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ARTICLE INFO ABSTRACT

Keywords: The emergence of COVID-19 has created a major health crisis across the globe. Invasion of SARS-CoV-2 into the
SARS-CoV2 lungs causes acute respiratory distress syndrome (ARDS) that result in the damage of lung alveolar epithelial
Mesenchymal stem cells cells. Currently, there is no standard treatment available to treat the disease and the resultant lung scarring is
COVID-19 . . . .

Cell thera irreversible even after recovery. This has prompted researchers across the globe to focus on developing new
Exosomespy therapeutics and vaccines for the treatment and prevention of COVID-19. Mesenchymal stem cells (MSCs) have

emerged as an efficient drug screening platform and MSC-derived organoids has found applications in disease
modeling and drug discovery. Perinatal tissue derived MSC based cell therapies have been explored in the
treatment of various disease conditions including ARDS because of their enhanced regenerative and immuno-
modulatory properties. The multi-utility properties of MSCs have been described in this review wherein we
discuss the potential use of MSC-derived lung organoids in screening of novel therapeutic compounds for COVID-
19 and also in disease modeling to better understand the pathogenesis of the disease. This article also summarizes
the rationale behind the development of MSC-based cell- and cell-free therapies and vaccines for COVID-19 with
a focus on the current progress in this area. With the pandemic raging, an important necessity is to develop novel
treatment strategies which will not only alleviate the disease symptoms but also avoid any off-target effects
which could further increase post infection sequelae. Naturally occurring mesenchymal stem cells could be the
magic bullet which fulfil these criteria.

1. Introduction

The severe respiratory consequences of the coronavirus disease 2019
(COVID-19) pandemic are a major cause of morbidity and mortality
among patients. Extreme manifestation of respiratory failure and long
lasting lung damage in COVID-19 infection results in acute respiratory
distress syndrome (ARDS) which entails invasive therapies and respi-
ratory support. This has prompted urgent and critical need for novel
therapies to avoid, mitigate or recover from ARDS. At present, the
treatment is mostly symptomatic and supportive, mainly by anti-
inflammatory and antiviral strategies [1]. Several efforts are

underway to make vaccines for this deadly disease and in recent months
many vaccines are approved across the globe but it will take longer to
vaccinate people around the world due to limitation in production ca-
pacity of vaccines. New mutant strains are emerging from countries such
as India, UK, Brazil and Africa and the efficacy of these vaccines against
the mutant strains needs to be completely evaluated [2]. Presently, there
are no definitive treatments available around the world which provides
recovery from ARDS. It is evident that there is a time-bound urgency to
screen, develop and deploy novel vaccines and drugs to bring the
COVID-19 pandemic under control. In this context cell-based ap-
proaches, primarily using mesenchymal stem (stromal) cells (MSCs) are
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emerging as the potential screening tool for drug discovery process.
Furthermore, MSCs can be a therapeutic approach option to treat ARDS
and other inflammatory responses caused by COVID-19 infection.

Mesenchymal stem cells are multipotent stem cells that possess high
proliferation and self-renewal properties. Although initially MSCs were
only obtained from bone marrow, they are now isolated and culture-
expanded from a variety of tissues sources such as dental pulp, adi-
pose tissue, placenta, amniotic membrane, Wharton jelly, umbilical cord
blood and menstrual blood [3,4]. These stem cells have the ability to
differentiate into multiple tissue types including cartilage, bone, muscle,
cardiomyocyte, keratocytes, hepatocytes, renal tubular cells, neural
cells, retina and others [5-10]. MSCs isolated from most tissues
commonly express CD73, CD90, and CD105 and but lack expression of
CD45, CD34, CD14 or CD11b, CD79a or CD19, and HLA-DR [11-15].
Recent preclinical and clinical models of transplanted MSCs have
strongly endorsed the potential role of MSCs on tissue regeneration and
homeostasis [16,17]. During the past decade, MSCs have been used in
several clinical trials to treat diseases including musculoskeletal, car-
diovascular, neurodegenerative and metabolic diseases [18-21].

Pharmaceutical industry primarily employs tumor cells or immor-
talized cells to screen drug candidates in vitro. These cell lines have many
advantages because of high scalability, however immortalized cell based
models are not ideal for pharmacology and toxicity studies. The major
disadvantage is that they do not represent a differentiated cell type
present in the human tissue and therefore result in high rate attrition
rate in late stage drug development after being tested originally in tumor
cell lines. Immortalized cell lines are generally used in toxicity testing of
drug candidates by growing in reduced oxygen atmosphere because
their metabolism is often anaerobic. The anaerobic metabolism of
transformed cell lines makes them less sensitive to mitochondrial toxi-
cants and thus mitochondrial toxicity is systematically underreported in
drug toxicity studies [22-24]. Hence, there is a pertinent need to
develop human cell model based on normal cells; the ideal candidate for
this are mesenchymal stem cells as they are natural, non-genetically
manipulated cell types obtained from various human sources and are
multipotent and therefore make an excellent cell types for modeling
disease for drug discovery [25]. Furthermore, MSCs isolated from
perinatal tissues such as placenta, amnion, umbilical cord and Wharton
jelly are especially attractive as they are naive and not subject to im-
prints from infection in the course of life. Monolayer cultures and
organoids from MSCs are a great tool to study host-virus interactions and
model respiratory infections, such as influenza and enteric infections.
These organoids are also used to investigate pathogenesis of HIV and
dengue virus [26]. Researchers are focusing on generating MSCs from
induced pluripotent stem cells (iPSCs) which will help in the production
of disease-specific MSCs that will go a long way in understanding the
pathogenesis of the disease and its phenotype. This will also facilitate
drug development by evaluating efficacy across multiple genetic back-
grounds [27,28]. However, the potential of MSCs in developing infec-
tious disease models and in drug screening have been underutilized so
far.

2. COVID-19 and challenges

COVID-19 is caused by the inhalation of SARS-CoV-2 via the nasal
tract where the virus attaches to the epithelial cells present in the nasal
cavity by the interaction with viral spike protein and starts replicating.
The virus enters the upper respiratory tract along the conducting air-
ways and the main receptor for this virus is angiotensin-converting
enzyme 2 (ACE2) which is abundantly expressed in both the nasal
epithelial cells and lung alveolar epithelial cells [29,30]. At this point
there is an increased expression of interferons such as CXCL10. In ma-
jority of the cases the virus only affects the upper respiratory tract but in
few cases the virus moves to the gas exchange units of the lung where it
infects alveolar type II cells. The virus replicates in these cells resulting
in apoptosis with the release of huge number of viral particles causing
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severe scarring and fibrosis eventually leading to ARDS, a condition in
which most of the patients suffering need mechanical ventilation sup-
port [31-33]. In ARDS, there is an inflammation of lungs by hypoxia
wherein lungs will also lose its elasticity because of increased pulmonary
vascular permeability. The condition induces pro-inflammatory cyto-
kines such as tumor necrosis factor and interleukins that will lead to the
damage the alveolar epithelium and capillary endothelium resulting in
alveolar edema. Most of the patients suffering from severe ARDS need
mechanical ventilation support [34].

The lack of in vitro platforms is one of the challenges in the devel-
opment of new drugs for COVID-19 treatment despite the fact there are
large libraries of anti-viral compounds which needs to be screened for
that anti- SARS-CoV2 activity. To circumvent this problem, MSCs could
be an ideal solution by virtue of their ability to form lung organoids
which could be an efficient in vitro screening system for novel drugs
against COVID-19 [35].

Another major factor hindering the development of anti-COVID
vaccine is the limited availability of suitable cell lines which can ex-
press the target viral antigen effectively. Currently many vaccines are
approved across the globe and several more are in clinical development.
Rapid emergence of new viral strains would require the quick devel-
opment of effective vaccines against new strains as the currently avail-
able vaccines would have limited efficacy against emerging mutant
strains. The potential of MSCs as novel vaccine platform have been
explored in the prevention and inhibition of cancer [36] but very few
studies have explored the potential of MSC as a novel platform to
develop prophylactic vaccine for infectious disease. In an HIV study,
Tomchuck et al., [37] conducted a proof of concept study where MSC
was modified to express a foreign antigen using a plasmid encoding
gp120 which was able to induce antibody-mediated immune response in
C57Bl/6 mice without the need for additional adjuvants or boosting.
Although an initial report have attempted to develop MSC based vaccine
platform for COVID-19 [38], it is necessary to utilize the untapped po-
tential of MSC based platforms in COVID-19 vaccine development,
which would provide an effective alternative to the existing cell line
based platforms.

Currently there is no standard treatment available for COVID-19
which is the main reason for increasing mortality associated with the
disease compared to seasonal flu. Few antiviral medications like
remdesivir is being used in the treatment regimen of patients but the
efficacy and safety of these drugs in patients is still uncertain [39].
COVID-19 affects the lungs by destroying its fundamental framework
and the damage to the lung tissue due to fibrosis is irreversible.
Currently there are no therapies that can reverse the damage of lungs
caused by COVID-19 [40]. Cytokine storm triggered during the patho-
logical course of the condition leads to lung fibrosis and ARDS that
eventually results in multi-organ failure [41,42]. In the context of lung
injury Kavianpour et al., and Yen et al., [43,44] outlined two most
promising features of MSCs which makes it unique - first their immu-
nomodulatory property caused by downregulating pro-inflammatory
mediators and second, their ability to differentiate into alveolar cells.
It warrants studying the therapeutic potential of MSCs in SARS-CoV2
infection because the disease manifestation is typically characterized
by the release of pro-inflammatory cytokines leading to lung damage.
Especially, MSCs from perinatal tissues are naive, have a high yield and
have an enhanced ability to rapidly differentiate in multiple cell types,
when compared to their adult counterpart.

The properties of MSCs can be used in a three pronged strategy for
COVID-19 that includes the prevention (vaccine development), drug
development (by creating MSC based in vitro models for drug screening)
and in treatment of disease (cell therapy and cell free therapy).

3. Mesenchymal stem cells in screening of SARS-CoV2 DRUGS

Although researchers are exploring the therapeutic potential of MSCs
in treating lung injury and ARDS but there are not many studies



S. Warrier et al.

exploring their role in disease modeling and drug screening with respect
to COVID-19. Previously, in the case of Zika virus (ZIKV), a virus that
mainly targets developing foetus and causes microcephaly, brain orga-
noids have been developed to study its pathogenesis. As stem cell-
derived brain organoids are similar to the foetal brain, they have been
exploited to study ZIKV infection. It was identified that early-stage
organoids are particularly susceptible to destruction by the ZIKV, lead-
ing to thinner neuronal layer, a hallmark of ZIKV infection [45-47],
making these stem cell derived model a perfect platform for studying the
pathogenesis of ZIKV in vitro.

It has been established that MSCs can differentiate into type II
alveolar epithelial cells in vitro [48] which makes it ideal to develop MSC
derived COVID-19 lung organoid model to analyse disease pathogenesis
and for drug screening. Some initial studies have shown that lung
organoids, particularly aveolar type II cells that express ACE2 are
permissive to SARS-CoV-2 infection. SARS-CoV-2 infection into lung
organoids indicated a robust induction of chemokines and cytokines
similar to that observed amongst human COVID-19 pulmonary in-
fections. Screening of stem cell-derived lung organoids with
FDA-approved drug candidates such as imatinib and mycophenolic acid
showed that there was a physiologically relevant decrease in COVID-19
infection in the stem cell-derived lung organoids [49]. Using mini lungs
and mini colons derived from stem cells to test around 1000 drugs, re-
searchers have identified seven promising candidates including the
antiviral drug remdesivir [50]. Furthermore, when lung organoids
expressing ACE2 derived from stem cells was used to study the efficacy
of anti-androgenic drugs against SARS-CoV-2 infected organoids, it was
seen these drugs reduced of the number of infected cells along with the
decrease in ACE2 levels [51]. In another study, when lung stem cell
derived alveolospheres expressing ACE2 was infected with virus, the
infected alveolospheres showed similar features of COVID-19 including
interferon (IFN)-mediated inflammatory responses, loss of surfactant
proteins, and apoptosis [52]. Lung organoids have also been developed

Sources of mesenchymal stem cells
(MSCs) such as perinatal tissues

.."ﬂ ~’7-_v;»'.v——._.;—'

Host cell

Isolation and characterization of MSCs

Placenta 117 (2022) 161-168

from adult stem cells isolated from human lungs surgically removed due
to lung cancer. These organoids had cells that make up both the upper
and lower airways of human lungs, including specialized alveolar cells
known as AT2 using a special cocktail of growth factors. When these
organoids were infected with SARS-CoV-2, it was seen that the upper
airway cells are critical for the virus to establish infection, whereas the
lower airway cells are important for the immune response. Both cell
types were observed to contribute to cytokine storm seen in severe cases
of COVID-19 [53]. It has been shown that lung bud tip organoids can be
developed from human foetal lung epithelial stem cells which displayed
alveolar differentiation potential in 3D. This was used to establish air-
-liquid interface cultures in combination with foetal fibroblasts to
differentiate into bronchioalveolar-like cultures. This mix of cell types
allows to study the interactions of SARS-CoV-2 in multiple areas in the
airways that would help in the detailed understanding of the disease
[54,55]. Other than respiratory symptoms, 50% of patients show
gastrointestinal symptoms like diarrhea or nausea associated with dis-
ease severity. Stem cell derived intestinal organoids have been used to
study the pathogenesis and to screen drugs to mitigate the gastrointes-
tinal symptoms associated with COVID-19. One such study has shown
viral infected intestinal organoids, when treated with remdesivir
inhibited viral replication [56]. Further studies will help to develop this
agent as a potential drug to treat COVID-19 induced gastrointestinal
damage and soothe gastrointestinal symptoms. These studies provide
sufficient confidence that MSCs-derived models could provide a good
system to study disease pathogenesis and develop novel drugs against
SARS-CoV2. A schematic representation, indicating the role of MSC in
drug screening and disease modeling is summarized in Fig. 1.

4. SARS-CoV2 vaccine development using mesenchymal stem
cells

Vaccines are important for the prevention of COVID-19 and countries

Culturing of MSCs

Differentiation of MSCs

Drug screening
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Fig. 1. Role of mesenchymal stem cells (MSCs) in drug screening. Lung organoids expressing viral target proteins such as ACE2 generated by the differentiation
of MSCs isolated from perinatal tissues are excellent model systems in novel drug screening and to study host-virus interaction in the pathogenesis of Covid-19.
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across the globe are investing heavily to develop effective vaccines.
Currently many vaccines are approved and several more are in advanced
stages of clinical trials. The failure of some of the vaccines under
development is due to low tolerability, efficiency, immune adaptability
and safety which opens a dire need for novel vaccine testing platforms.
MSC based vaccine platforms have been explored in cancer and in in-
fectious diseases such as HIV [37]. Many studies have shown that
genetically engineered MSCs expressing viral proteins/antigens were
able to induce viral antigen specific antibody response from the host
species. When MSC expressing HPV proteins E6/E7 in combination with
modified E7 fusion protein vaccine was administered into mice, there
was an E7-specific antibody response from the mice against the MSC
expressing HPV proteins along with substantial reduction in the growth
of the tumor [36,57]. Recently, a group in China used a novel approach
for the development of COVID-19 vaccine based on genetically modified
human MSCs [38]. They transfected plasmid expressing SARS-CoV2
nucleocapsid (N) protein in MSCs isolated from umbilical cord. The
engineered MSC cells when injected into the mice showed a rapid and
effective antibody response against the MSC expressing viral antigen.
The injected MSCs were also degraded by immune system after 20 days
of administration. These studies are a forerunner for the use of MSCs for
the development of vaccines for COVID-19.

5. Use of mesenchymal stems cells in SARS-CoV2 therapy
5.1. Cell therapy

Infectious respiratory diseases caused by different viruses can cause
respiratory symptoms that range from common cold to severe acute
respiratory syndrome [58]. Although, antibacterial and antiviral drug
treatments used currently can successfully eliminate the virus, full re-
covery from viral induced pneumonia depends on the resistance of the
patient. In recent years stem cell-based therapy has become a potential
approved system for the treatment of virus-induced lung injury [59],
and MSCs is considered to be one of the major therapeutic cellular tools
because of their non-immunogenic, non-manipulated properties.

Influenza A viral (IAV) infection, the most common cause of viral
pneumonia and antiviral drugs are used as the primary treatment
strategy for influenza-induced pneumonia. There are no antiviral drugs
that are approved in the market can repair damaged lung cells. Studies
on IAV-infected animal models have shown the beneficial effects of the
administration of tissue-derived MSCs [60]. Bone marrow derived MSCs
when cocultured with H5N1 infected human alveolar epithelial cells has
shown to restore alveolar fluid clearance and alveolar protein perme-
ability which are significantly altered during viral infection [61].
Similar effects were also demonstrated using umbilical cord
blood-derived MSC (UC-MSC) [62]. In a COPD mouse model, human
Wharton’s jelly-derived MSCs (WJ-MSCs) showed pulmonary regener-
ative effects. The COPD-induced mice had increased emphysema volume
which was significantly decreased in the WJ-MSC treated group [63].
Another clinical study analyzed the effect of UC-MSC in broncho-
pulmonary dysplasia (BPD), a chronic lung disease of preterm infants
that compromises the pulmonary function. This study showed that
transplantation of UC-MSC decreased BPD severity along with the
reduction in the levels of interleukin-6, interleukin-8, tumor necrosis
factor a, matrix metalloproteinase-9, and transforming growth factor p1
in tracheal aspirates [64]. In several ARDS models, various tissue
derived MSCs such as UC-MSCs and BM-MSCs were shown to improve
lung function by promoting differentiation of pulmonary endothelial
cells and alveolar epithelial cells, and also increased the secretion of
alveolar surfactant [65-68]. These studies indicating the advantages of
perinatal derived MSCs to improve pulmonary function in various lung
related disorders, suggest that they could be ideal therapeutic candi-
dates for treating COVID-19 induced lung damage.

Several clinical trials have been registered using stem cells for
COVID-19 treatment that aim to use different cell sources, dosage and
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importantly diverse targeted patient group. A majority of registered
stem cell clinical trials to treat COVID-19 have proposed the use of MSCs
as a treatment modality. MSCs are a well characterized type of adult
stem cells with ideal proliferative, differentiation, immunomodulatory
and non-tumorigenic properties. In addition, MSCs are also without
ethical issues and are available for allogenic or autologous use [69-72].
Recently, a small group of critically ill COVID-19 patients in China were
given MSCs and subsequently FDA approved Emergency Use Authori-
zation of stem cells to Athersys and GIOSTAR (Global Institute of Stem
Cell Therapy and Research) that has created excitement among medical
community. Administration of UC-MSCs has shown to improve whole
lung lesion volume in COVID-19 patients in a clinical trial [73]. In
another pilot trial, four rounds of UC-MSCs were given to 16 severely ill
COVID-19 patients wherein there was significant improvement in
oxygenation index with the mortality rate of just 6.25% compared to
standard mortality rate of 45.4% in severely ill patients [74]. Another
clinical study on 31 severe or critical COVID-19 pneumonia patients
using UC-MSC therapy showed that there was a reduction in cytokine
storm along with oxygen restoration. Regulation of inflammatory
response and promotion of tissue repair by the transplanted UC-MSCs
are the possible mode of action for improved lung microenvironment,
function and pulmonary fibrosis in these studies [75,76]. As these trials
were conducted in smaller patient population to study feasibility and
safety of UC-MSCs in treating COVID-19, it is further necessary to
conduct larger trials to ascertain and study the detailed therapeutic ef-
fects of UC-MSCs.

Other than tissue regeneration, MSCs are known to play a role in
immunomodulation through the interaction of immune cells in both
innate and adaptive immune systems, leading to immunosuppression of
many effector activities. MSCs can reduce the cytokine storm produced
during many viral infections including coronavirus [43]. As described
by Bailey et al., and Roche et al. [77,78], MSCs are also known for its
resistance to viral infections when compared to more differentiated
cells. This ability is conferred by the presence of IFN-stimulated genes
(ISG) that can target at many stages during viral cycle, thereby avoiding
viruses to overpass cell membrane, nuclear import of mRNAs, genome
integration/amplification, blocking endocytic route, mRNA transcrip-
tion, protein translation, viral assembly and release. Avian influenza
virus (AIV) causes disease among birds species, including chickens,
ducks, and turkeys. There are several AIV subtypes such as H5SN1, H7N9,
and HIN2 that can cross species barriers and become infectious to
mammals [79,80]. Although antiviral drugs can reduce the severity and
duration of symptoms, it does not eliminate flu symptoms or repair the
tissue injury caused by virus associated inflammation. It has been shown
that anti-inflammatory therapies may attenuate viral-induced lung
injury in mice [81]. Given that MSCs possess immunomodulatory and
regenerative properties and ability to secrete endothelial and epithelial
growth factors, Li et al. demonstrated that treatment with MSCs greatly
improved acute lung injury induced by the HIN2 virus in mice [82].
These properties of MSCs in treating viral induced diseases suggest a
wide scope to develop these cells as a potential therapeutic agent in the
treatment of COVID-19.

5.2. Cell free therapy

Mesenchymal stem cells not only have efficient differentiation po-
tency but also secrete a wide range of paracrine factors and extracellular
vesicles that play a key role in tissue regeneration and repair. We have
reported previously that the secretions of MSCs encapsulated in sodium
alginate may be promising anti-cancer agents [83]. In recent years,
exosomes have emerged as a promising cell-free strategy in the treat-
ment of various disease conditions that includes inflammatory diseases,
cancer and myocardial infarction [84,85]. Biancone et al., and others
[86-88] have explained that the functional mechanism of MSCs mainly
rely on paracrine signaling, and exosomes are likely to be the key con-
stituents of this process. Bobrie et al., and O’Loughlin et al., [89,90]
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define exosomes as membrane vesicles of 50-100 nm in size, which can
be released from all kinds of cells. They deliver specific functional RNAs
(miRNA and siRNA), proteins, and lipids from donor to recipient cells by
direct fusion or active uptake [91,92]. Because of this shuttling prop-
erty, exosomes take part in many physiological or pathological pro-
cesses, including intracellular communication, modulation of immune
responses, and tumorigenesis [93-95]. It has been shown that exosomes
could shuttle both infectious cargo and protective host molecules be-
tween cells [96-99], but their roles in pathogen infection is still in an
early stage. MSCs can produce high amount of exosomes (MSC-Exo)
compared with other cell types [100], and MSC-Exo exert an influence
on various diseases similar to that of MSCs. It was reported that the main
form of functional RNA in exosomes is miRNA [101,102]. The expres-
sion profile of miRNA has a signature of the origin parental cells as
determined by RNA sequencing. Increasing evidence suggests that
exosome-packaged miRNAs are maintained in stable condition and play
important regulatory roles in recipient cells [103]. As reviewed by Yin
et al. [104], the use of MSC-derived exosomes as cell-free therapeutics
offers several advantages compared to their cellular counterparts such as
high stability, low immunogenicity, easy storage, and ability to cross the
blood-brain barrier. Sarvar et al., [105] described that these exosomes
have bilipid membrane composition, convenient off the shelf availabil-
ity, and biocompatibility that make them ideal as drug delivery vehicle.
It has been shown that exosomes secreted from UC-MSCs inhibited HCV
infection in vitro, especially viral replication, with low cell toxicity
[106]. It was shown that miRNAs from UC-MSC-derived exosomes
(UC-MSC-Exo0) had unique expression profiles, mainly represented by
let-7f, miR-145, miR-199a, and miR-221 which largely contributed to
the suppression of HCV RNA replication. In addition, UC-MSC-Exo
therapy showed synergistic effect when combined with FDA approved
drugs such as interferon-a or telaprevir, enhancing their anti-HCV
ability and thus improving their clinical significance for future appli-
cation as optimal adjuvants of anti-HCV therapy [106]. Chu and
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colleagues used UC-MSC-Exo in the treatment of mild COVID-19 pneu-
monia. The exosomes were in the nebulized form and did not trigger any
allergic reactions. These exosomes were able to promote the absorption
of pulmonary lesions and reduced the hospitalization time for mild cases
of SARS-CoV2 induced pneumonia [107]. These features of exosomes
have gained sufficient interest in evaluating their potential role as a
therapeutic and pharmacological intervention in addressing COVID-19
pandemic. Exosome therapy could prevent the cytokine storm elicited
by the immune system as shown in recent studies indicating a promotion
of endogenous repair by exosomes [108]. Emerging evidence clearly
support the possibility of using MSC-Exo as a new form of therapy for
treating various viral diseases including COVID-19. The process of
developing MSC based cell free therapy for COVID-19 is represented in
Fig. 2.

Drugs have shown limited efficacy in the management of COVID-19
and is predominantly supportive in nature. In this context there is a dire
emergency to fast-track development of vaccines and therapeutic
agents. MSC based organoid models fit the requirement both as a reli-
able screening tool and also as therapeutic agents. These organoids
which overexpress viral target proteins may emerge as a promising tool
in screening an array of novel drug candidates against COVID-19.
Furthermore, using perinatal tissue MSCs have fewer ethical implica-
tions when compared to animal models and embryonic stem cells.
Conventional in vitro culture systems and animal models have been
useful in studying the pathogenesis of viral infections and to develop
vaccines but models that can accurately recapitulate human responses to
infection are still lacking. Organ-on-a-chip is an emerging technology
that can effectively mimic in vivo conditions. They recapitulate tis-
sue-tissue interfaces, fluid flows, mechanical cues, and organ-level
physiology that accurately mimic human pathophysiology. Using MSC
derived lung-on-a-chip system, the pathogenesis of coronavirus can be
studied and drug candidates screened. Furthermore, MSCs have also the
potential to be developed into novel vaccine platform where they can be
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Fig. 2. Diagrammatic representation of cell free therapy. Exosomes isolated from mesenchymal stem cells (MSCs) can be delivered via intranasal route that will
act against SARS-CoV-2 through immunomodulation and inhibiting viral replication.
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manipulated to overexpress immunogenic COVID-19 components and
be used to induce efficient antigen specific immune responses.

6. Conclusion

Special features of MSCs to differentiate into various cell types
including alveolar lung epithelial cells without a risk of tumorigenesis,
make it attractive therapeutic agents to reverse COVID-19 induced lung
damage. Furthermore, in a cell-free format, the exosomes of MSCs have
significant therapeutic value as they are also known to play a key role in
subduing the cytokine storm in SARS-CoV2 infection. The emergence of
mutant strains is posing a significant challenge for healthcare across the
globe. There are presently four reported variants of concern (VOCs)
-Alpha(B.1.1.7); Beta(B.1.351); and Gamma (P.1) and Delta(B.1.617.2)
of SARS-CoV2 to which currently available vaccines and drugs have
varying efficacy. MSC-derived organoids present a good model to study
pathogenesis and to understand the molecular mechanisms of these new
mutant strains. Importantly, naive stem cells derived from placenta and
other perinatal tissues would definitely have an added advantage over
adult stem cells by virtue of their high yield and easy flexibility to
differentiate. These stem cells would have an efficient therapeutic effect
across multiple variants as their mode of action is by regeneration of
damaged tissue and viral clearance irrespective of the mutant forms. A
fast acting therapy which is also capable of reverting the havoc caused
by the deadly SARS-CoV2 virus is the pressing need of the hour.
Mesenchymal stem cell based approaches will hopefully be able to fit the
bill as the perfect antidote to the present and the continuously evolving
forms of SARS-CoV2.
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