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Abstract

Background and aims The main causes of death in patients with severe Coronavirus disease-2019 (COVID-19) are
acute respiratory distress syndrome (ARDS) and multiorgan failure caused by a severe inflammatory cascade. Novel
treatment strategies, such as stem-cell-based therapy and their derivatives can be used to relieve inflammation in
these cases. In this study, we aimed to evaluate the safety and efficacy of therapy using mesenchymal stromal cells
(MSCs) and their derived extracellular vesicles in COVID-19 patients.

Materials and methods COVID-19 patients with ARDS were included in this study and allocated into two study and
control groups using block randomization. While all patients received recommended treatment based on guidelines
from the national advisory committee for COVID-19 pandemic, the two intervention groups received two consecu-
tive injections of MSCs (100 x 10° cells) or one dose of MSCs (100x 10° cells) followed by one dose of MSC-derived
extracellular vesicles (EVs). Patients were assessed for safety and efficacy by evaluating clinical symptoms, laboratory
parameters, and inflammatory markers at baseline and 48 h after the second intervention.

Results A total number of 43 patients (the MSC alone group =11, MSC plus EV group =8, and control group = 24)
were included in the final analysis. Mortality was reported in three patients in the MSC alone group (RR: 0.49; 95% Cl
0.14-1.11; P=0.08); zero patient in the MSC plus EV group (RR: 0.08; 95% Cl 0.005-1.26; P=0.07) and eight patients
in the control group. MSC infusion was associated with a decrease in inflammatory cytokines such as IL.-6 (P=0.015),
TNF-a (P=0.034), IFN-y (P=0.024), and CRP (P=0.041).

Conclusion MSCs and their extracellular vesicles can significantly reduce the serum levels of inflammatory markers in
COVID-19 patients, with no serious adverse events.
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Introduction

Coronavirus disease-2019 (COVID-19), caused by severe
acute respiratory syndrome-coronavirus-2 (SARS-
CoV-2), was first observed in December 2019 in Wuhan,
Hubei province, China [1-3]. Subsequently, SARS-CoV-2
spread worldwide, and on March 11th, 2020, the World
Health Organization (WHO) declared a global pan-
demic [4, 5]. As of June 7th, 2023, more than 767 million
infected cases and almost 6.9 million related deaths have
been reported and several hygiene measures and social
limitations have been implemented in different countries
[6]. Many patients experienced severe COVID-19, char-
acterized by acute respiratory distress syndrome (ARDS),
which requires oxygen therapy and intensive care unit
(ICU) hospitalization [7, 8]. Additionally, the mortal-
ity rate in COVID-19 patients with ARDS is high, and
prompt intervention is necessary [9].

SARS-CoV-2 could infect many organs, mainly through
angiotensin-converting enzyme-2 receptor (ACE-2), and
other potential receptors like glucose-regulated pro-
tein-78 (GRP-78), causing several symptoms in affected
individuals [10-12]. Multiorgan failure is a serious con-
sequence of severe COVID-19, due to acute inflamma-
tion [13]. COVID-19 pathogenesis is characterized by
the inflammatory cascade, resulting from angiotensin II
(Ang II) activation, which induces the production of pro-
inflammatory cytokines [14—16]. According to current
findings, extremely ill COVID-19 patients, like those with
ARDS, have higher levels of pro-inflammatory cytokines
like interleukin 6 (IL-6), in their serum [17]. This issue
represents a poor prognosis and increases the mortality
rate of COVID-19 [18].

In late 2020, vaccines were developed to prevent
COVID-19 [19]. Vaccination has significantly reduced
COVID-19 mortality rates; however, the best treatment
approach is still being debated [20]. New treatment strat-
egies, such as nanomedicine-based approach, cell-based
therapy, and adoptive immunotherapy have emerged to
treat COVID-19 patients [21-23]. Among these, cell-
based therapies using mesenchymal stem cells (MSCs),
have shown promising results in pilot studies and also in
clinical trials [24—26]. Our previous study also observed
positive effects of MSCs in severe COVID-19 cases [27].
Other studies have focused on the infusion of perinatal
tissues MSC-derived extracellular vesicles (EVs) due to
their feasibility, long-lasting effects and cost-effectiveness

[28]. However, more supporting evidences for the posi-
tive impact of MSCs and MSC-derived EVs on clinical
symptoms, laboratory parameters and inflammatory
markers is needed. Therefore, this study aims to evalu-
ate the safety and efficacy of perinatal tissue derived
MSCs and MSC-derived EVs in COVID-19 patients, with
ARDS.

Materials and methods

Study design

This phase II randomized, multicentric clinical trial was
conducted on COVID-19 patients with acute respiratory
distress syndrome referred to Masih Daneshvari and Sha-
riati hospitals, two major referral centers for COVID-19
hospitalization in Tehran, Iran, during 2020. The inclu-
sion criteria were: age between 18 and 65, confirma-
tion of SARS-CoV-2 infection by qRT-PCR, diagnosis of
ARDS according to the Berlin criteria [29], requiring sup-
plemental oxygen therapy, confirmation of pneumonia
based on chest radiography or high resolution computed
tomography (HRCT) and progressive status (>50% in
24-48 h), SPO,/FiO, <300 mmHg, ICU admission <48 h,
and a Sequential Organ Failure Assessment (SOFA) score
between 2 and 3. Patients with allergies or sensitivity to
cell-based products, a history for malignancies, other
viral respiratory co-infections, severe renal or liver fail-
ure, interstitial lung disease, underlying immunocompro-
mised disease, and those on extracorporeal life support
were excluded.

Randomization

The block randomization technique was used to perform
the randomization procedure, using a randomized triple
ABC blocking method based on a random number table.
Patients were randomly divided into three study groups.
All groups received conventional medical therapy accord-
ing to national guidelines (Table 1), while the two inter-
vention groups received either two consecutive doses of
allogenic mesenchymal cells derived from perinatal tissue
intravenously at a dose of 100 x 10° + 10% over 10—12 min
(MSC alone group), or one dose of allogenic MSCs intra-
venously at a dose of 100x10°+10% and one dose of
MSC-derived EVs (isolated from the 200x10°+10%
cells) through inhalation route (MSC plus EV group). We
assumed that nebulized form of MSC (MSC+EV) may
ameliorate localized respiratory syndrome. The second
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Table 1 Baseline characteristics of study variables between all patients in each group
Variable MSCgroup (n=11) MSC+EV group (n=8) Control group (n=24) P-value
Mortality (n=3) Mortality (n=0) Mortality (n=28)
Demographics
Age 5041248 47751272 494+11.87 0.993?
Male (%) 10 (90.9) 5(62.5) 16 (66.7) 0.208°
Having comorbidities (%) 5(45.5) 3(37.5) 11 (45.83) 0.854P
CBCdata
WBC count (x 10%) 11.67+4.58 13.04+9.88 10.03+9.26 0.176¢
Lymphocyte (%) 992+39 8.17+33 1342+8388 0.221¢
Hemoglobin (mg/dl) 14.03+1.87 13.15+3.26 1224218 0.109°
Platelet count (x 10°) 262 +95.95 21587 +£84.44 266+ 178.7 0.657¢
PT (s) 12934067 13.52+167 14424245 0.129°
PTT (s) 4211+11.38 35.14+843 40.2+6.88 0.224¢
Biochemistry data
BUN (mg/dl) 406+ 186 33.57+14.62 48.85+3247 0.402¢
Creatinine (mg/dl) 1.06+£0.22 09+0.18 1.2+0.55 0.224¢
AST (U/L) 39.7 44125 3764702 56.12+44.86 0.143°
ALT (U/L) 593+654 462+33.6 48 +43.45 0.897¢
Alkp (IU/L) 169.67 +36.36 1352+38 20643 +£11542 0.106¢
Bilirubin (mg/dl) 0.75+0.22 0.68+0.3 1+08 0.803¢
Arterial blood gas data
pH 74+0.06 737+0.12 7.37+0.09 0.696°
PCO, (mmHg) 4692+11.15 4284312 45224152 0.739¢
HCO; (megy/L) 28.02+4.43 304+4.72 2643 +6.67 0211¢
O, saturation (%) 81.9+1094 75.7+69 8781+84 0.017¢
Inflammatory markers
Interleukin-6 (pg/ml) 184.53+71.69 207.15+3893 1282+85.8 0.18°
TNF alpha (pg/ml) 2662+11.1 242+1043 2245+9.54 0.792¢
IFN-gamma (pg/ml) 126.62+66.9 177.85+53.02 12574275 0.183°
CRP (mg/L) 36.11+13.7 2534102 3024132 0.227¢
Clinical symptoms
Cough (%) 6 (54.5) 1(12.5) 22(91.7) <0.001°
Dyspnea (%) 11 (100) 7(87.5) 22(91.7) 0.53°
Diarrhea (%) 1(9.1) - 3(12.5) 0.862°
Medications
IV Dexamethasone (8 mg/day) 8(72.7) 6 (75) 19(79.2) 0.460°
Oral Prednisolone (0.5 mg/kg/day) 3(273) 2 (25) 5(20.8) 0.552°
Subcutaneous Enoxaparin (40 mg/day) 7 (63.6) 5(62.5) 17 (70.8) 0.124°
Subcutaneous Heparin 5000Ul (TDS) 4(36.4) 3(37.5) 7(29.2) 0.206°
IV Remdesivir (200 mg at 1st and 100 mg at 2(18.2) 1(12.5) 5(20.8) 0.380°
2nd and 3rd day)
Hospital information
Hospitalization 14.75+6.79 20.75+10.11 14.23+19.55 0.634°
ICU stay 7.75+5.09 14.5+10.55 10.9+9.90 0.355°

2 One-way ANOVA test
b Chi-square test
€ Kruskal Wallis test
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dose in both groups was administered 48 h after the first
injection. Infusion speed was adjusted to 4—5 mL/minute
for all injections.

MSC and MSC-derived EVs

We used good manufacturing practice (GMP)-certified
MSCs for this study, which underwent a panel of qual-
ity control tests as part of their certificate of analysis. The
cell preparation protocol was previously described in our
study [27]. To extract MSC-derived EVs, three batches
of condition medium (CM) were collected from 1.6, 1.6
and 1.2 billion MSCs (viability >92% at the time of CM
collection), and were quarantined at 4 °C to be checked
for mycoplasma, endotoxin and sterility tests. Then, the
CM was concentrated by tangential flow filtration (TFF)
by Sartorious VivaFlow® 200 and centrifuged at 3 K and
20 K G at 4°. The pellet was resuspended by PBS™ and
filtered by 0.2 um of Amicon® (Merck Millipore, Darm-
stadt, Germany). The final pellet is dissolved in normal
saline and aliquoted in vials. One vial from each batch
of CM is processed for quality control and characteriza-
tion of EVs according to the MISEV2018 guideline [30].
The protein concentration is determined using the Bicin-
choninic acid (BCA) assay (Pierce” BCA kit, Thermo
Fisher), and confirmed by sodium dodecyl-sulfate poly-
acrylamide gel electrophoresis (SDS-PAGE). The expres-
sions of EV-specific proteins were assessed by western
blotting. The size distribution and morphology of EVs
were checked by dynamic light scattering and scanning
electron microscopy, respectively. The average yield of
EVs (after filtration) was 8 pg per one million cells.

Study endpoints

The primary endpoint in this study was assessment of
adverse events, based on common terminology crite-
ria for adverse events (CTCAE) version 4 [31]. In addi-
tion, improving the clinical symptoms of the patients
and also the results of the complete blood count (CBC),
arterial blood gas (ABG), biochemistry analysis, and
inflammatory parameters were assumed as the second-
ary endpoints of this study. The follow-up time points
for assessing endpoints were baseline, after first infusion,
after second infusion, and 48 h after the second inter-
vention. Also, the patients were followed for 28 days to
assess possible adverse events.

Statistical analysis

For statistical analysis, the data was entered into ver-
sion 26 of the Statistical Package for the Social Sciences
(SPSS®). The normality distribution of data was assessed
by the Kolmogorov-Smirnoff or Shapiro—Wilk tests. The
quantitative variables were reported as mean+stand-
ard deviation (SD), and the categorical variables were
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reported as number (percentage) data. The one-way
ANOVA test or Kruskal Wallis test was used for analy-
sis between the groups. Wilcoxon signed-rank test was
administered for analyzing changes in each group. The
graphs were drawn by GraphPad Prism (version 9.0). A
P-value of <0.05 is considered statistically significant.

Results

General information

At baseline, 43 patients were enrolled in this study, of
whom 24 were randomly placed in the control group,
11 were placed in the MSC alone group, and 8 were
placed in the MSC plus EV group. The flowchart of the
study is presented in Fig. 1. The mean age of patients was
49.3+10.77 years and 12 of them were female (27.9%).
The baseline characteristics of the patients are listed in
Table 1. As seen, there were no significant differences,
except for O, saturation (P=0.017) and having cough
(P<0.001), in the baseline information of the three stud-
ied groups.

Adverse events

There was no adverse event (AE) or serious adverse event
(SAE) linked to either type of intervention. Collectively,
mortality occurred in three patients of the intervention
groups (15.87%) and eight patients of the control group
(33.4%). Mortality was reported in three patients of the
MSC alone group (RR: 0.49; 95% CI 0.14-1.11; P=0.08).
There were no mortalities in the MSC plus EV group (RR:
0.08; 95% CI 0.005-1.26; P=0.07). The causes for mortal-
ity were multifactorial and included several causes such
as pulmonary dysfunction, multiorgan failure, myocar-
dial infarction, congestive heart failure, septic shock, and
acute ischemic cerebral stroke. In fact, it was not possible
to find a single reason for the mortality of patients.

Clinical symptoms

In this study, various clinical symptoms were evaluated
before and after the intervention. Specifically, symptoms
closely associated with ARDS were examined in detail.
The cough symptom showed improvement in both inter-
vention groups compared to the control group. Addi-
tionally, all patients in the MSC group and nearly 90% of
patients in the MSCs plus EVs group and control group
had dyspnea at baseline, which decreased to below 10%
in each group after the intervention (P=0.54).

Laboratory parameters

The before-after results of laboratory parameters for
three study groups are presented in Table 2. The PTT
value decreased significantly in the MSC alone group
(P=0.018). Additionally, O, saturation decreased
significantly in all three groups (P<0.05). When
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Fig. 1 Flowchart of the study
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Table 2 The characteristics of laboratory parameters after 2nd infusion among the survivors in each group
Variable MSC group (n=8) P-value* MSC+EV group (n=8) P-value® Control group (n=16) P-value?

Baseline 48 h after 2nd Baseline 48 h after 2nd Baseline 48 h after 2nd

infusion infusion infusion

WBC count 10.7£4.6 10.8+44 0.999 13.04+£99 1268+7 0.889 7.84+3.06 88+27 0.6
(x10°)
Lymphocyte (%) 10.7+£3.7  1256+7.05 0612 8.17+33 10+7.2 0.999 15.8+104 16.8+13.2 0534
Hemoglobin 1401+22 13724146 0.674 132433 12857 0.726 125+25 12+23 0.033
(mg/dl)
Platelet count 2556+115 266+94.8 0499 21594845 221.6+126.2 0.998 288342147 2852+1529 0.625
(x10%)
PT (s) 1271+£052 12924062 0610 1352+17 14117 0.779 13.7+13 134+09 0.859
PTT (s) 43714126 35+74 0.018 352+85 324+82 0.351 402+74 369485 0.137
BUN (mg/dl) 389+15 4194198 0.779 3364146 4574333 0.128 49.2+30.2 362+16.5 0.028
Creatinine (mg/ 1124023 1.06+0.22 0.157 09+0.2 09+03 0.786 1.2+04 0.96+0.2 0.228
dl)
AST (U/L) 43.12+459 36.12+188 0.779 3764702 272479 0.057 60.7 +59.5 5964329 0.575
ALT (U/L) 5474669 6454592 0.058 46.2+33.7 404426 0.207 5724534 586+23 0.59%4
Alkp (IU/L) 17294375 150+359 0.063 1352438 1274+453 0344 197+£635 2192+92.2 0327
Bilirubin (mg/dl) 0.76+024 067+02 0.084 068+03 1.03+02 0.058 12+1.1 15+14 0.270
PH 74+0.07 7440.04 0.362 737012 744007 0916 74+0.1 74440.05 0.123
PCO, (mmHg) 49941026 46.6+9.2 0.263 428+32 432+78 0917 48.3+18.7 503127 0441
HCO3 (megy/L) 288+4.3 303+£35 0.575 304+47 304449 0.753 282+83 335+56 0.058
O, saturation (%)~ 808+114 912477 0021 75747 93545 0027 867483  935+35 0015
Interleukin-6 20944564 709445 0018 20724389 56.7+256 0028 14754562 1058476 0.138
(pg/ml)
TNF alpha (pg/ 2894115 572427 0.018 2424104 547426 0.038 23.9+106 149+6.7 0.043
ml)
IFN-gamma (pg/ 12114758 386+266 0.028 177.85+53 342487 0.018 1294309 782+51.7 0.043
ml)
CRP (mg/L) 36941536 2974115 0.02 2534102 154745 0.024 3024143 279+138 0.043
2 Wilcoxon-Signed rank test
comparing the three studied groups (see Table 3), the Discussion

BUN level was significantly decreased in the control
group in comparison to the MSC group and MSC plus
EV group (P=0.019).

Inflammatory markers

The serum levels of inflammatory markers before and
after intervention are presented in Table 2. As shown,
the concentration of inflammatory cytokines (IL-6,
TNE-a, IEN-y, and CRP) were significantly reduced in
all studied group, except for IL-6 in the control group.
However, group analysis (see Table 3) suggested that
the cytokine level changes were more prominent in
the intervention groups. Specifically, the changes in
IL-6 (P=0.015), IFN-y (P=0.024), and CRP (P=0.041)
were more significant in the MSC plus EV group, while
TNF-a decreased more significantly in the MSC alone
group (P=0.034) (see Fig. 2).

In this study, we administered allogenic MSCs to
COVID-19 patients who were in the progressive phase
of ARDS. We observed that systemic administration of
MSC and local administration of MSC-EVs in COVID-
19 patients is safe, with minimal adverse events. Fur-
thermore, MSCs had significant effects on inflammatory
markers compared to the control group.

Evaluating laboratory outcomes of COVID-19 patients
after administering MSCs was one of the goals of this
study. The unpredictable clinical course of SARS-CoV-2
infection presents a challenging issue in managing
COVID-19 [32]. COVID-19 can rapidly progress from a
mild/moderate status to a severe condition with irrevers-
ible outcomes [33]. Routine laboratory parameters, such
as hematologic and biochemical biomarker abnormali-
ties can be used to predict the severity and mortality of
COVID-19 patients [34]. Platelet level, WBC count, lym-
phocytes proportion and hemoglobin concentration have
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Table 3 Comparing the changes of study variables between three groups
Variable Changes in MSC group Changes in MSC+EV group Changes in control group P-value®
(n=8) (n=8) (n=16)
WBC count (x 10%) —0.03+4.21 —0.36+8.85 043+2.26 0.726
Lymphocyte (%) 1.78+4.45 1914693 0.97+9.83 0917
Hemoglobin (mg/dl) —028+154 —03+158 —-051+09 0.828
Platelet count (x 10°) 1042 +68.68 5.75+8551 —3.15+12534 0.896
PT (s) 0.21+£0.82 057271 —-024+157 0.927
PTT (s) —7+856 —271+88 —3.22+556 0.971
BUN (mgydl) 341777 12.14+19.83 —13£254 0019
Creatinine (mg/dl) —0.05+0.09 0.03+0.22 —02+051 0.530
AST (U/L) — 74327 —1042+6.67 —1.12+452 0.132
ALT (U/L) 9.75+1248 —=571+£12.13 155+49.77 0.138
Alkp (IU/L) —22.87+2349 —783+236 22134673 0.228
Bilirubin (mg/dl) —0.08+0.12 035+037 03+1.04 0.037
PH 0.02+0.07 0.03+0.17 0.04+0.08 0.670
PCO, (mmHag) —-327+773 0354797 2+848 0468
HCO5 (megy/L) 15+4.92 0.08+82 536+6.57 0.259
O, saturation (%) 1036 +8.63 17.83+10.1 6.77 £6.96 0.07
Interleukin-6 (pg/ml) — 138515555 —15041+4573 —19.13+68.31 0.015
TNF alpha (pg/ml) —23.15+1095 —1867+892 —6.12+943 0.034
IFN-gamma (pg/ml) —825+69.34 —14373£5372 —4394+3233 0.024
CRP (mg/L) —7.27+537 —9.83+747 —226+094 0.041
20ne Way Anova test

all been found to be linked to the severity of COVID-19
infection [35]. Thrombocytopenia, lymphopenia, and
anemia have been associated with the worse clinical out-
comes in COVID-19 [36]. Biochemical parameters such
as creatinine, urea, lactate dehydrogenase (LDH), liver
function tests (LFTs), and creatine kinase (CK) are linked
to the severity of COVID-19, and higher values of these
parameters reflect a worse outcome [37]. In this study,
we suggest that the administration of MSCs alone or with
their EVs is not associated with significant alterations in
laboratory outcomes. However, it is important to con-
sider that patients in the severe phase of COVID-19 may
have several abnormalities in their laboratory results,
which may be confounders to these findings.

Assessing the laboratory markers of coagulation was
another goal of this study. Multiorgan failure due to
cytokine storm is usually reported in severe cases of
COVID-19 patients, particularly in patients with ARDS
[38]. COVID-19 associated coagulopathy (CAC) is one
of the predisposing factors for multiorgan failure, which
can affect the outcomes of affected patients [39]. CAC
is usually associated with micro- and macro- thrombo-
sis in COVID-19 patients and also increases the risk of
disseminated intravascular coagulation (DIC) [40]. In
a systematic review by Jenner and colleagues, the inci-
dence of thrombotic events was reported to be almost

34% in ICU hospitalized COVID-19 patients [41]. In
addition, a meta-analysis in 2021 suggested that almost
3% of COVID-19 patients may develop DIC and this
condition may increase the likelihood of mortality by
more than 2.4 times [42]. Therefore, monitoring and
diagnosis of CAC is a major challenge in the manage-
ment of COVID-19 patients [43]. Reports have revealed
that COVID-19 patients, particularly with ARDS, may
represent hypercoagulability state, i.e., higher levels of
D-dimer, mild prolongation of PT and PTT, and throm-
bocytopenia [44, 45]. We assessed platelet levels, PT,
and PTT in our patients, and the results suggest that
PTT values were significantly reduced after the admin-
istration of systemic MSC alone. This phenomenon
could be associated with a lower risk of thrombotic
events and DIC in the MSC group compared to the
control group. However, to have a clear understanding
of the coagulation status, other laboratory parameters
such as D-dimer concentration, fibrinogen concen-
tration, and clotting times should also be assessed in
future studies [46]. Additionally, MSCs can reverse
CAC by affecting the inflammatory phase of the disease
[47]. Moreover, endothelial dysfunction, which is com-
monly seen in COVID-19, can be improved after the
administration of MSCs [48]. This improvement plays
a key role in preventing coagulopathy and thrombotic
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Fig. 2 The inflammatory markers change in study groups. Red: MSC group; blue: MSC + EV group. Data is presented based on median and
interquartile range and compared to the control group. *Refers to P value <0.05

disorders [49]. It could be explained as an angiogene-
sis process that is stimulated by MSC-secreted growth
factors, which can enhance the endothelial cell sur-
vival rate, support vascular remodeling, and stabilize
the endothelial barriers by increasing the expression of
hepatocyte growth factor (HGF) and vascular endothe-
lial growth factor (VEGF) [50]. However, we observed
no significant changes in the coagulopathy parameters

in between-group analysis, and further studies are
needed to confirm these results.

In this study, we also evaluated the impact of MSCs
on inflammatory markers. We observed that MSCs
significantly decreased the concentration of inflam-
matory markers in COVID-19 patients. Cytokine
release syndrome (CRS), which is a rigorous systemic
inflammatory response, may be responsible for severe
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COVID-19 pathogenesis and extensive lung damage
[51]. Anti-inflammatory agents such as corticosteroids,
NSAIDs, monoclonal antibodies against as IL-6 (Tocili-
zumab), IL-1 (Canakinumab), and TNF-a (Adalimumab
and Golimumab), and Interferon-based immunother-
apy can be applied to treat COVID-19 patients [52-56].
However, monoclonal antibodies are expensive [57],
not accessible in every country [58], and also not free
of side effects [59], same as corticosteroids and NSAIDs
[60]. MSCs, which have a promising immunomodula-
tory role, could be a suitable alternative to these medi-
cations since immunomodulation has fewer side effects
than immunosuppression. We observed that the levels
of inflammatory cytokines, such as IL-6, TNF-a, and
IEN-y, decreased significantly after MSCs infusion. This
result was in association with previous studies. In a
study in 2020 in China, the administration of allogenic
MSCs caused a significant decrement in IL-6 level [61].
In another study, transplantation of MSCs in COVID-19
patients was associated with a significant increase in anti-
inflammatory cytokines (IL-10, IL-13) and also a signifi-
cant decrease in pro-inflammatory cytokines, i.e., IEN-y,
IL-6 [62]. Similar results were observed in other recent
studies [63—65]. We also assessed the CRP level after
the administration of the MSCs. Current evidence sug-
gests a significant increase (average 20-50 mg/L) in CRP
in almost 86% of COVID-19 patients [66]. This marker
is assumed as the prognostic factor in mortality and
helps in the management and care planning of COVID-
19 patients [67]. Moreover, high CRP is linked to severe
inflammatory conditions, including major cardiac events
and probability of stroke in the COVID-19 patients [68].
As observed in our results, MSCs significantly reduced
the CRP level in COVID-19 patients. This result is also
in line with previous studies [69, 70]. An interesting find-
ing in this study was the superiority of MSCs plus EVs
in comparison to MSCs alone. We observed that MSC
plus EV group was more capable to decrease the inflam-
matory markers (except for TNF-a). In fact, it seems
that MSC plus EV can be used as a suitable and acces-
sible approach for relieving the inflammatory cascade in
COVID-19 patients. It might be explained as when the
MSC-EVs were administered through inhalation, they
could suppress the inflammatory cascade in lungs dur-
ing COVID-19 induced ARDS, locally and effectively.
This superiority in decrement of the inflammatory mark-
ers was associated with zero number of mortalities in the
patients receiving MSC plus EV, compared to MSC alone
and control groups.

The decrement of inflammatory cytokines was more
pronounced in the case of IL-6, which was reduced by
both MSCs and MSCs plus EV administration. How-
ever, routine treatment according to national guidelines
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for COVID-19 did not change IL-6 values in the control
group. This finding is particularly valuable considering
that IL-6 is a key mediator of cytokine storm and strongly
correlates with complicated COVID-19 patients with
adverse clinical outcomes [71]. Therefore, clinical proce-
dures that reduce the serum level of IL-6 could be more
effective in alleviating disease progression [72].

Our study suggested that the administration of MSCs
is safe in COVID-19 patients. We observed lower rates of
mortality in intervention groups compared to the control
group, although this difference was not significant. Pre-
vious studies have also demonstrated no adverse events
of MSCs in COVID-19 patients [73, 74]. A study in 2021
reported a significantly lower mortality rate in the MSC-
treated group compared to the control group [62]. Addi-
tionally, another study also observed a better 28-day
survival in COVID-19 patients treated with MSCs [75].

In summary, stem cell therapy, particularly the use of
MSCs has emerged as a promising treatment option for
severe COVID-19 cases. Several clinical studies have
been conducted so far in this regard. Clinical studies
have demonstrated that MSC therapy is generally safe
and well-tolerated in severe COVID-19 patients, associ-
ated with no significant adverse events [76-78]. As men-
tioned above, MSCs possess potent immunomodulatory
properties, which can help regulate the immune response
in COVID-19 patients through reducing the cytokine
storm and also facilitate tissue repair [79]. Furthermore,
MSCs have been shown to exert antiviral effects by pro-
ducing soluble factors that can inhibit viral replication
and promote the clearance of infected cells [80]. This
can help reduce the viral load in COVID-19 patients and
improve their clinical outcomes. Moreover, several clini-
cal studies have reported improved clinical outcomes in
severe COVID-19 patients treated with MSCs [81, 82].
These include reduced mortality rates, shorter hospital
stays, and improved lung function. The promising results
from early clinical studies have led to an increased inter-
est in the clinical development of stem cell therapy for
severe COVID-19. Several clinical trials are currently
underway to further evaluate the safety and efficacy of
MSCs in treating COVID-19 patients with severe symp-
toms. If these trials yield positive results, MSC therapy
could become an important treatment option for severe
COVID-19 cases, particularly for patients who do not
respond well to conventional treatments.

This study has certain remarkable advantages. It has
one of the largest sample sizes in the national population,
providing a suitable view of MSCs administration in Ira-
nian COVID-19 patients. In addition, we assessed basic
laboratory parameters and reported their improvement
in the MSC treated COVID-19 patients. Another positive
aspect of this study is the administration of MSC-EVs
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through a nebulizing device, which can be an accessible
method for COVID-19 patients. However, the current
study has some limitations. Many COVID-19 patients
with ARDS had been treated with corticosteroids and
antiviral drugs before MSCs transfusion, according to the
national guideline for treating COVID-19 induced ARDS.
This is a confounding variable in assessing the inflam-
matory markers. Besides, the levels of routine laboratory
outcomes in many patients had some abnormality due
to the severe condition and we couldn’t assess the exact
impact of MSC or MSC-EV on laboratory outcomes. Our
medical records did not include any other critical labora-
tory parameters to include in the study and also, we can-
not assess advance laboratory parameters, such as flow
cytometric analysis of lymphocytes due to high costs.
Furthermore, given the pandemic situation, we could
not register their complete laboratory data and this issue
was one of the pitfalls of this study. We started the MSC-
based at the critical stage of COVID-19 and earlier infu-
sion of MSCs might be associated with better outcomes.
Besides, lower sample size of the intervention group was
challenging for subgroup analysis. These issues should be
addressed in the future studies. In addition, many other
molecules and signaling pathways that are essential in
the pathogenesis of COVID-19 were not evaluated in this
study.

Conclusion

The systemic administration of MSCs and respira-
tory inhalation of MSC-EVs in COVID-19 patients are
safe and associated with improvement in inflammatory
markers. The immune modulatory impact of MSCs and
MSC-EVs can alleviate cytokine storm and its related
consequences in COVID-19 patients. However, further
studies with larger sample sizes should be conducted to
verify and validate these results.
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