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Editorial on the Research Topic
Therapeutic potential of mesenchymal stem cells in organ and tissue
regeneration

In recent decades, the biomedical applications of adult mesenchymal stem cells (MSCs)
have increasingly intrigued researchers and clinicians. These cells can be easily isolated from
a variety of tissue sources, such as bone marrow (Di Liddo et al., 2014; Dzobo, 2021), adipose
tissue (Kuhbier et al., 2010; Al-Ghadban et al., 2022), umbilical cord (Jothimani et al., 2020),
synovium (Li et al., 2020), and peripheral blood (Di Liddo et al., 2016; Barbon et al., 2018;
Barbon et al., 2021), as well as perinatal tissues (Kulus et al., 2021). These cells exhibit multi-
differentiative and trans-differentiative potential (Banerjee A et al., 2022) in accordance with
the specific requirements of functional organ or tissue regeneration. Additionally, MSCs lack
the expression of histocompatibility complexes and immune-stimulating molecules, and as
they are not detected by host immune surveillance, their use reduces graft rejection after
transplantation. For these reasons, MSCs have turned out to be competent candidates in
tissue engineering (Han et al., 2019; Barbon et al., 2022).

Several studies have explored the potential of MSC-based therapies for tissue
regeneration, with encouraging outcomes at both the preclinical and the clinical level.
Despite rapid advancements in the field, deeper knowledge regarding the mechanism of
action of MSCs in tissue repair and regeneration is required. Thus, this Research Topic
collects and promotes papers focusing on the preclinical and translational investigation of
MSCs in relation to various therapeutic aspects of organ or tissue regeneration. A total of six
papers have been published, which are highlighted here.

The use of perinatal tissues for isolation of MSCs enables the use of less invasive
extraction procedures and ensures greater availability of the cell source. Using GMP
practices and strict criteria for compatible donors, placental tissue can be safely
cryopreserved for long-term storage as an off-the-shelf source for production of
therapeutic stem cells (Antoniadou and David, 2016). Navakauskienė et al. investigated
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the effects of cryopreservation of human placental tissue on the
properties of placental MSCs, comparing cells extracted from fresh
(native) and cryopreserved (cryo) placenta samples. The study
demonstrated that cryopreservation did not affect the
proliferation, energy profile, surface marker expression, or
multipotent differentiation capacity of MSCs. Moreover, native
and cryo placental MSCs expressed only slight variations in
epigenetic profile. According to transcriptome analysis, the
upregulation of early-senescence state-associated genes in
placental MSCs occurred after cryopreservation. Tested for their
ability to improve pregnancy outcomes in mouse models of
premature ovarian failure, placental MSCs were shown to restore
fertility via the paracrine mechanism, with better therapeutic effects
achieved using native rather than cryo cell populations. Overall, the
study demonstrated that cryopreservation could be a valid option for
long-term storage of placental tissue, maintaining the possibility of
isolating placental MSCs with therapeutic potential. Using a rat
model of full-thickness skin wounding, Zhang et al. assessed the
comparative therapeutic potential of placental MSCs and their
secreted exosomes in wound healing. In particular, both cells and
derived exosomes stimulated the regeneration of cutaneous
appendages (hair follicles and sebaceous glands), decreasing
collagen I and increasing collagen III expression, as well as
sustaining angiogenesis in the healed skin. Moreover, the effects
of placental MSCs and their secreted exosomes were demonstrated
to be mechanistically related to the downregulation of the Yes-
associated protein (YAP) signaling pathway and the resulting
inhibition of the activation of Engrailed-1 (EN1), which mediates
the scarring process.

Interestingly, Tan et al. provided preclinical evidence of the
immunomodulatory activity of bone-marrow-derived MSCs in a
mouse model of Influenza A virus (IAV)-induced acute lung injury
(ALI). Following the intravenous administration of MSCs to affected
animals, granulocytic myeloid-derived cells, B cells (ASB), and
T cells (CD8+) were recruited from circulation to the site of
infection, with a significant reduction of immune cell infiltration
into bronchoalveolar space. Additionally, a significantly higher
proportion of the monocyte population with the M2 phenotype
(CD206) was detected into the blood of MSC-treated animals.
However, the immunomodulatory activity exerted by MSCs did
not lead to any reduction in viral titer or animal mortality, probably
because of MSC susceptibility to IAV infection, which would limit
their therapeutic effects.

Exploring novel aspects of the osteogenic potential of bone-
marrow-derived MSCs, Haddouti et al. designed a specialized setup
to expose cells to shock waves as a non-invasive and effective therapy
for treatment of musculoskeletal disorders. MSC responses to shock
waves were analyzed, considering their viability, proliferation
behavior, cytokine secretion, and osteogenic differentiation
potential in vitro. Osteogenic differentiation was not significantly
affected by a single shock wave application (SWA), but was
increased four-fold after repeated sessions of SWA over three
consecutive days. Moreover, repeated SWA triggered significant
downregulation of type I collagen (COL1A1), upregulation of
runt-related transcription factor 2 (RUNX2), and an increase in
osteocalcin (OCN) in MSCs. Overall, the study was able to
determine the SWA conditions that better enhanced MSC
differentiation toward the osteogenic lineage in vitro, paving the

way for the improvement of extracorporeal shock wave treatment in
the clinical setting.

Finally, two review articles considered the clinical application of
MSCs to treat neurological disorders and intervertebral disc
degeneration. Specifically, Isakovic et al. examined in vitro and in
vivo research clarifying the mechanisms of action of MSCs, as well as
reviewing the findings of past and ongoing clinical trials involving
MSC treatment for Parkinson’s and Alzheimer’s disease, ischemic
stroke, glioblastoma multiforme, and multiple sclerosis. The study
highlighted the fact that most of the research in the field supports the
safety and efficacy of MSC-based therapy, with some adverse effects
being recognized, especially in relation to possible differentiation
into undesirable cell types, tumor-promoting ability, and initiation
of an uncontrolled immune response. To overcome these
limitations, the secretory capabilities of MSCs are now being
investigated further and further, focusing on the therapeutic
potential of MSC-derived exosomes and extracellular vesicles
(EVs). When tested in clinical trials, MSC-based therapy has
shown variable outcomes: functional recovery has been reported
for neural pathologies such as multiple sclerosis, Alzheimer’s
disease, and ischemic stroke, while no clear beneficial effect has
yet been demonstrated for glioblastoma or Parkinson’s disease.
Conversely, positive clinical outcomes were reported by Zhang
et al. in their systematic review and meta-analysis of trials
evaluating the efficacy of MSCs against intervertebral disc (IVD)
degeneration in patients with lumbar discogenic pain. In particular,
administration of MSCs in these patients provided pain relief and
significantly improved scores on the Oswestry Disability Index,
lowering the risk of adverse events and reoperation rates.

In conclusion, both experimental studies using animal models
and clinical trials generally support the safety and efficacy of MSC-
based therapies for tissue regeneration. However, many aspects still
remain unexplored, requiring additional research to assess the risks
associated with cell-based versus cell-free treatments, and to reduce
outcome variability related to MSC heterogeneity.
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