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Background

Summary

3Rs impacts

▪Amyotrophic
▪
lateral sclerosis (ALS) is a rapidly
progressive and fatal neurological condition
caused by degeneration of motor neurons in the
brain and spinal cord, for which riluzole remains
the only available treatment. ALS is thought to
be caused by a combination of multiple genetic
mutations plus environmental triggers, with
90% of cases classified as sporadic and 10% as
familial.

▪Dr
▪ Rickie Patani from the Francis Crick Institute
and UCL Queen Square Institute of Neurology
and colleagues optimised a protocol for directed
differentiation of induced pluripotent stem cells
(iPSCs) into highly enriched (> 85%) functional
populations of mature spinal cord motor neurons
and astrocytes. Cells were sourced from ALS
patients.

▪This
▪
iPSC-derived ALS model provides a tool
to better understand the disease and to screen
potential therapeutics, allowing some studies
which are currently dependent on mouse models
to be carried out in vitro.

▪Animal
▪
models used to study ALS include
genetically modified rodents and pigs with humanrelevant mutations, as well as naturally occurring
mutations in rodents, dogs and other species.
▪According
▪
to PubMed, around 250 papers per
annum have been published for the last five years
using mouse models to study ALS. The number of
animals used is likely to increase, as larger number
of mutations are identified as linked with the
disease in humans, and the use of gene editing
technologies to create animal models becomes
commonplace.
▪While
▪
in vivo research has been important for
understanding disease biology, the mouse models
are often poorly characterised, do not recapitulate
the sporadic form of the disease, and the disease
phenotype can differ between mice and humans.
▪The
▪
animal models can also have significant
welfare implications, and the majority experience
severe motor impairment which progresses over
months, body weight loss and premature death
compared with controls.

▪Functional
▪
and transcriptomic analysis showed
that the cells reflect key aspects of ALS
pathology, including disrupted motor neuron
synapse formation and mislocalisation of nuclear
proteins leading to motor neuron death.
▪The
▪
system allows the study of astrocyte
and neuronal pathology separately, and by
co-culturing different cell types, the team
demonstrated that astrocytes have an active
pathogenic role in the disease which perturbs
the survival of motor neurons. This raises the
prospect of targeting astrocytes as a strategy to
ameliorate disease progression.
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▪Dr
▪ Patani and colleagues have already transferred
robust iPSC differentiation protocols developed
by the team to collaborating academic centres,
enabling three groups in the UK to shift some of
their research from animal models.
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Figure 1: Graphical summary (TDP-43, transactive-response
DNA-binding protein, 43 kDA; VCP, vasolin-containing protein; ER,
endoplasmic reticulum).
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▪The
▪
new approach can also be used to carry
out experiments which are challenging in animal
models. For example, the model allows study of
the effect of drugs on different phases of disease
development and on different pathological cell
types.
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▪The
▪
cell model has a number of scientific benefits
over the mouse models, which importantly include
the ability to reflect the genetic heterogeneity
of patients, investigate sporadic forms of the
disease, and allow early molecular events to be
studied.
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Figure 2: Schematic showing differentiation strategy for motor neurogenesis and astrogliogenesis (iPSC, induced pluripotent
stem cells; NPC, neural precursor cells; GPC, gliogenic precursor cells).

