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Abstract

Objective Treatment for COVID-19 is still urgent need for the critically ill and severe cases. UC-MSC administration has a
therapeutic benefit for severe COVID-19 patients even in the recovery period. In this paper, we aimed to present our clinical
experience with UC-MSC treatment in severe and critical severe COVID-19 patients.

Methods In this study we evaluated the clinical outcome of severe/critically severe 210 COVID-19 patients treated with
UC-MSCs, 1-2x 10° per kilogram to 210 patients from 15/10/2020 until 25/04/2021.

Results Out of 99 critically severe intubated patients we have observed good clinical progress/discharged from ICU in 52
(52.5%) patients. Where as 86 (77.5%) of 111 severe unintubated patients discharged from ICU. Intubated 47 (47.5%) patients
and unintubated 25 (22.5%) patients pass away. Significantly higher survival was observed in patients who underwent UC-
MSCs before intubation (OR=1.475, 95% CI=1.193-1.824 p <0.001). It was observed that the SaO, parameter tended
to improve after UC-MSC therapy compared to all groups. But SaO, parameter between intubated and unintubated groups
was not statistically significant (p> 0.05), while in discharged cases SaO, parameter was statistically significant (p=0.01).
Besides, there was a statistically significant relation with intubation status, age (OR=3.868, 95% CI1=0.574-7.152 p=0.02)
and weigh (OR=6.768, 95% CI1=3.423-10.112 p<0.001) thus presented an elevated risk for COVID-19. The linear regres-
sion analysis confirmed that the high weight was associated with the risk of intubation in COVID-19 (p =0.001).
Conclusions According to our results and from recent studies, UC-MSC treatment is safe with high potential to be used as
an added therapeutic treatment for severe COVID-19 patients. Our experience showed that UC-MSC therapy may restore
oxygenation and downregulate cytokine storm in patients hospitalized with severe COVID-19. We advice wider randomised
studies to discover the detailed therapeutic pathophysiology of the MSCs on COVID-19 patients.

Keywords MSCs - COVID-19 - Stem cell therapy - SARS-CoV-2 - Cytokine storm - Immunomodulatory effects

Abbreviations ARDS Acute respiratory distress syndrome
COVID-19 Coronavirus Disease 2019 WHO World Health Organization
MSCs Mesechymalstem cells TMPRSS2 Transmembrane Serine Protease 2
UC-MSCs Umbilical Cord-derived mesenchymal RT-PCR Real Time PCR
stem cells ICU Intensive care unit
SARS-CoV-2 Severe Acute Respiratory Syndrome TLRs Toll-like receptors
Coronavirus 2 PAMPs Pathogen-associated molecular patterns
ECM The extracellular matrix
SASP Senescence-associated secretory
P< Nesrin O. Ercelen phenotype
nesrinercelen @gmail.com IL-6 Interleukin 6
' Department of Medical Genetics, Faculty of Medicine, Halig GCSF Granulocyte colony-stimulating factor
University, Istanbul, Turkey IP10 Interferon gamma-induced protein 10
2 Department of Medical Biology, Faculty of Medicine, Halig MCP-1 The monocyte chemoattractant protein-1
University, Istanbul, Turkey MIPla Macrophage inflammatory protein la
3 TNF- o Tumor necrosis factor-alpha

Atigen - Cell Technology Center, Trabzon, Turkey

Geneis, Genetic System Solutions, Istanbul, Turkey

@ Springer


http://orcid.org/0000-0002-1056-960X
http://crossmark.crossref.org/dialog/?doi=10.1007/s12015-021-10214-x&domain=pdf

1918

Stem Cell Reviews and Reports (2021) 17:1917-1925

Introduction

COVID-19 causes fever, cough, respiratory tract inflam-
mation, acute respiratory distress syndrome (ARDS), viral
sepsis and multisystemic disease in which antigens related
to the virus have been detected in most organs [1, 2].

As the virus grew and spread expeditiously in China and
around the globe, the World Health Organization (WHO)
officially declared COVID-19 a pandemic [3]. Currently, no
effective drug alone has been proven to cure patients with
COVID-19 infection. Thus, the virus is still spreading through
population, as of 6 May 2021, there have been 155,506,494
confirmed cases and 3,247,228 deaths. [4]. New therapeutic
strategies are needed to reduce the death rate and to improve
the recovery of patients without side effects. COVID-19 trig-
gers exaggerated and constant cytokine production suggesting
the virus can stimulate a cytokine storm in the lung, which can
also lead to severe organ injury and death [5-7].

The nasal epithelium was discovered to be the principal
site of disease and transmission among people with sugges-
tive and asymptomatic SARS-CoV-2 contaminations [8].
Similar to SARS-CoV, the S protein of SARS-CoV-2 ties
to angiotensin-converting enzyme receptor 2 (ACE2) and
enters cells in a way catalyzed by transmembrane protease
serine 2 (TMPRSS?2) in type II alveolar epithelial cells [8,
9]. The S protein of SARS-CoV-2 for ACE2 is the funda-
mental determinant of the replication rate of SARS-CoV-2
[10]. Regardless of critical advances in supportive treatment
strategies, the incidence and mortality of ARDS stay high
[11].

Stem cells derived from different tissues, such as human
bone marrow, adipose tissue, and umbilical cord tissue
(UC-MSC) have been widely used for regulating immu-
nomodulation by their paracrine effects with different types
of cytokines in autoimmune diseases [12]. According to the
clinical trials in COVID-19 patients, with UC-MSC and
placebo group; an improvement in pulmonary involvement
and a better recovery have been demostrated in patients
with UC-MSC injection [13]. This finding indicates that
UC-MSC administration has a therapeutic benefit for severe
COVID-19 patients even in the recovery period [13-15].
In this paper, we aimed to present our clinical experience
with UC-MSC treatment in severe and critical severe 210
COVID-19 patients.

Materials and Methods
Experimental Design
Intravenous UC-MSCs transplantation was performed on

210 patients followed in ICU and COVID wards. These 210
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patients were clinically heterogeneous and unresponsive to
unique COVID-19 medical treatment algorithms confirmed
with Turkish Ministry of Health (advised clinical treatment).
The patients were enrolled into the supportive treatment
with each family’s signed written consent form, in accord-
ance with the Declaration of Helsinki. The UC-MSC trans-
plantations were performed in several hospitals in Turkey
and approved by ministry of health stem cell commission
(COVID-19) online registration system in 24 h.

Cell Preparation and Transplantation

The clinical grade UC-MSCs were supplied by the Atigen-
Cell Technology Center, Trabzon, Turkey licensed by Turk-
ish Health Ministry. The total number of cell count used was
1-2x 10° cells per kilogram. The cells were prepared for
injection in 100 ml of normal saline. The UC-MSCs were
administered to the patients at a critical stage, when they
did not show any improvement by the recommended clinical
treatment for COVID-19, as to whether the effectiveness of
the cellular treatment on this severe stage of infection and
inflammation could be observed. The cells were infused in
50-60 min with a rate of 2 ml/minute, as described in the
literature [5, 15]. In this study we evaluated the outcome of
the MSC treatment after a single dose of clinical-grade UC-
MSCs (1-2 x 10° cells/kg), intravenously.

Patients

The patients (ages 23—81) were tested by the real-time
Reverse Transcription Polymerase Chain Reaction (RT-
PCR) assay of nasal and pharyngeal swabs and evaluated
when they were first admitted. In case of one of them con-
firmed with COVID-19 infection, the patient was started
with the recommended treatment protocol by the ministry
of health, and a second PCR test was scheduled to hospital.
Patients were excluded from the study if they had a history
of cancer or bacterial and yeast secondary infection. The
patients were enrolled for the supportive UC-MSC trans-
plantation due to their lack of response to advised treat-
ments. Patients were followed in intensive care unit (ICU)
and COVID wards for primary safety and efficacy outcomes
as introduced in previous COVID-19 studies in the litera-
ture, until they were discharged from the hospital or passed
away. All the patients were underwent MSCs transplanta-
tion after the approval by Stem Cell Treatment Comission of
Turkish Health Ministry. This procedure is an active online
protocol between the hospital clinic and Ministry Commis-
sion; followed by clinical doctor’s signed requisation form,
patient representative signed consent and Licenced Stem
Cell Center cell product signed form.
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The cells are carried to the hospitals under the confirmed
“transport protocol” of the Cell Center quality system. Intra-
venous MSC transplantation was performed on 210 PCR
positive severe and critically severe COVID-19 patients
followed in inpatient/ICU, unresponsive to treatment algo-
rithms advised by the Turkish COVID-19 Scientific Com-
mittee. As the 17 patients excluded from the study, they
had a history of cancer or bacterial and yeast secondary
infection.

Statistical Analysis

The findings of this study were evaluated by using the
software IBM SPSS Statistics (IBM Corporation version
20.0 SPSS Inc., Chicago, IL, USA). Quantitative data
were shown as mean (= standard deviation), whereas
categorical data were shown as numbers and percentiles.
When comparing normally distributed continuous vari-
ables between the study groups, #-test was used. Quali-
tative data such as sex, intubated condition, outcome
condition, safety and efficiency outcome were tested by
using the Chi-square statistic. We evaluated the compari-
sion of arterial oxygen saturation (SaO,) before and after
UC-MSC therapy by Paired Sample ¢-test. A multivariate
analysis was performed by the linear regression model.
The model included age and weight as independent vari-
ables and intubation condition was used as a dependent
variable. To determine the risk factor between groups,
odds ratio (OR) and 95% confidence interval (95% CI)

Fig. 1 Participant flow. UC-
MSCs, umbilical cord mesen-
chymal stem cells. *Patients
with cancer, bacterial and yeast
secondary infection were not

were used. A p-value of < 0.05 was regarded statistically
significant.

Results
Participant Flow

COVID-19 infected critically severe and severe patients
were evaluated for this study. Participant flow chart with
enrollment and randomization is shown in Fig. 1. They were
followed with unique COVID-19 medical treatment algo-
rithms confirmed by Turkish Ministry of Health (advised
clinical treatment). Every patient received UC-MSCs
(1-2x 10° per kilogram) on average 6.4 days after being
tested positive. Demographics and baseline characteristics
for enrolled patients are presented in Table 1. 99 critically
severe patients were intubated before the MSC transplan-
tation. All the patients were observed until they were dis-
charged from ICU or passed away.

Recruitment

Patients were excluded from the study if they had a his-
tory of cancer or bacterial and yeast secondary infection, so
excluded 17 out of 227 patients. 210 severe and critically
severe patients recieved UC-MSCs. UC-MSCs derived from
Wharton’s jelly tissue were used in Turkey on 210 severe/
critically ill COVID-19 patients, 47.1% of the patients

Assessed for
eligibility signed
consent (n =227)

included in the study

Excluded*® (n=17){

MSC intubated
group (n =99)

Allocated to UC-

|
Allocated to UC-
MSC unintubated
group (n=111)
[

Good IcIinicaI
progress/discharged
from follow-up post

infusion (n =52)

Lost to follow-up
post infusion (n = 47)

Good clinical
progress/ discharged
from follow-up post

infusion (n= 86)

Lost to follow-up
post infusion (n = 25)

Assigned for Assigned for Assigned for Assigned for
evaluoation of evaluoation evaluoation evaluoation
efficiacy and safety efficiacy and safety efficiacy and safety efficiacy and safety
(n=52) (n=47) (n=86) (n=25)
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Table 1 Baseline characterictics

Characteristics UC-MSC Total (n) P value

of treatment group
Intubated (n=99) Unintubated (n=111)

Sex, n (%) 210 0,64%

Male 74 (74.7%) 79 (71.2%) 153

Female 25 (25.3%) 32(28.8%) 57

Age, mean =+ SD, years 61.22+11.77 57.36+12.00 0,02°

Age range, years 27-83 23-81

Weight, mean +SD, kg 90.63 +12.86 83.86+11.66 <0,001"

In this study, patients who were intubated were in the critical disease category, while patients who were
not intubated were in the severe disease category. COVID-19 disease severity; Mild, moderate, severe and
critically disease. Severe Illness: Individuals who have SpO2 <94% on room air at sea level, a ratio of arte-
rial partial pressure of oxygen to fraction of inspired oxygen (PaO2/FiO2) <300 mm Hg, respiratory fre-
quency > 30 breaths/min, or lung infiltrates > 50%. Critical Illness: Individuals who have respiratory failure,
septic shock, and/or multiple organ dysfunction (3)

Abbreviations: UC-MSC umbilicial cord mesenchymal stem cell, n number of samples

# Pearson Chi-square test
® f-test

were intubated in the ICU and 52,9% of the patients were
unintubated.

Primary Safety Outcome

No adverse effects were observed related to infusion or
allergic reactions, secondary infection, or life-threatening
adverse events in patients, who received UC-MSC transplan-
tation. The treatments were recorded within the predicted
safety levels of UC-MSC transplantation treatments men-
tioned in the previous studies.

Efficacy Outcome

We evaluated patients in two main groups, the first group
involved the patients who were unintubated. The second
group involved the intubated patients. Patients in both
groups were followed-up for at least 2—3 weeks after UC-
MSC injection. We evaluated the patient exit with the clini-
cal condition and comparision of SaO, contributing to the
efficacy outcome after UC-MSC injection.

A total of 210 cases diagnosed with COVID-19 were
studied. 57 patients were female, and 153 patients were
male with mean ages of 56.84 +14.12 and 59.99 + 11.06,
respectively. There was not statistically significant differ-
ence between men and women in the terms of age (p =0.09).
While the mean age of intubated patients is 61.22 +11.77,
the mean age of unintubated patients is 57.36 & 12.00. There
was a statistically significant relation between intubation
status in terms of age (OR=3.868, 95% CI=0.574-7.152
p=0.02). High age is associated with the risk of intuba-
tion in COVID-19. The mean weight of intubated patients is
90.63 + 12.86, while the mean weigh of unintubated patients
is 83.86 +11.66. There was a statistically significant relation
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between intubation status in terms of weigh (OR =6.768,
95% CI1=3.423-10.112 p<0.001) (Table 1). High weight is
associated with the risk of intubation in COVID-19.

It was observed that the SaO, parameter tended to
improve after UC-MSC therapy compared to all groups.
But SaO, parameter between intubated and unintubated
groups was not statistically significant (p>0.05), while in
discharged cases SaO, parameter was statistically significant
(p=0.01) (Table 2).

Out of 99 critically severe intubated patients we have
observed good clinical progress/discharged from ICU in
52 (52.5%) patients. Where as 86 (77.5%) of 111 severe
unintubated patients discharged from ICU. Intubated 47
(47.5%) patients and unintubated 25 (22.5%) patients pass
away. Significantly higher survival was observed in patients
who underwent UC-MSCs before intubation (OR =1.475,
95% CI=1.193-1.824 p<0.001) (Table 3). Besides, exit
status in COVID-19 patients treated with MSCs according
to intubation status was shown that Fig. 2.

In the linear regression model, the dependent variable,
intubation condition was significantly associated with weight

Table 2 Comparision of SaO, before and after UC-MSC therapy

Sa0, Before UC- After UC-MSC therapy P value?®
MSC therapy

Intubated 90.05+6.49  90.34+5.95 0.35

Unintubated ~ 92.47+4.52  92.76+4.52 0.16

Discharged 92.09+547  92.63+4.81 0.01%*

Total 91.34+5.64 91.63+5.40 0.11

Paired Sample ¢ Test. Values are included as mean = standard devia-
tion

Abbreviations: SaO, Arterial oxygen saturation, UC-MSC umbilicial
cord mesenchymal stem cell



Stem Cell Reviews and Reports (2021) 17:1917-1925 1921
Table 3 Outcomes of patients Intubated condition Discharged / Treat- Death n (%) Total n (%) P value?®
who ur}derwent [.JC—MS.C ment Continues 7 (%)
according to the intubation
condition <0.001*
Intubated 52 (52.5%) 47 (47.5%) 99 (100%)
Unintubated 86 (77.5%) 25 (22.5%) 111 (100%)
Total 138 (61%) 72 (39.0%) 210 (100%)
Abbreviations: n number of samples, UC-MSC umbilicial cord mesenchymal stem cell
# Pearson Chi-square test. Values are given as the number of subjects (n) and percentages (%)
*(OR=1.475,95% CI=1.193-1.824 p <0.001)
Exit thus far shows that COVID-19 is highly heterogeneous,
100 . . . .
.::::‘"s ranging from being asymptomatic and mild to severe and
M Discharged causing death. Host factors including age, sex, and comor-

COVID-19 Patients

Unintubated Intubated

Intubated Condition

Fig.2 Exit status in COVID-19 patients treated with MSCs according
to intubation status

Table 4 Linear regression analysis of risk factors for the COVID-19

Independ- B Std. Error Stand- P value 95% CI for B
ent vari- ardized

ables Beta

Years 0.004 0.003 0.089 0.208  (-)0.002-(-)0.009
Weight 0.010 0.003 0.247 0.001  0.004-0.015

Dependent variable: Intubated condition

(»=0.001). The linear regression analysis confirmed that
the high weight was associated with the risk of intubation in
COVID-19 (Table 4).

Discussion

COVID-19 causes fever, cough, respiratory tract inflam-
mation, acute respiratory distress syndrome (ARDS), viral
sepsis and multisystemic disease [1, 2]. Clinical experience

bid conditions are key determinants of disease severity and
progression. Aging itself is a prominent risk factor for severe
disease and death from COVID-19 [16]. In our study, A total
of 210 cases diagnosed with COVID-19 were studied. 57
patients were female, and 153 patients were male with mean
ages of 56.84 +14.12 and 59.99 + 11.06, respectively. There
was not statistically significant difference between men and
women in the terms of age (p=0.09). While the mean age of
intubated patients was 61.22 +11.77, the mean age of unin-
tubated patients was 57.36 + 12.00. There was a statistically
significant relation between intubation status in terms of age
(OR=3.868, 95% CI1=0.574-7.152 p=0.02).

Popkin et al. shown in meta-analysis that individuals with
obesity were more at risk for COVID-19 positive, >46.0%
higher (OR =1.46; 95% CI, 1.30-1.65; p <0.0001); for hos-
pitalization, 113% higher (OR =2.13; 95% CI, 1.74-2.60;
p<0.0001); for ICU admission, 74% higher (OR =1.74;
95% CI, 1.46-2.08); and for mortality, 48% increase in
deaths (OR=1.48; 95% CI, 1.22-1.80; p<0.001) [17]. In
our study, while the mean weight of intubated patients was
90.63 +12.86, the mean weigh of unintubated patients was
83.86 +£ 11.66. There was a statistically significant relation
between intubation status in terms of weigh (OR=6.768,
95% CI=3.423-10.112 p<0.001). In the linear regression
model, the dependent variable, intubation condition was
significantly associated with weight (p=0.001). The linear
regression analysis confirmed that the high weight was asso-
ciated with the risk of intubation in COVID-19.

Mesenchymal stem cells are considered to have exten-
sive clinical application possibilities, including ARDS
[18]. MSCs have broad bioactivities, including repair,
immunomodulation, increased alveolar fluid clearance, and
regulation of pulmonary vascular endothelial permeability
[19]. MSCs have a wide range of sources, such as the bone
marrow, umbilical cord, adipose tissue, amniotic membrane,
and several other tissues [20]. MSCs from different sources
have significant similarities, such as being adherent and
teardrop- or spindle-shaped [21]. MSCs have the upsides
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of self-renewal, multidirectional differentiation, and immu-
nomodulation towards suppressing proinflammatory factors.
In Accord with these findings, it has been shown that stem
cells from the placenta and human umbilical cord showed
decreased lung tissue damage in mouse bleomycin models
[22]. In clinical setting, immunomodulatory properties of
MSCs have been shown in numerous pathological condi-
tions, e.g., bronchopulmonary dysplasia, asthma, acute lung
injury, chronic obstructive pneumonic illness, idiopathic
aspiratory fibrosis [23, 24]. Studies suggest that MSCs from
different sources have different levels of immunoregulatory
efficiency. Najar and his colleques revealed in their study
that Warton Jelly derived MSCs were found to be the most
effective in immunomodulation [25].

Toll-like receptors (TLRs) family has a crucial activity in
the innate immune system for the recognition of pathogen-
associated molecular patterns (PAMPs), starting primary
reaction to pathogens and helping to recognise virus, bacte-
ria, protozoa, and fungi; and are commonly associated with
chronic inflammatory and autoimmune diseases [26]. TLRs
play an important role in immunomodulation by cell-to-cell
contact and MSC-secreted soluble factors [27, 28].

It has been reported that some patients who survived acute
phase of ARDS due to COVID-19 die afterwards due to pro-
gressive pulmonary fibrosis [29]. Disproportionate activation
and proliferation of myofibroblasts results in deposition of the
extracellular matrix (ECM) components which deteriorates
functions of related tissues and fibrotic states are estimated to
contribute to almost 50% of mortalities in the developed world
[30]. During inflammatory phase of ARDS, dysregulation and
overproduction of matrix metalloproteinases could occur and
lead to a complex combination of epithelial and endothelial
damage, thus uncontrolled fibrosis [31].

Overactive secretion of pro-fibrotic growth factors,
chemokines and procoagulant mediators are collectively
referred as senescence-associated secretory phenotype
(SASP) factors. Secretion of these mediators trigger progres-
sive and excessive activation of epithelial cells characterized
by dysregulated crosstalk between epithelial cells and mes-
enchymal cells. Consequent accumulation and activation of
myofibroblasts affect the crosstalk between fibroblasts and
epithelial cells to exhibit markers of stress and senescence
which in turn lead to resistance to apoptosis and excessive
production of extracellular matrix components [32, 33].

Inflammation in lung tissue results in alveolar pneu-
mocyte damage and resultant fibroblast activation triggers
pulmonary fibrosis through myofibroblast differentiation
which might proceed for a long time [34]. Darwish et al.
have shown that umbilical cord derived MSCs (UC-MSCs)
have the potential to alleviate HSN1 infection induced acute
lung injury. Inflammatory cytokine profiles seen in HSN1
infection is similar to COVID-19 such as high levels of IL-6,
GCSF, IP10, MCP-1, MIP1 «, and TNF-« [6, 35, 36]. These
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inflammatory cytokines can activate MSCs to secrete immu-
nosuppressive factors consisting of IDO, TSG6, NO, IL-10,
CCL2, galectins, PGE2, and TGF-p and then modulating
tissue homeostasis [37].

In recent studies clinical improvement was observed in
severe COVID-19 patients, shortening the ICU stay [13, 14].
In a proof-of-concept study significant benefit of laboratory
prognostic markers was evaluated consistent with other
study findings in COVID-19 patients who had received
MSCs transplantation [15, 38]. In another clinical trial with
randomised, double-blind, placebo-controlled of phase
2 were done on 100 severe COVID-19 patients with lung
damage. They were randomly assigned to receive either UC-
MSCs 4 x 107 cells per infusion to 65 patients or placebo (35
patients) on day 0, 3, and 6. It was shown that UC-MSCs
treatment is safe and have promissing reatment potential for
COVID-19 patients. Improvement in whole lung lesion vol-
ume were reported with a better recovery rate compared to
the placebo group [13].

Important pathological hallmark of COVID-19 in pul-
monary vasculature is pulmonary hypertension as a part
of systemic endothelial dysfunction [39, 40]. Endothelial
dysfunction and damage explain most of the pathological
processes triggered and involved in COVID-19 and mesen-
chymal cells seem to be promising agents to alleviate such
widespread cellular damage [41, 42].

Despite ever increasing number of studies, randomized
controlled multicenter clinical trials are certainly needed to
achieve standardization of MSC therapy protocols for cell-
based treatments in COVID-19 [5, 15, 43-45].

This study was investigated the impact of UC-MSCs ther-
apy in 210 patients with COVID-19 (99 patient with criti-
cally severe, 111 patients with severe clinical symptoms).
Patients were followed after by pulmonary function and
clinical symptoms after the injection. Patients were observed
for 2-3 weeks after MSCs transplantation. In our study we
have revealed a clinical success rate of 61% in UC-MSC
transplanted severe/critically severe COVID-19 patients.
We have also observed that the response to MSC treatment
is more accurate in severe patients during early stages of
cytokine storm than the patients who were entubated and
had lung incury due to the hyperimmunity tissue destruc-
tion. The results showed that significantly higher survival
was observed in patients who underwent UC-MSCs before
intubation (p <0.001).

Here we could discuss about the two phases of UC-MSC
treatment in COVID-19 disease due to the clinical aspects
we have observed in these patients. In this study, severe
patients who were unintubated were in the Phase I, while
critical patients who were intubated were in the Phase II.
In Phase I, we assume to alleviate the cytokine storm in
severe COVID-19 patients with MSC transplantation. The
immunmodulatory efficacy of MSCs has been revealed in
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many studies [7, 12, 46]. In this period of the disease, we
could conclude to achieve a beneficial result of the UC-
MSC treatment by a proven pathway of immun regulation.
We could recommend one iv MSCs dose in the literature as
1-2x 10%kg as effective for phase I COVID-19 patients [46].
Phase II (supportive treatment for organ recovery): Here we
could comment on the treatment mechanism of the MSCs
as a supportive treatment for original healing of the alveolar
epithelial cells in critically severe COVID-19 patients. This
may be achieved by anti inflammatory/antifibrosis supportive
effect of MSCs which was determined in various studies [5,
6, 35, 36]. Anti inflammatory supportive effect provides to
increase oxygenation in destroyed tissue, which gaines time
for patient organ recovery. In our study, it was observed that
the SaO, parameter tended to improve after UC-MSC therapy
compared to all groups. Especially, in discharged cases SaO,
parameter was statistically significant (p=0.01).

UC-MSCs supportive treatment as prevention of fibrosis,
which is seen in the COVID-19 patients as a disease compli-
cation is vital. We have scientific evidence that the acceler-
ated regenerative original tissue healing may be achieved with
MSC:s treatment, but this may take some time not less than a
couple of weeks, which was explored in many studies [47].

Conclusion

In the first stage of COVID-19 disease, alleviate UC-
MSC transplantation is concluded as effective to allevi-
ate the cytokine storm by immune regulation which leads
improvement in patient clinical outcome. In the second
stage of the disease, MSCs transplantation is evaluated
as to increase oxygenation in mostly undamaged lung tis-
sue by an anti-inflammatory effect. However, this effect
does not occur constantly. In this condition we may advice
repeated multiple doses supporting patient treatment.

In intubated COVID-19 patients with lung or organ
injuries we may possibly support the original tissue heal-
ing by MSCs transplantation in long term follow up, but
the dose and clinical application protocol is much different
from the treatment protocol than we use in phase I. We
could recommend single iv infussion with 1-2x 10° cells/
kg in phase I. Thus, we have observed that repeated doses
may be recomended in phase II patients with tisuue injury
for an ongoing healing support by mostly anti-inflamma-
tory and immunregulatory effect. The dose and the appli-
cation intervals could be experienced by each patient’s
clinical response to the treatments.

Immunomodulatory/anti-infamatory and regenerative
properties of UC-MSCs have demonstrated promising out-
comes on numerous pulmonary disease states. Administra-
tion of UC-MSCs to COVID-19 patients has been shown
to be well tolerated and safe without any detectable side

effect. In the literature so far even patients with severe
COVID-19 and pulmonary inflammation have demon-
strated better rates of clinical outcome. UC-MSCs have
the potential to alleviate inflammation and cytokine storm
in COVID-19 patients, together with reducing pulmonary
fibrosis processes. Still randomized clinical trials are
needed to assess the exact mechanisms of action to deter-
mine the best route of application/dosage to enhance short-
and long-term UC-MSCs therapeutic outcome.

We advise urgent randomised multicenter studies to
evaluate the clinical experience achieved in our clinics and
to discuss the mechanisms for the MSCs teatment strate-
gies which we could have revealed some basic facts of the
literature related by MSCs treatments.
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