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We are pleased to present this opening editorial, introducing our topical collection,
“The New Era of Mesenchymal Stromal/Stem Cell Functional Application: State of the
Art, Therapeutic Challenges and Future Directions”. This topical collection, edited by
Prof./Dr. Alessandro Poggi and Dr. Mehdi Najar, belongs to the “Cellular Immunology”
section of Cells. Under the direction of Dr. Mehdi Najar, a group of experts have contributed
to this edition. We hope that this topical collection will contribute greatly to the field through
its discussion and presentation of new outcomes linked to the functional application of
mesenchymal stem/stromal cells in cell-based therapy and regenerative medicine.

Mesenchymal stromal/stromal cells (MSCs) are considered to be highly promising ther-
apeutic products for various clinical applications with unmet clinical needs [1–3]. They have
attracted great interest in the fields of immuno-therapy and regenerative medicine [4,5].
MSCs have several important biological functions, including the support of hematopoiesis,
tissue repair and anti-inflammatory effects [5,6].

Residing in different niches, these cells are involved in tissue homeostasis, and they
can be found in almost all vascularized tissues, a fact which facilitates their isolation and
expansion [7–9]. Subpopulations of MSCs derived from different anatomical locations
demonstrate heterogeneity regarding phenotype, plasticity and function [8–10]. Thus, the
plasticity in regard to the phenotypes and functions of MSCs should be further investigated.
Upon ex vivo/in vitro isolation, the cells display a fibroblast-like morphology with the
ability to adhere to plastic.

Interestingly, MSCs are attracted and migrate/home to damaged tissue sites, where
they can exert their beneficial effects through both direct local and indirect systemic mech-
anisms [5,11]. Within the injured site, MSCs can moderate immune and inflammatory
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responses and coordinate endogenous tissue repair. Although MSCs elicit a strong modu-
lation of the immune system, they should not be considered as an immune cell, despite
their complex interactions with the immune system [12]. Although MSCs are generally
considered to be hypoimmunogenic, the immunogenicity of individual MSC products
needs to be considered in advance [13] in order to avoid any unnecessary side effects linked
to the activation of innate or adaptive immune responses [8,9,14].

Importantly, MSCs have the capacity to actively assess the local molecular and cel-
lular environment and respond adequately [6]. MSCs exert their effects via both contact-
dependent mechanisms and through their secretome and extracellular vesicles (EVs) via
the release and transfer of active factors, including growth factors, cytokines and genetic
material, to target cells and tissues [15]. The therapeutic cargo molecules can be stored
within EVs, which are nano-sized membrane-bound vesicles that shuttle important signals
between different types of cells and tissues in order to maintain physiological homeosta-
sis [16]. By selectively isolating these MSC-derived vesicles, MSC-derived vesicles from a
specific tissue may be infused, instead of the whole cell, for different clinical purposes. Inter-
estingly, the immunosuppressive properties of MSC can be mediated by several cytokines
and inhibitory factors that can be delivered to immune cells through the EVs. Importantly,
the content of these MSC-derived EVs can be tailored to the required needs through the
genetic manipulation and/or exogenous stimulation of the MSCs and their enrichment
through the liposome delivery of cargo.

Understanding the mechanisms involved in the regenerative process governed by
MSCs can help to open doors to new applications and perspectives in regard to their
therapeutic use. While the capacity of MSCs to differentiate into local progenitors during
tissue repair through therapeutic use in vivo is debatable and requires further characteri-
zation [5], novel methodologies for investigating the identity and heterogeneity of MSCs
should be implemented [8,9]. It currently remains an open question as to how MSCs can
be distinguished from, e.g., fibroblasts and pericytes, and how these cell types are related.
Indeed, if the mechanisms influencing the plasticity of these cells were better understood,
one could try to strengthen MSCs by applying specific licensing/priming signals [6]. The
composition of the secretome underlying the paracrine pathway used by MSCs to mediate
their effects may open the door to the use of cell-free therapeutic tools in regenerative
medicine. On the other hand, both MSCs and their derived EVs can potentially also have
detrimental effects on some diseases, such as neoplasia, cancer coagulopathy and various
other thrombotic complications related to the presence of procoagulant cells and their
released EVs in the blood stream [8,9,17]. Indeed, the function of these cells depends on
the biological microenvironment in which they operate, and the EVs produced can differ
from tissue to tissue. The strong crosstalk between MSCs and tumors can induce changes
in both cell populations and, consequently, in their released EVs. Consequently, the use
of EVs as cargo to deliver drugs to the tumor site may have pro- or anti-tumor effects,
influencing the fate of tumor stem cells. This would suggest that a deeper understanding
of the functional features of a specific phenotype of MSC is essential to enable the better
selection of the MSCs used in different therapeutic settings, such as immune-oncology
therapeutic strategies.

Collectively, the aim of this topical collection is to present an innovative collection
of research subjects, with an overview of the recent developments in the field of MSC-
based therapy.
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