


Role of stem cell therapy in Veterinary Practices: a review
Abstract
For effective treatments for animal’s illness with natural healing properties, stem cell is act as veterinary regenerative medicine. The various types of stem cells are embryonic, adult and Induced Pluripotent Stem (iPS) cells on the basis of their origin.  These stem cell are originated from various tissues such as  bone marrow, adipose tissue, umbilical cord and other sources are frequently used. It is used for treatment of different types of disorders such as neurodegenerative diseases, ligament and tendon injuries, wobbler syndrome, osteoarthritis and mastitis. Beside this, organoids three-dimensional structures made from ESCs, ASCs, or iPSCs serve as physiologically relevant, species-specific models for disease research, drug screening, and tissue regeneration without using live animals, iPSCs enable patient-specific therapies, reducing the risk of immune rejection. Future developments combining organoid and stem cell technologies could aid in conserving endangered species, increasing livestock productivity, and enhancing animal welfare. Translating stem cell therapy from research into routine livestock healthcare requires clear guidelines and cost-effective production .
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Introduction
The cells that give rise to the germ line were initially referred to as stem cells, this term was first used similarly by Theodor Boveri at the University of Munich and Valentin Haecker at the University of Freiburg [1]. The germline's three layers are produced by embryonic stem cells, which are essentially pluripotent. However, they are not totipotent because they are unable to produce the trophectoderm, which are extra-embryonic cells [2]. Martin Evans and Matt Kaufmann identified, isolated, and cultivated embryonic stem cells in mice for the first time in 1981 [3]. For the first time, stem cells were successfully extracted from human blastocysts [4].Stem cells' capacity for self-renewal is being leveraged to develop regenerative medicine for a range of clinical uses. The blastocyst stage of the developing embryo is where embryonic stem cells are located [5]. Adult stem cells come from a variety of sources, including peripheral blood, umbilical cord blood, adipose tissue, bone marrow, blood vessels, the brain, skeletal muscles and the liver [6]. Hematopoietic stem cells (HSCs) and non-hematopoietic or mesenchymal stem cells (nHSCs/MSCs) are the two types of stem cells that develop from bone marrow and umbilical cord blood. Livestock diseases that affect large areas of organs with limited regenerative capacity, like tendons, ligaments, and cartilages can be treated with stem cells. Due to it can retard the immune system, they are effective in treating autoimmune and inflammatory diseases in cattle [7]. Mastitis, laminitis, wound healing, orthopedic conditions, and neurological disorders are among the main conditions for which stem cell therapy is used in livestock. Stem cell therapy must be affordable and available to livestock owners, and its long-term effects are crucial for clinical applications [8].
Properties of Stem Cells
The use of stem cells in regenerative medicine is very beneficial due to their capacity for self-renewal and differentiation into specialized cell types. Additionally, they have the potential to be used for treatment of various illnesses human and animal [9]. The following characteristics of stem cells set them apart from regular cells.
Self sustaining 
A population of undifferentiated stem cells is maintained by the remarkable ability of stem cells to replicate themselves, making identical copies through cell division. An organism's capacity for self-renewal may persist throughout its lifetime [10].
Differentiation
Stem cells have the capacity to develop into more specialized cells with particular roles. Pluripotency or multipotency is the ability to differentiate into different cell lineages. The type of stem cell can influence its capacity for differentiation [11]. 
Homing
Homing is the ability of stem cells to move to the site of inflammation or injury for performing restore mechanism functions [12]. The exogenously introduced stem cells also use the multi-step endogenous physiological process of stem cell homing for tissue regeneration and repair [13].
Route of transplantation
There are types of stem cell transplantation mentioned below
· Autologous route: This transplantation method, doctors typically take stem cells from peripheral blood instead of bone marrow [14]. 
· Allogeneic route: An additional donor serves as the source of stem cells. These animals may be related or unrelated [15].
· Xenogeneic route: Stem cells come from various species and transplanted into other species. Parkinson's disease xenotransplants of striatal pig fetal ventral mesencephalic in human (FVM) [16].
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Figure 1: The different  ways of stem cell transplantation
Classification of Stem Cells
Stem cells have been divided into a number of types, which are covered below, according to their origin or source of production and capacity for differentiation. 
a. According to origin: 
There are three different kinds of stem cells depending on where they came from. 
1. Embryonic stem cells: These cells come from the blastocyst's inner cell mass and are naturally pluripotent. Organs and tissues can form as a result of their ability to differentiate into a range of cell types [17]. But in many situations, their use and isolation present a risk of immunological rejection and ethical concerns [18].
2. Adult stem cells: These cells are multipotent adult-derived stem cells that come from different body tissues and organs. Since they come from a variety of sources, they are mostly utilized in regenerative medicine. These cells are primarily derived from bone marrow, adipose tissue, dental pulp, umbilical cord blood and other organs. They aid in mitigating the dangers of immunological rejection [19, 20]. Two subtypes of adult stem cells can be distinguished:
· Hematopoietic stem cells: These can develop into a variety of immune cells, such as leukocytes, erythrocytes, and platelets, and are present in large amounts in bone marrow [21].
· Mesenchymal stem cells, also referred to as non-hematopoietic stem cells, are cells with a potent immuno-modulatory response. These cells can differentiate into various cell types, including connective tissue, bone, cartilage, muscle and fat, depending on the organ [22].
3. Pluripotent stem (iPS) cells: Transfection of pluripotent genes into differentiated cells results in induced pluripotent stem (iPS) cells, which are reprogrammed adult somatic cells. The transfected cells transform into stem-cell-like cells after a few days of culture. Takahashi and Yamanaka invented this method in 2006 with mouse somatic cells. Since these cells are made from the patient's own cells, there are no ethical issues or risks of immunological rejection [23]. The safety and effectiveness of using these cells for treatment present difficulties and these areas are the focus of current research [24].
Table 1. Comparisons of different types of stem cell 
	Embryonic stem cells
	Adult stem cells
	Induced  pluripotent
stem (iPS)cells

	It can be originated  from the inner 
cell mass of the blastocyst
	It can be Umbilical cord blood,
Dental pulp, adipose tissue and 
Bonemarrow
	By the transfection of 
pluripotent genes into the
 differentiated cells

	They are totipotent that means can 
differentiate into most cell type
	It is also known as somatic 
stem cell
	They are pluripotent in 
nature.

	They can produce clone of an entire 
Organism
	These are undiffentiated cells
present in differentiated tissue
or organs (multipotent)
	           No ethical issues in clinical 
and therapeutic use


	Due to lack in complete immune
compatibility, organs and tissues generated 
from them will likely be immune rejected
	They help in repair and
Maintenance of specific tissue 
or organ where they thrive
	Low risk of immune 
rejection


	Use is ethically questionable in many 
Countries
	No risk of rejection during 
auto-transplant
	Low rate of reprogramming

	
	Less or no risk of tumor 
Formation
	


b. According to Differentiation Ability
Stem cells can be divided into five major groups based on their capacity to differentiate into various cell types.
1. Totipotent stem cells (all-purpose ability): 
This type of cells is differentiating into various kinds of cell and having more potent. A typical example is zygote cell it having ability to develop fully organism from one cell. In animals this cell can be differentiated into the germ layers of the embryo along with extra embryonic tissue, such as the placenta [25,26].
2. Pluripotent stem cells, (which have multiple functions):
These cells do not play a part in the development of the placenta, but they can differentiate into the embryo's three main germ layers. The body's tissues and organs develop from these germ layers. Pluripotent stem cells are the embryonic stem cells found in the inner cell mass of an animal embryo at the blastocyst stage [27].
3. Multipotent stem cells (The ability of these cells to differentiate into distinct cell types):
The range of differentiation that these cells can undergo is restricted. Multiple specialized cell types found in a particular tissue or organ can be produced from multipotent stem cells. The body's organs and tissues contain adult stem cells, which are multipotent in nature [28].These cells include mesenchymal stem cells, umbilical cord stem cells, bone marrow stem cells and adipose-derived stem cells [29]. 
4. Oligopotent stem cells (which have the capacity to differentiate into a limited number of cell types)
In a particular lineage, these cells differentiate into a few different cell types. The best examples of oligopotent stem cells are myeloid or lymphoid stem cells, which develop into blood cells [30]. 
5. Unipotent stem cells (The ability of these cells to differentiate into a single cell type)
There is only one cell type that these cells can differentiate into. For example, skin stem cells are naturally unipotent, meaning they can only differentiate into more skin cells [31].
Fig 2 : Sources and differentiation pathways of major stem cell types
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This picture showed that the sources and differentiation of different types of stem cell Induced pluripotent stem cells (iPSC-like cells) are created by reprogramming embryo fibroblast or amniotic membrane-derived cells. These cells can subsequently differentiate into skeletal muscle cells, adipose cells, hair follicle cells, and chondrocytes. Embryonic stem cells (ESC-like cells) are produced by separating and cultivating inner cell mass using a blastula. These develop into the same specialized cell types depicted on the right through induced differentiation. Moreover, mesenchymal stem cells (MSCs) can be produced by separating and cultivating the cells of tissues like bone marrow, adipose tissue, and umbilical cord. The three primary sources of stem cells embryonic, induced pluripotent, and adult mesenchymal—are depicted in this figure in an efficient manner, along with how these distinct starting materials can be transformed into a variety of specialized cell types [32].
A. Embryonic stem cells 
The phrase "embryonic stem cells" was first used by Gail Martin. The first mouse embryonic stem cells were separated from the inner cell mass in 1981. James Thomson and colleagues isolated human ESC for the first time in 1998. Morulae, intact blastocysts, inner cell masses, single blastomeres and even partheno-genetic embryos can all be used to create ESCs [33]. Markers of embryonic stem cells, such as SSEA-1, CD9, TRA-1-60, etc. and they resemble embryonic cell mass.
Application of embryonic stem cells 
1. Cloning
2. In vitro breeding (IVB)
3. Combine Genomic Selection
4. Genetically improved livestock
5. Endangered Animals
6. Production of transgenic animals
7. Stem Cell Banking 
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Fig 3 : Clone buffalo Garima-2 was born from an Embryonic Stem Cell 
On 22nd August, 2010 clone buffalo Garima-2 was born from Embryonic Stem Cell
Dr. Srivastva and his team found that embryonic stem cells have better cloning ability than Somatic cell cloning 
B. Adult stem cell/ somatic stem cell  
It was suggested by Caplan that the term "mesenchymal stem cells" be replaced with "medicinal signaling cell" (MSC) [34]. They come from different body tissues and organs and are naturally multipotent. MSC, which are frequently derived from bone marrow, have conducted the majority of clinical trial studies of stem cell therapy (Fortier and Travis 2011). Adult stem cell markers include CD44, SOX10, ABCG2, and others. MSCs are the most commonly used stem cells in clinical settings for veterinary science [35].
Application of mesenchymal Stem Cells in Animal Treatment
Umbilical cord blood-derived MSCs have demonstrated beneficial outcomes in numerous degenerative diseases without any negative side effects. Adipose tissue derived MSCs have been used to treat chronic osteoarthritis. Using animal models, stem cell applications are being investigated for the treatment of inflammatory diseases in animals and the development of human medications [36]. Adipose-derived stem cells and MSCs have been used to treat osteoarthritis and bone spavin, respectively [37]. Autologous stem cell therapy for cartilage regeneration is being used on goats [38]. Bone-marrow-derived and peripheral blood-derived stem cells are currently being used to treat scrapie, a neurodegenerative disease in sheep [39]. In addition to being used to treat a variety of conditions, including those affecting the central and peripheral nervous systems, the gastrointestinal tract, the respiratory, reproductive, urinary, integumentary and endocrine systems, including the eye, MSCs have also been shown to promote tissue regeneration in cartilage and bone tissues [40].  The quality of cartilage regeneration varies among animals and does not fully replicate the natural cartilage, as demonstrated by the use of MSCs in the regeneration of cartilage in sheep, goats, and horses. With better fibrocartilage formation and defect fillings, it has demonstrated encouraging outcomes. Research has shown promising outcomes in the management of osteoarthritis in dogs and horses, including decreased lameness and pain as well as slowed disease progression [41].The MSCs' ability to differentiate into osteoblasts or bone cells, has encouraged their use in bone tissue engineering and bone regeneration applications. For using stem cells to treat equine pastern joint arthrodesis [42]. Although the results have been encouraging and noteworthy in terms of bone regeneration, there are still issues with standardizing the stem cell isolation, culture and transplantation processes as well as comprehending the MSCs' mode of action and the long-term impacts of these cells in the treatment of bone fractures and arthritis [43]. Wobbler syndrome, also called cervical vertebral malformation (CVM), is a disorder that primarily affects dogs and horses and affects the musculoskeletal and neurological systems of these animals. Due to the spinal canal narrowing, the clinical symptoms include ataxia, spasticity, and lack of coordination [44]. Bone-marrow-derived MSCs administered intrathecally have been shown to be safe in studies utilizing MSCs to treat wobbler syndrome. Nevertheless, there was no apparent improvement in the horse's neurological function [45]. The atlanto-occipital regions of horses with a common form of wobbler syndrome were treated with adipose-derived MSCs. According to this study, atlanto-occipital injections are more successful in distributing cells to the spinal canal's afflicted areas [46]. Infections and injuries are the primary causes of mastitis in cattle. The problem of antibiotic resistance in the treatment of mastitis has arisen as a result of the use of antibiotics to treat the illness. The primary driver behind the creation of an alternate mastitis treatment was the decreased milk production in subsequent lactations in infected cattle as a result of widespread damage to the mammary gland's mammary epithelial cells. The milk's chemical composition changed and its shelf life was shortened due to its high somatic cell count. Since antibiotics caused higher somatic cell counts in milk, this was the primary factor in the decrease in their use [47].
Induced Pluripotent stem (iPS) cells 
Reprogrammed adult somatic cells known as induced pluripotent stem (iPS) cells are created by transforming differentiated cells into stem-cell-like cells using a set of pluripotent genes via gene expression and transfection. In 2006, Takahashi and Yamanaka created them using mouse somatic cells and in 2007, they used human somatic cells [68,69]. They are produced by reprogramming somatic cells to take on the characteristics of pluripotent stem cells through the introduction of a particular gene set known as pluripotency transcription factors. The transcription factors OCT4, SOX2, NANOG, c-Myc, and KLF4 that are introduced into somatic cells are identical to those present in embryonic stem cells [70]. The cells can become pluripotent by the specific roles plays these transcription factors play. Aside from their broad use in human medicine, iPSCs have a few uses in veterinary science, including disease modeling, drug development and regenerative medicine. Since the cells are taken from the patient's own body, they are favored because there are no ethical issues or immune rejection [71].
Organoids: Made from stem cells, organoids are scaled-down and simplified replicas of organs that replicate important anatomical and functional characteristics of the target tissue while also self-organizing in three-dimensional culture. They come from induced pluripotent stem cells (iPSCs), adult stem cells (ASCs), and embryonic stem cells (ESCs). 
Benefits
 • More precise physiology for disease modeling and drug testing. 
• Systems unique to a species. 
• Ongoing upkeep to make chronic disease modeling possible. 
• No live animals are used, making it an ethical substitute for in vivo testing.
Clinical Application 
Gastrointestinal (GI) Organoids used for IBD (inflammatory bowel disease) and parvovirus infection in dogs [72]. Liver Organoids: Used for modeling liver disease, drug toxicity testing and regeneration of     tissues [73].Reproductive & Mammary Gland Organoids: Useful for Pathophysiology of mastitis, mammary tumors [74].
Challenges 
· High cost [75].
· Oncogenic & Genetic Instability [76].
· SC potency varies by source (adipose vs. bone marrow), donor age, and species.
· Lack of universal biomarkers [77].                              
· Animal welfare issues
· Livestock Bias [78].
Current Stem Cell Trends in Veterinary Science Domains
In veterinary medicine, stem cell therapy is becoming more popular. When it comes to stem cell therapy for livestock diseases, MSCs have been favored. Numerous sources, such as bone marrow, adipose tissue, peripheral blood, and the umbilical cord, can yield these easily accessible cells [79]. MSCs are used to treat livestock illnesses such as liver failure, degenerative diseases, and damage to the tendons and ligaments [80]. Animal species that are in danger of extinction can be saved by using stem cells [81]. The broad acceptance of stem cells as treatments for numerous complex illnesses will be facilitated by the molecular dynamics of stem cell function [82,83].
Conclusions
It is concluded that its regenerative and anti-inflammatory properties, stem cell therapy has great potential to transform the way livestock diseases are treated. By encouraging tissue repair and enhancing clinical results, MSCs have shown promise in the treatment of diseases like mastitis, osteoarthritis and wobbler syndrome.  Standardized procedures for the isolation, culture and characterization of stem cells as well as rigorous safety and effectiveness assessments are necessary for their widespread use in veterinary medicine. 
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