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Abstract

Mesenchymal stromal cells (MSCs) are multipotent non-hematopoietic cells able to auto-renewal and
differentiate into mesodermal cell lineages. The cells have been attracted for their potential
therapeutic roles in different diseases possessing broad spectrum of activities (immunomodulatory,
trophic, anti-inflammatory and migratory). Thus, MSCs represent optimal biological “tool" for tissue
regeneration approaches both in human and animals. MSCs firstly isolated from bone marrow (BM)
(Friedenstein, 1970) can be obtained from different sources and organs in adults like, adipose tissue
(AT), Wharton’s jelly, dental pulp, peripheral blood, etc. Upon isolation, MSCs can be characterized
by their ability to grow and expand on plastic plates and can differentiate into multiple lincages like
osteocytes, chondrocytes, myocytes, adipocytes, and express certain cell surface markers like cluster
of differentiation (CD) CD90, CD105, CD73 and are negative for markers like CD45, CD34, CD14,
CD11b, CD19. In addition, they express low level of major histocompatibility complex (MHC) class
I, CD40, CD80, CD86 and do not express MHC class II molecules, which make these cells immune
privileged and an ideal candidate for allogenic transplantation in diseased patients.

Recent studies demonstrating the reduced MSCs engraftment revealed that their beneficial
regenerative effects primarily derive from paracrine activity (secretome release) rather than
differentiation capacity.

Today, MSCs are at the forefront of regenerative medicine, offering potential treatments for a wide
range of diseases (in primis musculo-skeletal, neurodegenerative and auto-immune) for which MSCs
act by reducing inflammation and pain, and promoting the development of hyaline cartilage.

Future research is directed towards new and important objectives (optimization of MSC sources and
dosage, use of MSC exosomes and/or in combination with other substances/cells) that can allow us to
enhance knowledge and increase the number of clinical studies.
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Introduction

Mesenchymal stromal cells (MSCs)

In the last years, regenerative medicine has made numerous progresses and therapies which
involve adult mesenchymal stromal cells (MSC) represent a good alternative. MSCs are
undifferentiated multipotent cells firstly identified as stromal or support cells for the
hematopoietic stem cells in bone marrow (Fiedenstein, 1970) (1). The main characteristics of
MSCs are self-renewal and the differentiation into a limited number of cell types (primarily

forming bone, cartilage and fat) derived from mesoderm (Figure 1) (2,3).
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Fig.1 Various isolation sites and properties of MSCs. Bone marrow, adipose tissue, umbilical cord blood and placenta are
common sites for MSC extraction. MSCs can either enhance their self-renewal, differentiation, and proliferation through
the autocrine effects or or secretion of trophic factors that acting through a paracrine effect. (Figure modified by Zannetti
A. etal.,, Cells 2020, 9, 2678; doi:10.3390/cells9122678)
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The self-renewal gives MSCs the possibility to create a reservoir of stem cells to promote tissue
regeneration. This unique property is fundamental to repair throughout the organism's life, although it
undergoes a progressive decline with age (4). Other than in bone marrow, MSCs can also be found in
other postnatal organs and tissues (adipose tissue, muscle, placenta, umbilical cord, etc.) (Figure 1) in
considerable concentrations to be used further for cell therapy. Notably, MSC biological characteristics,
including proteome, transcriptome, and surfactome profiles, can differ according to the different cell-
sources (heterogeneity of MSCs) (5,6). MSCs have been extensively investigated and characterized for
their identification criteria and biological roles. According to International Society for Cellular Therapy
(ISCT) (2006) MSCs must possess n. 3 minimal fundamental prerequisite: 1. ability to adhere on plastic
dishes when cultured in vitro; 2. positive expression of CD105, CD73, CD105 (95% of MSC
population) and negative expression (98 %) of CD34 (hematopoietic progenitors and endothelial cells),
CDA45 (pan-leucocytes), CD14 or CD11b (monocyte/macrophages), and CD19 or CD79a (lymphocyte
B) (7,8). Additionally, the 98% of MSCs is negative for HLA-DR (human leucocyte) antigen-DR
isotype, an MHC (major histocompatibility complex) class II cell surface receptor, if not stimulated by
interferon-gamma (IFN-g) (7,8); 3. Ability to differentiate in three cell lineages of mesodermal origin:
osteocyte, adipocyte and chondrocyte.
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MSC:s in tissue repair and regeneration

Research results focused on the MSCs roles in tissue regeneration showed different and important
activities among which trophic, migratory and immunomodulation are fundamental for the
therapeutic role (9,10). In fact, in a condition of tissue damage, through different direct and
indirect mechanisms, MSCs target the cells implied in innate immunity: mastocytes,
monocytes/macrophages, immature dendritic cells, natural killer cells, and natural T-killer cells
(11,12). Moreover, MSCs act on adaptative immunity. This immunomodulatory role of MSCs
need to be primed by inflammatory cytokines to be exerted (13).

However, in consideration of no engraftment of MSCs in significant numbers in damaged tissue
to satisfy their therapeutic role after their administration in damaged tissue (14), other studies
have been performed. Therapeutic value of MSCs has been attributed to their paracrine effects
(secretome) (Figure 1) via soluble factors (growth factors, cytokines, and hormones) and
extracellular vesicles (EVs) including especially exosomes that contain reparative
peptides/proteins, mRNA, and microRNAs (14). Exosomes have been characterized and isolated
in MSCs from different animal species showing significant advantages for that obtained from dog
considered the most appropriate model for human diseases (15). Notably, canine exosomes
demonstrated potential therapeutic activity against a variety of diseases (in particular
osteoarticular and gastrointestinal) by not only acting as bilipid membrane particles, but also as
carriers, transporting various substances to specific targets, thereby promoting their enhanced
beneficial abilities (16).

However, other that paracrine activity of MSCs altering nearby surrounding cells, an autocrine
role has been attributed to the conditionated medium. It acts enhancing their own migration,
wound healing closure and thus suggesting its role as modulator of MSC behaviour in tissue
repair (Figure 1) (16). Indeed, the secretome could be a promising alternative to stem cell
therapy, offering numerous advantages in terms of safety and efficacy, compared to the direct
application of MSCs.

MSCs and main clinical applications

The therapeutic potential of MSCs is extensively increased along the last decades pointing
towards new diseases to potentially treat. Many studies demonstrated the efficacy of MSCs in
pre-clinical models of musculoskeletal, nervous, cardiovascular, and immune diseases showing a
particular activity for osteoarthritis (OA). Several findings demonstrate that intra-articular
injection of MSCs in damaged tissue improved the clinical condition accompanied by pain
reduction and enhanced functional capacity (17). In this condition, exosomes from MSCs seem to

act predominantly mitigating inflammation and enhancing tissue regeneration through stimulating
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the shift of pro-inflammatory M1 macrophages to anti-inflammatory M2 macrophages and
reducing expression of IL-1B, TNF-a, and IL-6 (pro-inflammatory cytokines). Additionally, it has
been shown that exosomes increase the expression of IL-10 chondrogenic genes SOX9 and
enhance the proliferation and migration of chondrocytes, as well as diminish chondrocyte
apoptosis (18). Similar therapeutic results have been demonstrated in domestic animals (horse
and dog) affected by OA for which an improved joint function complemented by pain and
inflammation reduction was shown (19).

Recently mostly attention has paid to MSCs employed in cardiovascular sciences for which an
interesting activity in neovascularization and cardiac function improvement following myocardial
infarction was demonstrated (20). In addition, in pre-clinical approaches, bone marrow and
adipose MSCs have been used for the treatment of chronic ischemic heart disease revealing
enhanced cardiac function, reduced infarct size, and improved angiogenesis (21). Recent, new
clinical trials are assessing the safety and efficacy of allogeneic MSC therapy in patients with
several cardiac diseases (including acute myocardial infarction, chronic ischemic and non-
ischemic cardiomyopathy). Encouraging results obtained suggest continuing for the development
of allogeneic cell-based regenerative therapies for structural and functional disorders of the
myocardium. However, many challenges remain, such as addressing long-term safety, serial stem
cell injections, and optimal cell type, dose, and delivery route (22).

Furthermore, the beneficial effects of MSCs enhancing neuronal repair in neurodegenerative
diseases including spinal cord injury and stroke have been shown (23). In particular, the
neuroprotective role exerted by MSCs seem to be mediated by the production of various trophic
factors, including brain-derived neurotrophic factor (BDNF), nerve growth factor (NGF),, and
insulin-like growth factor-1 (IGF-1), which contribute to recovering neurobehavioral function
and stimulating endogenous regeneration (24).

Clinical applications of autologous and allogeneic MSCs are already available for treating a range
of diseases or conditions albeit both of them have their own advantages and disadvantages in
their medical practice. In addition, heterogeneity of MSCs in term of individuals, tissue source,
and biological potential impacts their therapeutic potency.

Conclusions

In conclusion, the results emerging from published papers on a series of a Special Issue by
International Journal of Molecular Sciences (“Novel MSC Perspectives: From Cell Regulation to
Tissue Regeneration”, 2019-2024, guest editor Alessandra Pelagalli) paint a picture of an
orchestrated web of signals and interactions that can be modulated to impact advances in MSC

translation to reach the goal of using MSC in routine clinical practice (25). Currently, the
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available data point to the need for stem cell precision medicine in relation to several factors
(donor characteristics, specific culture conditions, and specific therapeutic applications) also

suggesting that MSC therapy warrants further investigation in large-scale trials (25).
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