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Nowadays, the real need in orthopedic research is to strictly validate advanced
regenerative medicine approaches in preclinical models, with the hope that this unique
and straightforward approach can facilitate a safe and effective translation into everyday
clinical practice. To this aim, a profound comprehension of progenitor cells, stem- or
tissue-specific, as well as their activity in pathological tissues and patients, is mandatory,
thus making cell-based and cell-free therapies the new frontier for the most advanced
musculoskeletal treatments.

This Special Issue aims to provide an overview of the techniques and results framing
cutting-edge cell therapies for pathologies of the musculoskeletal system, from basic
science to clinical studies.

Considering the competent nature of cells, which enables them to respond to external
stimuli, culturing conditions can deeply affect their therapeutic or healing potential.
Nguyen et al. [1] reported the interaction between bone-marrow-derived mesenchymal
stem cells (MSCs) and endothelial cells in normoxia and hypoxia. The authors clearly
showed that oxygen supply strongly alters cell proliferation and differentiation. In
particular, cocultured cells in normoxia retain both osteogenic differentiation and
endothelial markers, while hypoxic conditions limit cell proliferation and osteogenesis in
favor of the angiogenic function. The impact of culturing conditions on cell phenotypes
was also investigated by Carluccio et al. [2], who used platelet lysate (PL) as a supplement
for human articular chondrocytes and cartilage explants. PL was able to induce the release
of cartilage-derived cells from ex vivo cultured cartilage chips. Remarkably, these cells
showed high proliferation rates and clonogenic abilities, and also formed hyaline
cartilage-like tissue in vivo following ectopic subcutaneous implantation in mice. In
addition, PL influenced the paracrine activity of chondroprogenitor cells, fostering the
debate on the use of this specific population as a suitable candidate for therapies
counteracting cell hypertrophy in articular cartilage. Besides establishing appropriate
culture conditions and characterizing their influence on cell phenotypes, one important
issue when producing and analyzing in vitro data involves the correct definition of
parameters which cell and molecular approaches are based on. In this context, especially
for gene expression studies, the identification of reliable reference genes (RGs) is
mandatory. This need was clearly described in the work presented by Ragni et al. [3],
where the suitability of commonly used RGs was evaluated with bioinformatics tools in
tendon cell samples cultured in standard and progenitor-enriching conditions, as well as
under inflammatory or pro-fibrotic/healing stimulation conditions. The authors showed
that the gene encoding for Actin B can be reliably used when analyzing tendon cells
exposed to diverse pathological conditions, marking a full stop for future molecular in
vitro studies on tendons and tissue-resident cells and progenitors.
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Together with cell-based approaches, cell-free products have garnered growing
interest as new options in the orthopedic field. Indeed, secreted factors and extracellular
vesicles (EVs), collectively named “secretome”, have shown potent regenerative and anti-
inflammatory action in several contests, including orthopedic disorders. In this frame,
Arrigoni et al. [4] gave a comprehensive overview of the potentiality of umbilical-cord-
derived MSCs and their secretome in the therapy of arthritic diseases. Their review reports
encouraging results from preclinical investigations and preliminary clinical trials
applying cell-based therapies, and by pioneering works using clinical-grade EVs. These
results are of fundamental importance since, compared to a cell-based product, the whole
secretome or isolated EVs could have advantages in terms of the safety and ease of
handling. In this frame, the authors discussed the need to develop standardized
production protocols relying on the “quality by design” approach, including a series of
quality and potency tests aimed at identifying the mode of action, a crucial parameter for
the eventual clinical translation. Under this perspective, Ragni et al. [5] described a
combination of confocal microscopy and microfluidic technologies to assess the
incorporation of MSC-derived EVs in chondrocytes and synoviocytes from osteoarthritic
(OA) patients. Compared to conventional 2D cultures, hydrogel-based cultures in
microfluidic devices mimicking tissue organization allowed a more physiological EV—cell
interaction to be recapitulated, representing a cutting-edge system to identify the
molecular mechanisms underlying EV action in target cells and tissues. Once defined and
validated, this strategy can become a valuable tool, not only for basic research but also for
release assays and potency prediction for clinical EV batches.

Along with the characterization of molecular mechanisms or the potency of
biological therapies for musculoskeletal disorders through reliable in vitro assays and
models, the potential of these therapies needs to be verified in animal models before
clinical translation. Promising results were obtained for tendinopathies by de Girolamo et
al. [6], who showed the positive outcomes of human amniotic suspension allograft (ASA)
in a rat model of Achilles tendinopathy. ASA treatment was safe and well-tolerated, and
also resulted in a widespread improvement in the tendon tissue. This study provided a
fundamental step regarding the use of ASA for the treatment of Achilles tendinopathy,
approaching its translation into clinical practice. Nevertheless, each animal model should
consider the impact of differences between recipients that may alter the model reliability,
possibly over- or under-estimating the performance of the tested product. Watson et al.
[7] reported an important, albeit rare, case in this perspective. In fact, authors showed that
human MSCs locally introduced to femur fractures in streptozotocin-induced diabetic
mice did not facilitate a more efficient bone union compared to the controls. Thus, this
pilot study suggested that MSCs derived from the human bone marrow of non-diabetic
donors are not able support fracture healing in diabetic mice, supporting the idea that the
environment in which cells are implanted and the health conditions of the recipient can
play a major role in the outcome of cell-based therapies. Under these premises, Garcia et
al. [8] mapped the expression of the inflammatory cytokine oncostatin M (OSM) in the
joint tissues of rats with either an acute inflammatory model or an instability-induced OA
model. OSM expression correlated with cartilage damage, synovitis, and osteophyte
formation. Most importantly, in vivo data highly correlated with those obtained in the
synovial fluid of OA patients where detectable OSM was associated with higher levels of
other inflammatory cytokines, potentially influencing the outcome of new therapies
depending on the inflammatory environment.

The treatment of patients is the ultimate goal of translational research. A clear
example in this direction was reported by Klimczak et al. [9] in the context of Duchenne
muscular dystrophy (DMD). The authors followed the co-transplantation of two
stem/progenitor cell populations, bone-marrow-derived MSCs and skeletal muscle-
derived stem/progenitor cells, into the dystrophic muscle of three DMD patients. The
combined administration was safe, with no reported adverse events, and was effective, as
proven by the increased motor unit parameters, the decrease in creatine kinase levels, and
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the normalized profile of pro-inflammatory cytokines. These encouraging data form the
basis for the design of larger clinical trials to optimize the timing and dosing of
stem/progenitor cell delivery.

In conclusion, this Special Issue aims to demonstrate cutting-edge advancements in
innovative therapies for musculoskeletal cell therapies under the polar star of a thorough
and deep characterization of translational approaches from the bench to the bedside.

Author Contributions: Conceptualization, E.R., A.C., and S.L.; methodology, E.R., A.C., and S.L,;
formal analysis, E.R., A.C., and S.L.; investigation, E.R., A.C., and S.L.; resources, E.R., A.C.,, and
S.L.; data curation, E.R., A.C,, and S.L.; writing—original draft preparation, E.R., A.C., and S.L,;
writing—review and editing, E.R., A.C,, and S.L.; project administration, E.R., A.C., and S.L,;
funding acquisition, E.R., A.C., and S.L. All authors have read and agreed to the published version
of the manuscript.

Funding: The work reported in this publication was funded by the Italian Ministry of Health, RCR-
2021-23671217 project under The Italian Musculoskeletal Apparatus Network RAMS and Ricerca
Corrente. The APC was funded by the Italian Ministry of Health, RCR-2021-23671217 project under
The Italian Musculoskeletal Apparatus Network RAMS and Ricerca Corrente.

Institutional Review Board Statement: Not applicable.
Informed Consent Statement: Not applicable.

Data Availability Statement: The raw data presented in this manuscript are openly available in
OSF at https://osf.io/9t78z/?view_only=b11447df2f3d463d858d941{8c39cc0e (accessed on 17
November 2022).

Acknowledgments: Authors want to thank all healthcare workers of Ospedale Galeazzi-
Sant’ Ambrogio for their exceptional work during this unexpected world challenge.

Conflicts of Interest: The authors declare no conflicts of interest. The funders had no role in the
design of the study; in the collection, analyses, or interpretation of the data; in the writing of the
manuscript; or in the decision to publish the results.

References

1.

Nguyen, V.T.; Canciani, B.; Cirillo, F.; Anastasia, L.; Peretti, G.M.; Mangiavini, L. Effect of Chemically Induced Hypoxia on
Osteogenic and Angiogenic Differentiation of Bone Marrow Mesenchymal Stem Cells and Human Umbilical Vein Endothelial
Cells in Direct Coculture. Cells 2020, 9, 757. https://doi.org/10.3390/cells9030757.

Carluccio, S.; Martinelli, D.; Palama, M.E.F.; Pereira, R.C.; Benelli, R.; Guijarro, A.; Cancedda, R.; Gentili, C. Progenitor Cells
Activated by Platelet Lysate in Human Articular Cartilage as a Tool for Future Cartilage Engineering and Reparative Strategies.
Cells 2020, 9, 1052. https://doi.org/10.3390/cells9041052.

Ragni, E.; Perucca Orfei, C.; Bowles, A.C.; de Girolamo, L.; Correa, D. Reliable Reference Genes for Gene Expression Assessment
in Tendon-Derived Cells wunder Inflammatory and Pro-Fibrotic/Healing Stimuli. Cells 2019, 8, 1188.
https://doi.org/10.3390/cells8101188.

Arrigoni, C.; D’Arrigo, D.; Rossella, V.; Candrian, C.; Albertini, V.; Moretti, M. Umbilical Cord MSCs and Their Secretome in
the Therapy of Arthritic Diseases: A Research and Industrial Perspective. Cells 2020, 9, 1343.
https://doi.org/10.3390/cells9061343.

Ragni, E.; Palombella, S.; Lopa, S.; Talo, G.; Perucca Orfei, C.; De Luca, P.; Moretti, M.; de Girolamo, L. Innovative Visualization
and Quantification of Extracellular Vesicles Interaction with and Incorporation in Target Cells in 3D Microenvironments. Cells
2020, 9, 1180. https://doi.org/10.3390/cells9051180.

de Girolamo, L.; Morlin Ambra, L.F.; Perucca Orfei, C.; McQuilling, J.P.; Kimmerling, K.A.; Mowry, K.C; Johnson, K.A.; Phan,
A.T.; Whited, J.L.; Gomoll, A.H. Treatment with Human Amniotic Suspension Allograft Improves Tendon Healing in a Rat
Model of Collagenase-Induced Tendinopathy. Cells 2019, 8, 1411. https://doi.org/10.3390/cells8111411.

Watson, L.; Chen, X.Z,; Ryan, A.E.; Fleming, A.; Carbin, A.; O’Flynn, L.; Loftus, P.G.; Horan, E.; Connolly, D.; McDonnell, P.; et
al. Administration of Human Non-Diabetic Mesenchymal Stromal Cells to a Murine Model of Diabetic Fracture Repair: A Pilot
Study. Cells 2020, 9, 1394. https://doi.org/10.3390/cells9061394.


https://osf.io/9t78z/?view_only=b11447df2f3d463d858d941f8c39cc0e

Cells 2022, 11, 3858 4 of 4

8. Gardia, J.P.; Utomo, L.; Rudnik-Jansen, I; Du, J.; Zuithoff, N.P.A.; Krouwels, A.; van Osch, G.J.V.M.; Creemers, L.B. Association
between Oncostatin M Expression and Inflammatory Phenotype in Experimental Arthritis Models and Osteoarthritis Patients.
Cells 2021, 10, 508. https://doi.org/10.3390/cells10030508.

9. Klimczak, A,; Zimna, A.; Malcher, A.; Kozlowska, U.; Futoma, K.; Czarnota, J.; Kemnitz, P.; Bryl, A.; Kurpisz, M. Co-
Transplantation of Bone Marrow-MSCs and Myogenic Stem/Progenitor Cells from Adult Donors Improves Muscle Function of
Patients with Duchenne Muscular Dystrophy. Cells 2020, 9, 1119. https://doi.org/10.3390/cells9051119.



