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Abstract 

Background: Due to their immunomodulatory properties, mesenchymal stem cells (MSCs) have been proposed to 
have therapeutic potential to improve clinical outcomes in COVID-19. However, the safety and efficacy profile of MSC 
infusion therapy in patients with non-severe COVID-19 infection has not been completely established; there is, in 
particular, a substantial void in the literature on dose-dependent studies of MSC infusion in patients with low clinical 
risk COVID-19 infection.

Methods: This phase 1 double-blind, placebo-controlled, randomized clinical trial examines the safety, feasibility, and 
tolerability of 2 doses (high and low) of DW-MSC in patients with low clinical risk COVID-19. A total of 9 patients were 
enrolled in this study and randomized into low-dose (TL), high-dose (TH), and placebo (C) groups. Subjects in the TL 
and TH groups received single intravenous infusions of 5.0 ×  107 cells and 1.0 ×  108 cells, respectively. The main out-
come was the occurrence of treatment-emergent adverse events (TEAE) during the 28-day study period. Vital signs 
and various inflammatory markers were also monitored weekly during the observation period.

Results: There were no apparent differences in clinical characteristics between study groups (TL, TH, and C) at base-
line. All patients did not show the progression of severity during the study period. During the course of the study, 6 
episodes of TEAE were observed in 5 subjects; however, none of the TEAEs were severe. During the follow-up period, 8 
subjects recovered and were discharged from the hospital without complications. A subject exhibited abnormal liver 
function biomarkers at the end of the study period. Changes in inflammatory markers throughout the clinical course 
were not vastly different across study groups.

Conclusions: Our clinical trial has provided reliable results regarding the safety of MSCs in low clinical risk COVID-
19 subjects treated with MSCs. However, further confirmation of the therapeutic efficacy aspects of MSC will require 
large-scale randomized controlled trials in subjects with varying severity profiles for COVID-19.
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Introduction
Stem cell therapies are emerging as promising treatment 
modalities that can reduce inflammation and restore lung 
damage caused by corona virus disease of 2019 (COVID-
19), alone or in combination with existing therapy regi-
mens [1, 2]. An increasing body of research indicates 
that mesenchymal stem cell (MSC)-based treatment can 
help manage acute respiratory distress syndrome (ARDS) 
due to the ability of MSCs to produce anti-inflammatory, 
antifibrosis, and anti-apoptosis cytokines [3–5], promote 
recovery of lung function, and potentially influence the 
progression of pulmonary fibrosis [6, 7]. As a result, MSC 
therapies may help in treating pneumonia, inflammation, 
and sepsis, which are among the leading causes of mor-
bidity and death in patients with COVID-19.

For different disorders such as lung diseases [2, 8], 
bronchopulmonary dysplasia [9], cardiovascular diseases 
[10], diabetes mellitus [11, 12], and spinal cord injury 
[13], the safety profile and efficacy of MSCs are relatively 
well established. Although in the context of COVID-
19, the safety and efficacy of MSCs have not been com-
pletely proven, some pilot and phase 1 studies [5, 14, 
15] reported no allergic responses related to immediate 
infusion, delayed hypersensitivity, or subsequent infec-
tions. Improvements in clinical outcomes, including oxy-
genation index (OI) and inflammation markers, have also 
been reported [5, 14]. Similar results have been reported 
from other phase 1 and 2 double-blind, randomized con-
trolled trials, showing no serious adverse events occurred 
during the studies, and in general, the infusion of MSCs 
has been reported to improve patient survival and reduce 
inflammation [16, 17].

Due to the differences in the research designs used in 
these prior clinical studies, it is difficult to generalize the 
reported findings. In particular, the number of doses and 
the number of cells in a single administration have been 
extensively varied from 0.5 ×  106 cells/kg body weight to 
400 ×  106 cells/dose [18]. There is little understanding 
of the optimal or safe doses of MSCs applied in patients 
with different severity of COVID-19. In particular, most 
previous studies were conducted in severely ill COVID-
19 patients and were uncontrolled or non-randomized, 
reflecting the need for a more controlled study. It would 
be interesting to see whether the use of MSC treatment 
in patients with low clinical risk COVID-19 infection 
can help them recover faster or if it can help them avoid 
progressing to a more severe infection that is difficult 

to manage. However, to date, no studies have been con-
ducted to determine the impact of different doses of 
MSC on safety and tolerance in the context of COVID-
19, nor is there much evidence available on the practical-
ity, safety, and effectiveness of MSC infusion in patients 
with low clinical risk COVID-19.

The current study presents the results of the phase 1 
double-blind, placebo-controlled randomized clinical 
trial that compares the safety profiles of single low- and 
high-dose MSC infusions in patients with low clinical 
risk COVID-19.

Methods
Trial design and ethical consideration
This was a phase 1 randomized, double-blind, placebo-
controlled clinical trial to evaluate the safety and investi-
gate the efficacy measures of a single dose of intravenous 
DW-MSCs in patients with COVID-19 (clinicaltrials.gov 
identifier NCT04535856). Ethical clearance (LB.02.01/
KE.443/2020) was obtained from the National Institute 
of Health and Research Development Ethics Committee 
(NIHRD EC). All patients signed their written consent 
before the screening procedure. Patients could voluntar-
ily withdraw from the trial, and the investigator can dis-
continue the participation of the patients at any time.

DW‑MSCs
DW-MSCs were manufactured by the National Institute 
of Health, National Center for Stem Cell and Regenera-
tive Medicine (Osong, Korea) from embryonic stem cells 
(SNUhES35) in a Good Manufacturing Process (GMP) 
grade facility. A master working cell bank (MWCB) vial 
(passage 8) was thawed and inoculated in a T175  cm2 
flask with MSC culture medium (serum-free, xeno-free). 
Cells were expanded through 3 times of passages using 
T175  cm2 and HYPERFlask. At passage 12, these cultured 
cells were harvested, frozen, and stored in  LN2. DW-
MSCs is characterized by the expression of cell surface 
markers such as CD29, CD44, CD73, CD105, but it does 
not have hematopoietic lineage markers of CD34 and 
CD45, no HLA-DR immune response marker accord-
ing to the International Society for Cell & Gene Therapy 
(ISCT) standard, and no SSEA-3, TRA-1–60, and TRA-
1–81 cell markers. DW-MSCs can differentiate into 
trilineage cells (chondroblasts, osteoblasts, and adipo-
cytes). The quality of the DW-MSCs has been confirmed 

Trial registration: ClinicalTrials.gov, NCT04535856. Registered 2 September 2020, https:// clini caltr ials. gov/ ct2/ show/ 
NCT04 535856
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through release tests, including sterility tests, endotoxin, 
mycoplasma, and adventitious virus tests.

Preclinical evaluation of the safety and efficacy of DW‑MSC
There were no signs of tumorigenesis in 6  months fol-
lowing a single intravenous (2.5 ×  108 cells/kg) admin-
istration of DW-MSCs to nude mice. In addition, no 
adverse/toxic reactions such as changes in the general 
symptoms, body weight, autopsy, and histopathological 
examination, nor death were observed in 13 weeks after 
intravenous administration with various concentrations 
(5.0 ×  107 cells/kg, 1.25 ×  108 cells/kg, 2.5 ×  108 cells/
kg) of DW-MSC. However, immediately after adminis-
tration of doses of DW-MSC of 1.25 ×  108 cells/kg and 
2.5 ×  108 cells/kg in females and 2.5 ×  108 cells/kg in 
males, convulsions, dyspnea, loss of spontaneous move-
ment, and gait abnormalities persisted for several days 
with thrombosis in the atrial and ventricular of the heart 
and pulmonary arteries on biopsy were evident. In con-
clusion, no adverse effect level (NOAEL) of DW-MSC 
was determined to be 1.25 ×  108 cells/kg for males and 
5.0 ×  107 cells/kg for females. The dose of DW-MSC for 
COVID-19 patients was established based on the lowest 
concentration, of which safety was confirmed in animal 
models among doses below NOAEL. The lowest effica-
cious dose was considered the lowest concentration of 
DW-MSCs at which the virus titer in the nasal fluid of 
the COVID-19 ferret model decreased significantly com-
pared to the control group. It was found to be 1.67 ×  106 
cells/kg; notably, this dose is 3.3% of the NOAEL in the 
female nude mouse group or 1.3% in the male nude 
mouse group. As the average body weight in humans was 
considered 60 kgs, the high dose for this study was estab-
lished at 1 ×  108 cells (1.67 ×  106 cells/kg × 60 kgs), and 
the low dose was established at half the high dose (5 ×  107 
cells).

Selection of trial subjects
The study was carried out at Dr. Wahidin Sudirohusodo 
Hospital, Makassar, from August 2020 to March 2021. 
Inclusion criteria were COVID-19 confirmed by real-
time polymerase chain reaction (RT-PCR), 19  years or 
older, and clinically mild according to the National Early 
Warning Score 2 (NEWS2). Patients, who had a history of 
hypersensitivity to the components of the investigational 
products (IP), had viral or bacterial pneumonia other 
than expected indication, received organ transplants 
within 6 months of screening, had a history of pulmonary 
embolism, had underlying diseases that may obtain the 
benefit from the IP, participated in other clinical stud-
ies, and had life expectancy less than 24 h, were excluded. 
Pregnant and lactating patients were also excluded. The 
time of physical examination, clinical laboratory tests, 

and other medical examinations are listed in the protocol 
flowchart (Fig. 1, Additional file 1: Table S1).

Concealment and randomization
The trial was carried out under double-blind conditions. 
After signing the consent form, patients who met the 
final inclusion and exclusion criteria were randomized 
to the test groups (low dose (TL) and high dose (TH)) or 
control (C)) in a ratio of 1:1:1.

Administration of DW‑MSCs
The sponsor manufactured the IP and then packaged 
and supplied to the clinical trial pharmacists at the study 
institution. The IP was stored separately in a safe and 
restricted place, at − 80 °C. During administration, DW-
MSCs were mixed in a sap bag containing 100 ml of 10% 
dextrose (glucose) depending on the assigned dose; and 
then massaged appropriately to prepare the cells to be 
evenly suspended. The prepared suspension is injected 
into the subjects by intravenous infusion. The cell viabil-
ity was ascertained to be more than 90%. The infusion 
time was approximately 30–45 min at a speed of approxi-
mately 50 drops/min. The vehicle solution was also tested 
for 14-day sterility, Gram stain, and endotoxin.

Interventions
Patients were assigned to receive infusions: TL (5.0 ×  107 
cells), TH (1.0 ×  108 cells), or C (Cryostor CS10 contain-
ing dimethyl sulfoxide 10%, sucrose 1%, sodium hydrox-
ide 0.6%, and potassium hydroxide 0.168%). All subjects 
received standard medications according to their con-
ditions following the current institutional guidelines 
of COVID-19. DW-MSCs was an adjunct to standard 
therapy.

Laboratory test items included hematology param-
eters, serum chemistry, serum coagulation, urinalysis, 
and cytokines (IL-6, TNF-α, IL-1β, IFN-γ) (Millipore-
Sigma, Merck KGaA, Darmstadt, Germany); the details 
are listed in Table  2. A protein array SIGMA ELISA 
Kit (Sigma-Aldrich, MO, USA) was used to determine 
plasma levels of interferon IFN-γ, IL-1β, IL-6, and TNF-
α. The analysis was carried out according to the manufac-
turer’s instructions.

All laboratory test results, including screening tests, 
use only the test results performed at the visit. Inflam-
matory markers were tested before (random) assignment 
and subsequently on visit days (7, 14, and 28).

Outcomes
Primary endpoints
The primary endpoint was the incidence of treatment-
emergent adverse events (TEAE) during the observa-
tion period. TEAE was defined as undesirable events 
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not present prior to study treatment or an already pre-
sent event that worsens either in intensity or frequency 
following the study treatment. The TEAE report was 
organized according to the system organ class and the 
preferred term using the Medical Dictionary for Regula-
tory Activities (MedDRA). The investigators assessed the 
severity of each adverse event according to the National 
Cancer Institute Common Terminology Criteria for 
Adverse Events (NCI-CTCAE), version 5.0. In the event 
of a severe reaction or embolization, the study would be 
terminated.

Secondary endpoints
Secondary endpoints were survival rate at each study 
visit, duration of hospitalization, and clinical improve-
ment. For the duration of hospitalization, viral shed-
ding as measured by the RT-PCR results was used as the 
parameter to discharge subjects from the hospital to the 

quarantine house, where subjects stayed until the end of 
the study.

Statistical analysis
Descriptive statistics (minimum and maximum) were 
presented for continuous variables, when appropriate.

Results
Patients
Of the 121 COVID-19 patients screened for this study, 
112 patients were unwilling to be monitored in the hos-
pital for 28  days. From November 10 to December 17, 
2020, 9 subjects were enrolled and randomly assigned to 
1 of the 3 groups: TL, TH, and C. All patients received 
the same standard therapies, which were oseltamivir and 
azithromycin.

The baseline characteristics of each subject, including 
age, sex, NEWS2, coexisting disease, vital sign abnormal-
ity, and chest X-ray abnormality, are presented in Table 1. 
All subjects were distributed between the ages of 31 and 

Fig. 1 Enrolment, randomization, and study flow diagram
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47, and a total of 9 subjects were included, 1 female and 
8 males. According to the aggregate score, NEWS2 was 
similar (0–1) in the 3 dosing groups, and all subjects were 
at low risk. Most of the subjects were prehypertensive. A 
chest X-ray abnormality was found in 2, 1, and 1 of the 
subjects in the TH, TL, and C groups, respectively. Lobar 
pneumonia was detected in 1 subject who received a high 
dose and another who received a low dose of DW-MSCs. 
All subjects were hospitalized, but none needed oxygen 
supplementation (score 3, WHO ordinal scale for clinical 
improvement). All subjects had respiratory rates of less 
than 20 breaths per minute, their  SpO2 levels were equal/ 
greater than 96%, and  PaO2/FiO2 ratio was greater than 
399  mmHg. Laboratory data were within normal lim-
its from the time of admission until the time of the cell 
infusions.

Clinical course after cell infusion
Primary endpoint
TEAE did not occur during MSC infusion and within 
24 h after infusion. We noted that all 9 treated subjects 

tolerated DW-MSC infusions, and there were no severe 
adverse events related to infusions.

Table 1 describes the 6 TEAE in 5 subjects after infu-
sion. TH1 showed pneumonia in the right lobe based on 
his chest X-ray on the routine procedure on day 7 but 
was normal on the following examination on day 14. TH3 
showed a maculopapular rash on day 9 that lasted 6 days. 
TL1 had an increase in blood lactate level (6.5 mmol/dL), 
observed on day 3 during routine standard of care labo-
ratory tests; however, no follow-up tests were performed. 
C1 experienced cutaneous candidiasis and myalgia on 
day 14 that lasted 10 and 2  days, respectively, while C2 
showed worsening of abnormal liver function biomarkers 
7–14 days after enrollment, which did not resolve till day 
28 (Table 1).

The 9 subjects recovered and were discharged from the 
hospital during the follow-up period without a fatality. 
Severe acute respiratory syndrome coronavirus 2 (SARS-
CoV-2) was not detected on days 5, 8, and 16 in subjects 
in the TH group, days 6, 13, and 26 in subjects in the TL 
group, and days 5, 5, and 14 in the C group. As nega-
tive SARS-CoV-2 RT-PCR results were used as criteria 

Table 1 Baseline characteristics of enrolled patients and treatment-emergent adverse event

TH treatment high-dose group, TL treatment low-dose group, C placebo group

*The first day TEAE was detected following first scheduled chest X-ray (at days 7); the duration was unknown, but no sign of pneumonia was detected following 
second scheduled chest X-ray examination (at days 14)

TH, n = 3 TL,  n = 3 Placebo,  n = 3

TH1 TH2 TH3 TL1 TL2 TL3 C1 C2 C3

Age (years) 47 32 31 32 38 33 39 34 43

Sex Male Male Male Male Male Male Female Male Male

National 
Early Warn-
ing Score 2 
(NEWS2)

0 0 0 0 0 1 0 0 1

Co-existing 
disease

Conjuncti-
vitis

Thyroid 
enlargement

Vital signs 
abnormality

Pre-Hyper-
tension

No Pre-Hyper-
tension

Pre-Hyper-
tension

Pre-
Hyper-
tension

Pre-Hyper-
tension

Pre-Hyper-
tension

Pre-Hyper-
tension

Stage 1 Hyper-
tension

Chest X-ray 
abnormality

No Bilateral hilar 
lymphad-
enopathy

Left lobe 
pneumonia

Right lobe 
pneumonia

No No No No Aorta dilata-
tion

Electrocar-
diography 
(ECG) abnor-
mality

No No No No No No No No No

Laboratory 
abnormality

High level of 
AST/ALT

Treatment 
emergent 
adverse event 
(TEAE)

Right lobe 
pneumonia

– Rash maculo-
papular

Blood lactate – – Cutaneous 
candidiasis, 
myalgia

Hepato-bil-
iary disorder

–

Starting day 
(duration in 
days) of TEAE

7* – 9 (6) 3 (Unknown) – – 14 (10; 2) 0 (> 44) –
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for discharge from the hospital, these were also the days 
when the WHO ordinal scale for clinical improvement 
changed from 3 (hospitalized, no oxygen therapy needed) 
to 1 (no limitation of activities). On day 14, 7 of 9 subjects 
had an ordinal scale improved from 3 to 1, and on day 28, 
all subjects had the ordinal scale of 1. None of the sub-
jects had limitations in physical activity (ordinal scale of 
2) during the study period.

NEWS2 at baseline and on day 28 was 0 in all subjects. 
On day 7, NEWS2 was 1 in 4 subjects, as these subjects 
had body temperature between 35.1–36.0 °C. NEWS2 in 
subject C3 deteriorated to 2 on day 14 as oxygen satura-
tion dropped to 94–95% and heart rate was between 91 
and 110/min, but NEWS2 was back to 0 on day 28. In the 
other subjects, the NEWS2 on days 7, 14, and 28 was 0.

The  PaO2/FiO2 ratio was within the normal value in 
all subjects at the beginning of the study. None of the 
subjects had a  PaO2/FiO2 ratio < 400  mmHg on days 3 
and 28 of observation. Only 1 subject had a  PaO2/FiO2 
ratio < 300 mmHg on day 7 (TL1) and on day 10 (TH1), 
which increased to normal levels at subsequent follow-up 
(Additional file 1: Fig. S1). A subject in the TL group had 
a  PaO2/FiO2 ratio of 381 mmHg on day 14 but returned 
to normal on day 28 (486 mmHg).

Two subjects (TH3 and TL1) had lobar pneumonia 
on 1 side at the beginning of the study that improved on 
subsequent visits. One subject (TH1) had pneumonia in 
the right lobe on day 7 that was not seen on chest X-ray 
subsequent visits. No pneumonia was detected in the 
chest X-ray of any subject on days 14 and 28 of the visit.

Table  2 and Additional file  1: Figure S2 shows the 
changes in the leukocyte count, lymphocyte fraction, 
ESR, CRP, fibrinogen, IL-6, TNF-α, IL-1β, and IFN-γ on 
days 1, 7, 14, and 28 following infusion. All subjects had 
normal leukocyte counts at baseline and at all study vis-
its, while increased lymphocyte (%) was found in TH3 
on day 28, TL3 on day 7 and day 28, C2 on day 14, and 
C3 on day 28. The ESR slightly elevated in TL1 on day 
28 (30  mm/h), which was consistent with his high level 
of CRP (38.5  mg/L) and fibrinogen (476.1  mg/dL) level. 
Similarly, TH2 and TL3 showed elevated CRP at baseline, 
and C3 showed elevated fibrinogen at baseline.

At baseline, 3 subjects (TH2, TL3, and C2) showed sub-
stantially higher levels of IL-6 that gradually decreased to 
the normal value on day 28. In 2 subjects (TL1 and TL2), 
IL-6 increased on day 28. In the 9 subjects, TNF-α was 
almost normal at baseline and during the study period, 
except for 2 subjects (TH2 and TL2), in whom TNF-α 
increased on day 28. No subject with an increasing 
level of IL-1β was found during the course of the study. 
However, IFN-γ levels were higher than normal values 
in all subjects during the course of the investigation. It 
decreased systematically in 2 subjects (TL2 and C1). A 

subject (TL1) had IFN-γ values on day 28 higher than 
baseline, while an irregular trend was observed in the 
remaining subjects.

Discussion
This phase 1 trial demonstrated that single TH and TL 
infusions of DW-MSCs were safe, feasible, and well-tol-
erated in subjects with low clinical risk COVID-19. No 
major adverse events related to the administration of 
DW-MSCs during infusion and at follow-up visits until 
the end of the study were noted. All clinical parameters 
were also stable during the study in all groups, and 8 sub-
jects recovered successfully without complications. A 
subject from the control group had abnormal liver func-
tion biomarkers until the end of the study period. The 
distribution of baseline characteristics, comorbidities, 
or concomitant treatments between groups was gener-
ally balanced. Patient survival was 100%, and there was 
no discernible difference with respect to clinical outcome 
between the TH, TL, and C groups.

To our knowledge, this is the first randomized con-
trolled clinical trial to show that DW-MSC infusion is 
safe and well-tolerated in patients with low clinical risk 
COVID-19. In our study, only a few TEAEs were related 
to the clinical progress of COVID-19, such as lobar pneu-
monia, maculo-popular rash, or increased blood lactate. 
No signs and symptoms of hypercoagulation such as 
chest pain, shortness of breath, discomfort in the upper 
body, ECG abnormalities, thrombotic multi-organ fail-
ure, or death were observed in subjects, including those 
who received placebo. Our findings were consistent with 
previous reports that the use of MSCs to treat certain dis-
eases in humans has been generally regarded as safe [19, 
20]; a review of MSCs therapy studies found an increased 
risk of fever, but no acute infusion toxicities, infections, 
thrombotic/embolic events, or malignancy [21]. Our 
findings were also in line with the previous phase 1 and 
phase 2a trials of the use of MSCs for ARDS treatment 
(START) [8, 22] and a phase 1 trial using intravenous 
human umbilical cord-derived MSCs infusion in patients 
with moderate and severe COVID-19 that were consid-
ered safe and well-tolerated [15].

Several studies have been conducted on exploring the 
therapeutic efficacy of MSCs in treating patients with 
COVID-19 (Additional file 1: Table S2). Most of the trials 
conducted in this regard are not conclusive, though most 
have reported the safety and efficacy of MSCs. According 
to PubMed database records, only 10 major studies rele-
vant to clinical trials on MSCs have been reported to date 
to treat patients with COVID-19 [15–17, 23–29]. Vari-
able results have been reported in these investigations, 
presumably due to discrepancies in the design of the trial 
and the quality of the cell product.
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Table 2 Laboratory parameters in subjects with/without MSCs infusion on day 1, 7, 14, and 28

CRP C-reactive protein, IL-6 interleukin 6; TNF-α tumor necrosis factor-α, IL-1β Interleukin-1β, IFN-γ Interferon-γ

High dose,  n = 3 Low dose,  n = 3 Placebo,  n = 3

TH1 TH2 TH3 TL1 TL2 TL3 C1 C2 C3

White blood cell, /μL (normal range: 4–10 ×  103/μL)

Day 1 5300 5900 7800 8200 7600 7600 4900 7500 5300

Day 7 4100 7200 7700 7400 8800 5100 4800 7300 7100

Day 14 5700 7700 5900 6800 9200 7900 5300 7000 8900

Day 28 5200 5000 7800 7700 7400 5800 5400 7100 6000

Lymphocyte, % (Normal range: 20–40%)

Day 1 31.5 30.3 43.3 34.2 24.3 28.5 38.2 34.8 44.4

Day 7 31.6 23.7 42.1 34.5 25.2 57.5 40.4 42.9 45.1

Day 14 37.9 27.7 42 44 24.3 39.8 46.3 58.3 24.7

Day 28 38.9 29.8 61.5 38.1 27.3 67.8 40.1 39 53.1

Erythrocyte sedimentation rate, mm/h (Normal range: Male < 10; Female < 20 mm/h)

Day 1 12 8 6 14 12 12 24 6 12

Day 7 14 11 2 15 26 15 17 5 12

Day 14 15 4 2 2 10 10 20 4 15

Day 28 11 2 2 30 16 6 15 4 13

CRP, mg/L (normal range:  < 5 mg/L)

Day 1 0.8 5.2 0.6 0.7 0.2 12.7 0.4 0.8 1.8

Day 7 1.4 0.2 0.3 1.1 1 2.6 0.4 0.8 0.3

Day 14 0.1 0.3 1.9 1.1 3.5 0.5 0.5 0.6 0.2

Day 28 0.1 0.3 0.5 38.5 0.4 1 2.5 1.1 0.5

Fibrinogen, mg/dL (Normal range: 150–375 mg/dL)

Day 1 179 333 222 171 267.5 433.2 282.9 204.6 391.3

Day 7 192 241.6 169.2 181 319.1 319.1 282.9 212.8 288.5

Day 14 253.4 196.9 187.2 165.5 381.9 267.8 277.6 241.6 301.4

Day 28 224.8 232.3 192.6 476.1 249 240.4 253.4 207.5 295.3

IL-6, ng/L (Normal range: 0–16.4 ng/L)

Day 1 35.6 68.1 29 34.3 30.6 125.4 49.3 124.2 36.9

Day 7 10.7 30.6 44.3 26.9 29.4 34.4 64.3 38.1 0.6

Day 14 45.6 15.6 41.8 46.8 19.4 26.2 30.6 8.1 39.3

Day 28 26.9 16.4 23.1 58.1 61.8 20.6 13.2 11.3 18.1

TNF-α, ng/L (normal range: 0–29.4 ng/L)

Day 1 29.6 28.1 19 27.3 27.2 29.6 35.5 33 19.9

Day 7 19.9 23.1 12.6 22.3 24.8 13.4 30.5 27.2 10.9

Day 14 33 13.3 13.8 35.5 15.8 12.8 22.3 19.8 11.4

Day 28 20.7 107.3 19.8 28.1 69.9 16.6 11.8 16.8 19

IL-1β, ng/L (normal range: 0–5 ng/L)

Day 1 0.5 0.5 0.5 0.6 0.5 0.3 0.5 0 0.5

Day 7 0.8 0.3 0.2 1.1 0.5 0 0.1 0.3 0.1

Day 14 0.2 0.2 0 0.3 0.3 0.1 0.1 0.4 0.5

Day 28 0.4 0.1 0.8 0.1 0.1 1 0.1 0.3 0.9

IFN-γ, ng/L (normal range: < 8.1 ng/L)

Day 1 132 148 86 107 104 170 101 179 73

Day 7 86 170 25 123 104 107 86 195 58

Day 14 148 150 17 132 79 51 67 246 29

Day 28 123 30 79 132 19 58 51 33 51
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In terms of the potential benefits of MSCs, the find-
ing by Leng et  al. that the infusion of ACE-2 negative 
MSCs improved outcomes in the 7 COVID-19 patients 
is particularly notable [30]. Another notable recent 
study included 5 COVID-19 patients, 4 of whom were 
in the intensive care unit, and all required an oxygen 
mask; most laboratory values and inflammatory mark-
ers improved noticeably in a time-dependent manner 
during the 15-day observation period [26]. Neverthe-
less, the authors have rightly pointed out the absence of 
a control group as a major limitation of the work.

However, most of these trials were carried out in 
patients with severe COVID-19 in the inflammatory 
phase, and there is no evidence on the effectiveness of 
MSCs in improving the clinical course of patients with 
low clinical risk COVID-19 in terms of faster recovery 
or delay of progression to severity. Furthermore, the 
source and properties of MSCs can provide significantly 
diverse results, making it important to research differ-
ent types of MSCs. With its availability for the industri-
alization of stem cell technology, the DWP710 stem cell 
platform has superior competitiveness and high future 
utilization characteristics. Since 2018, the GLP certifi-
cation institution has assessed the toxicity and tumori-
genicity of DW-MSCs in the human body [31]. Another 
advantage of DW-MSCs is that it allows for the mass 
manufacture of verified quality stem cell therapies since 
it creates stem cells derived from 1 donor cells that 
have undergone stringent quality checks.

During the clinical course, there were no significant 
differences between the 3 study groups based on the 
WHO ordinal scale, NEWS2,  PaO2/FiO2 ratio, or chest 
X-ray data. Based on the duration of viral shedding, 
DW-MSCs did not reduce or enhance any parameter of 
clinical improvements, such as hospital days. Though 
this clinical study offers good support for the safety of 
DW-MCSs at both low and high dosages, a previously 
unknown feature, additional, comprehensive clinical 
studies are required to draw a statistically robust com-
parison between the 3 groups.

In terms of inflammatory state, none of the 3 research 
groups showed any obvious therapeutic benefit. Saleh 
et  al. [26] reported a systematic decrease in various 
inflammatory markers during the clinical course; how-
ever, when compared to the control group, our trial 
did not reflect any substantial therapeutic advantage of 
MSCs. We assume that the use of inflammatory mark-
ers as a criterion for the better clinical course was not 
practicable in our investigation since all or most of the 
subjects presented at the hospital with normal leuko-
cyte counts (4–10 ×  103/μL), lymphocyte percentage 
(20–40%), ESR (20 mm/h), and IL-1 (5 ng/L).

In COVID-19, serum IL-6 is considered to be a physi-
ologically relevant biomarker associated with disease 
progression, and it has been proposed that IL-6 receptor 
blocking medicine could aid in the therapeutic improve-
ment in individuals with severe and critical COVID-19 
[32]. Furthermore, given the various immune-modula-
tory pathways of MSCs, a gradual decrease in IL-6 lev-
els has been proposed to be a biologically valid surrogate 
of treatment success in COVID-19 patients [15]. In our 
study, despite the lack of a comparable analysis due to the 
small number of subjects, most of the subjects demon-
strated a reduction in IL-6 as their condition improved. 
Of note, in our study, the 2 subjects with the highest IL-6 
level showed the most significant drop in the IL-6 level; 
however, one of them was from the control group. The 
cytokine profiles in our study, particularly TNF-α and 
IL-6, were consistent with the previous report that the 
levels of inflammation markers varied even between sub-
jects within the same clinical categories and fluctuated 
dynamically [33].

The most perplexing aspect to interpret was the vari-
ation in IFN-γ levels among groups during the clinical 
course. Most of the subjects had significantly higher lev-
els of IFN-γ even after 28  days. These findings are par-
ticularly noteworthy because interferons are frequently 
touted as a potential treatment modality for COVID-19 
[34], because it inhibits virus replication and stimulates 
cytokine production by T cells [35]. On the other hand, 
persistently high levels of IFN-γ can worsen systemic 
inflammation, increasing tissue injury and organ fail-
ure [36]. Our results contrast with the recently reported 
findings of Saleh et  al. [26], who observed a system-
atic decline in the IFN-γ levels. Notably, Lanzoni et  al. 
also reported a significant decrease in IFN-γ levels after 
MSC therapy; however, in the control group, there was 
no statistically significant trend [16]. Such factors may 
partly explain our results; however, given the limitations 
of the current study as discussed below, we cannot fully 
elucidate the mechanistic aspects of the observed IFN-γ 
levels.

Interpretation of the efficacy of MSCs in this study 
is limited due to the small number of subjects and mild 
symptoms or low clinical risk. Considering the multi-
ple immune-modulatory mechanisms of MSCs, the effi-
cacy may be more feasible in subjects with moderate to 
severe COVID-19 and may be most beneficial for indi-
viduals with high levels of inflammatory cytokines. The 
study needs to take into account disease severity; moreo-
ver, confounding effects cannot be completely avoided. 
Because none of our subjects was in critical condition, a 
direct comparison with previously reported clinical trials, 
which mainly involved patients with severe COVID-19 
infection, is not entirely possible. Clinical trials in severely 
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or critically ill patients are challenging because it is some-
times impossible to determine whether medical occur-
rences are attributable to the underlying critical illness or 
the experimental therapy being evaluated. Our study is, in 
this sense, more controlled than previous studies. More 
studies are needed in a larger group with subjects of vari-
ous clinical severity, with more frequent evaluation, and 
inclusion of more biomarkers that were not measured in 
our study (e.g., ferritin, d-dimer) will certainly improve 
the confidence. Although our study has shown that the 
low and high dose of DW-MSC was safe, it is not clear 
whether this is also safe in subjects with moderate or 
severe COVID-19, as MSC products can express variable 
levels of highly procoagulant tissue factor, compromising 
the hemocompatibility and safety profile of cells.

Conclusions
Our clinical trials have provided reliable results regard-
ing the safety of MSCs in low clinical risk COVID-19 
subjects treated with MSCs. However, further confir-
mation of the therapeutic efficacy aspects of MSC will 
require large-scale randomized controlled trials in sub-
jects with varying severity profiles for COVID-19.
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