
© The Author(s) 2024. Published by Oxford University Press on behalf of The Japanese Radiation Research Society and Japanese Society for Radiation Oncology.
This is an Open Access article distributed under the terms of the Creative Commons Attribution Non-Commercial License (https://creativecommons.org/licenses/by-
nc/4.0/), which permits non-commercial re-use, distribution, and reproduction in any medium, provided the original work is properly cited. For commercial re-use, please
contact journals.permissions@oup.com

Journal of Radiation Research, Vol. 65, Supplement_1, 2024, pp. i80–i87
https://doi.org/10.1093/jrr/rrae009

Cell-based and extracellular vesicle-based MSC
therapies for acute radiation syndrome affecting

organ systems
Yasuo Miura1,2,†, Sumie Fujii2,† and Tatsuo Ichinohe1,*

1Department of Hematology and Oncology, Research Institute for Radiation Biology and Medicine, Hiroshima University, 1-2-3 Kasumi, Minami-ku,
Hiroshima 734-8553, Japan

2Department of Transfusion Medicine and Cell Therapy, Fujita Health University School of Medicine, 1-93 Dengakugakubo, Kutsukakecho, Toyoake,
Aichi 470-1192, Japan

*Corresponding author. Department of Hematology and Oncology, Research Institute for Radiation Biology and Medicine, Hiroshima University, 1-2-3 Kasumi,
Minami-ku, Hiroshima 734-8553, Japan. Tel: +81-82-257-5861; Fax: +81-82-256-7108; Email: nohe@hiroshima-u.ac.jp

†Yasuo Miura and Sumie Fujii contributed equally to this work.
(Received 5 December 2023; revised 28 January 2024; editorial decision 13 February 2024)

ABSTRACT
Exposure to ionizing radiation can induce harmful biological effects on the human body, particularly in cases of high-
dose γ -irradiation affecting the gastrointestinal tract, bone marrow, skin and lung. Such exposures lead to lethal
outcomes as individuals experience a breakdown in their immune system’s ability to defend against pathogens,
predisposing them to sepsis-induced multiple organ failures. Mesenchymal stromal/stem cells (MSCs) possess
diverse biological characteristics, including immunomodulation, anti-inflammation and tissue regeneration. Off-the-
shelf culture-expanded human bone marrow- or adipose tissue-derived MSCs are clinically available to treat graft-
versus-host disease following hematopoietic cell transplantation and perianal fistulas in Crohn’s disease in Japan.
While preclinical studies showcase encouraging outcomes in radiation-induced injuries, the effectiveness of MSC
transplantation in addressing acute radiation syndrome affecting organs in irradiated individuals is limited. Recent
studies have highlighted MSC-releasing extracellular vesicles as nanoparticle substances responsible for outlining
the mechanism of action and have identified various components, including proteins and microRNA, that serve as
functional molecules. MSC-releasing extracellular vesicle-based therapy emerges as a promising avenue, offering a
potential solution to the challenges posed by radiation-induced injuries. However, further investigation is required,
especially regarding whether MSC-releasing extracellular vesicles have regenerative effects on tissue-resident stem
cells. These unresolved issues represent key aspects that need to be addressed to optimize the therapeutic potential of
cell-based and extracellular vesicle-based MSC therapies for interventions in the context of radiation-induced injuries.

Keywords: acute radiation syndrome; radiation disaster; gastrointestinal tract; skin; bone marrow; tissue-resident
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INTRODUCTION
Exposure to ionizing radiation can induce harmful biological effects on
the human body. The classification of radiation effects encompasses
deterministic and stochastic effects, immediate and delayed responses,
as well as genetic, tumorigenic and teratogenic outcomes (Table 1).
Most deterministic effects manifest as immediate injuries, with symp-
toms appearing within several weeks after exposure. These result from
a cascade of biological responses culminating in cell death in affected
organs/tissues [1]. Actively dividing cells, particularly those less differ-
entiated, exhibit higher radiosensitivity and vice versa. Deterministic

effects become evident only upon exposure to radiation surpassing a
certain level, dependent on radiosensitivity (Table 2). In the event of
an accidental radiation disaster, high-dose irradiation, primarily from
γ rays, induces severe injuries that extend beyond the responses in
the exposed tissues and organs. Notably, injuries to the gastrointestinal
(GI) tract, bone marrow (BM), skin and lung can be lethal because the
breakdown of these tissue and organ systems predisposes the affected
individuals to infection, leading to sepsis-mediated multiple organ fail-
ure [2]. This article reviews the current knowledge in cell therapy
using culture-expanded mesenchymal stromal/stem cells (MSCs) and
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Table 1. Classification of radiation effects on human body

Symbolic symptoms Affected organs/tissues Latency Mechanisms

ARS Cytopenia BM Immediate (−weeks) Death of cells:
Deterministic effectsBleeding GI tract

Erosion Skin
Dyspnea Lung
Vomit Central nervous system

Sterility Reproductive organs
Cataract Eyes Late (months–years)
Cancers Various Mutations in cells:

Stochastic effectsHereditary effects Reproductive organs

The phases of ARS are prodromal: 0–2 days from exposure, latent: 2–20 days and manifest illness: 21–60 days from exposure.

Table 2. The threshold values of ionizing irradiation in various organs/tissues. Threshold doses for symptoms with clear clinical
abnormalities (doses causing effects on 1% of people).

Affected organs/tissues and symptoms Threshold/Severe doses (Gy, approx.) (acute) Incubation period

Testis: sterility (temporal) 0.2/− <1 month
Eyes: cataract 0.5/5 >1 year
Ovary: sterility (temporal) 0.5/− <1 month
BM: cytopenia 0.5/2 2 weeks
GI tract: diarrhea, bleeding 2/5 1 week
Skin: erosion 2/10 3 weeks
Lung: hypo-oxygenation 2/10 4 weeks
Ovary: sterility (permanent) 2.5/− <1 month
Testis: sterility (permanent) 3.5/− <1 month
Central nervous system: Encephalitis 15/30 Variable
Soft tissues >25/− Variable

nanoparticle therapy employing MSC-producing extracellular vesicles
(MSC-EVs) for the restoration of immediate injuries in acute radiation
syndrome (ARS) affecting organ systems (Fig. 1).

THE GENERAL MODE OF ACTION OF MSC-BASED
CELL AND EV THERAPY

Culture-expanded MSCs have been employed in the treatment
of various intractable diseases, anticipating anti-inflammatory and
immunomodulatory properties, as well as facilitating the regeneration
of damaged tissues [3]. While the primary sources of human MSCs
are BM and adipose tissues, exploration into alternative sources such
as umbilical cord and umbilical cord blood that can be obtained in a
non-invasive manner has been conducted (Table 3) [4]. When human
culture-expanded MSCs are administered to the human body, they are
expected to migrate to damaged tissues and secrete soluble factors such
as cytokines and chemokines [5]. In Japan, allogeneic off-the-shelf
BM-MSCs or adipose tissue-derived MSCs (ADSCs) have been used
in clinics for the treatment of acute graft-versus-host disease following
hematopoietic cell transplantation since 2015 [6] and perianal fistulas
in Crohn’s disease since 2021 [7], respectively. Internationally, the use
of allogeneic MSCs has been approved for the treatment of critical

limb ischemia (India, 2017) and knee cartilage defects (South Korea,
2012).

Since recent research has highlighted that the therapeutic effects
of MSCs can be replicated by EVs released from MSCs, exploration
into the application of MSC-EVs for diseases targeted by MSC-based
cell therapy has been prompted [8]. As well as the MSC population
itself, MSC-EVs show anti-inflammatory and immunomodulatory
effects; they repress antigen uptake and maturation of dendritic cells,
promote M2 macrophage polarization, preserve regulatory T cells and
inhibit peripheral differentiation of T cells [9]. Key proteins such
as transforming growth factor (TGF)-β1 [10], galectin-1 [11] and
PD-L1 [12], along with various microRNAs, including miR-223 [13–
15], contribute to mediating these therapeutic effects. In addition,
MSC-EVs demonstrate direct regenerative effects on damaged cells.
In a skin wound model, MSC-EVs enhance the proliferation of
human dermal fibroblasts and suppress their differentiation by
inhibiting TGF-β receptor signaling [16]. In an acute kidney injury
model, MSC-EVs mitigate apoptosis and heightened autophagy of
tubular epithelial cells by inhibiting caspase 1 and Ras-related GTP-
binding D [17]. They also reduce the apoptosis of lung epithelial
cells during lung injury [18]. In a model of autoimmune hepatitis,
MSC-EVs protect hepatocytes by downregulating nuceotide-binding
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Fig. 1. Clinical application trajectories of MSC-EVs. This figure illustrates the comprehensive pathway from laboratory research to
clinical implementation, focusing on the use of MSC-EVs in therapeutic interventions. It highlights the critical steps and
considerations in the transition from bench work to bedside, emphasizing the application of MSC-EVs in the treatment of organ
systems affected by ARS [61], as well as their potential use in managing various other disease conditions. ARS= acute radiation
syndrome, BM = bone marrow, MSC = mesenchymal stromal/stem cells, EV = extracellular vesicle, GMP = good manufacturing
practice, GI = gastrointestinal.

and oligomerization domain (NOD)-like receptor family pyrin
domain-containing 3 and caspase-1 expression [19]. Cardiomyocytes
benefit from protection through the downregulation of semaphorin 3A
and STAT3 [20] along with the reduction of reactive oxygen species
[21]. Additionally, MSC-EVs contribute to the recovery of neural
cells by upregulating nerve growth factor signaling [22]. MSC-EVs
influence different types of programmed cell death by transporting
various microRNAs and proteins that modulate apoptosis-, pyroptosis-
, ferroptosis- and necroptosis-related proteins [23]. In the context of
radiation injuries to tissues/organs, both MSCs and MSC-EVs are

anticipated to exhibit therapeutic effects by directly supporting cell
regeneration in injured tissues, particularly in tissue-resident stem and
progenitor cells. Furthermore, their indirect effects are expected to
extend mitigating adverse inflammation and immune reactions.

GI TRACT
The histological findings associated with immediate effects of ionizing
irradiation in the GI tract commonly include epithelial injury,
submucosal changes with inflammatory cell infiltration, endothelial
cell swelling and muscle atrophy. In the esophagus, immediate effects
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Table 3. A list of MSCs and MSC-EVs. EVs are produced by almost all cell types, including various sources of MSCs. Based on
biogenesis and size, EVs are classified as exosomes, microvesicles and apoptotic bodies. Essentially, EVs mirror the characteristics
and state of their originating cells. The recent position statement by ISEV (MISEV2018) suggests naming medium/large EVs (m/l
EVs) and small EVs (sEVs) based on size, where sEVs are defined as being ≤200 nm and m/l EVs as >200 nm. Exosomes are
categorized as sEVs [71].

MSCs Sources Effects

BM Anti-inflammation
Immunomodulation
Tissue/organ regeneration

Adipose tissue
Umbilical cord and blood
Placenta
Amniotic fluid
Menstrual blood
Dental tissue
Pluripotent stem cell

EVs Classification Diameter Origin

Exosomes 30–100 nm Endosomes
Microvesicles 50–1000 nm Plasma membranes
Apoptotic bodies 100–5000 nm Dead cell membranes

primarily impact the basal cells of the stratified squamous epithelium,
which are characterized by the presence of apoptotic bodies and
mitotic figures [24]. Subsequently, swelling of vascular endothelial
cells occurs in the submucosal layer [25]. Limited studies have directly
explored the effects of MSCs or MSC-SVs on the regeneration of
esophageal layers in preclinical models. In a murine model of C57/B6
exposed to X-rays with twice-weekly doses totaling 10 Gy, human
ADSCs were locally injected the day after the final irradiation. The
results showed that the MSC-treated mice exhibited improved basal
cell division and reduced thickness of the esophageal submucosa,
although details about effector molecules, including EVs, were not
provided [26].

In the stomach, the immediate response often occurs in the antrum
[27]. Histological observations demonstrate atrophy of epithelial cells,
degeneration of parietal cells and chief cells, inflammation in the lam-
ina propria and submucosal edema [28]. Gastric epithelial progeni-
tor or stem cells are essential for the regeneration of simple colum-
nar epithelium in the stomach mucosa by differentiating into nor-
mal gastric lineage cells [29]. Such cells include B lymphoma Mo-
MLV insertion region 1 homolog (Bmi)-1- or leucine-rich repeats
and immunoglobulin-like domain protein 1 (Lrig1)-expressing cells
located in the isthmal region of gastric glands in the corpus and antrum
[30] and leucine-rich repeat-containing G protein-coupled receptor 5
(Lgr5)-expressing cells located in the base region of gastric glands in
the antrum [31, 32]. As of now, there are no PubMed-indexed studies
examining the direct effects of MSCs or MSC-EVs on the regeneration
of such gastric epithelial progenitor or stem cells in preclinical models.

Radiation-induced damage to the small intestine is of particular
concern due to its extensive length along the GI tract and its cru-
cial role in water and nutrient absorption, as well as electrolyte bal-
ance. The intestinal epithelial cells undergo differentiation from Bmi-1-
expressing or Lgr5-expressing intestinal stem cells located in the crypts

[33, 34]. Thereafter, they migrate and undergo apoptosis at the apex of
the villi approximately 3–4 days after the initiation of differentiation.
Radiation-induced stem cell death results in immediate damage to the
simple columnar epithelium with an incubation period of ∼1 week.
Severe injury occurs with >5 Gy irradiation, often resulting in death
within 3–5 days without medical intervention. Multiple studies have
demonstrated that MSCs improve intestinal epithelial repair in mouse
models of radiation injury [35, 36]. Additionally, a significant increase
in Lgr5-expressing intestinal stem cells is demonstrated, involving the
activation of the Wnt/β-catenin signaling pathway in C57BL/6 mice
that received abdominal irradiation >12 Gy [37]. Regarding MSC-
EVs, the direct effect of MSC-EVs on intestinal stem cells after radia-
tion has not been studied yet. In nude mice that received whole-body
irradiation at 10 Gy, intravenous administration of EVs produced from
human embryonic stem cell-derived MSCs improved the renewal of
the small intestinal epithelium by stimulating proliferation and inhibit-
ing apoptosis of the epithelial crypt cells [38].

Lgr5-expressing cells are not only found in the stem cell population
of the small intestine but also in the large intestine (colon), where
they divide approximately once per day [33]. Given that the epithelial
cell turnover rate is 3–5 days for the small intestine and 5–7 days for
the colon [39], the colon is believed to have lower radiosensitivity
compared with the small intestine. There is a report involving SD rats
that received local irradiation with a single dose of 27 Gy and were
subsequently treated with systemic administration of BM-MSCs. This
resulted in the proliferation of crypt epithelial cells with increased
Wnt4 expression and a limited reduction in the number of Sox9-high
cells [36]. However, as of now, there appears to be no report that
directly examines the efficacy of MSC-EVs on the tissue regeneration
of colon epithelium after irradiation.

Collectively, the administration of MSCs demonstrates therapeutic
effects on radiation-induced injuries throughout the GI tract, likely
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modulating the adverse inflammation and immune response as well as
supporting the regeneration of epithelial cells by acting on intestinal
stem cells. While the efficacy of MSC-EV therapy appears promising
in non-irradiation disease models, there is still limited literature related
to MSC-EV therapy specifically for radiation-induced damage in the
GI tract.

BONE MARROW
Some populations of hematopoietic stem cells (HSCs) in the G0
phase have been identified as radioresistant, even when exposed
to 6 Gy irradiation [40]. When radiation exposure exceeds 10 Gy,
the autonomous recovery of hematopoiesis becomes impractical. In
such cases, allogeneic HSC transplantation is the sole modality to
reconstitute hematopoiesis in irradiated individuals, and indeed, the
engraftment of donor-derived HSCs has been achieved in multiple
cases [41]. Nevertheless, individuals exposed to radiation over
4 Gy often succumb to non-BM toxicity despite allogeneic HSC
rescue.

In preclinical study, lipopolysaccharide-primed MSC-derived EVs
can educate monocytes, and such monocytes promote hematopoietic
recovery and survival in small animal models [42]. The simulta-
neous administration of culture-expanded MSCs with HSCs has
been investigated as clinical trials since the 1990s, anticipating the
promotion of hematopoiesis and the avoidance of rejection post-
medical myelosuppressive conditioning, involving irradiation and/or
chemotherapy [43]. Despite historical exploration, a recent systematic
review and meta-analysis, acknowledging limitations in study design
and small sample sizes, reported no statistically significant effects
of MSCs in co-transplantation with HSCs [44]. In a specific case
of accidental exposure to 14.5 Gy γ -radiation in 2008, a combined
treatment approach involving intravenous administration of HLA-
mismatched haploidentical peripheral blood stem cells from a sibling
and intra-BM injection of allogeneic BM-MSCs led to engraftment on
Day 8 post-transplantation, implying the contribution of MSCs to the
rapid engraftment of donor HSCs [45]. Although the hematopoiesis
was sustained and the skin ulceration was improved with additional
local injection of BM-MSCs, the patient faced a fatal outcome with
multiple organ failure on Day 55 post-transplantation, i.e. Day 62
after irradiation exposure. Autopsy findings unveiled a severe epithelial
injury in the GI tract.

Multiple studies have demonstrated that the administration
of MSC-derived EV promotes multiple lineages of hematopoietic
recovery in irradiated mice [46], possibly attributed to the reversal
of radiation-induced DNA damage and of subsequent apoptosis
in hematopoietic cells [47]. It is reported that human BM-MSC-
derived EVs are incorporated into human CD34-expressing cells,
resulting in decreased caspase-3 activity, increased colony-forming
unit-granulocyte-macrophage (CFU-GM) formation and enhanced
lodging in 3.5 Gy-irradiated NOD/SCID mice [48]. Thus, MSC-EVs
are likely to have direct regenerative effects on HSCs and support
the generation of hematopoietic cells from HSCs into consideration,
the potential impact of ionizing irradiation on the hematopoiesis-
supportive characteristics of MSCs becomes a significant issue. In
in vitro co-culture experiments, exposure of human BM-MSCs to
ionizing radiation at 0.1 Gy showed an increase in the generation of
CD34+CD38+ double positive cells from CD34-expressing cells,

along with elevated IL-6 levels [49]. Additionally, the generation of
CD19-expressing cells from CD34-expressing cells decreased with
reduced IL-7 levels when human BM-MSCs were exposed to ionizing
radiation at over 2 Gy [50]. These effects are likely attributed to
radiation-induced DNA damage in BM-MSCs, although it remains
unknown whether this change in irradiated BM-MSCs is transient or
permanent [49, 50]. In a 16 Gy irradiation-induced bone loss SD rat
model, EVs derived from normal BM-MSCs restored the function of
irradiated BM-MSCs by accelerating DNA repair, activating Wnt/β-
catenin pathway and promoting restored differentiation potential [51].
However, it remains unknown whether normal BM-MSC-EVs can
restore the hematopoiesis-supportive capability of irradiated BM-
MSCs.

To summarize, in the context of established HSC administration
for radiation-induced BM injuries, the simultaneous use of MSCs is
expected to target non-BM tissue/organ injuries rather than primarily
supporting the recovery of BM injuries. Ongoing research suggests
that MSC-EVs have the potential to serve a dual purpose, embodying
a ‘hit two and more birds with one stone’ strategy. This approach
holds promise not only for hematopoiesis recovery but also for the
restoration of injured non-hematopoietic organs and tissues. Further
exploration of MSC-EVs is poised to offer comprehensive therapeutic
benefits in the context of radiation-induced injuries.

SKIN
Given the principle that rapidly dividing and undifferentiated cells
exhibit greater radiosensitivity than slowly dividing and differentiated
cells, the epidermis is more radiosensitive compared with the dermis,
with the basal layer identified as the utmost radiosensitive compo-
nent [52]. Within the epidermis, epidermal stem cells reside in the
basal layer of the interfollicular epithelium, orchestrating the routine
regeneration of the various layers of the epidermis [53]. A preceding
study unveiled that the human keratinocyte population endowed with
stem cell characteristics demonstrated a relative resistance to 2 Gy γ -
irradiation compared with the human keratinocyte population with
progenitor characteristics [52]. The study revealed that the former cells
occur at a frequency of 1%, while the latter constitutes 10% of the pop-
ulation. While the direct impact of MSCs or MSC-EVs on epidermal
stem cells remains unsolved, numerous reports from both preclinical
and clinical trials underscore that MSCs are promising agents for man-
aging radiation-induced skin injuries [45, 54]. Particularly, the injec-
tion of MSCs into the perilesional sites of local radiation-induced skin
injuries appears to clinically result in complete epithelium regeneration
[45, 55]. MSC-EVs, through their modulation of immunoregulation,
angiogenesis and fibroblast proliferation, contribute to wound healing
and skin regeneration [56]. Furthermore, in vitro assessments demon-
strated the re-epithelialization effects of MSC-EVs, where they facili-
tated proliferation and migration while inhibiting apoptosis in human
keratinocyte line HaCaT cells damaged by H2O2 through miR-93-3p-
targeted apoptotic peptidase activating factor 1 [57]. Based on the
current literature, the efficacy of MSC-EVs in the context of radiation-
induced skin injury remains undetermined.

In summary, MSC therapy exhibits clinical efficacy in the manage-
ment of radiation-induced skin injuries. For the comprehensive treat-
ment of extensive or widespread radiation skin injuries necessitating
systemic intervention, the consideration of MSC-EVs over MSCs may
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be prudent, leveraging their advantageous distribution throughout the
human body.

LUNG
Ionizing radiation can lead to radiation-induced lung injury, character-
ized by diffuse alveolar damage, in its acute phase [58]. Both Type I
(AT1) and Type II (AT2) alveolar epithelial cells are susceptible to
this damage; however, AT2 cells that survive have the capability to
proliferate and differentiate into AT1 cells, akin to stem cells in alveolar
repair and regeneration [59]. Studies indicate that MSCs directly assist
AT2 cells in differentiating into AT1 cells by suppressing the Yes-
associated protein in models of lipopolysaccharide-induced lung injury
[60]. A potential advantage of MSC therapy over MSC-EV therapy
in treating radiation-induced lung injury is that intravenously admin-
istered MSCs tend to accumulate in the lungs [61]. Once there, they
secrete anti-inflammatory substances, including interleukin-10 [62],
and help reduce pro-inflammatory cytokines such as tumor necrosis
factor-α and interleukin-6 [63], contributing to the healing of the
damaged lung tissue. Despite promising results in preclinical studies for
MSC therapy in radiation-induced lung injury [64], no clinical trials
have been registered on ClinicalTrials.gov regarding treatments with
MSCs or MSC-EVs for this specific injury [65]. However, the recent
COVID-19 epidemic highlighted the potential of MSC-EVs in treating
COVID-19 pneumonia [66], especially since SARS-CoV-2 infects AT2
cells via the ACE2 receptor, causing alveolar damage and potentially
leading to severe acute respiratory distress syndrome (ARDS) [67].
A study involving 24 patients with moderate-to-severe ARDS from
SARS-CoV-2 infection indicated improved oxygenation after MSC-EV
intravenous infusion, although no significant pathological or radiologi-
cal amelioration of alveolar damage was mentioned [68]. Another pilot
study for COVID-19 pneumonia explored the feasibility and efficacy
of nebulization of MSC-EV and reported radiographic improvements
without noticeable side effects [69]. MSC-EVs are internalized by AT2
cells [70]. In vitro studies on Mycobacterium tuberculosis infection reveal
that this internalization of MSC-EVs leads to the transfer of miR-20b,
which helps inhibit the production of inflammatory factors in AT2 cells
by targeting the Toll-like receptor and nuclear factor of activated T-cell
5 signaling pathways [70]. Together, although the significant clinical
effectiveness of MSCs and MSC-EVs on radiation-induced lung injury
has not yet been established, employing MSC-EVs via inhalation could
be a reasonable approach to enhance clinical outcomes in the lungs,
given the exosome’s size (30–100 nm) and its ability to efficiently
reach the alveolar space (300 μm in diameter) for targeted therapeutic
effects.

CONCLUSION
As ionizing radiation induces a complex landscape of injuries across
various organ systems, the diverse characteristics of MSCs, including
regeneration, anti-inflammatory properties and immunomodulation,
position them as agents for mitigating radiation-induced injuries.
While preclinical studies showcase encouraging outcomes, the
effectiveness of MSC transplantation on ARS affecting organs in
irradiated individuals, especially those exposed to high-dose γ -
irradiation, appears primarily limited to skin lesions. Severe GI
tract injuries induced by radiation lead to fatalities, often due to
sepsis-mediated multiple organ failure. Moreover, the capability of

endogenous MSCs in high-dose γ -irradiated individuals to sustain
long-term hematopoiesis remains uncertain. Anticipated to overcome
limitations in MSC-cell therapy, MSC-EV-based therapy emerges as
a promising avenue, offering a potential solution to the challenges
posed by radiation-induced injuries. However, further investigation is
especially required to determine whether MSC-EVs have regenerative
effects on tissue-resident stem cells—key issues that need resolution.
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