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Abstract

Alzheimer’s disease (AD) is a progressive neurodegen-
erative disease in which patients exhibit gradual loss of
memory that impairs their ability to learn or carry out
daily tasks. Diagnosis of AD is difficult, particularly in
early stages of the disease, and largely consists of cog-
nitive assessments, with only one in four patients being
correctly diagnosed. Development of novel therapeutics
for the treatment of AD has proved to be a lengthy,
costly and relatively unproductive process with attri-
tion rates of > 90%. As a result, there are no cures for
AD and few treatment options available for patients.
Therefore, there is a pressing need for drug discovery
platforms that can accurately and reproducibly mimic
the AD phenotype and be amenable to high content
screening applications. Here, we discuss the use of in-
duced pluripotent stem cells (iPSCs), which can be de-
rived from adult cells, as a method of recapitulation of
AD phenotype /n vitro. We assess their potential use in
high content screening assays and the barriers that ex-
ist to realising their full potential in predictive efficacy,
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toxicology and disease modelling. At present, a number
of limitations need to be addressed before the use of
iPSC technology can be fully realised in AD therapeutic
applications. However, whilst the use of AD-derived iP-
SCs in drug discovery remains a fledgling field, it is one
with immense potential that is likely to reach fruition
within the next few years.

© 2014 Baishideng Publishing Group Co., Limited. All rights
reserved.
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Core tip: Alzheimer’s disease (AD) affects 36 million
people worldwide and is set to double by 2030. Prog-
ress in understanding AD has been hindered by a lack
of suitable /n vitro and /n vivo models reflected in >
90% drug attrition rates. Induced pluripotent stem cells
are an alternative source of neural cells that can be de-
rived from patients’ somatic cells and exhibit AD patho-
physiological phenotypes. These cells are amenable to
HTS formats required for drug discovery applications.
Harnessing this combined potential would provide
an unprecedented opportunity to significantly reduce
timeframes and costs associated with developing novel
therapeutics, ultimately improving patient outcomes.
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INTRODUCTION

Alzheimer’s disease (AD) is a progressive neurodegen-
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erative disease in which patients exhibit gradual loss of
memory that impairs their ability to learn or carry out
daily tasks. The classic, post-mortem neuropathology
exhibited in AD largely consists of amyloid plaques
and neurofibrillary tanglesm, however, there is signifi-
cant controversy within the field as to the causative
mechanism(s). Wotldwide nearly 36 million people have
AD or related dementia, with a reported 7.7 million new
dementia sufferers worldwide per year. The global cost
of neurodegenerative disecases was over United States
$600 billion in 2010 and affects people in all countries,
with 58% living in low- and middle-income countries”.
In the United Kingdom alone, specific neurodegenera-
tive diseases (including AD and Parkinson’s disease),
have a combined patient population in excess of 800000
and the cost for provision of care was an estimated
£23bn in 20127,

Diagnosis of AD is difficult, particularly in early
stages of the disease, and largely consists of cognitive
assessments, with only one in four patients being cot-
rectly diagnosed”. Tack of knowledge of disease pathol-
ogy is a major disadvantage in diagnosis and prescribing
treatments since drug regimens are not the same for
all dementias or patients. Moreover, development of
a successful drug for the treatment of AD has, as yet,
eluded pharmaceutical companies as current medicines
treat only symptoms and not the cause(s) of AD. For
example, in just over a decade there have been over 100
failed medicines for treatment of AD, including recent
late stage failures of solanezumab and bapineuzumab
with just five approved medications available to treat
the symptoms of various stages of AD (three in United
Kingdom). Therefore, a failure in pre-clinical to clinical
development exists and can be attributed to several key
factors; existing animal models or cellular models are
inadequate, insufficient knowledge of drug action on
human physiology and a lack of pharmacologically rel-
evant biomarkers. Consequently, there is a pressing need
for technologies that can provide definitive assays that
can confirm disease pathology as well as predict novel or
optimal drug regimens.

Since the creation of induced pluripotent stem cells
(iPSCs) from human adult somatic cells in 2007" the
potential applications of stem cells in regenerative medi-
cine are considerable. Human pluripotent stem cells
(that include iPSCs and embryonic stem cells) are self-
renewing, which permits them to be grown indefinitely,
and retain the potential to give rise to all cell types of the
body. IPSCs are an ideal alternative cell source as they
can be derived (reprogrammed) from somatic cells from
any individual and are genetically identical to the donor,
making them invaluable for use in cell-based models for
human disease (Figure 1). Reprogramming of somatic
cells is a highly inefficient and lengthy methodology and,
as such, certain parameters should be considered when
making disease specific iPSCs. These include; source of
somatic cells (e.g., dermal fibroblast, blood cells), method
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of cellular reprogramming (e.g., retroviral, episomal) and
the robustness of differentiation protocols for mature
cell types. Here, we focus on AD-specific iPSCs and
their derivatives to illustrate how they might be used in
various applications in regenerative medicine. For a de-
tailed overview of reprogramming, we refer the reader
to another review'™.

Crucially, previous research demonstrates that iPSC-
derived neural cells harvested from individuals suffering
from a range of neurodegenerative disorders exhibit
similar abnormal disease characteristics i vitro®”. This
observation presents an invaluable opportunity for the
use of diseased cell lines in 7z vitro studies to further
our understanding of disease modelling, early toxicity
screening and in the development of novel therapeutics.
Performance of a literature search using the NCBI data-
base, PubMed, under specific search terms [disease mod-
eling AND ips cells NOT “review” (Publication Type)]
in original research publications reveals that the field of
disease modelling using iPSCs has increased at a sub-
stantial rate since the creation of iPSCs in 2007 (Figure 2).
A year-on-year increase in the number of publications
from 2009 (» = 20) to 2011 (» = 114) is observed, how-
ever, in 2012 this trend appeared to slow. In 2013, a re-
duction in papers is recorded (#z = 52) which could indi-
cate that the field is maturing, whereby the initial raft of
papers reflected high impact method-based publications
(i.e., the production of diseased iPSCs), whereas current
work is focussed on disease modelling and drug discov-
ery, which are lengthy studies. The number of original
research articles containing iPSCs for disease model-
ling of AD patients was very small and there are only
8 research papers that have utilised AD-derived iPSCs
between 2011-2013. This demonstrates that the use of
iPSCs to model AD is still in its infancy and may reflect
the difficulty of isolation of these cells and identification
of appropriate donor patients. This review will discuss
the pathology and cellular targets of AD, how we can
utilise iPSCs as a model to investigate AD, applications
and limitations of these cells in high throughput analyses
and future opportunities in personalised medicine.

DISEASE PATHOLOGY

AD can be divided into familial or sporadic genetic
events with early- or late-onset. Whilst the majority of
AD cases manifest as late-onset sporadic form, familial
cases present a unique opportunity to investigate the
inheritance of genes contributing a higher risk of AD.
The familial form of AD is associated with mutations in
amyloid precursor protein (APP), presenilin-1 and pre-
senilin-2. Risk of AD is also observed to be increased
where mutations in apolipoprotein E4 (APOE4) or trig-
gering receptor expressed on myeloid cells 2 (TREM2)
are present. Genes associated with the pathology of
AD include APP, which results in B-amyloid plaques
(AP), and microtubule associated protein Tau (MAPT),

April 26,2014 | Volume 6 | Issue?2 |



Mohamet L et a/. Alzheimer’s disease modeling using iPS cells

Donor skin biopsy (healthy or diseased)
= W\
-

% |

Dermal fibroblasts
Reprogramming

Induced pluripotent stem cells
Neurons
Yot %
Healthy /)‘ . ' Diseased

Disease modelling Drug discovery  Personalised medicine

Figure 1 Isolation of disease specific induced pluripotent stem cells. Re-
programming of dermal fibroblasts from patients with Alzheimer’s disease into
induced pluripotent stem cells provides an infinite source of cells to apply di-
rected differentiation protocols to generate disease-specific neurons that exhibit
phenotypic disease traits. This presents a unique opportunity to utilise these
cells in the exploitation of drug discovery, disease modelling and personalised
medicine.

which results in hyperphosphorylated tau aggregates (tau
tangles) within neurons of AD patients'"”. Despite tau
tangles being identified as a pathological feature of AD,
mutations in this gene are unusual in such patients. AD
is characterized by extracellular amyloid deposition, in-
tracellular neurofibrillary tangle formation, and neuronal
loss. Below, we discuss the contribution of these genes
to the pathology of AD. Other confounding factors in
AD include oxidative stress, mitochondrial function, in-
flammation and microglia function.

Amyloid precursor protein

A significant pathological feature of AD is the pres-
ence of extracellular plaques in the brain comprised
of B-amyloid (AB) peptides derived from the amyloid
precursor proteinm’m. APP is located on chromosome
21 in humans and is associated with dementia in Down
syndrome patients, who exhibit a triplication of this
chromosome (trisomy 21). Whilst APP in AD has been
studied in significant detail, the events leading to A
deposition are less well defined and likely to involve
stimulation of APP expression iz the neuroinflamma-
tion-promoting cytokines I1.-1 and S100B""?. Drugs de-
veloped to target AP deposits for the treatment of AD
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Figure 2 Publication statistics on original research papers using disease
specific induced pluripotent stem cells between 2007 and 2013. Analysis
of the search terms [disease modeling AND ips cells NOT “review” (Publication
Type)] (blue bars) and (Alzheimer AND iPS cells) (red bars) for research papers
published on NCBI database (PubMed) between 2007 and 2013.

have proved relatively unsuccessful. This may be due to
the fact that overexpression of APP is associated with
other events, such as glial activation, suggesting that the
deposition of A is associated with, rather than being a
causal factor of, AD. As such, APP is now generally dis-
paraged as a drug target for AD treatment with hyper-
phosphorylated tau aggregates now being a major focus.

Microtubule Associated Protein Tau

The Microtubule Associated Protein Tau (MAPT; Tau)
functions to assemble and stabilize microtubules within
neurons, playing an important part in regulation of neu-
ronal polarity, axonal transport and neurite outgrowthle.
Phosphorylation of Tau allows regulation of binding
and stability within neurons and aberrant phosphoryla-
tion or dephosphorylation in specific residues of the Tau
protein lead to pathology, collectively known as tauopa-
thies. The main component of the protein aggregates
found in tauopathies is hyperphosphorylated tau protein
within neurons. Although the exact mechanisms are un-
clear, the neurofibrillary tangles (NFT) associated with
tauopathies may also involve conformational changes
in Tau protein. Whilst tau in NFT forms the basis for
pathology of tauopathies it has been suggested that tau
oligomers act as a toxic species by providing a template
for the misfolding of native tau and spreading from cell
to cell leading to propagation of the disease'™. Research
is now focused on the targeting of Tau oligomers for
drug therapies for the treatment of AD.

Apolipoprotein E4

Apolipoprotein E consists of 3 isoforms of which
apoE4 is a genetic risk factor for late-onset familial and
sporadic forms of AD and is also associated with de-
mentia in DS, Huntingdon’s disease, vascular dementia
and cerebrovascular disease'!. APOE4 exhibits multi-
functionality in lipid and lipoprotein transport systems,
mainly in the metabolism of dietary lipids'”. Carriers
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of polymorphic vatiants of APOE4 are between 4- and
10-times more likely to exhibit late onset AD. In the
CNS, APOE4 is produced by glial cells and interacts
with receptors of the low-density lipoprotein family.
APOE4 binds to AP peptide and onset of AD is likely
to reflect the inability of APOE4 to aggregate and clear
AP in the brain, although other factors such as the ef-
fect of APOE4 on synaptic plasticity, lipid transport,

9 Since

neuroinflammation may also account for this
the APOE4 isoform can be assessed prior to onset of
neurodegeneration it is considered a promising target for

drug therapy'" .

Presenilin-1 and -2

Presenilin-1 (PSEN1) and PSEN2 are major compo-
nents of the atypical aspartyl protease complex that is
required for y-secretase complex activity and cleavage of
APP. Mutations in PSENT1 are the major cause of early
onset AD and also account for the most severe forms
of the disease!"”. Early onset AD in PSEN1 mutation
carriers can occur as early as 30 years of age, although
the mean age of onset is over 58 years. More than 180
mutations have been described in PSEN1, of which
the majority are missense mutations''*. PSEN2 muta-
tions are less common and 14 specific mutations have
been associated with AD". Mutations within the PSEN
proteins affect APP synthesis and proteolysis leading
to an increase in the ratio of AB42 peptide compared
to AB40, the former a more toxic form of A peptide
that is more prone to oligomerisation and fibril forma-
tion'”*". Drug treatments have focussed on y-secretase
modulators capable of decreasing the ratio of AB42 to
AB40 peptides”'.

Triggering Receptor Expressed on Myeloid Cells 2
Variants in Triggering Receptor Expressed on Myeloid
Cells 2 (TREM2) have been identified that triple the risk
of developing late onset AD®, TREM2 is a cell sur-
face receptor, which triggers activation of the immune
response in association with DAP12%Y, In the CNS,
TREM2 is expressed by microglial cells and functions
to activate phagocytosis in these cells and to suppress
neuroinflammation and cytokine production'™. Several
functions of TREM2 include aiding clearance of Af}
and synapse remodelling. Whilst the exact mechanism
of TREM2 in late onset AD is unclear it is likely that
mutations in this gene contribute to disease pathogenesis
via insufficient clearance of AP and increased localised
inflammation.

AD MODELLING USING HUMAN IPSCS

The single most important factor in the utility of iPSCs
in AD modelling, is that mature cell type(s) affected by
the disease, e.g., neurons, exhibit phenotypic characteris-
tics of the disease. Numerous studies have demonstrated
that iPSCs can be used to model genetic diseases by
showing that cells affected by the disease recapitulate
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these traits iz vitro. IPSC AD modeling is still in its infan-
cy and only a few studies have demonstrated successful
generation and characterization of AD patient-derived
neurons (Figure 2). Five out of eight publications re-
ported isolation of iPSC-derived neurons from patients
with familial AD, however a key development in the field
showed that reprogramming could similatly be used to
recapitulate patient specific phenotypes iz vitro of spo-
radic forms of the disease!™**. iPSC-derived neurons
generated from familial AD patients with mutation of
the APP gene and sporadic AD showed, relative to non-
demented controls, elevated levels of A, phosphot-
ylated tau and glycogen synthase kinase 3B,

A known pathology of AD progression is signifi-
cant neurodegeneration in the cortical regions, with all
regions of the brain registering degenerative changes
as the disease progresses. Initial reports using iPSC-
derived neurons from patients with familial AD utilised
heterogeneous neuron populations[s’gl. Although results
demonstrated an increase in AB42 secretion from mu-
tant PSEN1, PSEN2 and APP iPSC-derived neurons
compared to control cells both studies observed in-
consistencies in Tau expression. For example, no Tau
expression or tangles were observed in the Yagi ez al®
study, whereas increased levels of phosphorylated Tau
were observed in both familial AD-detived neurons and
one of the two sporadic AD-derived neurons compared
to non-demented control neurons in the Israel ez 2/
study. In addition, a recent paper reported increased lev-
els of intracellular neuron specific amyloid aggregates in
cells derived from familial (APP-E693A) and one of two
sporadic AD derived neurons™. These disparities may
reflect the disparate differentiation periods used in the
studies and differences in the proportion of cholinergic
neurons within the populations. However, it is also pos-
sible that these differences reflect inherent variability of
iPSCs, which is discussed further below.

In a seminal study, iPSCs derived from patients with
Downs Syndrome (a model for eatly onset AD) were
used to generate, highly enriched populations of cholin-
ergic neurons in significant numbers. Following differen-
tiation times of 28-100 d following neural induction of
iPSCs, analysis of these cells showed production of neu-
ron specific Af secretion, amyloid aggregate formation
and altered Tau protein localisation and phosphoryla-
tion”**", Another key finding from this report (and oth-
ers) demonstrates that eatly AD pathologies, such as the
formation of AB42 aggregates, occur in relatively short
culture periods 7z vitro opposed to years 7 vivo. Further-
more, iPS-derived neurons ate able to respond function-
ally to various modulators highlighting their potential use

in validation and identification in drug discoveryls’zsl.

LIMITATIONS OF IPSCS AS MODELS OF
DISEASE

At present, a number of limitations need to be ad-
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dressed before the full potential of iPSC technology
in predictive efficacy, toxicology and disease modelling
can be realised. Human iPSCs are effectively man-made
cells that are similar to embryonic stem cells, which
themselves only exist 7z vivo for a matter of days. These
nuances may be reflected in the challenges faced in the
differentiation of pluripotent stem cells into mature cell
derivatives, despite a good understanding of the molecu-
lar mechanisms that occur during development. In order
to fully exploit opportunities in disease modelling, but
in particular in HTS formats, robust, efficient and cost-
effective methods are fundamental. Differentiation pro-
tocols that require cocktails of growth factors are costly
and are susceptible to significant batch-batch variation,
however, alternative methods to acquite differentiated
phenotypes are being explored, such as the use of more
cost effective small molecules™.

A significant research focus in the pluripotent stem
cell field has been the development of robust differen-
tiation protocols to enrich for specific mature cell types
and populations. However, homogenous cell popula-
tions are difficult to obtain in practice and are unlikely to
reflect the true pathophysiology of the disease. In addi-
tion, modelling complex, idiopathic diseases such as AD,
likely requires exposing the cells to biological, chemical
or environmental factors to reveal pathophysiological
phenotypes. For example, Israel ez a/” demonstrated a
favorably enriched neuron population (90%), however
since neurons and synapses are largely dependent upon
endoctyic activity they found it necessary to co-culture
with astrocytes.

In addition, it has been shown by hierarchical cluster
analysis that AD-derived neurons are akin to fetal neu-
rons and, therefore, not fully mature”. Although, this
is considered one of the major hurdles to overcome in
modelling degenerative diseases, the recapitulation of a
fetal phenotype presents an opportunity to isolate specif-
ic progenitors, which can be used to study developmen-
tal aberrations in congenital/developmental disordets.
Conversely, for the study of late-stage onset diseases,
such as sporadic AD, adult disease phenotypes might not
be exhibited under standard differentiation conditions.
As such, further work is necessary to identify appropri-
ate differentiation methods for the derivation of adult
neurons 7 vitro.

An advantage with the use of patient specific iPSCs
means that each iPSC-derived cell reflects this genetic
variation. Despite this being a clear advantage in the
toxicological evaluation of patient populations to novel
therapeutics, conclusions from studies using iPSCs from
donors with different genetic backgrounds may be prob-
lematic. For example, are any phenotypic differences
observed due to the mutation of interest or the genetic
background of the patients? At present, parameters
such as gender-, age- and ethnicity-matching are used
in the selection of control donors, however, genome-
wide studies show that each person has single nucle-
otide polymorphisms that may have disease relevance.
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Therefore, a fundamental feature in the use of iPSCs in
regenerative applications is careful consideration of ap-
propriate control patients. A further aspect to consider is
the reprogramming event required to derive iPSCs from
donors. It is well known that epigenetic variations can,
and often do, occur during the reprogramming stage of
iPSC derivation. Therefore, iPSC clones must be fully
characterised prior to use in therapeutic analysis.

HIGH THROUGHPUT SCREENING OF
NOVEL THERAPEUTICS FOR AD: /N
VITRO CLINICAL TRIALS

Development of novel therapeutics for treatment of
disease is a lengthy and costly process with extremely
high attrition rates of > 90%, in particular, CNS thera-
peutics exhibit one of the lowest success rates””. Cur-
rent practices involve evaluation of the safety and

efficacy of new drugs in animal and iz vitro models of
relevant tissues and biological processes. Existing 7 vitro
cell models attempt to recapitulate core pathologies or
targets of AD. For example, Georgievska ez al™ recently
described inhibition of Tau phosphorylation in response
to AZD1080, an inhibitor of Glycogen synthase kinase-
3B, using a mouse 3T3 fibroblast cell line transfected
with human Tau. Stable over expression of Tau has also
been achieved in the human SH-SY5Y neuroblastoma
cell line®", similarly, over expression of APP695wt in the
SH-SY5Y cell line was used to determine AB40 secre-
tion in response to AZD3839 in pre-clinical studies™.
The use of animal cells, however, lacks human context
and the cancer-derived SH-SY5Y cell line may not ac-
curately reflect the cellular processes associated with AD.
A recent paper highlighted the importance of the endo-
plasmic reticulum (ER) in protein catalysis and corre-
lated the presence of amyloid-f3 plaques with age-related
diminished ER function. The author went on to call for
better drug discovery cell models which enable enhance-
ment of ER function to be detected through embedding
fluorescent reporter proteins within an exon of a target
gene[m]. In short, these methods of target validation
focus on the recapitulation of only one key feature of
AD in an often-irrelevant cell line, failing to account for
other components of the signalling pathway. Primary
neurons offer more relevant pre-clinical cell models and
are capable of synapse formation, but are costly, difficult
to transfect and are typically animal derived™. Transgen-
ic animal models and cell lines have undoubtedly aided
our knowledge of AD mechanisms and predictive phar-
macology, however, these are hindered by inter-species
differences and lack of clinical relevance and genetic
heterogeneity, which has resulted in poor clinical transla-
tion.

The derivation of iPSCs from patients with AD
would, however, enable the applicable recapitulation of
AD phenotype in a dish, since iPSCs retain the patient’s
genotype. Circumventing cross species differences and
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Figure 3 Example of some of the inputs and outputs in Alzheimer’s disease high content screening applications. iPS: Induced pluripotent stem.

negating any ethical constraints associated with the use
of human embryonic stem cells would create increased
translational value. Indeed, neurons derived from disease
specific iPSCs have been used to validate the potency of
candidate drugs in the treatment of neurological pathol-
ogiesm]. Of further importance, studies have shown
treatment of AD iPSC-derived neurons with [3-secretase
inhibitors, but not y-secretase inhibitors, causes signifi-
cant reductions in phosphorylated Tau expression and
GSK-3f3 levels™®®®). The accessibility of iPSCs allows
many compounds to be tested simultaneously, reflecting
a real-life scenario of patients taking a variety of pre-
scription and non-prescription drugs.

Harnessing this potential could provide an unprec-
edented opportunity to improve preclinical predictions
by allowing therapeutics to be tested in multiple cell lines
derived from a cohort of patientspsj. This may also al-
low the repositioning, reprofiling or repurposing of old,
failed and existing drugs. The use of patient-derived
iPSCs could be highly amenable to high throughput
screening (HTS) practices using multi-well formats
to enable rapid analysis of thousands of compounds.
Early identification of toxic or inefficacious compounds
would, thus, prevent expensive animal studies and sub-
sequent clinical failures. Traditional HTS techniques
have focussed on biochemical assays measuring enzyme
activity and protein interactions using absorbance, lumi-
nescence or fluorescence based readings. For example,
Haugabook e# a/*" describe the use of a sandwich ELI-
SA (in 96-well formats) to detect aggregation of amyloid
plaques, a key contributor to the formation of senile
plaques in AD. HTS assays have also been developed to
enable detection of AB42 aggregation using a GFP fu-
sion construct expressed in E. Co/, in which compound
inhibition of AB42 aggregation resulted in the emission
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of a fluorescent signalp7‘38]. As a result of these methods
often lacking cellular context, high content screening
(HCS) in whole cells has been recognised as a powerful
tool for drug discovery and has been adopted largely by
the pharmaceutical industry due to the large volume of
multiparametric data that can be obtained””. HCS en-
compasses the automated acquisition of fluorescent im-
ages and image analysis using mathematical algorithms
to extract and quantify phenotypic information, includ-
ing signal shape, intensity and cellular localisation, which
can be statistically analysedwu. To increase throughput
and reduce human error, additional processes such as
compound storage, dosing and immunofluorescent
staining can also be automated. The principle of HCS
in neuronal cultures has already been demonstrated' ™.
Neurite loss is one of the core pathologies of AD and
application of HCS to quantify neuronal outgrowth
has already been achieved and proven to be faster than
traditional manual tracing methods™"*!. Assessment of
chemical toxicity has also been demonstrated by HCS
in three neuronal cell lines, whereby proliferation was
detected by BrdU incorporation (an indicator of actively
proliferating cells) and cell counts were obtained with
Hoechst 33342 nuclear dye in a 96-well plate format™*,
HCS has applications in additional areas of neuroscience
including neurogenesis, cell signalling and inclusion
formation as reviewed by DragunowHSJ. An example of
HCS applications in AD therapeutics is shown in Figure
3.

Overall, powerful high-throughput and -content
screening assays are in place that can be applied to
multiple areas of drug discovery, but clinical success is
hindered by a lack of relevant cell models in the pre-
clinical stages. High throughput toxicity screening using
human iPSC-derived cardiomyocytes has been reported
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Figure 4 Example of how high content screening of patient-derived in-
duced pluripotent stem cells could aid stratification of existing drug treat-
ments and help identify genetic profiles associated with specific disease
phenotypes.

using electrode sensors to acquire oscillating impedance
measurements to detect the contraction and relaxation
or beating of iPSC-derived cardiomyocytes in a 96-well
plate format™’. Arrhythmia data obtained from iPSC-
derived cardiomyocytes treated with cardiac modulators
was qualitatively comparable to results obtained from
more traditional, low throughput microelectrode arrays
in parallel experiments. Therefore, the potential use of
iPSC technology in high throughput drug discovery has
been demonstrated but to date has not been described
in the literature for iPSC-derived neurons. The UK
Government and pharmaceutical industry have recog-
nised the potential for iPSC AD models in HCS and by
late 2013 several calls for funding such technology have
been announced. As a result, we expect to see significant
activity in this field and the development of HCS plat-
forms for AD.

FUTURE PERSPECTIVES: PERSONALISED
MEDICINE

The potential to use patient-specific cells to generate
pluripotent cells, which can be maintained indefinitely
and subsequently differentiated into desired cell types,
presents a real opportunity for stratified (personalised)
medicine applications (Figure 4). For example, this will
allow scientists and clinicians to model, iz vitro, the pro-
gression of AD (or other degenerative diseases) for each
individual patient, perform “customised” pharmacologic
screening to determine the optimal therapeutic regimes
and implement genomic testing of large cohorts of pa-
tients, representing different ethnic/genetic backgrounds
in order to inform pharma of susceptible populations.
There is a clear unmet drug need for the treatment of
AD and the utility of iPSC technology will provide a
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more efficacious model to reassess (or rescue) former
drug candidates that either have been withdrawn from
use or aborted at a late stage of development for safety
reasons. In short, the use of disease specific iPSC de-
rived neural cells, in conjunction with high throughput/
content screening methods, offer improved clinically
relevant cell models that will significantly reduce time-
frames and costs associated with the development of
novel therapeutics, ultimately improving the number of
new medicines to the market to treat patients with neu-
rodegenerative diseases.
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