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Abstract
In the end of 2019 COVID-19 emerged as a new threat worldwide and this disease present impaired immune system, exacerbated
production of inflammatory cytokines, and coagulation disturbs. Mesenchymal stem cell (MSC) derived extracellular vesicles
(EVs) have emerged as a therapeutic option due to its intrinsic properties to alleviate inflammatory responses, capable to promote
the restoring of injured tissue. EVs contain heterogeneous cargo, including active microRNAs, small noncoding sequences
involved in post-transcriptional gene repression or degradation and can attach in multiple targets. This study investigated whether
the MSC-EVs miRNA cargo has the capacity to modulate the exacerbated cytokines, cell death and coagulation disturbs present
in severe COVID-19. Through bioinformatics analysis, four datasets of miRNA, using different stem cell tissue sources (bone
marrow, umbilical cord and adipose tissue), and one dataset of mRNA (bone marrow) were analyzed. 58 miRNAs overlap in the
four miRNA datasets analyzed. Sequentially, those miRNAs present in at least two datasets, were analyzed using miRWalk for
the 3’UTR binding target mRNA. The result predicted 258miRNAs for exacerbated cytokines and chemokines, 266 miRNAs for
cell death genes and 148 miRNAs for coagulation cascades. Some miRNAs may simultaneously attenuate inflammatory agents,
inhibit cell death genes and key factors of coagulation cascade, consequently preventing tissue damage and coagulation disturbs.
Therefore, the MSC-derived EVs due to their heterogeneous cargo are a potential multitarget approach able to improve the
survival rates of severe COVID-19 patients.
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Introduction

In December 2019 a new β-virus from the family
Coronaviridae was first isolated from pneumonia cases in
Wuhan city, China, and started a pandemic affecting the pop-
ulation worldwide [1]. Due to the genomic similarity of 79%

to Sars-CoV [2], also a β-virus, this pathogen was first called
of 2019 novel coronavirus (2019-nCoV) and then officially
called as Sars-CoV-2, while the WHO named the disease
caused by the virus, Coronavirus disease-19 (COVID-19)
[3]. To date, January 2021, over 88 million cases have been
reported across the globe, resulting more than 1.9 million
deaths (covid19.who.int). The genome of Sars-CoV-2,
similarly to other coronaviruses, is a single-stranded ribonu-
cleic acid (RNA) with positive polarity [4] and the viral mem-
brane contains 4 structures: membrane protein (M), Spike
protein (S), Nucleocapsid protein (N) and Envelope protein
(E). Similar to Sars-CoV infection, the spike of Sars-CoV-2
dictates the host tropism and pathogenicity [5]. The main
mechanism of transmission is human to human contact or
contact with virus aerosolization. Once inside the human
body, the receptor binding domain (RBD) of Sars-CoV-2
spike glycoprotein attaches to the Angiotensin Converting
Enzyme 2 (ACE2) receptor and is c leavage by
Transmembrane Serin Protease 2 (TMPRSS2) helping the
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viral internalization mainly of type II alveolar cells. The respi-
ratory tract have a widely expression of the ACE2 receptors
and the airways are the main entrance of the virus [6]. Other
tissues such as cardiac, kidney, bowel, brain, endothelial cells
and others also express the ACE2 receptor [7]. Other proteases
expressed in various tissues may also cleave the Sars-CoV-2
spike protein [8] and one of them, as showed in previous
studies with Sars-CoV, is the coagulation Factor Xa,
colocalized with TMPRSS2 in the cell membrane [9, 10].
Patients with preexisting conditions are more vulnerable of
getting infected and develop a poor prognosis of COVID-19
[11]. Preexisting conditions such as pulmonary and cardiac
diseases emerge as the highest risk groups for severe
COVID-19 [12] and these patients may have a higher baseline
expression of the receptor ACE2 and Factor X in these cell
populations, what could put them at increased risk of host cell
infection by Sars-CoV-2, with Factor X serving as one of the
cleavage proteases for spike protein [9].

A major part of COVID-19 cases are asymptomatic, al-
though around 20% of patients are severely or critically un-
well [13, 14]. In those individuals, who present symptoms,
common clinical manifestations of COVID-19 include fever,
cough, fatigue, sputum production, shortness of breath, sore
throat, headache, loss of taste and smell, pneumonia and more
advanced cases progress to Acute Respiratory Distress
Syndrome (ARDS), coagulation disturbs [15], multiple organ
failure, septic shock and death [16]. The patients who
progressed to ARDS are evaluate following the Berlin defini-
tion [17]. Overall, around 36% of the patients died within
28 days of intensive care unit (ICU) admission [18].

ICU patients admitted with pneumonia who progress to
ARDS have systemic inflammation, and present altered plas-
ma levels of lymphocytopenia, D-dimer, C-reactive protein,
LDH and inflammatory cytokines such as IL-6, IL-1β, IL-2,
IL-7, IL-8, IL-9, IL-10, IL-17, G-CSF, MCP-1 (CCL2), MIP-
1α (CCL3), MCP-3 (CCL7) and CXCL10 (IP-10), IL-18, IL-
33, IL1- α, IL-15. D-dimer, a product of fibrin degradation, is
consider a biomarker of poor prognosis in COVID-19 when
the measurements are >1 μg/mL [19, 20]. Altered prothrom-
bin time was also positively correlated with patient mortality
[21]. Tissue factor, usually, is not express by endothelial cells
and leukocytes, but the expression can be induced by inflam-
matory stimuli such as cytokines TNF-α and IL-1β. High
levels of pro-inflammatory agents, specially IL-6, IL-1β and
TNF-α were associated to the harshness and progression of
the disease [13, 19, 22–24]. Although, despite the elevated
baseline levels of the proinflammatory agents in COVID-19,
they are significantly lower than non-COVID-19 related
ARDS patients [25]. Recently, in vitro and in vivo evidence-
based, Karki and colleagues, 2020 showed that TNF-α and
INF-γ together can induce cell death through PANoptosis
(pyroptosis, apoptosis and necrosis) [26]. In addition, they
evidenced that the other cytokines, despite exacerbated, are

not related to cell death in the acute inflammation of
COVID-19.

In the end of 2020, vaccines for COVID-19 have been
approved in a few countries. So far, two vaccines were ap-
proved in the USA and three in the UK by their respective
regulatory agencies, but no specific treatment has yet been
officially approved to treat COVID-19. However, prophylac-
tic doses of low molecular weight heparin are recommended
by the International Society on Thrombosis and Hemostasis
for all hospitalized COVID-19 patients, except for those with
active bleeding or low platelet counts, aiming the reduction of
coagulation disturbs as the venous thromboembolic event
(VTE) [27]. Heparin is an inhibitor mainly of the Factor Xa
and IIa, components of the coagulation cascade [28].
Treatment of hospitalized COVID-19 patients with heparin
improved the outcomes and survival rates compared to those
patients who did not receive the anticoagulant treatment [21].
However, a few patients shows heparin resistance and have
extremely high levels of Factor VIII, fibrinogen and D-dimer
[29]. Yet, doses and time of administration of anticoagulant
treatment or prophylaxis still diverge between hospitals and
medical institutions [18, 30].

A considerable number of studies are being carried out to
test different therapeutic approaches [31]. One of these ap-
proaches is mesenchymal stem cells (MSCs), a therapy report-
ed as a potent agent to attenuate inflammation, due to intrinsic
characteristics of immunomodulation, and leading to lung tis-
sue regeneration, useful features in severe COVID-19 cases
clinical management. Still, after decades of the discovery of
these cells, the definition of the nomenclature used to identify
MSCs remains controversial and different terms have been
used to name these cells. While a definition of the use of
“stem” or “stromal” is not decided by International Society
for Cellular Therapy, in the present study was used the term
“Mesenchymal stem cells” to simplify the bibliographic
search [32].

Until the submission of this paper a total of 46 clinical trials
using mesenchymal stem cells to treat ARDS derived of
COVID-19, 39 of these clinical trials are currently ongoing
and six are completed (clinicaltrials.gov). A few clinical
interventions using intravenous MSCs treatment in COVID-
19 showed improvement in clinical outcomes of treated pa-
tients with no adverse reactions [33–35]. Another therapeutic
intervention is using the MSC-derived exosomes in cases of
COVID-19. On clinicaltrals.gov there are three studies using
this approach registered, NCT04276987 (a pilot study
completed) using aerosol inhalation of the exosomes derived
from allogenic adipose mesenchymal stem cells;
NCT04491240 (completed and has positive results about
safety and efficiency of clinical use) based on the
NCT04276987 and the literature; and NCT04602442
(enrolling by invitation) also based on the NCT04276987,
using aerosol inhalation of the exosomes derived from
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allogenic MSCs. Moreover, there is one report of clinical use
of commercial MSC-derived exosomes intravenously
(ExoFlo™), obtained from allogenic bone marrowmesenchy-
mal stem cells in COVID-19 patients [36].

In 2018, the International Society for Extracellular Vesicles
(ISEV) updated their guidelines with basic information to help
researchers in the communication process of their results with
the extracellular vesicles (EVs). ISEV also encouraged the
authors to submit their results in other database as EV-
TRACK [37, 38].

All types of cells shed EVs to cell-to-cell communication
[39, 40]. EVs can be subdivided in exosomes, microvesicles
and apoptotic bodies. Exosomes, 40-120 nm, resulted from
intraluminal budding of multivesicular bodies and fusion of
these multivesicular bodies with cell membrane via the
endosomal pathway. Microvesicles, 50–1.000 nm, are struc-
tures released from the outward budding and fission of the
plasma membrane. Apoptotic bodies, 50-2000 nm, are vesi-
cles released from the cell surface through outward budding of
apoptotic cell membrane [41]. The MSCs-derived EVs can
carry inside their lipidic bilayer, proteins, messenger RNAs
(mRNAs), small and long non-coding RNAs (ncRNAs),
DNA, lipids, and carbohydrates from parental cells which
could shape the behavior of target cells contributing to the
angiogenic, immunomodulatory and regenerative effect
[42–44]. Thereby, the MSC-derived EVs present themselves
as potentially cell-free agents on account of their similar char-
acteristics with the parental cells. The benefits of EVs are the
minimal risk of getting trapped in the lungs, production as
“off-the-shelf” products in large quantities, minimal risk of
tumor formation, non-immunogenic profile, ability to cross
natural barriers and deliver bioactive compounds and others
[44]. Studies using EVs in ARDS are incipient, but there are
studies showing MSC-derived EVs present similar effects
when compared to administration of MSCs [45, 46]. Gardin
and collaborators, in a recent review, presented the treatment
scenario and potential of exosomes in patients with heart and
lung injuries [47]. MicroRNAs (miRNAs) are endogenous
small ncRNAs that can be found within MSC-derived EVs
and are associated with post-transcriptional gene repression
or degradation [48]. Growing evidence shows that miRNAs
could alleviate antiviral responses [49] since a single miRNA
could target multiple genes. Functionally, miRNAs guides
proteins of the Argonaute family to form a silencing complex
through base pairing between the 5′ portion of miRNA “seed
sequence” (miRNA nucleotides 2–7/8) and complementary
sites within the coding sequence (CDs), 3′ or 5′ untranslated
regions (UTRs) of target RNAs [50].

The main objective of this study was to analyze the ratio-
nale behind the use of this biologic, cell-free structure, the
MSC-derived extracellular vesicles, carrying heterogeneous
inner cargo. In addition, using a bioinformatics approach, we
analyzed evidence of vesicles carrying miRNAs content as

modulators of acute inflammation, the PANoptosis cell death
signature and the coagulation disturbs found in severe
COVID-19 patients which resulted in an in silico prediction.

Material and Methods

A search of mRNA and miRNAs expression profiles in the
MSC-derived EVs (microvesicles and exosomes) was per-
formed using Gene Expression Omnibus (GEO) database
(https://www.ncbi.nlm.nih.gov/geo/) restricting the search to
Homo sapiens. The target prediction miRWalk 3.0 server
(http://mirwalk.umm.uni-heidelberg.de/) was used to identify
potential miRNAs binding sites within the mRNA sequences
and to verify which miRNAs are experimentally validated
based on its corresponding miRTarBase ID. The score ≥ 0.
95 and more than 10 pairs were considered as the critical
criteria for the predictive analysis. Considering the different
platforms and methods between used datasets, the expression
of miRNAs data was filtered based as follows: I) GSE69090
and GSE81151: miRNAs with zero counts were removed; II)
GSE78865: miRNAs with same negative control values were
removed; III) GSE71241: miRNAs that did not appear in at
least one replicate sample were removed. A qualitative global
score was generated to compare the levels of miRNA
expression on each dataset (Sup.Table S1). The 5′ and 3′
mature miRNAs (miR-5p and miR-3p) were considered
separately, except in the GSE78865 dataset that only
miRNA precursor was available for analysis.

Results

To investigate the therapeutic potential of the MSC-derived
EVs against COVID-19 lung and systemic inflammation, we
conducted an in silico analysis of microRNA and mRNA pro-
files of human MSC-derived EVs in GEO database using
GSE12243, GSE71241, GSE78865, GSE81151 and
GSE69909 datasets. The main features of the used datasets
are shown in Sup.Table 2.

The MSC-derived EVs cargo can vary depending on the
biological source where they are extracted. Sup.Table 2 shows
an overview of the dataset’s characteristics used in this study.
One dataset isolated MSCs from human umbilical cord [51,
52], three datasets used MSCs from human bone marrow
[53–57] and one dataset used MSCs from human adipose
tissue [58]. Also, there were differences regarding the tech-
nique of EVs isolation: two datasets used a commercial isola-
tion kit (ExoQuick-TC kit) and the other three used serial and
ultracentrifugation processes. As final product, one dataset
tested only microvesicles, one dataset tested microvesicles
and exosomes and three datasets used exclusively exosomes
in their analysis.
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The integrative analysis revealed that 58 miRNAs were com-
monly expressed in all four collected miRNA datasets, however
with different expression levels (Table 1). Among these 58
miRNAs, using the miRWalk server, we searched for the
experimentally validated ones, which resulted in 27 miRNAs.
They are highlighted in the Sup. Table 4, Figs. 1 and 2 with their
respective miRTarBase IDs. Also, we considered as potential
targets 361 miRNAs that were commonly shared in at least
two datasets (Sup.Table 3). The miRNAs that were expressed
only in one dataset or were absent in all datasets were not con-
sidered as potential targets. Next, we used miRWalk server to
predict miRNAs binding sites, from those present in at least two
datasets, in the 3’UTR region of CCL2, CCL3, CCL7, CSF3,
CXCL10, CXCL8 (IL8), IL1B, IL1A, IL2, IL6, IL6R, IL7, IL9,
IL10, IL15, IL17A, IL33, IL18 genes. As result, a total of 258
miRNAs were predicted to target the 3’UTR region of the
mRNAs and are listed in (Sup.Table 4). The miRNAs that may
interact concomitant with more than one mRNA target also
shown in (Sup.Table 4).

In a separate analysis, aiming to investigate the interaction
of the MSC-derived EVs miRNA cargo and the PANoptosis
cell death pathway, suggested by [26], we executed the same
previous protocol, only changing the target genes to TNF,
IFNG, STAT1, IRF1, NOS2, RIPK1, RIPK3, FADD,
GSDME, CASP3, CASP7, CASP8, MLKL, JAK1, JAK2.
A total of 266 miRNAs were predicted to target the 3’UTR
region of the mRNAs and are listed in Fig. 1. The miRNAs
that may interact concomitant with more than one mRNA
target also shown in Fig. 1.

Since coagulation disturbs has a direct relation with pa-
tients’ mortality, a third analysis was performed to evaluate
the interaction of the MSC-derived EVs miRNA cargo and
genes involved in the coagulation cascade. Therefore, apply-
ing the same previous analysis, for the genes F2, F3, F5, F7,
F8, F9, F10, F11, F12 and F13 a total of 148 miRNAs were
predicted to target the 3’UTR region of the mRNAs which are
listed in Fig. 2. The miRNAs that may interact concomitant
with more than one mRNA target also shown in Fig. 2.

We also investigated the profile of cytokines and chemokines,
cell death and coagulation genes through the mRNA content
from MSC-derived microvesicles in the GSE12243 dataset. In
this dataset, three different quantities (0.25 μg, 0.5 μg and 1 μg)
of total RNA from vesicles were submitted to microarray analy-
sis [57]. As shown in Supplementary Table 5, the microvesicles
did not contain significant (p ≤ 0.05) or positive Pearson’s corre-
lation coefficient ≥ 0.8 for our targets, suggesting that no func-
tional protein will be produced.

Discussion

The pathogenesis of COVID-19, as shown in Fig. 3, is based
on a dysregulation of innate and adaptative immune systems

response after the infection mainly of the alveolar cells and
endothelial cells by Sars-CoV-2, through specific receptor
ACE2. Thus, the direct viral infection and the immune system
dysregulation causes an acute inflammation and will result in
alveolar and endothelial tissue damage. Furthermore, subse-
quently to acute inflammation and infected cell death the co-
agulation cascade will be triggered causing thrombotic events.
Taken together, the blood clot formations and the upregulation
of proinflammatory agents, the severe COVID-19 patients
will develop the acute respiratory distress syndrome
(ARDS), leading to organ failure and a fraction of them even-
tually will die [26, 59–62].

The magnitude of the “cytokine storm” has a direct relation
with the harshness of COVID-19. Since the beginning of the
pandemic, several studies have been published about COVID-
19 due to its importance and consequences globally. Like
every new disease, in the beginning the biologic mechanisms,
concepts and exact consequences are not well elucidated.
Multiple papers refers to the exacerbated cytokines and
chemokines levels as cytokine storm [42, 60, 63–69].
However, some reports affirm that this term cytokine storm
might has been misused [25, 70, 71]. Despite the elevated
levels of the cytokines and chemokines in COVID-19 derived
ARDS, these levels are lower than those present in non-
COVID related ARDS or sepsis [25]. Yet, the authors found
that despite the lower levels of cytokines compared to other
diseases, D-dimer amounts in COVID-19 related ARDS are
higher than non-COVID-19 related ARDS [25].

The coagulation and the immune system are directly linked
[72]. COVID-19 may predispose to venous thromboembolic
events due to inflammation, hypoxia and tissue damage. The
most typical findings of severe COVID-19 patients are an
increased concentration of D-dimer, a slight decrease in plate-
let counts and a prolongation of prothrombin time. Direct viral
infection as well as inflammation-induced endothelial cell in-
jury could result in a massive release of plasminogen activa-
tors, which could explain the higher concentration of D-dimer
and fibrin degradation products found in the patients periph-
eral blood circulation [73, 74]. A cohort study shows that
venous thromboembolism (VTE) in COVID-19 ICU patients
are high and the rates of affected patients ranges between 35
and 45% [75]. Also, postmortem lung analysis, from patients
who had died from COVID-19, revealed the presence of
microthrombus in lung vascularity [76].

Interleukin-1 (IL-1), interleukin-6 (IL-6) and tumor necro-
sis factor (TNF) have all been shown to trigger acute endothe-
lial cell activation. First, it was thought that TNF had a central
role in coagulation activation in cases of sepsis. However,
after studies using TNF blockers no significant decrease in
coagulation was observed [77]. Then, studies proved that
blocking IL-6 attenuates the coagulation activation [78].
Therefore, modulation of some cytokines could ameliorate
the outcome of patients with coagulation disturbs [79, 80].
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Table 1 58 miRNAs of MSC-derived extracellular vesicles were commonly shared in all four analyzed datasets GSE71241, GSE78865, GSE81151
and GSE69909 regardless of the expression amount

Mature miRNA Precursor GSE81151 GSE69909 GSE71241 GSE78865#

hsa-let-7a-5p hsa-let-7a-1/7a-2/7a-3 *** ***** *** hsa-let-7a ****

hsa-let-7e-5p hsa-let-7e ** **** *** hsa-let-7e **
hsa-let-7f-5p hsa-let-7f-1/7f-2 *** ***** *** hsa-let-7f ****
hsa-let-7 g-5p hsa-let-7 g ** **** *** hsa-let-7 g ***
hsa-miR-10a-5p hsa-mir-10a ** **** * hsa-miR-10a ****
hsa-miR-16-5p hsa-mir-16-1/16–2 *** ***** *** hsa-miR-16 ***
hsa-miR-17-3p hsa-mir-17 ** *** *** hsa-miR-17 **
hsa-miR-23a-3p hsa-mir-23a ** ***** *** hsa-miR-23a ****
hsa-miR-19b-3p hsa-mir-19b-1/19b-2 ** **** * hsa-miR-19b **
hsa-miR-25-3p hsa-mir-25 ** **** *** hsa-miR-25 ****
hsa-miR-26a-5p hsa-mir-26a-1/26a-2 **** ***** *** hsa-miR-26a ****
hsa-miR-27b-3p hsa-mir-27b *** **** *** hsa-miR-27b ****
hsa-miR-28-3p hsa-mir-28 *** *** *** hsa-miR-28-3p ****
hsa-miR-29a-3p hsa-mir-29a ** ***** *** hsa-miR-29a ****
hsa-miR-30c-5p hsa-mir-30c-1/30c-2 ** **** * hsa-miR-30c **
hsa-miR-29c-3p hsa-mir-29c ** *** ** hsa-miR-29c **
hsa-miR-31-5p hsa-mir-31 ** ***** * hsa-miR-31 **
hsa-miR-99a-5p hsa-mir-99a ** **** ** hsa-miR-99a **
hsa-miR-99b-5p hsa-mir-99b *** *** * hsa-miR-99b ****
hsa-miR-100-5p hsa-mir-100 *** ***** *** hsa-miR-100 ***
hsa-miR-103a-3p hsa-mir-103a-1/103a-2 *** **** ** hsa-miR-103 ****
hsa-miR-124-3p hsa-mir-124-1 *** ** **** hsa-miR-124 ****
hsa-miR-125a-5p hsa-mir-125a *** **** * hsa-miR-125a-5p ****
hsa-miR-125b-1-3p hsa-mir-125b-1 ** **** * hsa-miR-125b **
hsa-miR-126-3p hsa-mir-126 ** **** *** hsa-miR-126 ****
hsa-miR-127-3p hsa-mir-127 **** **** ** hsa-miR-127-3p ****
hsa-miR-130a-3p hsa-mir-130a ** **** ** hsa-miR-130a ****
hsa-miR-130b-3p hsa-mir-130b ** *** * hsa-miR-130b ****
hsa-miR-134-5p hsa-mir-134 ** **** *** hsa-miR-134 ****
hsa-miR-139-5p hsa-mir-139 ** *** * hsa-miR-139-5p ***
hsa-miR-138-5p hsa-mir-138-1/2 *** ** * hsa-miR-138 ***
hsa-miR-140-3p hsa-mir-140 ** **** ** hsa-miR-140-3p ****
hsa-miR-140-5p hsa-mir-140 ** *** * hsa-miR-140-5p ****
hsa-miR-142-5p hsa-mir-142 ** *** ** hsa-miR-142-5p ****
hsa-miR-143-3p hsa-mir-143 *** **** * hsa-miR-143 ****
hsa-miR-148b-3p hsa-mir-148b ** *** * hsa-miR-148b ****
hsa-miR-193a-3p hsa-mir-193a ** ** * hsa-miR-193a-3p ****
hsa-miR-193a-5p hsa-mir-193a ** **** * hsa-miR-193a-5p ****
hsa-miR-193b-3p hsa-mir-193b ** *** ** hsa-miR-193b **
hsa-miR-199a-3p hsa-mir-199a-1/199a-2/199b ** ***** *** hsa-miR-199a-3p ****
hsa-miR-214-3p hsa-mir-214 ** ***** ** hsa-miR-214 ****
hsa-miR-222-3p hsa-mir-222 ** ***** * hsa-miR-222 **
hsa-miR-223-3p hsa-mir-223 ** **** *** hsa-miR-223 **
hsa-miR-335-5p hsa-mir-335 ** ***** * hsa-miR-335 ****
hsa-miR-320a hsa-mir-320a ***** **** *** hsa-miR-320 ***
hsa-miR-328-3p hsa-mir-328 ** ** **** hsa-miR-328 ****
hsa-miR-345-5p hsa-mir-345 ** *** *** hsa-miR-345 ****
hsa-miR-361-5p hsa-mir-361 ** *** * hsa-miR-361-5p ****
hsa-miR-370-3p hsa-mir-370 *** *** ** hsa-miR-370 ****
hsa-miR-376c-3p hsa-mir-376c ** **** ** hsa-miR-376c ****
hsa-miR-381-3p hsa-mir-381 ** *** * hsa-miR-381 ****
hsa-miR-382-5p hsa-mir-382 ** **** * hsa-miR-382 ****
hsa-miR-410-3p hsa-mir-410 ** *** * hsa-miR-410 ****
hsa-miR-423-5p hsa-mir-423 **** **** ** hsa-miR-423-5p ****
hsa-miR-484 hsa-mir-484 ** **** * hsa-miR-484 ***
hsa-miR-486-5p hsa-mir-486-1 **** **** *** hsa-miR-486-5p ****
hsa-miR-487b-3p hsa-mir-487b ** **** * hsa-miR-487b ****
hsa-miR-495-3p hsa-mir-495 ** **** * hsa-miR-495 ****

# only miRNA precursor was available for analysis

* global score of miRNA expression from weak (*) to strong (****)
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The blockade of the cytokines and their receptors associated
with hyperinflammation during COVID-19 can be a more
rational targeted therapy [5]. For example, Tocilizumab is a
monoclonal antibody anti-IL-6R, which blocks the IL-6/IL-
6R complex formation [81, 82]. However, a randomized trial
showed that the single target approach with the anti-IL-6R
Tocilizumab did not show a significant improvement on
COVID-19 patients outcome compared to standard care [83].

The approach using mesenchymal stem cells as therapy can
be helpful once they have migration and homing ability, anti-
inflammatory, immunomodulatory, regenerative, pro-
angiogenic and anti-fibrotic properties [33, 84]. Another rele-
vant consideration is the increasing number of caesarian de-
liveries and aesthetic procedures, as liposuction, performed at
the hospitals which increases the availability of discard mate-
rials such as umbilical cord and adipose tissue. These biolog-
ical materials can be use as tissue source of MSC and before
would be discarded and now can be reused. The homing abil-
ity of MSCs, in the case of ARDS due to COVID-19, may
happen because the cells have membrane receptors to cyto-
kines present in high levels, such as MCP-1(CCL2) and IL-8,
chemoattracting the MSCs to the injury site [85, 86].
Preclinical studies showed high efficacy of MSCs cell-
therapies allowing their clinical use [87]. Completed and on-
going clinical trials demonstrated the feasibility, safety, and
tolerability of MSCs use in respiratory disorders, including
ARDS [88]. Also, Emukah et al., reviewed the effects of
MSC conditioned medium (MSC-CM) onmany lung diseases
and the results demonstrated that MSC-CM minimized the
inflammation and was as similar as MSCs [89]. Further, it
was identified that MSC-CM effects on cell proliferation, re-
generation angiogenesis and others were partially due to the
extracellular vesicles, drawing the scientific community atten-
tion to explore the EVs in translational medicine [39].

Despite of the establishment of the ISEV guidelines, in
2014 and updated in 2018, the studies with extracellular ves-
icles still present differences. As recently reviewed by Tieu
et al., 2020, there are discrepancies according to the source,
method of isolation, characterization of the EVs, nomencla-
ture, treatment doses, administration route and experimental
design. The authors also evidenced the scientific community
interest showing the crescent curve of published papers since
the first report of extracellular vesicle used as treatment for
kidney injury model in 2009 [56, 90].

MSC-derived EVs are heterogeneous particles and its inner
cargo can vary according to the source and physiological/
pathologic conditions at the time of EVs isolation [43]. In

pathologic conditions, as viral infections, the EVs can carry
in their cargo viral particles which could help to spread the
pathogen throughout the body [91]. Therefore, when consid-
ering treatment, it is important use only cells derived from
tissues of healthy donors, without any previous infectious
event, preventing the viral transmission to treated patients.
Also, differences in proteomics between MSC from adipose
tissue, umbilical cord and bone marrow were already reported
[92]. Moreover, differences about donors age shapes the EVs
inner cargo and activity, except in MSCs from umbilical cord,
presenting strongly immunomodulatory effects in healthy
younger people [93]. Thus, we excluded the data of MSC-
derived EVs from elderly donors, using just healthy and
young donors available data. Therefore, this higher immuno-
modulatory effect of MSC-derived EVs from healthy young
donors with low immunogenicity, scalable production, stor-
age for further use, could make it possible the creation of a
“cell-free therapy bank”. By using these healthy tissues
discharged in medical procedures, it would turn this “multi-
target treatment ready to use” available to patients, at the mo-
ment they arrive in the health system units, with high inflam-
matory and coagulant diseases.

The first bioinformatics analysis to predict microRNA tar-
gets was based on sequences complementarity between plant
miRNAs and their targets. It has guided functional studies of
several miRNAs [94]. Chauhan et al., through computational
analysis, identified miRNAs that target Sars-CoV-2 viral
genes (e.g. reducing the spike protein) avoiding the viral con-
nection with the receptors in the host cells. Also, the authors
identified miRNAs acting inside the host cells reducing the
expression of receptors, preventing the entrance and viral rep-
lication, minimizing the spread of the infection [95].
MicroRNAs are small and unstable structures and possess a
short half-life when are free in blood circulation and, for this
reason, methods that could improve the half-life and delivery
in specific sites improving their activity are necessary [96].
This highlights the benefits of use the EVs as a transportation
carrier for this type of cargo.

As shown in Fig. 4, after the internalization of the EVs by
the target cell (Fig. 4a), the miRNAs are released in the target
cell cytoplasm (Fig. 4b) and, with assistance of enzyme com-
plexes, the miRNA will attach in the target mRNA through a
perfect or imperfect base-pairing in the 5’UTR, CD or 3’UTR
gene regions (Fig. 4c). The imperfect attachment will result in
an inhibition of the translation, while the perfect attachment
will result in degradation of the mRNA [97].

We focused on this paper on the miRNAs related to the
exacerbated cytokines and chemokines genes of severe
COVID-19 patients reported elsewhere. Furthermore, we fo-
cused on analyze the interaction of the MSC-derived EVs
miRNA cargo with the genes reported by Karki et al., 2020
[26] as responsible for cell death signature through PANopotis
and the genes from the coagulation cascades. Our analysis

�Fig. 1 Prediction of miRWalk for 3’UTR binding site of the 266
miRNAs from the MSC-derived EVs, shared in at least two datasets, in
one or multiple targets of the PANoptosis cell death (pyroptosis, apopto-
sis and necrosis) key genes suggested by Karki et al.2020 [26]
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results allow us to suggest that the miRNA from the MSC-
derived EVs has a therapeutic potential for investigation. As
mentioned before, regardless theMSC-EVs have been derived
from different tissue sources (adipose tissue, umbilical cord
and bone marrow), there was an overlap of 58 miRNAs,
among the four datasets of miRNA analyzed. The analysis
of 3’UTR binding site target, from those miRNAs shared in
at least two datasets, showed that 258 miRNAs could attach in
this target region for all analyzed cytokines and chemokines.
The extracellular vesicles carry not only different miRNAs,
but also other molecules, characterizing the cargo as a hetero-
geneous material capable to interact with multitargets.

As mentioned, in pathological conditions, the EVs released
can help to disseminate the disease throughout the organism,
they can carry the pathogen responsible, or its structures inside
the EVs. Although, based on the GSE12243 dataset analysis,
the expression of the two receptors used by the Sars-CoV-2 to
enter the host cell, toll like receptor 4 (TLR4) and
Angiotensin-Converting enzyme 2 (ACE2), the TLR4
mRNA inside the EVs was not significant (Pearson’s r =
0.763, p value = 0.0776), as well as the ACE2 mRNA
(Pearson’s r = −0.2717 and p value = 0.6025). Based on these
results, there is not enough mRNA to produce these proteins
in the EVs. Therefore, MSC-derived EVs, unlike their MSCs
parental cells, would not be involved in the spread of the Sars-
CoV-2 and wouldn’t increase the COVID-19 development.

As highlighted in Sup.Table 4, Figs. 1 and 2, one miRNA
binds to multiple mRNAs. For example, miR-125a-3p binds
to the portion 3’UTR of IL2, CXCL10, IL7, IL10 and IL15.

�Fig. 2 Prediction of miRWalk for 3’UTR binding site of the 148
miRNAs from the MSC-derived EVs, shared in at least two datasets, in
one or multiple targets of intrinsic and extrinsic coagulation cascades

Fig. 3 A representative alveoli cross-section with adjacent blood capil-
lary presenting the events of COVID-19 development. (a) The Receptor-
Binding Domain (RBD) of Sars-CoV-2 binds to the ACE2 receptor in the
membrane of pneumocytes type II, endothelial cells and others. The viral
spike protein is cleveaged by Transmembrane Protease Serine 2
(TMPRSS2), a protease present in the surface of the host cells. (b) Viral
replication is performed originating new copies to be released in the
extracellular environment. Also, the vírus induce the cell death by
PANoptosis (pyroptosis, apoptosis and necrosis) causing the release of
damage associated molecular patterns (DAMPs), which will be recog-
nized by alveolar epithelial cells and alveolar macrophages with the pat-
tern recognition receptors (PRRs). (c) The antigen recognition will trigger
an immune response where dendritic cells, monocytes, macrophages,
neutrophils and T cells will be atracted to the infection site. These cells

have the stimuli to express tissue factor in their membrane starting coag-
ulation activation (d) ICU patients with severe COVID-19 present higher
baseline levels of IL-6, IL-1β, TNF-α, IL-2, IL-7, IL-8, IL-9, IL-10, IL-
17, G-CSF, MCP-1 (CCL2), MIP-1α (CCL3), MCP-3 (CCL7) and
CXCL10 (IP-10), IL-18, IL-33, IL1- α, IL-15. (e) Direct cell death,
caused by Sars-CoV-2, and the inflammatory cell death increase vascular
permeability and cause fluid efflux from blood vessels and capilaries into
the lungs interfering in the gas exchange and consequently damaging lung
tissue. Also, blood clot formation interfere in the organs homeaostasis.
Thus, the patient clinically progress to an acute respiratory distress syn-
drome requiring mechanical ventilation. (f) Areas of consolidation by
fibroblastic proliferation and deposition of extracellular matrix and fibrin
in the alveolar spaces can be detected by CT scans
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Moreover, miR-125a-3p binds to the 3’UTR region of TNF,
IFN and binds also to the 3’UTR of Factor XIII gene. This
multitargeted approach could minimize cell death, alleviate
the systemic inflammation and coagulation disturbs in severe
COVID-19 patients improving their clinical outcome.
Another isoform, expressed in the four analyzed miRNA
datasets, is the miR-125b-1-3p which targets the 3’UTR re-
gion of the CXCL10, IL17A, IL10, CCL3, IL18 and IL33 and
targets the 3’UTR region of TNF, IFN, and GSDME genes. In
addition, miR-125b-1-3p also binds to the 3’UTR region of
Factor III, IX and XIII. One study performed by Fujii and
collaborators showed the Graft-Versus-Host Disease
(GVHD) amelioration in vitro and in vivo through, at least
partially, by the multitarget potential of BM-MSC-derived
EVs miRNA content, including miR-125a-3p [98]. Two other
miRNAs, miR-769-3p and miR-202-3p, may attenuate the
cell death avoiding tissue damage by targeting synergistically
the 3’UTR region of the TNF e IFN genes inhibiting their
protein translation.

The target of IL-1 and IL-6 pathways could attenuate the
coagulation activation manifested by admitted severe
COVID-19 ICU patients [72, 75, 99]. Thus, the miRNA, high-
ly expressed in the four analyzed datasets, let-7e-5p could
promote this action by binding in the 3’UTR region of
IL1A, IL1B, IL6R, IL15, IL10 and CSF3 genes. In addition,

the let-7e-5p binds to the 3’UTR region of TNF, RIPK1 and
CASP8 genes that are participants of the cell death signature
pathway. In addition, it directly targets the 3’UTR portion of
Factor VIII gene from the coagulation cascade.

Let-7 was firstly found in C. elegans and it was the second
miRNA discovered [100]. The functions of this microRNA
family are the most studied. There are reports in the literature
about their relation with inflammation [101, 102], cancer
[103] and other conditions. Among our 27 experimentally
validatedmiRNAs, 7 target the IL-6R of which 3 are members
of the let-7 family. This relation is corroborated by the litera-
ture, as Sung et al. (2018) showed that in a coculture of MSCs
derived from bone marrow and prostate cancer cells, the loss
of let-7 leads to an upregulation of IL-6 expression [104].
Moreover, Di et al.(2020) evaluated the let-7 in airway remod-
eling in chronic obstructive pulmonary disease (COPD) via
the regulation of IL-6 mRNA by targeting and silencing its
3’UTR region. Also, let-7 works as a regulator of
myofibroblast differentiation, through the regulation of this
cytokine expression [105].

Some studies suggest that using an approach with a com-
bination of treatments, or a multitarget therapy, versus mono-
therapy is preferable [106, 107]. Several reviews and reports
already discussed the potential of investigation of MSC-
derived EVs and its cargo, particularly miRNA, in COVID-

Fig. 4 Mechanisms of extracellular vesicles release, internalization and
action of miRNA cargo in the target cell genes. (a) The internalization of
the EVs in the target cell occurs by multiple mechanisms, such as
membrane direct fusion, macropinocytosis and endocytosis. (b) After
EVs internalization, through endolysosomal pathway, the lipidic bilayer

of the EVs are degraded and their cargo is released in the cell cytoplasm
allowing the performance of each cargo specific action. (c) In
mammalians, the miRNA binds through perfect and imperfect base-
pairing on different regions of target mRNA 3’UTR, repressing transla-
tion of the protein
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19 as well as other lung and heart injuries [41, 108–114].
Based on our analysis, it is possible to suggest that the multi-
target characteristic of the MSC-derived EVs miRNA cargo
could be an advantage, in comparison to therapies with a sin-
gle target, such as Tocilizumab or Anakira (anti-IL1R). These
therapies are used to decrease inflammatory biomarkers, due
to interactions with multiple pathways. They improve the pa-
tient outcome byminimizing tissue damage andmitigating the
coagulation activation and thrombi formation. Although,
more studies of fully characterization, evaluation and func-
tionality of theMSC-EVs content are required to confirm their
benefits.

The therapeutically potential of the MSC-derived EVs
against COVID-19 and other high inflammatory lung injuries
is corroborated by other reports showing important results
such as: the polarization of macrophages M1 (pro-
inflammatory) to a M2 (anti-inflammatory) phenotype, acti-
vation and regulation of T cells [115]; MSC-derived
exosomes prevent the recruitment of monocytes and reduces
the secretion of pro-fibrotic IL10 and TGF-β by these cells in
the lung of silica-exposed mice [55]. Also, the use of MSC-
derived EVs ACE2+ to compete with Sars-CoV-2 to the host
cells receptor binding [116]. Therefore, the miRNA cargo of
the MSC-derived EVs as therapy could be useful, not only in
COVID-19, but also in other viral infections that present high
levels of inflammatory cytokines, as influenza.

Conclusion

The analysis of bioinformatics prediction showed that miRNA
inner cargo of MSC-derived EVs may attenuate the production
of excessive inflammatory cytokines and chemokines, coagula-
tion cascade and cell death by multitargeting the 3’UTR region
of several mRNA. Regardless the differences among tissue
sources, there was miRNA overlap. Thus, even without an es-
tablishment of which tissue is the best source to extract the mes-
enchymal stem cells, or methods of the EVs isolation and char-
acterization, the positive effect against the exacerbated inflamma-
tory agents and coagulation disturbs present in severeCOVID-19
may be achieved. Multiple clinical trials using MSC against
COVID-19 are currently ongoing, some of them already are
completed and showed the feasibility, safety and low adverse
effects in COVID-19 treated patients. As the extracellular vesi-
cles share some intrinsic characteristics with their parental cells
and have the advantage to be small sized, non-proliferation ac-
tivity and low immunogenicity more published outcomes of cur-
rently ongoing randomized and future clinical trials, with a larger
number of enrolled patients, testing exosomes in COVID-19 are
well awaited.

The research for a specific antiviral to Sars-CoV-2 and the
development of a functional vaccine are the goals in this pan-
demic period. However, a long period can be taken until the

achievement of satisfactory results and an equal distribution
worldwide. Therefore, the development of anti-inflammatory
and anticoagulant therapies, such as the MSC-derived EVs
and its inner natural cargo from healthy donors, deserves at-
tention and investigation, aiming the reduction of death rates
due to the COVID-19 around the world. Besides that, there is
a possibility to create in health units, a cell-free therapy bank
that could provide treatment for immediate application that
could also benefit other patients, with high inflammatory
and coagulant diseases. Furthermore, more studies of full
characterization and evaluation of the mesenchymal stem cells
derived extracellular vesicles and its cargo functions in
COVID-19, as well as in other infectious events, are still
necessary.
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