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ABSTRACT

In 2020, we suggested that umbilical cord-derived mesenchymal stem cell (UC-MSC) transplanta-
tion can significantly improve coronavirus disease 2019 (COVID-19) symptoms based on evidential
relations (10.4252/wjsc.v12.i8.721). One year later, this review aims to summarize and update the
clinical evidence regarding UC-MSC usage in COVID-19 treatment. The publications on applica-
tions of UC-MSCs were searched in the PubMed, Web of Science, and Google scholar databases
with the keywords ““umbilical cord-derived mesenchymal stem cells" and “"COVID-19". All publi-
cations about clinical studies, from case reports to randomized controlled trials (RCTs), were used
as clinical evidence in this review. The results showed 16 publications (4 randomized clinical tri-
als, 3 pilot studies/phase 1 clinical trials, 3 case series reports, and 6 case reports) with a total of 395
COVID-19 patients that were provided with UC-MSC transplantation. All publications demonstrated
that UC-MSC transplantation is safe, well tolerated, improved COVID-19 symptoms, and significantly
decreased mortality. These findings support our suggestion for the usage of off-the-shelf UC-MSCs
for COVID-19 as an adjuvant therapy.
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INTRODUCTION

Coronavirus disease 2019 (COVID-19) is a new pan-
demic that has affected hundreds of millions of people
worldwide. As of August 2021, more than 200 million
people were confirmed as positive for severe acute res-
piratory syndrome coronavirus 2 (SARS-CoV-2), and
more than 4 million people had died due to the disease
this virus (COVID-19) caused !. Affected patients are
characterized by typical pneumonic symptoms such
as fever, cough, and shortness of breath. COVID-19
patients with comorbidities tend to be more affected
by this disease and have a higher mortality rate?™
than children and young people.

The current therapies for COVID-19 treatment are
antiviral drugs, dexamethasone, anti-inflammatory
drugs, convalescent plasma therapy, and even medic-
inal plants>8. Indeed, most COVID-19 patients are
now treated symptomatically. Other methods related
to mechanical ventilation are also used in case of se-
vere respiratory distress in some patients>!?, Cur-
rently, many therapies are being developed to effec-
tively treat and manage COVID-19, one of which is
stem cell therapy.

Based on the pathophysiology of COVID-19 and bi-
ological characteristics of mesenchymal stem cells

(MSCs), these cells have been used at an early clin-
ical stage in some clinical trials to treat severe and
critical COVID-19 patients!!. MSCs are the most
frequently isolated adult stem cells from various tis-
sues in the body. In contrast to embryonic and other
adult stem cells, MSCs are easily isolated and can
be expanded substantially with various automatic cell
culture factory systems; therefore, MSCs based on
stem cell drugs (off-the-shelf stem cells) have been de-
veloped and commercialized since 2012'%13, MSCs
can participate in disease treatment and management
through at least three mechanisms: immune modu-
lation, multilineage differentiation, and regeneration
triggering through their cytokines!4. Hence, MSCs
are clinically used to treat various diseases, from au-
toimmune conditions to vascular regeneration. More
interestingly, in contrast to other stem cells, MSCs ex-
press HLA to only a small degree and have low im-
munogenicity; therefore, they can be used in allogenic
transplantation without HLA matching 116,

Although MSCs can be isolated from various tis-
sues, such as bone marrow, adipose tissue, periph-
eral blood, the potency of MSCs from different
sources has been found to vary!”1. In compar-
ison to bone marrow-MSCs (BM-MSCs) and adi-
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pose tissue-derived MSCs (ADSCs), umbilical cord-
derived MSCs (UC-MSCs) display the strongest im-
munomodulation!”. Based on early evidence of the
usage of MSCs in COVID-19 treatment!! and from
published clinical usages of UC-MSCs in chronic ob-

structive pulmonary disease (COPD) 20

nesses2!723, we have suggested the usage of off-the-
shelf UC-MSC products for COVID-1914. This re-

view aims to outline the opinions based on pooled

and septicill-

published clinical evidence regarding UC-MSC trans-
plantation in COVID-19 patients.

PUBLICATIONS ON UC-MSC
TRANSPLANTATION FOR COVID-19
PATIENTS

Sixteen publications involved the use of UCMSC
transplantation to treat COVID-19 patients, includ-
ing 4 randomized clinical trials (110 patients), 3 pilot
studies/phase 1 clinical trials (52 patients), 3 case se-
ries reports (227 patients), and 6 case reports (6 pa-
tients). Thus, to date, 395 COVID-19 patients have
been infused with UC-MSCs. In addition, there are
eight publications from China, two from Turkey, and
one from Iran, the Philippines, Brazil, Indonesia, the
USA, and Italy (Table 1,Table 2).

Table 1: Publications on UC-MSC transplantation for
COVID-19 patients

Kinds of No Total patients Adverse
clinical study  of treated with effects
studies UC-MSCs

Randomized 4 110 0
clinical trial

Pilot 3 52 0
study/Phase

1 clinical

trial

Case series 3 227 0
report

Case report 6 6 0
Total 16 395 (1]
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Table 2: Summary for published clinical studies of UC-MSC transplantation for Covid-19

years old),
critically ill
patient

of infusions per round for 2
rounds; 40 drops/min for 40 - 50
min

care unit (CCU) for 20 days; most of vital signs and
clinical lab recovered to normal range; IL-6 significant
reduced after UC-MSC transplantation.

No Year  Kind of study No of patients  Follow- Interventions Efficacy Country Ref
up time
1 2021 Single center 12 patients in 28 days 2 x10° fresh UC-MSCs/kg, sus-  100% (12/12) patients in the treatment group im- China >
open label, UC-MSC,29in and pended in 100 mL of normal proved, discharged, no invasive ventilation, 0% mor-
individually control follow- saline and infusion in 1 hour tality; 4 patients in the control group went to invasive
randomized, up to 3 ventilartion, 3 of them died, 10.34% mortality; CRP and
standard months IL-6 clearly reduced in the treatment group from day 3;
treatment for lung chest CT scanning showed that absorption of lung in-
controlled trial function flammation was faster in the treatment group compared
recovery to the control group.
2 2021 Pilot study 12 patients in 16 days 10° UC-MSCs/kg; cells sus- 1/12 patient in treatment died (not related to MSC in- ~ China 2
with control, treatment; and for effi- pended in 100 mL of normal fusion); the biomarkers of CRP, IL-6, TNF-alpha were
not randomly 12 patients in cacy and saline, infusion with 60 drops no significantly after UC-MSC infusion; 11/12 patients
conventional 60 days per minutes for 30 min with MSCs improved the CT images for lung imflam-
therapy (alone)  for safety mation.
3 2021 Case series 210 patients 2-3 wks 1 - 2 x10% UC-MSCs/kg, sus- SpO, improved after transplantation in both groups of ~ Turkey ~2°
(99 patients pended in 100 mL of normal intubated and unintubated. But there was not statsiti-
with intubate, saline, infused with rates of 2 cally sigificant between 2 groups; 52.5% (52/99) (crit-
and 111 mL/min in 50 - 60 min ical illness); 86/111 (77.5%) (serve illness) were good
unintubated) progress/discharged from ICU; 47/99 (47.5% critical),
22.5% (25/111 severe) died.
4 2021 Case report 1 patient (66 28 days 10° fresh UC-MSCs/kg, 3 times  After 2"round of UCMSC, patients stayed in critical ~China 26

Continued on next page
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Table 2 continued
No Year  Kind of study No of patients  Follow- Interventions Efficacy Country Ref
up time
5 2021 Case report 1 patient (69 8 days 1.1 x10° freshly thawed UC- Clinical findings showed that improvement of the in-  Italy 2
years old) MSCs diluted (1:1) with final vol-  flammatory, respiratory, thrombotic, and renal param-
ume of 50 mL, intravenous infu-  etersafter 2 and 8 days after MSC infusion; IL-1beta, IL-
sion for 30 min 1RA, IL-6 and TNF-alpha reduced after 2 days of MSC
infusion.
6 2020 Phase 1, Clini- 18 patients 14 days 3 x107 fresh UCMSCs per each  All patients (18/18 patients in both treatment and con- ~ China 28
cal trial with 9 patients infusion, for 3 times on day 0, 3  trol) were discharged from hospital; the duration from
in treatment and 6. The total vol in UC-MSCs  admission to discharge in both groups was same; TNF-
group, 9 was 60 mL. alpha, MCP-1, IP-10, IL-22, IL-1RA, IL-18, and MIP-1
patients in control levels reduced in the treatment group within 14 days.
7 2021 Randomized, 66 patients 28 days 4 x107 UC-MSCs/100 mL/dose, ~Chest CT examination at baseline, day 10 and day 28; ~China  2°
double-blind, in treatment cool preservation (8 - 12 °C) after 28 days, solid component lesions were differently
placebo- group, shipping less than 6 h; each pa-  significant in MSC and placebo groups; the decrease in
controlled 35 patients in tient on day 0, 3, and 6 (3 doses)  the ground-glasslesions in MSC group than the placebo
phase 2 trial placebo group but not statistically different; there was not sig-
nificant differences in subsets of CD4™" T cells, CD8' T
cells, B cells and NK cells; and plasma marker (IL-6, IL-
8, IFN-v, IL-1Ra, IL-18, MCP-1, MIP-1¢, and IP-10)
between 2 groups.
8 2021 A double- 24 patients (12 31 days 80 - 120 x10° freshly thawed UC-  No serious adverse events (SAEs) were observed in ~ USA 20
blind, phase in treatment, 12 MSCs/infusion, prepared in 50 group of UC-MSC transplantation; Inflammatory cy-

1/2a random-
ized controlled
trial

in control)

mlL; infusion from 5-15 mins, at

day 0 and day 3 (2 doses)

tokines were significantly decreased in UCMSC at day
6; UC-MSC transplantation significantly improved pa-
tient survival (91% versus 42% in control); time to re-
covery is reduced compared to control.

Continued on next page
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Table 2 continued
No Year Kindofstudy  No of patients  Follow- Interventions Efficacy Country Ref
up time
9 2021 A randomized 40 patients (20 45 days 10% fresh UC-MSCs/kg in 100  Survival rate in UC-MSC group was 2.5 times higher ~ Indones 3!
controlled trial  in treatment, 20 mL saline than that in the control; UCMSC administration in-
in control) creased the survival rate by 4.5 times compared to con-
trols; UCMSC significantly decreased IL-6 compared to
control.
10 2021 Case report 1 (51 year old) 120 days Three infusions with 500.000 The cretinine, TGO, ferritin, D-dimer, and CRP de- Brazil 32
fresh UC-MSCs/kg each infusion  creased; the increase in absolute number of total Iym-
in combination with 2 infusions phocytes (CD4, Treg T cells); plasmablasts decrease;
of 400 mg of Tocilizumab. CT image showed ground-glass opacities associated
MSCs were diluted in 30 mL of  with crosslinking and subpleural lines, predominantly
saline supplemented with 20%  peripheral and basal at the beginning of treatment with
HAS, 5% ACD, infused at 5 an increase in D14, completedly regression in D120.
mL/min.
11 2020 Pilot study 31 patients NS 10 fresh UC-MSCs/kg, sus- 96.8% (30/31) patients became negative after 10.7 China B2
(media age: 70 pended in 100 mL normal saline  days; laboratory parameters (lymphocyte count, CRP,
years) 11 patients with single infusion;  procalcitonin level, IL-6, D-dimer level, PaO2/FiO2)
9 patients with 2 infusions; 11  were significant improved compared to before applied
patients with 3 infusions UCMSC therapy; 96.8% (30/31) Sars-CoV-2 clearance,
87.1% (27/31) discharged, 12.9% (4/31) death.
12 2020 Case report 1 patient (65 NS 3 infusions with 5 x107 freshly =~ Most laboratory indexes and CT images showed remis- ~ China 3%
year old) thawed UC-MSCs per infusion sion of the inflammation sympton, patient was trans-

with 3-day interval together with
thymosin alpha 1 and antibiotic
daily injection

ferred out ICU and negative with virus 4 days later.

Continued on next page
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Table 2 continued

No Year  Kind of study No of patients  Follow- Interventions Efficacy Country Ref
up time
13 2020 Case report 1 patient (72 NS 2 doses of 0.7 x10° UC-MSCs/kg ~ After MSC transplantation, the need for inotropic ~ Turkey 3%
year old) for intravenous infusion, 0.3 x10° agents started to disappear, acidosis, electrolyte imbal-
cells/kg intratracheal with 4 units  ance and hypoxemia started to improve, CRP level re-
of heparin, with 5 day interval gressed; on day 19, lung chest X-ray showed slight re-
gression of the ground-glass imaged infiltration in the
middle right lung periphery, and signigicant regression
in the low density infiltrations in the lower right ling
and lateral left lung.
14 2021 Case series 11 patients NS 4 doses of 0.5 x10° fresh UCM-  100% patients CRP decreased; all patients with 4 doses ~ Phillipir 3¢
SCs/kg in 100 mL D5LR per dose  decreased cytokine levels (IL-6, IL10, IFN-gamma,
onday 1, 3, 5, and 7 with duration ~ TNF-alpha).
40 mins (40 drops/min) for 9 pa-
tients; 1 patient with 2 doses (be-
cause UC-MSCs expired), 1 pa-
tient with 1 dose (developed ar-
rhythemia)
15 2020 Case report 1 patient (75 68 days 3 doses of 5 x107 cells per dose, ~Symptons related to Covid-19 improved after 30 days ~ China 37
year) interval 3 days, suspended in 100  of MSC transplantation; after 13 days of transplanta-
mL saline, 40 drops/min tion, CT image showes that pneumonia infiltration was
suppressed; IL2, IL4, IL6, IL10, TNF-alpha and IFN-
gamma significant decreased.
16 2021 Case series 11 patients 60 days 3 doses of 200 x10° freshly 6/11 survived, 5 in 6 patients significantly improved — Iran B

thawed UC-MSCs/infusion for
each other day, IV, 50 drops/min,
for 30 - 45 min; 6 patients with
washed freshly thawed UC-
MSCs, 5 patients with fresh
placenta MSCs

and discharged from ICU on 2 - 7 days after infu-
sions; proinflammatory cytokines (IL-9, TNF-alpha,
CRP) significant reduced; lung CT were available after
therapy in 3 survived cases; 2/3 patients showed signif-
icant resolution of opacities.

NS: Non-stated, UC-MSCs: Umbilical cord derived mesenchymal stem cells, CRP: C-reactive protein
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ADVERSE EFFECTS AND SAFETY OF
UC-MSC TRANSPLANTATION IN
COVID-19 PATIENTS

In 395 patients infused with UC-MSCs in 16 publi-
cations, 3 patients reported side effects, where 2 pa-
tients had side effects at the first infusion and 1 pa-
tient had side effects at the third infusion. 1 patient
noted facial flushing within 4 h after UC-MSC infu-
sion and was relieved within 24 h; 1 patient had tran-
sient fever that was no more than 38 °C within 2 h af-
ter UC-MSC transplantation and was relieved within
24 h; 1 patient reported hypoxemia that occurred 12
h after UC-MSC transplantation, although this ef-
fect was considered to be a progression of COVID-
19, and the patient recovered after humidified high-
flow nasal cannula oxygen therapy?8. Hashemian et
al. (2021) reported that 2 (of a total 11) patients in
their study developed shivering in the first infusion
that did not develop further in the 2 and 3’ infu-
sions38. However, both patients were recorded in the
group of placenta-derived MSCs, not in the UC-MSC
group38,

Feng et al. (2021) conducted an open-label random-
ized trial in 12 patients following hospital discharge
for 3 months to evaluate UC-MSC transplantation’s
safety and showed that intravenous transplantation
of UC-MSCs accelerated partial pulmonary function
recovery and improved health-related quality of life
(HRQL) without any side effects detected®. Simi-
larly, Hashemian et al. (2021) followed-up 12 patients
with UC-MSC transplantation for 60 days and found
no allergic reactions or SAEs during this time 38,
These results suggested that UC-MSC transplanta-
tion in COVID-19 patients is safe, and without se-
Although these UC-MSC trans-
plantation findings for COVID-19 patients are early

vere side effects.

and primary results, some published works that used
UC-MSCs in other diseases supported the safety of
UC-MSC transplantations over the longer term. In
a study using UC-MSC transplantation for rheuma-
toid arthritis (RA), Wang et al. (2019) showed that
UC-MSC treatment is safe after three years of UC-
MSC transplantation through routine blood analyses,
liver and kidney function, and immunoglobulin ex-
aminations4?. In another study, Wang et al. (2017)
also demonstrated that UC-MSC infusions with two
doses in systemic lupus erythematosus are safe with
no changes in peripheral red/white blood cell count
and platelet number after being followed-up for six
years*!, The safety of high-dose UC-MSCs was eval-
uated in 2020 by Chin et al. The authors compared
the safety and anti-inflammatory nature of UC-MSCs

4589

at two doses (65 and 130 x 10%cells/infusion as low
and high doses, respectively) in healthy volunteers,
and all groups were followed up for 6 months. All
subjects in both groups tolerated the doses well with-
out any adverse reactions. After 6 months, subjects
in the high-dose group displayed significantly higher
anti-inflammatory markers and lower proinflamma-
tory markers than subjects in the low-dose group“2.
In severe sepsis patients, He et al. (2018) showed that
a single high dose of UC-MSCs (3 x 10° cells/kg) is
safe and well tolerated 43.

THERAPEUTIC EFFECTS OF UC-MSC
TRANSPLANTATION IN COVID-19
PATIENTS

All 16 published studies concluded that UC-MSC
transplantation is beneficial in treating subjects with
COVID-19 respiratory distress syndrome. Clinically,
UC-MSC transplantation could significantly reduce
the mortality ratio. The results from 4 RCT studies
with a control (conventional treatment) showed that
UC-MSC transplantation helped considerably reduce
mortality >3, For example, in the RCT study by Lei et
al. (2021), there was a 0% (0/12) death rate, whereas
in the control, there was a 10.34% (3/29) death rate”.
In another RCT study, Dilogo et al. (2021) reported
a survival rate of the UC-MSC transplantation group
that was 2.5 times higher than in the control3!. In a
recent RCT study, Lanzoni et al. (2021) also showed
that UCMSC transplantation significantly improved
patient survival by 91% in the transplanted group
whilst only displaying an improvement of 42% in the
control 30

The UC-MSC transplantation significantly reduced
the time for recovery compared to the control. For
example, Lei et al. (2021) showed that the time for re-
covery in the treatment group was 6 days compared
to 12 days in the control>. Furthermore, Lanzoni and
colleagues (2021) reported that the time for recov-
ery was also reduced in the UC-MSC transplantation
compared to the control 3,

Lung inflammation was found to be significantly re-
duced in UC-MSC transplantation compared to a
control according to lung imaging (CT or X-ray)
Chest CT scan-
ning showed that absorption of lung inflammation

and biochemical laboratory tests.

was faster in the treatment than control>?%. After 28
days of treatment, solid component lesions were sig-
nificantly different in MSC and placebo groups; there
was a decrease in ground-glass lesions in the MSC
vs. placebo group, but this difference was not statis-
tically significant?. In some case reports, the UC-
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UC-MSC products
in introgen liquid

Rapid thawing
UC-MSC products

Inclusion criteria

- Respiratory distress rate > 30 times/min
- Sp0; < 94%

- PaO,/FiO, ratio < 300 mmHg

40 - 50 drops per
min in 45 - 60 min

il

UC-MSCs diluted in
saline, 10% HSA

Cryovial

—)

Figure 1: Suggested protocol for UC-MSC transplantation in Covid-19 treatment. UC-MSC off-the-shelf stem
cell products are rapidly thawed in waterbath, then these samples are diluted in 50 — 100 mL of normal saline
supplemented with 10% HSA in 50 — 100 mL. These products are intravenously infused to the patients with 40 —
50 drops per min over 45 — 60 min. https://doi.org/10.6084/m9.figshare.16727437.v1

MSC transplantation also improved lung inflamma-
tion based on lung CT images 3>343%38, The labora-
tory tests showed that almost all patients treated with
UC-MSC transplantation had decreased CRP, IL-6,
and TNF-q >26-28:31 31 this reduction could be de-
tected early in days 2 - 3 post-transplantation [31,
40] or later at 7 - 14 days post-transplantation 2628,
(2021) showed that although
there were significant improvements in symptoms,
the biomarkers of CRP, IL-6, and TNF-o were not
significantly reduced after 1 - 3, 5 - 8, and 12 - 16
days following UC-MSC infusion?* in a study of 12
patients.

DOSES OF UC-MSCS, TREATMENT
EFFICACY, AND
ANTI-INFLAMMATORY ACTIVITY
Through obtaining information from 16 publications

that detail the application of UC-MSCs for COVID-
19, two methods are employed to determine the UC-

However, Wei et al.

MSC dose for transplantation. Six publications used
the total cell numbers per patient, with similar num-
bers for each study’s patients, whereas ten publica-
tions determined the dose of UC-MSCs based on the

patients’ body weight. Based on the cell count per pa-
tient, the lowest dose was reported as 40 29 and the
highest 60038 x 10° cells/patient. In the case of a high
dose, almost all studies shared cells into 2 - 3 infu-
sions with 3-day intervals. In a second approach, the
cell dose was calculated based on body weight, with
the lowest dose approximately 10° cells/kg of body
weight 243133, Almost all studies used doses from 1 -
2x10° cells/kg with a single infusion. In some case re-
ports, patients could receive 2 - 3 infusions so that the
total cells per patient did not exceed 6 x 109 cells 26:36,
With these doses, all patients showed significantly im-
proved clinical signs and reduced mortality. How-
ever, there is currently insufficient data to analyze the
dose-dependent effects of UC-MSCs in COVID-19
patients. In a previous study, Chin et al. (2020) found
that at a dose of 130 x 10° cells of UC-MSC per infu-
sion, the anti-inflammatory effect was better than at
a dose of 65 x 10° cells in healthy volunteers until six
months post-transplantation 2. From 16 of the most
recent publications, one study discussed 12 patients
treated with UC-MSCs; although the clinical observa-
tions were improved, anti-inflammatory biomarkers
(CRP, IL-6, TNF-ox) were not significantly decreased
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after 1 - 3, 5 - 8, and 12 - 16 days post-UC-MSC in-
fusion, similar to the control (without UC-MSC in-
fusion)?4. To explain this difference compared to
other publications, Wei et al. (2021) found no appar-
ent cytokine storm in transplanted patients. It seems
that the UC-MSC transplantation in the late stage of
a cytokine storm can be responsible for these subtle
changes?*. The authors also suggested that UC-MSC
transplantation in the early stage of a cytokine storm
can effectively alter anti-inflammation markers 24,
However, in our experience, the second reason
for a non-significant change in anti-inflammatory
biomarkers in transplanted patients is due to the low
UC-MSC dose used in this study. An in vitro study of
the immune modulation of UC-MSCs clearly showed
that these cells’ potency depends on the ratios of UC-
MSCs and immune cells!?. Chin ef al. (2020) con-
firmed this observation in healthy volunteers when
comparing two doses (low and high = 1.0 and 2.1 x
10 cells/kg, respectively)42. Therefore, depending
on the desired effects of UC-MSCs in COVID-19 pa-
tients, such cells can be used with a suitable dose and
for a particular stage of this disease. Furthermore, the
physiological parameters were also used to evaluate
the effects of UC-MSCs in the patients.

FRESH VERSUS FRESHLY THAWED
CELLS IN TREATMENT EFFICACY
AND EXPLORING OFF-THE-SHELF
UC-MSC PRODUCT USE FOR
COVID-19 TREATMENT

Both fresh and thawed UC-MSCs were utilized in
the treatment of COVID-19. In 16 publications (in-
cluded 6 case reports), 9 studies used fresh UC-MSCs
prepared in the laboratory 324-26:28:3233,36 4 qtyyd-
ies used freshly thawed cryopreserved UC-MSCs that
had not been refreshed by in vitro culture before
use27:30:34,38 414 1 study used UC-MSCs that had
been shipped and maintained at 8-12 °C for less than
6 h before they were used 8. Two studies did not pro-
vide information regarding whether their UC-MSCs
were fresh or thawed 337,

With the limitation of patients and studies, it is diffi-
cult to demonstrate and compare the efficacy of fresh
or cool-kept and freshly thawed UC-MSCs with re-
spect to COVID-19 treatment. There are controver-
sial results in the literature about the potency of fresh
versus freshly thawed MSCs. Immune modulation
of thawed and fresh MSCs are comparable in vitro
and in vivo in acute inflammatory diseases of sep-

tic animals#* in ischemic models%>. At the same
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time, some previous publications have suggested that
cryopreserved MSCs have impaired immunomodula-
tion potency %47, More interestingly, Chabot et al.
(2017) demonstrated that freshly thawed and fresh
UC-MSCs displayed comparable viability, functional-
ity, and integrity *8; however, if cryopreserved MSCs
were left at RT for 2-10 min and then transferred to
liquid nitrogen, they are functionally impaired and
exhibit cellular damage despite being highly viable af-
ter thawing#8. This impairment is correlated to a loss
of adhesion and altered cell size*®. Hence, the warm-
ing events and then re-cryopreservation cause the loss
of adhesion and altered cell size of UC-MSCs result-
ing in functional impairment.

We noticed this information from a randomized,
double-blind, placebo-controlled phase 2 trial by Shi
et al. (2021)%°. However, the authors concluded
that UC-MSC treatment is a safe and potentially ef-
fective therapeutic approach for COVID-19 patients
with lung damage and suggested a phase 3 trial for this
therapy. There are few differences in clinical and labo-
ratory test findings between treatment versus control
groups. Indeed, after 28 days, whole-lung lesion vol-
ume improved in the treatment group compared to
the placebo with a p-value of 0.08; the proportions of
solid component lesion volume were significantly re-
duced compared to the control with a p-value of 0.043;
the 6-minute walking distance was longer in the MSC
versus placebo group with a p-value of 0.057. Simi-
larly, there were no significant differences in subsets
of CD4" T, CD8™ T, B, and NK cells. Notably, plasma
markers for inflammation (IL-6, IL-8, IFN-¥, IL-1Ra,
IL-18, MCP-1, MIP-1¢, and IP-10) also showed no
significant difference between groups 0, 6, 10, and 14
days after infusion?®.

These findings appear to demonstrate that UC-MSC
treatment is of a lower efficacy compared to in other
publications. In our opinion, these unexpected results
could be due to the MSC quality. Indeed, the cell dose
was not low (90 x10° cells shared between 3 infusion
times on days 0, 3, and 6). MSC potency may have
been reduced during shipments in cold conditions (8
- 12 °C) by railway from the cell factory to the hos-
pital for less than 6 h (as the authors stated). We do
not have experimental evidence that the UC-MSC po-
tency was reduced during cold storage. Nevertheless,
Nikolaev et al. (2012), who analyzed bone marrow-
derived MSCs, showed that in cold storage (2 - 8 °C),
BM-MSCs reduced the expression of CD29, CD44,
CD105, and CD166. After 24 h in this condition,
CD29 and CD166 were noticeably down-regulated,
whereas CD105 and CD166 were negative, although
these cells showed a high expression of CD29, CD44,
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CD105, and CD166 before storage®®. In another
(2019) stored BM-MSCs in
some clinically relevant solutions (Plasma-Lyte” 148,

study, Petrenko et al.

HypoThermosol™ FRS, and Ringer’s solution) at 4 °C
and investigated the effects of cold storage on the via-
bility, surface marker expression as well as their im-
mune modulation potency. The authors showed a
non-significant difference in surface markers for cold
storage at 24, 48, and 72 h for CD105, CD90, CD73,
CD34, CD45, CD19, CD14, and HLA-DR. However,
the immune modulation potency was significantly re-
duced after 72 h of cold storage in all investigated
media®!. In Ringer’s solution, the immune modula-
tion capacity of storage BM-MSCs lost more than 50%
compared to fresh cells (as the control)>!.

Freshly thawed UC-MSCs were used in 1 RCT study, 1
case series report, and 2 case reports to treat COVID-
19 patients with a total of 20 COVID-19 patients in-
fused with freshly thawed UC-MSCs. The results
from the RCT study showed that freshly thawed UC-
MSCs significantly reduced inflammatory cytokines
compared to the control at day 6 and significantly im-
proved patient survival (91% in UC-MSC transplan-
tation versus 42% in the control). The time to recov-
ery was also reduced in transplanted patients com-
pared to the control3®. From this discussion, we be-
lieve that our proposal for use of off-the-shelf UC-
MSC products for COVID-19 treatment is a suitable
approach 4. However, further studies investigating
the immune modulation potency of freshly thawed
UC-MSCs for COVID-19 are essential to support this
idea.

UC-MSCS NOT ONLY TARGET
CYTOKINE STORMS BUT ALSO
TRIGGER TISSUE REGENERATION

Lei et al. (2021) followed-up patients who had been
discharged from hospital in both groups treated with
UC-MSCs and standard therapy in a study over 3
The effects of UC-MSC transplantation
not only targeted cytokine storms that significantly re-
duced inflammation in COVID-19 patients® but also
accelerated partial pulmonary function recovery and
improved HRQL3®. Feng et al. (2021) examined
liver, kidney, and pulmonary function, coagulation,

months3?.

tumor markers, and vision for all discharged patients
after UC-MSC transplantation and standard therapy.
Patients were also subjected to electrocardiography
(ECQG), tested with St. George’s respiratory question-
naire (SGRQ), and had computed tomography (CT)
imaging performed to assess lung changes. The results
showed that blood routine index, CRP, procalcitonin,

liver and kidney function, coagulation, ECG, tumor
markers, and vision were almost within the normal
ranges in both the UC-MSC transplantation group
and control. However, the lung function recovered in
the UC-MSC transplantation group compared to the
control group. Both forced expiratory volumes in 1 s
(FEV1) and FEV1/forced vital capacity (FEV1/FVC)
ratios in the UC-MSC group were significantly higher
than in the control group. SGRQ scores were clearly
lower in the UC-MSC vs. control group.

These preliminary results suggest that UC-MSC
transplantation is not essential for attenuating cy-
tokine storms in COVID-19 patients but also for ac-
celerating tissue regeneration. Indeed, Wei et al.
(2021) also found that transplantation of UC-MSCs in
COVID-19 patients did not reduce the levels of CRP,
IL-6,and TNF-a. Still, the oxygenation index was sig-
nificantly improved after 12 - 16 days. These results
confirmed the roles of UC-MSCs in pulmonary recov-

ery again 2,

SUGGESTED UC-MSC PROTOCOL
FOR COVID-19 TREATMENT

Inclusion and exclusion criteria

Inclusion criteria: patients currently hospitalized
with respiratory distress rate > 30 times/min, SpO;
< 94% at room air, PaO,/FiO; ratio < 300 mmHg,
willing and able to provide written informed consent.
Exclusion criteria: patients with PaO,/FiO, > 300
mmHg at the time of enrollment, infused with MSCs,
history of pulmonary hypertension (WHO class
III/IV), history of left arterial hypertension, pregnant
or lactating, present active malignancy, moderate or
severe liver disease.

UC-MSC products

As suggested in the previously published article 4,
cryopreserved UC-MSCs (off-the-shelf stem cells)
should be used for COVID-19 treatment. Indeed,
such off-the-shelf UC-MSC products provide mul-
tiple benefits: (1) Ready-to-use products for use in
all emergency cases, particularly for COVID-19. If
UC-MSC transplantation is used to suppress cytokine
storms in COVID-19 patients, ready-to-use products
such as off-the-shelf UC-MSC cells are essential so
that medical doctors can choose a suitable time for
transplantation. (2) Off-the-shelf UC-MSC products
are produced at a large scale with strictly controlled
quality, therefore their cost is significantly reduced
as opposed to a freshly prepared batch for each case.
In particular, the strictly controlled quality for each
batch improves the treatment’s stability.
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Infusion protocol

The UC-MSC products should be used as freshly
thawed samples without re-freezing. Depending on
the components of cryopreservation media, the sam-
ples can be washed to remove the cryopreservation
media, or the freshly thawed samples can directly be
used without the washing step. The UC-MSCs should
be re-suspended or diluted in 50 - 100 mL of normal
saline supplemented with 10% HSA and anticoagula-
tion (heparin or citrate dextrose). The cell suspension
is intravenously infused into the patient through a
blood filter tubing set with a pore size of 170 pm, with
40 - 50 drops per min over 45 — 60 min (Figure 1).

Monitoring and efficacy evaluation

Patients will be monitored for COVID-19 symptoms,
lung recovery, and inflammation response before and
after UC-MSC transplantation. SpO, and PaO,/FiO;
should be used as indicators for respiratory recov-
ery. CT lung images can be used to evaluate lung in-
flammation, and some biomarkers, such as CRP, IL-6,
TNF-¢, can be utilized to monitor the inflammation
response. SpO; and PaO,/FiO; should be observed
every day, whereas biomarkers should be evaluated
every two days for 7 - 14 days. For lung recovery and
tissue regeneration after hospital discharge, patients
should be evaluated with respect to their respiratory,
liver, kidney, and vision functions 30 — 60 days after
discharge.

CONCLUSION

COVID-19 has caused a rapidly evolving global pan-
demic with effects on hundreds of millions of people.
Therefore, besides the established standard therapy
and vaccination, UC-MSC transplantation should be
considered as an adjuvant therapy for standard treat-
ment to significantly reduce mortality and accelerate
pulmonary regeneration. Furthermore, with large-
scale UC-MSC manufacturing in GMP-compliant
conditions, off-the-shelf UC-MSC products can be
used as freshly thawed with or without washing to re-
move the cryopreserved media. Because data for the
clinical application of freshly thawed UC-MSC trans-
plantation for COVID-19 is limited, additional well-
controlled clinical trials with an increased number of
patients should be performed. I believe that with the
current evidence, UC-MSC transplantation is a highly
suitable option for medical doctors to use for COVID-
19 treatment.
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