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ABSTRACT

Background: Cattle are fundamental to food security, the global economy, and environmental
sustainability, providing food, employment, and ecosystem services. Research on bovine stem
cells has emerged as an innovative biotechnology tool, with applications ranging from
regenerative medicine to cultured meat production, addressing challenges in both animal and
human health. Aim. To systematically review the applications of bovine stem cells, their
mechanisms, benefits, risks, and recent advances, as well as their implications for veterinary and
human health. Method: A review of scientific literature (last 10 years) was conducted using
databases such as PubMed, Scopus, and Web of Science, with search terms like "Bovine stem
cells" and "Stem cell therapy in veterinary medicine.” Peer-reviewed articles in English and
Spanish were included, focusing on cell sources, clinical applications, and ethics. Results:
Sources and types Bovine stem cells include embryonic (pluripotent ESCs), fetal (multipotent),
adult (bone marrow, adipose tissue), and iPSCs (reprogrammed).  Veterinary applications
Treatment of arthritis, spinal cord injuries in animals, and cloning of elite specimens.
Applications in humans Models for osteoarthritis, 3D bioprinting of tissues, and cancer therapies
(CAR-T). Benefits Tissue regeneration, inflammation reduction, and alternatives to invasive
surgeries. Risks Tumorigenicity, immune rejection, and lack of standardized protocols.
Advances Gene editing with CRISPR, organoids to study mastitis, and sustainable cultivated
meat. Conclusions: Bovine stem cells represent a bridge between veterinary and human
medicine, with advances such as 3D bioprinting and cloning. Challenges remain, including
protocol standardization, economic accessibility, and ethical dilemmas (use of embryos,
regulation of cultured meat). Future research should prioritize interdisciplinary collaboration,
integration of artificial intelligence, and global regulatory frameworks to maximize their impact
on health and sustainability.
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INTRODUCTION

Cattle play a crucial role in agriculture and the global economy, providing not only nutritious
food such as meat and milk but also essential products like leather and fertilizers. Their
significance can be broken down into several aspects:

a) Food security, as it significantly contributes to human diets by providing high-quality proteins.
Meat and milk are important sources of essential nutrients, such as proteins, vitamins, and
minerals.

b) Environmental impact of livestock, there is evidence suggesting that proper grazing
management can contribute to the restoration of degraded ecosystems. Livestock can help control
desertification and improve soil health.

c) A vital source of employment and livelihood for millions of people worldwide. In Latin
America, for example, it is estimated that 81 million people directly depend on livestock
production. Research on cattle has led to innovations in animal production, including
improvements in health and productivity through advanced techniques such as genetic selection
and the use of stem cells (FAO, 2024).

Stem cell research in the context of cattle has made significant progress, opening new
possibilities for agricultural biotechnology, such as: a) Cultivated meat production, b) Genetic
preservation, ¢) Induced Pluripotent Stem Cells (iPSCs), d) Regenerative biotechnology (Garcia
Pedraza, 2024).

In summary, both cattle and advances in stem cell research are essential for addressing global
challenges related to food, sustainability, and animal health (Han et al., 2024; Kumar et al.,
2021).

Stem cells are a special type of cell that have the ability to self-renew and differentiate into
various types of specialized cells. These properties make them a fundamental area of research in
biology and medicine (Zhao et al., 2021).

There are several types of stem cells: a) Embryonic stem cells (ESCs): They come from embryos
in the early stages of development, specifically from the blastocyst, which is between 3 and 5
days old. These cells are pluripotent, meaning they can develop into almost any type of cell in the
human body, allowing the regeneration of damaged tissues and organs, adult embryonic cells
(AECs): Found in specific tissues of adults, children, and fetuses. These cells are also known as
tissue-specific stem cells. They are generally multipotent, meaning they can differentiate into
several cell types, but are limited to the types of cells from the tissue they originate from. For
example, hematopoietic stem cells can generate different types of blood cells, ¢) Induced
pluripotent stem cells (iPSCs): Adult cells that have been genetically reprogrammed to acquire
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properties similar to those of embryonic stem cells. Like ESCs, iPSCs are pluripotent and can
differentiate into almost any cell type. They have the ability to divide indefinitely to produce
more stem cells and transform into different specialized cell types, which is crucial for tissue
development and repair (Barfoot et al., 2017; Olenic et al., 2024).

Stem cells have vast potential in various areas:

v Regenerative medicine: They can be used to regenerate damaged or diseased tissues, showing
promise for the treatment of conditions such as diabetes, heart diseases, and spinal cord
injuries (Ruiz et al., 2024).

v Biomedical research — They provide models for studying human development and diseases,
as well as for testing new treatments (Barrera et al., 2007).

v Cell Therapies: Stem cell-based treatments are being explored for hematological diseases,
such as leukemias and bone marrow-related disorders (Hong, 2022; Quesada Leyva et al.,
2017).

The study of stem cells is a dynamic field with significant implications for modern medicine,
offering potential solutions to complex and challenging medical problems.

This review aims to present the application of bovine stem cells and their implications for animal
and human health.

DEVELOPMENT

This article presents a systematic review of the scientific literature on peer-reviewed articles
published in the last ten years, in English and Spanish, focusing on the application of bovine stem
cells and their impact on animal and human health. Scientific databases such as PubMed, Scopus,
Web of Science, ScienceDirect, and Google Scholar were consulted using search terms like
"Bovine stem cells,” "Cattle stem cell applications,” "Stem cell therapy in veterinary medicine,"
"Bovine stem cells in human health," and "Ethical implications of bovine stem cells."

The review covered the following topics:

Mechanisms of action of stem cells;

Sources and types of stem cells derived from cattle

Applications of these stem cells in veterinary and human medicine.
Benefits and risks associated with their use.

Recent advances have been made in this field.

The references analyzed trends, significant advances, and gaps in research.

D N N NI N N N

Mechanisms of action of stem cells;

Stem cells have the unique ability to self-renew and differentiate into various cell types, allowing
them to play a crucial role in tissue regeneration and repair (Yang et al., 2023). These cells can
divide symmetrically (producing two stem cells) or asymmetrically (producing one stem cell and
one differentiated cell). Asymmetric division is essential to maintaining the stem cell population
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while generating specialized cells. Self-renewal and differentiation are regulated by transcription
factors such as NANOG, OCT3/4, and SOX2, which preserve the undifferentiated state of stem
cells. Telomerase activity also plays a vital role by enabling stem cells to divide indefinitely
without aging (Molnar et al., 2022).

Platelet-Rich Plasma (PRP) is a serum product obtained through centrifugation or filtration,
increasing platelet concentration compared to normal plasma. When activated in vivo by
inflammation, calcium chloride, thrombin, or cell lysis, platelets release numerous growth factors
and immunomodulatory cytokines. The growth factors in PRP promote mesenchymal and
epithelial cell proliferation, type I collagen production, angiogenesis, and differentiation of local
progenitor cells, accelerating the healing process of injured tissues. Additionally, Conditioned
Autologous Serum (CAS) is primarily used to modulate inflammatory cytokine signaling in
osteoarthritis. Another recent treatment, Autologous Protein Solution (APS), concentrates
platelets, growth factors, and anti-inflammatory cytokines through centrifugation and activation
with polyacrylamide beads (Jaya Baquero, 2024; Tornero-Tornero & Fernandez Rodriguez,
2021).

Stem cells reside in a specific microenvironment known as the "niche,” where they interact with
other cell types and soluble factors. This interaction is crucial for regulating their behavior, as the
niche provides signals that can activate or inhibit self-renewal and differentiation processes.
Growth factors and cytokines released by niche cells influence the proliferation and
differentiation of stem cells (Yang et al., 2023).

Stem cells can release various molecules that act on themselves (autocrine effect) or on
neighboring cells (paracrine effect). These factors include cytokines, chemokines, and growth
factors, which are essential for cell migration, proliferation, and differentiation. Mechanisms such
as autophagy allow stem cells to remove damaged components and maintain their cellular
integrity. This process is crucial for stem cells to enter a proper resting state, preventing
premature exhaustion (Chirveches, 2024).

In some cases, stem cells can differentiate into a cell type different from the one they normally
produce. This phenomenon, known as transdifferentiation, allows stem cells to adapt to various
physiological or pathological contexts, integrating into the surrounding tissue and participating in
regenerative processes (Salazar-Villegas, 2024).

Sources and types of stem cells derived from cattle

Bovine stem cells are obtained from various sources and are classified based on their origin and
differentiation potential. Below are the main sources and types:

v" Embryonic stem cells (ESCs): They are extracted from blastocysts (embryos in early stages
of development, around days 5-7). They are pluripotent, which allows them to differentiate
into any cell type in the organism, including muscle, cardiac, liver, and neuronal cells. They
are used in research for cloning, tissue production, and embryonic development studies.
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Studies are being conducted on the ethical and legal framework that regulates these
development models. (Alomar and Erbas, 2024)

v' Fetal stem cells: Derived from developing bovine fetal tissues. They have a more limited
differentiation potential than ESCs, but they are still multipotent, capable of generating cells
for specific tissues such as bone, cartilage, or muscle. Used in regenerative medicine to treat
diseases such as arthritis or musculoskeletal injuries in animals and humans (Kaptan & Erbas,
2024).

v Adult stem cells:
e Bone marrow: They produce blood cells and immune system cells (Toco et al., 2024).

e Adipose tissue (fat): Used to regenerate tissues such as muscle or cartilage (Sanchez-Leal
et al., 2024).

v" Induced pluripotent stem cells (iPSCs) (Cerneckis et al., 2024) Adult somatic cells (e.g.,
skin cells) genetically reprogrammed to acquire pluripotency. Pluripotent, similar to ESCs,
but without the need to use embryos, which reduces ethical dilemmas.

v" Umbilical cord blood: Although less common in cattle, it is a potential source of
hematopoietic stem cells (Solis et al., 2018).

Bovine stem cells not only revolutionize veterinary and human medicine (e.g., regenerative
therapies), but also offer sustainable solutions for livestock farming, such as the production of
cultivated meat or the preservation of genetic biodiversity. However, its development requires
overcoming technical and ethical challenges to ensure safe and responsible applications.

Applications of stem cells in veterinary and human medicine

Bovine stem cells have demonstrated significant potential in both fields, with applications
ranging from tissue regeneration to biotechnology innovation. Below are the main uses:

Bovine stem cells are mainly used for the treatment of diseases and injuries in animals, including:

» Musculoskeletal diseases: Hip dysplasia and arthritis: Mesenchymal stem cells (MSCs)
derived from adipose tissue or bone marrow reduce inflammation and regenerate cartilage,
improving mobility in dogs and horses. Tendon and ligament injuries: They accelerate
healing in horses with tendinitis and desmitis, improving the quality of the regenerated tissue
(Fortier & Travis, 2011).

A large number of musculoskeletal diseases affect a significant portion of the global population
from birth to death. Countless pathological diseases and traumatic injuries (both acute and
chronic) contribute to various human disabilities, causing a tremendous financial burden on the
healthcare economy. The medical field is continuously seeking new ways to combat orthopedic-
related diseases. The immediate goal is the restoration of anatomy and, ultimately, the recovery
of function, with the hope of improving quality, if not quantity, of life. Traditional methods
involve the surgical correction/reconstruction of skeletal deformities caused by fractures,
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damage, or soft tissue rupture, or the replacement/resection of degenerated joints. Modern
research is currently focused on innovative procedures to replenish/restore the human body to a
state close to its original/natural condition (Zumwalt & Reddy, 2020).

>

Neurological pathologies: primary neurological conditions, including Parkinson's disease
(PD), Alzheimer's disease (AD), amyotrophic lateral sclerosis (ALS), multiple sclerosis (MS),
stroke, spinal cord injury (SCI), and other related disorders. The review begins with a detailed
introduction to stem cell biology, discussing the types, sources, and mechanisms of action of
stem cells in neurological therapies. Then, it critically examines preclinical evidence from
animal models and early human trials investigating the safety, feasibility, and efficacy of
different types of stem cells, such as embryonic stem cells (ESCs), mesenchymal stem cells
(MSCs), neural stem cells (NSCs), and other stem cells (Rahimi Darehbagh et al., 2024).

Spinal cord injuries and disc degeneration: They promote the repair of nervous tissue in dogs and
cats, improving motor function. (Feijo, 2024)

>

>

>

Internal diseases: Kidney and liver failure: They help regenerate damaged tissues, such as in
cases of chronic hepatitis or kidney disease in pets and humans (José Antonio et al., 2024).

Diabetes mellitus: Studies in dogs show improvements in insulin secretion when using MSCs
derived from adipose tissue. (Ghoneim et al., 2024)

Applications in livestock: Reproductive improvement: Cloning of animals with superior
genetic traits using embryonic stem cells (ESCs). (Goszczynski et al., 2023)

Sustainable production: Development of in vitro cultivated meat to reduce environmental impact
(Soleymani et al., 2024).

Applications in human medicine:

» Bovine MSCs serve as a model for studying cartilage repair in human osteoarthritis, thanks

to their biological similarity (Focsa et al., 2024).

» Biotechnology and pharmaceutical production: Use of bovine stem cells to produce

therapeutic proteins or growth factors applicable in human treatments (Takematsu et al.,
2022).

» Studies in cattle allow for testing regenerative therapies before their application in humans,

especially in areas such as tissue engineering (Park et al., 2024).

Cross-cutting benefits:

Anti-inflammatory properties: MSCs secrete cytokines that modulate the immune response,
useful in autoimmune diseases such as inflammatory bowel disease.

Chronic pain reduction: Analgesic effect in patients with osteoarthritis or degenerative
injuries. - Alternative to invasive surgeries: Lower risks and faster recovery compared to
traditional methods (Salari et al., 2020).
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- Ethical aspects: Use of embryos in research and animal welfare in livestock applications
(Quesada Leyva et al., 2021).

Future and perspectives:
Advances in genetic engineering: Modification of stem cells to enhance their therapeutic efficacy.
- Combined therapies: Use of MSCs with platelet-rich plasma (PRP) to enhance regeneration.

- Regulation and standards: The need for clear legal frameworks to ensure safety and
transparency, both in veterinary and human medicine (Gupta & Singh, 2024). Bovine stem
cells are a versatile tool with transformative applications in veterinary medicine (treatment of
dysplasia, spinal cord injuries) and human medicine (research models, biotechnology).
However, its success depends on overcoming technical and ethical challenges, as well as
consolidating standardized protocols. Collaboration between both medical fields promises to
accelerate innovations that benefit both animals and humans (Muniz et al., 2024; Ozaydin et
al., 2024; Talavera et al., 2017).

Advances in genetic engineering: Modification of stem cells to enhance their therapeutic efficacy.
- Combined therapies: Use of MSCs with platelet-rich plasma (PRP) to enhance regeneration.

- Regulation and standards: The need for clear legal frameworks to ensure safety and
transparency, both in veterinary and human medicine (Gupta & Singh, 2024).

Benefits of stem cell use

a) Regenerative medicine: Stem cells have the ability to transform into different types of
specialized cells in the body, making them a valuable resource for regenerative medicine.

b) Skin improvement: In facial treatments, stem cells stimulate the production of collagen and
elastin, contributing to firmer, more elastic, and rejuvenated skin. They also help reduce wrinkles
and fine lines, improving skin texture and elasticity.

c) Tissue regeneration: They promote cellular renewal, repairing skin damage and strengthening
its structure.

d) Treatment of musculoskeletal injuries and diseases: In traumatology and orthopedic surgery,
stem cells are a promising tool for treating musculoskeletal injuries and diseases, accelerating
bone consolidation in complex fractures.

e) Pain reduction: The new cartilage tissue generated by stem cells can reduce pain and act as an
anti-inflammatory in diseases such as osteoarthritis (Quesada Leyva et al., 2017; Vizoso et al.,
2023Db).

Risks associated with stem cell therapy:

There is a risk that stem cells may become cancerous if they divide uncontrollably or differentiate
into abnormal cells. The body may recognize foreign stem cells as a threat and attack them,
causing inflammation and damage. They may lead to infections or other complications associated
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with invasive medical procedures. Additionally, they can interact unpredictably with other
medications the patient is taking, potentially resulting in adverse drug interactions (Salazar-
Villegas, 2024; Vizoso et al., 2023a).

There is a risk of encountering unethical professionals who offer untested or unverified stem cell
therapies that are neither safe nor effective (Tornero-Tornero & Fernandez Rodriguez, 2021).

Recent advances in stem cell therapies for bovines and humans

a) Regenerative medicine: Use of mesenchymal stem cells (MSCs) derived from adipose tissue or
bone marrow to treat hoof and joint injuries in dairy cows, reducing lameness and improving
productivity (Salazar-Villegas, 2024).

- 3D bioprinting of cartilage tissue from bovine MSCs to repair joint defects in livestock
(Szychlinska et al., 2022).

b) Cloning and genetic improvement

- Cloning elite animals: using somatic cell nuclear transfer (SCNT) techniques to replicate
bovines with high milk productivity or disease resistance. Modification of bovine stem cells
to introduce genes for disease resistance, such as bovine tuberculosis or foot-and-mouth
disease (Tristan et al., 2023).

¢) Cultured meat production

- Development of bovine induced pluripotent stem cells (iPSCs) for producing lab-grown meat,
reducing dependence on traditional livestock farming and methane emissions (Olenic et al.,
2024; Soleymani et al., 2024).

d) Disease models

- Creation of bovine organoids (mini in vitro organs) from stem cells to study infectious
diseases such as mastitis, accelerating treatment development (Gabriel et al., 2024).

Advances in therapies for humans
a) Tissue and organ engineering

- 3D bioprinting of organs Use of human stem cells and biocompatible scaffolds to create
functional tissues, such as skin or corneas, with potential for transplants. Brain organoids:
Pluripotent stem cell-derived models for studying neurodegenerative diseases such as
Alzheimer's (Edri et al., 2024).

b) Cancer therapies: Genetic modification of hematopoietic stem cells to target cancer cells, with
success in leukemias and lymphomas (Everette et al., 2023; Salazar, 2023).

- NK (Natural Killer) stem cells: Enhanced to combat solid tumors, such as breast or lung
cancer (Coénon et al., 2024).

c) Personalized medicine Reprogramming patient cells to generate personalized disease models,
such as muscular dystrophy or cystic fibrosis, testing drugs in vitro (Tello Vera, 2022).
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Cardiovascular therapies: Injection of MSCs into damaged hearts to regenerate myocardium
after heart attacks, with Phase Ill clinical trials underway (Kumar et al., 2024; Terzic &
Perez-Terzic, 2010).

d) Overcoming immunological barriers

"Universal" cells Editing human stem cells (via CRISPR) to remove HLA molecules,
reducing rejection in transplants (Zheng et al., 2024).

Cross-species advancements (bovine-human)

Use of bovine stem cells to test regenerative therapies before applying them in humans,
leveraging anatomical similarities (e.g., cartilage repair studies) (Lee et al., 2024).

Pharmaceutical biotechnology: Production of monoclonal antibodies and growth factors in
bovine stem cell cultures, useful for treating human diseases such as rheumatoid arthritis
(Gutiérrez-Chavez et al., 2024).

Ethics and sustainability: Collaborative research to address common ethical dilemmas, such
as the use of embryos or the regulation of cultivated meat (Cabezas, 2025; Quesada Leyva et
al., 2021; Quesada Leyva et al., 2017; Salazar, 2023).

Future and perspectives:

Artificial intelligence: Optimization of cell differentiation protocols using predictive
algorithms (Vo et al., 2024).

Combined gene-cell therapies: Use of genetically edited stem cells to treat multifactorial
diseases (Deneault, 2024).

Global regulations: Harmonization of regulations to ensure safety in both veterinary and
human applications (Han et al., 2024; Talavera et al., 2017).

A critical analysis based on the conducted literature review

1. Current trends

Focus on induced pluripotent stem cells (iPSCs):

Growing interest in reprogramming bovine somatic cells (e.g., fibroblasts) to generate iPSCs,
avoiding embryo use and enabling applications such as cultivated meat production and
genetic preservation.

Use of CRISPR/Cas9 to edit iPSCs and enhance their differentiation into specific tissues
(muscle, cartilage).

Integration of advanced biotechnologies:

Combination of stem cells with 3D bioprinting to create structured tissues (e.g., bovine
cartilage for repairing joints in horses or humans).
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- Development of bovine organoids as models to study infectious diseases (e.g., mastitis) or
test drugs.

e Interspecies translation (One Health):

- Leveraging biological similarities between bovines and humans to validate regenerative
therapies (e.g., cartilage repair in osteoarthritis) before applying them in human medicine.

e Sustainability and ethics:
- Research on cultivated meat to reduce the environmental impact of livestock farming.

- Debate on regulations for embryo use and animal welfare in livestock applications.

CONCLUSIONS

The study of bovine stem cells has proven to be a transformative field, with profound
implications for both veterinary and human medicine. Key conclusions from this review:

1. Transformative Potential in Medicine:

Bovine stem cells, especially mesenchymal stem cells (MSCs) and induced pluripotent stem cells
(iPSCs), have revolutionized the treatment of musculoskeletal diseases (arthritis, tendon injuries),
neurological conditions (spinal cord injuries), and metabolic disorders (diabetes) in animals. In
humans, they serve as preclinical models for regenerative therapies, such as cartilage repair in
osteoarthritis or 3D bioprinting of tissues.

2. Technological innovation:

The integration of tools such as CRISPR/Cas9, 3D bioprinting, and bovine organoids has enabled
unprecedented advancements, from gene editing for disease resistance to sustainable cultivated
meat production, reducing the environmental impact of traditional livestock farming.

3. Interspecies synergies (One Health):

The biological similarity between bovines and humans facilitates the translation of veterinary
findings into human medical applications. For example, studies on bovine cartilage repair have
inspired protocols to treat osteoarthritis in human patients.

4. Critical challenges:

Technical barriers persist, such as low efficiency in cell differentiation and the lack of
standardized protocols. Additionally, the risks of tumorigenicity and immune rejection require
long-term safety studies.

Ethical dilemmas, such as embryo use and cloning, along with the high costs of therapies, limit
their accessibility and global acceptance.

In summary, bovine stem cells represent a bridge between animal and human health, with the
potential to revolutionize regenerative medicine, food production, and biodiversity conservation.
However, its maximum impact will only be achieved by overcoming technical, ethical, and
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economic challenges through rigorous research and inclusive policies. This constantly evolving
field requires a global commitment to ensure that its benefits reach both rural communities and
public health systems.
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