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ABSTRACT
The role of mesenchymal stem cells in COVID-19 treatment

The novel coronavirus (SARS-CoV-2) pandemic has created a sense of global
panic and the medical community started to search for rapid answers.
Pharmaceuticals and research labs across the world are racing to find vac-
cines and treatments for the new coronavirus, using a variety of different
technological ways. With Coronavirus disease (COVID-19), it is observed that
asymptomatic symptoms turn out to be severe and fatal. By raising pyrexia,
sepsis, acute respiratory distress syndrome (ARDS), and multiple organ failure
are observed to develop which are not only associated with coronavirus. The
treatment of the virus and the systemic inflammatory response it causes are
also very important. The rapid response to infection has been well defined
and comprises a complex interaction of cytokine storm, endothelial dysfunc-
tion, inflammation, and pathologic coagulation. Since the effective therapies
are missing and immunological treatments may be deficient, mesenchymal
stem cells (MSCs), by reason of their potent inmunomodulatory ability, can
have useful results in order to prevent the cytokine storm and reduce morbid-
ity and mortality for COVID-19. The aim of this article is to discuss the poten-
tial effect of MSCs types in COVID-19 infection without definite treatment.
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sepsis, akut solunum sikintisi sendromu (ARDS) ve ¢oklu organ yetmezliginin
gelistigi gozlenir. Virtistin tedavisi ile birlikte neden oldugu sistemik inflamatuar
©Copyright 2020 by Tuberculosis and Thorax. yanitin tedavisi de cok énemlidir. Viicudun enfesiyona verdigi hizli yanit iyi
Available on-line at www.tuberktoraks.org.com tanimlanmstir ve sitokin firtinasi, endotel disfonksiyonu, inflamasyon ve pato-
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lojik pithtilasma arasinda karmasik bir etkilesim icerir. Etkili terapiler eksik oldugundan ve immiinolojik tedaviler yetersiz olabilecegin-
den, mezenkimal kék hiicreler (MKH'ler), gii¢lii imminomodiilator yetenekleri nedeniyle, sitokin firtinasini 6nlemek ve COVID-19'da
morbidite ve mortaliteyi azaltmak icin faydali sonuclara sahip olabilir. Bu makalenin amaci kesin tedavisi olmayan COVID-19 enfek-

siyonunda MKH'’in potansiyel etkilerini gbzden gegirmektir.

Anahtar kelimeler: COVID-19; mezenkimal kék hiicreler; pandemi; SARS-CoV-2

INTRODUCTION

The novel coronavirus (SARS-CoV-2) is defined to be
enveloped, positive-sense single-stranded RNA virus-
es with a nucleocapsid of helical symmetry.
Coronaviruses belong to “Coronavirinae” (family;
Coronaviridae, order; Nidovirales) that has four gen-
era. The names of these groups are alpha-coronavi-
rus, beta-coronavirus, gamma coronavirus and del-
ta-coronavirus. Gamma and delta coronaviruses gen-
erally infect birds. However, some of them may cause
infection in mammals. It was known that alpha and
beta coronaviruses are harmful for humans and ani-
mals. It was shown before that the SARS-CoV; 229E
(alpha coronavirus), HKUT (beta coronavirus), NL63
(alpha coronavirus), OC43 (beta coronavirus) and
MERS-CoV (beta coronavirus) can cause infectious-
ness in humans. At the same time, beta coronaviruses
contain the high pathogenic viruses in humans
including SARS-CoV-2, MERS-CoV and SARS-CoV
(1).

The 2019-nCoV causes an ongoing the pandemic
disease named novel coronavirus pneumonia by the
Chinese government. World Health Organization
recommended the name Coronavirus disease
(COVID-19) for this disease. International Committee
on Taxonomy of Viruses renamed the disease as
SARS-CoV-2 (2).

In Wuhan, Hubei Province, China a disease was
determined with pneumonia of unknown cause in
December 2019. At first, it was linked with a seafood
market. The local hospitals identified the virus,
(SARS-CoV-2. They used a surveillance mechanism
for “pneumonia of unknown aetiology” that was
founded in 2003 during the SARS outbreak. World
Health Organization (WHO) declared “public health
emergency of international concern” for COVID-19
in 30 January 2020. The pandemic spread rapidly (3).

It was early to speak about fatality rates but China
reported the fatality rate, less than 4%. This rate
seems low when compared with SARS-CoV and
MERS-CoV (10% and 37%, respectively) (4).

Looking at the coexistence of symptoms; the majori-
ty of patients had a fever with cough; had a fever with
dyspnea; had a fever with fatigue, myalgia or head-
ache (5).

These results show that risk factors can be associated
with age and comorbidities for critical patients. The
pathogenesis of COVID-19 are mostly related to car-
diovascular diseases such as hypertension, diabetes,
respiratory system disease, cardiovascular diseases

(6).

For COVID-19 patients developing acute respiratory
distress syndrome (ARDS) requiring intubation and
mechanical ventilation, shock and multiple organ
failure may also develop whereas it is obvious wheth-
er this is a direct result of viral infection or critical
disease complications are not yet clear. The most
current therapeutic approaches contain aggressive
standard supportive care and treatment of other
co-infections. Anti-viral drugs, including remdesivir,
lopinavir-ritonavir or lopinavir-ritonavir, and interfer-
on beta-1, are being researched. However, safety and
potential efficacy have not yet been provided.
Remdesivir and interferon-beta seem to have superior
antiviral activity against lopinavir and remdesivir in
vitro for MERS coronavirus. Nevertheless, it is still
uncertain whether this is valid for SARS-CoV-2 (7).

The use of hydroxychloroquine in COVID-19 patients
has been confirmed by the FDA lately., but efficacy
has not been established. Additionally, increasing
information shows that virus-induced cytokine storm
in the lungs is important in the pathogenesis and can
bring potential therapeutic targets, for example, anti-
IL6 or anti-IL-1 approaches (8,9). Persistence of cyto-
kine storm will possibly be one of the main cause of
severe organ injury and death (10).

MSCs are adult multipotent progenitor cells existing
in connective tissues such as bone marrow, adipose
tissue, synovium, placenta, and umbilical cord. A
plethora of paracrine soluble factors including angio-
poietin, keratinocyte growth factor, prostaglandin E2,
interleukin-10 (IL-10) and other trophic cytokines are
secreted by MSCs. These paracrine factors can esca-
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lade alveolar fluid clearance, balance lung epithelial
and endothelial permeability, facilitate endothelial
regeneration and decrease inflammation. MSCs
attract particular of attention due to their broad phar-
macological effects, including anti-inflammatory,
immunomodulatory, regenerative, pro-angiogenic
and anti-fibrotic properties (11-14).

Because of these properties, they are candidates for
using in the treatment of COVID-19 pneumonia
infection, which causes cytokine storm and ARDS.

The first coronavirus case treated with MSCs was
reported by Liang B et al. A 65 years old woman
patient who has severe pneumonia, respiratory fail-
ure and multiorgan failure needing mechanical venti-
lation was hospitalised. She was treated with three
doses each of 50x10° allogeneic umbilical cord stem
cells, three days apart. Two days later the third infu-
sion, she was taken out of the ICU to the regular ward
since she showed recovery with most of her laborato-
ry indexes getting normal level (15).

In a study reported by Leng et al. (16), 7 patients with
COVID-19 pneumonia were treated with MSCs in an
intravenous way. They developed functional out-
comes and improved recovery after an intravenous
administration of clinical-grade human MSCs. The
patients were positive SARS-CoV-2 was positive in
these patients, with one having a critically severe
type, four being observed severe types, and the other
two showing common types of the syndrome.
Additionally, three patients with severe types were
taken care for placebo control. Before MSCs infusion,
all patients displayed, short breathing, high fever, low
oxygen saturation and pneumonia. The patients were
treated with 1x10% MSCs per kilogram body weight.
Especially, the study indicated that basically all symp-
toms lessened by 2-4 days after receiving MSCs infu-
sion. Also, no adverse effects, over a week or two
after MSCs infusion, were observed and the majority

of patients showed negative results for the SARS-
CoV-2 nucleic acid test. The improvement that an
elderly patient showed was quite outstanding for in a
critical condition after the infection. After a study; the
investigators compared seven patients (one critically
serious, four serious and two commons) infected with
the coronavirus who was treated with one dose of
stem cell therapy with 3 patients in the control group
who did receive standard treatment procedure. They
were followed for two weeks. All seven patients with
stem cell therapy were successful. However, in the
control group, one patient died while another patient
developed ARDS. Only one patient in the control
group was stable. Any complications weren't noted in
the treatment group. In the treated group, biomarkers
for inflammation like C-Reactive protein, the oxygen
saturation aspartic aminotransferase, creatine kinase
activity and myoglobin were normal levels (Table 1)
(16).

These results suggest that immunological therapy
used to treat infected patients. Because the immuno-
modulatory capacity could not be strong enough. As
a result of this; the virus can stimulate a damaging
cytokine storm in the lung, such as IL-1, IL-6, GSCF,
MCP1, MIPTA, IP10 and TNFa, followed by the
oedema, dysfunction of the air exchange, acute respi-
ratory distress syndrome, acute cardiac injury and the
secondary infection. These are can cause death.
Therefore, the decrease of cytokine storm may be an
important point for the treatment of COVID-19 infect-
ed patients. MSCs, due to their powerful immuno-
modulatory ability, may have useful effects to prevent
or attenuate the cytokine storm (4,16).

MSCs, by the release of soluble factors, can show
their effect via cell contact-dependent mechanisms.
The mechanisms of alveolar damage during ARDS
and factors providing lung regeneration produced by
MSCs (17).

Table 1. Two studies reporting mesenchymal stem cell activity in the treatment of COVID-19

No Administered
References Cell type Dose patient Decrease way Increases Hospital
Bing Liang (15) Umblical three times 1 Crp Intravenous CD3 +T, Baoshan
cord (5x107 cells CD4 +T, People’s
each time) CD8 +T Hospital
lenosit
Zikuan Leng et al. (16) Umblical 1 x 10° 7 TNF-a Intravenous  IL-10, VEGF,  Beijing YouAn
cord (34) cells per IP-10 Hospital
kilogram
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Bone Marrow-Derived Mesenchymal Stem Cells
(BM-MSCs)

MSCs; originate from bone marrow, umbilical cord
fat, placenta, and other tissues. MSCs have a strong
differentiation potential, potent immunoregulation
and endogenous repairability.

Allogeneic bone marrow-derived human mesenchy-
mal stem (stromal) cells (BM-MSCs) therapy is allur-
ing as a highly effective treatment for ARDS for vari-
ous grounds. MSCs are multipotent cells with low
immunogenicity that secrete multiple paracrine fac-
tors including endothelial and epithelial growth fac-
tors, anti-inflammatory cytokines, antifibrotic and
antimicrobial peptides. Same time; they also have
potency in transferring mitochondria to injured epi-
thelial cells (18).

Umbilical Cord Mesenchymal Stem Cells (UC-MSCs)

Among which, the umbilical cord mesenchymal stem
cells (UC-MSCs) can easily get and cultured.
UC-MSCs have shown quite crucial immunomodula-
tion and tissue fixing effects with low immunogenic-
ity. This capacity makes them very ideal aspirants to
the allogeneic adoptive transfer therapy. It was further
pointed out to be promising to medicate the H5N1
infection-induced acute lung injury, which indicated
related inflammatory cytokine profile to that of
COVID-19 (15,19).

Adipose-derived Stromal Stem Cells (ASCs)

Adult human adipose tissue originates from embryon-
ic mesoderm and represents more and less invasive
mesenchymal stem cell sources than bone marrow
(20).

Human Adipose-derived Stromal Stem Cells (ASCs)
are an attractive cell source for generating other cells
because these cells can secrete multiple growth fac-
tors and cytokines that exert beneficial effects on
organ or injured tissue (21).

Zuk et al defined Adipose-derived MSCs (AD-MSCs)
in human fat tissue by (22). This caused the accep-
tance of adipose tissue as an alternative to BM for
MSCs in 2001. BM-MSCs exist in the bone marrow
stroma in moderately small amounts. It has been esti-
mated that they comprise about 0.001-0.01% of the
total marrow nucleated cells. But the proportion of
adipose-derived MSCs is about 2% of all nucleated
cells of adipose tissue. Thus; caused MSCs from adi-

pose tissue to make them more suitable for MSC
treatment and clinical applications (23,24).

AD-MSCs have separate benefits as compared to
BM-MSCs. It has been originally proven that both
BM-MSCs and AD-MSCs exhibit immunosuppressive
means in vitro studies. AD-MSCs can be more potent
suppressors of the immune response. They were
undoubtedly far better than BM-MSCs in inhibiting
both the differentiation of blood monocytes into den-
dritic cells as identified by CD83 expression and the
expression of co-stimulatory molecules (CD80,
CD86) on the surface of mature monocyte-derived
dendritic cells. Adipose-originated MSCs were firmer
than BM-MSCs at stimulating the secretion of immu-
nosuppressive IL-10 cytokine by dendritic cells (25-
28).

Mesenchymal Stromal Cell Secretome
(MSC-secretome)

MSC-secretome consists of both soluble proteins,
containing a broad range of cytokines, chemokines
and growth factors and extracellular vesicles (EVs) of
micro- and nano-size (29).

As soon as they are set free, EVs and soluble proteins
interact with the target cells (by ligand-receptor inter-
action or by internalization) and regulate cellular
responses. Secretome can trigger endogenous stem
cells and progenitor cells, moderate the inflammatory
response, decrease apoptosis, promote the remodel-
ling of the extracellular matrix, angiogenesis and
lower fibrosis and mediate the chemoattraction (30).

Human MSC-derived EVs have been shown to reduce
lung permeability and edema in a murine model of
LPS-induced acute lung injury. They are also reduced
macrophage inflammatory protein-2 levels and neu-
trophil infiltration in bronchoalveolar lavage fluid
(BALF) (31).

Especially, the employment of secretome in therapy
has got a number of advantages compared to MSCs.
Secretome is widely regarded as safer than cells: it
requires the efficiency for endogenous tumour forma-
tion since it cannot self-replicate, it has poor immu-
nogenicity and when intravenously injected it causes
to fewer emboli formation (32).

The use of MSC-secretome in therapy also necessi-
tates technological benefits: it can be directed and
stored easier than cells, with fewer costs and it fol-
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lows a ready to use product suitable for emerge inter-
ventions (11,12).

Clinical Trials Perspective

In consideration of the therapeutic potential of MSCs,
several firms have started the process to test adult-tis-
sue MSCS products. These products were already in
clinical testings for other conditions to observe if they
might be beneficial in solving inflammatory COVID-
19 respiratory conditions.

Obviously, there is considerable attention in exploring
stem cells, comprising ASCs, as a strong therapeutic
option in COVID-19 respiratory conditions. It is
appropriate to point out that the clinical results, early
reported, must be restated in larger, well-controlled
testings to completely see if the approach is safe and
beneficial. At present, 30 clinical trials have been
registered (https://clinicaltrials.gov) to assess the MSCs
as clinical treatment of patients affected by COVID-
19. (https://clinicaltrials.gov/ct2/results?term=Mesen-
chymal+Stem+Cells&cond=COVID-19&draw=3.) Of
these clinical trials, in particular, two are on dental
pulp stem cells, ten are on umbilical cord stem cells,
one is on mesenchymal stromal cells, one on mesen-
chymal stem cells-exosomes, and two are on adi-
pose-derived mesenchymal stem cells.

For 7 years, clinical trials benefit from MSCS from
variable sources [bone marrow (BM), fat, and umbil-
ical cord (UQ)] in the treatment of ARDS. Some clin-
ical trials are being carried out and the final reports
are not announced. In all final reports, the safety of
the application of MSCS has been reported and most
of them indicated progress in mortality and decrease
of morbidity.

Which are the Best Safety Stem Cells to Treat
Coronavirus?

Studies will show which type of MSCs cells which
type and which route of administration (intratracheal,
intravenous) will be safer and more effective in
COVID-19 infection. But; According to the theoreti-
cal information we know; umbilical cord has a high
concentration of stem cells (33).

During the past ten years, umbilical cord blood has
been considered to be therapeutically beneficial for
relieving patients with bone marrow-related deficits
and inborn errors of metabolism. Umbilical cord
blood presents superiority over bone marrow. Cord
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blood can be used allegorically as the excellent
human leukocyte antigen (HLA) does not require tis-
sue matching and has a low graft incidence against
host disease (34).

UC-MSCs can be extracted noninvasively. There is no
procedure. Invasive procedures are required in bone
marrow or fat stem cells. Since COVID-19 infection
can cause a systemic and widespread disease;
Millions of stem cells may need to be injected for
clinical efficacy (35).

In patients diagnosed with COVID-19, increased
inflammation, hypoxemia, immobilization and
increased intravascular coagulation can cause throm-
bosis in both arterial and venous systems. Therefore,
procedures that are least thrombogenic should be
preferred when planning stem cell therapy (36). EVs
should be kept in mind due to their lower thrombo-
genic effect.

Jung, et al. reported a pulmonary embolism in a fam-
ily (mother, father, and children) who received ASCs
treatment due to knee osteartritis and stated that they
reported these as the first case. Considering that
COVID-19 infection causes damage to the endotheli-
um and causes predisposition to thrombosis, we
think that it should be used with caution (37).

There are studies showing that the tissue factor is
highly expressed and localized on the cell surface of
cultured ASC and that the tissue factor is a trigger
factor in the coagulation pathway activated by the
infused ASC (37,38).

To mitigate acute respiratory disease and pulmonary
fibrosis in intensive-care SARS-CoV-2-infected
patients, there are three curative functions of MSCs
have arisen. 1: Directly promoting the apoptosis of
activated T cells to ease the aberrant and extra
immune responses. 2: Injuries of the lung to maintain
homeostasis as well as promote regeneration 3:
Delivering cytokines for decrease inflammation (39).

Throughout the pandemic threat of SARS-CoV-2 to
global health and the fast-growing number of fatali-
ties, advancing new therapeutic development
becomes central or primary to minimize the death
and sequelae from SARS-CoV-2 infection. Therefore
MSCs treatment should be considered as a potential
treatment for these critical patients.
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