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Over the past several decades the
rate of new drug approvals has
declined, in part due to the

discovery of fewer first-in-class drugs and to
the occurrence of costly late-stage failures1,2.
One root cause of these difficulties is a
reliance on disease models that do not
accurately predict safety and efficacy in
humans and do not reflect the inherent
genetic diversity of patient populations. The
2007 discovery of human induced
pluripotent stem cells (iPSCs) offers a
platform to solve these problems3,4. In the
next five years, iPSCs will prove an essential
tool for improving the success of drug
discovery and development and will also
accelerate the development of cell therapies.
iPSC-derived cell models will help reverse
the decline in R&D productivity and will
prove to be a more cost-effective and
efficient means of drug development.

iPSC-derived cells will 
improve discovery
The predominant approach to drug discovery
has involved the identification of candidate
molecules using simplified and easily
controlled target-based screens. While these
screens have certainly produced effective
medicines, a recent analysis has shown that
phenotypic screens, as opposed to target-
based screens, have led to the discovery of

more first-in-class drugs5. iPSC-derived cells
offer an ideal starting point for phenotypic
screening. Exciting results using these models
have recently been reported. For example,
iPierian used iPSC-derived neurons from
Alzheimer’s patients to identify novel secreted
forms of tau6. Antibodies to these forms of
tau are in preclinical development at Bristol-
Meyers Squibb following a $725 million
acquisition of iPierian7. iPSC-derived
cardiomyocytes have been used to identify
new targets for cardiac disease8,9, a
therapeutic area that has long been in need of
new targets10. Lastly, a GSK-sponsored study
of iPSC-derived motor neurons from patients
suffering from amyotrophic lateral sclerosis
(ALS) led to the identification of a drug
candidate for this devastating disease11. 
Proof of the value of iPSC models will

come from the progress of these therapies in
human trials. What is most promising,
however, is that these iPSC-derived models
allow drug hunters to access the complex
systems of a cell as a whole, rather than one
particular target or pathway. They also allow
for inexpensive and fast in vitro hypothesis
testing on fully-functioning cells before
initiating expensive clinical trials.

iPSC-derived cells will 
improve safety testing
In addition to providing better models of
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disease biology, improved in vitro models of
drug toxicity using iPSC-derived cells will
help avoid costly late-stage development
failures. The potential value of models of
drug toxicity can be seen from the failure of
the drug candidate BMS-986094. Acquired
for $2.5 billion for its promise in treating
hepatitis C, a clinical trial was abandoned in
2012 following patient hospitalisations and
one patient death due to toxic
cardiomyopathy12. Better models of drug-
induced cardiotoxicity could have prevented
this failure.
Several companies have used iPSC-

derived cardiomyocytes to develop
cardiotoxicity assays, demonstrating
expected pharmacological properties and
better prediction of compound-induced
arrhythmias as compared to cell lines
expressing the hERG channel protein13,14.
These efforts are largely driven by the
Comprehensive In Vitro Proarrhythmia
Assay (CIPA) collaboration, supported by
global partners, which aims to substitute in
vitro models for preclinical animal
cardiotoxicity studies. In the near future,
iPSC-derived cardiomyocytes are likely to
eliminate proarrhythmogenic compounds
before human trials begin, saving billions of
dollars in development costs.

iPSC-derived cells will enable in vitro
clinical trials
Before the development of iPSC
technology, the only practical way to assess
the effect of genetic diversity on drug
efficacy and safety was through testing in
human volunteers that would often reveal
unfortunate toxic side-effects and fail to
demonstrate efficacy. iPSCs allow for
execution of ‘in vitro clinical trials’ where
donor iPSCs are used to make the desired
terminal cell type, and to screen for either
toxicity or efficacy in vitro in those cells. 
The previous example of GSK and its



search for ALS therapies provides an
example of an in vitro clinical trial for
efficacy and genetic diversity, where the
intention is to correlate in vivo drug
response of the actual patient enrolled in the
clinical trial with the in vitro response of the
patient’s iPSC-derived cells11. This will
provide a measure of the predictive utility of
iPSC-based models. In another example,
iPSC-derived neuronal cells reflecting
familial or sporadic genetic variants linked
to Alzheimer’s disease have been used to
identify small molecules that inhibit �-
amyloid toxicity15. In both of these models,
genetic variation is built in from the
beginning of drug discovery, instead of
appearing in the late stages of clinical trials.
In an example of how iPSCs might enable
development of personalised therapies,
patient-derived iPSCs from a patient with
mutations in the low-density lipoprotein
receptor gene linked to familial
hypercholesterolemia have been shown to
recapitulate aspects of disease phenotype
and drug response16. These are just a few of
the ways iPSC-derived lines can be used to
develop therapies for diseases associated
with specific genetic differences in real-
world populations.

iPSC-derived cells will 
improve cell therapy
Despite profound improvements in medical
care over the past century, most treatments
do not reverse the fundamental underlying
disease pathology. Nowhere is this more
apparent than in diseases such as age-
related macular degeneration, Parkinson’s
disease and heart failure, in which the loss
of functional cells are a primary cause.
Current therapies do not address cell loss
and may at best slow the inexorable decline
into infirmity. The ability to manufacture
specific types of cells to tight specifications
in virtually unlimited quantities paves the
way for a new era in medicine where
patient cells are replaced or regenerated.
These cells can either be derived from the
patient’s own iPSCs or sourced from
genetically similar individuals.
In the US, a trial by the National Eye

Institute using patient-derived cells to treat
dry AMD will soon begin17. As cell-based
therapies begin to demonstrate efficacy,
people will increasingly bank cells for
personal use. Cell banks will expand into an
entirely new industry, following the path of
umbilical cord blood banking. 
In a complementary approach to

autologous cell therapies, iPSCs available
from HLA ‘superdonor’ genetic backgrounds
can be used in regenerative medicine

applications18. In the near future, banks of
prescreened iPSC lines with known HLA
specificities will reduce the possibility of
immune rejection, speed up identification of a
matched donor and allow for large quantities
of cell production in these applications.

iPSC-derived cells will lead to 
dramatic improvements in the
treatment of orphan diseases
Orphan diseases are by definition rare but
are actually common in aggregate. As we
understand disease better, we are coming to
realise that all diseases may be ‘orphan
diseases’ in the sense that individual genetic
makeup is variable and makes each of us
unique. iPSC-based phenotypic screening
offers a more efficient way to develop
therapies for orphan diseases. Combined
with drug repurposing libraries, iPSC-based
screens could lead to a renaissance in
orphan disease drug discovery by making the
process economically feasible for smaller,
defined, patient populations. 
By virtue of their fundamental properties

of immortality and pluripotency, iPSCs
enable the controlled manufacture of
essentially limitless quantities of virtually any
human cell type. Because iPSCs can be
made from any donor, it is now possible to
faithfully represent genetic diversity,
including individual genotypes, for research
and cell therapy. While these distinct
attributes can enhance research productivity
in different ways, when applied in
combination, they are revolutionary. Now
that we are able to routinely produce iPSC-
derived cells at the scale and purity required
for drug development and cell therapy, the
next five years will be characterised by
improved pharmaceutical productivity and
new cell therapies. DDWi
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