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Abstract

With the appearance of the first cases of COVID-19 infection, which
had a severe clinical picture accompanied by respiratory insufficiency,
as well as multiorgan dysfunction, mesenchymal stem cells became
the subject of intensive research. The main cause of tissue and organ
damage in patients with COVID-19 infection is thought to be a cytokine
storm, which is the result of an imbalance in the regulation of the host
immune system. Previous studies have shown that mesenchymal stem
cells have an immunomodulatory effect and can prevent and reduce
the cytokine storm triggered by the SARS-Cov-2 virus. Numerous clinical
studies on the use of mesenchymal stem cells in patients with a severe
clinical picture of COVID-19 are underway. Undoubtedly, cell therapy
could be of great importance in the treatment of patients with a severe
clinical picture of COVID-19, but it takes time to consider the efficacy
and safety of such therapy, which is possible only through controlled
multicenter clinical studies.
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INTRODUCTION

In early December 2019, in the city of Wuhan, Hubei
Province in China, a previously unknown viral infec-
tion was identified and spread rapidly beyond the
borders of China. In the early phase, when the etiology
of the disease was unknown, the first cases of pneu-
monia were described, which were accompanied by
signs of acute respiratory distress syndrome, acute re-
spiratory failure, and other complications that lead to
death. China reported this phenomenon to the World
Health Organization (WHO) on December 31st, 2019,
and on January 7, 2020. They identified the causative
agent as a betacoronavirus, that uses the angiotensin-
converting enzyme 2 (ACE2) receptor as the dominant
mechanism for cell entry. Due to the rapid spread of
the infection globally, WHO declared a pandemic on
March 11th, 2020. The virus was designated as acute
respiratory syndrome coronavirus 2 (SARS-CoV-2), and
the disease as coronavirus disease 2019 (COVID-19)
[1,2].

In the first week of August 2020, it was confirmed
that more than 18,000,000 people became ill, and
more than 700,000 died due to COVID-19 worldwide.
It became apparent that developing safe and effective
treatments for COVID-19 patients is of utmost urgency.
Treatment of patients with COVID-19 depends on the

severity of the clinical picture. In COVID-19 positive pa-
tients without symptoms, self-isolation is recommend-
ed, but in patients who have developed a picture of
respiratory failure, it is necessary to apply mechanical
ventilation, as well as antiviral therapy, antithrombotic
therapy, vitamins, zinc supplementation, and immuno-
therapy [3-5].

Since the appearance of the first cases of patients
with COVID-19, who had a severe clinical picture, mes-
enchymal stem cells (MSCs) were the focus of interest
because of their ability to inhibit inflammation, cyto-
kine storm, and secretory molecules that are antibac-
terial, antiviral, and analgesic. Since this is a non-stan-
dard therapy, it is recommended that MSCs be used
exclusively in true clinical trials [4, 5].

COVID-19 AND IMMUNE RESPONSES

Studies to date have found that SARS-COV-2 interferes
with the normal immune responses. The infection
leads to the impaired immune system function and
uncontrolled inflammatory response, especially in pa-
tients with severe clinical presentation. These patients
may experience: lymphopenia, lymphocyte activation
and dysfunction, granulocyte and monocyte abnor-
malities, an increase in immunoglobulin G (IgG) and
total antibodies, and high cytokine levels [6].
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One of the key findings, especially in patients with
a severe clinical picture of COVID-19, is lymphopenia.
It is a significant pathological finding and a good in-
dicator of the clinical picture and treatment efficacy
severity. The presence of lymphopenia at the onset of
the disease may be an indication that the patient will
develop a severe form of the disease. Previous studies
have found that in addition to a significant reduction
in the absolute number of lymphocytes, the num-
ber of cell subpopulations (CD4*, CD8*, NK cells, and
B cells) was significantly reduced in these patients. It
was observed that in patients showing a severe clini-
cal picture, lymphopenia is more pronounced, the ab-
solute number of CD8* T lymphocytes is significantly
reduced, as well as the number of memory helper T
lymphocytes. Examination of peripheral blood of pa-
tients with COVID-19 by flow cytometry showed that
the percentage of CD4* naive T cells (CD3*, CD4+,
CD45RA") increased, memory helper T cells (CD3*,
CD4*, CD45R0*) decreased, and the percentage of
CD3+, CD8*, CD28* cytotoxic T cells decreased. In 85%
of patients with severe COVID-19, the mean absolute
lymphocyte count was 800, and their number was ob-
served to decline with disease progression. The exact
mechanisms of lymphopenia are still unclear. Also, in
one of the conducted studies, it was noticed that the
response of CD8* T lymphocytes is faster than acti-
vated CD4* response, and another study showed that
activated CD4* and CD8* T lymphocytes appear in the
blood before the first signs of the disease. Decreased
lymphocyte counts may also be present in a small
number of patients without a severe clinical picture
and in pregnant women. During COVID-19 infection,
changes in the number of granulocytes are registered,
the ratio between granulocytes and lymphocytes
changes, and the percentage of eosinophils, basophils,
and monocytes decreases. In patients with a severe
clinical picture, the number of neutrophils and the ra-
tio between neutrophils and lymphocytes increases.
This is a significant indicator of a severe clinical pre-
sentation and poor clinical outcome. However, in pa-
tients with a severe clinical presentation, a cytokine
storm occurs. It is the result of the extreme production
of inflammatory cytokines. The values for some inter-
leukins, such as IL-1B, IL-6, and IL-10, are exception-
ally high in patients with a severe clinical presentation.
Due to the activation of B and T lymphocytes, NK cells,
neutrophils, monocytes, macrophages, dendritic cells,
endothelial cells, and epithelial cells, proinflammatory
cytokines are also produced in large quantities. Previ-
ous studies have indicated the existence of specific IgG
and IgM class antibodies and that their titer correlated
well with the severity of clinical presentation, i.e., that
the increased number of B lymphocytes correlated
with poorer survival [6-7].

MESENCHYMAL STEM CELLS: CHARACTERISTICS
AND FUNCTIONS

Mesenchymal stem cells (MSCs) are adult multipotent
stem cells that have the ability to self-renew and dif-
ferentiate into various specialized cell types of me-
sodermal origin, such as adipocytes, osteocytes, and
chondrocytes. Also, they are the focus of interest due
to their immunomodulatory properties. All these fea-
tures make them attractive for research and clinical ap-
plication. They have been the subject of clinical trials
for many years [8,9].

A German pathologist, Cohnheim (1839-1884), hy-
pothesized that there are cells in the bone marrow that
have the ability to repair damaged tissue. Almost a
century later, Friedenstein et al. confirmed his assump-
tions [10]. They were originally called “bone marrow
fibroblasts” and then mesenchymal stromal cells. The
Mesenchymal and Tissue Stem Cell Committee of the
International Society for Cellular Therapy called them
“mesenchymal stem cells” (MSCs) and gave the mini-
mum criteria that define a set of markers and charac-
teristics of MSCs. These criteria are generally accepted
today and include the ability to self-renew, multipo-
tency with osteogenic, chondrogenic, and adipogenic
potentials, and expression of surface markers such as
the cluster of differentiation CD73, CD90, and CD105
while lacking CD14, CD34, CD45, and human leuko-
cyte antigen-DR (HLA-DR). The characteristics of hu-
man MSCs vary depending on the tissues from which
they are obtained, the method of isolation, and culti-
vation. An important parameter in the cultivation of
MSCs is the used medium [11-13].

The original source of MSC was bone marrow. Stud-
ies to date have shown that various sources, such as
bone, cartilage, tendons, muscles, adipose tissue, and
hematopoietic stromal tissue, can be used to obtain
a differentiated population of MSCs. Due to the small
number of MSCs and the fact that the procedure of ob-
taining MSCs from the bone marrow is painful and re-
quires the use of anesthesia, over time, adipose tissue
and umbilical cord tissue became the source of MSCs
with the greatest potential [12].

Multipotency has made them attractive for regen-
erative medicine and the regeneration of damaged tis-
sue. They stimulate tissue regeneration by increasing
vascularization and reducing inflammation, but they
also secrete neutrophil factors and inhibit apoptotic
signaling. On the other hand, their secretory activity
and the secretion of soluble factors, which could be
responsible for the immunomodulatory properties of
MSCs, make them even more attractive for medical
use. Today, it is generally accepted that MSCs achieve
a more significant effect by secreting paracrine fac-
tors than by replacing cells. Of particular importance
are the extracellular vesicles, which contain regula-
tory miRNAs, cytokines, and growth factors, as well as
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signaling lipids. Undoubtedly, MSCs could be of great
importance in the treatment of various diseases in the
future [12, 14].

MESENCHYMAL STEM CELLS IN THE TREATMENT
OF COVID-19

Treatment of patients with COVID-19 depends on the
severity of the clinical picture. In general, therapy could
be divided into antiviral therapy, immunotherapy, and
adjunctive therapy [5].

Several studies have shown that the key moment
in the pathogenesis of SARS-CoV-2- infection is the
recognition of ACE2 receptor of the host cell by virus
spike protein. In addition to ACE2, the role of the cel-
lular transmembrane protease, serine 2 (TMPRSS2) is
important for cell entry by the virus. Numerous human
cells have ACE2 on their surface, especially alveolar
type 2 (AT2) and capillary epithelium. AT2 cells also
have TMPRSS2 on their surface. It is interesting that
lymphohematopoietic tissues (lymph nodes, bone
marrow, spleen), T and B lymphocytes, and macro-
phages are always negative for ACE2. The fact is that
almost all endothelial cells and smooth muscle cells
have ACE2, which also explains the spread of the virus
throughout the body. On the other hand, the ability of
the virus to spread throughout the body explains the
fact that patients with a severe clinical presentation
may have acute myocardial injury, arrhythmia, acute
kidney injury, shock, and multiorgan dysfunction syn-
drome [15,16].

Most patients who have COVID-19 are asymptom-
atic or have a mild clinical presentation. However, in
some patients, disease progression occurs with the on-
set of respiratory failure, acute respiratory distress syn-
drome (ARDS), septic shock, multiple organ dysfunc-
tion syndrome (MODS), and death. The main cause of
death is respiratory failure, but dysfunction of the liver,
kidneys, heart, and other vital organs is possible. It is
likely that the leading cause of tissue and organ dam-
age is a virus-induced cytokine storm. It occurs due to
excessive activity of the host immune system during in-
fection, first locally, as a severe inflammatory response,
and then spreads systemically, resulting in tissue dam-
age. It is believed that the result of the imbalance is
in the regulation of the immune system. Numerous
proinflammatory cytokines (IL-6, TNF, IL-1, IL-2, IL-17,
IFN-y, G-CSF, macrophage inflammatory protein 1, IFN-
y-induced protein 10, and others) were significantly el-
evated in patients with a severe clinical presentation.
Therefore, the assumption is that avoiding a cytokine
storm would be crucial in the treatment of COVID-19,
especially in patients with a severe clinical presenta-
tion. MSCs, due to their immunomodulatory ability,
could be significant in the prevention and attenuation
of the cytokine storm. Additionally, previous clinical tri-

als have shown that there were no adverse reactions
and that MSCs use was safe and effective [15-17].

After intravenous administration, part of the MSCs
reaches the lungs where they could recover the pul-
monary microenvironment, protect alveolar epithelial
cells, intercept pulmonary fibrosis, and cure lung dys-
function and COVID-19 pneumonia. A limitation in their
application may be the speed at which it is possible to
isolate MSCs from tissue, such as bone marrow, cord
blood, adipose tissue, and others, and propagate them
in cell culture. The results of clinical studies on the use
of MSCs in patients with autoimmune diseases, such as
type 2 diabetes mellitus, graft versus host disease after
allogeneic hematopoietic stem cells transplantation,
spinal cord injury, and others, as well as in patients with
H5N1 infection initiated studies on the use of MSCs in
patients with respiratory failure due to COVID-19 [16].

By searching the PubMed search engine for key-
words “mesenchymal stem cells” and “COVID-19", we
found 77 papers that have been published in the last
few months, i.e., since the outbreak of the pandemic,
and they relate to the use of mesenchymal stem cells
in patients with COVID-19. Furthermore, 37 clinical
studies about the use of MSCs in patients with COV-
ID-19 were registered on the ClinicalTrials.gov website.
These studies include 18/37 recruiting, 10/37 not yet
recruiting, 4/37 active not recruiting, 3/37 enrolling
by invitation, 1 withdrawn, and 1 completed. Clinical
studies regarding the use of MSCs in the treatment of
severe COVID-19 are conducted in 15 countries. The
largest number of clinical studies has been reported in
China (9/37) and the United States of America (8/37),
but also in other countries, such as Spain, Pakistan,
Mexico, Jordan, Brazil, Iran, United Kingdom, Belarus,
Ukraine, Colombia, Indonesia, Germany, and Turkey.
The only completed study is “Treatment With Human
Umbilical cord-derived Mesenchymal Stem Cells for
Severe Corona Virus Disease 2019 (COVID-19)"”. The
study is multicenter, randomized, double-blind, place-
bo-controlled, and in phase Il. It started on March 5th,
2020, and finished on May 12th, 2020, enrolling 100
participants. It took place in China, Wuhan, Huoshen-
shan Hospital, Maternal and Child Health Hospital of
Hubei Province, General Hospital of Central Theater
Command. The experimental group received 3 doses
of MSCs from umbilical cord blood on days 0, 3, and 6.
The goal of the clinical trial was to inspect the safety
and efficacy of mesenchymal stem cells (MSCs) thera-
py for severe COVID-19. The results of the study have
not yet been published. As of May 6th, 2020, a total of
40 clinical studies have been registered in ChiCTR and
NIH, dealing with the efficient and safe use of MSCs in
patients with severe COVID-19 [18-21].

In April 2020, Leng and co-workers published the
results of a pilot study on the use of MSCs in 7 patients
with a severe clinical picture in whom there was no fa-
vorable therapeutic response to standard therapy. The
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study, which was conducted from January 23rd, 2020
to February 16th, 2020, included patients aged 18-95
years. In all patients, 2-4 days after MSC administration,
there was an improvement, i.e., the disappearance of
symptoms associated with a severe clinical picture of
COVID-19 and improved oxygen saturation. Studies
have confirmed that MSCs are ACE2- and TMPRSS2-
negative and play the vital immune modulation roles
to reverse the lymphocytes subsets mainly through
dendritic cells. After the application of MSCs, there was
a significant decrease in the values of proinflammatory
cytokines and chemokines, reduction in the number of
mononuclear cells and macrophages at the site of in-
flammation in the lungs, and increased recruitment of
dendritic cells at the site of inflammation [22].

The cytokine storm, which is crucial for the progres-
sion of COVID-19, is amplified by the parallel processes
that occur. Macrophages and other antigen-presenting
cells are activated, which warn lymphocytes of the pres-
ence of the virus, while virus replication in host cells and
increased synthesis of proinflammatory cytokines, as
well as increased apoptosis due to viral invasion. Based
on this knowledge, and in an effort to prevent and re-
duce the severity of the cytokine storm, Sengupta et al.
applied exosomes derived from allogeneic bone mar-
row mesenchymal stem cells, a complex mix of signal-
ing nanovesicles secreted by bmMSCs, a novel, multi-
targeted, next-generation biologic agent in a prospec-
tive nonrandomized open-label cohort study. Recovery
occurred in 17/24 (71%) patients with a severe clinical
picture of COVID-19. After one treatment, patients’
clinical status and oxygenation improved. There was a
significant reduction in the levels of the acute phase re-
actants (CRP, ferritin, and D-dimer) and a significant de-
crease in the number of neutrophils, and an increase in
the number of lymphocytes. Although this first clinical
study showed that there was a significant improvement
after exosomes administration in patients with severe
COVID-19 further studies are needed to determine the
efficacy and safety of this therapy [23].

So far, a clinical study (pilot study as well as a single
case study) on the use of MSCs in patients with se-
vere COVID-19 has shown that the general condition
improves in a large percentage of treated patients
and that after intravenous administration of MSCs
in patients’ blood increases cell populations such as
CD14* CD11ct CD11bMid regDCs, lower TNF-a levels
significantly, and increase serum IL-10 levels. The level
of serum bilirubin, C-reactive protein, aspartate ami-
notransferase, and alanine aminotransferase decreases
dramatically, the number of leukocytes and neutro-
phils decreases, and the number of lymphocytes nor-
malizes. Preliminary results of previous studies on the
use of MSCs in the treatment of patients with severe
COVID-19, who had pneumonia and ARDS, show that
there is an improvement in lung function, but also a
lower incidence of multiorgan dysfunction, better sur-

vival, and reduced mortality. The results of previous
studies indicate that MSCs cell therapy is safe and ef-
fective in patients with a severe clinical presentation of
SARS-COV-2 virus infection [24,25].

CONCLUSION AND PERSPECTIVE

There is probably no topic in human medicine that is
more intriguing than the use of cell therapy and espe-
cially the use of stem cells. Without a doubt, stem cells
could have great potential in the treatment of some
congenital and acquired diseases, like diabetes, cardio-
vascular diseases, neurodegenerative diseases, degen-
erative muscular disorders, cancers, liver injuries, he-
matopoietic and immune system disorders, metabolic
disorders, graft-versus-host disease, sepsis, and ARDS.
In recent years, special attention has been drawn to
MSCs due to their anti-inflammatory, immunomodu-
latory and homing properties as well as regenerative
potential. Numerous clinical studies are underway on
the possible use of MSCs in patients with severe CO-
VID-19 in whom lung and other vital organ damage
have occurred. However, in order to draw definite con-
clusions regarding their safe and effective application,
it is necessary to conduct controlled clinical studies,
which sometimes takes years or even decades. In re-
cent years, we have, unfortunately, witnessed numer-
ous abuses in cell therapy [24, 26].
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Kratak sadrzaj

Sa pojavom prvih slucajeva COVID-19 infekcije sa teSkom klinickom slikom pra-
¢enom respiratornom nedovoljnos¢u, kao i multiorganskom disfunkcijom, me-
zenhimalne maticne Celije postale su predmet intenzivnih istraZivanja. Smatra
se da je osnovni uzrok osStecenja tkiva i organa kod bolesnika sa COVID-19
infekcijom citokinska oluja, koja je rezultat poremecaja ravnoteZe u regulaciji
imunskog sistema domacina. Dosadasnjim ispitivanjima utvrdeno je da meze-
nhimalne mati¢ne celije imaju imunomodulatorni efekat i da mogu da preveni-
raju i umanje citokinsku oluju pokrenutu SARS-Cov-2 virusom. U toku su brojne
klinicke studije o primeni mezenhimalnih maticnih Celija kod bolesnika sa tes-
kom klinickom slikom COVID-19. Nesumnijivo je da bi Celijska terapija mogla
imati veliki znacaj u lec¢enju bolesnika sa teSkom klinickom slikom COVID-19,
ali je potrebno vreme da se sagleda efikasnost i sigurnost ovakve terapije, sto je
moguce jedino kroz kontrolisane multicentricne klinicke studije.

Klju¢ne reci: Mezenhimalne maticne celije; Terapija; COVID-19.





