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Abstract

The new coronavirus, severe acute respiratory syndrome coronavirus-2 (SARS-
CoV-2), which emerged in December 2019 in Wuhan, China, has reached
worldwide pandemic proportions, causing coronavirus disease 2019 (COVID-19).
The clinical manifestations of COVID-19 vary from an asymptomatic disease
course to clinical symptoms of acute respiratory distress syndrome and severe
pneumonia. The lungs are the primary organ affected by SARS-CoV-2, with a very
slow turnover for renewal. SARS-CoV-2 enters the lungs via angiotensin-
converting enzyme 2 receptors and induces an immune response with the
accumulation of immunocompetent cells, causing a cytokine storm, which leads to
target organ injury and subsequent dysfunction. To date, there is no effective
antiviral therapy for COVID-19 patients, and therapeutic strategies are based on
experience treating previously recognized coronaviruses. In search of new
treatment modalities of COVID-19, cell-based therapy with mesenchymal stem
cells (MSCs) and/ or their secretome, such as soluble bioactive factors and
extracellular vesicles, is considered supportive therapy for critically ill patients.
Multipotent MSCs are able to differentiate into different types of cells of
mesenchymal origin, including alveolar epithelial cells, lung epithelial cells, and
vascular endothelial cells, which are severely damaged in the course of COVID-19
disease. Moreover, MSCs secrete a variety of bioactive factors that can be applied
for respiratory tract regeneration in COVID-19 patients thanks to their trophic,
anti-inflammatory, immunomodulatory, anti-apoptotic, pro-regenerative, and
proangiogenic properties.

Key Words: Mesenchymal stem cells; Stem/progenitor cells; Lung damage; Mesenchymal
stem cell secretome; COVID-19 disease; COVID-19 pneumonia
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Core Tip: The new severe acute respiratory syndrome coronavirus-2 (SARS-CoV-2) has
reached pandemic proportions, causing coronavirus disease (COVID-19), which leads to
severe pneumonia. The lungs are the primary organ affected by SARS-CoV-2, with a very
slow turnover for renewal. SARS-CoV-2 enters the lungs and induces immune response
with cytokine storm and subsequent organ dysfunction. To date, there is no effective
antiviral therapy for COVID-19. Cell-based therapy involving mesenchymal stem cells
and/or their secretome is considered a supportive therapy for critically ill COVID-19
patients. Mesenchymal stem cells can regenerate severely injured respiratory tract cells
through their trophic, anti-inflammatory, and immunomodulatory properties.

Citation: Klimczak A. Perspectives on mesenchymal stem/progenitor cells and their derivates as
potential therapies for lung damage caused by COVID-19. World J Stem Cells 2020; 12(9):
1013-1022
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INTRODUCTION

The new virus, which emerged in December 2019 in Wuhan, China, was initially
named coronavirus 2019-nCoV, and based on its phylogeny and taxonomy, was later
renamed severe acute respiratory syndrome coronavirus-2 (SARS-CoV-2). It has
reached worldwide pandemic proportions, causing coronavirus disease 2019 (COVID-
19)%1. As of 11 June 2020, the World Health Organization (WHO) Situation Report-143
states that COVID-19 has been confirmed globally in 7273958 patients and resulted in
413372 deaths (https://www.who.int/emergencies/diseases/novel-coronavirus-
2019/ situation-reports).

The clinical manifestations of COVID-19 vary and include an asymptomatic disease
course, acute respiratory disease, and pneumonia with different stages of severity. The
asymptomatic disease course, without fever or respiratory or gastrointestinal
symptoms, does not protect the patients from SARS-CoV-2 transmission, which is
transmitted from person-to-person by direct contact”’l. Based on current observations,
it is unknown whether asymptomatic patients recover without adverse organ damage,
or if complications appear as the late effects of the disease in the future. Patients with
clinical signs of acute respiratory disease have revealed fever and cough with no signs
of pneumonia, and more than 30% of patients require oxygen therapy but not
mechanical ventilation”. Uncommon gastrointestinal symptoms such as vomiting,
nausea, and diarrhea have also been observed. The most severe symptoms of COVID-
19 including fever, cough, headache, dyspnea, and sputum production have been
observed in patients who developed pneumonia. Most of them (> 70%) have needed
oxygen therapy, and almost 30% require mechanical ventilation™’l. Severely affected
patients are usually older and have coexisting illnesses, including hypertension,
chronic obstructive pulmonary disease, diabetes mellitus, and cardiovascular disease,
which often lead to death*. Most patients with SARS-CoV-2 infection have a good
clinical outcome and prognosis; however, in elderly patients (aged > 65 years) with
comorbidities, severe complications can occur including acute respiratory distress
syndrome (ARDS), septic shock, metabolic acidosis, coagulation dysfunction, and
multiple organ failure, causing an increased risk of death™*.

The basis of the pathogenesis of SARS-CoV-2 virus is binding of the S protein,
expressed on the surface of the coronavirus, to angiotensin-converting enzyme 2
(ACE2) receptors'!, which are widely distributed on the surface of human cells,
especially alveolar type II cells, and on the capillary endothelium of the lung!'’.
Moreover, cellular transmembrane protease, serine 2 (TMPRSS2), which is abundantly
expressed on alveolar cells, is essential for SARS-CoV-2 entry into target cells and
spreading*'4. In addition, ACE2 receptors are present on the cells in different tissues
and organs including the heart, liver, kidney, and gut. The SARS-CoV-2 virus uses the
ACE2 receptor for entry and initiates fusion with the host cells, infecting them and
inducing the immune response from the host’s innate immune system®. The virus-
induced immune response leads to the accumulation of immunocompetent cells,
which produce a large number of proinflammatory cytokines, leading to target organ
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damage, and consequently, fatal organ dysfunction. One of the first studies with
COVID-19 patients reported that severely affected patients with pneumonia, in the
acute phase of the disease, had high levels of proinflammatory cytokines and
chemokines including interleukin-13 (IL-1p), IL-1 receptor antagonist (IL-1Ra), IL-7,
IL-8, IL-9, IL-10, basic fibroblast growth factor (bFGF), granulocyte-colony stimulating
factor, granulocyte-macrophage colony-stimulating factor, interferon-y (IFN-y), IFN-y-
induced protein 10 kDa, macrophage inflammatory protein-1 (MIP-1a), MIP-1p, and
tumor necrosis factor-a (TNF-a)i®. Activity of the innate immune response is necessary
to contain and eliminate the virus infection; however, an out-of-control immune
response leads to immunopathological changes.

Current therapies for COVID-19

To date, there are no effective therapies against COVID-19. To overcome this problem,
global medical, scientific, pharma and funding groups have rapidly initiated more
than 500 COVID-19 clinical trials based on currently available anti-viral drugs in
various combinations”. Current antiviral therapies are based on experience in
treatment strategies against the previously recognized SARS-CoV and MERS-CoV!'"l,
Remdesivir and chloroquine or hydroxychloroquine are commonly used to treat
pneumonia in COVID-19 patients!"”l. Other currently available potent antiviral agents
and their combinations repurposed for COVID-19 treatment are also widely used**.
New therapies include passive antibody transfer from the sera of convalescent
patients!”*! and blocking the ACE2 receptor by the serine protease TMPRSS2 inhibitor
(approved for clinical use)™.

The ACE2 receptor is not expressed in the bone marrow, lymph nodes, spleen, or on
immune cells such as T and B lymphocytes and macrophages!'?. This biological feature
of these cells suggests that immunotherapy can be used to treat severely infected
patients. In search of new treatment modalities for COVID-19, early studies on cell-
based therapy with mesenchymal stem cells (MSCs) have been employed as
supportive treatment for critically ill patients”). Currently, a total of 28 trials exploring
the potential of MSCs and their derivates for the treatment of critically ill COVID-19
patients have been approved and registered at the WHO International Clinical Trials
Registry Platform www.clinicaltrials.gov!"”], and more than 20 have been registered in
the Chinese clinical trial registry (www.chictr.org.cn)l

LUNG STEM/PROGENITOR CELLS AND TISSUE HOMEOSTASIS

Most human tissues and organs, including the pulmonary tract, contain stem/
progenitor cells responsible for the maintenance of tissue homeostasis”’). The lung is a
conditionally renewing organ, and in normal conditions, the turnover of airway
epithelial cells is less than 1% per day, in contrast to other adult organs such as the
skin, intestines, or bone marrow. However, severe damage increases the self-renewing
capability of different types of endogenous epithelial stem/progenitor cells that reside
in the lung and are important for regulation of the regeneration of damaged tissuel*l.
The lung contains various types of epithelial cells that reside in several regions along
the pulmonary airways.

Endogenous epithelial stem and progenitor cells in the adult lung are organized
specifically according to their regional decomposition and functional activity along the
proximal-distal axis of the pulmonary tract. The proximal part of the respiratory tract
encompasses the cartilaginous trachea, lined by columnar pseudostratified epithelial
cells, and different types of stem/progenitor cells with distinct roles in lung
regeneration, including basal, secretory, ciliated, and neuroendocrine cells. The
regenerative processes in the pulmonary tract involve local stem/progenitor cells,
which are characterized by high proliferative activity during the perinatal period and
a slow turnover during adulthood. In response to injury, a population of basal cells,
which represent the stem/progenitor cells of the bronchiolar epithelium, migrate from
the bronchiolar niche into the damaged alveolar epithelium and proliferate in order to
repair the lung alveolar cells®™*1. The distal part of the airways is lined by a columnar
epithelium, and includes secretory club cells (also known as Clara cells) and
populations of ciliated cells, goblet cells, and pulmonary neuroendocrine cells**1. To
maintain epithelial homeostasis, club cells are capable of self-renewal and can generate
ciliated cells, whereas ciliated cells do not have self-regeneration capacity”!. Another
population of stem and progenitor cells residing in the distal airway, involved in
epithelial homeostasis and regeneration, is a rare population of cells called the
bronchioalveolar stem/progenitor cells with self-renewal potential. Their number
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increases following bronchiolar damage, and these cells are able to differentiate into
bronchiolar and alveolar colonies, thus contributing to tissue repair*’. The terminal
part of the airway tree is composed of alveoli containing specific alveolar progenitor
cells, which differentiate into surfactant-producing alveolar epithelial cells type II and
squamous gas-exchanging alveolar epithelial cells type I, responsible for the
maintenance and restoration of the gas exchange units of the distal part of the
pulmonary tract™*1.

Mesenchymal stromal/stem cells residing in the lung constitute a key component
supporting epithelial progenitor niches along the proximal-distal axis of the airway
tree. The lung mesenchymal stromal/stem cells secrete a variety of bioactive factors,
including FGF10, a critical trophic factor necessary for coordinating differentiation in
the developing lung and supporting epithelial regeneration in steady-state conditions
and after injury™. Moreover, lung mesenchymal stromal/stem cells modulate the
local microenvironment via a paracrine-mediated anti-inflammatory effect and support
the proliferation and differentiation of lung epithelial progenitor cells.

The different populations of endogenous stem and progenitor cells residing in
distinct niches of the pulmonary tract contribute to region-specific epithelial cell
repair, and the balance between the immune regulation and promotion of tissue
regeneration ensures homeostasis of the lung*.

BIOLOGICAL PROPERTIES OF MSCS IN TISSUE REGENERATION

MSCs are multipotent cells, which are able to differentiate into different types of cells
of mesenchymal origin including alveolar epithelial cells, lung epithelial cells, and
vascular endothelial cells®™l. MSCs are extensively studied for their clinical
application in regenerative medicine due to their trophic, anti-inflammatory, and
immunomodulatory propertiest”*l. The capability of MSCs to restore tissues is also
accomplished through their ability to secrete a variety of bioactive proteins, including
growth factors and chemokines, to induce the proliferation of tissue-resident
progenitor cells and angiogenesis!™l. In response to inflammatory cytokines, such as
IL-1, IL-2, IL-12, TNF-a, and IFN-y secreted by immunocompetent cells, MSCs secrete
a variety of growth factors and anti-inflammatory proteins including prostaglandin 2
(PGE 2), transforming growth factor-1p (TGF-p1), stromal-derived factor-1 (SDF-1), IL-
4, IL-6, IL-10, and IL-1Ral!l. Soluble factors secreted by the MSCs prevent the
proliferation and function of many immunocompetent cells including T lymphocytes,
B lymphocytes, natural killer cells, monocytes, macrophages, and dendritic cells. The
immunomodulatory activity of MSCs involves decreasing the level of IFN-y and
increasing the level of IL-4 and IL-10, thus promoting a shift from T helper type 1 (Th1)
to Th2 lymphocytes and a shift in macrophage balance from the M1 (proinflammatory)
to M2 (anti-inflammatory) phenotypel™**,

The trophic properties of MSCs are associated with the secretion of growth factors
and chemokines, such as TGF-a, TGF-p, hepatocyte growth factor (HGF), epithelial
growth factor (EGF), insulin-like growth factor 1, bFGF, vascular endothelial growth
factor (VEGF), angiopoietin-1 (Ang-1), and other bioactive factors involved in cell
proliferation and angiogenesis, as confirmed by many studies” ! including research
conducted by the author of this articlel*"*1,

The advantage of MSCs as a therapeutic option is the low or moderate expression of
human leukocyte antigen (HLA) class I antigens and the lack of expression of HLA
class II antigens, which makes MSCs “undetectable” by recipient immunocompetent
cells in the allogeneic condition. However, a proinflammatory environment and IFN-y
production may increase the expression of their HLA class II antigens®l. The
immunomodulatory activity of MSCs related to dendritic cells is associated with their
capacity to produce anti-inflammatory factors (PGE 2 and TGF-f), which inhibit the
activation and maturation of dendritic cells, impairing their function”'.

MSCS AS SUPPORTIVE THERAPY IN COVID-19 PATIENTS

COVID-19 triggers a strong immune response with cytokine storm, especially in the
lower airway, leading to lung damagel*l. MSCs are the ideal candidate for respiratory
tract regeneration because they not only contribute to structural tissue repair but also
have immunomodulatory, anti-inflammatory, proangiogenic, and anti-fibrotic
propertiest™l. This biological activity of MSCs may also affect tissue repair through
modulation of the local microenvironment. The immunomodulatory properties of
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MSCs can diminish the inflammatory response and ameliorate the cytokine storm, as
documented in clinical trials conducted among patients with steroid-resistant graft-
versus-host diseasel'! and among patients with an autoimmune disease!*’. Cell-based
therapies with allogeneic MSCs of bone marrow or adipose tissue origin have also
been applied to patients with an acute lung injury and ARDS*!. In these studies, the
administration of MSCs was safe and feasible; however, the clinical effect suggests that
this strategy needs further optimization. ARDS is characterized by substantial damage
to the capillary endothelium and alveolar epithelium, which leads to an increase in
alveolar-capillary permeability, causing pulmonary edema and the formation and
accumulation of inflammatory cells in the interstitial and alveolar space!*’]; extensive
regeneration of the tissues is required to restore pulmonary function.

A clinical study that used MSCs to treat patients infected with influenza A (H7N9),
who displayed symptoms similar to COVID-19 patients including cough, fever,
shortness of breath, and dyspnea accompanied by ARDS and subsequent pneumonia,
as well as corresponding multi-organ dysfunction, suggested that MSCs can be used as
supportive therapy to treat SARS-CoV-2-infected patients!*’l.

In the case of patients with COVID-19, MSCs may attenuate the cytokine storm by
means of paracrine secretion of a variety of anti-inflammatory cytokines including
TGF-p1, SDF-1, IL-4, IL-6, IL-10, and IL-1Ra, which decrease the overactivation of
immunocompetent cells, thus regulating the inflammatory response (Figure 1). A
decreased immune response modifies the microenvironment of the damaged tissue
and promotes tissue repair and regeneration. It is well known that MSCs transplanted
intravenously are trapped by organs with a large capillary bed including the liver,
spleen, and lung. MSCs accumulating in the lung may improve the pulmonary
microenvironment, protect alveolar epithelial cells, prevent dysfunction of capillary
endothelial cells, and prevent pulmonary fibrosis, thus helping to recover lung
function”*l. Moreover, systemic delivery of MSCs may ameliorate multi-organ
dysfunction associated with SARS-CoV-2 infection including cardiovascular, renal, or
hepatic damage!™!. The therapeutic potential of MSCs for the treatment of patients in
critical condition caused by COVID-19 pneumonia was proved in a pilot study on
intravenous MSC transplantation™!. The delivery of MSCs significantly improved the
functional outcome and pulmonary function of the patients within 2 d following
transplantation. This effect was associated with the immunomodulatory properties of
MSCs, which caused a shift in the immune response from Th1 towards Th2, resulting
in a decreased level of the proinflammatory cytokine TNF-a and an increased level of
the anti-inflammatory cytokine IL-10. The MSC therapy also resulted in a high
production of the proangiogenic VEGF, which can help restore the function of
capillary endothelial cells. A very important biological characteristic of MSCs, assessed
by 10x scRNA-seq analysis, showed that MSCs transplanted to patients did not
express the ACE2 receptor or TMPRSS2, thus providing resistance to COVID-19
infection™!.

The progression of COVID-19 leads to the development of pulmonary diseases,
such as idiopathic pulmonary fibrosis or ARDS, commonly associated with damage to
alveolar epithelial cells, which in turn is related to a severe hypoxia of the alveolar
cells, leading to a massive apoptosis, therefore, contributing to the pathophysiology of
lung fibrosis!”. Experimental studies have indicated that not only MSCs but also their
derivates, such as a conditioned medium containing a variety of bioactive factors or
extracellular vesicles (EVs) (microvesicles and exosomes) carrying various cytoplasmic
components, including lipids, DNA fragments, and RNA (including mRNA and
microRNA), contribute to the recovery of alveolar epithelial cells and endothelial cells
and modify the function of inflammatory infiltrates in paracrine and endocrine
mannerst!,

An experimental study on the lung alveolar cells of the rat showed that conditioned
medium of human MSC culture had a paracrine anti-apoptotic effects on the hypoxia-
induced apoptosis of the alveolar cells. The anti-apoptotic properties of MSCs involve
the secretion of keratinocyte growth factor and HGF, which downregulate the
proapoptotic signal caused by the hypoxia-inducible factor-1 alpha and reactive
oxygen species!”l. A similar study in a rat model using conditioned medium from a
culture of MSCs of bone marrow or adipose tissue origin confirmed that MSC-derived
bioactive factors protected alveolar epithelial cells from damage in hypoxic conditions
by decreasing the secretion of proinflammatory cytokines, augmenting the production
of IL-10, and delaying cell apoptosis™.

MSC-derived EVs, similarly to their parent cells, exhibit proregenerative, anti-
inflammatory, anti-apoptotic, anti-oxidative, prometabolomic, and immunoregulatory
properties with respect to the damaged tissue microenvironment. The effectiveness of
treatment of lung damage using MSC-derived EVs is currently being tested in vitro
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Figure 1 Immune response to severe acute respiratory syndrome coronavirus-2 infection and immunoregulatory activity of
mesenchymal stem cells for treatment in patients with coronavirus disease 2019 pneumonia. Upon entry into the alveolar epithelium, SARS-CoV-2
triggers a strong immune response with cytokine storm. Cytokines and trophic factors released by MSCs (ACE2 negative) and their derivate EVs modulate the
inflammatory microenvironment within the damaged pulmonary cells and modulate immune response, promoting a shift from T helper type 1 to Th2 lymphocytes, and
a shift in macrophage balance from the M1 (proinflammatory) to M2 (anti-inflammatory) phenotype, and decreasing the activity of cytotoxic T lymphocytes (Tc) and
natural killer lymphocytes. ACE2: Angiotensin-converting enzyme 2; MSCs: Mesenchymal stem cells; Ang-1: Angiopoietin-1; SARS-CoV-2: Severe acute respiratory
syndrome coronavirus-2; COVID-19: Coronavirus disease 2019; bFGF: Basic fibroblast growth factor; EGF: Epithelial growth factor; EVs: Extracellular vesicles; G-
CSF: Granulocyte-colony stimulating factor; GM-CSF: Granulocyte-macrophage colony-stimulating factor; HGF: Hepatocyte growth factor; IFN-y: Interferon-y; IGF-1:
Insulin-like growth factor-1; IL-: Interleukin-; KGF: Keratinocyte growth factor; MIP-1a: Macrophage inflammatory protein-1a; MIP-1p: Macrophage inflammatory
protein-1p; SDF-1: Stromal-derived factor-1; TGF-a: Transforming growth factor-a; TGF-B: Transforming growth factor-8; TNF-a: Tumor necrosis factor-a; VEGF:
Vascular endothelial growth factor; MCP-1: Monocyte chemoattractant protein-1; PGE2: Prostaglandin 2.
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and in different preclinical experimental models". The beneficial effects of MSC-
derived EVs have been demonstrated in influenza-induced acute lung injury in a pig
model. Studies have shown that MSC-derived EVs, delivered 12 h after virus infection,
result in reduced viral replication and shedding and a decreased level of
proinflammatory cytokines™. In addition to anti-inflammatory factors, MSC-derived
EVs also contain Ang-1 mRNA, an angiogenic trophic factor that is essential in
endothelial cell stabilization, and during injury, diminishes the interactions between
leukocytes and vessel endothelial cells, and preserves vascular barrier integrity. The
therapeutic effects of MSC-derived EVs in an experimental murine model of
lipopolysaccharide-induced acute lung damage confirmed that a transfer of Ang-1
mRNA by EVs significantly contributed to the restoration of pulmonary capillary
permeability®. Moreover, MSC-derived EVs affected the immunomodulatory
properties of the murine macrophage cell line by suppressing the expression of TNF-a
and inducing the secretion of IL-10, thus attenuating inflammation. Transfer of Ang-1
mRNA to the injured endothelium restores partial protein permeability across the
injured human lung microvascular endothelial cells through the internalization of
MSC-derived EVs into the injured cells™. A study in an experimental mouse model
revealed that exosomes, isolated from MSCs derived from human Wharton's jelly and
bone marrow, improved lung development, decreased lung fibrosis, and improved
pulmonary vascular remodeling in a neonatal hyperoxia model of bronchopulmonary
dysplasia. Exosomes originating from MSCs act as a paracrine anti-inflammatory
mediator by modifying the pulmonary macrophage phenotype from M1
(proinflammatory) to M2 (anti-inflammatory) and suppressing lung inflammation and
the immune response in favor of proper organ development™l.

MSC-derived EVs, widely used in pre-clinical experimental models of pulmonary
injury and disease, are a promising alternative to MSC-based therapy®'l. However,
many scientific and clinical questions regarding EV production, purification,
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characterization, route of delivery (intravenous or inhalation), and bio-distribution
need to be explored before clinical application. The first prospective non-randomized
single-center clinical study using bone marrow-derived exosomes (ExoFlo™) was
performed to address the safety and efficacy for the treatment of severely affected
COVID-19 patients®™]. Twenty-four patients with severe and moderate-to-severe
symptoms of ARDS enrolled in this study received a single dose of ExoFlo™
administered intravenously, and no adverse effect was observed 72 h after exosome
delivery. The survival rate was 83%, and the study demonstrated a profound reversal
of hypoxia, downregulation of cytokine storm, and immune reconstitution. However,
the biological characteristics of the delivered exosomes (ExoFlo™) were not presented.
To determine the therapeutic potential of the applied therapy, future randomized
controlled trials with a detailed characterization of the delivered exosomes are needed.

Extensive research on COVID-19 treatment have suggested that the MSC secretome
should be employed as a supportive therapy in patients infected with SARS-CoV-2.
Experimental pre-clinical studies on the biological activity of the MSC secretome,
composed of both soluble bioactive factors (including cytokines, chemokines, and
trophic factors) and EVs, suggest that the MSC secretome can be applied for cell-free
therapy in severely affected COVID-19 patients"”. The bioactive proteins and EVs
released by MSCs activate endogenous lung stem/progenitor cells, inducing their
proliferation and differentiation, inhibit apoptosis, diminish inflammatory response,
restore capillary barrier function, and reduce fibrosis and can also be used to treat
acute and chronic lung injury, as they act similarly to parental MSCs.. The
advantages of cell-free therapy with the MSC secretome is its formulation as inhalable
dosage forms or injectable dosage forms for potential clinical use™. Both types of
formulation are stored as freeze-dried powder and can be used to treat critically ill
patients with COVID-19 pneumonia. The authors of the study introduced two Chinese
clinical trials to investigate the inhaled secretome for the treatment of COVID-19
pneumonia (NCT04276987) and assess its tolerance in healthy volunteers
(NCT04313647)0,

The current status of clinical investigations of cell-based therapy for COVID-19
patients has been reviewed very well by Khoury et al™ in the context of cell sources,
doses, dosing strategies, and targeted patient populations. Khoury et al® also
highlighted the importance of upholding ethical standards to create a rational
evidence-based platform for the potential therapeutic use of cell-based therapies in
patients infected with SARS-CoV-2. A very recent editorial article, introduced by
worldwide famous experts in the field of infectious diseases and MSCs therapies,
discusses the rationale behind the use of MSCs in the treatment trials of patients with
severe COVID-19 disease!”. The authors emphasized that the registered trials differ in
design, sources of MSCs, doses and schedules of MSCs administration, and patient
selection. All of these aspects indicate the need for standardizing protocols through a
worldwide consortium network on cellular therapies for COVID-19 and other
infectious diseases.

CONCLUSION

In summary, MSCs and their derivates, such as the MSC secretome, may have a great
curative potential for COVID-19 patients thanks to their trophic, paracrine,
immunomodulatory, anti-inflammatory, anti-apoptotic, anti-oxidative, and
prometabolomic activities. Moreover, the immunosuppressive properties of MSCs
may decrease the alloreactivity of host immune cells in allogenic conditions. MSCs are
attractive candidates for the supportive therapy of severely affected COVID-19
patients thanks to their high proliferative activity, multipotent ability to regenerate
tissues via direct differentiation into the desired cells and tissues, and their
immunomodulatory activity. MSCs are easily obtainable from different sources, such
as bone marrow, adipose tissue, skin, or perinatal tissues, including the umbilical cord,
cord blood, Warton's jelly, and amniotic fluid, and can be expanded into clinical grade
and stored for potential clinical use. The most important biological characteristic of
MSCs is that they do not express the ACE2 receptor or serine protease TMPRSS2,
which makes them safe for the treatment of SARS-CoV-2 infection.
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