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Abstract

The SARS-CoV-2 virus is a member of the coronavirus family that caused the COVID-19 respiratory disease
epidemic in China before the global pandemic of the disease in late 2019. The virus's genome is of 79% similarity to
that of the SARS-CoV virus, using the ACE2 receptor to enter its target cells. The most common symptoms of this
disease include fever, cough, pulmonary involvement, and sometimes gastrointestinal symptoms. A decline in both
the number and function of lymphocytes and a severe increase in leukocyte inflammatory activity are among the most
obvious immunological complications of this disease. If the immune system response to the virus is inadequate, the
disease can become acute. Immune cells activity leads to a sharp increase in the number of blood cytokines, causing
"cytokine storm," which in turn can cause systematic damages to the heart, lungs, and kidneys, and ultimately may
lead to death. Mesenchymal stem cell therapy offers a promising approach to reducing the destructive impacts of
infection in patients with COVID-19. Mesenchymal stem cells can secrete immune-modulating factors that suppress
cytokine storms. Furthermore, the role of mesenchymal stem cells in preventing cell death and inhibiting tissue
fibrosis has been well demonstrated. This review shows available clinical trials that have tapped into the therapeutic
potential of the umbilical cord mesenchymal stem cells in patients with COVID-19.
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Introduction viruses, has many potential natural hosts that can act
as either intermediate or ultimate hosts (1, 2).

Coated with a single-stranded ribonucleic acid
(RNA) genome, this virus uses a cellular receptor
called angiotensin-converting enzyme (ACE2) to
enter the target cells. In addition to multiplying in the
upper respiratory tract efficiently, this coronavirus
also tends to multiply in the cells located in the lower
respiratory tract. As a result, lesions in the lower
respiratory tract are bound to occur. Approximately
81% of the patients diagnosed with Covid-19 show

In late December 2019, a case of unidentified
pneumonia was reported in Wuhan City (Hubei
Province, China) whose clinical manifestations were
similar to those of viral pneumonia. While the World
Health Organization (WHO) named the virus
“COVID-19”, the International Committee on
Taxonomy of Viruses (ICTV) called it “SARS-CoV-
2”. This virus belongs to the B coronavirus family,
which is prevalent in the environment and, like other
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mild symptoms, and in 14% of the cases, the patient
manifests severe symptoms, including pneumonia
and shortness of breath. Moreover, in 5% of the
cases, the patient condition worsens, which is
associated with respiratory failure, Septic shock, and
failure in other body organs (3). Due to the novelty
of this virus amid human populations, new reports
are being published daily regarding various aspects
of its pathogenicity. Symptoms such as fever, cough,
fatigue, muscle aches, joint pain, and shortness of
breath have been reported as common clinically
confirmed symptoms of the virus (3-6).

Extensive lung damage detectable in patients with
MERS, Covid-19, and SARS infections leads to
Acute Respiratory Distress Syndrome (ARDS) in
some patients. Alterations in the balance of immune
cells and uncontrolled production of various
cytokines are the main causes of ARDS (7).
Immunopathological studies have proved that the
role of the acute inflammatory responses in cases of
severe infections with respiratory viruses is
associated with a high mortality rate. The migration
of various types of innate immune cells into the
respiratory tract triggers the cytokine storm process_
which is referred to as life-threatening, maximizing
the severe immune system responses in the lungs (8).
Recent studies have shown that macrophages,
neutrophils, dendritic cells, innate immune receptors,
and cytokines have a key role in lung tissue damage.
Macrophages accumulate in lung tissue, producing
proinflammatory cytokines that reduce the virus
titers in the lung tissue. However, various studies
have shown that following the infection with
respiratory viruses, CCR2-expressing monocytes
can play a destructive role and cause lung tissue
damage (9,10). These cells are the principal source
of TNF-o production in the infected lungs and
therefore considered one of the major factors in the
immunopathogenesis of disease and thus mortality
rate. Even at low virus titers, their products hinder
the recovery of pneumonia and can lead to death
(11). Thus, what is vital in the pathogenesis of this
disease is the immune system's response against the
virus.

Stem cell-based therapies, particularly mesenchymal
stem cells (MSCs), have been shown to have
excellent potential to treat many diseases (12,13).

MSCs have the function of regulating the immune
system, known as immunomodulatory function, and
affect both the innate and acquired immune system.
A unique feature of these cells is their ability to
suppress and moderate immune responses. MSCs
have an inhibitory impact on various immune system
cells such as T lymphocytes, B lymphocytes, natural
killer cells (NK), and dendritic cells, thereby
reducing and regulating immune responses (14).
Furthermore, MSCs reduce the expression of MHC-
I, CD11c, CD83, and co-stimulation molecules on
monocytes  (15), thereby decreasing pro-
inflammatory cytokines_ TNF-a and IL-12 (16,17).
In contrast, they increase the production of anti-
inflammatory cytokines such as IL-10 on monocytes,
which indicates the ability of these cells to inhibit
dendritic cells. Besides, MSCs have a major impact
on the innate immune system, particularly inhibiting
natural killer cells. They exert their inhibitory
function on NK cells via reducing the expression of
NKG2D, NKP44, and NKP30 receptors on the
surface of these cells. They also inhibit IFN-Y
production. Consequently, the proliferation of NK
cells is ultimately hindered (18,19).

The principal source of mesenchymal stem cells in
the bone marrow, from which the cells are isolated
and cultured. Yet, mesenchymal cells have recently
been isolated from other sub-sources_ adipose tissue,
placental tissue, peripheral blood, connective tissue,
and skeletal muscle. These sources are far more
accessible than bone marrow, and thus,
mesenchymal cells are isolated with ease (20).
Therefore, due to the ability of MSCs to secrete anti-
inflammatory, anti-fibrosis, and anti-apoptotic
cytokines, these cells have been used to treat ARDS,
which ultimately reduces the cytokine storm (21,22).
This review article demonstrates the therapeutic
potential of mesenchymal stem cells to modulate the
immune system and available clinical trials that have
used the therapeutic potential of umbilical cord
mesenchymal stem cells in Patients with COVID-19.

COVID-19 diagnosis and immunopathology
Immunopathology

COVID-19 is a positive-strand RNA virus that can
target both humans and animals (23). Patients with
chronic respiratory and cardiac diseases, diabetes,
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and malignancies are deemed high-risk groups (24).
Fever, cough, fatigue, and myalgia are the most
common symptoms in confirmed COVID-19 cases
(25). SARS-COV-2 enters cells through the
interaction of its spike (S) protein with angiotensin-
converting enzyme-2 (ACE-2) after its activation by
TMPRSS?2 or furin proteases. ACE-2 and TMPRSS2
are markedly expressed on the heart, brain, and
kidney (26).

COVID-19 has two major clinical phases. The first
phase identifies with infecting target cells, causing
severe clinical symptoms like pulmonary damage,
and the so-called “cytokine storm” is the second
phase identified by overexpression of several genes
such as NF-kB, STAT-3, IL-6, IL-8, G-CSF (27).
When the virus commences replication, even with a
very low viral load, the inflammatory response
rapidly expands, leading to organ failure (Figl).
Increased levels of IL1B, IL6, IFN,, and MCP1 in the
blood of patients with severe lung damages highly
suggest that cytokine storm has pertained to the
severity of the disease (26). Whereas it appears that
young patients have a balanced concentration of
proinflammatory and anti-inflammatory cytokines, it
is not the case for elderly patients. A balanced
immune system can restrict the progression of the
disease (28).

RT-PCR

Up to now, Real-time reverse transcription-
polymerase chain reaction (RT-PCR) is the most
sensitive and specific method for the diagnosis of
covid-19 (29). Nonetheless, this method is costly,
time-consuming, and has a 20% false-negative rate
(30). The study of Wenling Wang et al. defined the
most sensitive sample as Bronchoalveolar lavage
(93% sensitivity), and in the case of SARS-Cov-2
detection, by RT-PCR, the most common targets are
the ORFlab/RdRp, E, N, and S genes (29).

CT scan

A diagnosis and treatment protocol published by the
National Health Commission of China shows there
are four severity levels for COVID-19 based on
clinical manifestation: mild, moderate, severe, and
critical disease. Respiratory factors, including
oxygen saturation and progression in pulmonary

imaging, are some criteria for classification (31). A
study on acute lung injury of COVID-19 cases
reported three diagnostic hallmarks_ persistent viral
infection, dysfunction of endothelial, and presence of
abnormal pneumocystis and syncytial giant cells.
Moreover, some researchers have reported atypical
bilateral ground-glass opacities in chest CT scans
(26).

Serological tests

Serological tests measure host humoral immune
response and can detect both waning and previous
infection, thus they are a monitoring system for
COVID-19 pandemic. these tests, however, cannot
determine whether individuals are resistant or not
(25). Tests based on antibodies (IgM and IgG ) are
of low sensitivity and specificity, but they are better
means of screening than CT scans in the sense that
the radiation is detrimental to health, and the costs
are comparatively high (30). Rapid antigen detection
(RAD) tests (the select method of this study) can
detect COVID-19 antigen by immobilized coated
SARS-COV-2 antibody (32).

Laboratory findings

The complete blood count (CBC) is a quick,
inexpensive  test that provides beneficial
information_  count of WBCs, platelets,
lymphocytes, as well as NLR (Neutrophil-to-
Lymphocyte ratio), and PLR (Platelet-to-
lymphocyte ratio) (33). In addition to decreased
amounts of FDP, a significant decline in fibrinogen
and antithrombin levels has recently been reported in
non-survivor hospitalized patients. C-reactive
protein is an acute-phase protein that increases in 75-
93% of patients with severe COVID-19. Elevation of
LDH enzyme is common in Patients with COVID-
19, particularly patients in the ICU setting, indicating
an unfavorable outcome. Lymphopenia (defined as
an absolute count <10 x ten 9/L) is deemed an
informative index in Patients with COVID-19.
However, it is less prevalent in children (34). Several
Interleukins, including IL-1p, IL-6, IL-2, IL-10, and
TNFa have been shown to increase in the patients
with severe COVID-19. Furthermore, some studies
have shown that the increased D-dimer levels, as
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well as decreased PLT counts, are highly linked with
severe conditions and high mortality rates.
(31).

Treatment of COVID-19

Since, at this time, there are no approved treatments
for COVID-19, prevention is considered crucial.
However, some attributes of this virus such as non-
specific features of the disease, the infectivity,
transmission from even asymptomatic individuals,
and long incubation period, make prevention
somewhat arduous (35).

Drugs

Of all drugs, treatments are somewhat confined to
Hydroxychloroquine. Hydroxychloroquine is an
antimalarial drug whose antiviral impacts against
COVID-19 have been shown. Its direct antiviral
activity lies in increasing intracellular pH. Other
mechanisms are the immune-modulating effect
through inhibition of toll-like receptors signaling,
decreasing inflammatory cytokines, and anti-
thrombotic effects (36). It also functions as a novel
class of autophagy inhibitors (37). Some drugs are
available to control the proinflammatory cytokines,
including “Inhibitor of Janus kinases” (i.e.,
Ruxolitinib), and “Monoclonal antibodies” (i.e.,
Tocilizumab). Tocilizumab is an anti-IL-6
monoclonal antibody binding to both soluble and
membrane receptors of IL-6 (38). One of the possible
anti-inflammatory tactics is “microRNA targeting”
since  microRNAs are deeply involved in the
expression of cytokines (27).

CCP

Due to the prior success of convalescent plasma (CP)
against RNA viruses, it appears sensible to utilize it
against COVID-19. In addition to neutralizing the
pathogen, CP can create passive immunomodulatory
attributes. Thus, the World Health Organization
(WHO) and the United States Food and Drug
Administration (FDA) published informative
guidelines as to how COVID CP (CCP) could be
efficiently used and who the appropriate donors are.
A new study demonstrated that CCP significantly
improved oxygen saturation, elevated lymphocyte

counts, and CRP levels within 14 days after
treatment (39).

Vaccine

There are various vaccine platforms: protein-based,
live attenuated, inactivated virus, and novel gene-
based vaccines (GBVSs) tactics such as nucleic acid
and viral vector (40). The conserved regions are
considered appropriate targets for neutralizing
antibodies in the sense that they do not alter
significantly over time, and thus this strategy could
be useful for the development of a universal vaccine
(38).

Mesenchymal stem cell-based therapies for
inflammatory mediated disorders

MSCs are being studied as a promising and attractive
cell-based treatment alternative to inflammatory
disorders due to their immunomodulatory functions.
Several clinical trials on MSC-based products are
currently being conducted. The immunosuppressive
properties of MSCs lie in the release of
immunoregulatory molecules and cell-to-cell
contact. MSCs can prevent the proliferation as well
as the function of T cells, dendritic cells, B cells, and
natural Killer cells. They can also increase the
proliferation of Treg cells. Furthermore, it has been
shown that the immunomodulatory activities and
viabilities of MSCs may increase by genetic
modifications, preconditioning, and 3D-cultured
systems. Nevertheless, due to the different problems
clinical applications are somewhat restricted (41).
Considerable advances have been made in
understanding  the  anti-inflammatory  and
immunomodulatory basic mechanisms of MSCs. In
Vitro, studies have shown that MSCs may respond in
opposite directions depending on the intensity of
environmental signals. For example, they appear to
promote inflammation when the immune system is
suppressed and vice versa (42). In the primary stages
of inflammation, MSCs activate pro-inflammatory
signals through IL-1p and Toll-like receptors, tumor
necrosis factor (TNF-a), and interferon (IFN-y);
hence, inflammation. These stem cells also boost T-
cell activation by secreting some chemokines,
including macrophage inflammatory protein-1, C-X-
C motif ligand (CXCL9), CCL5, and CXCL10,
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thereby recruiting more lymphocytes. In this stage,
low levels of inflammatory signals such as TNF-a
and IFN-y, are enough to upregulate chemokine
secretion, but not to induce a remarkable expression
of immunomodulatory mediators (43).

In the final stages, high levels of pro-inflammatory
factors_ IL-1B, IFN-y, and TNF-o_ stimulates MSCs
to reduce inflammation and prevents autoimmune
reactions by releasing TGF-, IL-10, IDO, or iNOS.
Eventually, it leads to puberty, antigen presentation
to DC and T cells, proliferation, and also inhibition
of migration (44,45). Thus, the switch between the
anti-inflammatory and pro-inflammatory states
occurs by IDO or iNOS interventions (Fig2) (46).
Furthermore, it has been shown that, in in vitro
conditions, MSCs can initiate immunosuppressive
activities on activated B cells. They reduce B cell
proliferation by stopping the cell cycle, affecting B
cell differentiation. In addition, MSCs decrease the
production of immunoglobulin IgM, IgA, and IgG
47).

Many studies have proved that MSCs have a major
role in inducing regulatory B cells. Inflammation is
eliminated by regulatory CD23+/CD43+ B cells
treated with MSCs, for example (48,49). More recent
evidence shows that human umbilical cord-derived
MSCs, via CD5+ regulatory B cells, creates a
defensive mechanism against colitis (50). In
addition, MSCs suppress inflammation processes in
various ways_ the down-regulation of pro-
inflammatory factors, the up-regulation of anti-
inflammatory factors, and perhaps direct cell contact
suppression through immune reactions (51).

During lung injury, an unsuitable immune response
or inappropriate repair process often results in
irreversible lung tissue damage, causing fibrosis
development followed by lung tissue malfunction.
Anti-inflammatory drugs and inhaled corticosteroids
appear highly efficient in patients with inflammatory
lung disorders, but their long-term use is associated
with severe side effects. Therefore, novel therapies
that promote the regeneration of damaged alveolar
epithelial cells as well as reduce inflammation are
vital. MSCs can modulate the proliferation,
activation, and effector function of each immune cell
that plays a pivotal role in the pathogenesis of acute
and chronic inflammatory lung diseases. Thus, to

suppress lung-infiltrated immune cells, MSCs have
the potential to change into alveolar epithelial cells
in vitro and, therefore, represent new players in cell-
based therapy for inflammatory lung disorders (52).

Clinical  applications of umbilical cord
mesenchymal stem cells for COVID-19 treatment
A qguideline recently published by The Italian
College of Anesthesia, Analgesia, Resuscitation and
Intensive Care demonstrates the promising role of
stem cells in treatment and early discharge of
coronavirus patients, with a decreased number of
hospitalized patients in intensive care units as a result
of faster recovery (53). Thus, pharmacologic and
supportive therapies aside, UC-MSCs seem to be the
most potent strategy for COVID-19 treatment.

A good number of studies have been conducted into
investigating the effectiveness of umbilical cord
mesenchymal stem cells in COVID-19 cases. By
way of illustration, findings of the research have
demonstrated that Immunity-and-matrix-regulatory
cells extracted from human embryonic stem cells
have therapeutic impacts on mice with lung injury
and fibrosis_ without any side effects. Because
Immunity- and matrix-regulatory cells (IMRCs)
have shown promising effectiveness without any
side effects, they seem more beneficial, for the
treatment of mice and monkeys, than both UCMSCs
and the FDA-approved “pirfenidone” (54). Studies
that have evaluated the efficacy of umbilical cord
mesenchymal stem cells in Patients with COVID-19
are summarized in table 1.

In an experimental study (55), researchers randomly
divided 41 severe Patients with COVID-19 into two
groups: the standard treatment group and the
standard treatment plus hUC-MSC infusion group.
To assess the effectiveness of UC-MSCs for the
treatment of severe COVID-19, researchers
measured several items in both groups _ the
incidence of progression from severe to a critical
stage, mortality within 28 days, clinical symptoms
improvement, the required time for clinical
symptoms improvement, imaging, hematologic
indicators, including C-reactive protein, lymphocyte
count, and interleukin 6. The results showed that in
the treatment group, no one neither turned into
critical condition nor died, while in the control
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group, the condition for 4 participants aggravated to
the critical one so that they received invasive
ventilation, 3 of whom passed away, and the 28-day
mortality rate was 10.34%. Moreover, it took a long
time for clinical manifestations to improve in the
control group in comparison with the hUC-MSC
treatment group. The improvement of some indices
such as weakness and fatigue, shortness of breath,
and low oxygen saturation was remarkable on the
third and 7th days of stem cell infusion. Besides,
from day 3 of infusion, CRP and IL-6 levels were
significantly lower, the time for the lymphocyte
count to return to normal was noticeably faster, and
the uptake of lung inflammation, based on CT
imaging, was considerably shorter in the hUC-MSC
group than in the control group. Altogether,
intravenous transplantation of hUC-MSCs seemed to
be a safe and effective choice for treatment and
saving the lives of Patients with COVID-19.

In a pilot study, 16 severe and critically severe
COVID-19 pneumonia patients were recruited in a
single-arm trial to receive transplantation of UC-
MSCs during four rounds. The intervention lasts for
four weeks, and at the end of the first, second, and
fourth week following data were obtained:
oxygenation index, inflammatory biomarkers,
radiological presentations of the disease, and
lymphocyte subsets count. In addition, any adverse
event was recorded from the inception of the study.
The findings indicated that oxygenation index, the
radiological presentations (ground-glass opacity), as
well as lymphocyte count and lymphocyte subsets
(CD4+ T cells, CD8+ T cells, and NK cells), count
ameliorated after the transplantation. No infusion-
related or allergic reactions were reported during the
study. The mortality rate of participants was
considerably lower than historical mortality rates
(6.25% and 45.4%, respectively). The above-
mentioned findings showed that patients with severe
and critically severe COVID-19 pneumonia might
benefit from intravenous transplantation of UC-
MSCs as a safe and feasible intervention (56).

At Taikang Tongji Hospital in Wuhan, China,
physicians treated 31 severe Patients with COVID-
19 with pneumonia using UC-MSCs. They found out
UC-MSC can revitalize oxygenation and inhibit
cytokine storm via down-regulatory effect (57),

which was consistent with previous studies. Similar
to UC-MSCs, bone marrow MSC can successfully
inhibit cytokine storms and result in tissue repair and
regeneration as well as hypoxia improvement,
immune reconstitution, and cytokine storm
inhibition (46,47).

In a phase 1/2a double-blind, randomized controlled
trial, 24 COVID-19 ARDS patients were enrolled.
ARDS severity was the basis of randomization, and
the study was performed with the intent of designing
a treat. In the UC-MSC treatment group, participants
received 100 + 20 x 10 UC-MSCs on days 0 and 3.
In the control group with equal samples, two
infusions of vehicle solution were administrated.
Results offered those infusions of UC-MSC might
benefit Patients with COVID-19 suffering from
ARDS. Significant reduction in Inflammatory
cytokines on day 6, considerable improvement in
patient survival (91% vs 42%, P = .015), SAE-free
survival (P = .008), and time to recovery (P = .03)
were observed in UC-MSC treatment group.
Therefore, researchers concluded UC-MSC infusion
is a safe and beneficial treatment for ARDS
consequent to COVID-19.

In another study, researchers infused allogeneic
human umbilical cord mesenchymal stem cells (UC-
MSCs) to a critically ill male patient and monitored
the treatment process as well as outcomes to decide
whether UC-MSCs is an adjuvant treatment for
COVID-19 or not. The patient was referred to the
hospital, complaining of fever, cough, sputum,
dyspnea, poor appetite, poor mental state, and
fatigue. In the first days of admission, he was not
diagnosed with COVID-19, and thus routine
treatment  for  bacterial  pneumonia  was
administrated. On February 3, the result of the
nucleic acid test indicated that he had been infected
with SARS-nCov-2019. The medical team decided
to commence UC-MSCs transfusion. They
monitored the patient for 14 days. On February 9, the
SpO2 raised and reached 95%. 4 days later, the
patient could independently breathe without a
ventilator, and his O2 saturation remained within the
normal range. On February 4, severe fibrosis in both
lungs was observed via a CT scan. One week after
UC-MSCs transfusion, infiltration decreased
considerably and the absolute lymphocyte count was
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unfavorable. Absolute Lymphocyte Count markedly
increased following adjuvant UC-MSC therapy. It is
hypothesized that UC-MSCs may have changed the
immune system function, enhancing inflammatory
reaction, the lung, and multiple organ functions, and
as a result, critically ill patient's condition was
improved. Based on these results, UC-MSC
transfusion appears to be a novel treatment for
patients suffering from COVID-19. However, more
evidence-based practices are required to support the
effectiveness of this method (58).

Laiang et al. monitored a patient complaining of
fatigue, white foaming sputum, and fever with a
body temperature of 38.2° (59). Being a passenger
on a flight from Wuhan_ on January 21, 2020 _ she
was instantly referred to the nearby hospital, and the
result of the real-time PCR showed she was infected
with SARS-CoV-2. On day 11 (February 9),
following severe injuries observed in the body
organs, secondary to the inflammatory response and
side effects, the medical team decided to begin
hUCMSCs adoptive transfer therapy. After the first
transfusion of hUCMSCs, the patient tolerated the
treatment so well that no adverse effect was reported.
Serum bilirubin, CRP, ALT, and AST concentrations
steadily decreased_ inconsistent with improvement
in several other vital signs. On the 17th day, the
patient could breathe without a trachea cannula, and
was able to stand by herself. The second transfusion
returned the white blood cell and neutrophil counts
to the normal range. After the transfusion of
UCMSCs, clinical manifestations and indices like
CD3+ T cell, CD4+ T cell, and CD8+ T cell
ameliorated (60). Because MSCs can modulate
immune responses, repair tissues, down-regulate
pro-inflammatory cytokines and inhibit
inflammation, it has the potential to be a beneficial
treatment for Patients with COVID-19.

Therapeutic potential of UC-MSCs-derived
exosomes in COVID-19

UC-MSCs-exosomes are an increasingly potential
candidate for the treatment of ARDS and COVID-
19. However, there have been few studies on the use
of UC-MSCs-exosomes in the treatment of COVID-
19. Preclinical studies have provided favorable

therapeutic benefits for the exosomes derived from
other sources of MSCs (61). Nevertheless,
considering the source of MSCs, some controversial
issues emerge as follow the donor and source; the
dosage, the route of injection and the repetition
number; the age of cells (young cells or
cryopreserved cells); primary cells or expanded
passages. In addition, the exosomes themselves are
subject to controversy based on their bioactive
constituents, capacity, mechanisms of interaction
with the inflammatory immune cells and stromal
cells in the damaged lung microenvironment.
Large-scale generation of UC-MSCs-exosomes
needs many MSC cells and a massive culture
medium, which is expensive. Therefore, further
studies on biological facets of the UC-MSCs-
exosomes would help alleviate the harmful effects of
COVID-19 pandemic (62).

Challenges to use UC-MSCs

Clinical observations indicate the high potential of
UC-MSCs in the treatment of disease COVID-19
disease. However, there are still some issues
associated with the administration of MSCs.
Methods of preparation, the number of MSCs, and
the age of the cell population can surely lead to
several functional differences. This variety might lie
in the potential of cytokine liberation, cytokine
content, and therapeutic ability. Even the difference
in size, shape, and passage number of UC-MSCs or
MSC-EVs may additionally lead to complex curative
effects of this biological substrate. The expense and
immediacy of sample preparation are also subjects
that should be taken into consideration.
Nevertheless, MSC-EVs seem to be much more
affordable and more comfortable in large-scale
production than their cells of origin (63).

Another principal challenge to using UC-MSCs
therapy for COVID-19 cases is that COVID-19-
infected patients are at the risk of hypercoagulation.
In addition, MSCs have been shown to possess pro
coagulation characteristics. Therefore, attention to
nonintravascular administration routes for MSC or
MSC-EV is encouraged to diminish the risk of
COVID-19 cell therapy and increase the safety and
efficacy of this type of therapy (64).
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Table 1. Details of UC-MSC therapy and outcomes.

Details of UC-MSC Therapy

Outcome

Before the intravenous drip, UC-MSCs were
suspended in 100 mL of normal saline, and the
dosage was calculated by 1 x 106 cells per
kilogram of wedight. The injection was
performed within one hour, with an average
speed of ~25 drops per minute. Antibiotic
administration was terminated on the day UC-
MSC was administered, and the rest of the
treatment remained unchanged.

ALT, AST, BUN, CRP|, the
absolute number of lymphocytes,
NK cells 1

Before the intravenous drip, UC-MSCs were
suspended in 50 mL of normal saline, and the
total number of transplanted cells was 1 x 108
cells once. The patients were administered 4
times in total, with one-day intervals in between.
The transplantation was performed within 1.5
hours with a speed of 30-60 drops per minute.

CD4* T cells, CD8* T cells, NK
cells 1, IL-2, IL-4, IL-6, IL-10,
TNF-a, IFN-y, CRP, PCT |

Intravenous administration was used. Before the
intravenous drip, the MSCs were suspended in
100 ml of normal saline and the total number of
transplanted cells was calculated as 2 x 10°
cells/kg. The infusion was into the patients’ right
cubital veins and lasted approximately 1 h (35
drops/min).

C-reactive  Protein, IL-6 |,
Lymphocyte number, oxygenation
index 1, Chest CT scans indicated
that CT scores, the number of lobes
involved, GGO, and consolidation
was improved.

Subjects in the UC-MSC treatment group
received two intravenous infusions of 100 + 20
x 106 UC-MSCs each, in a 50 mL vehicle
solution containing human serum albumin and
heparin, infused over 10 £ 5 minutes, on days 0
and 3. Subjects in the control group (n = 12)
received two infusions of 50 mL vehicle
solution, on day 0 and day 3. Best standard care
was provided for both groups regarding the
current institutional COVID-19 guidelines.

IFNg, IL-6, and TNFa cytokines
and RANTES chemokine. GM-
CSF and PDGF-BB | (only in the
UC-MSC treatment group), SAE-
free survival, time to recovery|,
patient survivalt

UC-MSCs (1 x 106 cells per kilogram of weight)
were suspended in 100 ml normal saline and
transfused during three steps according to the
patients’ condition.

Lymphocyte count, PaO2/FiO271,
Interleukin-6, Procalcitonin, C-
reactive protein, White blood cell
count, D-dimer |

First Author  Country Stu_dy
Design
Zhuetal. 58)  China 3¢
' Report
Feng et al. . Pilot
(56) China gy
Shuetal. (55)  China  Chnical
trial
Lanzoni et al. the Clinical
United .
(65) States trial
Guo et al. . Clinical
(57) China = al
Liang et al. . Case
(59) China report

The allogenic hUCMSCs were administrated
intravenously 3 times (5*107 cells each time) on
days 13, 16, and 19. During the treatment,
antibiotics were given to prevent infection.
thymosin ol was also given.

counts of CD3*T cell, CD4* T cell,
and CD8" T cell 1, neutrophil-to-
lymphocyte ratio, D-dimer, serum
bilirubin, white blood cell count,
neutrophil count, CRP, ALT, and

AST (after the second
administration) |,  pulmonary
inflammatory reaction:

ameliorated (based on chest CT
images)

PCT: procalcitonin; AST: aspartate aminotransferase; ALT: alanine transaminase; BUN:

blood urea nitrogen; NK: natural

killer cells; GGO: Ground-glass opacity; GM-CSF: granulocyte-macrophage colony-stimulating factor; PDGF: platelet-
derived growth factor; RANTES: regulated on activation, normal T cell expressed and secreted; IL: interleukin; SAE: serious
adverse events; IFNg: Interferon gamma; UC-MSCs: umbilical cord mesenchymal stem cells; PaO2/FiO2 ratio: ratio of the
partial pressure of arterial oxygen to the percentage of inspired oxygen.
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Figure 1. Angiotensin-converting enzyme 2 receptor is expressed on respiratory epithelial cells and endothelial cells.
SARS-CoV-2 enters cells via binding to this enzyme. Viral replication disturbs inflammation and coagulation,
eventually resulting in multiple organ failures.
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Figure 2. Histological evaluation of liver sections of normal rats treated with saline (control) or 700mg/kg of N-
acetylcysteine (NAC), stained with Masson's Trichrome technique. 100x magnification of the liver sections showing the
lobular central veins, the portal spaces, the normal sinusoidal radial branches, and the normal structure of the liver in
both control and NAC groups. The portal space histology in control group indicated the presence of a small connective
tissue and a very small number of mononuclear cells. Minimum connective tissue without any infiltration observed in
the portal triad of NAC group. The lobular central vein of control and NAC groups indicating normal structure with
normal sinusoidal space, without any signs of fibrosis.
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Conclusion

COVID-19 disease is a global crisis, especially for
healthcare workers, with a broad range of adverse
effects which involve chronically ill patients who are
non-responsive and unable to benefit from traditional
therapies. Owing to the evidence obtained from
preclinical and preliminary studies, UCS-MCS has
anti-inflammatory and immunomodulatory
functions, and thus, it can improve the recovery time
as well as damaged tissues (53). Previous studies
have suggested that the primary organ invaded by
coronavirus is the lung, thus administering UCS-
MCS into the lung may be beneficial to patients. In
conclusion, it seems that UCS-MCS therapy, as an
almost cost-effective and non-invasive intervention,
might enhance the treatment of critically ill Patients
with COVID-19.

Conflict of Interest

The authors declare that they have no conflict of
interest.

Acknowledgment

All authors have read the journal’s policy on
disclosure of potential conflicts of interest and a
statement that all authors have disclosed any
financial or personal relationship with organizations
that could potentially be perceived as influencing the
described research.

Abbreviations

ARDS: Acute respiratory distress syndrome

ACE2: Angiotensin-converting enzyme

CP: Convalescent plasma

CCP: COVID CP

CBC: Complete blood count

GBVs: Gene-based vaccines

ICTV: International Committee on Taxonomy of
Viruses

NLR: Neutrophil-to-Lymphocyte ratio

PLR: Platelet-to-lymphocyte ratio

IFN: Interferon

IL: Interleukin

IV: Intravenous injection

MCP1: Monocyte chemotactic protein 1

MHC: Major histocompatibility complex

MSCs: Mesenchymal stem cells

UC-MSCs: Umbilical cord mesenchymal stem cells

hUCMSCs: Human umbilical cord mesenchymal
stem cells

NK cell: Natural killer cell

NO: Nitric oxide

RT-PCR:  Real-time  reverse
polymerase chain reaction
SARS-CoV-2: Severe acute respiratory syndrome
coronavirus 2

TGF-B: Transforming growth factor-§

TNF-o: Tumor necrosis factor-o

WHO: World Health Organization

transcription-

References

1. Xu X, Chen P, Wang J, Feng J, Zhou H, Li X,
et al. Evolution of the novel coronavirus from the
ongoing Wuhan outbreak and modeling of its spike
protein for risk of human transmission. Springer. 2020
Mar 1;63(3):457-60.

2. Wang L, Wang Y, Ye D, agents QL-I journal
of antimicrobial, 2020 undefined. Review of the 2019
novel coronavirus (SARS-CoV-2) based on current
evidence. Elsevier.

3. Zimmermann P, journal NC-TP infectious
disease, 2020 undefined. Coronavirus infections in
children including COVID-19: an overview of the
epidemiology, clinical features, diagnosis, treatment
and prevention options in. ncbi.nlm.nih.gov.

4. Lai C, Shih T, Ko W, Tang H, of PH-1 journal,
2020 undefined. Severe acute respiratory syndrome
coronavirus 2 (SARS-CoV-2) and coronavirus disease-
2019 (COVID-19): The epidemic and the challenges.
Elsevier.

5. pediatrics SP-C and experimental, 2020
undefined. Epidemiology, virology, and clinical
features of severe acute respiratory syndrome-
coronavirus-2 (SARS-CoV-2; Coronavirus Disease-
19). ncbi.nlm.nih.gov.

6. Ganji A, Mosayebi G, ... MK-J of AU, 2020
undefined. A Review of the 2019 Novel Coronavirus
(Covid-19): Immunopathogenesis, Molecular Biology
and Clinical Aspects. jams.arakmu.ac.ir.

7. LiuJ, Zheng X, Tong Q, Li W, Wang B, Sutter
K, et al. Overlapping and discrete aspects of the
pathology and pathogenesis of the emerging human
pathogenic coronaviruses SARS-CoV, MERS-CoV,
and 2019-nCoV. Vol. 92, Journal of Medical Virology.
John Wiley and Sons Inc.; 2020. p. 491-4.

8. Li S, Fu B, Meshram C. Innate immune and
inflammatory responses to respiratory viruses. 2019;
9. Dee Gunn Kaifeng Lisa Lin M, Suzuki Y,

Nakano H. Pathology and Mortality Influenza-Induced
Pulmonary Immune and Exudate Macrophages

Archives of Medical Laboratory Sciences; Volume 7, 2021 (Continuous Volume) 10
This work is licensed under a Creative Commons Attribution-NonCommercial 4.0 International License



https://creativecommons.org/licenses/by-nc/4.0/

Potential Use of Umbilical Cord Mesenchymal Stem Cells for ...

Motallebzadeh Khanmiri J, et al.

Produce Monocyte-Derived Dendritic Cells + CCR2. J
Immunol References. 2008;180:2562-72.

10. Mcgill J, Heusel JW, Legge KL. Innate
immune control and regulation of influenza virus
infections. J Leukoc Biol. 2009 Oct;86(4):803-12.

11. Damjanovic D, Divangahi M, ... KK-TA
journal of, 2011 undefined. Negative regulation of lung
inflammation and immunopathology by TNF-a during
acute influenza infection. Elsevier.

12. Wang S, Qu X, oncology RZ hematology &,
2012 undefined. Clinical applications of mesenchymal
stem cells. jhoonline.biomedcentral.com.

13. Murphy M, Moncivais K, molecular AC-E&,
2013  undefined. = Mesenchymal stem  cells:
environmentally  responsive  therapeutics  for
regenerative medicine. nature.com.

14, Uccelli A, Pistoia V, immunology LM-T in,
2007 undefined. Mesenchymal stem cells: a new
strategy for immunosuppression? Elsevier.

15. Jiang X, Zhang Y, Liu B, Zhang S, Wu Y,
Blood XY-, et al. Human mesenchymal stem cells
inhibit differentiation and function of monocyte-
derived dendritic cells. ashpublications.org.

16. Ramasamy R, Fazekasova H, Lam E, ... IS-,
2007 undefined. Mesenchymal stem cells inhibit
dendritic cell differentiation and function by preventing
entry into the cell cycle. journals.lww.com.

17. Nauta A, Westerhuis G, Kruisselbrink A,
Blood EL-, 2006 undefined. Donor-derived
mesenchymal stem cells are immunogenic in an
allogeneic host and stimulate donor graft rejection in a
nonmyeloablative setting. ashpublications.org.

18. Spaggiari G, Blood AC-, Journal T, 2008
undefined. Mesenchymal stem cells inhibit natural
killer—cell proliferation, cytotoxicity, and cytokine
production: role of indoleamine 2, 3-dioxygenase and
prostaglandin E2. ashpublications.org.

19. Spaggiari G, Capobianco A, Becchetti S,
Blood MM-, 2006 undefined. Mesenchymal stem cell-
natural killer cell interactions: evidence that activated
NK cells are capable of killing MSCs, whereas MSCs
can inhibit IL-2-induced NK-cell. ashpublications.org.

20. Jin HJ, Bae YK, Kim M, Kwon S-J, Bae Jeon
H, Choi SJ, et al. Comparative Analysis of Human
Mesenchymal Stem Cells from Bone Marrow, Adipose
Tissue, and Umbilical Cord Blood as Sources of Cell
Therapy. Int J Mol Sci. 2013;14:17986-8001.

21. The immunomodulatory  effects  of
mesenchymal stem cells on long term pulmonary
complications in an animal model exposed to a sulfur
mustard analog. Elsevier.

22. Leng Z, Zhu R, Hou W, Feng Y, Yang Y, ...
QH-A and, et al. Transplantation of ACE2-
mesenchymal stem cells improves the outcome of
patients with COVID-19 pneumonia. nchi.nlm.nih.gov.

23. Bassey B, Chaos JA-, Fractals S&, 2021
undefined. Global stability analysis of the role of multi-
therapies and non-pharmaceutical treatment protocols
for COVID-19 pandemic. Elsevier.

24. Serin I, Sari N, Dogu M, Acikel S, ... GB-J of
I and, 2020 undefined. A new parameter in COVID-19
pandemic: initial lactate dehydrogenase
(LDH)/Lymphocyte ratio for diagnosis and mortality.
Elsevier.

25. Alharbi S, Almutairi A, Jan A, Cureus AA-,
2020 undefined. Enzyme-Linked Immunosorbent
Assay for the Detection of Severe Acute Respiratory
Syndrome Coronavirus 2 (SARS-CoV-2) IgM/IgA and
IgG Antibodies. ncbi.nlm.nih.gov.

26. Bussani R, Schneider E, Zentilin L, Collesi C,
EBioMedicine HA-, 2020 undefined. Persistence of
viral RNA, pneumocyte syncytia and thrombosis are
hallmarks of advanced COVID-19 pathology. Elsevier.

27. Gasparello J, Finotti A, hypotheses RG-M,
2021 undefined. Tackling the COVID-19 “cytokine
storm” with microRNA mimics directly targeting the
3’UTR of pro-inflammatory mRNAs. Elsevier.

28. Meftahi G, Jangravi Z, Sahraei H, Research
ZB-1, 2020 undefined. The possible pathophysiology
mechanism of cytokine storm in elderly adults with
COVID-19 infection: the contribution of “inflame-
aging.” Springer.

29. Kasteren P van, ... B van DV-J of C, 2020
undefined. Comparison of seven commercial RT-PCR
diagnostic kits for COVID-19. Elsevier.

30. AlJame M, Ahmad I, Imtiaz A, Medicine AM-
I in, 2020 undefined. Ensemble learning model for
diagnosing COVID-19 from routine blood tests.
Elsevier.

31. Liao D, Zhou F, Luo L, Xu M, Wang H, ...
JX-TL, et al. Haematological characteristics and risk
factors in the classification and prognosis evaluation of
COVID-19: a retrospective cohort study. Elsevier.

32. Mak G, Cheng P, Lau S, ... KW-J of C, 2020
undefined. Evaluation of rapid antigen test for detection
of SARS-CoV-2 virus. Elsevier.

33. Peng J, Qi | Di, Yuan G, Deng | Xinyu, Mei Y,
Feng L, et al. Diagnostic value of peripheral
hematologic markers for coronavirus disease 2019
(COVID-19): A multicenter, cross-sectional study. J
Clin Lab Anal. 2020 Oct 1;34(10).

34. Frater J, Zini G, ... G d’Onofrio-1 journal of,
2020 undefined. COVID-19 and the clinical

Archives of Medical Laboratory Sciences; Volume 7, 2021 (Continuous Volume) 11
This work is licensed under a Creative Commons Attribution-NonCommercial 4.0 International License



https://creativecommons.org/licenses/by-nc/4.0/

Potential Use of Umbilical Cord Mesenchymal Stem Cells for ...

Motallebzadeh Khanmiri J, et al.

hematology laboratory. Wiley Online Library. 2020 Jun
1;42(S1):11-8.

35. Mishal A, Saravanan R, Atchitha SS, Santhiya
K, Rithika... - Google Scholar [Internet]. [cited 2021
Feb 15]. Available from:
https://scholar.google.com/scholar?hl=en&as_sdt=0%
2C5&0g=Mishal+A%2C+Saravanan+R%2C+Atchitha
+5S%2C+Santhiya+K%2C+Rithika+M%2C+Menaka
+5S%2C+et+al. +A+Review+of+Corona+Virus+Disea
se-2019.+History.+2020%3B4%3A07.&btnG=

36. Treatment with hydroxychloroquine,
azithromycin, and combination in patients hospitalized
with COVID-19. Elsevier.

37. Guo YR, Cao QD, Hong ZS, Tan YY, Chen
SD, Jin HJ, et al. The origin, transmission and clinical
therapies on coronavirus disease 2019 (COVID-19)
outbreak- A n update on the status. Vol. 7, Military
Medical Research. BioMed Central Ltd.; 2020.

38. Yu Z, Ellahi R, Nutini A, Sohail A, Liquids
SS-J of M, 2020 undefined. Modeling and simulations
of CoViD-19 molecular mechanism induced by
cytokines storm during SARS-CoV2 infection.
Elsevier.

39. Alsharidah S, Ayed M, Ameen R, ... FA-1J of,
2021 undefined. COVID-19 convalescent plasma
treatment of moderate and severe cases of SARS-CoV-
2 infection: A multicenter interventional study.
Elsevier.

40. Pushparajah D, Jimenez S, Wong S, ... HA-A
drug delivery, 2021 undefined. Advances in gene-based
vaccine platforms to address the COVID-19 pandemic.
Elsevier.

41. Regmi S, Pathak S, Kim J, ... CY-E journal of
cell, 2019 undefined. Mesenchymal stem cell therapy
for the treatment of inflammatory diseases: Challenges,
opportunities, and future perspectives. Elsevier.

42. Xu J, Lian W, Chen J, Li W, Li L, Huang Z.
Chemical-defined medium supporting the expansion of
human mesenchymal stem cells. Stem Cell Research
and Therapy. 2020 Mar 19;11(1).

43. Ren G, Zhang L, Zhao X, Xu G, Zhang Y, cell
AR-C stem, et al. Mesenchymal stem cell-mediated
immunosuppression occurs via concerted action of
chemokines and nitric oxide. Elsevier.

44, Sato K, Ozaki K, Oh I, Meguro A, Hatanaka
K, Blood TN-, et al. Nitric oxide plays a critical role in
suppression of T-cell proliferation by mesenchymal
stem cells. ashpublications.org.

45, English K, Barry FP, Mahon BP. Murine
mesenchymal stem cells suppress dendritic cell
migration, maturation and antigen presentation.
Immunology Letters. 2008;115:50-8.

46. Wang Y, Chen X, Cao W, immunology YS-N,
2014 undefined. Plasticity of mesenchymal stem cells
in immunomodulation: pathological and therapeutic
implications. nature.com.

47, Corcione A, Benvenuto F, Ferretti E, Blood
DG-, 2006 undefined. Human mesenchymal stem cells
modulate B-cell functions. ashpublications.org.

48. Liu J, Liu Q, Immunology XC-F in, 2020
undefined. The Immunomodulatory Effects of
Mesenchymal Stem Cells on Regulatory B Cells.
nchi.nim.nih.gov.

49, Chen X, Cai C, Xu D, Liu Q, Zheng S, Liu L,
et al. Human mesenchymal stem cell-treated regulatory
CD23+ CD43+ B cells alleviate intestinal
inflammation. ncbi.nim.nih.gov.

50. Chao K, Zhang S, Qiu Y, Chen X, ... XZ-
SCR&, 2016 undefined. Human umbilical cord-derived
mesenchymal stem cells protect against experimental
colitis via CD5+ B regulatory cells. Springer.

51. Salari V, Mengoni F, Gallo F Del, Bertini G,
Fabene PF. Molecular Sciences The Anti-Inflammatory
Properties of Mesenchymal Stem Cells in Epilepsy:
Possible Treatments and Future Perspectives.
mdpi.com.

52. Harrell C, Sadikot R, Pascual J, ... CF-S cells,
2019 undefined. Mesenchymal stem cell-based therapy
of inflammatory lung diseases: current understanding
and future perspectives. hindawi.com.

53. Orleans L, physician H is V-P, 2020
undefined. Expanded umbilical cord mesenchymal
stem cells (UC-MSCs) as a therapeutic strategy in
managing critically ill Patients with COVID-19: the
case for compassionate.
asipp.worldsecuresystems.com.

54, Wu J, Song D, Li Z, Guo B, Xiao Y, Liu W, et
al. Immunity-and-matrix-regulatory cells derived from
human embryonic stem cells safely and effectively treat
mouse lung injury and fibrosis. nature.com.

55. Shu'L, Niu C, Li R, Huang T, Wang Y, Huang
M, et al. Treatment of severe COVID-19 with human
umbilical cord mesenchymal stem cells. Stem Cell
Research and Therapy. 2020 Aug 18;11(1).

56. Feng Y, Huang J, WuJ, XuY, Chen B, ... LJ-
C, et al. Safety and feasibility of umbilical cord
mesenchymal stem cells in patients with COVID-19
pneumonia: A pilot study. Wiley Online Library. 2020
Dec 1;53(12).

57. Guo Z, Chen Y, Luo X, He X, Zhang Y, Wang
J. Administration of umbilical cord mesenchymal stem

cells in patients with severe COVID-19 pneumonia.
Vol. 24, Critical Care. BioMed Central; 2020.

Archives of Medical Laboratory Sciences; Volume 7, 2021 (Continuous Volume) 12
This work is licensed under a Creative Commons Attribution-NonCommercial 4.0 International License



https://creativecommons.org/licenses/by-nc/4.0/

Potential Use of Umbilical Cord Mesenchymal Stem Cells for ...

Motallebzadeh Khanmiri J, et al.

58. ZhuY,Zhu R, Liu K, Li X, Chen D, ... DB-I
and D, et al. Human umbilical cord mesenchymal stem
cells for adjuvant treatment of a critically ill COVID-
19 patient: A case report. nchi.nlm.nih.gov.

59. Liang B, Chen J, Li T, Wu H, Yang W, Li Y,
et al. Clinical remission of a critically ill COVID-19
patient treated by human umbilical cord mesenchymal
stem cells: A case report. ncbi.nlm.nih.gov.

60. Xu Z, Shi L, Wang Y, Zhang J, ... LH-TL
respiratory, 2020 undefined. Pathological findings of
COVID-19 associated with acute respiratory distress
syndrome. thelancet.com.

61. Dinh P, Paudel D, Brochu H, ... KP-N, 2020
undefined. Inhalation of lung spheroid cell secretome
and exosomes promotes lung repair in pulmonary
fibrosis. nature.com [Internet]. [cited 2021 Jul 29];
Available from:
https://www.nature.com/articles/s41467-020-14344-7

62. Chen YS, Lin EY, Chiou TW, Harn HJ.
Exosomes in clinical trial and their production in
compliance with good manufacturing practice. Tzu Chi
Medical Journal. 2020 Apr 1;32(2):113-20.

63. Muraca M, Pessina A, Pozzobon M, ... MD-J
of C, 2020 undefined. Mesenchymal stromal cells and
their secreted extracellular vesicles as therapeutic tools
for COVID-19 pneumonia? Elsevier [Internet]. [cited
2021 Jul 29]; Available from:
https://www.sciencedirect.com/science/article/pii/S01
68365920303710

64. Moll G, Drzeniek N, Kamhieh-Milz J,
Geissler S, Volk HD, Reinke P. MSC Therapies for
COVID-19: Importance of Patient Coagulopathy,
Thromboprophylaxis, Cell Product Quality and Mode
of Delivery for Treatment Safety and Efficacy.
Frontiers in Immunology. 2020 May 19;11.

65. Lanzoni G, Linetsky E, Correa D, Messinger
Cayetano S, Alvarez RA, Kouroupis D, et al. Umbilical
cord mesenchymal stem cells for COVID-19 acute
respiratory distress syndrome: A double-blind, phase
1/2a, randomized controlled trial. Wiley Online
Library. 2021 May 1;10(5):660-73.

Archives of Medical Laboratory Sciences; Volume 7, 2021 (Continuous Volume) 13
This work is licensed under a Creative Commons Attribution-NonCommercial 4.0 International License



https://creativecommons.org/licenses/by-nc/4.0/

