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Abstract

Background: Acute respiratory distress syndrome (ARDS) is the devastating complication of the new COVID-19
pandemic, directly correlated with releasing large amounts of inflammatory cytokines. Due to their immunoregula-
tory features, mesenchymal stromal cells (MSCs) provide a promising approach against this disease. In this regard, this
study was designed as a single-center, open-label, phase 1 clinical trial with a control group to examine the safety and
explore the possible potency of three injections of umbilical cord-derived MSCs (UC-MSCs) in mild—moderate COVID-
19-induced ARDS patients.

Methods: Twenty confirmed COVID-19 patients with mild-to-moderate ARDS degree entered the study and were
divided into two groups: control group (standard care) and intervention group (standard care +UC-MSCs). The
patients received three intravenous infusions of UC-MSCs (1 x 10° cells/kg BW per injection) every other day. Respira-
tory markers, CRP levels and specific serum cytokines were assessed four times (days of 0, 5, 10 and 17) during the
17-day follow-up period.

Results: During the study, there were no serious adverse effects after cell transplantations. Besides, significant
improvement in SPO,/FIO, ratio and serum CRP levels was observed. On the other hand, a significant decrease
(P<0.05) in serum cytokine levels of IL-6, IFN-g, TNF-q, IL-17 A and a significant increase in serum cytokine levels of
TGF-B, IL-1B and IL-10 were observed. Also, no significant changes were observed in CT scan images of patients during
the study period.

Conclusion: Our obtained results demonstrated that multiple intravenous transplantations of allogenic UC-MSCs in
non-severe COVID-19-induced ARDS patients are a safe procedure. In addition, this intervention is a hopeful approach
to decline cytokine storm and recover respiratory functions. Indeed, more clinical trials with larger sample sizes are
required to confirm these results.
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Trial registration This clinical trial was registered with the Iranian Registry of Clinical Trials (ID: IRCT20160809029275N1

at 2020.05.30).
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Introduction

COVID-19, a viral infectious disease caused by a new
coronavirus (SARS-CoV-2), first appeared in December
2019 in China [1, 2] and quickly became a global pan-
demic [3, 4]. The lower respiratory tract, especially the
lungs, is the key targets [5] which are easily accessible by
the virus via angiotensin-converting enzyme 2 (ACE2)
receptor expressed on pulmonary epithelial cells [6].
Through the abundance of ACE2 on different organs like
the kidney, nervous system, lungs, liver and heart, multi-
organ failure is a relatively common complexity of these
patients when the disease progresses severely [6]. Acute
respiratory distress syndrome (ARDS), the devastating
characteristic complexity of COVID-19 disease with high
mortality [7], is caused by different mechanisms, includ-
ing overactivation of neutrophils, the release of a large
number of inflammatory cytokines (cytokine storm) and
the renin—angiotensin system dysregulation [8]. ARDS
is a generalized destructive lung injury characterized by
pulmonary edema and endothelial damage that leads to
progressive respiratory failure [9]. It has been proven that
ARDS is a common and crucial reason for the intensive
care unit (ICU) admission of COVID-19 patients [10, 11].
In this regard, applying therapeutic methods to reduce
the inflammation and improve the lung’s status can be a
useful treatment strategy for COVID-19-induced ARDS
patients. MSCs are considered suitable therapeutic can-
didates in this field due to their reparative, anti-inflam-
matory, immunomodulatory and migratory properties
that stimulate tissue repair and interact inflammation
[12].

MSCs are non-hematopoietic, qualified cells charac-
terized by self-renewal ability and potential of differ-
entiating into multiple cell lines [13]. So far, they have
effectively been used in several studies for treatment of
numerous disorders, including systemic lupus erythema-
tosus (SLE) [14], amyotrophic lateral sclerosis (ALS) [15],
graft-versus-host disease (GVHD) [16] and ARDS [17-
20]. In this regard, many researches have also been reg-
istered on the use of these cells for COVID-19 patients
(https://clinicaltrials.gov), which only a few of them have
been completed and published their results [21, 22]. It
has been revealed that MSCs are safe [23], ACE2 negative
[7] and can effectively inhibit the over-activated immune
system in COVID-19 patients [24]. Also, the intravenous
(IV) injection of MSCs can rapidly carry a high number
of them to the lungs [25] as the main injured organs in

ARDS [26]. Based on these trials and available informa-
tion, in this study we aim to evaluate the safety of 3 doses
injection of UC-MSCs in COVID-19-induced ARDS
patients. Also, it is an exploratory pilot study to deter-
mine possible changes in specific biomarkers of inflam-
matory dysregulation and their alteration following
MSCs therapy in these patients.

Materials and methods

Trial design

This study was a single-center, open-label, phase 1 clini-
cal trial with a placebo-control group conducted at Imam
Reza Hospital, Mashhad University of Medical Sci-
ences, Mashhad, Iran. It was performed on 20 COVID-
19-induced ARDS patients following the Declaration of
Helsinki Ethical Principles and approved by the Ethics
Committee of the Mashhad University of Medical Sci-
ences, Mashhad, Iran (IR. MUMS. REC.1399.150). Also,
this clinical trial was registered with the Iranian Regis-
try of Clinical Trials (ID: IRCT20160809029275N1 at
2020.05.30).

Product preparation and characterization

UC-MSCs were obtained from the umbilical cord tis-
sues of healthy mothers (» =10) with informed consent
and prepared for injection. Briefly, the umbilical cords
were washed several times with PBS to obtain clean,
bloodless tissue. The blood vessels were delicately
separated by a longitudinal and transverse incision of
the Wharton’s jelly. Then, it was cut up into 1-2 mm
pieces and treated, respectively, with 0.2% Collagenase/
Dispase (Boehringer Mannheim GmbH, Germany) for
1 h and then 0.125% Trypsin—-EDTA (Gibco, USA) for
30 min at 37 °C with agitation. After centrifugation
(1500 rpm, 5 min) and removal of the supernatant (3
times), small pieces were seeded in 25 cm? flasks (SLP,
South Korea) and maintained in a culture medium
including minimum essential medium-a (alpha-MEM,
Biowest/South America) supplemented with 20% fetal
bovine serum (Biowest/South America) and 1% penicil-
lin/streptomycin (Gibco, USA) and then incubated in
a humidified incubator at 37 °C under 5% CO2. After
observing the several colony-forming units (CFUs), the
tissues were removed from the culture flasks. The fibro-
blast-like adherent cells were digested and re-plated
for expansion to passage 3 [27]. Then, UC-MSCs were
characterized based on the International Society for
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Cellular Therapy (ISCT) Guidelines by flow cytometry
analysis (Fig. 1) and differentiation ability into osteo-
cytes (Fig. 2A) and adipocytes (Fig. 2B) [27]. Briefly,
osteogenic differentiation of MSCs was assessed with
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Alizarin Red S (Kia zist, Iran) staining. In addition, Oil
Red O (Kia zist, Iran) staining was used to examine the
capacity of MSCs to differentiate along an adipogenic
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Fig. 1 Immunophenotypic characterization of human umbilical cord-derived mesenchymal stromal cells by flow cytometry for the expression of
mesenchymal (CD73, CD90, CD105) and hematopoietic (CD34, CD 45) stem cells markers. (Dotted line: unstained control, Solid line: a marker of
interest)
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hUC-MSCs human umbilical cord-derived mesenchymal stromal cells

Fig. 2 A Osteogenic and B adipogenic differentiation of hUC-MSCs (magnification x 100 (A) and x400 (B) from inverted phase microscope).

To ensure sterility and lack of bacterial, yeast, fungal
and mycoplasma contamination, endotoxin, Bactec and
PCR tests were performed on the cell samples before
each injection. The cell viability percentage was between
95 and 98% before each infusion using Trypan Blue stain-
ing method. Finally, after reaching 80% confluence, the
UC-MSCs were detached using 0.125% trypsin—-EDTA
(Gibco, USA) and were suspended in 100 ml of normal
saline for each infusion. All the procedures mentioned
above were performed in a Grade B cleanroom with
GMP requirements.

End points

The primary outcome of this study is to evaluate the
safety of three doses injection of UC-MSCs in COVID-
19-induced ARDS patients. Also, as the secondary end
point, it is an exploratory pilot study to determine pos-
sible changes in specific biomarkers of inflammatory dys-
regulation and their alteration following MSCs therapy in
these patients.

Trial participants, enroliment and follow-up period

In this trial, 20 pneumonia COVID-19 patients con-
firmed by RT-PCR or CT scan image with non-severe
ARDS (120<SPO,/FIO,<315) [28] were considered
eligible and by clinicians (emergency medicine physi-
cian or intensivist) divided into two groups, including a
standard care group (control group) and standard care
plus umbilical cord mesenchymal stem cell infusion
group (intervention group). In this study, the standard
care was in accordance with the general treatment pro-
tocols approved in that time period and usually included
complementary therapies, dexamethasone and remdesi-
vir. Antibiotics and other necessary treatments were also
prescribed according to the patient’s condition and the
physicians’ discretion.

The results of PCR tests were reviewed and confirmed
by clinicians, and the CT scans’ results were confirmed
by radiologists. All patients had a positive PCR-test and
were admitted to the ICU during the study. Although
patients could not tell us the exact time of disease onset
and were usually delayed in performing PCR testing, at
least one week had passed since the onset of symptoms
in all patients. Besides, all patients or their representa-
tives were informed of the details of the study by clini-
cians and entered the study after filling out an informed
written consent form. Follow-up period was 17 days.

The inclusion and exclusion criteria were:

Inclusion criteria

+ Male or female in the age range of 18 to 75 years.

+ Signing an informed written consent form.

+ Confirmed COVID-19 patients with non-severe
ARDS (120 < SPO,/FIO, < 315).

+ Required supplemental oxygen.

Exclusion criteria

+ Severe underlying diseases (like auto-immune dis-
ease, cancer, heart, liver or kidney dysfunction).

+ Pregnancy or breastfeeding.

+ Failure to receive a full three doses of injections.

+ Evidence of severe side effects after cell transplan-
tation.

+ Concurrent enrollment in other studies.

» Co-infection with other viruses (like HIV, HBS,
HBY, influenza virus, etc.).
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Procedures

Intravenously (from peripheral vein) three injections of
UC-MSCs (1 x 10° cells/kg BW per injection) every other
day (days 1, 3 and 5) were performed for patients. The
infusion time was approximately 30-45 min (approxi-
mately 50 drops/min). In a placebo-control group, 100 ml
of normal saline was injected. In all stages of the study,
patients got standard care based on their particular
situations.

Data collection

This trial was conducted at Imam Reza Hospital, Mash-
had University of Medical Sciences, Mashhad, Iran, and
lasted from July 2020 to May 2021. All clinical and para-
clinical data of patients at this time were extracted and
recorded from the patients’ records by the research team.

Data safety monitoring

Assessment of clinical and paraclinical parameters

and follow-up period

The main aim of the present study was to investigate
the safety of 3 doses of UC-MSCs transplantation with
an interval of one day in COVID-19-induced ARDS
patients. For this purpose, to check safety, patients were
closely monitored by a clinician for 24 to 48 h after each
injection for any possible allergic reactions from any skin
lesion to sever anaphylactic reaction. If any of the severe
symptoms were observed, the patient was immediately
excluded from the study.

Biological assays

To explore the UC-MSCs effects, patients’ respiratory
parameters, including the Spo2/Fio2 ratio and patients’
pre- and post-lung status, were assessed. Changes in the
serum CRP levels and level of inflammatory and proin-
flammatory cytokines during the treatment period were
also examined (ELISA, Karmania Pars gene, Iran). All
relevant factors were measured four times on 0, 2, 7 and
14 days after the second injection (days 0, 5, 10 and 17).
However, the results of CT scan images were evaluated in
two stages (before the intervention and two weeks after
the intervention).

Statistical analysis

Shapiro—Wilk test was applied to test the normality dis-
tribution. Generalized linear model (GLM) and repeated
measures ANOVA (RM ANOVA) analysis were used to
test the effect of time on normally distributed data. Non-
normally distributed continuous variables are reported as
the median (interquartile range, IQR). The comparison
of the medians between two related groups was made by
paired T test or Wilcoxon signed ranks. Continuous vari-
ables are expressed as the mean (for normally distributed
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data) or median (for non-normal distributed data) &= SEM
(standard error of the mean/median). The data were ana-
lyzed using the statistical package IBM SPSS version 23.0,
and the significance level was regarded at P<0.05.

Results

Patients’ clinical characterization and safety results

In this study, 10 patients participated in the control
group (4 female and 6 male) with a mean 61.3+5.34 age.
Also, in the intervention group, 10 patients (3 female and
7 male) with a mean age of 62.004+2.42 were considered
eligible and entered the study. However, during the study
period, in the intervention group one of the patients due
to dissatisfaction withdrew from the study after receiving
the first dose of MSCs and was excluded from the study
(based on the initial agreement of exclusion criteria) and
replaced with another patient. This patient was evalu-
ated for safety and outcome and then underwent rou-
tine treatments. During the follow-up period, all patients
were observed with the Hemovigilance protocol. The
obtained results were promising and showed that MSCs
transplantation was safe with no major adverse effect in
COVID-19-induced ARDS patients. The mild headache
was the most common side effect during the injections,
which was eliminated quickly with complementary thera-
pies. However, on the 13th day after the onset of the dis-
ease, one death was reported in the control group, and
in the intervention group, two patients died on the 6th
and 17th days, respectively, but examinations by special-
ist physicians showed no association between death and
MSCs injections. The cause of death in these patients in
intervention group was the progression of ARDS from
moderate to severe, which was determined by examining
the respiratory and clinical indices by clinicians. Also, in
the control group, pulmonary embolism was diagnosed
as the cause of death. Table 1 summarizes the patient’s
demographic data and clinical characterization of them
at baseline.

Oxygenation

All participants in this study were in the none-severe
group in terms of ARDS index at the onset of the
study based on their symptoms and the first ratio of
120 <SPO,/FIO0, <315, which was in line with WHO
guideline [28].

At the beginning of the study, the SPO2/FIO2 ratio was
204.81+10.84 in the control group and 186.82410.61
in the intervention group, which there was no statisti-
cally significant difference between these two groups
(P=0.36). This ratio significantly decreased to
151.38 +16.05 in the control group, while that increased
to 223.83£17.38 significantly in the intervention group
on the 5th day. Also, a significant difference was observed
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Table 1 Demographic data and clinical characterization of patients enrolled in clinical trial

Group Patient Age range Sex Co-morbidities RT-PCR at Adverse events Clinical outcome
number baseline

Control group P1 60-69 2 Hypertension + NO Died
P2 60-69 2 Diabetes + NO Discharge
P3 60-69 1 NO + NO Discharge
P4 60-69 2 NO + NO Discharge
P5 50-59 2 Hypertension + NO Discharge
P6 50-59 1 NO + NO Discharge
p7 60-69 1 NO + NO Discharge
P8 50-59 2 NO + NO Discharge
P9 60-69 2 NO + NO Discharge
P10 60-69 1 Hypertension + NO Discharge

Intervention group P1 50-59 1 Diabetes + Mild headache Died
P2 60-69 2 NO + Mild headache Discharge
P3 50-59 1 NO + NO Discharge
P4 60-69 2 Hypertension + NO Died
P5 70-79 2 NO + NO Discharge
P6 60-69 2 Diabetes + NO Discharge
p7 60-69 2 NO + Mild headache Discharge
P8 60-69 1 Mild anemia + NO Discharge
P9 60-69 2 NO + Mild fever Discharge
P10 50-59 2 NO + NO Discharge

(In gender or sex column, 1 =female and 2 =male)

In this study, the standard care was in accordance with the general treatment protocols approved in that time period and usually included complementary therapies,
dexamethasone and remdesivir. Antibiotics and other necessary treatments were also prescribed according to the patient’s condition and the physicians’ discretion

between these two groups in this time (P=0.003).
Changes in the SPO2/FIO2 ratio in the control group
on the 10th day (169.49+414.08) again were signifi-
cantly decreased compared to the first day (P=0.045),
while those were significantly (P=0.029) increased in
the intervention group (248.88+24.3) compared to
the first day. Finally, on the 17th day, a non-significant
increase (P=0.055) was observed in the control group
(226.244+9.43) compared to the first day of the study,
while in the intervention group (259.28 £ 24.62), a signifi-
cant increase (P=0.018) was observed at the same time.
Figure 3 shows the mentioned changes.

Serum CRP levels

At the study onset, the serum CRP levels in the two groups
of control (83.36+9.4) and intervention (107.73+7.2)
showed a significant difference (P=0.04) which after five
days compared to day zero showed a significant increase
in the control group (92.55+8.66, P=0.008) and sig-
nificant decrease in the intervention group (70.68 +5.82,
P=0.005). Also on the tenth day, a significant decrease
was observed in both control (71.04+6.13, P=0.01) and
intervention (45.37 £ 3.95, P=0.008) groups. On the sev-
enteenth day, this rate showed a significant decrease in
both control (62.66+6.77, P=0.008) and intervention
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Fig. 3 Oxygenation changes (SPO2/FIO2 ratio) in the control and
intervention groups during the study

(19.55+0.89, P=0.005) groups. After the intervention,
a significant difference (P<0.05) was observed between
the two groups at all times and the decrease in CRP levels
was greater in the intervention group than in the control
group (Fig. 4).

Lung imaging
Based on the score determined by the radiologists, the
CT scan results of the patients showed insignificant
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Fig.4 Serum CRP levels in the control and intervention groups

during the study

changes in the short time. Since the same result was
observed in all patients, here the before- and after-CT
image of a patient from each group is shown (Fig. 5A-D).

Cytokine analysis

IL-6 levels

The initial measurement revealed that the serum
level of cytokine IL-6 in the control group was
(138.906 +30.68), which compared to the interven-
tion group (121.65+25.78) statistically (P<0.05) was
no significant difference at the onset of the study.
Treatment with UC-MSCs in the intervention group
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significantly reduced this level on the fifth (58.704+12.18,
P=0.008), tenth (38.03+10.3, P<0.001) and seven-
teenth (8.78+1.12, P<0.0001) days, respectively. Also,
in the control group, a decreasing trend in the level of
this cytokine was observed during the study period.
This decrease on the fifth day (131.63+37.56) compared
to the first day was not statistically significant, but on
the tenth (115.28£20.13, P=0.035) and seventeenth
days (62.78 £14.2, P<0.001) it was significant. Also, on
the tenth and seventeenth days, a significant difference
(P<0.05) was observed between the two intervention and
control groups and the rate of reduction of this inflam-
matory cytokine in the intervention group was signifi-
cantly higher than the control group (Fig. 6A).

IFN-g levels

During the study, the level of inflammatory cytokine
IEN-g in both control and intervention groups in
the patient’s serum showed a decreasing trend. This
amount was 128.37+£23.11 in the control group and
122.53+27.11 in the intervention group at the study
onset, with a statistically non-significant difference. Stem
cells treatment resulted in a significant reduction in
this cytokine on the 5th (86.92+15.12, P<0.0001), 10th
(83.66+17.14, P<0.0001) and 17th days (57.37+8.9,
P<0.0001) compared to before injection. Also, in the
control group on the 5th day, there was a non-sig-
nificant decrease (120.14+25.47), while on the 10th
(116.8+20.12, P<0.001) and 17th (102.13+18.94,

Before

Fig. 5 Schematic before and after lung CT scan of patients. A and B are representative images of a patient in intervention group (before and after
treatment)/C and D are representative images of a patient in control group (before and after study)

After
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performed by ELISA method
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Fig.6 A Serum IL-6 levels in the control and intervention groups during the study. B Serum IFN-g levels in the control and intervention groups
during the study. C Serum TNF-a levels in the control and intervention groups during the study. D Serum IL-1(3 levels in the control and intervention
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P<0.001) days, a significant decrease compared to
the onset of study was observed. Besides, on the fifth
(P=0.002), 10th (P=0.002) and seventeenth (P <0.0001)
days, a significant decrease was observed in the interven-
tion group compared to the control group, respectively,

which indicates a greater decrease in this cytokine in the
intervention group than the control group (Fig. 6B).
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TNF-a levels

The initial serum level of cytokine TNF-a in the two
groups of control (38.114+4.17) and intervention
(42.33£5.9) showed a non-significant difference. Simul-
taneously with the disease progression on the fifth day
of the study, this cytokine level in the control group
increased significantly (44.30+6.21, P=0.001), but in
the intervention group, it decreased non-significantly
(40.81£4.8, P=0.7) compared to the onset of the study.
On the 10th day, a non-significant decrease (37.52+3.4,
P=0.54) in the control group and a significant decrease
in the intervention group (34.05+5.1, P<0.0001) was
observed. After 17 days, a significant decrease was
observed in both control (31.2045.6, P<0.0001) and
intervention groups (18.88+3.7, P<0.0001). Also, on
the 17th day, a significant difference (P<0.0001) was
observed between the intervention and control groups
(Fig. 6C).

IL-1B levels

At the study’-onset, there was no significant difference in
cytokine IL-1B levels between the control (27.96£5.11)
and intervention groups (25.70+7.15). The level of this
cytokine on the 5th day of the study increased signifi-
cantly in control (31.37+6.78, P<0.001) and interven-
tion group (27.49+8.34, P<0.001). Also, a significant
increase was observed on the 10th day in both control
(33.08 £7.14) and intervention groups (28.07 +6.12). In
addition, on the 17th day, a significant increasing trend
was observed in both control (33.53 4= 8.16) and interven-
tion groups (28.20£7.89). On the other hand, in all three
time periods of the 5th, tenth and 17th days, there was a
significant difference (P<0.05) between the two control
and intervention groups and the decreasing trend was
more in the intervention group (Fig. 6D).

IL-17 A levels

The initial level of inflammatory cytokine IL-17 A in
the two groups of control (43.52+6.41) and interven-
tion (41.42£5.32) showed no statistically significant dif-
ference. On the 5th day, a non-significant increase was
observed in both control (48.754+7.64, P=0.17) and
intervention groups (43.18+5.11, P=0.9) compared
to the first day of the study. Also, on the 10th day of the
disease, the level of this cytokine in the control group
showed a non-significant decrease (46.37 £8.12, P=0.4),
while in the intervention group that showed a signifi-
cant decrease (25.76+£5.18, P<0.001). On the 17th day
of the disease, a significant decrease in the amount of
this cytokine was observed in both control (32.08 £4.1,
P=0.016) and intervention groups (11.51+1.3, P<0.001)
(Fig. 6E).
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TGF-B levels

TGE-B cytokine levels at the beginning of the study were
(23.06 £5.12) in control and (24.38 £6.15) in the inter-
vention group, which did not show a statistically signifi-
cant difference (P=0.26). On the 5th day of the disease,
the cytokine level in the control group significantly
decreased (19.89+4.76, P=0.02), while in the inter-
vention group that significantly increased (27.03+7.24,
P=0.02). Also, on the 10th day compared to the first day
of study, its level decreased insignificantly in the control
group (22.70+6.17, P=0.18) and increased significantly
in the intervention group (33.20+8.12, P=0.003). On
the 17th day, an increasing trend was observed in the
levels of this cytokine which this increase was statisti-
cally insignificant in the control group (24.24 4+7.34) but
was significant in the intervention group (42.52+9.11,
P=0.005). Also, on the 5th, 10th and 17th days, a signifi-
cant difference was observed between the two interven-
tion and control groups and the amount of this cytokine
in the intervention group compared to the control group
showed a significant increase (P <0.05) (Fig. 6F).

IL-10 levels

Cytokine IL-10 at the beginning of the study showed an
insignificant difference in both controls (8.1941.66) and
intervention groups (8.57+1.53). After 5 days of the dis-
ease, its rate significantly decreased in the control group
(6.38+1.23, P=0.004), while that significantly increased
in the intervention group (32.31£6.12, P=0.009). On
the 10th day of the disease, a non-significant decrease
was observed in the control group (8.06 +2.41, P=0.48)
and a significant increase in the level of this cytokine
in the intervention group (42.13+£11.32, P<0.0001).
Besides, on the 17th day of the study, compared to
the first day, a significant increase was observed in
both control (14.534+2.8, P=0.002) and intervention
groups (68.06+15.12, P<0.0001). A significant increase
(P<0.05) in the amount of this cytokine was observed
in the intervention group on the 5th, 10th and 17th days
compared to the control group (Fig. 6G).

Discussion

The present study aimed to assess the safety and potency
of 3 doses of UC-MSCs in COVID-19 -induced ARDS
patients. All participants were non-severe in terms of
ARDS index at the onset of the study, which was calcu-
lated based on their first ratio of SPO2/FIO2, and were
admitted to the ICU due to moderate—severe conditions
for COVID-19 disease. The obtained results were promis-
ing and showed that MSCs transplantation was safe with
no major adverse effect in COVID-19-induced ARDS
patients. The mild headache was the most common side
effect during the injections, which was eliminated quickly
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with complementary therapies. In addition, improvement
in respiratory function, which is evident by increasing
the SPO2/FIO2 ratio after the first injection (Fig. 1), con-
firmed the potency of this method.

To date, many preclinical [29, 30] and clinical studies
have been performed using MSCs therapy for ARDS. For
example, in a phase 1, multicenter clinical trial by Wil-
son et al. on 9 ARDS patients, injection of 3 courses of
MSCs with different doses (low to high) had no injection-
related side effects [17]. Also, the obtained results from
Matthay et al. study were promising. In this multicenter
phase 2 clinical trial, IV transplantation of single dose of
bone marrow-derived MSCs (10 x 10° cells/kg PBW) on
40 moderate—severe ARDS patients was safe and well tol-
erated by patients. Also, 28-day and 60-day follow-up of
patients in the intervention and control groups did not
show any significant change in terms of mortality rate
between them [19].

In the case of COVID-19 patients with pneumonia or
ARDS, several clinical trials have also been registered in
www.clinicaltrial.gov so far, but only a few of them have
been completed and published their results [22, 31]. For
example and in the same direction, 7 COVID-19 patients
who did not get beneficial results from common standard
care were included in a pilot study performed by Leng
et al. and received 1 x 10° MSCs/kg BW. According to
our results, no serious side effects were observed dur-
ing a 14-day follow-up period after injection and disease
symptoms greatly improved [7]. However, the mortal-
ity rate in the intervention group was 20% (2 out of 10
cases), which was more than the control group with a
10% mortality rate (1 out of 10 cases), but no significant
relationship was observed between cell injections and
patients’ death. Differences in patients’ initial conditions
and discrepancy in response to standard treatments can
be reasons for differences in mortality rates in these two
groups. On the other hand, the mortality rate of patients
in this study was less than the study of Hashemian et al.
with 45% mortality [22] and was relatively close to the
study of Sanchez-Guijo et al. with 15% mortality rate [32].
Also, the results of patients’ CT scan in this study (Fig. 3)
did not show significant changes during two weeks which
was expected due to the short time interval.

We also, in the present study, examined the changes of
specific inflammatory and anti-inflammatory cytokines
to investigate the “cytokine storm” in COVID-19
patients. It has been documented that “cytokine storm”
phenomenon is directly correlated with high morbidity
and mortality rate in COVID-19 patients diagnosed with
ARDS [33, 34]. Cytokine storm is a hostile inflammatory
response, characterized by the discharge of a wide stream
of accumulated inflammatory cytokines like interleu-
kin-6 (IL-6), interleukin-1B (IL-1B), IL-8, tumor necrosis
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factor-alpha (TNF-a) and interferon-gamma (IFN-g)
which could enhance the SARS-COV-2 invasion by send-
ing alarming signals to the immune cells and recall them
to the inflamed sites [35]. Following this aggressive
stimulation, immune cells discharge lots of free radicals,
which coincides with the disease progression leading to
ARDS and multi-organ failure in COVID-19 patients [36,
37]. Besides, it is approved that cytokine storms severity
is directly associated with the severity of clinical symp-
toms of COVID-19 patients [38].

As our results show, the patients’ inflammatory
cytokines at the study onset were relatively high. MSCs
injection significantly reduced the level of most of
these cytokines (IL-6 (Fig. 6A), IFN-g (Fig. 6B), TNF-a
(Fig. 6C), IL-17 A (Fig. 6E), except cytokine IL-1B
(Fig. 6D)) while increasing the serum level of anti-inflam-
matory cytokines including TGE-B (Fig. 6F) and IL-10
(Fig. 6G), which these results were largely consistent with
similar studies. For example, Shu et al. in their clinical
trial, performed on 41 COVID-19 patients which 12 of
whom received 2 x 10® UC-MSCs, for one time, found
that cells could potentially reduce the serum IL-6 and
CRP levels and improve CT scan images over a 28-day
follow-up period [39]. Similarly, in the present study, a
significant decrease in serum CRP levels was observed
following cell injection (Fig. 2). In addition, another case
report study reported that two times intravenous admin-
istration of UC-MSCs with convalescent plasma signifi-
cantly improved the pulmonary microenvironment and
recovered pulmonary damage caused by inflammation
via cytokine storm inhibition [40]. Also, in agreement
with our results, obtained results from Lanzoni et al.
study revealed that intravenous transplantation of UC-
MSCs in two different doses could significantly decrease
the inflammatory cytokine (TNF-a) and increase the
anti-inflammatory cytokine (IL-10) in COVID-19-in-
duced ARDS patients [21].

Also, in our study, we observed a dramatic elevation in
serum cytokine IL-6 and IL-17 levels in patients before
the onset of the study. It has been proven that IL-6 trig-
gers the activation of TH17 cells in the interaction
between T cell-dendritic cells [41]. In this regard, there
is a hypothesis that elevated levels of IL-6 following the
viruses’ entry into the immune system may be one of the
reasons for elevated TH17 cells in COVID-19 patients
[42]. Several clinical trials have reported a significant
decrease in serum IL-6 levels after MSCs transplantation
[39, 43] consistent with our results.

As mentioned above, so far, various studies have shown
the potency of MSCs to decrease cytokine storm in
COVID-19-induced ARDS patients [22, 44]. Although
the main underlying mechanism in this process is not
yet clear, there are several hypotheses in this regard. For
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instance, a recent study shows that UC-MSCs and their
derivatives can potentially suppress monocyte activa-
tion and IL-6 production and subsequently inhibit the
cytokine storm and improve the clinical condition of
patients [45]. In addition, MSCs have strong anti-inflam-
matory properties through paracrine secretion of various
anti-inflammatory cytokines such as IL-10, TGF-B, IL-4
and prostaglandin E2 (PGE2) which can modulate the
overactive immune system [46, 47]. In combat to virus
entry into the body, MSCs also secret many soluble fac-
tors like TGF-B, PGE2, nitric oxide (NO) and indoleam-
ine 2,3-dioxygenase (IDO), which modulate the immune
system via two ways [48, 49]. Firstly, inhibiting the activa-
tion and expansion of T-helper 1 (TH1) and TH17 cells
reduces the inflammatory cytokines IFN-g and interleu-
kin-17 [50]. Secondly, by suppressing dendritic cell (DC)
activation, inhibiting their formation from monocytes
and reducing IL-12 production, MSCs can suppress
DCs as the central antigen presenting cells (APCs) [50].
Moreover, the documents show that MSCs by homing
in the lung through intravenous administration could
potentially boost lung function via avoiding pulmonary
fibrosis, deserving lung pneumocytes and enhancing the
pulmonary microenvironment [4, 7, 44]. Another pro-
tective mechanism of MSCs on lungs is secreting the
keratinocyte growth factor which leads to decline in alve-
olar edema and endothelial permeability [51].

Our study had limitations and advantages over sim-
ilar clinical trials. One of the limitations of our study
was the short follow-up period of patients that since
our study began in the first peaks of the pandemic and
the peak workload of doctors and hospitals, there was
no possibility of longer follow-up of patients. However,
shorter follow-up periods have also been reported [7,
44, 52]. In addition, the study’s small sample size due
to the newness of the disease and financial issues was
another limitation of this study which we suggest to be
done with a larger population in future trials. One of
the key advantages of this study was using an umbili-
cal cord source for stem cell injections which is a safe
and noninvasive method with more MSCs density com-
pared to extracting cells from adipose tissue or bone
marrow. Also, the use of fresh cells compared to cry-
opreserved cells acted as a double-edge sword in this
study. On the one hand, the use of fresh cells limits
the time to recruit patients, and we were only able to
select eligible patients when the cells were close to the
third passage. On the other hand, the use of these cells
decreases the risk of allergic reactions in patients due
to the lack of DMSO and increases the percentage of
cell survival. Besides, having a control group for better
data comparison was another advantage of this study.
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Conclusion

In conclusion, our results indicated that MSC therapy
in COVID-19-induced ARDS patients could down-reg-
ulate the disease progression safely due to improvement
in respiratory function and cytokine storm reduction.
Our results also showed that increasing the number
of injections (more than once) can lead to an increase
in patients’ recovery. Although our study results are
promising, further clinical investigations with larger
sample size and more extended follow-up periods are
required to confirm these results.
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