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PEER REVIEWED

Advancing Cardiac Drug Discovery with Human Induced 
Pluripotent Stem Cell Technology

Background
Since 1960, there has been a huge growth in treatments for 
cardiac diseases.1 Although they have increased the longevity of 
human population, cardiac pathologies remain leading causes of 
morbidity and mortality worldwide.1,2 For a number of reasons, 
the number of cardiovascular drugs entering clinical trials has 
been in decline since 1990.3 The poor translation of safety and 
efficacy from preclinical models to humans has caused several 
major failures in advanced stages of clinical trials in the past, 
resulting in a challenging regulatory environment, compared to 
most other therapeutic areas. Therefore, phase III clinical trials 
for cardiac diseases now need to be performed with relatively 
larger groups of patients and need to demonstrate the efficacy 
in longer-term follow-up than other disciplines.4 Altogether, 
these factors cause a huge increase in the overall costs of 

Despite having available treatments for most cardiac 
diseases there is an increasing need for more specific 
and effective therapies. To help drug developers advance 
smoothly in this process, it is important to decrease the 
translational gap that is leading to high attrition rates 
and costs. Human induced pluripotent stem cell (iPSC) 
technology is increasingly utilised to develop disease 
models that reliably mimic the diversity of patient 
pathogenicity and cardiac disease severity in vitro. 
Phenotypic screening based on iPSC models represents 
a big opportunity to make cardiac drug discovery more 
time and cost effective by increasing the translational 
power of preclinical candidates. Here we review common 
challenges and goals for drug developers and how the 
latest innovations in iPSC technology are contributing to 
efficiently advance cardiac drug discovery.

Table 1. Current problems and potential solutions in cardiac drug discovery

Figure 1. Human iPSC-derived disease models better recapitulate human disease-
driving mechanisms than animal models. Schematic example showing the potential 
to recapitulate the underlying mechanisms of certain cardiac phenotypes and how 

that influences the translational power of the disease models.

cardiac drug discovery and development. There is a need to 
find better and more efficacious treatments, but to do so, it is 
important to make the process more affordable and de-risk 
potential clinical candidates at early stages to optimise the use 
of resources (Table 1).

The discovery of human induced pluripotent stem cells 
(iPSCs) by Shinya Yamanaka and Kazutoshi Takahashi in 2007, 
brought a new tool with a high potential to revolutionise drug 
discovery.5,6 iPSCs are obtained from human somatic cells, have 
unlimited proliferation capacity, and can differentiate into any 
cell type of the body, including cardiac muscle cells. Since 2010, 
multiple cardiac diseases have been successfully modelled 
using this technology7 and it has been demonstrated that 
human iPSC-derived cardiomyocytes are a valuable solution 
for cardiac drug discovery. 
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Figure 2. The benefits of phenotypic screening with human iPSC-derived models for cardiac drug discovery. Schematic representation of the drug discovery process using 
phenotypic screening and iPSC-derived models. This strategy enables testing compounds’ safety and efficacy in human biology earlier and screening with readouts similar to 

the ones used in clinical trials.

Increasing the Translational Power of Disease Models
Preclinical testing is currently largely based on animal models, 
predominantly mice. Although these models have contributed 
towards unravelling many disease mechanisms, they are costly and 
present important interspecies differences to humans that diminish 
their predictive power for compound safety and efficacy. Murine 
heart rate is eight times faster than human and there are considerable 
differences in the expression of important sarcomere proteins, ion 
channel function, metabolism, and calcium handling, among others.8 

For example, many mutations in the MYH7 are associated with 
the development of hypertrophic cardiomyopathy (HCM). 
MYH7 is the dominant isoform in human heart, but this is 
not the case for rodent models.9 These types of inter-species 
differences can lead to misinterpretations during preclinical 
screenings that can translate into failures during clinical 
trials. Human iPSC-cardiomyocytes preserve the exact same 
intracellular environment and genetic background of patients,10 

which enables recapitulation of specific disease-linked phenotypes 
and underlying mechanisms (Figure 1). Human iPSC-cardiomyocytes 
generated from a family carrying a mutation on the gene MYH7 were 
shown to recapitulate the HCM phenotype in vitro, and revealed that 
elevation in intracellular calcium levels preceded the appearance 
of other phenotypic abnormalities.11 This suggested that calcium 
cycling alterations may be driving the disease and opened new 
possibilities for developing more efficacious treatments. 

In vitro models based on primary human cardiac cells could be 
another solution, as they are physiologically relevant. However, 
they are restricted by the tissue inaccessibility and lack of cell 
survival in culture. In addition, their capacity to discriminate 
between causes and effects of the disease can be limited. For 
example, a common consequence of atrial fibrillation (AF) is tissue 
remodelling. Using patients’ biopsies as in vitro models, where 
the remodelling is usually present, does not allow to determine 
the etiology of AF.12 Murine models have been generated, but 
they are quite resistant to developing AF under physiological 
conditions.13 However, human iPSC-derived cardiomyocytes can 
help in understanding the initial causes of AF. In a study using 
human iPSC-cardiomyocytes derived from patients with AF, it 
was shown that increased pacemaker and L-type calcium currents 
could be triggering specific types of AF.12

Overall, developing more predictive in vitro disease models 
with human iPSCs can help towards understanding underlying 
disease mechanisms and identifying better targets. Therefore, 
decreasing the risk of failure in later stages.

Efficient Screening of Cardiac Drug Candidates
In the past, a number of challenges have hindered the in- 
corporation of iPSCs into drug discovery projects. Differentiation  

procedures for human iPSC-cardiomyocytes used to be 
inefficient and difficult to scale up, which limited the number 
of cells available. Also, assays were not yet automated and 
miniaturised, which was needed to minimise variability 
and enable large screening campaigns. Nowadays, with the 
adequate capabilities and expertise, it is possible to obtain 
billions of functional cardiomyocytes from patient-derived 
iPSCs, thus overcoming the limitations of tissue inaccessibility 
and culture maintenance of primary cardiac cells. 

High-throughput Screening
The incorporation of human iPSC-based models has brought a 
new approach to drug discovery: high-throughput phenotypic 
screening. While traditional screenings are focused on a specific 
protein (target-based drug discovery), phenotypic screenings can 
be target-agnostic and focus on the modulation of a disease-
linked phenotype.14 These screenings are more physiologically 
relevant and offer the possibility of identifying completely new 
targets or unknown mechanisms of action of known targets. For 
instance, human iPSC-cardiomyocytes derived from patients with 
a mutation in LMNA were used to model dilated cardiomyopathy 
(DCM) in vitro.15 The model displayed aberrant calcium 
homeostasis and arrhythmias, as described in the patients. 
Based on these DCM models, it was shown that activation of the 
platelet-derived growth factor (PDGF) was driving the alterations 
and that its inhibition led to an ameliorated phenotype in vitro.15 
This described an underlying cause of the disease and identified 
a new potential therapeutic target for DCM. 

Clinically Relevant Outcomes
Well-designed phenotypic assays with human iPSC-based 
cardiac models can evaluate clinically relevant cellular functions: 
electrophysiology and contractile properties, metabolism, 
calcium handling, viability, or biomarker expression.16 This means 
that early drug discovery and preclinical testing outcomes are 
based on the same or similar parameters that are later assessed 
in patients, reducing the risk of failure in clinical trials and 
making the process more efficient (Figure 2). Many promising 
lead compounds have been identified with human iPSC-based 
phenotypic screenings.16

To give an example, isogenic diseased and genetically 
engineered human iPSC-derived cardiomyocytes were used 
to model long-QT syndrome (LQTS) in vitro.17 In this study, the 
small molecule LUF7346 was demonstrated to be a new allosteric 
modulator of the potassium channel hERG, with the capacity to 
rescue LQTS-phenotype in a human in vitro model. 

More recently, human iPSC-derived models of diabetic 
cardiomyopathy were used as screening platform for small 
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molecules with a phenotype-rescue approach.18 Diabetic 
cardiomyopathy has a complex multifactorial etiology difficult 
to model with traditional methods. Two iPSC models were 
generated, one chemically induced and one patient-derived, both 
recapitulated the structural and functional disarray observed in 
diabetic patients’ hearts. High-content phenotypic screening 
of 480 small molecules on the chemically induced model led 
to the identification of 47 hit compounds with phenotype-
rescue effects. A second screening confirmed the efficacy and 
dose-dependency of responses for 28 hits. In a final screening 
with patient-derived models, two compounds were selected as 
the most-effective in preventing the development of diabetic 
cardiomyopathy phenotypes, demonstrating the power of 
human iPSC technology for the development of new therapeutic 
modalities with higher specificity and efficacy.

Effective Screening of Cardiotoxicity
In addition to the poor translation of efficacy from preclinical 
models to humans, cardiotoxicity is another major cause of drug 
attrition in clinical trials. In this field, human iPSC technology has 
proven to be a solution to predict drug-induced structural damage 
and arrhythmias with high efficiency. The comprehensive in vitro 
proarrhythmia assay (CiPA) represents a paradigm to improve 
the assessment of proarrhythmic risk based on mechanistic in 
vitro assays and in silico reconstructions of electrophysiological 
activity, with verification of predicted responses in human 
iPSC-derived cardiomyocytes. To illustrate the power of CiPA, a 
screening with 28 drugs with known clinical arrhythmic effects 
demonstrated 87% predictivity of proarrhythmic risk that was 
not detected in pre-clinical studies using traditional models.19

The Future of Human iPSC Technology

3D Models
It is important to mention that human iPSC technology is a 
relatively young field and is therefore still under continuous 
development to improve its resemblance to the complexity 
of the human body. One developing solution is the use of 3D 
engineered microtissues, which are composed of multiple cell 
types found within the human heart.20 These 3D models facilitate 
the study of cell-cell interactions and represent more complex 
microenvironments with higher similarity to native tissue, 
which may increase predictions of drug safety and efficacy even 
further. For instance, 3D cardiac models better resemble the 
metabolism and proliferative capacity of adult hearts, which 
can facilitate the identification of pro-proliferative compounds 
for cardiac regeneration.21 In a screening with 105 small 
molecules and human iPSC-derived 3D cardiac organoids, novel 
pro-proliferative compounds with minimal side effects were 
identified.21 At this moment, the throughput of these models 
is somewhat limited compared to 2D monocultures. However, 
promising advancements are being made to solve this issue that 
will unlock broad implementation of human iPSC-derived 3D 
models in drug discovery. 22 

Personalised and Precision Medicine
Some other major challenges for cardiac drug discovery are 
the oversimplified systems for patient stratification and the 
differences in mutation penetrance among patients. Patient 
stratification is usually based on phenotypes with different 
underlying etiologies, which leads to a wide range of treatment 
responses among patients.4,23 Studies with human iPSC 

technology are constantly increasing our understanding of cardiac 
disease etiology, setting the foundations for a mechanism-driven 
patient classification in the future. This will also facilitate the 
definition of homogenous groups of patients for clinical trials 
and the interpretation of clinical outcomes. On the other hand, 
patient-derived or genetically engineered iPSC models can help 
to determine the pathogenicity of specific genetic variants and 
predict the in vitro response to pharmacological treatments of 
individual patients.24,25 This is of great advantage for the growing 
demand for personalised and precision medicine tools.

Conclusions
Cardiac drug discovery has been facing a stage of paucity, but 
the need for more efficacious treatments for devastating cardiac 
diseases is waking up the interest in this area again. The current 
goals in the field are challenging: finding better targets and 
reducing attrition rates to make the process more affordable. 
Incorporating human iPSC technology in cardiac drug discovery 
can solve many of the current challenges in the field. This 
technology facilitates target identification and phenotypic 
screening with clinically relevant readouts. Consequently, the 
predictability of early and preclinical drug discovery outcomes 
can be increased, and therefore, the chances of success in clinical 
trials. 

The implementation of iPSC-based models into drug discovery 
requires significant expertise and capabilities. To overcome these 
impediments and obtain high-quality results in the shortest 
possible timeframe, partnering with expert contract research 
organisations is a common option for pharmaceutical companies. 
Collaboration with experts avoids common pitfalls, enables 
selection of risk mitigation strategies, enhances productivity 
and, ultimately, reduces timelines and costs.
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