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The coronavirus disease 2019 pandemic caused by severe acute respiratory syndrome-related coronavirus-2 continues its effects around
the world with its new variants. Coronavirus disease 2019 infection may continue with a post-coronavirus disease period, which is
characterized by high morbidity apart from the acute and subacute phases. Host immune response quality and inflammasome-induced
uncontrollable inflammatory response take a role together in the pathogenesis of severe acute respiratory syndrome-related corona-
virus-2 infection. Therefore, treatment of severe acute respiratory syndrome-related coronavirus-2 infection should basically include
3 measures: Viral replication, inflammation, and tissue damage control. Today, there is no effective therapy to control these points. At this
point, preclinical studies have shown that mesenchymal stem cells can control inflammatory reactions and lung damage through both
immune regulation and inflammasome control. Subsequently, controlled clinical studies on severe acute respiratory syndrome-related
coronavirus-2 infection confirm their ability, indicating that mesenchymal stem cells may be a safe treatment option while reducing
severe acute respiratory syndrome-related coronavirus-2-related morbidity and mortality. On the other hand, post-coronavirus syndrome
is as important as acute coronavirus syndrome, it is a picture that can cause morbidity and mortality. Mesenchymal stem cell application
can prevent the development of post-coronavirus syndrome through the mechanism of an inflammasome. However, there is no study that
analyzes the effects of current treatments using mesenchymal stem cells in the post-coronavirus disease period, and that tests the use of
mesenchymal stem cells when post-coronavirus syndrome develops. In this respect, studies that test the efficacy of mesenchymal stem
cells in the post-coronavirus disease period are certainly needed.
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INTRODUCTION

In the severe acute respiratory syndrome-related coronavirus-2 (SARS-CoV-2) pandemic, for which we are still far from
being able to say that there is an effective treatment, another important problem is that even if patients recover after inten-
sive care, they may face significant symptoms that can last for months."? In particular, this picture, called post-coronavirus
disease (post-COVID) syndrome, actually has consequences as important as the disease.? After coronavirus disease 2019
(COVID-19), this syndrome is complex, the symptoms of which are muscle weakness (53%), respiratory distress (43%),
anxiety, depression, cognitive disorders, confusion, neurological symptoms including sleep disorders (40%), joint pain
(27%), hair loss (22%), and cardiovascular symptoms (12%), occurs at a rate of 55% and can continue to affect patients
for more than 6 months.? Infection-induced immune reactions and mitochondrial degeneration are thought to be the main
mechanisms underlying these post-COVID 19 symptoms. Therefore, post-COVID 19 treatment should not only include
controlling the virus, it should also be able to control the immune reactions induced by the virus. Previous studies have
shown that mesenchymal stem cells (MSCs) are effective in the treatment of many diseases.’® Likewise, studies have
reported that MSCs can suppress viral infection in the treatment of SARS-CoV-2 through the secretion of specific cyto-
kines.>”"! In this review, we discussed molecular, mitochondrial, and immunological events involved in the pathogenesis
of novel SARS-CoV-2 as well as the clinical perspective of MSC treatment from controlled studies to improve patients’
immunological response in the post-COVID period.

CORONAVIRUS DISEASE 2019 PATHOGENESIS

Severe acute respiratory syndrome-related coronavirus-2 is a virus of the corona family and initiates the infection by
its entry into the cell via the angiotensin-converting enzyme Il (ACE-Il) receptor. Infection begins with the synthesis of
transmembrane protease serine 2 (TMPRSS2) enzyme in the host cell. The spike protein of the virus first decomposes the
enzyme into 2 subunits and binds to the membrane at 2 points. Afterward, the virus is taken into the cell. Prognosis of the
patient is determined by the tissue damage and the severity of the cytokine storm, which depends on the effectiveness and
severity of the developing immune response.'?

The most important factor that affects the level of success of the immune response is when the patients have a chronic
active inflammation for another reason. Therefore, the disease progress more severely in older individuals. The underlying
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reason for this is the exaggerated immune response caused
by chronic inflammation. Therefore, one of the agents widely
used in the control of the disease is steroids.”> So why does
aging go hand in hand with chronic inflammation? The most
important mechanism here is thought to be mitochondrial
aging or fatigue." Figure 1T summarizes this finding.'*"

The inability of aged mitochondria to prevent the formation of
the inflammasome is due to the fact that cellular stress, which
increases with age, activates the nuclear factor-kB pathway.
The cascade formed by the direct stimulus of the virus causes
an increased presence of inflammasome (Figure 1), which is
the main cause of cytokine storm in the elderly or patients with
chronic inflammation.™ For this reason, therapeutic agents
that can be ideal elements of treatment in COVID-19 should
not cause primary and opportunistic infections and tissue
toxicities and should also prevent mitochondrial stress and
post-COVID syndrome. Unfortunately, current steroid treat-
ments do not have this feature and cease to be an ideal agent.

FUNCTIONS AND PHARMACOKINETICS OF
MESENCHYMAL STEM CELLS

Mesenchymal stem cells are shown to have regenerative
effects for as long as 25 years and have been used in the
clinic for their different regenerative and immunomodulatory
effects for 20 years. These cells are defined as cells that can
be obtained from different tissue sources, adhere to plastic,
can be shown to differentiate into at least 3 mesodermal
cells, and express CD45, CD34, human leukocyte antigen
DR negative, CD73, CD90, CD105, and CD106. In addi-
tion, since they do not carry ACE-II and TMPRSS2 receptors,
which are necessary for SARS-CoV-2 infection,* and the use
of these cells seems to have an advantage in the treatment of
COVID-19 infection. It is now almost accepted that umbili-
cal cord-derived MSCs are more effective than adipose and
bone marrow-derived stem cells when tested for their effi-
cacy according to their source.??> However, another group
of researchers published a report showing that especially
menstrual mesenchymal stem cells can be more effective?
in the treatment of COVID-19.%* At this point, another impor-
tant issue regarding the cell source and production method is
that, MSCs tend to lead to thrombosis due to the tissue factor
(TF-CD142) that they carry on their surface. The use of adi-
pose tissue-derived MSCs is controversial, especially because
of their high TF transport.”® Therefore, researchers recom-
mend that MSCs shall be heparinized or intramuscularly (IM)
administered in order to prevent post-infusional thrombosis
and the formation of pulmonary aggregates.?® It has even

MAIN POINTS

e Post-COVID syndrome shows high morbidity rates.
Therefore, it is as important as acute and subacute
COVID syndromes.

e Inflammation and inflammasome causing acute, sub-
acute, and post-COVID syndromes play an active role in
morbidity and mortality.

e Mesenchymal stem cell therapy emerges as a safe treat-
ment option with the ability to control the cytokine storm
caused by the inflammasome.

been reported that the use of the IM route can increase the
duration of MSC effectiveness by 4 times, and therefore IM
application will be more effective and harmless.?>? A group
of researchers also reported that extra vesicles or exosomes
of MSC can be preferred over MSCs because they are inde-
pendent of the risk of pulmonary aggregates and are also
effective.?

MESENCHYMAL STEM CELLS CAN EXERT THEIR
REGENERATIVE AND IMMUNOMODULATORY EFFECTS
BY THE FOLLOWING MECHANISMS

Regenerative Mechanisms of Action

While MSCs stimulate healing in damaged tissue through
mitochondria transfer, mRNA, mi-RNA transfers, and cyto-
kines such as keratinocyte growth factor, hepatocyte growth
factor, vascular endothelial growth factor, and insulin-like
growth factor 1, can reduce apoptosis in tissue with the acti-
vation of antiapoptotic effect (B-cell lymphoma 2).2%%" In
fact, the transformation of M1 macrophages into M2 macro-
phages, which starts with the phagocytosis of MSC or MSC
extravesicles, is a part of the immune modulation process
and is almost one of the main mechanisms of the regenera-
tive process. Moreover, this reaction is especially responsible
for the formation of the regenerative cytokine profile.?*32 It
has been reported that it can prevent fibrosis in the post-
COVID-19 period.’

IMMUNOREGULATORY MECHANISMS OF ACTION

While MSCs decrease the functions of T and B lymphocytes,
they can increase apoptosis in these cells.?*3" In addition,
they suppress tissue-specific immune responses by increasing
T-regulatory (Treg), B-regulatory, and DC-regulatory levels.30-32
While the resulting M1-M2 conversion causes Treg activation,
itis also responsible for the secretion of suppressor cytokines.
These cytokines interleukin-10, transforming growth factor-,
indoleamine 2, 3-dioxygenase, prostaglandin E2, and argi-
nase secretion, and they suppress T lymphocyte functions
in particular.>" Another immunomodulatory effect of MSCs is
that they can also block the alternative complement pathway
because they secrete substance H.3? In particular, the ability
of MSCs to block the development of inflammasome plays
an extremely important role in controlling chronic inflam-
matory diseases.>*> Another feature that makes MSCs unique
is that these cells, which can control the immune system at
every step, do not cause infection at the same time. It is even
possible to talk about antibacterial, antifungal, and antiviral
effects through the transfer of Hepcidin, B-defensin 2, and
Lipocallin 2 small interfering RNAs.>* Figure 2 summarizes
the role MSCs can play in the pathogenesis of COVID.?%¢

MESENCHYMAL STEM CELLS PHARMACOKINETICS

In a study conducted in the acute respiratory distress syn-
drome (ARDS) model, intravenous (IV) and endobronchial
(EB) MSCs were administered to normal and ARDS-induced
mice, and kinetic analyzes were evaluated.’* Kinetic ana-
lyzes for intravenous and endobronchial administration
of MSCs show that, in case of lung damage, 80% of MSC
remains in the lung tissue after intravenous administration.
However, in this study, it is reported that in the normal mice
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Figure 1. The mechanism of exaggerated but uncontrolled antiviral immunity observed in critically ill patients caused by mitochondrial
aging/dysfunctioning (modified from Ayala DJMF, et al. 2020) ROS, reactive oxygen species; mtDNA, mitochondrial DNA; miRNA, microRNA;
NF-kB, nuclear factor kp; TNFa, tumor ncrosis factor alpha; IL-6, interleukin 6; IFN-y, interferon gamma.

group, a significant part of MSC administered intravenously
is distributed throughout the body 5 hours after administra-
tion, and the majority of these dispersed cells are localized
to the brain, liver, and kidney. Another finding in this study
shows that MSCs given intravenously can be more local-
ized in areas with aeration disorder. There was no difference
between the effect of IV or EB administration on improving
lung functions. In addition, studies comparing IV and IM
applications reported that the effect of IM application may
be longer and greater than IV application,?®? it has been
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shown that IV administration in hypercoagulant conditions
can cause microemboli in the lung.?> When all these are
considered together it seems possible to say that EB and/or
IM administration in COVID-19-related ARDS may be safer
and even more effective.

CLINICAL DATA

When the ClinicalTrials.gov site is examined, it is seen that
more than 84 studies have been conducted on ARDS and
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Figure 2. Mesenchymal stem cells can control the reaction at every step in coronavirus disease 2019 infection progressing with cytokine

storm.
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Table 1. The Available Controlled Studies (https:/pubmed.ncbi.nlm.nih.gov/: last accessed: March 11, 2022)

Study Center
Lanzoni G, USA
et al., 2021

Shu L, et al. China
2020

Dilogo IH, Indonesia
et al. 2021

Kouroupis D, USA
et al. 2021

Shi L, et al. China
2021
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Reference
37

38

39

40

Study design

A double-blind, phase 1/2a,
randomized, controlled trial
UC-MSC treatment (n = 12);
control group (n = 12)
UC-MSC treatment group
received 2 intravenous
infusions (at day 0 and 3):

100 + 20 x 10° UC-MSCs;
controls: 2 infusions of vehicle
solution.

A single-center open-label,
individually randomized,
standard treatment-controlled
trial

Standard treatment group

(n = 29); the standard
treatment plus hUC-MSC
infusion group (n = 12)

2 x 10°cells/kg hUC-MSC

A double-blind, multicentered,
randomized controlled trial.

n =40,

All patients received standard
therapy

20 patients received an
intravenous infusion of 1 x
10¢/kg body weight UC-MSCs
and 20 patients received

100 mL 0.9% saline solution
as the control group.

A double-blind Phase 1/2a
randomized controlled trial
24 patients with COVID-19
ARDS

A prospective, randomized,
double-blind, placebo-
controlled, longitudinal, cohort
study trial.

100 patients enrolled in phase
2 trial were prospectively
followed up for 1 year.
UC-MSCs (n = 65) or placebo
(n = 35) in addition to standard
care.

Result

No serious adverse events (SAEs)
Decreased level of inflammatory cytokines
in UC-MSC-treated patients (P < .05).
Significantly improved patient survival
(91% vs. 42%, P = .015), SAE-free survival
(P= .008), and time to recovery (P = .03).

The incidence of progression from severe to
critical illness and the 28-day mortality rate
were 0 in the hUC-MSC treatment group,

4 patients in the control group had critical
condition with invasive ventilation; 3 of
them died, and the 28-day mortality rate was
10.34%.

In the hUC-MSC treatment group, the time to
clinical improvement was decreased
compared to the control group.
Improvement of clinical symptoms with
hUC-MSC treatment: Weakness and fatigue,
shortness of breath, and low oxygen
saturation

IL-6 levels were decreased significantly;

2.5 times higher survival rate in the
UC-MSCs group than that in the control
group (P =.047; 10 patients vs 4 patients).
In patients with comorbidities, UC-MSC
administration increased the survival rate by
4.5 times compared with controls.

No adverse events were reported.
Decreased CRP and interleukin 6 in the
recovered patients (P = .023) after UC-MSC
infusion.

In control group, levels of plasma sTNFR2,
TNFa, and TNFp were not significantly
different between days 0 and 6.

Significant decrease in TNFa and TNFpB
levels (P =.005 and P = .002, respectively)
in UC-MSC treatment group at day 6.
Significantly higher levels of sSTNFR2 (26.609
+ 846 pg/ml vs. 23.111 + 760 pg/ml, P =
.021) and significantly lower levels of TNFa«
(319 + 40 vs. 950 + 226 pg/mL, P = .048)
and TNFB (810 + 126 vs. 2.944+ 735 pg/
mL, P=.032) in UC-MSC treatment group.

Improved whole-lung lesion volume with a
difference of —10.8% (P = .030) after MSC
administration on day 10.

MSC therapy reduced the ratio of solid
component lesion volume.

Normal CT images at month 12: 17.9%
(10/56) of patients in the MSC group;

none in the placebo group (P =.013).

No difference in adverse events

(Continued)
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Table 1. The Available Controlled Studies (https:/pubmed.ncbi.nlm.nih.gov/: last accessed: March 11, 2022) (Continued)

Study

Saleh M, et al.
2021

Xu X, et al.
2021

Sengupta V,
et al. 2020

Meng F, et al.
2020

Ercelen N, et al.

2021

Center

Iran

China

USA

China

Turkey

Reference Study design

42 e A phase 1 clinical trial

e Five patients with severe
COVID-19 were treated with
Wharton’s jelly-derived
mesenchymal stem cells
(150 x 10°cells per injection).
These patients were subject to
3 intravenous injections 3 days
apart.

A multicenter, open-label,
nonrandomized, parallel-
controlled exploratory trial.

¢ An allogeneic, menstrual
blood-derived MSC therapy
and concomitant medications
(3 infusions totaling 9 x 107
MSCs, 1 infusion every other
day. n = 26); only concomitant
medications (control group;

n =18).

A prospective nonblinded,
nonrandomized open-label
cohort study
e Cohort A (n = 2), Cohort B
(n =21), Cohort C (n = 4)
e Asingle 15 mL intravenous
dose of ExoFlo, a bmMSC-
derived exosome agent

43 .

44 e A parallel assigned controlled,
non-randomized, phase 1
clinical trial

e 18 hospitalized patients with
COVID-19 (n = 9 for each
group)

e Three cycles of intravenous
infusion of UC-MSCs (3 x 107
cells per infusion) on days 0,
3, and 6.

45 e n=210
e Every patient received
UC-MSCs (1-2 x 10° per
kilogram) on average 6.4 days
after positive severe acute
respiratory syndrome-related
coronavirus-2 diagnosis.

Result

Increased level of IL-10 and SDF-1 MSC
therapy, but decreased level of VEGE TGF-f,
IFN-y, IL-6, and TNFa.

No SAEs.

Significantly lower mortality rate in the MSC
group (7.69% died in the experimental
group vs 33.33% in the control group;

P = .048).

Improved chest imaging results in the first
month after MSC infusion.

Similar incidence of most AEs between the
groups.

No adverse events observed within 72 hours
of ExoFlo administration.

A survival rate: 83%; patients recovered:

17 of 24 (71%), patients remained critically
ill though stable: 3 of 24 (13%), and patients
expired for reasons unrelated to the
treatment: 4 of 24 (16%)

No SAEs related to UC-MSCs infusion.
Need of mechanical ventilation in 1 patient
in the treatment group when compared with
4 patients in the control group.

Decreased serum IL-6 in the UC-MSCs-
treatment group.

Decreased trend in the levels of cytokines
within 14 days: interferon gamma (IFN-y),
tumor necrosis factor alpha (TNF-o),
monocyte chemoattractant protein 1
(MCP-1), interferon-inducible cytokine IP-10
(IP-10), IL-22, interleukin 1 receptor type 1
(IL-TRA), IL18, IL-8, and macrophage
inflammatory protein 1-alpha (MIP-1)

Rate of good clinical progress/ discharged
from intensive care unit: 52.5% (n = 52)
patients (out of 99 critically severe intubated
patients).

86 (77.5%) of 111 severe unintubated
patients discharged from intensive care unit.
Intubated 47 (47.5%) patients and
unintubated 25 (22.5%) patients pass away.
Significantly higher survival rate was analyzed
in patients infused UC-MSCs before
intubation (odds ratio = 1.475, 95% Cl =
1.193-1.824 P < .001).

No adverse events in patients received
UC-MSC infusion

(Continued)
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Table 1. The Available Controlled Studies (https:/pubmed.ncbi.nlm.nih.gov/: last accessed: March 11, 2022) (Continued)

Study Center Reference Study design Result
Hashemian Iran 46 e Case study e No SAEs
SMR, et al. e The patients received e Significant reductions in 6 patients in serum
2021 3 intravenous infusions levels of tumor necrosis factor-alpha (TNF-o;
(200 x 10° cells) every P < .01), IL-8 (P < .05).
other day; human umbilical e Decreased IL-6 levels in 5 (P = .06) patients
cord MSCs (UC-MSCs; n = 6) and interferon gamma (IFN-y) levels in 4
or placental MSCs (PL-MSCs; (P = .14) patients. Four patients with the
n =5). signs of multi-organ failure or sepsis died in
5-19 days (average: 10 days) after the first
MSC infusion.
e Remarkable signs of recovery seen in lung
CT scans.
Zengin R, et al.  Turkey 47 e A case report of a COVID-19 e No adverse events
2020 patient progressed to severe e Improved clinical signs
disease with intubation and e An invasive ventilation for the next 5 days
intensive care need. continued following the second dose.

* An investigational MSC e On day 19 of hospitalization, lung chest
infusion was applied in x-ray showed slight regression in the
intensive care unit, via ground-glass imaged infiltration in the
intratracheal and intravenous middle right lung periphery, and significant
routes (0.7 x 10°cells/kg remission in the low-density infiltrations in
intravenous, 0.3 x 10° cells/kg the lower right lung and lateral left lung.
intratracheal with 4 units of
heparin). A second dose of
MSC therapy (0.7 x 10°cells/kg
intravenous, 0.3 x 10° cells/kg
intratracheal routes with 4
unites of heparin) was given 5
days after the first dose.

Yalcin K, et al.  Turkey 48 e Case series e Significant reduction in the level of
2020 e 7 patients diagnosed COVID-19 C-reactive protein of all patients

e Totally T x 10° UC-MSC/kg
was administered for once in
each patient by combined o
routes, intravenous (7 x 10°
MSC/kg) and intratracheal
(3 x 10° UC-MSC/kg through
intubation tube) subsequently.  ®
e At the time of MSC
administration, all 7 patients
were taking mechanical ©

ventilation.

COVID-19 infection, and 13 of them were performed with
MSC exosomes (3 IV, 10 of them inhaled exosome applica-
tion). As of today, it is seen that there are 9 studies whose
results have been published in the control of COVID-19
ARDS. Of these, 5 were randomized placebo-controlled
including 2 phase I/ll and 1 phase Il studies, 2 were non-
randomized controlled, 1 was non-randomized without con-
trol and 4 were case studies. Two were uncontrolled studies
including 1 phase I study and 1 non-randomized cohort study
(Table 1). The common point of these studies is that the use of
MSCs or exosomes is a safe practice.?*37-4

[(before MSC therapy, mean: 84.8 mg/L
(2.4-272 mg/L); after MSC administration,
mean: 6.5 mg/L (0.3-25.3 mg/L)].
Decreased procalcitonin level for 6 of 7
patients, increasing lymphocyte count for
5 of 7 patients and pulmonary functions
PaO,/FiO,.

Improved Positive End-Expiratory Pressure
level for 5 of 7 patients within 7 days after
MSC infusion.

After MSC infusion, 4 of 7 patients were
weaned from mechanical ventilation.

SUMMARY ANALYSIS OF PUBLISHED RANDOMIZED
CONTROLLED STUDIES IN COVID-19

When only published controlled studies were examined,
control (n =12) and MSC (n = 12; 100 million/IV single dose)
groups were compared in a phase I/Il randomized controlled
study conducted in the USA.*” In this study, investigators
reported that cytokine storm could be easily controlled in the
MSC group. The most important result of this study is that
the survival rate in the MSC group was 91%, while it was
reported as 42% in the control group.
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Another double-blind, multicentered, randomized con-
trolled trial (n = 40) evaluated the UC-MSCs (1 x 10%kg body
weight) vs control group (0.9% saline solution). This study
reported that the survival rate in the UC-MSCs group was
2.5 times higher than that in the control group (P = .047;
10 patients versus 4 patients. In addition, UC-MSC admin-
istration increased the survival rate by 4.5 times compared
with controls in patients with comorbidities.*

In a publication from China,*' 66 patients who received low-
dose 40 million/IV single-dose MSCs were compared with
35 control patients. In this study, nonsignificant positive dif-
ferences were observed in biochemical parameters, survival,
and length of stay, but the reduction in lung lesions resulted
in a statistically significant difference in the MSC group.

In the study by X et al** with menstrual mesenchymal stem
cells, 3 million/kg MSC was given to 26 patients every other
day, while the placebo group was followed up with standard
care. In this study, investigators reported that cytokine storm
could be controlled with MSC, and this was reflected in the
clinic, resulting in a significant decrease in mortality, which
was 33% in the placebo arm, and 7.7% in the MSC group 10.

In another placebo-controlled study conducted by Shu L
et al.?® 12 patients who received 2 million cells/kg of single-
dose MSCs originating from the human umbilical cord were
compared with 29 patients who received a placebo. In this
study, while C-reactive protein and interleukin-6 levels were
significantly decreased in the MSC group, improvement in
lymphocyte count and oxygenation levels were also detected
in the MSC group. While the median recovery time was
7 days in the MSC group, it was significantly longer in the
placebo group at 14 days. The 28-day mortality was 0% in
the MSC group and 10.34% in the placebo group. However,
these data are not statistically significant.

Contrary to these results, Meng F et al** compared patients
in whom they infused low-dose 30 million/IV dose of cord
blood-derived MSCs 3 times sequentially with 9 control
patients. However, although they found improvement in cyto-
kine levels and respiratory functions in the MSC group, this
was not statistically significant.

Apart from these controlled studies, MSCs have been
reported to control cytokine storm in case-control series
report (Table 1). In the study conducted by our group on
this subject, 80 million MSCs originating from the umbili-
cal cord were administered intravenously, 20 million MSCs
were administered via endobronchial way, with an interval of
4 days, and it was reported that stem cells could significantly
control the cytokine storm in patients and positively affect
respiratory parameters.* 48

Considering all these existing studies, the most important
shortcoming of these studies is that their analysis includes
the acute and subacute periods. It seems that none of these
studies analyzed the post-COVID period. Especially in these
patients, oxidative stress, mitochondrial aging, and the pres-
ence of inflammasome continue after the disease and may
cause post-COVID syndrome. In this respect, the use of MSCs
during post-COVID treatment may have a positive effect.

However, clinical evidence of theoretical knowledge has
not yet emerged, as studies with MSC so far have not ana-
lyzed the effects of this treatment in the post-COVID period.
Therefore, the effect of MSC use on post-COVID syndrome
should be studied in particular. It should even be discussed in
the treatment of post-COVID syndrome.*

CONCLUSION

In the treatment of COVID-19 infection, MSCs, which can
interfere with the pathogenesis of the disease at many points,
may be effective in accordance with pre-clinical data in clini-
cal practice data. The most important point that can be said
about this subject for now is that MSCs are a reliable treatment
agent in the treatment of COVID-19. However, new, large and
controlled studies to be planned in terms of the effectiveness of
MSCs need to confirm the available data. In addition, the effects
of MSCs used for treatment on COVID and post-COVID syn-
drome are promising and needs to be further studied. The fol-
lowing 2 questions must also be answered in these studies: First,
what are the effects of MSCs used in the treatment of COVID on
the post-COVID that will develop over a long period of time?
Second, will there be efficacy of MSCs after post-COVID devel-
ops? Studies are needed to answer these questions.
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