cells go awry in the brains of people
with psychiatric disorders. Because the
living human brainisinaccessible, these con-
ditions could be diagnosed and classified only
according to their behavioural symptoms,
rather thantheir underlying biological causes.
In 2017, Pasca took a major step towards his
goal. By this time, he was a physician-scientist
atStanford University in California, and using
induced pluripotent stem cells (iPS cells) to
model various structuresin the brain. Cultured
fromadultskin cells, iPS cells could be prodded
inPasca’slaboratory to growinto 3D spheroids
thatmimic neuronal tissues such as the frontal
cortex. Spheroids are useful for studying the
emergence and properties of individual neu-
rons, “but also limited in that we couldn’t use
them to study complexinteractionsinvolving
multiple cell types”, Pasca says.
These interactions are crucial to how the
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brain gets wired up during development,
and Pasca wanted to model them using iPS-
cell-derived tissues in a dish. So, he and his
team performed an experiment: they com-
bined spheroids fromtwo distinctbrain regions
involved in higher-order thought processes.
And remarkably, the two spheroids fused
together, just as they would in the brain of a
growing baby. No one had ever witnessed this
early developmental process before, and Pasca
marvelled at the sight of it. “The cells within the
spheroids knewjust wheretogo,” he says. “They
started changing their morphology to form
synapses and become electrically integrated.”

Pasca coined the term “assembloid” to
describe this construct of neural circuits'. As
he defines them, assembloids are 3D struc-
tures formed from the fusion and functional
integration of multiple cell types. And, most
important, they mimic the complex cellular
interactions from which organs arise in the
body.

Assembloids are now at the leading edge

© 2021 Springer Nature Limited. All rights reserved.

of stem-cell research. Scientists are using
them to investigate early events in organ
development, and as tools for studying not
only psychiatric disorders, but other types
of disease as well. According to Pasca, assem-
bloids have the advantage of revealing how
interactions between different tissues give
rise to new cellular properties. For instance,
some neurons activate secondary develop-
mental programs required for integrationinto
circuits only after meeting up with the other
brain cells they connect to. And by creating
assembloids using cells derived from people
with particular diseases, researchers should
be able to reproduce the inherited pathol-
ogy of their diseases in adish. Itis hoped that
assembloids will lessen the need for laboratory
animals, and open doors for high-throughput
screening of drugs and chemicals.

The cultures do have limitations: they have
no blood supply; they do not contain all the
cell types that govern the functioning of real
organsinthe body; and nor are they exposed
to the multiple stressors that organs expe-
rience in real life. Still, the ability to model
tissue-to-tissue interactions in the lab marks
asignificant advance, says Avindra Nath, an
immunologist and clinical director of the
National Institute of Neurological Disorders
and Stroke, in Bethesda, Maryland. “This is a
big step in the right direction,” he says.

Assembly strategy

During their pivotal 2017 experiment,
Pasca and his team coaxed one set of iPS
cells to grow into spheroids from the cere-
bral cortex, and another to form spheroids
fromadeeper part of the forebrain called the
subpallium. Because they did not know the
rules that govern self-assembly of circuits
in the brain, the researchers could not sim-
ply program the different cells to connect.
Instead, their aim was to provide an environ-
ment in which the cells might perform the
necessary processes on their own.

Placing them together at the bottom of acen-
trifuge tube full of nutrient-rich media did the
trick: the tissues combined overnight. Theteam
isnow systematically trying towork outhow the
right cells find each other during the assem-
bly process. They have also moved onto model
other connections, including the integration of
cells from the cortex and the striatum. Faulty
cortical-striatal circuits are implicated in
autism spectrum disorder, schizophrenia and
other neurodevelopmental conditions.

Takanori Takebe, a research physician at
Cincinnati Children’s Hospital Medical Center
in Ohio and the Tokyo Medical and Dental
University inJapan, uses a similar method to
model how complex tissues formin the gut.
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His research shows that spheroids based on
the frontand back of the gastrointestinal tract,
respectively, will fuse into an assembloid that
soonundergoes aremarkable transformation.
Precursor cells start to appear at the bound-
aries where the spheroids connect, and then
the growing assembloid sprouts branches con-
taining new cells for adjacent organs®. Takebe
says the model system allows him to see, for
instance, “how primitive gut tissues giverise to
theliver, bile duct, duodenumand pancreas”.

Meanwhile, Kapil Bharti, a cell biologist at
the US National Eye Institute in Bethesda, is
experimenting with building assembloids by
printing cells onto abiodegradable scaffoldin
3D.He prints using three different cell types —
endothelial cells, pericytes and fibroblasts —
that are components of astructure called the
choroid, which controls blood flow to the eye®.
Thisbioprinting approach can be tightly con-
trolled, Bharti says, and helps to ensure that
the cells stay together during assembly.

Modelling disease

The use of assembloids for modelling dis-
easesisnow top priority. In Pasca’s 2017 study,
some of the iPS cells came from people with
Timothy syndrome, arare illness resulting
frominherited mutations that affect calcium
signalling. People with Timothy syndrome
have severe cardiac abnormalities that can be
fatalif untreated, and survivors often develop
autism spectrum disorder and epilepsy.
Pasca’s findings suggested that brain pathol-
ogy in these cases might result from defects
inhow nerve cells called interneurons travel
from the subpallium to the cortex during
development.

Migrating interneurons ordinarily move
by inching forwards rather like a caterpillar,
covering a distance of about 40 micrometres
every few hours. Assembloids generated using
iPS cells from people with Timothy syndrome,
however, showed a different behaviour: the
cells jumped’ more often, but for shorter dis-
tances'. “They’re eager to jump, but can only
jump alittle bit so they get left behind,” Pasca
says. Because these cells inhibit the activity
of other neuronsinthe cortex, Pascasays that
their faulty migration might cause imbalances
in electrical activity that predispose people
with Timothy syndrome to neurological dis-
orders. But it was only by studying how cells
interactinthe assembloid that these peculiar
movements were detected.

Bharti is using assembloids to study the
underlying causes of and potential therapiesfor
maculardegenerationinthe eye, whichisalead-
ing cause of age-related blindness. By growing
assembloids fromiPS cells derived from people
with the condition, Bharti can pinpoint which

A cortical-striatal assembloid generated
from human pluripotent stem cells.

eye tissues are most affected by genetic risk
factors for the disease. His team recently used
assembloids astools for drug discovery, identi-
fyinganantibody against vascular endothelial
growth factor as a potential therapy.

Scientistsarealso starting torely on assem-
bloids forinfectious-disease research. Injuly,
Joseph Gleeson, aneurologist at the University
of California, San Diego, used them to explore
how SARS-CoV-2 might affect the central
nervous system (CNS).

“The cellswithin
the spheroids knew
justwheretogo.”

Gleeson cultured iPS-cell-derived cortical
brain spheroids, and found they were imper-
vious to SARS-CoV-2 infection. But he also
knew that a different cell type in the brain, the
pericyte, expresses a surface receptor called
angiotensin-converting enzyme 2, to which
the virus readily binds. Pericytes have impor-
tant roles in regulating blood-vessel diame-
ter, and also help to maintain the blood-brain
barrier. Mostly originating as neural crest cells
during development, pericytes migrate into
the cortex as the brain becomes vascularized.
When Gleeson and his team combined cortical
spheroids with pericytesinthelab, they found
that the different cells generated an assembloid
that was susceptible to SARS-COV-2 infection*.
Thevirusinfected pericytes, aswell asanother
cell type growing in the assembloid, called an
astrocyte.

Gleeson speculates that pericytes might
serve as viral replication hubs that explain
some of COVID-19’s CNS symptoms. His
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colleague Aaron Carlin, aninfectious-disease
physician, concurs, adding that infection of
pericytes might induce inflammatory cas-
cades “leading to the strokes we so oftenseein
COVID patientsintheintensive-care unit”. The
assembloid offers benefits over simpler sphe-
roid systems, Gleeson says, because it mimics
“the unique aspects of biology that canonly be
understood and modelled by reconstituting
key cellular interactions”.

Increasing complexity

Researchers are developing ever-more complex
assembloids. Inastudy thataimstoaccelerate
progress in understanding the neurological
condition motor neuron disease, or amyo-
trophic lateral sclerosis (ALS), for instance,
Pasca’s team last year published an iPS-cell-
derived model of the corticospinal tract and
its target muscles. The muscles contract in
response to stimulation of the nervous tissue,
mimicking how motor information travels
from brain to muscle’. In addition, Pasca’s
team can use a patient’s own cells to generate
these assembloids, generating personalized
working models to study how circuit defects
lead to neuromuscular impairments such as
those seenin ALS.

Scientists have a way to go when it comes to
creating assembloids that more perfectly mimic
real tissues, however. “We're still missing essen-
tial components, especially immune cells that
can move freely among the cells used to estab-
lishassembloids,” saysJan Brosens, an obstetrics
and gynaecology researcher at the University
of Warwick in Coventry, UK. He uses assemb-
loids to study endometrial diseases and preg-
nancy loss®. In the case of neural tissue, Pasca
adds, a developing human brain is shaped by
sensory experiences that lab-grown tissues do
not have access to. Furthermore, scientists can
be limited by the number of spheroids that they
can combineinto a single structure. Beyond a
certain size — Pasca suggests four to five com-
ponents — culture medium cannot penetrate
intothe assembloids. Lackingavasculature, the
cells could potentially be starved of nutrients.

Still, Pasca stands by the aphorism that
all models are wrong, and some are useful.
“There’s beenimportant progress in the field
inashort period of time,” he says.

Charlie Schmidt is a freelance science writer
based in Portland, Maine.
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