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Stem cells constitute a set of undifferentiated cells with the capacity to differentiate 

into other cell types and to self-renew. Stem cells can be: (i) totipotent, such as the ones of 

the zygote, which can give rise to any cell in an organism and to extraembryonic struc-

tures; (ii) pluripotent, such as embryonic cells that can differentiate into any cell in the 

germ layers; (iii) multipotent if they can differentiate into different cell types within spe-

cific lineages, such as hematopoietic stem cells; (iv) oligopotent, with the capacity to dif-

ferentiate into only some cell types; and (v) unipotent, which gives rise to a specific cell 

type. In adults, there are multipotent, oligopotent and unipotent stem cells, being distrib-

uted throughout the organism. Their functions involve maintaining tissue homeostasis 

and regeneration. These include mesenchymal, hematopoietic, neural and dermal stem 

cells (MSC, HSC, NSC and DSC, respectively). 

For ethical reasons, clinical applications of stem cells are developed mainly using 

adult stem cells. Fortunately, pluripotent stem cells can be obtained by genetic reprogram-

ming of adult somatic cells. They are called induced pluripotent stem cells (iPSC). Among 

stem cells, HSCs have been studied for more than 50 years. Their isolations from different 

sources, such as bone marrow, peripheral blood or umbilical cord blood, have been de-

scribed and standardized, as well as their use in cell therapy. HSCs are mainly used in 

transplantation, in patients with an inefficient hematopoietic system, which may be 

caused by pathologies, such as leukemia or anemia [1]. 

For their part, MSCs in the last 20 years have become the most studied stem cells, 

exhibiting the greatest potential for regenerative medicine applications. MSCs were iden-

tified in guinea-pig bone marrow and spleen by Friedenstein in 1970, being described as 

fibroblastic cells with the capacity to differentiate into osteoblasts [2]. Later, it was shown 

that MSCs can also differentiate into other cell types, derived from the mesoderm, such 

as adipocytes and chondrocytes. MSCs can even differentiate into cells of endodermal and 

ectodermal origin, such as hepatocytes and neurons. 

MSCs can be obtained from different tissues, including bone marrow, fat tissue, um-

bilical cord, hair follicle, periodontal ligament and placenta. Once isolated, they must be 

expanded and characterized for possible therapeutic use. In order to homogenize the cri-

teria defining MSCs, the International Society for Cell Therapy (ISCT) defined their min-

imum characteristics. Thus, they must: (i) be plastic adherent under standard culture con-

ditions; (ii) express the surface markers CD-73, CD-90 and CD-105; and (iii) lack expres-

sion of CD-11b, CD-14, CD-19, CD-34, CD-45, CD-79a and HLADR. In addition, they must 

have the capacity to differentiate into osteoblasts, adipocytes or chondrocytes in vitro [3]. 

The main MSC characteristics that define their therapeutic potential are: (i) immunomod-

ulatory activity; (ii) differentiation capacity; (iii) easy isolation from their source and fur-

ther expansion in vitro; (iv) susceptible to cryopreservation; (v) hypoimmunogenic, ex-

pressing low levels of Major Histocompatibility Complex (MHC) class I and II; (vi) sus-

ceptible to intravenous administration; and (vii) involved in cell signaling, producing and 

secreting paracrine factors with regenerative capacity. 
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Numerous studies have demonstrated the immunomodulatory character of MSCs. 

Their application in the treatment of different pathologies has evidenced their capacity to 

regulate the immune response. They have been shown to suppress T-cell proliferation, 

cytokine secretion and cytotoxicity, regulating the Th1/Th2 balance and the functions of 

regulatory T cells (Tregs). They also increase B-cell viability and affect antibody secretion 

and the production of B-cell co-stimulatory molecules. Additionally, they inhibit the mat-

uration and activation of dendritic cells and natural killer (NK) cells induced by interleu-

kin-2 (IL-2). These actions are mediated by secreting immunosuppressive factors, such as 

TGF-β, PGE2 and IL-10 [4]. 

With regard to their differentiation capacity, MSCs can differentiate into different cell 

types in vitro, under the appropriate stimuli. Among them are osteoblasts, chondrocytes 

and adipocytes. This differentiation capacity has allowed the development of very inter-

esting therapeutic strategies. For example, MSCs can be included in biocompatible scaf-

folds containing factors that induce their differentiation into the desired cell types. Differ-

ent types of biomaterials have been experimented on for this purpose. They include bioc-

eramics, polymers and composite biomaterials. They must be biocompatible, biodegrada-

ble and osteoinductive. Their structure must allow the three-dimensional growth of 

MSCs, as well as their communication with the tissues surrounding the implant. In rela-

tion to added factors, osteoinductive ones may include bone morphogenetic proteins 

(BMP), fibroblast growth factor (FGF), transforming growth factor-β1 (TGFB1) and vas-

cular endothelial growth factor (VEGF). The latter is an important angiogenic factor. It can 

induce the formation of vessels that supply nutrients and oxygen to the scaffold, thus, 

ensuring survival of implanted MSCs. These strategies have been evaluated in numerous 

preclinical studies, as well as several clinical trials, with very promising results. For in-

stance, they have been used in the treatment of difficult-to-heal bone fractures [5]. 

Implantation of MSCs in tissue-injured areas has shown that a high proportion of 

MSCs does not participate in tissue regeneration through cell differentiation. Rather, they 

participate in the creation of a suitable microenvironment, favoring proliferation and dif-

ferentiation of endogenous cells. For this reason, much interest has been directed in recent 

years to the paracrine factors secreted by MSC. These factors constitute the MSC secre-

tome, being composed of soluble ones and extracellular vesicles [6]. The former includes 

cytokines, chemokines, immuno-modulatory molecules and growth factors, such as TGF-

β, PGE2, IL-10, VEGF, HGF, IGF and FGF. In relation to extracellular vesicles, exosomes 

of endosomal origin and between 30 and 150 nm in size stand out. They are composed of 

a lipid bilayer with different membrane proteins. Their cargos include nucleic acids, pro-

teins and different metabolites. Indeed, exosomes are a vehicle of intercellular communi-

cation, involved in homeostasis and tissue regeneration, as well as in pathological pro-

cesses. Extracellular vesicles secreted by MSCs can affect the composition of the extracel-

lular matrix. That can be accomplished through matrix-remodeling enzymes or by cellular 

physiological processes, after interacting with their host cells. Thus, MSC-derived exo-

somes can intervene in processes related to tissue regeneration, such as proliferation, dif-

ferentiation, apoptosis, angiogenesis, migration and immunomodulation, among others. 

On the other hand, it is important to note that MSC culture and expansion for use in 

cell therapy are carried out outside their natural niche. Thus, such conditions may influ-

ence their regenerative capacity. Therefore, it is essential to develop suitable culture con-

ditions that allow for their expansion, without impairing their therapeutic properties. The 

MSC manufacturing process for clinical use should comply with the principles of Good 

Manufacturing Practice (GMP). This ensures that cell preparations are produced, pro-

cessed and stored with the necessary controls for clinical use [7]. It should be taken into 

account that in vitro expansion of MSCs can produce genetic instability in cells. That 

might favor their potential tumorigenicity when they are implanted in patients. There is 

also risk of infection during isolation and administration procedures. Other drawbacks 

include their putative pro-fibrogenic potential and lung entrapment. That is particularly 

relevant when they must pass through small capillaries. Other potential issues with MSCs 
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in cell therapy include their heterogeneous differentiation ability of distinct MSC popula-

tions. 

Fortunately, the use of MSC-derived exosomes can bypass some of the limitations of 

using MSCs for clinical purposes. Among the advantages of the former in regenerative 

medicine are: (i) can be easily stored; (ii) production of large quantities of cells is not nec-

essary; (iii) can be evaluated for safety, dosage and activity, as conventional pharmaceu-

tical agents; (iv) have a long half-life and stability; (v) can be more easily applied than 

proliferative cells in the clinic; (vi) can circulate through the smallest capillaries, crossing 

the blood–brain barrier; (vii) have lower risks of immune rejection, cellular dedifferentia-

tion or tumor formation than cellular therapies; and (viii) can be manipulated for more 

precise effects as therapeutic agents [8]. Manipulation of their cargos can be accomplished 

by MSC preconditioning under certain conditions, favoring the secretion of desired fac-

tors; for example, conditions of hypoxia or inflammation, when the aim is to obtain vesi-

cles enriched in angiogenic or immunomodulatory factors [9]. In addition, application of 

different biotechnological techniques on these vesicles can alter their composition, trans-

forming them into drug-carrying vehicles, with great customized therapeutic potential. 

In addition to the development of cell therapy or cell-free therapy, application of stem 

cells in regenerative medicine can also be performed using other strategies. They include 

inducing mobilization of the patient’s stem cells from their reservoirs, such as bone mar-

row, into damaged tissues [10]. Indeed, this process occurs naturally, upon the occurrence 

of an injury, such as a skin ulcer, bone fracture or myocardial infarction. One of the main 

factors involved in stem cell mobilization is SDF-1α. This soluble protein binds to its re-

ceptor CXCR4, located on the surface of the stem cell membrane. This way, it promotes 

cell migration into areas with higher concentrations of SDF-1α. Under physiological con-

ditions, such a concentration is higher in bone marrow, which maintains progenitor cells 

in this niche, than in other tissues. Interestingly, upon injury, tissues secrete SDF-1α, in-

creasing its concentration and, thus, reversing its previous gradient. In this way, progen-

itor cells, such as MSCs or endothelial progenitor cells (EPCs), are mobilized outside the 

bone marrow. Thus, they are directed into the damaged tissue, facilitating its regeneration 

[11]. 

On the other hand, there is evidence that aging and certain pathologies, such as dia-

betes, may decrease the capacity to mobilize progenitor cells. Therefore, therapeutic strat-

egies that favor mobilization of these precursor cells can facilitate regenerative processes, 

such as, for example, healing chronic ulcers in diabetics [12]. Usually, these strategies are 

based on the use of drugs that induce stem cell mobilization. Among these compounds 

are granulocyte colony stimulant (G-CSF) and the CXCR4 antagonist, called plerixafor or 

AMD3100. It is used to mobilize progenitor cells in peripheral blood after bone marrow 

transplantation [13]. Recently, it has been shown that other drugs, such as teriparatide 

(PTH1-34) and DPP4 inhibitors (DPP4i), can favor progenitor-cell mobilization, being, 

therefore, proposed for regenerative medicine [14,15]. 

The possibility of using different therapeutic strategies based on stem cells is very 

promising for progress in regenerative medicine. Yet, there are still many questions to be 

answered in order to improve the efficiency of these treatments, before they can be widely 

used. In this scenario, there are numerous challenges to be addressed by basic and clinical 

research, in order to continue advancing in the development of new treatments, involving 

the use of stem cells. Among these challenges is the development of homogeneous, repro-

ducible and efficient stem cell isolation, culture and expansion techniques. The same is 

applicable to the development of cell-free therapies, using extracellular vesicles. In this 

case, it is also essential to develop appropriate techniques that allow for their production, 

isolation and conservation, so that they can be used on a large scale in regenerative med-

icine. 

In order to reach these challenges, this Special Issue about stem cells and regenerative 

medicine in the Journal of Clinical Medicine aims to be a meeting point for the latest ad-

vances in basic research, as well as application of stem cells and exosomes in regenerative 
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medicine. Thus, contributing to such knowledge about stem cells and their derivatives 

should shed light on these exiting topics, which has the potential to improve clinical prac-

tice in a safer and more effective manner. 

Funding: This work was funded by grants PI21/01935 and PI18/01659 of “Instituto de Salud Carlos III” 

(ISCIII), “Ministerio de Economía y Competitividad” (MINECO), Spain and European Union (EU). 

Conflicts of Interest: The author declares no conflict of interest. 

References 

1. Bujko, K.; Kucia, M.; Ratajczak, J.; Ratajczak, M.Z. Hematopoietic stem and progenitor cells (HSPCs). In Advances in Experimental 

Medicine and Biology; Springer: Berlin/Heidelberg, Germany, 2019; Volume 1201, pp. 49–77. 

2. Friedenstein, A.J.; Chailakhjan, R.K.; Lalykina, K.S. The development of fibroblast colonies in monolayer cultures of guinea-pig 

bone marrow and spleen cells. Cell Tissue Kinet. 1970, 3, 393–403. 

3. Dominici, M.; Le Blanc, K.; Mueller, I.; Slaper-Cortenbach, I.; Marini, F.; Krause, D.; Deans, R.; Keating, A.; Prockop, D.; Horwitz, 

E. Minimal criteria for defining multipotent mesenchymal stromal cells. The International Society for Cellular Therapy position 

statement. Cytotherapy 2006, 8, 315–317. https://doi.org/10.1080/14653240600855905. 

4. Gao, F.; Chiu, S.M.; Motan, D.A.L.; Zhang, Z.; Chen, L.; Ji, H.L.; Tse, H.F.; Fu, Q.L.; Lian, Q. Mesenchymal stem cells and 

immunomodulation: Current status and future prospects. Cell Death Dis. 2016, 7, e2062. https://doi.org/10.1038/cddis.2015.327. 

5. Stamnitz, S.; Klimczak, A. Mesenchymal stem cells, bioactive factors, and scaffolds in bone repair: From research perspectives 

to clinical practice. Cells 2021, 10, 1925. https://doi.org/10.3390/cells10081925. 

6. González-González, A.; García-Sánchez, D.; Dotta, M.; Rodríguez-Rey, J.C.; Pérez-Campo, F.M. Mesenchymal stem cells 

secretome: The cornerstone of cell-free regenerative medicine. World J. Stem Cells 2020, 12, 1439–1690. 

https://doi.org/10.4252/wjsc.v12.i12.1529. 

7. Torre, M.L.; Lucarelli, E.; Guidi, S.; Ferrari, M.; Alessandri, G.; De Girolamo, L.; Pessina, A.; Ferrero, I. Ex vivo expanded 

mesenchymal stromal cell minimal quality requirements for clinical application. Stem Cells Dev. 2015, 24, 677–685. 

https://doi.org/10.1089/scd.2014.0299. 

8. Vizoso, F.J.; Eiro, N.; Cid, S.; Schneider, J.; Perez-Fernandez, R. Mesenchymal stem cell secretome: Toward cell-free therapeutic 

strategies in regenerative medicine. Int. J. Mol. Sci. 2017, 18, 1852. https://doi.org/10.3390/ijms18091852. 

9. Pulido-Escribano, V.; Torrecillas-Baena, B.; Camacho-Cardenosa, M.; Dorado, G.; Gálvez-Moreno, M.Á.; Casado-Díaz, A. Role 

of hypoxia preconditioning in therapeutic potential of mesenchymal stem-cell-derived extracellular vesicles. World J. Stem Cells 

2022, 14, 453–472. https://doi.org/10.4252/WJSC.V14.I7.453. 

10. Andreas, K.; Sittinger, M.; Ringe, J. Toward in situ tissue engineering: Chemokine-guided stem cell recruitment. Trends 

Biotechnol. 2014, 32, 483–492. https://doi.org/10.1016/j.tibtech.2014.06.008. 

11. Li, J.H.; Li, Y.; Huang, D.; Yao, M. Role of Stromal Cell-Derived Factor-1 in Endothelial Progenitor Cell-Mediated Vascular 

Repair and Regeneration. Tissue Eng. Regen. Med. 2021, 18, 747–758. https://doi.org/10.1007/s13770-021-00366-9. 

12. Fadini, G.P.; Ciciliot, S.; Albiero, M. Concise Review: Perspectives and Clinical Implications of Bone Marrow and Circulating 

Stem Cell Defects in Diabetes. Stem Cells 2017, 35, 106–116. https://doi.org/10.1002/stem.2445. 

13. Nishimura, Y.; Ii, M.; Qin, G.; Hamada, H.; Asai, J.; Takenaka, H.; Sekiguchi, H.; Renault, M.-A.; Jujo, K.; Katoh, N.; et al. CXCR4 

antagonist AMD3100 accelerates impaired wound healing in diabetic mice. J. Investig. Dermatol. 2012, 132, 711–720. 

https://doi.org/10.1038/jid.2011.356. 

14. Huber, B.C.; Brunner, S.; Segeth, A.; Nathan, P.; Fischer, R.; Zaruba, M.M.; Vallaster, M.; Theiss, H.D.; David, R.; Gerbitz, A.; et 

al. Parathyroid hormone is a DPP-IV inhibitor and increases SDF-1-driven homing of CXCR4+ stem cells into the ischaemic 

heart. Cardiovasc. Res. 2011, 90, 529–537. https://doi.org/10.1093/cvr/cvr014. 

15. Torrecillas-Baena, B.; Gálvez-Moreno, M.Á.; Quesada-Gómez, J.M.; Dorado, G.; Casado-Díaz, A. Influence of Dipeptidyl 

Peptidase-4 (DPP4) on Mesenchymal Stem-Cell (MSC) Biology: Implications for Regenerative Medicine—Review. Stem Cell Rev. 

Reports 2022, 18, 56–76. https://doi.org/10.1007/s12015-021-10285-w. 


