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ABSTRACT

Coronavirus disease 2019 (COVID-19) has caused nearly 15 million deaths worldwide. The rapid de-
velopment of COVID-19 vaccines and anti-viral drugs significantly decreased the level of mortality
related to COVID-19. However, post-COVID-19 pulmonary fibrosis has become a severe problem
for some COVID-19 patients. The previous articles present the results of mesenchymal stem cell
(MSQ) transplantation to treat COVID-19 patients; in this article, we would like to discuss the poten-
tial of MSC transplantation to treat and improve post-COVID-19 pulmonary fibrosis. MSCs exhibit
immune modulation and anti-inflammation that can control the inflammation caused by coron-
avirus 2 infection and the cytokine storm that some patients experience during COVID-19. The
anti-fibrotic qualities of MSCs have also been demonstrated both in vitro and in vivo. Based on the
current information about the anti-fibrotic effects of MSCs, MSC transplantation can be used to

improve post-COVID-19 pulmonary fibrosis.
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INTRODUCTION

The coronavirus disease 2019 (COVID-19) pandemic
is the fifth documented pandemic since the 1918 flu
pandemic. The first reported case of COVID-19 was
recorded in Wuhan, China, before the virus spread
worldwide. Since 2019, there have been nearly 15
million deaths due to COVID-19. Vaccines and anti-
viral drugs significantly decreased mortality related
to COVID-19 around the world. However, the rate
of COVID-19 infections has continuously increased
in most countries, even after vaccination. Some re-
ports have shown that although the mortality was re-
duced, the rates of post-COVID-19 syndrome and
post-COVID-19 pulmonary fibrosis (PF) were not
significantly reduced.

Post-COVID-19 PF has mainly been observed in pa-
tients with comorbidities such as diabetes, hyperten-
sion, or coronary disease . In 2020, Wu et al. showed
that up to 40% of patients who had recovered from
COVID-19 may develop ARDS; 20% of them may de-
velop PF2. In some other reports, PF is estimated
to affect about 1/3 of the patients hospitalized with
SARS-CoV-2%4,

Therefore, post-COVID-19 PF poses a serious threat
to patients who have recovered from COVID-19.
Many of the potential treatments reported in the lit-
erature can improve post-COVID-19 PF; however,
there is no fully proven treatment for this condition.
This review aims to comprehensively review PF in

post-COVID-19 patient, some current treatments for
PE and some early results using mesenchymal stem
cells (MSCs) for post-COVID-19 PF treatment.

SARS-COV-2 AND COVID-19
PATHOPHYSIOLOGY

Virus SARS-CoV-2 profile and viral life cycle

Severe acute respiratory syndrome coronavirus 2
(SARS-CoV-2), which is responsible for the COVID-
19 pandemic, belongs to the family Coronaviri-
dae. 'The Coronaviridae family has 2 subfami-
lies, Coronavirinae and Torovirinae. Coronaviri-
nae includes seven coronavirus-caused respiratory
diseases in human, which are divided into two
groups: normal coronaviruses (HCoV-229E, HCoV-
NL63, HCoV-HKU1, HCoV-OC43) and novel coro-
naviruses (MERS-CoV, SARS-CoV and SARS-CoV-
2)>. The normal coronaviruses usually causes acute
mild upper tract respiratory diseases (except NL63),
while the novel coronaviruses can lead to pneumo-
nia and severe acute respiratory syndrome (SARS).
Among the three novel coronaviruses, SARS-CoV-2
has had the lowest case fatality rate (CFR)—under 5%
— but the highest level of transmissibility.

Coronaviruses (CoVs) have large single-stranded
positive-sense RNA genomes—around 30 kilobases,
containing a 5’-cap and 3’ poly (A) tail structure®.
CoVs have a lipid bilayer membrane and include four
main structural proteins: nucleocapsid (N) protein,
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membrane (M) protein, envelope (E) protein and,
most importantly, spike (S) protein 7. S protein plays
a pivotal role in the initial attachment and penetra-
tion of the virus to the host cell by binding to the
angiotensin-converting enzyme 2 receptor (ACE-2).
The spike protein is composed of two subunits, S1 and
S2. S1 mediates the binding of the virus to the host
cell receptor, while S2 is responsible for the fusion of
virion and cell membrane”. Inside the host cell, the
virus replicates and performs exocytosis, after which
it is ready to invade adjacent cells.

COVID-19 pathophysiology

ACE-2 has been determined to be a main functional
receptor for SARS-CoV, HCoV-NL63, and SARS-
CoV-2. ACE-2 has primarily been expressed in type
II pulmonary epithelial cells, so the respiratory sys-
tem is the easiest method for viruses to infect patients.
However, ACE-2 has also been observed in nasal gob-
let cells, gastrointestinal epithelial cells, pancreatic
B cells, and renal podocytes 6.8 leading to digestive
issues, myocarditis, kidney diseases and, ultimately,
multiple organ dysfunction syndromes. Compared
to SARS-CoV, SARS-CoV-2 has a 10-20 times higher
affinity for ACE-2 receptors®, which is why there
have been more COVID-19-related myocarditis cases
(even among those who are young and have no co-
morbidities) than in the 2002-2004 SARS outbreak in
Hong Kong.

The renin-angiotensin system (RAS) plays an essen-
tial role in regulating blood pressure and homeostasis.
In the lungs, angiotensin I (Ang I) metabolizes to an-
giotensin II (Ang II) by the ACE. Ang II acts through
angiotensin type I and type II receptors (AT1R and
AT2R), leading to the constriction of vascular, wa-
ter, and sodium retention, stimulation of chronic in-
flammation, fibrosis, and lung damage. Conversely,
the ACE-2 converts Ang II into Ang 1-7, which ex-
erts vasodilation through binding Mas receptor, thus
inhibiting inflammation and preventing pulmonary
diseases and edemal?. Therefore, the ACE2/Angl-
7/Mas axis is antagonized to the ACE/AngII/AT1R
pathway (classic RAS). When SARS-CoV-2 binds to
cells with a high affinity, the bond between the virus
and ACE-2 is formed, leading to the down regulation
of the ACE-2 axis. This imbalance is partly respon-
sible for the acute and chronic inflammation (due to
overactivity of RAS), resulting in medium to severe
COVID-19 symptoms and long-term complications.

Many researchers have concluded that there is a
correlation between the increasing level of pro-
inflammatory cytokines and the outcome of COVID-
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19 patients; cytokine storm syndrome is the main fac-
tor that causes severe and fatal complications in pa-

tients 11714,

Cytokines are small protein molecules
secreted through the interaction between cells, in-
cluding pro-inflammatory and anti-inflammatory cy-
tokines 1>, The virus invades the nasal epithelial cell,
replicates, and immigrates to the upper and lower res-
piratory cells, then to lymphocytes. With COVID-
19, cytokines are produced not only through PAMPs
(pathogen-associated molecular pattern molecules)
and DAMPs (damage-associated molecular pattern
molecules) pathways but also during the crosstalk
between epithelial cells and immune cells via the
trigger of macrophages. In mild to moderate cases
of COVID-19, interferon-1 (IFN-1, which includes
IFN- o and IFN-8) is efficiently and productively se-
creted, functioning as a lung protector. Otherwise,
the inflammation is regulated by the balancing be-
tween pro-inflammatory (TNF-o, IL-1, IL-6) and
anti-inflammatory (IL-10, IL-1) cytokines. This facil-
itates quicker and more effective virus clearance with-
out any serious complications.

On the other hand, in patients with severe to crit-
ical disease, there is not only impaired INF-1 pro-
duction and activity accelerating DAMPs and PAMPs
pathways but also exacerbated inflammation, with
an excess of pro-inflammatory cytokines (TNF-a,
IL-6), leading to the cytokines auto-amplification
and cytokine storm, resulting in ARDS, multi-organ
failure or even death!>!%, Moreover, the imbal-
ance of the ACE and ACE-2 axis that leads to the
ACE/AnglII/ATIR over-activity will exaggerate the re-
leasing soluble TNF-a;, HB-EGE, and IL-6R to ad-
jacent cells and activate NK-kB and STAT3 to pro-
duce more IL-68. Serum IL-6 and TNF-« levels can
be used to reliably and independently predict poorer
prognoses!6. Therefore, ACE/Angll blockers and
anti-IL-6 have recently been considered viable medi-
cation for treating disease of medium to critical sever-

ity.

Immune response to SARS-CoV-2 and
COoVID-19

Besides local immune activity (innate cell im-
munopathology and plasma cytokines signature),
understanding the specific immune response is a
vital part of controlling the virus invasion, with
three major components: antibodies (produced
by B cells), CD47T T cells, and CD81 T cells. The
adaptive immune response works slower than
innate immunity; it takes time to proliferate and
differentiate naive cells into effector cells. When the
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virions, ingested by antigen-presenting cells (APC),
are recognized by CD4™ T cells, the T helper cells
activate both cytotoxic T cells to destroy infected
cells and virus, and B cells produce antibodies.
If the adaptive immune response works fast and
effectively, eliminating the circulating virions, the
disease can be controlled; patients usually have no
symptoms. Conversely, T cells and antibodies may
not be activated soon enough, in which case the
local immune activity can lead to over-activity in
In the case of SARS-CoV-2
and COVID-19, the virus can avoid or delay innate

cytokine production.

immunity related to INF-1 efficiently, leading to the

overproduction of pro-inflammatory cytokines7-20,

POST-COVID -19
SYNDROME/COVID-19 LONG-TERM
COMPLICATIONS AND COVID-19
PULMONARY FIBROSIS

Although the accurate pathological mechanism of
long-term COVID-19 complications is still a mat-
ter of controversy, several mechanisms have been re-
ported to be associated with the following disease se-
quelae: (1) direct viral tissue damages due to the di-
verse locations of ACE-2 expression in epithelial cells
leads to multiorgan injuries; (2) the high expression
of ACE-2 in endothelial cells affects the complexity
of blood vessels, which may lead to coagulation and
thrombosis; (3) the consequences of cytokine storm
syndrome; (4) the imbalance of ACE axis and ACE-
2 axis, leading to vascular constriction, lung fibrosis,
and chronic inflammation; (5) immune system dys-
regulation (has been proven by finding auto-reactive
T cells in patients with fatal cases of COVID-19, sim-
ilar to autoimmune disease patients) $1421:22,

Recent research has shown that COVID-19 patients
with prolonged symptoms can have SARS-CoV-2 de-
tection blood tests that are either (1) PCR-negative or
(2) low-level trace PCR-positive. Patients with trace
PCR-positive results may experience long-lasting
symptoms, even over 3 months after the initial in-
fection. Remarkably, in long-lasting symptomatic
patients who are trace PCR-positive, SARS-CoV-2-
specific CD8" T cells increase in breadth and mag-
nitude, which may be related to the mechanism by
which long-term complications occur 1%22-24,

Many systems are affected by long-term COVID-19,
including: respiratory (dyspnea, pulmonary fibrosis,
lung function abnormalities, ventilator/oxygen de-
pendence, etc.), cardiological (chest pain, arrhythmia,
ventricular systolic dysfunction, heart failure, etc.),

hematological (thrombosis, hypoxia, etc.), neurologi-
cal (fatigue, myalgia, headache, migraine, insomnia,
etc.), dermatological (urticaria, alopecia, rash, etc.),
urological (acute kidney injury, renal dysfunctional,
etc.), digestive (nausea, vomiting, poor appetite, etc.)
and so on®. In this review, we focused on post-
COVID-19 lung fibrosis.

Pulmonary fibrosis is also called interstitial lung dis-
ease or diffuse parenchymal lung disease. The term
“post-COVIDI9 fibrosis” includes any “fibrotic-like”
conditions (reversible diseases) and fibrosis (irre-
versible diseases) with specific CT imaging features 2.
The high level of transforming growth factor-beta 1
(TGF-f1) is considered to be the main factor for or-
ganizing pneumonia (based on recent knowledge of
past influenza and SARS pandemics). The mecha-
nism is the production of profibrotic agents such as
TGF-B1, PDGE VEGE EGE etc., which leads to the
activation of fibroblasts (which stay resident and re-
cruit from the blood) and subsequent differentiation
into myofibroblasts, stimulating collagen synthesis 2°.
The fibroblasts and myofibroblasts will organize into
fibrotic foci. The growth factors targeting tyrosine ki-
nase pathways are released continuously to promote
fibrotic foci formation and evolution in a fibrosed
lung. Collagen type 3 is a predominant form of col-
lagen during the early stage, while collagen type 1 is
revealed during the late stage.

In SARS-CoV-2 infection, the exact mechanism of fi-
brosis is still unknown; however, it is believed to be
multifactorial, primarily a result of the release of cy-
tokines and abnormal coagulopathy (which is the dif-
ference between COVID-19-induced ARDS and clas-
sic ARDS), as well as the down regulation of the ACE-
2 axis (as described above). In addition to these are
two iatrogenic factors, namely, oxygenic toxicity and
ventilator-induced lung injury. Patients exposed to
high doses of oxygen experience enhanced levels of
oxygen-derived free radicals, which damage the ep-
ithelial cells. Patients with severe disease who are sup-
ported by prolonged mechanical ventilation experi-
ence extended high pressure inside their stiff lungs;
this physical stress also contributes to pulmonary fi-
brosis26.

The clinical symptoms of organizing pulmonary fi-
brosis differ from patient to patient; however, all are
very similar to those common of respiratory diseases,
including prolonged dry cough, shortness of breath,
fatigue, decreased exercise tolerance, or even a lack
of symptoms. Risk factors such as age, comorbidi-
ties (hypertension, diabetes, cardiovascular disease,
cancer, pulmonary tuberculosis, efc.), prolonged ICU
stay and ventilation period, smoking, and a history of
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alcohol abuse play an important role in the progres-
sion of severe COVID-1927. Specific paraclinical test
features consist of the reduction of lung diffusion ca-
pacity of carbon monoxide (DLCO) and the forma-
tions associated with lung scarring, which are identi-
fied via CT scan, such as traction dilation of bronchi,
honeycombing, pleural thickening or bands in the fo-
cal area8. According to Wu et al., 30% of COVID-
19 patients suffer from at least some lung complica-
tion at 9 months after hospitalization; a third of them
develop fibrotic-like damages without any reduction
trends?®. Another study by Wu et al. shows a similar
result: 40% of COVID-19 patients develop ARDS and
20% of ARDS cases are severe, with imaging results
showing diffuse alveolar damage; about 10% of recov-
ered patients experience lung fibrosis’. Long-term
research carried out on SARS patients for 15 years has
shown that the lesions due to lung damage can be re-
duced within 12 months after recovery, without any
evolution or changes observed 14 years later3!; post-
COVID-19 lesions due to lung damage are now con-
sidered to progress in a similar way.

CURRENT STATUS OF
POST-COVID-19 PULMONARY
FIBROSIS TREATMENT

Currently, there are no fully proven treatment
methods for COVID-induced pulmonary fibrosis.
Different approaches are being researched, with a
focus on anti-inflammatory and anti-fibrotic drugs.
Nintedanib and pirfenidone—oral therapeutics com-
monly used to treat idiopathic pulmonary fibrosis
(IPF)—are the most commonly investigated anti-
fibrotic medicines. In IPF patients, nintedanib and
pirfenidone have been shown to inhibit the reduction
of lung function and increase life expectancy>2.
Nintedanib
dolinone) prevents pro-fibrotic signaling pathways
through mediators (TGF-B1, PDGE, VEGE, EGF).
(5-methyl-1-phenyl-2-(1H)-pyridone)
works via multiple mechanisms by regulating pro-

(6-methoxycarbonyl-substituted  in-

Pirfenidone

fibrotic and pro-inflammatory agents, inhibiting
the activation of collagen synthesis and fibroblast
differentiation through TGF-f1 and playing an
antioxidant role. Despite their potential, the side
effects and drug interactions must be taken into ac-
count. Several common reactions, such as diarrhea,
fatigue, and poor appetite, are similar to COVID-19
symptoms, which can affect physicians’ evaluations of
patients. Nintedanib and pirfenidone can also cause
damage to the liver, which can be seriously affected
by COVID-19 itself 28. When using anticoagulants, it
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is necessary to delay Nintedanib, which can increase
the risk of bleeding33.

Besides, several new medicines have been the subject
of ongoing clinical trials around the world since
2020. These include two multicenter, randomized,
placebo-controlled research projects with Treamid
(NCT04527354), Bov Hyaluronidase azoximer
(NCT04645368), and LYT-100 (NCT04652518), one
multicenter, randomized trial compared to standard
therapy with Anluohuaxian (NCT0433426) and
many single-center, randomized, placebo-controlled
trials with Collagen Polyvinylpyrrolidone, Pred-
nisone, Genistein, Tetrandrine, etc. In addition,
cell therapy—especially using mesenchymal stem
cells—has been reported as a potential treatment
method.

MESENCHYMAL STEM CELLS AND
THEIR BIOEFFECTS TARGETING
PULMONARY FIBROSIS

Preclinical trials and clinical trials for pul-
monary fibrosis

To date, there have been more than 20 reports on the
use of MSCs for PF in animal models. Most of the
studies used MSCs from bone marrow or adipose tis-
sues. Other kinds of MSCs used to treat PF in ani-
mal models include umbilical cord MSCs, amniotic
membrane MSCs, human embryonic MSCs, and hu-
man menstrual blood-derived MSCs. In a 2021 re-
view by Li et al. 34 12 animal studies showed that an-
imals treated with MSCs had significantly improved
survival rates compared to the control group (p <
0.001)34. Moreover, in this meta-analysis review, Li
et al. (2021) showed that MSC transplantation clearly
reduced pulmonary fibrosis scores compared to the
control group (p < 0.01)34,

In a 2013 study, Tzouvelekis et al. used adipose-
derived stromal vascular fraction (SVF) to treat 14 PF
patients3>. In this study, the researchers used a low
dose of SVF (0.5 million cells per kg of body weight
per infusion). Although no cases of serious adverse
events were reported, treatment efficacy was not sig-
nificantly improved in patients who received trans-
plants 3>,

Averyanov et al. (2019) used a high dose of MSCs
to treat PF in 20 human patients. This clinical trial
showed that the cumulative dose of 2 billion cells is
safe and tolerable in PF patients. After 52 weeks of
follow-up, the authors confirmed that MSC transplan-
tation with a cumulative high dose is effective for

treating rapidly progressing PF 36,
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A study by Campo et al. (2021) transplanted autol-
ogous bone marrow MSCs (BM-MSCs) for 13 pa-
tients3”. The transplantation of BM-MSCs was deter-
mined to be safe, and the mean forced vital capacity
declined by 8.1% at 3 months 7.

Mechanisms of MSCs for pulmonary fibrosis

Effects of MSCs on COVID-19 treatment, including
(1) anti-viral effects, (2) immune modulation, and
(3) lung regeration, have been comprehensively dis-
cussed in some previous publications3%3. Unlike
COVID-19 treatment, post-COVID-19 treatment can
be effective if the fibrosis process is reversed. Ideally,
the treatment for fibrosis should achieve three steps
of fibrotic tissue regeneration, namely, the inhibition
or reduction in fibrosis progression (via inhibiting in-
flammation, reducing myofibroblast activity, and pre-
venting further collagen synthesis), the degradation
of the accumulated/existing collagen, and the trigger-
ing of lung regeneration (Figure 1). MSCs can target
three therapeutic mechanisms of fibrotic lung regen-
eration.

MSCs can display immune modulation that signifi-
cantly reduces inflammation by suppressing T lym-
phocytes, B lymphocytes, dendritic cells, and NK cells
and stimulating regulatory T cells. MSCs also secrete
an array of anti-inflammatory cytokines (reviewed in
Pham and Vu, 20204%). In a model of radiation-
induced pulmonary fibrosis in animals, Dong et al.
(2015) showed that MSCs can reduce fibrosis in PF
in animals by stimulating the endogenous secretion
of HGF and PGE2%l. MSCs also secrete HGF that
inhibits epithelial-to-mesenchymal cell transition and
promotes myofibroblast apoptosis*2. 'The role of
MSC-derived HGF in protection from bleomycin-
induced PF was confirmed by Cahill et al. (2016).
Cahill et al. (2016) compared the effects of MSCs
and HGF-knockdown MSCs on bleomycin-induced
PF and showed that HGF knockdown MSCs could not
protect against fibrosis in vivo*3.

The degradation of existing cumulated collagen in fi-
brotic lungs is an essential step in fibrotic lung re-
generation. Transplantation of MSCs can activate
the host’s macrophages, especially M2 macrophage,
to synthesize the MMP-9 degrading the collagen 4.
Indeed, in animal models of PF UCMSC trans-
plantation reduced collagen deposition (determined
by Sirius red staining)*. Indeed, overexpression
of MMP9 in macrophages can attenuate bleomycin-
induced PE#>. In vitro, Khan et al. (2017) also showed
that MSCs could decrease Coll1A1l deposition by in-
creasing the ratio of MMP-1 to TIMP-146,

The last step of anti-fibrosis in PF is tissue regener-
ation. Previous studies have confirmed that MSCs
could produce and secrete some growth factors that
can activate the local stem cells for tissue homeosta-
sis47*8 Chu et al. (2020) determined the indirect
way that MSC transplantation triggers tissue regen-
eration in PF through TLR-4%*. Transplanted MSCs
will promote the expression of TLR-4 in the hosts
alveolar epithelial cells. TLR-4 promotes alveolar pro-
genitor cell renewal and prevents severe pulmonary
fibrosis 4.

Xiao et al. (2020) reported that MSC-derived exo-
somes could reverse the progression of LPS-induced
lung injury and fibrosis®®. Exosomes from MSCs
transmitted miR-23a-3p and miR-182-5p to the MLE-
12 cells and inhibited the NF-kB and Hedgehog path-
ways by silencing lkbkb and destabilizing IKKbeta >,
(2021) also demonstrated that ex-
osomes from BMMSCs can reverse the epithelial-

Zhang et al.

mesenchymal transition to alleviate silica-induced
pulmonary fibrosis>!. Indeed, exosomes from BMM-
SCs caused an increase in epithelial markers (in-
cluding E-cadherin and cytokeratin 19) and reduced
the expression of fibrosis marker proteins (including
alpha-SMA). The authors proposed that a mechanism
for the anti-fibrotic effects of exosomes could be the
attenuation of the Wnt/beta-catenin signaling path-
way>L,

AN UPDATE ON USAGE OF
MESENCHYMAL STEM CELLS FOR
POST-COVID-19

Rahulan et al. (2022) recently used MSC transplanta-
tion to treat five patients with post-COVID ARDS on
ECMO who were referred for lung transplantation >2.
All patients received 5 million cells per kilogram in-
fused over 30 minutes for 3 doses on days 0, 3, and
6. The results showed that all patients tolerated MSCs
well without experiencing any observable side effects.
Three patients recovered from post-COVID-19 and
weaned off ECMO successfully; 1 patient did not im-
prove and expired; 1 patient did not recover and un-
derwent lung transplantation 32,

On the clinicaltrials.gov website, there are three ac-
tive clinical trials using mesenchymal stem cells for
post-COVID-19 treatment and one active clinical
trial using extracellular vesicles from MSCs for post-
COVID-19 treatment (Table 1).
als use allogeneic expanded ADSCs; the clinical trial
uses autologous ADSCs. It seems that while umbili-
cal cord-derived MSCs (UCMSCs) are usually used to
treat COVID-19 because of the strong immune mod-
ulation of UCMSCs, adipose tissue-derived MSCs are

Two clinical tri-
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COVID-19 treatment

Post COVID-19 treatment

Lung regeneration

Lung regeneration

Figure 1: Mechanisms of MSC transplantation for COVID-19 and post-COVID-19 treatment. In COVID-19
treatment, MSCs can directly affect the virus, modulate the host’s immune system, or trigger lung regeneration. In
post-COVID-19 treatment, MSCs can reduce or inhibit fibrogenesis, degrade the existing collagen, and stimulate

lung regeneration.

used to treat post-COVID-19. Indeed, in the pre-
vious publication 53 ADSCs were considered a bet-
ter cell source than BM-MSCs to treat hindlimb is-
chemia in mice®3. In another study, Liu et al. (2020)
showed that ADSCs are better than UCMSCs in treat-
ing spinal cord injury in animals®®. These results
show that ADSCs are a more suitable cell source than
BMSCs or UCMSCs for tissue regeneration, while
UCMSC:s are suitable for treating anti-inflammation
through their immunomodulation capacity®>. How-
ever, more studies have confirmed this observation.
In addition to mesenchymal stem cells used to treat
post-COVID-19, extracellular vesicles from MSCs are
also being used in a clinical trial (NCT05116761). In
this study, EVs from BMMSCs were collected and
used with a dose of 10.5 x 103 EV per patient.

CONCLUSION

COVID-19 has become the most serious pandemic
on record. Some novel therapeutic treatments and
vaccines have significantly reduced mortality; how-
ever, post-COVID-19, especially post-COVID-19

pulmonary fibrosis, is on the rise as a new condi-
tion affecting many patients who have tested nega-
tive for SARS-CoV-2. Although it is difficult to con-
clude based off of the current evidence that this ther-
apy is efficacious for treating post-COVID-19 PE, the
first clinical report of MSC transplantation for post-
COVID-19 ARDS on ECMO patients referred for
lung transplantation and the current results reported
on the usage of MSCs for PF suggest that MSC trans-
plantation should be considered a promising therapy
for post-COVID-19. More clinical trials should be
performed to evaluate this therapy.
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