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INTRODUCTION

The new coronavirus disease 2019 (COVID-19), which 
manifests itself with many clinical signs ranging from mild 
to moderate respiratory symptoms to severe acute res-
piratory distress syndrome (ARDS), has caused millions 
of people to become ill and even die around the world. 
It is thought that the factors that play a major role in 
the progression of COVID-19 and the formation of or-
gan damage are excessive inflammation and cytokine 
storm.[1,2]

The immunological cascade initiated by this increased in-
flammation, especially in the lungs, causes an increase in 
the permeability of the lung endothelium, as in influenza 

infections, interstitial edema in the lung, diffuse alveolar 
damage, dysfunction, and ARDS as the final outcome.[3] 
Considering this situation, it is an important point that 
in addition to symptomatic or antiviral treatments, im-
munomodulatory treatments such as convalescent plasma 
therapy or mesenchymal stem cell (MSC) may also be 
effective in preventing the progression of the disease in 
COVID-19.[4]

MSCs are a current treatment method that has wide clini-
cal applications in regenerative medicine and has also been 
extensively researched in terms of their immunomodula-
tory properties.[5] Although many studies are mentioned 
in the literature regarding the efficacy and safety of MSCs 
in preventing comorbidities associated with COVID-19, 
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further studies are needed for scientific evidence to 
emerge in terms of the side effects and long-term safety 
and course of these treatments.[6]

Reasons for the use of MSC in the treatment of 
COVID-19
Stem cells are classified as embryonic or adult according 
to the tissue from which they originate. Today, MSCs are 
widely used in clinical practice thanks to their ability to 
escape from being perceived as foreign by the immune 
system. In many in vivo and in vitro studies conducted in 
recent years, it is thought that MSCs on the alveoli act as 
a barrier in clinical conditions such as ARDS, which are 
accompanied by disorders in the oxygen–carbon diox-
ide exchange.[7] In addition to anti-inflammatory and im-
munomodulatory properties, MSCs also have functions 
such as self-renewal and versatile differentiation.[8]

MSCs are nonhematopoietic cells that can be isolated from 
different tissues such as the umbilical cord, adipose tissue, 
and bone marrow. According to the studies, it has been un-
derstood that stem cells from the umbilical cord are more 
advantageous than those obtained from other tissues due 
to their higher percentage of stem cells. MSCs can also 
support the regeneration of type 2 alveolar epithelial cells 
by secreting many factors such as hepatocyte growth fac-
tor, vascular endothelial growth factor, and keratinocyte 
growth factor, thanks to their regenerative properties.[9] In 
addition, it has an important advantage that MSCs have the 
ability to migrate and settle in the damaged area and to ini-
tiate tissue repair.[10] It is thought that MSCs, which can be 
used in the treatment of autoimmune diseases, spinal cord 
injuries, and degenerative diseases, can be a strong alter-
native in the treatment of severe COVID-19 by playing an 
important role in healing lung damage, suppressing over-
active inflammatory response, and suppressing pulmonary 
fibrosis. Bearing in mind the ethical issues, the production 
and preparation of MSCs must be done in accordance with 
quality control standards and must be inspected by autho-
rized institutions.

MSC treatment in preclinical studies
Preclinical studies are of great importance in examining 
the safety and efficacy of a newly developed treatment 
method. So far, the efficacy of MSCs in the treatment of 
ARDS and acute lung injury has been demonstrated in 
many preclinical studies.[11] In a study by Jung et al.,[12] hu-
man adipose tissue-derived MSCs were shown to be quite 
effective in reducing lung damage and inflammation asso-
ciated with ARDS between 2 and 7 days. In other similar 
preclinical studies, it has been observed that MSCs can 
be extremely effective in reducing inflammation, oxidative 
stress, and apoptosis.[13] These preclinical studies also sug-
gest that the use of MSCs may play a key role in the treat-
ment of COVID-19, considering increased inflammation 
and cell damage, which are the main pathophysiological 
process.

Use of MSC treatment in clinical studies of adult 
COVID-19 patients
As of February 2022, 79 clinical trials evaluating the safety 
and efficacy of MSCs in patients with COVID-19 have been 
registered with clinicaltrials.gov. Looking at the literature, 
the efficacy of many different types of stem cell therapies 
are tried, such as dental stem cells, umbilical cord stem 
cells, mesenchymal stromal stem cells, MSCs originating 
from menstrual bleeding, and adipose tissue in the treat-
ment of COVID-19. Before the trials on the treatment 
of COVID-19, MSCs were also tried in the treatment 
of ARDS cases, and a decrease in mortality was found 
in a significant part of the patients. Although there are 
no definitive data on which stem cells obtained from dif-
ferent sources can be the best source yet, it is thought 
that its effectiveness may be the best since the umbilical 
cord has the highest stem cell concentration, according 
to our theoretical knowledge.[14] Although invasive proce-
dures are needed for the use of stem cells originating from 
bone marrow and adipose tissue, millions of stem cells 
must be applied to achieve adequate therapeutic efficacy. 
Considering the increased inflammation, hypoxemia, and 
predisposition to intravascular thrombosis in cases with 
COVID 19, the use of mesenchymal stromal cell secre-
tomes (MSC-secretome) in the treatment becomes more 
prominent.[15]

In a study by Häberle et al.,[16] when patients who re-
ceived and did not receive MSC therapy were compared, 
the effectiveness of the treatment was demonstrated in 
patients who received MSC therapy, with significantly 
lower lung injury, high discharge rates, and near-normal 
lung function tests. When many studies in the literature 
were reviewed, no serious adverse events were encoun-
tered in stem cell therapy, but it was found that the rates 
of possible side effects related to inducing any tumor for-
mation or growth, infection, or thrombus formation were 
generally similar.[17] In a double-blind randomized con-
trolled study by Lanzoni et al.,[18] it was shown that there 
was a significant decrease in cytokine levels and a signifi-
cant increase in survival rates on the sixth day following 
the use of umbilical cord-derived MSCs in the treatment. 
In another study by Leng et al.,[19] after MSC treatment, 
the existing symptoms regressed approximately 3 days 
after the treatment, and severe acute respiratory syn-
drome coronavirus 2 (SARS-CoV-2) PCR tests became 
negative 2 days after this application, the cytokine storm 
was suppressed, and C-reactive protein levels increased 
rapidly. Regression was detected without any significant 
side effects.

In a case report, three doses of allogeneic umbilical cord-
derived MSC treatment were administered to a patient 
with severe inflammatory symptoms due to COVID-19 
at 3-day intervals, and no side effects were observed on 
the fourth day following the end of the treatment, but the 
patient recovered from the intensive care unit with the 
regression of symptoms due to increased inflammation.[20] 

In a case report by Zengin et al.,[21] two doses of umbilical 
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cord-derived MSCs were administered intravenously and 
intratracheally at 5-day intervals to a patient who was fol-
lowed up in the intensive care unit with severe COVID-19. 
Symptoms were decreased, and a significant improvement 
in the clinical picture was observed.

Although MSC applications in the treatment of COVID-19 
are new, considering the onset of the pandemic, and long-
term results are not available, there are many studies on 
stem cell therapies in patients who develop ARDS due 
to other viral infections. In a study including 61 patients 
with H7N9 influenza virus, 17.6% of the patients who re-
ceived stem cell therapy died, while 54.5% of the patients 
in the untreated group died. In addition, no side effects 
or morbidity was encountered in the 5-year follow-up of 
the patients who were given stem cell therapy.[22] How-
ever, the presence of increased thrombogenic risk after 
stem cell therapy infusion still creates a significant con-
cern, especially in patients with hypercoagulopathy.[23] In 
the light of all these studies in the literature, “expanded 
access/compassionate use” approval has now been given 
by the US-FDA for COVID-19 patients who have a seri-
ous course.

COVID-19 and MSC treatment in pediatric and 
pregnant groups
COVID-19 in pediatric cases has been studied in many 
studies around the world. In a large study conducted at 
the Chinese Center for Disease Prevention and Con-
trol, including 72 314 cases, children less than 10 years 
of age were shown to be <1% of all COVID-19 cases.[24] 
In another study involving 1391 pediatric patients, 171 of 
the cases were proven to be positive for SARS-CoV-2, 
only 3 of these cases required intensive care, and only 1 
patient died.[25] In many large studies, in which 149 082 
SARS-CoV-2 positive cases were included, it was found 
that only 1.7% of these cases were formed by children 
under the age of 18 years, and the group in need of hos-
pitalization in this group was children under the age of 1 
year.[26] In many studies like these, it has been shown that 
the childhood age group has a low rate of being infected 
with SARS-CoV-2, and in case of infection, children can 
have the disease with asymptomatic or mild symptoms, 
unlike adults.

Similar to children, it was shown in a study published by 
the World Health Organization that included 147 preg-
nant women that being pregnant in SARS-CoV-2 positive 
cases does not increase the risk of developing severe pneu-
monia.[27] In another study reported by Pierce-Williams 
et al.,[28] no maternal mortality was reported in pregnant 
women infected with SARS-CoV-2. Although the results 
of these studies seem to be positive for pregnant women, 
considering that different immune responses may occur in 
different trimesters, it is obvious that there is a need for 
more extensive studies on the subject.

Considering these data regarding COVID-19 in both 
children and pregnant women, the ratios of active and 
dormant stem cells and angiotensin-converting enzyme 

(ACE)/ACE-2 receptors may differ from the normal 
adult population. As the first stage of the pathogenesis 
of SARS-CoV-2, it has been determined that the spike 
protein of the virus can cause infection by entering the 
host cell with the recognition of the ACE-2 receptor. 
Therefore, it has been reported that all cells expressing 
the ACE-2 receptor can be infected with this virus, and 
SARS-CoV-2 enters the host cell through the activation 
of the transmembrane serine protease enzyme.[29] At this 
point, the question arises whether the increased resis-
tance to COVID-19 in children and pregnant women is 
due to these changes.[30] Contrary to adults, active stem 
cell rates are quite high in both children and pregnant 
women. In addition, multipotent stem cells in pregnant 
women are more active than MSCs in adults. In a study by 
Samara and Herlenius, it was shown that fetal MSCs are 
present in the maternal blood circulation, and accordingly, 
pregnant women can experience the disease with asymp-
tomatic or mild symptoms.[31] In essence, the excess 
number of active stem cells in pregnant and children sup-
presses the entry and reproduction of the virus into the 
cell and also prevents fibrosis and inflammation caused 
by the infection. The fact that newborns are infected at a 
higher rate among infected children compared with other 
pediatric age groups is thought to be due to the higher 
number of ACE-2 receptors in the lungs of newborns.[32] 
The fact that MSCs do not have ACE-2 receptors also 
ensures that these cells are not infected with COVID-19, 
thus creating a significant advantage against infection.[33] 
In the study of Leng et al.,[19] it was shown that ACE-
2 negative MSCs are much more effective in COVID-19 
pneumonia, supporting this view.

Based on this information, the question arises whether 
stem cell therapy can be a new and promising treatment 
method in stopping the progression of the disease and 
supporting its regeneration after the damage it has caused. 
However, unfortunately, there are no sufficient data in ev-
idence-based medicine regarding the efficacy or safety of 
stem cell use in pregnant women and children.

CONCLUSION

MSC therapy in the patient group infected with SARS-
CoV-2 and in whom the disease has a serious course, such 
as the presence of ARDS, is a current and very promi-
nent choice. It is at the top of the promising treatment 
approaches that can play a key role in the treatment of 
COVID-19 patients. While it is clear that there is a need 
for a large number of studies on this subject that can in-
clude various patient groups, MSC therapy is promising 
not only in severe COVID-19 cases but also in the treat-
ment of many chronic lung diseases, especially those asso-
ciated with lung fibrosis.
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SARS-CoV-2’nin akciğer, kalp ve bağışıklık sistemi gibi birçok organ ve sistemin ciddi şekilde etkilenebildiği yeni koronavirüs hastalığı 2019’a 
(COVID-19) neden olduğu bilinmektedir. Şu an için tedavi süreci genel anlamda destekleyici ve palyatif bakım üzerine kurulmuştur. Potansiyel 
olabilecek bazı ilaçlar ise tedavide denenmektedir. İşte bu noktada, son dönemlerde belki de birçok hastalıkta ileride umut verici bir tedavi 
yöntemi olabilecek kök hücre tedavisi gündeme gelmektedir. COVID-19’da kök hücre tedavisi özellikle dirençli ve ağır vakalarda anahtar 
rolü üstlenebilecek bir tedavi yöntemi olabilir. Bu derlemede, kök hücre tedavisinin potansiyel mekanizmalarını ve bu tedavi yöntemindeki 
gelişmeleri özetledik.

Anahtar Sözcükler: Akut solunum sıkıntısı sendromu; COVID-19; doku rejenerasyonu; kök hücre tedavisi.
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