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Abstract

Stem cells have significantly advanced the field of biomedical research, particularly in the modeling of animal
diseases. Their ability to differentiate into various cell types and recreate disease-specific environments has made
them indispensable tools for studying disease mechanisms, discovering therapeutic targets, and evaluating potential
treatments. This review explores the application of stem cells in animal disease modeling, discussing their roles in
neurodegenerative disorders, cardiovascular diseases, cancer, and metabolic diseases. We also examine the
advantages, limitations, and future directions of stem cell-based models, emphasizing their potential to bridge the
gap between basic research and clinical applications. The review concludes by discussing the ongoing advancements
in gene editing, organoid development, and personalized medicine, which are expected to enhance the accuracy and
relevance of animal disease models.
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Introduction

The development of reliable animal models is a critical
aspect of biomedical research, providing insights into
disease mechanisms and enabling the evaluation of
potential therapeutic interventions. Traditional animal
models, while invaluable, often fail to replicate the
complexity of human diseases, particularly at the
cellular and molecular levels. Stem cells, particularly
induced pluripotent stem cells (iPSCs) and embryonic
stem cells (ESCs), offer a promising solution to this
limitation. These cells possess the ability to
differentiate into any cell type, allowing researchers to
create disease models that closely mimic human
pathologies.

Stem cell-based models are especially valuable in
studying diseases characterized by complex
interactions between various cell types, such as
neurodegenerative disorders, cardiovascular diseases,
cancer, and metabolic conditions. These models not
only help in understanding the etiology of diseases but
also play a crucial role in drug discovery and
personalized medicine. The ability to generate patient-
specific iPSCs has further enhanced the relevance of
these models, enabling the study of genetic diseases
and the development of personalized treatment
strategies (Takahashi & Yamanaka, 2006; Zhang &
Duan, 2013).
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In neurodegenerative disease research, for example,
iPSCs derived from patients can be used to generate
neurons that exhibit disease-specific phenotypes,
providing a platform for studying disease progression
and identifying potential therapeutic targets (Qian et
al, 2020). Similarly, in cardiovascular research, iPSC-
derived cardiomyocytes have been instrumental in
modeling genetic heart diseases and testing the efficacy
of new drugs (Musunuru & Kiran, 2018). Furthermore,
the advent of organoids—three-dimensional structures
derived from stem cells—has revolutionized cancer
research by providing more accurate models of tumor
biology (Clevers, 2016).

Despite these advancements, there are still
challenges associated with stem cell-based disease
models, including issues related to tumorigenesis,
immune rejection, and the ethical implications of stem
cell use. However, the continuous refinement of stem
cell technologies, combined with emerging tools such
as CRISPR-Cas9 gene editing and advanced tissue
engineering techniques, holds great promise for
overcoming these challenges and further enhancing the
accuracy and relevance of animal disease models.

This review aims to provide a comprehensive
overview of the role of stem cells in animal disease
modeling. We will discuss the types of diseases
modeled using stem cells, the advantages and
challenges associated with these models, and the
future directions of stem cell research in disease
modeling.
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Animal Diseases

Animal models have been fundamental in advancing
our understanding of various diseases, including
neurodegenerative disorders, cardiovascular diseases,
cancer, and metabolic diseases. These models have
facilitated the identification of disease mechanisms, the
discovery of therapeutic targets, and the preclinical
testing of new treatments. However, traditional animal
models often lack the cellular complexity and
specificity needed to fully replicate human diseases.
For instance, neurodegenerative diseases such as
Alzheimer's and Parkinson's disease involve the
progressive loss of specific neuronal populations, a
feature that is difficult to replicate in traditional animal
models. Similarly, cardiovascular diseases,
characterized by the dysfunction of cardiomyocytes
and vascular cells, require models that accurately
reflect the intricate cellular architecture of the heart. In
cancer research, the heterogeneity of tumor cells and
their microenvironment poses significant challenges
for traditional models, often leading to discrepancies
between preclinical findings and clinical outcomes.
Stem cell-based models offer a solution to these
limitations by enabling the creation of more accurate
and representative models of human diseases. These
models can be used to study a wide range of
conditions, providing new insights into disease
mechanisms and helping to identify novel therapeutic
targets.

Role of Stem Cells in Animal Disease Modeling

Stem cells have revolutionized animal disease
modeling by providing a versatile platform for studying
a wide range of diseases. Their ability to differentiate
into various cell types allows for the creation of models
that closely mimic the cellular and molecular
characteristics of human diseases. This section will
explore the role of stem cells in modeling
neurodegenerative disorders, cardiovascular diseases,
cancer, and metabolic diseases.

1. Neurodegenerative Diseases

Stem cells have been particularly valuable in modeling
neurodegenerative diseases, which involve the
progressive loss of specific neuronal populations. For
example, iPSCs derived from patients with Alzheimer's
or Parkinson's disease can be differentiated into
neurons that exhibit disease-specific phenotypes, such
as the accumulation of amyloid-beta plaques or alpha-
synuclein aggregates. These models provide a platform
for studying disease progression and identifying
potential therapeutic targets (Qian et al, 2020;
Takahashi & Yamanaka, 2006).

In amyotrophic lateral sclerosis (ALS), iPSC-derived
motor neurons have been used to model the disease in
vitro, allowing researchers to investigate the molecular
mechanisms underlying motor neuron degeneration

and to screen potential therapeutic compounds
(Sareen et al., 2013). Similarly, stem cell-based models
of Huntington's disease have been developed, enabling
the study of mutant huntingtin protein's effects on
neuronal function and survival (An et al., 2012).

2. Cardiovascular Diseases

Cardiovascular disease modeling has also benefited
significantly from the use of stem cells. iPSC-derived
cardiomyocytes have been used to create models of
various cardiac conditions, such as arrhythmias,
cardiomyopathies, and myocardial infarction. These
models allow for the investigation of disease
mechanisms at the cellular level and the screening of
potential therapeutic agents (Karabekian et al., 2019).
For example, iPSC-derived cardiomyocytes from
patients with long QT syndrome, a genetic condition
that affects cardiac repolarization, have been used to
study the effects of specific mutations on ion channel
function and to test the efficacy of drugs in restoring
normal cardiac activity (Moretti et al, 2010).
Additionally, stem cell-based models of ischemic heart
disease have been developed to study the effects of
hypoxia on cardiomyocyte survival and function
(Laflamme et al., 2007).

3. Cancer Modeling

In cancer research, stem cell-derived models have been
instrumental in studying tumor biology and testing
new  therapies.  Organoids, three-dimensional
structures derived from stem cells that mimic the
architecture and function of organs, have been used to
model various types of cancer, including colorectal,
pancreatic, and breast cancer (Clevers, 2016).

These models provide a unique opportunity to
study the interactions between tumor cells and their
microenvironment in a controlled setting. For example,
organoid models of colorectal cancer have been used to
investigate the role of specific genetic mutations in
tumor progression and to test the efficacy of targeted
therapies (Sato et al, 2011). Similarly, organoids
derived from patient tumors have been used to study
drug resistance mechanisms and to identify potential
biomarkers for personalized treatment (Drost et al,,
2015).

4., Metabolic Diseases

Stem cells have also been used to model metabolic
diseases, such as diabetes and non-alcoholic fatty liver
disease (NAFLD). iPSC-derived pancreatic beta cells
have been developed to study the mechanisms
underlying insulin production and secretion, as well as
the effects of genetic mutations associated with
diabetes (Pagliuca et al., 2014).

In NAFLD, stem cell-derived hepatocytes have been
used to model the accumulation of lipids in the liver
and to study the progression of steatosis to non-
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alcoholic steatohepatitis (NASH). These models
provide a platform for screening potential therapeutic
compounds and for investigating the molecular
pathways involved in disease progression (Ouchi et al.,
2019).

Future Directions

The field of stem cell-based disease modeling is rapidly
evolving, with several emerging trends expected to
shape its future. One of the most promising
developments is the integration of gene editing
technologies, such as CRISPR-Cas9, with stem cell
models. This approach allows for the precise
introduction of disease-specific mutations into stem
cells, enabling the creation of more accurate and
representative animal models of human genetic
disorders (Schwartz & Wang, 2020).

Another exciting area of research is the
development of organoids and tissue-engineered
models that incorporate stem cells. These models
provide a more complex and physiologically relevant
environment for studying disease mechanisms and
drug responses. Organoids, for example, have been
used to model the architecture and function of various
organs, including the brain, heart, liver, and intestines,
providing new insights into the development and
progression of diseases (Lancaster & Knoblich, 2014).

Advances in 3D bioprinting and microfluidic
systems are also expected to enhance the scalability
and reproducibility of stem cell-based models, making
them more accessible for large-scale drug screening
and personalized medicine applications. These
technologies enable the precise control of the
microenvironment in which stem cells are cultured,
allowing researchers to create more accurate and
representative models of human diseases.

Ethical considerations and regulatory frameworks
surrounding the use of stem cells in animal research
are likely to evolve, with a greater emphasis on the
refinement, reduction, and replacement (3Rs) of
animal use. As the field progresses, there will be a
growing need for standardized protocols and quality
control measures to ensure the consistency and
reliability of stem cell-derived models. The ongoing
collaboration between stem cell researchers, clinicians,
and regulatory bodies will be crucial in translating
these models into clinical applications, ultimately
improving patient outcomes and advancing the field of
regenerative medicine.

Conclusions

Stem cells have become indispensable tools in the
modeling of animal diseases, offering more accurate
and human-relevant platforms for studying disease
mechanisms and testing new therapies. Their ability to
differentiate into various cell types and replicate
disease-specific conditions has significantly enhanced
the precision and translational potential of animal

models. While challenges such as tumorigenesis,
immune rejection, and ethical concerns remain, the
continuous advancement of stem cell technologies,
combined with gene editing and tissue engineering,
promises to revolutionize the field of disease modeling.
As research progresses, stem cell-based models are
expected to play an increasingly vital role in the
development of new treatments for a wide range of
diseases, ultimately bridging the gap between basic
research and clinical applications.
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