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Immune-mediated inflammatory diseases (IMIDs) encompass several entities such as “classic” autoimmune disorders or
immune-mediated diseases with autoinflammatory characteristics. Adult stem cells including mesenchymal stem cells
(MSCs) are by far the most commonly used type in clinical practice. However, due to the possible side effects of MSC-
based treatments, there is an increase in interest in the MSC-secretome (containing large extracellular vesicles,
microvesicles, and exosomes) as an alternative therapeutic option in IMIDs. A wide spectrum of MSC-secretome-related
biological activities has been proven including anti-inflammatory, anti-apoptotic, and immunomodulatory properties. In
comparison with MSCs, the secretome is less immunogenic but exerts similar biological actions, so it can be considered
as an ideal cell-free therapeutic alternative.
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| 1. Systemic Lupus Erythematosus

Systemic lupus erythematous (SLE), an idiopathic, multifactorial chronic autoimmune disease, is defined mainly by
immune dysregulation, antibodies to nuclear and cytoplasmic antigens, systemic inflammation with a wide spectrum of
clinical manifestations, and a relapsing-remitting course 4.

Although the use of autologous MSCs in autoimmune and inflammatory diseases appears promising ZE there is
evidence for obvious MSC deficiency in SLE 4. MSCs derived from SLE patients exhibit a variety of structural and
functional failures compared to healthy MSCs El€l S| E-originated MSCs display abnormalities in their growth,
proliferation, differentiation, apoptosis, migration, cytokine production, and immunomodulatory properties. The theoretical
basis for using the MSC-secretome in SLE is partly due to the MSC limitations and partly because of the fact that the
secretome could affect almost all types of immunocompetent cells.

In SLE, the effect of the MSC-secretome on innate and adaptive immune cells acts against the mechanisms of immune
dysregulation. Cargoes of extracellular vesicles such as DNAs, mRNAs, miRNAs, IncRNAs, and circRNAs have been
shown to regulate autoimmunity and are associated with SLE activity 8. MSC-exosomes from the human umbilical cord
were found to increase the fraction of M2 macrophage polarization both in murine and human lupus B9 Moreover, a
recent study confirmed that exosomal tsRNA-21109 from MSCs alleviates SLE by inhibiting macrophage M1 polarization
(1. Human MSC-EVs inhibit T cell differentiation toward Th1 via glycolysis and cytokine pathway regulation 22,

Accumulating evidence suggests that non-coding RNAs, miRNAs, and circRNAs derived from MSC-EV play a crucial role
in the pathogenesis of SLE A3l pespite the fact that MSC therapies have demonstrated promise in models of SLE-
related pathologies, the function and mechanism of MSC-exos remain unknown. However, it is clear that the MSC-
secretome possesses potent anti-inflammatory and immunomodulatory effects 22l Therefore, the application of the MSC-
secretome could be considered as an ideal therapeutic option for severe, refractory SLE. Additionally, MSC-secretome
may represent a cell-free, low-immunogenicity alternate solution to disadvantaged MSC therapies 131,

| 2. Inflammatory Arthritides

Rheumatoid arthritis (RA) is a systemic autoimmune disease of unknown origin that is primarily characterized by chronic,
progressive polyarthritis, but also frequently involves a broad spectrum of extra-articular organs by terms of inflammation
151 |n RA, patients lose self-tolerance, and start to produce autoantibodies.



There are numerous conventional and novel disease-modifying anti-rheumatic drugs available for the treatment of RA.
Along with their immunosuppressive and immunomodulatory effects, however, several adverse effects must also be
considered 12, Thus, the secretome derived from MSCs with immunomodulatory properties could serve as a suitable
therapeutic option.

Many intriguing results have already been obtained from animal experiments within that direction. Not only was the
secretome from MSC found to have a significant anti-inflammatory effect in a murine model of collagen-induced arthritis
(CIA), but this effect varied among the different secretome fractions 8. In this experiment, the MSC-derived exosomes
were more effective than the microvesicles in increasing the number of regulatory T cells. Additionally, MSC-derived
microvesicles induced significantly less IL-10 and TGFB production by the T and B cells than MSCs per se 14,

Proliferation, invasion, and inflammatory response abnormalities of rheumatoid fibroblast-like synoviocytes (RA-FLS) are
critical in the progression of RA. Exosomes derived from modified MSCs (Ex0-150; containing miR-150-5p) were found to
target matrix metalloproteinase 14 (MMP14), and thus inhibit the migration and invasion of RA-FLS 18, Exo-150 injections
decreased the hind paw thickness and clinical arthritic scores in mice with CIA. Ex0-150 also inhibited synoviocyte
hyperplasia and angiogenesis, thereby reducing joint destruction.

Human umbilical cord MSC-derived exosomes (hUCMSCESs) have also been shown to beneficially influence bone
damage in CIA rats 22, The exosomes inhibited bone destruction by rebalancing the receptor activator of the NFkB
ligand/osteoprotegerin  (RANKL/OPG) ratio in a concentration-dependent manner. Furthermore, the intra-articular
administration of hUCMSCEs markedly suppressed the serum and synovial fluid levels of the C—C motif chemokine ligand
2 (CCL2) and C-X-C motif chemokine ligand 12 (CXCL12) in the experimental animals 29,

Exosomal circRNAs derived from MSCs could also be a promising therapeutic approach for RA treatment. MSC-derived
exosomal circFBXW?7 treatment inhibited RA-FLS proliferation, migration, and inflammatory response as well as the RA
rat model damage by sponging miR-216a-3p and activating histone deacetylase 4 (HDAC4) [21],

Although animal experiments have been extremely encouraging and no significant adverse effects associated with the
use of secretome have been reported, human trials have not begun yet. It should also be borne in mind that some new
research 221231 syggests that epigenetically modified bone-marrow-derived MSCs (and presumably also their secretome)
producing more IL-6 may promote the progression of RA by migrating to the synovium. In any case, more research is
required to investigate MSC-based and cell-free therapeutic options for human RA.

Spondyloarthritis (SpA) is defined by synovial and entheseal involvement, resulting in spinal and oligoarticular peripheral
arthritis, most commonly in genetically predisposed (HLA-B27+) individuals. Additionally, extra-musculoskeletal, systemic
inflammatory organ manifestations may also occur. SpA may be listed as an autoinflammatory disease, with a
predominant involvement of innate immunity. Adult spondyloarthritis can be classified into several well-defined subtypes;
(one of the most known is Bechterew's disease) [24],

Interestingly, the use of MSCs and MSC-secretome in the SpA group can cause not only beneficial but also detrimental
effects. In mice with a low expression of A20 (a modulator of signal transducer and activator of transcription 1/STAT1/-
dependent gene transcription) in myeloid cells, early enthesitis has been found 22, In parallel, the inhibition of the
JAK/STAT1 pathway resulted in clinical and histological improvement of enthesitis 221, It would not be unexpected if a
similar defect in human BM-MSCs contributed to the development of enthesitis in response to TNF stimulation. In a TNF
transgenic mouse model, the selective expression of TNF receptor | in mesenchymal cells was detected, and enthesitis
occurred regardless of the presence or absence of mature T and B cells. This indicates that only mesenchymal cells are
crucial for the development of joint inflammation (281271, Because reactive arthritis sometimes precedes spondyloarthritis, it
is hypothesized that transient or persistent silent infections affecting the bone marrow may contribute to the adverse
phenotyping of bone marrow-derived MSCs 28], Likewise, the role of EVs has been found to promote the initiation and
spread of the underlying disease (including spondyloarthritides), especially in obese people, through an interaction
between adipocytes and immune cells mediated by EVs 2389, |n spondyloarthritides, the study of positive or negative
therapeutic effects of the MSC-secretome is essential. In addition to animal models and cell culture experiments, detailed
human studies must be introduced.

| 3. Multiple Sclerosis

Multiple sclerosis (MS) is an inflammatory demyelinating autoimmune disease of the central nervous system in which the
protective myelinated axons of the nerve fibers in the brain and spinal cord are targeted, along with parallel disruption of



the blood—brain barrier. MS can be present in several forms such as a progressive or a fluctuating, relapsing-remitting
type [BLI32](33],

The success of using MSCs in MS has fallen short of the expectations. In patients with the relapsing-remitting type,
disease-modifying treatment altered the activity of MSCs 24, Additionally, it was established that the patients’ own MSCs
were unsuitable for disease prevention 2. MSC differentiation into neurons, however, has a significant neuroprotective
effect [2€]. MSC-exosomes, as nanoscale vesicles coated with a lipid membrane, readily cross the blood-brain barrier.
Exosomes can be used to modify autoreactive T cells in a pro-tolerance direction and deliver factors to the central
nervous system that promote neuronal survival and remyelination B8, Thus, their utility in MS is almost self-evident.

By modifying exosomes, receptors may be added to their surface, allowing for targeted drug delivery to cells. Exosome-
encapsulated curcumin or JS1124 (a selective STAT3 inhibitor) were delivered to microglia cells via an intranasal route in
mice BZ. The results of the experimental autoimmune encephalitis (EAE) demonstrated that mice treated intranasally with
modified exosomes are protected from the progression of the inflammatory disorder induced by the myelin
oligodendrocyte glycoprotein peptide. Intranasal administration of the modified exosomes resulted in the rapid delivery of
the exosome-encapsulated drug to the brain, where it was selectively taken up by microglial cells and subsequently
induced their apoptosis 2. MSC-derived EVs also have an effect on splenic mononuclear cells in EAE mice, increasing
their IL-10 secretion. Moreover, they can exert immunoregulatory effects by delivering potent biosubstances to
immunocompetent cells via EVs (e.g., TGFp, programmed death-ligand 1, Gal-1) B8l These findings may help to explain
the efficacy of the MSC-secretome in the EAE mice model. Additionally, in a mouse model of progressive MS (i.e.,
Theiler’s murine encephalomyelitis virus /TMEV/-induced demyelinating disease) it was demonstrated that EVs exert
potent immunoregulatory actions. IV administration of EVs derived from human adipose-derived MSCs ameliorated motor
deficits in infected mice via immunomodulatory effects, reducing brain atrophy and promoting remyelination B2, In
contrast, however, it was demonstrated that exosomes secreted by microglia during early TMEV infection contained viral
RNA and were capable of activating uninfected bystander CNS cells, thereby promoting an inflammatory immune
response. Thus, exosomes secreted by microglia during virus infection could contribute to viral persistence and
neuroinflammation, both of which contribute to the development of demyelinating disease 4.

The therapeutic efficacy of MSC-exosomes is also supported by the fact that MSC-derived exosomes injected into the tail
vein of EAE rats exhibited immunoregulatory capacity, indicating that exosomes from MSCs could regulate microglia
polarization from the M1 to M2 phenotype L. Additional cell-specific therapies are also possible via exosome
manipulation. Recently, covalent conjugation of the carboxylic acid-functionalized LIM-3064 aptamer to the amine groups
on the MSC-exosome surface was performed. The aptamer-exosome bioconjugate was found to promote the
oligodendroglia cell line proliferation in vitro. Furthermore, upon in vivo administration of the prepared bioconjugate to
female EAE-mice, the inflammatory response was suppressed along with a decrease in the demyelinating CNS lesions,
thus resulting in a reduction in the disease severity 42,

Exosomes loaded selectively and made their membrane cell specific enables the development of additional targeted
treatment options. Exosomes isolated from rhesus monkey MSCs were utilized in two mouse models of demyelination
(EAE and a toxic demyelination model using cuprizone; CPZ) 43l |n the CPZ model, MSC-Exos significantly improved the
neurological outcome, decreased the amyloid precursor protein density, decreased neuroinflammation by increasing the
M2 phenotype of microglia and their associated cytokines, and inhibited the TLR2/interleukin 1 receptor associated kinase
1/NFkB pathway. Moreover, the MSC-Exo treatment considerably promoted cognitive function, facilitated remyelination,
increased M2 phenotypic polarization, and inhibited TLR2 signaling 43!,

Exosomes derived from neural stem cells were targeted using a lentivirus-armed PDGFR-alpha ligand capable of
anchoring the membrane 4. Exosomes modified in this manner appeared to be capable of targeting oligodendrocyte
progenitor cells in the neural lesion area. Following this, the exosomes were loaded with bryostatin-1, and the targeted
exosomes were administered to the CPZ-treated mice. The data demonstrated that loaded-armed exosomes have a
potent therapeutic effect. This novel exosome-based delivery method significantly enhanced the myelin sheath’s ability to
protect integrity and promote remyelination. Additionally, it inhibited astrogliosis and axon damage as well as pro-
inflammatory microglia 441,

Although these procedures may represent a paradigm shift in the treatment of MS, their clinical utility remains unknown. In
a recent study, the suppressive activity of hUCMSCEs was investigated in vitro in co-culture with peripheral blood
mononuclear cells (PBMCs) 431 |t was demonstrated that MSCs inhibited PBMC proliferation and that MSC-derived
exosomes were more effective at suppressing proliferation with a low alloreaction rate. However, after extensive sub-
culturing, the suppression capacity of MSCs and their exosomes decreased significantly ¥2. Regrettably, additional



evaluations are necessary to progress toward a clinically applicable functional approach. According to
www.clinicaltrials.gov (accessed on 22 May 2022), only one study is planned in relapsing MS, in which, as a sub-target,
the analysis of molecular and biochemical parameters including circulating exosomes are planned to perform and
compare responder and non-responder patients.

| 4. Uveitis

Uveitis is an intraocular inflammatory condition, a form of potentially blinding diseases that can affect either one or both
eyes. Different kinds of uveitis may affect various areas of the eye 48l Uveitis can arise as a result of the immune system
countering an eye infection, but it can also happen as a consequence of the immune system, attacking healthy tissue in
the eyes, and some forms are considered due to aberrant autoimmune responses 8. Conventionally, systemic and local
methods have been used to treat the disease, though their long-term side effects are frequently severe.

Animal models of experimental autoimmune uveitis are frequently used to study the disease 4. Upon a rat model of
experimental autoimmune uveitis (EAU) 48 it has been demonstrated that the topical application of MSC-Exos can inhibit
the autoimmune response in vivo. It was discovered that periocular injections of human MSC-Exo can decrease immune
cell infiltration, preserve retinal structure, and restore retinal function in EAU rats. This suggests that MSC-Exos may be
useful in treating autoimmune uveitis in humans. Significantly, xenogeneic MSC-Exo from humans improved the
autoimmune reaction in rats 48],

The post-uveitis macular hole is a potentially severe complication 29, In a recent pilot study, the efficacy of the intravitreal
injection of MSC-Exos following standard pars plana vitrectomy (PPV) in conjunction with inverted internal limiting
membrane (ILM) flap technique and ILM peeling was evaluated for the treatment of massive and resistant macular holes
(B9, The findings suggest that intravitreal injection of MSC-Exos at the end of standard PPV may improve the anatomical
and visual outcomes of surgery for macular holes that have been resistant to treatment. MSC-Exo therapy was found to
be safer than MSC therapy in terms of the cell proliferation risk, and it was less invasive since no additional surgery was
required BY. In posterior uveitis, cells of the retinal pigment epithelium (RPE) may be destroyed by inflammatory activities
B9 RPE cells may release immunosuppressive exosomes that suppress Th17 and Th22 cells Bl In light of the
immunoregulatory effect of RPE-derived exosomes, they just might be used as a treatment for uveitis. It has been found
that MSCs-derived exosomes from bone marrow can mitigate autoimmune uveoretinitis 22. Since it is evident that only a
few studies have examined the efficacy of MSC-secretome in uveitis, the need for additional research is unquestionable.

| 5. Type 1 Diabetes Mellitus

Type 1 (or insulin-dependent) diabetes mellitus (T1DM) is a chronic autoimmune disease that results in the destruction of
insulin-producing B-cells in the pancreas 3. Consequently, the reduced level of insulin finally leads to hyperglycemia.
Repeated insulin injections indicate that insulin levels are not stable in affected subjects and that TLDM patients require
long-lasting treatment.

Immunotherapies and cell replacement, which include islet transplantation and stem cell differentiation into B-cells, are the
primary treatment strategies for TLDM B4[53] The simultaneous restorative and immunomodulatory properties of EVs
aligned with new hypotheses regarding the nature of TLDM could make them a favorable treatment option. In general,
therapies for T1DM should be able to restore B cells while modulating the immune system 28, Autoreactive T cells have
been recognized as the primary attackers due to immune dysregulation. In contrast, regulatory T cells have lost their
ability to generate peripheral tolerance to P-cells B4, EVs derived from distinct MSCs frequently exert their
immunomodulatory effects in different ways.

In murine models of T1LDM, EVs that originated from bone marrow-derived MSCs resulted in a delayed onset of TIDM,
the preservation of islet cells, the reduction in insulitis and T cell infiltration, the decrease in antigen-presenting cell (APC)
and T cell activation, lessening the Th1/Th1l7 population, and a decline in the production of inflammatory cytokines
including IL-17, IL-6, IFNy, TNFa, and IL-12 B2 |t was detected in mice that B(MING)-cell-derived EVs reduced the
number of pro-inflammatory macrophages in pancreatic islets and enhanced islet angiogenesis 58,

EVs from human adipose tissue-derived MSCs increased the number of regulatory T cells in the spleen, raised the levels
of immunomodulatory cytokines (like IL-4, IL-10, and TGFB), and decreased the production of inflammatory cytokines
such as IFNy and IL-17 B9 Accordingly, EV therapy stabilized blood glucose and eradicated diabetes symptoms.



The total exosome fraction isolated from Psh-Fas-anti-miR375 transfected human bone marrow-derived MSCs co-
cultured with peripheral blood MSCs was found to reduce islet cell apoptosis and stimulate insulin release. Moreover,
exosomes increased the number of regulatory T cells, reduced the levels of inflammatory cytokines (IL-2 and IFNy), and
diminished immune-rejection after islet transplantation 69,

It was found that human bone marrow-derived MSC-EVs induced the immature IL-10-producing phenotype of dendritic
cells, increased the IL-10 and IL-6 levels, and the number of regulatory T cells, while it decreased the number of Th17
cells [81, | ast but not least, EVs derived from human cord blood stem cells induced monocyte differentiation into anti-
inflammatory M2 macrophages €2,

| 6. Inflammatory Bowel Diseases

The term inflammatory bowel disease (IBD) refers to a group of disorders that are characterized by chronic, progressive
immune-mediated inflammation of the digestive tract with frequent extra-intestinal, systemic organ involvement. Ulcerative
colitis (UC) and Crohn's disease (CD) are listed as the prototype disorders 3. The Gl-tract plays a crucial role in
maintaining the host's immune homeostasis, so a disrupted balance between immune tolerance and inflammation may
lead to IBD 631,

Based on animal models of IBD, the use of MSCs has been shown to have effective anti-inflammatory and tissue repair
actions. The efficacy and safety of the MSC-secretome have also been demonstrated in animal studies. It is hypothesized
that if MSCs are injected locally into the therapy-refractory fistulas of Crohn’s disease patients, the closure of fistulas is
mainly due to the immunomodulatory activity of the secretome, instead of the MSCs per se [64],

The local or systemic administration of MSC-derived EVs in mice IBD models induced by dextran sodium sulfate (DSS)
has been shown to ameliorate the clinical severity of colitis, resulting in improved survival rates and reduced gut
inflammation in histology [E2IE8I67] These positive effects have been linked to the polarization of macrophages toward the
M2 phenotype as well as the reduction in oxidative stress in the affected tissues €78l |t has also been demonstrated that
IFNy- and TNFa-preconditioned MSCs enrich EVs in HGF, PGE2, or TGF 651 |n mice models of DSS-induced colitis,
MSC-derived conditioned medium (MSC-CM) has been found to downregulate the expression of TNFa or IL-1 but
upregulate 1L-10 69,

In vitro exposure of macrophages to the MSC-derived secretome, followed by their implantation in a 2,4,6-
trinitrobenzenesulfonic acid (TNBS)-induced colitis mouse model, demonstrated that preconditioned macrophages
enhanced the survival rate by decreasing weight loss and bloody stool, thereby preventing colitis progression and disease
recurrence 9,

Although animal and cell culture researches in IBD have indicated the favorable effect of the MSC-secretome, human
studies are still needed.

| 7. Graft-Versus-Host Disease

Graft versus host disease (GvHD) represents a potentially fatal multiorgan complication of allogeneic bone marrow or
peripheral blood HSC transplantation. It is based on the fact that the host appears to non-self to the graft and so it can
stimulate antigenically, employing a broad spectrum of immune mechanisms. GvHD is classified into acute and chronic
types 1. The chronic form frequently mimics autoimmune diseases.

In 2004, it was reported that the immunomodulatory qualities of MSCs were effective in curing GvHD caused by HSCT
72 since then, extensive preclinical and clinical trials in humans have investigated the use of MSCs to treat GvHD.
However, the outcomes are inconsistent and contentious 274 This has been primarily attributed to technical issues, but
it may also be due to the ability of each patient’s unique microenvironment to polarize the anti-inflammatory MSC2
phenotype. In this situation, cell-free therapies could be a suitable option.

Undoubtedly, EVs have demonstrated promising results in the prevention and treatment of GvHD [, Using MSC-EVs to
treat acute and chronic GvHD has been shown to reduce the severity of clinical manifestations (e.g., symptoms of liver,
gastrointestinal tract, skin) [ze], Recently, in an acute GvHD mouse model, the effects of bone marrow-MSC-derived EVs
administered intraperitoneally were investigated. The results underscored that EVs could not only lessen the severity of
the disease but also stop it from getting worse, and so increase the number of animals that survived [ZZ. Despite all of
this, human studies have not begun yet.



| 8. Psoriasis

Psoriasis refers to a chronic, immune-mediated, non-infectious inflammatory skin disease with Kkeratinocyte
hyperproliferation in the epidermis that is characterized clinically by the development of reddish, scaly papules and
plagues. Several subtypes can be distinguished. Systemic manifestations such as painful (spondylo)arthritis or ocular
involvement could also occur 81, Psoriasis is considered as an autoimmune disease.

until recently, there have been no applicable animal models of psoriasis, so the xenotransplantation of psoriatic skin
pieces from human to mice with severe combined immunodeficiency was utilized /2. The occurrence of animal models
that have been genetically modified has altered this circumstance. Mice with an epidermis-specific deletion of the inhibitor
of nuclear factor-B kinase 2 can develop a psoriasis-like skin disease independent of T cells Y. |t has been recently
demonstrated that the subcutaneous injection of hUCMSCEs significantly suppressed the proliferation of epidermis and
reduced the psoriasis area and severity index scores in imiquimod-induced mice 1. Moreover, the expression of IL-17,
IL-23, and CCL20 was reduced, and the phosphorylation of STAT3 was inhibited both in the skin of mice and human
keratinocytes. In addition, the maturation and activation of dendritic cells were inhibited when co-cultured with hUCMSCEs
in vitro, and the expression level of IL-23 was also reduced. Furthermore, in a rat model of psoriasis induced by
imiquimod, the topical application of a cream containing bone marrow-derived MSC-secretome ameliorated the skin
lesions 189,

In a recent and only human study 82, adipose tissue-derived MSCs were collected, multiplied, and then the MSC-CM was
extracted and concentrated. The conditioned medium was topically applied to the patients’ affected skin areas once a day
over one month. The clearance of silvery scales and the severity of plagues were completely abolished within the
treatment period. Moreover, the beneficial effect of the treatment was observed after 6 months.

The results so far are encouraging for skin diseases, but further studies are required to determine the route and duration
of application for human therapy.

| 9. Atopic Dermatitis

Atopic dermatitis (AD) is a common, heterogeneous, chronic, itchy, inflammatory skin disease frequently with increased
serum IgE. Defects in terminal keratinocyte differentiation and altered immune responses are cardinal disease
determinants. AD can be the initial manifestation of a spectrum of allergic diseases (the “atopic march” theory) [£3,

It has been reported that exosomes derived from adipose tissue-derived MSCs (AT-MSCs) inhibit the lipopolysaccharide-
induced nitric oxide production of RAW264.7 macrophages B3, In a murine model of AD, the subcutaneous and
intravenous administration of the AT-MSC-exosomes mitigated the symptoms and decreased the serum IgE levels in a
dose-dependent manner. In AD-like lesions, the AT-MSC-exosomes reduced the number of CD86+ cells, mast cells, and
CD206+ cells. After systemic administration, these exosomes alleviated AD-like symptoms, and in skin lesions, the mMRNA
levels of IL-4, IL-31, IL-23, and TNFa were reduced 841831,

Therefore, it seems that AT-MSC-exosomes are able to favorably influence the outcome of AD, but this hypothesis
demands further investigations.

| 10. Asthma

Asthma is a heterogeneous chronic inflammatory disease of the lungs’ airways provoked by exogenous (like air pollution,
cigarette smoke) and endogenous factors (such as oxidative stress, chronic inflammation), and are mainly driven by a
“type 2-high” immune signature B8, Most current medications focus on regulating the inflammatory cascade, but cannot
reverse tissue remodeling.

Some years ago, in an ovalbumin-induced murine asthma model (OVA-mice) B2 it was demonstrated that adipose-tissue
derived EVs were superior to MSCs in terms of decreasing pro-inflammatory mediators and inflammatory cell infiltration.
Both therapeutic interventions also reduced the number of eosinophils, collagen fiber content, and TGFp level in a
comparable manner B2, Furthermore, in OVA-mice B8 hypoxic hUCMSCEs significantly ameliorated eosinophils and pro-
inflammatory mediators (IL-4 and IL-13). Moreover, hypoxic-EVs were generally more potent in suppressing airway
inflammation, preventing airway remodeling, and decreasing the expression of pro-fibrogenic markers 8. Additionally, in
OVA-mice, it was also found that EVs from MSCs in adipose tissue helped reduce allergic airway inflammation and airway
hyperresponsiveness caused by the activation of regulatory T cells to expansion B9 Despite the encouraging results, to
identify the EV components responsible for the suppression of allergic airway inflammation in asthmatic mice, additional



investigations are required. Moreover, human experiments provide greater biological complexity than model experiments

with mice. Thus, human models are needed to figure out what kind of role adipose-tissue MSC-derived EVs might play in

allergic airway inflammation.
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