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Cancer is a highly lethal disease that causes millions of deaths worldwide, thus rep-
resenting a major public health challenge. Conventional therapeutic approaches, such as
surgery, chemotherapy, and radiation therapy, have limitations in terms of their targeting
and specificity. Additionally, the development of molecular and immunological aberrations
associated with targeted therapies often leads to cancer therapy resistance and tumor recur-
rence. In recent years, cellular and acellular treatments have emerged as new categories that
have transformed the landscape of cancer treatment [1]. Actually, it is clearly admitted that
non-hematopoietic stromal cells harboring immune functions, such as mesenchymal stem
stromal cells (MSCs), are critical for tissue homeostasis. MSCs have, for a long time, been
recognized as pivotal contributors to the set up and maintenance of the hematopoietic niche.
MSCs are a cellular therapeutic product whose potential in managing several diseases and
disorders is being investigated. These cells are involved in immunomodulation, resolution
of inflammation, and regeneration of injured/damaged tissues [2].

They are also reported to be a component of the tumor microenvironment (TME) due
to their showing homing capacity towards tumor sites [3]. MSCs may therefore interact
with cancer and immune cells and thus modulate their fate and functions. The conflicting
roles of MSCs in tumor inhibition and tumor growth impede their adaptation for anticancer
therapies. MSCs are a multipotent adult cell population present within several niches
participating in the maintenance and regeneration of multiple tissues. MSCs were first
isolated from bone marrow (BM) but have subsequently been isolated from umbilical cord
and adipose tissues, among others [4]. MSCs can be readily isolated from these sources
and expanded ex vivo without any apparent modification in phenotype or loss of function.
In vitro, MSCs are able to differentiate along multiple lineages including osteoblasts, chon-
drocytes, adipocytes, myocytes, neural precursors, and possibly other cell types. However,
there are several conflicting opinions in the literature regarding the contribution of the
multilineage potential in the therapeutic functions of MSCs. Furthermore, MSCs have
been reported to modulate the inflammatory and immune responses by regulating dif-
ferent immune cell populations. The absence of costimulatory molecules allows MSCs
to be considered inherently poorly immunogenic. However, recent preclinical studies
have described the generation of alloantibodies and the immune rejection of MSCs. This
has led to an increasing number of clinical trials evaluating the immunological profile of
patients after treatment with MSCs [5]. The immunomodulation–immunogenicity balance
of MSC is differentially affected by the immune cell response depending on inflammatory
licensing and MHC compatibility. Indeed, the immunomodulatory effects of MSCs are not
constitutive but induced by different signals present in their surroundings [6]. Depend-
ing on the inflammatory stimuli, MSCs show high functional plasticity with the capacity
either to inhibit the immune response or to enhance it. The immunological response to
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inflammation is also specific to each MSC type and involves distinct modifications within
their ncRnome, transcriptome, and secretome. These changes in the MSC microenviron-
ment can differentially modulate the immune response and therefore, tumor progression
as well as drug-resistance. Thus, guiding MSCs toward a specific immunological pro-
file and function is a challenge in order to boost anticancer properties while eliminating
tumor-favoring effects. Such polarization may be associated with the pro- and anti-cancer
effects of MSC, probably due to the distinct expression of bioactive molecules [7]. The use
of MSCs represents a promising approach to cancer therapy, particularly in the field of
oncohematology, owing to their tropism towards tumors. The emerging role of MSCs in
creating a protective and immune-tolerant microenvironment may support the survival
of tumor cells and affect the response to therapies. In this light, it has been proposed that
the failure of current treatments to efficiently override the stroma-mediated protection of
tumor cells accounts for the high rate of relapse in cancer, at least in part. Research on the
therapeutic applications of MSCs must give consideration to the fact that they exert both
antitumorigenic and protumorigenic effects on hematologic malignancies. Thus, the ex
vivo pre-conditioning and engineering of MSC, and therefore, the understanding of their
plasticity, is a valuable strategy to enhance anti-cancer immune responses [8]. As a cell-
free therapeutic tool, extracellular vesicles (EVs) derived from MSCs have been identified
as a valuable therapeutic approach. The efficacy of EVs is due to their cargo—bioactive
molecules. Indeed, MSCs are likely to exert their effects by releasing a variety of biologically
active molecules such as mRNAs, non-coding RNAs (ncRNAs), proteins, growth factors,
chemokines, and cytokines, either as soluble proteins or enclosed in EVs. EVs are attracting
significant attention in the world of medicine, due to their ability to mimic most of the ther-
apeutic effects of MSCs [9]. A growing number of studies suggest that MSC-derived EVs
may mimic the pro- and anti-tumor effects of MSCs. Genetic engineering can be utilized
to equip EVs with a specific tumor tropism and therefore, may constitute an alternative
cancer treatment. New approaches that can repolarize and/or promote the anti-cancer
immune response by using MSCs or their EVs should be investigated. Importantly, the
pre-conditioning or engineering of MSCs may strengthen the anti-cancer immune response
by generating pro-inflammatory MSCs or EVs with anti-tumor effects in parallel, to increase
the cytotoxic functions of immune effector cells. Thus, characterization and modulation
of the immunological features of MSCs and their EVs in cancer patients may serve as a
basis for enhancing the anti-tumor immune response and, ultimately, for finding a cure.
Profiling MSCs or their EVs may lead to the identification of a suitable candidate with
potential regarding tumorogenesis, or in new treatment strategies. Much remains to be
determined with regard to the immunological interplay between the anti-tumor immune
response and MSCs. This aim of this Special Issue of Biomolecules is to present and discuss
new perspectives for targeted cancer therapies based on the use of MSCs or their EVs.
Contributions that enhance our understanding of novel and innovative strategies for cancer
management and immune modulation are encouraged.

Funding: This work received support from the Generation Life Foundation, Fonds Lam-beau-
Marteaux, Fonds National de la Recherche Scientifique (FNRS), Télévie, Les Amis de l’Institut Jules
Bordet, La Chaire en Arthrose de l’Université de Montréal, The Arthritis Society (SOG-20-0000000046),
and The Canadian Institutes of Health Research (PJT 175-1110). This work was supported by Le
Centre National pour la Recherche Scientifique et Technique (CNRST) and L’Agence Nationale des
Plantes Médicinales et Aromatiques (ANPMA), both located in Morocco.

Acknowledgments: We would like to thank the Cell Therapy Unit Team for their inspiring discussion
and their consent to this editorial.

Conflicts of Interest: The authors declare that the research was conducted in the absence of any
commercial or financial relationships that could be construed as a potential conflict of interest. The
authors approved the submitted version.



Biomolecules 2023, 13, 1171 3 of 3

References
1. Chu, D.T.; Nguyen, T.T.; Tien, N.L.B.; Tran, D.K.; Jeong, J.H.; Anh, P.G.; Thanh, V.V.; Truong, D.T.; Dinh, T.C. Recent Progress

of Stem Cell Therapy in Cancer Treatment: Molecular Mechanisms and Potential Applications. Cells 2020, 9, 563. [CrossRef]
[PubMed]

2. Merimi, M.; Fahmi, H.; De Kock, J.; Beguin, C.; Burny, A.; Moll, G.; Poggi, A.; Najar, M. Mesenchymal Stem/Stromal Cells as a
Therapeutic Tool in Cell-Based Therapy and Regenerative Medicine: An Introduction Expertise to the Topical Collection. Cells
2022, 11, 3158. [CrossRef] [PubMed]

3. Xuan, X.; Tian, C.; Zhao, M.; Sun, Y.; Huang, C. Mesenchymal stem cells in cancer progression and anticancer therapeutic
resistance. Cancer Cell Int. 2021, 21, 595. [CrossRef]

4. Najar, M.; Melki, R.; Khalife, F.; Lagneaux, L.; Bouhtit, F.; Moussa Agha, D.; Fahmi, H.; Lewalle, P.; Fayyad-Kazan, M.; Merimi,
M. Therapeutic Mesenchymal Stem/Stromal Cells: Value, Challenges and Optimization. Front. Cell Dev. Biol. 2022, 9, 716853.
[CrossRef] [PubMed]

5. Sanabria-de la Torre, R.; Quiñones-Vico, M.I.; Fernández-González, A.; Sánchez-Díaz, M.; Montero-Vílchez, T.; Sierra-Sánchez, Á.;
Arias-Santiago, S. Alloreactive Immune Response Associated to Human Mesenchymal Stromal Cells Treatment: A Systematic
Review. J. Clin. Med. 2021, 10, 2991. [CrossRef] [PubMed]

6. Cequier, A.; Vázquez, F.J.; Romero, A.; Vitoria, A.; Bernad, E.; García-Martínez, M.; Gascón, I.; Barrachina, L.; Rodellar, C. The
immunomodulation-immunogenicity balance of equine Mesenchymal Stem Cells (MSCs) is differentially affected by the immune
cell response depending on inflammatory licensing and major histocompatibility complex (MHC) compatibility. Front. Vet. Sci.
2022, 9, 957153. [CrossRef] [PubMed]

7. Merimi, M.; Lewalle, P.; Meuleman, N.; Agha, D.M.; El-Kehdy, H.; Bouhtit, F.; Ayoub, S.; Burny, A.; Fahmi, H.; Lagneaux, L.; et al.
Mesenchymal Stem/Stromal Cell Therapeutic Features: The Bridge between the Bench and the Clinic. J. Clin. Med. 2021, 10, 905.
[CrossRef] [PubMed]

8. Najar, M.; Martel-Pelletier, J.; Pelletier, J.P.; Fahmi, H. Novel insights for improving the therapeutic safety and efficiency of
mesenchymal stromal cells. World J. Stem Cells 2020, 12, 1474–1491. [CrossRef] [PubMed]

9. Sandonà, M.; Di Pietro, L.; Esposito, F.; Ventura, A.; Silini, A.R.; Parolini, O.; Saccone, V. Mesenchymal Stromal Cells and Their
Secretome: New Therapeutic Perspectives for Skeletal Muscle Regeneration. Front. Bioeng. Biotechnol. 2021, 9, 652970. [CrossRef]
[PubMed]

Disclaimer/Publisher’s Note: The statements, opinions and data contained in all publications are solely those of the individual
author(s) and contributor(s) and not of MDPI and/or the editor(s). MDPI and/or the editor(s) disclaim responsibility for any injury to
people or property resulting from any ideas, methods, instructions or products referred to in the content.

https://doi.org/10.3390/cells9030563
https://www.ncbi.nlm.nih.gov/pubmed/32121074
https://doi.org/10.3390/cells11193158
https://www.ncbi.nlm.nih.gov/pubmed/36231120
https://doi.org/10.1186/s12935-021-02300-4
https://doi.org/10.3389/fcell.2021.716853
https://www.ncbi.nlm.nih.gov/pubmed/35096805
https://doi.org/10.3390/jcm10132991
https://www.ncbi.nlm.nih.gov/pubmed/34279481
https://doi.org/10.3389/fvets.2022.957153
https://www.ncbi.nlm.nih.gov/pubmed/36337202
https://doi.org/10.3390/jcm10050905
https://www.ncbi.nlm.nih.gov/pubmed/33668878
https://doi.org/10.4252/wjsc.v12.i12.1474
https://www.ncbi.nlm.nih.gov/pubmed/33505596
https://doi.org/10.3389/fbioe.2021.652970
https://www.ncbi.nlm.nih.gov/pubmed/34095095

	References

