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Abstract

Mesenchymal stromal cells (MSCs) hold great promise for tissue regeneration in
debilitating disorders. Despite reported improvements, the short-term outcomes
of MSC transplantation, which is possibly linked to poor cell survival, demand
extensive investigation. Disease-associated stress microenvironments further
complicate outcomes. This debate underscores the need for a deeper unders-
tanding of the phenotypes of transplanted MSCs and their environment-induced
fluctuations. Additionally, questions arise about how to predict, track, and
comprehend cell fate post-transplantation. In vivo cellular imaging has emerged as
a critical requirement for both short- and long-term safety and efficacy studies.
However, translating preclinical imaging methods to clinical settings remains
challenging. The fate and function of transplanted cells within the host
environment present intricate challenges, including MSC engraftment, variability,
and inconsistencies between preclinical and clinical data. The study explored the
impact of high glucose concentrations on MSC survival in diabetic environments,
emphasizing mitochondrial factors. Preserving these factors may enhance MSC
survival, suggesting potential strategies involving genetic modification,
biomaterials, and nanoparticles. Understanding stressors in diabetic patients is
crucial for predicting the effects of MSC-based therapies. These multifaceted
challenges call for a holistic approach involving the incorporation of large-scale
data, computational disease modeling, and possibly artificial intelligence to
enable deterministic insights.

Key Words: Mesenchymal stem cells; Phenotype; Transplantation; Host; Microe-
nvironment; Cellular imaging; Diabetes mellitus
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Core Tip: Deterministic methods for modeling stem cell-host interactions are needed to ensure the safety and efficacy of
stem cell-based therapies. This requires an in-depth understanding of the mechanism of action of the transplanted cells for
each and every host condition(s) and asks for the establishment of adequate methods to predict, follow-up and determine the
safety profile of the respective therapies.
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INTRODUCTION

Mesenchymal stromal cells (MSCs) continue to be the most explored type of stem cell because of their regenerative
impact on restoring organ and tissue structure and function. Such cell-based therapies are tested within various
regenerative approaches in the hope of enabling the treatment of disabling diseases[1]. However, the consistent
improvement in disease-associated biomarkers reported after MSC transplantation proved to be short-lived. This
transitory effect could be related to a poor cell survival rate, which requires extensive investigation[2]. The disease
environment is characterized by the presence of numerous stressors that include but are not limited to hypoxia, inflam-
mation, and metabolic imbalances that can impact the duration and efficiency of MSC transplantation. To further
complicate this matter, disease association and side effects of concurrent therapies result in an extremely complex and
intricate situation for a specific individual or group of individuals potential recipients of MSC therapies. It has been
proposed that in the context of cell therapies, host microenvironmental modulators can be used as therapeutics. This
requires a deep understanding of the mechanism of action of the transplanted cells for specific host condition(s) and asks
for the establishment of adequate, probably multi-biomarker panels to predict, follow-up and determine the safety profile
of the respective therapies[3].

This largely open debate invites several considerations with respect to MSCs (and probably other stem cell types).
therapies at large. What is known about the phenotype of transplanted MSCs, and what do they represent from an
informational and physiological perspective?

The question of whether cultured expanded MSCs faithfully reflect any stage of natural in vivo MSCs or whether cells
are present akin to developmental stages is prominent. It is essential to note the intricate embryological development of
mesenchymal tissues that have double embryological origins within trunk and head mesenchymal lineages (neural crest-
derived), with these origins intricately intertwined, particularly in tissues such as the myocardium or head and neck,
including sensory organs[4]. In the natural context of a developing organism, cellular differentiation appears determ-
inistic, allowing predictions about the fate of similar cells in subsequent generations even in unrelated species. However,
embryological studies reveal that cells from one presumptive tissue, when implanted into another tissue, can assume a
different fate[5]. The local regulation of their destiny by the new environment underscores the selective rather than
directive development of implanted cells, a characteristic inherent to MSCs. The development of human mesenchymal
tissues involves a sequence of precisely coordinated series of time-dependent events distinct from the tissue repair
mechanisms observed in adults 15-80 years later[6]. A classic example of such a mismatch is the long-tested and highly
argued approach in which MSCs from various sources are used for regeneration or tissue engineering of articular
cartilage. Chondrogenic primed adult tissue-derived MSCs notoriously undergo hypertrophic ossification since
endochondral bone repair appears to be the “default” function after organism maturation. Manipulation of the Wnt/f-
catenin pathway or pulsed exposure to parathyroid hormone related protein, which are reportedly used to suppress or
delay hypertrophic differentiation[7], involves the use of several attached strings. Challenges in describing the timing and
duration of such pharmacological intervention are not negligible, while adding steps in cell manipulation complicates
both prospective cell therapy manufacturing and regulatory approval altogether. Although insights from early
development may offer insight into utilizing cultured MSCs for repairing and regenerating adult tissues, the precise
underlying mechanisms remain unknown.

Another question refers to the ability to predict, track and monitor cell fate after transplantation. From a regulatory
perspective, the ability to fully comprehend cell fate after delivery is vital for understanding safety and efficiency.
Translation from animal models to clinical studies often requires an upgraded set of tests in an attempt to describe
parameters such as biodistribution, cell survival or engraftment after transplantation[8]. Preclinical studies rely on data
gathered through invasive sample collection for safety studies. Such assessments commonly utilize polymerase chain
reaction or immunohistochemistry as standards for good laboratory practice to detect cell-specific markers in vivo. This
approach involves the termination of in vivo experiments to enable sample collection. Time-series results and long-term
follow-up require a substantial number of animals and are obviously impractical for clinical studies. Consequently, there
is a critical demand for in vivo cellular imaging that facilitates both short- and long-term pharmacological studies, as well
as monitoring of therapeutic response. Cellular imaging has become necessary in the context of short- and long-term
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safety and efficacy of cell therapies. However, translation of imaging methods from preclinical studies is challenging.
Clinically available imaging methods, such as computer tomography, single-photon emission spectroscopy computer
tomography, and magnetic resonance imaging, need to be used to balance sensitivity, specificity, resolution and the need
for cell labeling. Radiolabeling, positron-emitting isotopes and nanomagnetic tracers are intensely tested alone or in
combination to enable imaging at the cellular level. Cell trackers themselves can modify both transplanted cells and the
host environment, introducing another set of variables that need to be taken into account when predicting the behavior of
the two intertwining systems. Notably, to date, no relevant modality for noninvasively imaging the viability of
transplanted cells has made its way to clinical settings despite several smart solutions being proposed experimentally.

However, the most difficult question may be whether the fate and function of the transplanted cell population are
predicted within the context of the host environment. In addition to the much-investigated issue of cell engraftment and
direct involvement in tissue regeneration vs the so-called “trophic” role that MSCs are supposed to play in the quality of
small molecules releasing “medicinal cells”[9], other crucial points require careful consideration. Specifically, molecular-
level descriptions of therapeutic cell mechanisms of action, donor- and tissue-type-dependent MSC variability, consistent
differences between preclinical data and existing results from available clinical trials are the only major challenges to be
addressed. In addition, predicting the content of MSC-released cytokines “black box” and their environment-induced
licensing after transplantation are still unresolved problems[3].

A significant challenge for stem cell therapy is cell survival and maintenance of the phenotype after transplantation.
The harsh microenvironment of the host commonly includes ischemia, inflammation, oxidative stress, and mechanical
stress, which contribute to important cell loss and to the release of proinflammatory cytokines, potentially increasing local
damage[10].

The multifaceted aspects of these challenges point toward the necessity of approaching them by means of a holistic
view where large amounts of data, computational disease modeling and perhaps the use of artificial intelligence could
offer valuable insights. Several possible developments in this context consist of data-driven optimization of cell delivery.
Thus, a large amount of data analysis can inform the optimization of cell delivery methods to increase the survival of
transplanted stem cells in hostile microenvironments[11]. With respect to the existing knowledge regarding the use of
biomaterial-based nanocarrier systems, tailored methods for cell delivery to fit a specific clinical situation (such as intraar-
ticular or intracardiac), cell preconditioning or cell engineering can be used to inform decision-making regarding pharma-
cological aspects of cell transplantation for a given clinical need.

MSCs can display a bidirectional immune modulatory effect, as shown by numerous in vivo studies and clinical trials.
MSCs are actually used to modulate the hyperactive immune response in coronavirus disease 2019 or graft-versus-host
disease patients[12]. MSCs act through secretomes and exosomes via paracrine effects, promoting the production of
regulatory T cells and preventing the infiltration of proinflammatory cytokines such as tumor necrosis factor-a and
interleukin-6[13].

Cell engineering strategies can be used to mitigate the immune response in the context of cell therapy. Genome editing
strategies and immune checkpoint inhibitors, such as programmed cell death ligand 1, CD47, and human leukocyte
antigen-G, are being explored to mitigate immune rejection caused by various cellular components of the immune
system, either in the presence or absence of human leukocyte antigen, particularly in human induced pluripotent stem
cells and progenitor-based therapies[14].

Despite the progress made in developing strategies to mitigate immune responses in patients receiving stem cell
therapies, these approaches still have limitations. One of the main challenges is that none of the current treatment
modalities are successful at abolishing the immune response in a manner that does not influence transplanted cell
viability or therapeutic efficacy[15]. The human immune system is extremely accurate at identifying non-self cells, which
poses a significant risk of antigraft immune responses resulting from allogeneic MSC sources. Another limitation is that
the refinement of stem cell culture protocols, including cell engineering strategies to increase the “therapeutic
phenotype”, may increase the immunogenicity of the transplanted cells.

Al and large-scale data analysis could be used to identify methods for cell preconditioning as well as genetic
engineering techniques that increase the survival and viability of transplanted stem cells, offering new possibilities for
improving engraftment and functionality. A holistic view, informed by large amounts of data and computational
modeling, can aid in understanding the complex interplay of factors affecting the survival and functionality of
transplanted stem cells, leading to more effective therapeutic strategies.

Using artificial intelligence in stem cell research introduces a new set of challenges mostly related to ethical consider-
ations, policy implications, and intellectual property, demanding a risk-based approach to balance the potential benefits
and risks. Abu-El-Rub et al[16] discussed one important aspect of MSC transplantation within the survival-challenging
environment of diabetes mellitus (DM) patients. MSC transplantation has been proposed as a potential treatment for type
Iand I DM mainly due to its immunosuppressive properties and anti-inflammatory effects. The authors present evidence
that high glucose concentrations adversely affect MSC survival by disrupting mitochondrial regulatory factors, leading to
apoptosis. These findings advance the idea that understanding and preserving factors such as the mitochondrial
membrane potential, the NAD+/NADH pool, and the mechanistic target of rapamycin protein may enhance MSC
survival in diabetic microenvironments. Future strategies could involve genetic modification, biomaterials, and
nanoparticles aimed at overcoming poor MSC survival under high-glucose conditions. Additionally, studying the impact
of other stressors in DM patients is crucial in the attempt to predict the effect of potential MSC-based therapies. The role
of frequent fluctuations in glucose levels in DM patients, systemic inflammation and the possible uremic milieu still need
to be considered.
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CONCLUSION

The incoming field of MSC-based cellular therapies faces multifaceted challenges, including poor cell survival rates,
complex host microenvironments, and immune responses. Addressing these challenges requires a holistic approach
informed by large amounts of data, computational modeling, and possibly the use of artificial intelligence. Future
strategies could involve genetic modification, biomaterials, and nanoparticles aimed at overcoming poor MSC survival in
specific microenvironments, such as those found in diabetic patients. Awaiting the true potential of cell-based therapies
to unfold, the need for comprehensive and multidisciplinary approaches to overcome these obstacles and to advance the
field toward more effective and safer clinical applications appears to be more imperative.

FOOTNOTES

Author contributions: Labusca L and Zugun-Eloae F contributed to this paper, and the writing and editing of the manuscript; Labusca L
designed the overall concept and outline of the manuscript; Zugun-Eloae F contributed to the discussion and design of the manuscript.

Supported by the Romanian Ministry of Research, Innovation and Digitization, CNCS/CCCDI-UEFISCD], project number ERANET-
EURONANOMED-3-OASIs, within PNCDI III (contract number 273/2022).

Conflict-of-interest statement: All the authors report no relevant conflicts of interest for this article.

Open-Access: This article is an open-access article that was selected by an in-house editor and fully peer-reviewed by external reviewers.
It is distributed in accordance with the Creative Commons Attribution NonCommercial (CC BY-NC 4.0) license, which permits others to
distribute, remix, adapt, build upon this work non-commercially, and license their derivative works on different terms, provided the
original work is properly cited and the use is non-commercial. See: https:/ /creativecommons.org/ Licenses/by-nc/4.0/

Country/Territory of origin: Romania
ORCID number: Luminita Labusca 0000-0001-9635-6893.

S-Editor: Wang JJ
L-Editor: A
P-Editor: Zhang XD

REFERENCES

1 Ebrahimi A, Ahmadi H, Pourfraidon Ghasrodashti Z, Tanide N, Shahriarirad R, Erfani A, Ranjbar K, Ashkani-Esfahani S. Therapeutic effects
of stem cells in different body systems, a novel method that is yet to gain trust: A comprehensive review. Bosn J Basic Med Sci 2021; 21: 672-
701 [PMID: 34255619 DOI: 10.17305/bjbms.2021.5508]

2 Brianna, Ling APK, Wong YP. Applying stem cell therapy in intractable diseases: a narrative review of decades of progress and challenges.
Stem Cell Investig 2022; 9: 4 [PMID: 36238449 DOI: 10.21037/sci-2022-021]
3 Krampera M, Le Blanc K. Mesenchymal stromal cells: Putative microenvironmental modulators become cell therapy. Cell Stem Cell 2021;

28: 1708-1725 [PMID: 34624232 DOI: 10.1016/j.stem.2021.09.006]

4 Cumpata AJ, Labusca L, Radulescu LM. Stem Cell-Based Therapies for Auditory Hair Cell Regeneration in the Treatment of Hearing Loss.

Tissue Eng Part B Rev 2023 [PMID: 37440318 DOI: 10.1089/ten. TEB.2023.0084]

Sheng G. The developmental basis of mesenchymal stem/stromal cells (MSCs). BMC Dev Biol 2015; 15: 44 [DOI:

10.1186/s12861-015-0094-5]

6 Pittenger MF, Discher DE, Péault BM, Phinney DG, Hare JM, Caplan Al. Mesenchymal stem cell perspective: cell biology to clinical
progress. NPJ Regen Med 2019; 4: 22 [PMID: 31815001 DOI: 10.1038/s41536-019-0083-6]

7 Fischer J, Aulmann A, Dexheimer V, Grossner T, Richter W. Intermittent PTHrP(1-34) exposure augments chondrogenesis and reduces
hypertrophy of mesenchymal stromal cells. Stem Cells Dev 2014; 23: 2513-2523 [PMID: 24836507 DOI: 10.1089/5¢d.2014.0101]

8 Helfer BM, Ponomarev V, Patrick PS, Blower PJ, Feitel A, Fruhwirth GO, Jackman S, Pereira Mouri¢s L, Park MVDZ, Srinivas M, Stuckey
DJ, Thu MS, van den Hoorn T, Herberts CA, Shingleton WD. Options for imaging cellular therapeutics in vivo: a multi-stakeholder
perspective. Cytotherapy 2021; 23: 757-773 [PMID: 33832818 DOI: 10.1016/j.jcyt.2021.02.005]

9 Caplan Al Mesenchymal Stem Cells: Time to Change the Name! Stem Cells Transl Med 2017, 6: 1445-1451 [PMID: 28452204 DOI:
10.1002/sctm.17-0051]

10 Li X, Huang M, Zhao R, Zhao C, Liu Y, Zou H, Chen L, Guan Y, Zhang YA. Intravenously Delivered Allogeneic Mesenchymal Stem Cells
Bidirectionally Regulate Inflammation and Induce Neurotrophic Effects in Distal Middle Cerebral Artery Occlusion Rats Within the First 7
Days After Stroke. Cell Physiol Biochem 2018; 46: 1951-1970 [PMID: 29719282 DOI: 10.1159/000489384]

11 Abubakar M, Masood MF, Javed I, Adil H, Faraz MA, Bhat RR, Fatima M, Abdelkhalek AM, Buccilli B, Raza S, Hajjaj M. Unlocking the
Mpysteries, Bridging the Gap, and Unveiling the Multifaceted Potential of Stem Cell Therapy for Cardiac Tissue Regeneration: A Narrative
Review of Current Literature, Ethical Challenges, and Future Perspectives. Cureus 2023; 15: 41533 [PMID: 37551212 DOI:
10.7759/cureus.41533]

12 Morata-Tarifa C, Macias-Sanchez MDM, Gutiérrez-Pizarraya A, Sanchez-Pernaute R. Mesenchymal stromal cells for the prophylaxis and
treatment of graft-versus-host disease-a meta-analysis. Stem Cell Res Ther 2020; 11: 64 [PMID: 32070420 DOI: 10.1186/s13287-020-01592-7]

W

3%9@) WIJSC | https://www.wjgnet.com 235 March 26,2024 | Volume16 | Issue3 |


https://creativecommons.org/Licenses/by-nc/4.0/
http://orcid.org/0000-0001-9635-6893
http://orcid.org/0000-0001-9635-6893
http://www.ncbi.nlm.nih.gov/pubmed/34255619
https://dx.doi.org/10.17305/bjbms.2021.5508
http://www.ncbi.nlm.nih.gov/pubmed/36238449
https://dx.doi.org/10.21037/sci-2022-021
http://www.ncbi.nlm.nih.gov/pubmed/34624232
https://dx.doi.org/10.1016/j.stem.2021.09.006
http://www.ncbi.nlm.nih.gov/pubmed/37440318
https://dx.doi.org/10.1089/ten.TEB.2023.0084
https://dx.doi.org/10.1186/s12861-015-0094-5
http://www.ncbi.nlm.nih.gov/pubmed/31815001
https://dx.doi.org/10.1038/s41536-019-0083-6
http://www.ncbi.nlm.nih.gov/pubmed/24836507
https://dx.doi.org/10.1089/scd.2014.0101
http://www.ncbi.nlm.nih.gov/pubmed/33832818
https://dx.doi.org/10.1016/j.jcyt.2021.02.005
http://www.ncbi.nlm.nih.gov/pubmed/28452204
https://dx.doi.org/10.1002/sctm.17-0051
http://www.ncbi.nlm.nih.gov/pubmed/29719282
https://dx.doi.org/10.1159/000489384
http://www.ncbi.nlm.nih.gov/pubmed/37551212
https://dx.doi.org/10.7759/cureus.41533
http://www.ncbi.nlm.nih.gov/pubmed/32070420
https://dx.doi.org/10.1186/s13287-020-01592-z

Labusca L et al. Host-graft crosstalk in stem cell transplantation

13 Manoharan R, Kore RA, Mehta JL. Mesenchymal stem cell treatment for hyperactive immune response in patients with COVID-19.
Immunotherapy 2022; 14: 1055-1065 [PMID: 35855633 DOI: 10.2217/imt-2021-0245]

14 Meissner TB, Schulze HS, Dale SM. Immune Editing: Overcoming Immune Barriers in Stem Cell Transplantation. Curr Stem Cell Rep 2022;
8:206-218 [PMID: 36406259 DOI: 10.1007/s40778-022-00221-0]

15 Petrus-Reurer S, Romano M, Howlett S, Jones JL, Lombardi G, Saeb-Parsy K. Immunological considerations and challenges for regenerative
cellular therapies. Commun Biol 2021; 4: 798 [PMID: 34172826 DOIL: 10.1038/s42003-021-02237-4]

16 Abu-El-Rub E, Almahasneh F, Khasawneh RR, Alzu'bi A, Ghorab D, Almazari R, Magableh H, Sanajleh A, Shlool H, Mazari M, Bader NS,
Al-Momani J. Human mesenchymal stem cells exhibit altered mitochondrial dynamics and poor survival in high glucose microenvironment.
World J Stem Cells 2023; 15: 1093-1103 [PMID: 38179215 DOI: 10.4252/wjsc.v15.112.1093]

Buissidenge WISC | hitps://www.wijgnet.com 236 March 26,2024 | Volume16 | Issue3 |


http://www.ncbi.nlm.nih.gov/pubmed/35855633
https://dx.doi.org/10.2217/imt-2021-0245
http://www.ncbi.nlm.nih.gov/pubmed/36406259
https://dx.doi.org/10.1007/s40778-022-00221-0
http://www.ncbi.nlm.nih.gov/pubmed/34172826
https://dx.doi.org/10.1038/s42003-021-02237-4
http://www.ncbi.nlm.nih.gov/pubmed/38179215
https://dx.doi.org/10.4252/wjsc.v15.i12.1093

JRnishideng®

Published by Baishideng Publishing Group Inc
7041 Koll Center Parkway, Suite 160, Pleasanton, CA 94566, USA
Telephone: +1-925-3991568
E-mail: office(@baishideng.com
Help Desk: https://www.t6publishing.com/helpdesk

https:/ /www.wjgnet.com

© 2024 Baishideng Publishing Group Inc. All rights reserved.


mailto:office@baishideng.com
https://www.f6publishing.com/helpdesk
https://www.wjgnet.com

	Abstract
	INTRODUCTION
	CONCLUSION
	FOOTNOTES
	REFERENCES

