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Abstract

The outbreak of coronavirus disease 2019 (COVID-19) pandemic is quickly spreading all over the world. This virus,
which is called SARS-CoV-2, has infected tens of thousands of people. Based on symptoms, the pathogenesis of
acute respiratory illness is responsible for highly homogenous coronaviruses as well as other pathogens. Evidence
suggests that high inflammation rates, oxidation, and overwhelming immune response probably contribute to
pathology of COVID-19. COVID-19 causes cytokine storm, which subsequently leads to acute respiratory distress
syndrome (ARDS), often ending up in the death of patients. Mesenchymal stem cells (MSCs) are multipotential stem
cells that are recognized via self-renewal capacity, generation of clonal populations, and multilineage differentiation.
MSCs are present in nearly all tissues of the body, playing an essential role in repair and generation of tissues.
Furthermore, MSCs have broad immunoregulatory properties through the interaction of immune cells in both
innate and adaptive immune systems, leading to immunosuppression of many effector activities. MSCs can reduce
the cytokine storm produced by coronavirus infection. In a number of studies, the administration of these cells has
been beneficial for COVID-19 patients. Also, MSCs may be able to improve pulmonary fibrosis and lung function. In
this review, we will review the newest research findings regarding MSC-based immunomodulation in patients with

COVID-19.
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Introduction

The city of Wuhan was the origin of coronavirus disease
(COVID-19), a severe acute respiratory syndrome with
SARS-CoV-2 as its causative agent. Presently, COVID-
19 infection has spread to all continents of the world [1].
Due to unknown reasons, COVID-19 infection has been
widely distributed in various geographical regions with
high population densities [2]. Moreover, the profile of
symptoms and severity of COVID-19 infection show ex-
tensive variation in different parts of the world [3].
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Worldwide assessments suggest that only 3.4% of those
infected with SARS-CoV-2 have perished as a result of
COVID-19, which also shows high difference in various
parts of the world [4].

Constant fever, non-productive cough, dyspnea, myal-
gia, fatigue, normal or reduced WBC counts, hyperferri-
tinemia, and radiographic evidence of pneumonia are
among the clinical signs of patients with COVID-19,
which are similar to the symptoms of infection by other
members of this family, namely SARS-CoV and the Mid-
dle East respiratory syndrome-related coronavirus
(MERS-CoV) [5-7]. The mortality rate of the new cor-
onavirus, known as SARS-CoV-2, is high because of in-
sufficient knowledge about the pathogenesis of COVID-
19, and no specific treatment has been recognized for it
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[8]. On the other hand, the response to COVID-19 in-
fection can be overwhelmed in many patients. When
SARS-CoV-2 enters into the lungs, it unleashes an im-
mune response, attracting immune cells to the region
attacked by the virus and resulting in localized inflam-
mation [9]. In some cases, excessive or unchecked levels
of cytokines are released that can be fatal due to an
overreaction of the immune system, which is referred to
as a cytokine storm [10]. The cytokine storm can trigger
organ injury and cause edema, gas exchange dysfunction,
acute respiratory distress syndrome (ARDS), acute car-
diac injury, and secondary infection, which can be po-
tentially fatal [11].

Consequently, the inhibition of cytokine storm is a
main factor in the treatment of patients who are infected
with SARS-CoV-2. Currently, available therapies for
COVID-19 include non-specific antiviral drugs, antibi-
otics used for the treatment of secondary bacterial infec-
tions, sepsis, and reduction of inflammation [12]. A large
number of anti-inflammatory medications have been de-
veloped, including NSAIDs, glucocorticoids, chloro-
quine/hydroxychloroquine, antagonists of inflammatory
cytokines (such as IL-6R monoclonal antibodies, TNF
inhibitors, IL-1 antagonists), and Janus kinase JAK inhib-
itors [13, 14]. However, in severe cases of ARDS, it is a
difficult task to treat the cytokine storm induced by the
virus. The findings suggest that stem cell-based therapy
is applicable to treat infected patients.

Mesenchymal stromal cells and their features
Mesenchymal stromal cells (MSCs) are the cells with the
unique ability to exert suppressive and regulatory effects
on the immune system [15]. MSCs have been the focus
of research because evidence has indicated that MSCs
are able to migrate to and return from damaged tissues,
exercise potent anti-inflammatory and immune regula-
tory activities, support the regeneration and repair of tis-
sues, resist against apoptosis, inhibit tissue fibrosis, and
decrease tissue injury [16]. MScs are able to migrate to
site of lesion and differentiate into tissue-specific active
cells such as lung, smooth muscle, and nerve cells [17].
Following intravenous or intra-arterial infusion of MSCs,
these cells are primarily trapped in capillary beds of the
liver and lungs [18]. MSC homing processes are not fully
realized but are known to involve a variety of molecules
such as chemokine receptors, including CCR2, CCR4,
CCR7, CCR10, CXCR5, CXCR6, and CXCR4, adhesion
proteins, and matrix metalloproteinase (MMPs), namely
molecules also implicated in the well-known process of
leukocyte extravasation [19, 20]. Hypoxia and inflamma-
tion are frequent indications of an injured tissue capable
of affecting paracrine features of MSCs, which are
mainly mediated via VEGF, FGF2, IGF-1, and HGF [21].
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When MSCs are trapped in the lungs, a wide range of
soluble mediators are secreted by them, including anti-
microbial peptides, anti-inflammatory cytokines, extra-
cellular vesicles, and angiogenic growth factors [22]. The
release pattern of anti-inflammatory mediators is unique
to the inflammatory lung environment, which is adjusted
by differential damage and pathogen-associated molecu-
lar receptors that are expressed on MSCs [23], namely
TLRs (toll-like receptors). As for COVID-19, TLRs are
stimulated by viral unmethylated CpF-DNA (TLR9) as
well as viral RNA (TLR3), leading to sequential cellular
signaling pathways and the activation of MSCs [24].

On the other hand, inflammation leads to nuclear
factor-kappa B (NF-kB) and c-Jun NH2-terminal kinase
(JNK) signaling, which is also controlled through the fac-
tors secreted by MSCs. In addition, lung damage im-
proves during the response of MSCs to oxidative stress,
cytoprotection, and phosphoinositide 3-kinase/protein
kinase B (P13K / Akt) signaling pathway [25]. Adminis-
tration of BM-MSCs alleviated lung injury in a preclin-
ical study via potentiating the PI3K/Akt signaling
pathway [26, 27].

For example, the release of IL-1ra through MSCs in-
hibits IL-a/f activity via generating TSG-6, which is
followed by the downregulation of NF-«B signaling and
reduced production of inflammatory cytokines. Secretion
of prostaglandin E2 (PGE2) is another efficient way to
decrease inflammation by MSCs, which is a function of
IL-10 production as a strong anti-inflammatory cytokine.
Khakoo et al. showed that MSCs prevent PKB signaling
of target cells via a contact-dependent way [28].

MSCs encounter a complex setting specified by vari-
ous chemical and physical stimuli while moving toward
an injured tissue and the microenvironment impacts
MSCs’ behavior [29]. MSCs are able to release many
types of cytokines through paracrine release or direct
interaction with immune cells, which leads to immuno-
modulation [30]. These cells have the capacity to inter-
act with immune cells in innate and adaptive immune
systems [31]. Besides, MSC-mediated immunosuppres-
sion depends on the combined reaction of chemokines,
inflammatory cytokines, and effector factors, as along
with the microenvironment and the rate of inflammatory
stimulus [32]. Owing to their powerful immunomodula-
tory ability, MSCs might have beneficial effects for pre-
venting or attenuating the cytokine storm of SARS-CoV-
2 infection [33, 34]. This paper tries to explain the sig-
nificant role of MSCs in secreting important factors for
immune regulation in COVID-19.

The SARS-CoV-2 infection and cytokine storm

ARDS caused by cytokine storm is the main mortality
factor in COVID-19 [35]. The lethally uncontrolled sys-
temic inflammatory response is stimulated by the
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secretion of a large number of pro-inflammatory cytokines
such as interleukin (IL)-1pB, IL-2, IL-6, IL-7, IL-12, IL-18,
IL-33, interferon (IFN)-«, IFN-y, tumor necrosis factor-a
(TNFa), granulocyte colony-stimulating factor (GSCF),
interferon-y inducible protein 10 (IP10), monocyte
chemoattractant protein 1 (MCP1), macrophage inflam-
matory protein 1-a (MIP1A), and transforming growth
factor-beta (TGF-P) such as chemokines by immune ef-
fector cells within coronavirus infection (Fig. 1) [36—38].

Huang et al. reported the level of inflammatory factors
among patients with COVID-19. They measured cyto-
kines of patients with COVID-19 and indicated increas-
ing levels of IL-1B, IL-1RA, IL-7, IL-8, IL-9, IL-10,
fibroblast growth factor (FGF), granulocyte-macrophage
colony-stimulating factor (GM-CSF), IFN-y, G-CSF,
IP10, MCP1, MIP1A, PDGF, TNFa, and vascular endo-
thelial growth factor (VEGF) in their specimens, among
which TNFa levels were higher in patients with severe
disease. Remarkably, no significant difference was ob-
served in serum IL-6 levels between ICU and non-ICU
admitted patients [8]. Nevertheless, in a retrospective,
multicenter cohort study, the same research group re-
ported a significant elevation of IL-6 levels in patients
not surviving COVID-19 as compared with survivors
[39]. Several other reports have also confirmed increas-
ing IL-6 levels among critically ill COVID-19 patients
[24, 40]. Moreover, the result of another study demon-
strated that a majority of severe COVID-19 patients in
ICU had persistently elevated levels of ESR and CRP, as
well as high levels of IL-6, TNFq, IL-1p, IL-8, and IL2R,
and experienced ARDS, hypercoagulation, and dissemi-
nated intravascular coagulation (DIC) [13].

The cytokine storm was followed by ARDS and mul-
tiple organ failure, which causes death in severe cases of
COVID-19. For example, the findings of Huang et al.
showed that out of 41 infected patients who were admit-
ted in the early stages, 6 patients died as a result of
ARDS [8]. Like common acute viral infections, both
humoral and cellular immunity are activated in COVID-
19. Therefore, inhibition of cytokine storm may be the
key to the treatment of COVID-19 patients.

Immunomodulatory effects of MSCs

MSCs show remarkable immunomodulatory capacity
and are implicated in both innate and adaptive immune
systems. Former investigations on immune regulation of
MSCs have concentrated on interactions of MSCs and B
lymphocytes, natural killer (NK) cells, and dendritic cells
(DC) [41]. Lately, the application of MSCs in repairing
damaged tissue and adjustment of inflammatory reac-
tions have become noticed considering macrophage and
T lymphocyte regulation (Fig. 1) [16]. Interaction mech-
anisms have been shown to be dependent upon cell-cell
contact along with the release of soluble immune factors
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to induce MSC-regulated immunosuppression [42]. The
cells that express immunosuppressive ligands like pro-
grammed death-ligand 1 (PD-L1) and Fas ligand (Fas-L)
on their surface bind receptors present on the surface of
immune cells, which leads to loss of function in immune
cells [43, 44].

Several studies have revealed that the anti-
inflammatory effect of MSCs can alleviate virus-induced
lung injury and mortality in mice [45, 46]. Research has
indicated that MSCs are able to significantly reduce
acute lung injury by HON2 and H5N1 viruses in mice by
decreasing levels of pro-inflammatory cytokines and che-
mokines as well as diminishing the recruitment of in-
flammatory cells into the lungs [47, 48]. Applying MSCs
to interfere in endotoxin (LPS)-induced acute lung in-
jury of mice proved that MSCs can remarkably lead to
reduction of inflammatory cell infiltration in lung tissue,
alleviate inflammation, and improve the lung tissue from
endotoxin-induced damage [49, 50].

Intravenous infusion of MSCs normally results in their
accumulation within lungs, whereby they secrete many
paracrine factors [51]. Evidence suggests that MSCs bind
activated immune cells, which could keep them in close
proximity and hence potentiate immunosuppressive ef-
fects [52]. Moreover, MSCs can also prevent the func-
tion of immune cells via releasing cytokines such as
TGF-B, HGF, and prostaglandin E2 (PGE2), as along
with other anti-inflammatory factors [53]. For example,
MSCs secrete TGF-p and other factors promoting the
induction of regulatory T lymphocytes (Tregs) and M2
macrophages, transmitting the immunosuppressive ef-
fects to other cells in order to activate various immuno-
suppressive mechanisms [54]. MSCs express TNFa-
stimulated gene/protein 6 (TSG-6) that mediates the
regulation of immune inflammation (Fig. 1) [55]. TSG-6
is another key factor with a crucial role in tissue re-
pair activity of human MSCs that has been proven in
mouse models of myocardial infarction, peritonitis,
and acute corneal and lung injury [23, 56]. TSG-6 an-
tagonizes the binding of CXCL8 to heparin via inter-
action with the GAG-binding site of CXCLS8, which
inhibits CXCL8-mediated chemotaxis of neutrophils.
Furthermore, TSG-6 can prevent the extravasation of
leukocytes (especially neutrophils and macrophages)
at the inflammation site [57].

In COVID-19 cases, MSCs are able to increase the
lymphocyte count and regulatory DCs to raise their anti-
viral characteristic which results in the decreased level of
C-reactive protein and pro-inflammatory cytokines (IL-
6, TNFq, IL-8, and so on) that are the main markers of
inflammation and ROS to diminish the inflammation
and oxidative stress [58]. On the other hand, MSCs can
increase the level of IL-10 as an anti-inflammatory pro-
tein activating regulatory cells such as Tregs (Fig. 1)
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Fig. 1 Immunomodulation effect of mesenchymal stem cells on cytokines storm led by COVID-19. When SARS-CoV-2 enters the lungs, it attracts
immune cells to infection areas and localizes inflammation. The lethal unchecked systemic inflammatory response is caused by the secretion of
large levels of pro-inflammatory cytokines such as interleukin, interferons, chemokines, and other factors by immune effector cells in this infection.
After MSC therapy, these cells reach the lung tissue and secrete factors that can modulate the immune system; they also can prevent ROS and
even fibrosis of the lung tissue. Abbreviation: ARDS: acute respiratory distress syndrome, COVID-19: coronavirus disease 2019, CCL: chemokine (C-
C motif) ligand, CXCL: chemokine (C-X-C motif) ligand, C3: Complement component 3, CRP: C-reactive protein, DC reg: regulatory dendritic cells,
GSCF: granulocyte colony-stimulating factor, HO-1: Heme oxygenase-1, HLA-G5: human leukocyte antigen-G, IL: interleukin, IFN: interferon, IP10:
IFN-y-Inducible Protein 10, IL-1RA: interleukin-1 receptor antagonist, LIF: leukemia inhibitory factor, IDO: Indoleamine 2,3-dioxygenase, MSCs:
mesenchymal stem cells, MIP1A: Macrophage Inflammatory Protein 1 Alpha, MCP1: monocyte chemoattractant protein 1, NKCs: natural killer cells,
NO: nitric oxide, PERIF: peripheral, PGE2: Prostaglandin E,, ROS: reactive oxygen species, SARS-CoV: severe acute respiratory-associated coronavirus,
SOD-3: superoxide dismutase, TSG-6: TNFa-stimulated gene-6, TGF-3: transforming growth factor, Treg: regulatory T
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[59]. Therefore, MSCs play a central role in immune
homeostasis by interacting with cytokines, chemokines,
and cell surface molecules. Put together, all these immu-
nomodulatory features contribute to the extensive po-
tential of MSCs in clinical therapies.

MSC-based therapy in COVID-19 patients
The capacity of MSCs in multilineage differentiation and
immunomodulation signifies that these somatic progeni-
tor cells are extremely versatile in many therapeutic appli-
cations [60]. In fact, as of April 2016, more than 500
MSC-related clinical trials have been recorded on the NIH
Clinical Trial Database (https://clinicaltrials.gov/) [61].
The safety and efficacy of transplanted MSCs for the
alleviation of inflammatory lung diseases appears to be
demonstrated in experimental models [62]. MSCs have
been extensively used in cell-based therapies from basic
research to clinical trials [63—-65]. Inflammation has been
recognized to affect several morbid processes in the pul-
monary system, which include obstructive diseases such
as chronic obstructive pulmonary diseases (COPD) and
asthma, along with restrictive diseases such as idiopathic
pulmonary fibrosis (IPF) and (ARDS). The acute and
chronic lung injury observed in these diseases always in-
volves abnormal immune activity and fibrosis either as a
cause or a consequence [66, 67]. Similar to most cell
therapies, MSC therapy could be useful in lung disease
because it has been demonstrated that many intraven-
ously delivered MSCs (80-90%) will rapidly reach the
lungs when delivered through intravenous injection [68].
Following systemic administration, a majority of MSCs
lodge in the pulmonary vascular bed through unknown
interactions with the capillary endothelial cells. Tracking
studies using labeled MSCs demonstrate that most
MSCs are cleared within 24—48 h although there can be
longer persistence of them in injured or inflamed lungs
[69]. Several phase I/II clinical trials have been done to
determine the safety of MSC infusions in patients
afflicted with ARDS. In China, Zheng et al. observed no
serious adverse events associated with MSC administra-
tion in 12 patients with ARDS [70]. Besides, Wilson
et al. showed that a single intravenous MSC infusion up
to 10° cells/kg was well tolerated in nine patients with
moderate to severe ARDS [71]. Matthay and colleagues
reported a prospective, double-blind, randomized clinical
trial evaluating the effect of a single systemic dose of
allogeneic bone marrow-derived MSCs (107 cells/kg) in
comparison with placebo (2:1 ratio). This research dem-
onstrated that no hemodynamic or respiratory abnormal
events associated with MSC infusion were seen over a
follow-up period of 60 days and that the 28-day death
rate was higher in the MSC group relative to the pla-
cebo, which was not remarkably different between the
groups [72]. Furthermore, the novel avian-origin
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influenza A (H7N9) virus with single-stranded RNA seg-
ments and COVID-19 has comparable complications
(e.g, ARDS and lung failure), as well as corresponding
multi-organ dysfunction together with inflammatory
lung lesions and structural damage [73, 74]. Thus, ad-
vances in finding a therapeutic approach for H7N9 in-
fection in human beings would be essential for treating
COVID-19, especially severe ARDS-induced pneumonia
that has presently provoked panic in every corner of the
world [8, 75, 76]. Wilson et al. [71] have recently found
that the administration of allogeneic MSCs for nine pa-
tients with ARDS did not lead to any particular adverse
events such as cardiac arrhythmia, hypoxemia, and ven-
tricular tachycardia. MSCs taken from menstrual blood
have recently become attractive because of easy access,
high rate of proliferation, and a non-invasive procedure
lacking ethical issues [77-79]. Chen et al. argue that
MSCs are capable of reducing inflammatory effects and
avoiding cytokine storm. MSCs are an encouraging tool
for treatment of acute pneumonia for prospective clin-
ical application [14]. A recent study in China revealed
that administration of intravenous injection of MSCs
significantly improved the inflammation situation in se-
vere COVID-19 patients. Ultimately, the patients with
severe COVID-19 pneumonia survived the worst condi-
tion and entered recovery. Also, they said that the level
of TNFa was significantly decreased, while IL-10 in-
creased in MSC treatment group [80].

It should be mentioned that just a few cell therapy
studies for ARDS and sepsis have reached their primary
goals in randomized investigations [81, 82]. Scientists
approve that targeted clinical research is essential whilst
the first reports of MSC use for COVID-19 over the
early phase of COVID-19 breakout in China have pre-
sented valuable clues that the therapeutic measures
could be rather safe and efficient [83—85]. Few conclu-
sions can be derived from these early studies because of
the low number of subjects (typically <10) and the ab-
sence of adequate control groups [58, 80, 86]. Proper de-
sign of clinical trials and the observation of quality
factors such as the documentation of patients, inclusion/
exclusion criteria, classification of treatment approaches,
primary and secondary statistics, timing and dosing of
treatments, and comedication are immediately needed
[85, 87]. While preliminary results may appear to be
promising, the previous failures of innovative clinical re-
search with MSCs as well as the low number of regis-
tered MSC products should be kept in mind [88-92].
Several problems have been identified in this respect, in-
cluding failed upscaling of the product to large-scale
supply and the absence of translation to efficient clinical
application (e.g., cell expansion from the starting mater-
ial, cell viability problems after thawing, and suboptimal
delivery route) [82, 93—96], which could account for the
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failure of different studies [88, 89]. A key issue for sustain-
able marketing would be the technological adequacy of the
products and manufacturers in case some of the advanced
phase II/III clinical studies show solid evidence supporting
the approval of product in future (as discussed below) [90,
91]. The unprecedented dynamics of COVID-19 pandemic
as well as the high number of deaths all over the world in-
dicate that large-scale manufacturing and comprehensive
logistic capacity are required to supply enough doses of
high-quality cellular products in a reproducible and
chronological manner [97]. SARS-CoV-2 enters into cells
through the recognition of cellular transmembrane protease
serine 2 (TMPRSS2) and angiotensin I converting enzyme
2 receptor (ACE2). ACE2 receptors have been detected in
the heart (endothelium of coronary arteries, myocytes, fi-
broblasts, epicardial adipocytes), blood vessels (vascular
endothelial and smooth cells), gut (intestinal epithelial
cells), lung (tracheal and bronchial epithelial cells, type 2
pneumocytes, macrophages), kidney (luminal surface of
tubular epithelial cells), brain, and testis [98]. In the human
lung, the wide surface area of alveolar epithelial cells could
account for the vulnerability of this organ to negative se-
quelae of COVID-19 infiltration. A main point is that
ACE2 receptors are largely expressed in type II pneumo-
cytes, i.e., small cylinder-shaped cells representing 5% of all
pneumocytes [99] that are responsible for the generation of
alveolar surfactant while acting as “stem” cells and progeni-
tors of type I pneumocytes (95% of pneumocytes) perform-
ing gas exchanges in lungs [100-102].

SARS-Cov and SARS-CoV2 bind ACE2 receptors,
leading to membrane fusion and virus penetration into
the cell, thereby causing the downregulation of these re-
ceptors [98, 103]. In other words, the virus seems to
enter into the cell together with the membrane receptor,
which is subsequently removed from the external surface
of the membrane.

The ACE2 gene lies on X chromosome and it has been
shown that potential functional variants of ACE2 gene
alter its transcriptional activity. Nevertheless, the pattern
of population distribution influencing differential suscepti-
bility to SARS-CoV-2 and the genetic origin of differential
ACE2 expression and its functional implications among
different populations are barely known [104]. Hyperten-
sion and diabetes mellitus (DM) are the most frequent co-
morbid conditions in COVID-19 and both are modulated
by ACE2. Loss of ACE2 disturbs the balance of renin-
angiotensin system, impairing vascular function and ex-
acerbating cardiovascular complications of diabetes [105].
It appears that higher severity of COVID-19 among those
suffering from high blood pressure and DM could be
driven at least partially by pathological deviations from
the ACE2 pathway. Accordingly, ACE2 appears to be cru-
cial in the outcome of COVID-19as well as the role it
plays in susceptibility [106].
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A major function of ACE2 has also been proven in in-
flammatory processes [107]. Genetic deficiency of ACE2
leads to upregulated expression of cytokines, inducing
vascular inflammation in ApoE knockout mouse models
[108]. In a recent research, ACE2 expression was related
with several immune signatures such as markers of T
cells, B cells, and NK cells, as well as interferon response
in various human tissues [109]. These results suggest
that ACE2 not only acts as a receptor of SARS-CoV-2
but takes part in mediation of post-infection down-
stream processes, including inflammatory responses.
Furthermore, the gene expression profile of MSCs shows
that ACE2 and TMPRSS2 are not expressed in these
cells, so MSCs are not infected by a coronavirus. RNA-
seq survey to identify 12,500 transplanted MSC during
follow-up revealed that the cells had not been differenti-
ated and remained ACE2 negative. ACE2 expression is
observed in other tissues like the heart, liver, kidney, and
digestive organs [80].

Such an expression pattern explains the reason why
infected ICU patients are afflicted not only with ARDS
but also other complications of multiple organ dysfunc-
tion syndromes [110]. The mechanisms that account for
the improvement observed following MSC infusion in
COVID-19 patients seem to be indicative of the strong
anti-inflammatory activity of these cells [80]. Two recent
studies from China on COVID-19 patients reveal a
marked reversal of symptoms even in severe and critical
conditions [58, 80]. Consequently, their clinical re-
searches recognize a new remedial strategy and the pres-
ence of natural mechanisms capable of defeating acute
inflammatory pneumonia. One study was a case report
of a critically ill COVID-19 patient on a ventilator with
progressive disease despite undergoing intensive therapy
with markers showing liver injury. The patient was
treated using allogeneic human umbilical cord MSC
(hUC-MSC) and three intravenous infusions of 5 x 10’
hUC-MSC 3 days later. Within 4 days of the first cell in-
fusion, the patient was detached from the ventilator and
was able to walk. All the parameters under study such as
circulating T lymphocytes returned to normal. Low
levels of lymphocytes could be due to their sequestration
within the inflamed lungs and tissues. No noticeable side
effects were observed [58].

The second study [80] by Leng et al. demonstrated
that intravenous MSC infusion prevents the immune
system from overactivation and repairs the lung micro-
environment affected by SARS-CoV-2 infection even in
older patients. Intravenous infusion of MSCs normally
results in the accumulation of these cells in the lungs
and release of several paracrine factors [111]. MSC infu-
sion is useful especially in older people infected with
SARS-CoV-2 because this group is more susceptible to
pneumonia from SARS-CoV-2, resulting in severe
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respiratory distress and mortality because of immunose-
nescence [112—114]. It is proved that the intravenous in-
fusion of MSCs is a safe and efficient orientation for
treating patients infected by COVID-19 pneumonia, in-
cluding older people with severe pneumonia [115].
Nowadays, several clinical trials using stem cell therapy
to treat the coronavirus have been recorded from China,
Iran, USA, Columbia, France, Denmark, Jordan, and Saudi
Arabia, which are listed at www.clinicaltrials.gov, www.
chictr.org, www.irct.ir and summarized in Table 1.

Concussion and future perspective

Given the prevalence of COVID-19 and its complica-
tions such as cytokine storm, which is followed by ARDS
and death of patients, finding a way to treat and improve
the patients is of high importance [116]. As mentioned
in this paper, there is no specific therapy for this virus
and supportive therapies as well as non-specific antiviral
drugs are mainly used for this purpose. Today, cell ther-
apy is a modern method for treating a variety of diseases
and several studies have been conducted in recent
months to treat the SARS-CoV-2 virus using stem cells,
suggesting the application of MSCs or immune cells
such as NK cells [33, 117, 118]. According to research
on MSC-based therapy, the safety and immunomodula-
tory role of MSCS in ARDS have been approved [82].
MSCs can secrete factors that improve the lung micro-
environment, inhibit immune system overactivation,
promote tissue repair, rejuvenate alveolar epithelial cells,
inhibit pulmonary counteracting fibrosis, or improve
function in damaged lung tissue because of SARS-CoV-2
infection [119, 120].

Many issues related to the application of MSCs, in-
cluding the ideal dose and optimum timing of MSC de-
livery, should be further explored. In several animal
models of human diseases, the use of secretory exo-
somes from MSCs has been claimed to mimic the bene-
ficial effects of MSCs in antiviral therapy for influenza
virus, reducing virus replication in lungs and virus-
induced release of pro-inflammatory cytokines [121,
122]. Experimental studies and ongoing randomized tri-
als will play an essential role in the clarification of the
therapeutic potential of MSCs, which further our under-
standing of how MSCs interact with lung tissue infected
by SARS-CoV-2.
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