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Abstract
Ischemic cardiomyopathy, a leading cause of heart failure globally, arises from the 
irreversible damage inflicted upon cardiac tissue following myocardial infarction. 
The limited regenerative capacity of the adult human heart necessitates the 
exploration of novel therapeutic strategies to restore cardiac function and 
improve outcomes. Induced pluripotent stem cells (iPSCs), with their remarkable 
ability to differentiate into virtually any cell type in the body, have emerged as a 
beacon of hope for regenerative medicine, including the treatment of ischemic 
cardiomyopathy. This review delves into the pathophysiology of ischemic 
cardiomyopathy, highlighting the cellular and molecular mechanisms underlying 
cardiac dysfunction. We provide a comprehensive overview of the current state of 
iPSC technology, focusing on its potential applications in disease modeling, drug 
discovery, and cell-based therapies for cardiac regeneration. Furthermore, we 
discuss the challenges and opportunities associated with translating iPSC-based 
therapies to the clinic, emphasizing the need for rigorous preclinical studies 
and well-designed clinical trials to ensure safety and efficacy. Finally, we offer 
perspectives on the future directions of iPSC research in the context of ischemic 
cardiomyopathy, highlighting the transformative potential of this technology 
to revolutionize cardiovascular medicine and usher in an era of personalized 
regenerative therapies for patients with heart failure.
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1 INTRODUCTION
Cardiovascular diseases remain the leading cause 

of death worldwide, casting a long shadow over global 
health[1,2]. Among these, ischemic cardiomyopathy, a 
debilitating condition arising from reduced blood flow 
to the heart muscle, presents a significant challenge. 
This often occurs due to coronary artery disease, where 
plaque buildup narrows the arteries, depriving the heart 
of oxygen-rich blood. The resulting damage to the heart 
muscle weakens its ability to pump effectively, leading to 
heart failure and a cascade of debilitating symptoms.

Current treatment strategies for ischemic cardiomy- 
opathy primarily focus on managing symptoms and slowing 

disease progression. Medications, lifestyle modifications, 
and surgical interventions such as angioplasty and bypass 
surgery aim to improve blood flow and alleviate symptoms 
(Table 1). However, these approaches do not address the 
fundamental issue: the irreversible loss of functional heart 
muscle[3]. Heart transplantation and left ventricular assist 
device (LVAD) are also treatment options, however, these 
treatments can lack effectiveness in the long term and are 
associated with risk and complications. These limitations 
underscore the urgent need for innovative therapies that 
can regenerate damaged heart tissue and restore cardiac 
function[4,5].

Regenerative medicine has emerged as a beacon of 
hope, offering the potential to repair or replace damaged 
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Table 1. Current Treatments for Ischemic Cardiomyopathy

Category Treatment Function

Pharmacological ACE inhibitors Reduce afterload, prevent remodeling

ARBs Alternative to ACE inhibitors

Beta-blockers Decrease myocardial oxygen demand

Aldosterone antagonists Prevent sodium retention, reduce fibrosis

Diuretics Manage fluid overload

Nitrates Relieve angina, reduce preload

Antiplatelets Prevent coronary thrombus

Interventional PCI Revascularize stenosed arteries

CABG Surgical revascularization

ICD Prevent sudden cardiac death

CRT Improve ventricular function

LVAD Mechanical support for heart failure

Lifestyle & Other Lifestyle changes Reduce risk factors

Cardiac rehab Improve cardiovascular function

Notes: ACE: Angiotensin-converting enzyme, ARB: Angiotensin receptor blocker, PCI: Percutaneous coronary intervention, CABG: Coronary artery bypass 
grafting, ICD: Implantable cardioverter-defibrillator, CRT: Cardiac resynchronization therapy, LVAD: Left ventricular assist device.

Figure 1. Flow Chart of Cardiac Regenerative Medicine Using iPS Cells.

tissues and organs. At the forefront of this revolution are 
induced pluripotent stem cells (iPSCs), a groundbreaking 
discovery that has transformed the landscape of 
biomedical research and therapeutic development[6]. 
iPSCs are adult cells that have been reprogrammed to an 
embryonic-like state, granting them the remarkable ability 
to differentiate into virtually any cell type in the body, 
including cardiomyocytes, the specialized cells responsible 
for the heart's pumping action (Figure 1)[7,8].

This review delves into the transformative potential 
of iPSCs in the context of ischemic cardiomyopathy. We 
will explore how iPSCs are being harnessed to model the 
disease, accelerate drug discovery, and develop novel 

cell-based therapies. Furthermore, we will discuss the 
challenges that lie ahead and the future directions of this 
rapidly evolving field.

2 IPSCS
2.1 iPSCs for Disease Modeling and 
Understanding Pathophysiology

Unraveling the complex mechanisms underlying is- 
chemic cardiomyopathy is crucial for developing effective 
treatments. Traditionally, researchers have relied on animal 
models and immortalized cell lines to study human diseases. 
However, these models often fail to fully recapitulate the 
intricacies of human pathophysiology. Animal models, 
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while valuable, can exhibit significant differences in their 
physiology and response to treatments compared to 
humans[9]. Immortalized cell lines, on the other hand, often 
lack the genetic diversity and functional characteristics of 
primary cells, limiting their relevance to human disease[10].

iPSC-derived cardiomyocytes (iPSC-CMs) have emerged 
as a powerful tool for disease modeling, offering several 
advantages over traditional models. Firstly, iPSCs can be 
generated from patients with ischemic cardiomyopathy, 
allowing researchers to create patient-specific models that 
capture the unique genetic and environmental factors 
contributing to their disease. This personalized approach 
enables the study of disease mechanisms in a more 
relevant context, potentially leading to the identification of 
new therapeutic targets[11,12].

Secondly, iPSC-CMs provide a human-based platform 
to investigate the molecular and cellular events that drive 
ischemic injury and cardiac dysfunction. Researchers can 
use these cells to study how oxygen deprivation affects 
cardiomyocyte survival, metabolism, and contractility. They 
can also investigate the role of inflammation, oxidative 
stress, and other factors implicated in the progression of 
ischemic cardiomyopathy[12].

Thirdly, iPSC-CMs are amenable to high-throughput 
screening, allowing researchers to test the effects of 
thousands of compounds on cardiomyocyte function. This 
has opened up new avenues for drug discovery, enabling 
the identification of potential therapeutic agents that can 
protect cardiomyocytes from ischemic injury, promote 
cell survival, or enhance cardiac function[13,14].

Recent advances in 3D culture systems and organ-on-a-
chip technology have further enhanced the utility of iPSC-
CMs for disease modeling. 3D culture systems, such as 
engineered heart tissues and bioprinted cardiac constructs, 
allow for the creation of more physiologically relevant 
models that mimic the structure and function of the native 
heart. These models enable researchers to study cell-cell 
interactions, mechanical forces, and other factors that 
influence cardiac function in a more realistic setting[15,16]. 
Organ-on-a-chip technology takes this a step further 
by integrating microfluidic channels, sensors, and other 
components to create miniaturized, perfusable models of 
human organs, including the heart[17]. These “heart-on-a-
chip” platforms allow researchers to study the effects of 
drugs, toxins, and other stimuli on cardiac function in a 
highly controlled and dynamic environment[18-20].

Numerous studies have demonstrated the power of 
iPSC-based disease modeling in ischemic cardiomyopathy. 
For instance, researchers have used iPSC-CMs to model 
familial forms of the disease caused by mutations in 
specific genes. These studies have provided valuable 
insights into the disease mechanisms and identified 
potential therapeutic targets[21]. In another study, iPSC-

CMs were used to model the effects of diabetes on 
cardiac function, revealing new pathways that could be 
targeted to prevent or treat diabetic cardiomyopathy[22].

2.2 iPSCs for Drug Discovery and 
Cardiotoxicity Screening

 The development of new drugs is a lengthy, costly 
and often inefficient process. Traditional drug discovery 
pipelines rely heavily on animal models and cell-based 
assays that often fail to accurately predict drug efficacy 
and safety in humans[2]. This is particularly true for 
cardiovascular drugs, where many promising candidates 
have failed in clinical trials due to unexpected toxicity or 
lack of efficacy. iPSC-CMs offer a transformative platform 
for drug discovery and cardiotoxicity screening, providing 
a human-relevant model system that can bridge the gap 
between preclinical studies and clinical trials[23].

One of the key advantages of iPSC-CMs for drug dis- 
covery is their amenability to high-throughput screening. 
Researchers can generate large numbers of iPSC-CMs 
from a single donor and use them to screen thousands 
of compounds in a rapid and cost-effective manner[19]. 
This allows for the identification of potential therapeutic 
agents that can protect cardiomyocytes from ischemic 
injury, promote cell survival, or enhance cardiac function. 
For example, iPSC-CMs have been used to identify novel 
compounds that activate pro-survival pathways, inhibit cell 
death, or stimulate angiogenesis in the context of ischemic 
injury[24].

Beyond identifying new drug candidates, iPSC-CMs 
are also invaluable for evaluating the efficacy of existing 
drugs in a more personalized manner. By generating iPSC-
CMs from patients with different genetic backgrounds or 
disease subtypes, researchers can assess drug responses 
in a more patient-specific context. This is particularly 
relevant for ischemic cardiomyopathy, where individual 
responses to treatment can vary widely[25].

Furthermore, iPSC-CMs are emerging as a sensitive 
and predictive model for cardiotoxicity screening[26]. Many 
drugs, including some commonly used chemotherapeutic 
agents, can have adverse effects on the heart, leading 
to cardiotoxicity. Detecting cardiotoxic effects early in the 
drug development process is crucial to prevent patient 
harm and reduce costly late-stage drug failures. iPSC-CMs 
offer several advantages over traditional cardiotoxicity 
screening methods, such as animal models and human 
cell lines. They express the same ion channels and 
signaling pathways as human cardiomyocytes, making 
them more sensitive to drug-induced changes in cardiac 
electrophysiology and contractility[27].

Several studies have demonstrated the utility of iPSC-
CMs for cardiotoxicity screening. For instance, researchers 
have used iPSC-CMs to identify drugs that prolong the 
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QT interval, a measure of the heart's electrical recharging 
time[28]. Prolongation of the QT interval can lead to a 
life-threatening arrhythmia called torsades de pointes, 
and iPSC-CMs have proven to be a sensitive model for 
detecting this adverse effect[5]. In another study, iPSC-
CMs were used to screen a library of FDA-approved drugs 
for cardiotoxicity, identifying several drugs that caused 
significant changes in cardiomyocyte function[7,13].

2.3 iPSC-Based Therapies for Ischemic 
Cardiomyopathy

While disease modeling and drug discovery are 
crucial steps towards improving treatment for ischemic 
cardiomyopathy, the ultimate goal is to develop therapies 
that can regenerate damaged heart tissue and restore 
cardiac function[29]. iPSCs hold immense promise for cell-
based therapies offering the potential to replace lost or 
damaged cardiomyocytes and rebuild functional heart 
muscle[30,31]. Several cell therapy strategies using iPSCs 
are being explored:

(1) Direct cell transplantation: This approach involves 
injecting iPSC-CMs directly into the damaged heart 
muscle. While conceptually straightforward, this method 
faces challenges in terms of cell delivery, survival, and 
engraftment[30]. Injected cells often struggle to survive 
in the harsh environment of the injured heart, and those 
that do survive may not integrate properly with the 
existing heart tissue[32].

(2) Cell sheet engineering: This technique involves 
growing iPSC-CMs on specialized surfaces that allow 
for the detachment of intact sheets of cells. These cell 
sheets can then be transplanted onto the damaged 
heart muscle, potentially improving cell delivery and 
engraftment. This method is being actively explored in 
preclinical studies[33].

(3) Biomaterial scaffolds: Another approach involves 
seeding iPSC-CMs onto biocompatible scaffolds that 
provide structural support and promote cell survival and 
integration. These scaffolds can be designed to mimic the 
architecture of the native heart tissue, providing a more 
natural environment for cell growth and function[34].

Preclinical studies in animal models have shown 
promising results using iPSC-based therapies for ischemic 
cardiomyopathy[35]. For example, transplantation of iPSC-
CMs into mice or rats with myocardial infarction (heart 
attack) has been shown to improve cardiac function, 
reduce scar tissue formation, and enhance blood 
vessel growth[36]. While these results are encouraging, 
it's important to note that animal models do not fully 
recapitulate the complexities of human disease, and 
further research is needed to determine the safety and 
efficacy of these therapies in humans.

The use of iPSCs for myocardial regeneration therapy 
has been highlighted due to their capacity for unlimited 
proliferation and differentiation into cardiomyocytes[37]. 

Therefore, several clinical trials are currently underway to 
evaluate the safety and efficacy of iPSC-based therapies 
for ischemic cardiomyopathy. These trials are primarily 
focused on assessing the feasibility of cell delivery, cell 
survival, and the potential for adverse effects[38]. While 
it's still early days for iPSC-based therapies, the results of 
these trials are eagerly awaited and hold the potential to 
revolutionize the treatment of heart failure.

3 CHALLENGES AND FUTURE 
DIRECTIONS

In the realm of iPSC technology for treating ischemic 
cardiomyopathy, significant advancements have been made, 
showcasing its potential for therapeutic applications[13]. 
However, several challenges persist, hindering the 
widespread clinical adoption of iPSC-based therapies. One 
critical challenge lies in the maturation and functionality 
of iPSC-CMs[39]. Despite sharing some characteristics with 
mature cardiomyocytes, iPSC-CMs often exhibit functional 
immaturity, including weaker contractility, impaired 
calcium handling, and differences in electrophysiological 
properties compared to adult cardiomyocytes[40]. Enhancing 
the maturation and functionality of iPSC-CMs through 
techniques like 3D culturing, electrical stimulation, and 
mechanical conditioning is imperative for their successful 
transplantation and therapeutic efficacy[41].

Another significant challenge in iPSC-based therapies 
is the potential for immune rejection[42]. While iPSCs are 
derived from a patient's own cells, the reprogramming 
and differentiation processes can alter cell surface 
markers, increasing the risk of immune recognition 
and rejection. Strategies such as immunosuppression 
or the development of hypoallergenic iPSC lines are 
crucial for ensuring the long-term success of iPSC-based 
treatments[43]. Additionally, the risk of tumorigenicity poses 
a considerable concern in iPSC therapies, emphasizing 
the need for stringent quality control measures to 
eliminate undifferentiated iPSCs or cells with tumorigenic 
potential[44].

Scalability and cost-effectiveness are also significant 
hurdles in the widespread implementation of iPSC-based 
therapies for ischemic cardiomyopathy[45]. The complex 
and expensive process of generating, characterizing, and 
differentiating iPSCs into cardiomyocytes necessitates the 
development of cost-effective and scalable manufacturing 
processes to broaden the accessibility of these therapies 
to a larger patient population[46]. Despite these challenges, 
the future of iPSC-based therapies remains promising, 
with ongoing research endeavors aimed at addressing 
these limitations and exploring innovative avenues for 
improvement[47].

Researchers are actively investigating next-generation 
iPSC technologies to enhance the efficiency, safety, and 
tumorigenicity resistance of iPSCs[48]. Non-integrating 
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reprogramming methods and small molecule-based 
reprogramming approaches are being explored to generate 
iPSCs with improved characteristics for therapeutic 
applications[49]. Moreover, the refinement of differentiation 
protocols to yield more mature and functional iPSC-CMs 
closely resembling adult cardiomyocytes is a focal point of 
current research efforts[50]. Techniques such as 3D culture 
systems, bioreactors, and specific growth factors are being 
employed to create an environment conducive to the 
maturation of iPSC-CMs[41].

Gene editing technologies like CRISPR-Cas9 hold 
immense potential for advancing iPSC-based therapies 
for ischemic cardiomyopathy[51]. These tools enable the 
correction of disease-causing mutations in patient-derived 
iPSCs, paving the way for the generation of healthy 
cells for transplantation[52]. Furthermore, gene editing 
can be utilized to create disease models by introducing 
specific mutations into iPSCs, facilitating the study of 
disease mechanisms and the development of novel 
therapeutics[53]. The combination of gene editing with 
other approaches such as biomaterial scaffolds, growth 
factors, or bioengineered cardiac patches presents a multi-
faceted strategy to enhance cell survival, engraftment, and 
functional integration for comprehensive cardiac repair[54].

To summarize, while challenges persist in the matu- 
ration, immune rejection, tumorigenicity, scalability, and 
cost-effectiveness of iPSC-based therapies for ischemic 
cardiomyopathy, ongoing research efforts are actively 
addressing these limitations. The exploration of next-
generation technologies, enhanced differentiation protocols, 
gene editing strategies, and combination therapies signifies 
a promising future for the advancement and widespread 
implementation of iPSC-based treatments in the field of 
cardiovascular regenerative medicine.

4 CONCLUSION
The discovery of iPSCs has significantly impacted 

regenerative medicine, offering extensive possibilities 
for disease modeling, drug discovery, and cell-based 
therapies[26]. iPSCs have demonstrated great potential in 
the realm of ischemic cardiomyopathy, with the capacity to 
create personalized treatments for regenerating damaged 
heart tissue and restoring cardiac function[55]. The rapid 
progress in research and development of iPSC-based 
therapies suggests a transformative role in addressing 
heart failure, potentially enhancing the quality of life for 
millions of patients globally[56].

Advancements in iPSC technology, along with gene 
editing and tissue engineering, have laid the foundation for 
personalized cardiac medicine, where a patient's cells could 
be reprogrammed to repair their damaged heart, potentially 
eliminating the necessity for organ transplantation and 
lifelong immunosuppression[57]. Despite existing challenges, 
the commitment of researchers worldwide instills hope for 

a future where heart failure can be managed effectively 
rather than being fatal[58].

The journey from laboratory research to clinical application 
of iPSC-based therapies for ischemic cardiomyopathy is 
ongoing, with these treatments still in early developmental 
stages[59]. Nevertheless, the potential advantages, combined 
with continuous research endeavors, offer promise for 
a future where iPSCs can revolutionize the landscape of 
heart disease treatment[25]. As our understanding of iPSC 
biology deepens and technological progress continues, 
the regenerative potential of iPSCs holds promise for 
transforming the lives of patients with heart disease[60].

In conclusion, iPSC technology represents a ground- 
breaking approach with significant implications for 
regenerative medicine, disease modeling, and drug dis- 
covery. The ongoing research and dedication of scientists 
worldwide suggest a future where iPSC-based therapies 
could revolutionize the treatment of heart failure, providing 
hope for enhanced patient outcomes and quality of life.
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