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Abstract 

Research into adult mesenchymal stem cells (MSCs) 

and their therapeutic potential for treating various 

diseases is nowadays on the rise, not only in human, 

but also in veterinary medicine. MSCs are easy to 

collect from most tissues and relatively safe with no 

ethical concerns. They can be used in veterinary 

medicine as autologous or allogenic cell-based 

therapies for orthopaedic injuries, cardiovascular, 

muscular and neurodegenerative disorders and wound 

healing. The therapeutic action of MSCs lies either in 

their differentiation towards cells which need to be 

replaced, or in their immunomodulatory and paracrine 

effects through which they support recovery of 

various tissues. Regarding these pro-regenerative 

properties considerable attention has to be paid to 

proper matching of MSC sources with respect to the 

nature of the diseases needing to be cured. Overall 

data indicate that particularly the umbilical cord MSC 

(UC MSC) therapy which involves the most primitive 
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MSCs may bring considerable benefits to patients 

with a wide range of diseases. This review describes 

the pro-regenerative potential of MSCs with the main 

focus on advances in UC MSCs based therapy in 

veterinary medicine. 
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1. Introduction 

Stem cells are specific cells with unique properties. 

They are divided into categories based on their origin 

and differentiation properties [1]. Embryonic stem 

cells are pluripotent, able to differentiate into all cells 

of the primary layers: mesoderm, endoderm and 

ectoderm [2-4]. Furthermore, they have unlimited 

capacity for self-renewal, which makes them a unique 

tool for research in regenerative medicine [4, 5]. 

However, due to ethical concerns associated with 

their isolation from blastocysts, tumorigenicity and 

problems with histocompatibility, their translation 

into clinical trials is being postponed. Induced 

pluripotent stem cells (iPSCs) present an alternative to 

embryonic stem cells [5]. Human iPSCs were first 

derived from skin fibroblasts, but now they can be 

established from diverse somatic cell types and 

various animal species [6]. Induced pluripotent stem 

cells are adapted by specific reprogramming 

procedure towards pluripotency, involving Oct4, 

Sox2, Klf4, and c-Myc genes, so they show 

characteristics similar to embryonic stem cells, but 

without the ethical dilemma [5]. Their greatest 

advantage lies in the fact that they are disease and 

patient specific, thus potentially could be enrolled in 

personalized therapies for almost all disorders [5]. 

Recent studies from experimental veterinary medicine 

have shown the ability to generate neural precursors 

from cells derived from adult canine skin. Skin-

derived neural precursors (SD NPCs) are able to 

produce mature neural cells similar to neurons in the 

central nervous system [7]. SD NPCs seem to be a hot 

candidate for treatment of canine cognitive 

dysfunction (CDS) or Alzheimer’s disease (AD) in 

humans, as these cells with basic electrophysiological 

functionality are capable of replacing lost neurons in 

the brain [7]. During the last three decades 

considerable attention has been given to research into 

multipotent MSCs, which are clonogenic, non-

haematopoietic and able to replicate extensively in 

vitro. In veterinary clinics in particular the numbers of 

companion animals treated with MSCs derived from 

various adult tissues have significantly increased and 

provide an important basis for assessing their 

effectiveness and potential translation to human 

medicine. 

 

2. Sources and Characteristicts of MSCs 

Although bone marrow and adipose tissues are the 

main sources of adult MSCs, stromal stem cells can 

also be obtained from synovium, dermis, periodontal 

ligament, dental pulp and other adult tissues [8-12]. 

However, the most primitive MSCs are nowadays 

isolated from umbilical cord blood and from umbilical 

cord tissue, known as Wharton’s jelly (Figure 1). In 

the veterinary field there are many species from which 

the umbilical cord can be collected [3, 13, 14]. The 

preferable method for acquiring an umbilical cord is 

by caesarean section, when the risk of contamination 

is reduced to a minimum. Canine umbilical cord 

blood and Wharton’s jelly can serve as good sources 

of MSCs, which is why many different isolation 

protocols have already been established [14-17]. On 

the other hand, the MSCs used in feline regenerative 

medicine are mostly isolated from bone marrow, 
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adipose tissue or amniotic fluid through minimal 

manipulation, but not from umbilical cord up to now 

[18-20]. The first isolation of equine MSCs from 

umbilical cord blood was published in 2007 by Koch 

et al [13]. Since then many studies have described 

different application strategies for equine MSCs 

derived from both umbilical cord blood and 

Wharton´s jelly from horses or other larger species 

such as sheep, goats and cows [13, 21-27]. However, 

due to their anatomical, genetic and physiological 

similarities with humans, pigs serve as the best 

preclinical model for safety evaluation and clinical 

application of UC MSCs in veterinary practice as well 

as in translation studies for human medicine [28, 29]. 

Nowadays, standard protocols for effective isolation 

of Wharton´s jelly MSCs from different animals and 

tissues have been established, thus opening up 

possibilities for cell-based therapies in veterinary 

clinics [14, 15]. 

 

 

 

Figure 1: Schematic design of UCMSC based therapy in veterinary practice: animal donors, umbilical cord derived 

MSCs, minimal properties, banking and therapy. 

 

3. Characterization of MSCs 

Mesenchymal stem cells are multipotent cells capable 

of differentiating into multiple lineages. According to 

the International Society for Cellular Therapy they 

have to meet three criteria, which are plastic 

adherence, expression of specific cell surface markers 

and three lineage differentiation potential [31]. Even 

though these criteria were firstly established for 

human MSCs, they also apply to animal MSCs [31, 

32]. MSCs show spindle-like and fibroblastic 

morphology, and after the first two or three passages 

they express stromal markers CD105, CD73 and 

CD90, and they lacki hematopoietic factors such as 

CD45, CD34, CD14 or CD11b, CD79a or CD19 and 

HLA class [31, 33, 34]. According to the literature, 

there are also other CD markers expressed by 

umbilical cord-derived MSCs such as CD44 or CD29 

[21]. MSCs are assumed to differentiate into 
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osteoblasts, chondrocytes and adipocytes, proven by 

staining with Alizarin Red, Alcian blue and Oil Red O 

respectively [31]. Interestingly, some studies do not 

support UC MSC differentiation into adipocytes, 

while others demonstrate their adipogenic potential 

[21, 30, 33]. Three lineage differentiations of UC 

MSCs can also be proven by means of RT- PCR and 

specific gene expression [35]. Chondrogenic 

differentiation of UC MSCs is associated with 

expression of Sox9, COL1 and COL2 genes [36]. 

Genes specific for osteogenic differentiation are 

osteonectin and Runx2 [37], but there are also other 

markers used in human medicine such as ALP 

(alkaline phosphatase), PSAT1, HSP27, OAT and 

CRB1 [38]. Adipogenic differentiation is routinely 

demonstrated through the expression of lipoprotein 

lipase (LPL), leptin and fatty acid-binding protein 4 

(FABP4) [16]. In addition, under specific 

experimental conditions MSCs can give rise to other 

cell types, such as hepatocytes, which was indicated 

through the expression of albumin and cytokeratin 18. 

Neural differentiation potential was confirmed with 

glial fibrillary acidic protein (GFAP) and 

microtubule-associated protein 2 (MAP2) [16, 39]. As 

a result of the effort to establish what particular 

tissue-specific cells can differentiate into in vitro or in 

vivo, there is a need to analyse the gene-expression 

patterns of differentiated MSCs together with their 

protein content. 

 

4. Preclinical and Clinical Studies 

As the idea of using MSC-based therapy developed, 

animals were first selected for safety testing. Very 

soon MSCs made their way out from laboratories, 

from mouse and rat experimental studies into 

veterinary clinics, where pets are “tested” and treated 

side-by-side [3]. Developed veterinary approaches 

give us opportunities for safety studies and for 

researching the most appropriate MSC application 

strategies in disorders which pets and humans have in 

common, whether identical or similar [3]. 

 

Donors Sources Stem cells Disease 

Dog Skin 

Bone marrow  

Adipose tissue 

Umbilical cord 

iPSCs, NPCs 

 

MSC 

More primitive 

> MSC 

Kidney failure 

Neurologic disorders 

Cutaneous wound 

Bone and cartilage defects 

Cat Bone marrow 

Adipose tissue 

MSC Kidney failure 

Neurologic disorders 

Horse Bone marrow  

Adipose tissue 

Umbilical cord 

 

MSC 

More primitive  

> MSC 

Tendon cyst 

Bone and cartilage defect 

Pig Umbilical cord More primitive  

> MSC 

Bone and cartilage defects 

Animal model 

Table 1: Donors, sources and types of stem cells used in veterinary medicine with most common treated diseases. 
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There are many disorders in veterinary medicine 

where MSCs can be indicated, but many others still 

remain under research (Table 1). The most common 

diseases treated with MSCs are musculoskeletal, 

cardiovascular, ophthalmological, neurological and 

urological disorders. Companion animals such as dogs 

and cats may present with bone problems, mainly 

with hereditary background or caused by 

malformation due to inappropriate diet. Horses 

subjected to high-impact sports often struggle with 

injuries to their soft tissues, tendons, cartilages and 

bones. Other animals such as mice, rats or pigs are 

still used as small or large experimental animal 

models for human medicine [40]. 

 

4.1 Musculoskeletal disorders 

Musculoskeletal disorders such as tendonitis, 

osteoarthritis, muscular dystrophy or bone defects 

caused by trauma, cancer or inflammation are the 

most common indications for UC MSC administration 

[17, 41-44]. The repair of bone defects caused by 

injury, chronic inflammation and tumor presents a 

challenge in veterinary regenerative medicine [45]. 

Newly-developed biocompatible bone-forming 

scaffolds seeded with MSCs seem to be a promising 

form of therapy [41]. Although the differentiation 

potential of MSCs varies with respect to the tissue 

source, UC MSCs have shown higher osteogenic 

potential than bone marrow MSCs in vitro [42]. 

Recent studies indicate that regeneration of fractures 

can be achieved by injection of UC MSCs with beta-

tricalcium phosphate (β-TCP) included as a 

supportive implant [41]. By means of this therapy, 

enhanced bone remodelling leading to accelerated 

fracture healing was found after just six weeks [41]. 

Furthermore, the paracrine effect of UC MSCs may 

play a role in bone regeneration as well [46]. The 

curative properties of UC MSCs have also been 

documented in the case of canine osteoarthritis, with 

the regeneration of cartilages and surrounding tissues 

being observed [44]. Impressive results have been 

attained in the treatment of superficial digital flexor 

tendinitis, which is the most common disorder in race 

horses [23]. UC MSC injection in combination with 

regular physical therapy demonstrated locomotor 

improvement just one month after the initiation of 

treatment [23]. Spontaneously-occurring muscular 

dystrophy in golden retriever dogs is an excellent 

model for studying the progressive muscle weakness 

and atrophy in humans known as Duchenne muscular 

dystrophy (DMD). Recently-developed 

pharmacological, genetic and UC MSC-based 

therapies may partially improve the muscle function 

of those affected by muscular dystrophy. However, 

after single administration of UC-MSCs in a dog 

clinical study, no dystrophin was detected in the 

affected muscles [17]. Therapy including multiple 

injections is therefore now being considered. 

 

4.2 Neurological disorders  

Neurological disorders are usually associated with 

irreversible processes due to the limited regeneration 

capability in the central nervous system. They can be 

classified into traumatic injuries of the brain (TBI) 

and spinal cord (SCI) and age-related degenerations. 

Recent findings indicate that MSCs derived from 

different sources are able to survive and migrate 

towards injury sites and contribute to axonal survival, 

thus promoting functional recovery after SCI and TBI 

[47-51]. Moreover, UC MSCs have been associated 

with more neuroprotection, nerve regeneration and 

less inflammation than other MSCs following SCI 

[52]. Surprisingly, no enhanced sparing of spinal cord 

tissue was demonstrated in a study using MRI [50]. 
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Preclinical studies have shown possibilities of treating 

neurodegenerative disorders such as Parkinson's and 

Alzheimer's disease, multiple sclerosis, or stroke and 

brain tumours [53]. Both MSCs and NPCs seem to 

have promising therapeutic impact, as they decrease 

neuroinflammation, support neurogenesis, 

synaptogenesis and differentiation of neural cells [54]. 

Furthermore, they are able to suppress cell death 

caused by tau protein and Aβ deposit accumulation 

[54]. Thus their biological activity seems to consist in 

neuroprotection and the ability to release immune 

modulatory factors [54]. MSC-based therapy may 

decrease depression states in rats with subarachnoid 

haemorrhage, although the mechanism is not yet 

clear. Because MSCs are able to cross the blood-brain 

barrier [54], the administration of MSCs can be 

provided intravenously, intra-arterially or intranasally, 

which are easy procedures that can be carried out on 

awake animals. Although this treatment appears 

promising, there is a need for further research also in 

the field of veterinary medicine [53]. 

 

4.3 Myocardial disorders and wound healing 

Several stem-cell populations, including adult MSCs 

from various organs and tissues, have been tested for 

cardiac repair potential with encouraging pre-clinical 

and clinical results [55]. For a long time the heart has 

been considered a post-mitotic organ, although this 

view has recently changed with the identification of 

stem/progenitor cells residing within the adult heart 

[56]. Stem cells in the dog heart are self-renewing, 

clonogenic and multipotent, capable of regenerating 

infarcted myocardium, and improving cardiac 

function [57]. They regenerate the injured heart either 

directly via differentiation into cardiomyocytes and 

vascular cells, or indirectly through paracrine effects 

(modulating angiogenesis and inflammation and 

preserving the Cx43 gap junction). Another recent 

study involving porcine acute myocardial infarction 

indicates that intravenous injection of UC MSCs is a 

feasible and effective procedure for preserving left 

ventricle function and augmenting myocardial 

remodelling [28]. Although promising results in 

restoring cardiac function in patients with heart failure 

have been achieved, the efficacy of UC MSCs should 

be further explored through large randomized 

controlled trials. Finally, accumulating evidence 

indicates the beneficial properties of UC MSCs in 

wound healing (cuts, burns, and ulcers) and in non-

healing wounds (diabetes). This depends on their 

ability to differentiate into different skin-cell types 

such as keratinocytes, endothelial cells, pericytes and 

monocytes, regulating collagen I and III and ECM, 

and decreasing the TIMP/MMP ratio [58, 59]. UC 

MSCs have also been tested in dogs with 

keratoconjuctivitis sicca, also known as dry eye 

syndrome, and in patients with ocular injury or retinal 

detachments with promising results [60, 61]. 

 

5. Conclusion 

MSCs are able to differentiate into a wide range of 

specialized cells with the capacity to renew or rebuild 

damaged tissues. MSCs collected from bone marrow 

seems to be the best source for treating patients with 

musculoskeletal disorders (tendinitis, osteoarthritis, 

muscular dystrophy or bone defects). However, 

despite being considered as more primitive, umbilical 

cord (UC) MSCs show more pluripotent and 

genetically-flexible features with more enhanced 

immunomodulatory and paracrine action than other 

adult stem cells. Thus they can be enrolled in 

therapies for neurological and myocardial disorders, 

or even for difficult wound healing conditions. Due to 

these facts, special effort is needed for matching the 
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most convenient sources of MSCs with specific 

disorder conditions in order to promote the best 

therapeutic benefit to patients. These results are still 

preliminary, however, and we need more extensive 

clinical trials for safety and efficacy studies. 

Nowadays, stem cell-based therapy plays a crucial 

role in the development of veterinary regenerative 

medicine and in the translation process into human 

medicine.  
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