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Abstract

A potential ability of stem cells (SCs) is to regenerate and repair tissues in the human body by providing great prospects for
therapeutic applications in the field of medicine. Currently, SC therapy is used in various conditions like diabetes, neurodegen-
erative disorders, etc. but faces some limitations like patient biocompatibility and chances of cross-infection. SCs are further
modulated with nanoconjugates to overcome such challenges and will offer an advantage in the treatment of COVID-19. This
pandemic requires design and development of proper treatment to save the life of human beings. Advancements in SC-based
nanoconjugated therapy will open new avenues and create a significant impact in the development of futuristic nanomedicine. It
may also emerge as a potential therapy for the management of infection in patients suffering from SARS-CoV-2 and related

diseases such as pneumonia and virus-induced lung injuries.
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Abbreviations

ACE2 Angiotensin-converting-enzyme-2
CTs Clinical trials

ER Endoplasmic reticulum

PEG Polyethylene glycol

PLA Poly Lactic Acid

PLGA Poly Lactic-co-Glycolic Acid

NCs Nanoconjugates

SARS-CoV-2  Severe Acute Respiratory Syndrome

Coronavirus 2
SCs Stem Cells

VEGF Vascular Endothelial Growth Factor
WHO World Health Organization
Introduction

The whole world is facing the problem of corona virus infec-
tion, caused by the severe acute respiratory syndrome corona
virus 2 (SARS-CoV-2), also known as COVID-19.
Approximately, 40 million cases are reported till October
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2020 worldwide due to this pandemic but still there is no
reliable treatment or therapy. Thus, the countries around the
world are enforcing social distancing and lockdown to prevent
and impede the spread of this disease [1, 2].

Scientists around the world are engaged in drug discovery
whereas healthcare professionals are providing symptomatic
treatment with the help of conventional dosage forms like
tablets, capsules and parenteral for cold, cough and fever
using antibiotics, anti-inflammatory and antiviral agents like
macrolides, steroids, etc. The drug delivery to the targeted
organ is necessary with immediate action to stop the damage
of lungs and reduce the rate of mortality. Hence, novel drug
delivery is implemented in the form of plasma therapy as an
alternative treatment for the management of COVID-19.
Bioengineered nanomaterials in the form of stem cell (SC)-
based nanoconjugated therapy will be considered as an inno-
vative approach to fight against COVID-19.

SC Therapy

The impact of SC therapy showed a significant role in various
conditions like diabetes, neurodegenerative and
cardiovascular-related disorders and is considered as a future
of medicine in the fields of biotechnology and drug delivery.
These human generic cells are capable of self-replication and
differentiation to produce specialized functions by replacing
the damage or dysfunctional cells [3, 4]. SCs are obtained
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from various sources like umbilical cord blood, bone marrow,
amniotic fluid, allografts and adipose tissue [5—8]. The hema-
topoietic cells are further cultivated and differentiated to ob-
tain different blood cells like B-cells, T-cells, platelets, etc. as
shown in Fig. 1.

In 2006, SC therapy took a turning point when adult SCs
were reprogrammed to the pluripotent state for patient cus-
tomization and biocompatibility. This opened new avenues
in the medical field for SC transplantation, arthroplasty, reju-
venation by cell programming, tissue regeneration, neurode-
generative diseases, etc.

SCs in Bacterial Infections

Mesenchymal SCs provide antibacterial activity in acute in-
fective models against gram-negative bacilli whereas, in ani-
mal models with septic complications and better survival
rates. Affected patients by sepsis and acute respiratory distress
syndrome in intensive care showed effective action by treating
with mesenchymal SCs. It was observed to be effective
against wound bacterium like S. aureus with enhanced wound
healing action due to enhancement of neutrophils and bacterial
phagocytosis [9-12].

SCs in Microbial Infections
Mesenchymal SCs are used as a vehicle for drug delivery

against microbial infections and showed better effectiveness
and inhibition of drug resistance compared to conventional

antimicrobial agents. They are considered as a novel therapy
for the treatment of autoimmune diseases due to their influ-
ence on antimicrobial immunity. The growth of Candida
albicans is inhibited by mesenchymal SCs as it contains IL-
17+ subset and protection against Mycobacterium
tuberculosis by the presence of CD 271+ in the SCs. Animal
studies showed mesenchymal SCs were effective against ma-
laria as it improved liver functioning and stimulated regener-
ation of hepatic cells in the patients suffering from hepatic
fibrosis. Potential therapeutic treatment using mesenchymal
SCs is considered as an effective alternative against cystic
fibrosis by antimicrobial peptide LL-37 secretion to impact
for antimicrobial potency [13, 14].

SCs in Viral Infections

Mesenchymal SCs are useful in treating various viral infections
like Coxsackie virus B, hepatitis B virus, influenza virus, hu-
man immunodeficiency virus, etc. SCs fight against viruses by
specific gene expression like interferons, help in inflammation
reduction and improve the immune system. Similar functions of
SCs are used for the management of corona virus due to their
immunomodulatory and reconstruction properties leading to
the inhibition of infected lung tissue [15-19].

SC therapy possesses diverse applications in healthcare but
sometimes it shows limitations due to patient incompatibility,
graft rejections, availability, epigenetic change or chromosomal
abnormalities, prevention from contamination, cell differentia-
tion, teratoma formation, administration of type and quantity of
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cells and maintenance of pluripotency. To overcome these is-
sues, several methods are developed to culture and store the cells
appropriately by modifying the growth factors and proteins,
contactless feeder layer, somatic cell nuclear transfer establish-
ment. Moreover, ethical approval for final formulation is a major
challenge for implementation and use of SC therapy in the man-
agement and treatment of the diseases [20].

Corona Virus

The pathogen SARS-CoV-2 was confirmed by World Health
Organization (WHO) and named the disease caused by the
virus as COVID-19 which led to serious social, economic
and psychological issues. Generally, COVID-19 consists of
approximately 3000 nucleotides encoding clove-shaped spike
protein, envelope protein, membrane protein, nucleocapsid
protein and single-stranded RNA present on the inner capsid
of the structure as shown in Fig. 2a. The main routes for the
transmission were found to be respiratory droplet, physical
contact as well as mother-to-infant transmission. There are
asymptomatic clinical manifestations or symptomatic condi-
tions like dry cough, fatigue, loss of taste and fever whereas
few patients experience sore throat, running nose, abdominal
and gastrointestinal discomfort [21]. The routes of transmis-
sion, common symptoms, prevention, safety and treatment of
COVID-19 are shown in Fig. 2b. Infected individual organs
especially cause liver function abnormality due to bile duct
cell disruption and hepatocytes impairment. Major population
face pneumonia infection with dysfunction in oxygen supply
due to abnormalities in lung which created a need for large
numbers of ventilators globally. This infection further leads to
respiratory tract inflammation and organ failure resulting to
death among severely affected patients with low immunity.

To enter into the host cell, SAR-CoV-2 possesses densely
arranged trimeric class I glycosylate spike protein to undergo
rearrangement during fusion process with the host membrane.
This is an important function representing the guidance for
vaccine development as an antibody-mediated neutralization
of the target [22, 23]. A receptor S protein found in SARS-
CoV-2 is angiotensin-converting-enzyme-2 (ACE2) binds to
the infected host for facilitating the invasion of a virus into the
host cell causing human-to-human transmission [24, 25].
Distribution of ACE2 on the alveolar epithelial cell surface
supports cell penetration of the foreign body. In children,
these enzymes are imperfectly developed resulting in low sus-
ceptibility for SARS-CoV-2. Children with a low level of
adaptive immune response are prone to COVID-19 infection
due to inadequate development of innate immunity.

Spike protein binds to ACE2 with greater affinity than
SARS to enable easy spread among the population. The nu-
cleocapsid protein binds with the terminal end of the drug,
thus preventing the replication of RNA and transcription
(Fig. 3).

The virus enters into the body by attaching the spike pro-
tein to the ACE2 receptor exclusively present in the lungs.
This protein undergoes proteolytic cleavage by enzymes (pro-
teases like trypsin and furin) present in the host to release a
fusion peptide for membrane activation or endocytosis. The
viral genome is released from the ribosomes causing confor-
mational changes in the spike protein followed by proteolysis
of cathepsin L for virus opening into the cytoplasm and
uncoating the nucleocapsid for endogenous protein hydroly-
sis. The viral polymerase reaction takes place in host receptor
with the help of binding mechanism where host proteases
cleave the spike protein to form single-stranded RNA and
release it into the cytoplasm for replication and transcription
of subgenomic proteins. Such proteins like spike envelope and
membrane proteins translate in the Endoplasmic Reticulum
(ER) and later transferred to the intermediate compartment
(ER-Golgi) to initiate the process of maturation. These
subgenomic proteins bind to the nucleocapsid within the in-
termediate compartment in the cytoplasm to self-assemble in-
to the newer form of matured virions inside the Golgi vesicle
for exocytosis to infect other cells [26].

Many agents especially antiviral drugs and monoclonal
antibodies showed positive response for symptomatic and
asymptomatic CoV disease. Drugs like chloroquine and the-
ophylline are proved as a potential RNA binding inhibitor by
preventing N-terminal nucleocapsid protein in contact with
the RNA strand [27-30]. SARS-CoV-2 replication is inhibited
by: 1) antiviral drugs via ACE2 receptor attachment to prevent
viral polymerase protein translation and 2) monoclonal anti-
bodies by binding to Vascular Endothelial Growth Factor
(VEGF) for inhibition of angiogenesis.

Though many drugs (remdesvir, fapinavir, etc.) and immu-
nity boosters (vitamin C, zinc, etc.) are found to be useful in
SARS-CoV-2 infection, scientists are working to develop effec-
tive management and treatment using vaccine and plasma ther-
apy for complete eradication of COVID-19. Nanoparticulate-
based therapy conjugated with SCs show the potential to emerge
as a curative measure in the treatment of corona virus infection.

SC-Based Nanoconjugate Therapy

Conjugated nanoparticles display immense interest in the di-
agnosis and drug delivery using the concepts of cell engineer-
ing, genetic modification and functionalization for cellular
targeting. Nanoconjugates (NCs) are found effective in car-
diovascular diseases, autoimmune disorders, cancer, etc. by
promoting Nk-cells and stimulating T cell [31]. Polymers,
metals, enzymes or bioconjugates are widely used in various
therapies for treating cancer, diabetes, CNS disorders and
acted as a regenerative medicine [32-35]. NC is widely ex-
plored in the field of biomedicine to improve therapeutic effi-
cacy as well as drug delivery but SCs on conjugation with
nanoparticles show better bioavailability, higher drug loading
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Fig. 2 a. Structural representation of COVID-19 virus (SARS-CoV-2) and b. General information for COVID-19

capacity and lower drug resistance. NCs are the complex
structures of actives in the form of nanocarriers like
nanosponges, nanobubbles, nanoflowers, ctc. for site-
specific therapeutic action in the prolonged fashion [36-38].
Some commonly used nanomaterials for drug delivery in the
class of nanomedicine are shown in Table 1.

SC-based nanotechnology is an interdisciplinary field useful
in drug delivery systems for tissue engineering, antiviral and
antibacterial actions, etc. Polymeric nanoparticles, liposomes
and dendrimers are widely used for transporting the non-viral
vectors and improving the efficacy of gene delivery. Drug en-
capsulation and modulation of controlled or targeted drug/gene
therapy were observed due to the alteration in SC properties by
adding polymer- or lipid-based materials. SC metallic nanopar-
ticles act as nanobiosensors on functionalization with DNA,
peptides, receptors, etc. in biomedical engineering [49]. In-
vivo reconstitution of embryonic SC nanoparticles show
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therapeutic action for degenerative diseases like Parkinsonism,
Alzheimer’s disease, depression, etc. and regulation of genetic
conditions. Carbon nanotubes, nanowires and nanofibers
emerge as a potential nanovehicle for the development and de-
livery of biomolecules to mesenchymal SCs to create novel
electroactive for biomedical and bioengineering applications.
Antibiotics loaded with adipose-derived, bone marrow-derived
or mesenchymal SCs showed effective antibacterial and antimi-
crobial activities against drug-resistant infections in the cases of
cancer, cardiac complications, etc. [S0] Use of silver nanoparti-
cles altered the embryonic SC structure and displayed antimi-
crobial effect due to the overproduction of Reactive Oxygen
Species (ROS) [51]. SC-based nanoparticles inhibit the replica-
tion of viruses by inactivating their attachment to the host cells.
Nanoparticles showed antiviral effects against various viruses
like lentivirus, dengue virus, human papilloma virus, etc. SC-
coated to nanoparticles like nanoflowers, quantum dots,
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polymeric nanocarriers, etc. may block the direct attachment of
virus to the host (ACE2 receptor) cell and prevent the SARS-
CoV-2 infection [52]. Table 2 depicts some important applica-
tions in the field of biomedical sciences.

SC-Based NC Therapy in COVID-19

SC-based NCs are considered as a promising hybrid nano-
structure in lung injury and now employed in the treatment
of SARS-CoV-2 using nasal spray. This formulation showed
promising delivery to the targeted cells with better stability
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and biocompatibility in comparison to SCs [58, 59]. Acute
lung injury is caused by many viruses like influenza, CoV,
respiratory syncytial virus, etc. and further leads to respiratory
failure. Several therapeutic agents like ribavirin, foscarnet,
zanamivir, remdesvir, etc. are identified to restrict the entry
in the cell culture or replication of virus, however, complete
recovery depends on the patient resistance [60—62].
Recovery of pulmonary environment in a shorter time is
due to the entrapment of mesenchymal SC in lungs by reduc-
ing edema and fibrosis. These applications of mesenchymal
SC promote neovascularization and consider as a therapeutic

Table 1 Commonly used nanomaterials in nanomedicine

Sr.  Type of nanomedicine Nanomaterial Application Reference

No.

1 Metal nanoparticles Gold, silver, aluminium, copper, iron, etc. Drug delivery, gene delivery, radiotherapy, [39, 40]

antimicrobial, antibacterial and diagnostic assay

2 Polymeric nanoparticles Polyethyleneimine, PEG, PLGA, PLA, Release models, drug delivery (rate-controlled, [41, 42]
Polystyrol, etc. matrix, programmed and activation modulated)

3 Quantum dots Cadmium selenide, cadmium telluride and zinc Optical imaging, sensor and drug delivery [43]
oxide

4 Dendrimers Poly(amidoamine), poly-propylene imine, Drug delivery, gene delivery, sensor and [44-46]
poly-benzyl ether, etc. photodynamic therapy

5 Lipid nanoparticles Phosphatidylcholine, cholesterol, soya lecithin, Drug and gene delivery systems [47]
dipalmitoyl phosphatidyl choline, etc.

6 Others (Nanoemulsion, Naturally-originated materials like chitosan, Drug and gene delivery systems [48]

nanosuspension, nanogel,
etc.)

acacia, tragacanth, gelatin, albumin, etc.

@ Springer



236

Stem Cell Rev and Rep (2021) 17:231-240

Table 2 Applications of SC-

Application

based nanotechnology [53-57] Sr. Nanotechnology
No.
1 Magnetic nanoparticles
2 Quantum dots
3 Nanotubes
4 Nanostructured scaffolds
5 Nanoparticles (Biofilm, nanofibers,

polymeric nanoparticles)

Isolate and separate SC, immunoassay and tissue repair
Tracing and molecular imaging of SC

Delivery of gene or drugs into SC

Targeted gene, drug delivery and tissue engineering

Antibacterial, antimicrobial and antiviral effects, wound
healing and neurodegenerative disorders

solution for lung dysfunctions. Use of mesenchymal SC
showed beneficial effects in inflammatory lung disorders,
considering similar mechanism in SARS-CoV2 immuno-
pathogenesis displayed therapeutic potential in the manage-
ment of this pandemic. The major application of mesenchymal
SC is utilized to regulate the inflammatory response and im-
munological tolerance against antigens for betterment of pul-
monary functionality [63, 64]. Mesenchymal SC-based thera-
py prevents the cytokines release from the immune system,
lowers C-reactive protein level and enhances the recovery of
epithelial and endothelial cells. Further, these cells secrete
keratinocyte growth factor and angiopoietin-1 to promote mi-
crobial and alveolar fluid clearance and revival of infected
lungs. This shows a potential treatment for virus-induced re-
spiratory distress in adults. Moreover, SARS-CoV-2 uses
ACE2 receptor to enter into cells but shows resistance to the
infection due to its absence in the mesenchymal SC. In case of
corona virus infected patients, SCs are beneficial due to their
antioxidant, immunomodulatory and self-reparatory actions
from extracellular vesicles. To attenuate lung edema develop-
ment, anti-inflammatory and immunomodulatory models
were used by stabilizing endothelial fluid leakage [65-70].
Different cell models of alveolar and lung epithelial cells were
studied to confirm the biological effect against influenza virus
using various mechanisms by inhibiting CD8+ T-cells, restor-
ing alveolar fluid and enhancing alveolar protein permeation
[71-73]. The variations in the results remain unclear due to the
implementation of different approaches like administration
route of SCs, host age and disease history and inflammatory
patterns.

Antivirals, antibiotics and monoclonal antibodies are the
primary drugs used as a symptomatic treatment in COVID-
19 infected patients suffering from various conditions like
pneumonia and respiratory epithelium damage, but at the
same time the treatment for inflammation and regenerative
process in the lungs showed limitation [74, 75]. Pre-
treatment of mesenchymal SCs with TNF-« or IFN- 7y stipu-
lates licensing approach for the effectiveness in the clearance
of immune response and better repairing of lung tissue [76].

Pre-clinical models showed positive response towards SC
therapy in virus-induced lung damage and hence this therapy
is considered as an effective approach in lung injury, still
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CoV-induced lung damage pre-clinical models are under in-
vestigation. Inflammatory monocytes-macrophages and neu-
trophils generate effective secretion of cytokines or
chemokines with T cell response. Various immunosuppres-
sive molecules like IL-6, IL-10, PGE2, etc. are produced by
mesenchymal SCs further helpful for proliferation of T-cells
and NK-cells. CoV-induced lung injury is modulated using
mesenchymal SCs by enhancing the immunoregulatory prop-
erties leading to elevation in cell regenerations like T-cells,
NK cells, B-cells, neutrophils, etc. for the development of
new lung cells. To establish this therapy in a better way, the
safety and efficacy profiles are studied in clinical trials (CTs)
to explore the potential in bronchopulmonary dysplasia and
lung diseases [77, 78]. CTs in COVID-19 patients with respi-
ratory complications administered with mesenchymal SCs
showed higher recovery and patient survival rates, using in-
travenous mesenchymal SCs for significant reduction in in-
flammation and improvement in pulmonary function [2].
Genetically modified human stimulated pluripotent SCs are
still under research as a novel therapeutics in the treatment
of SARS-CoV-2 infections [79]. Some current updates on
CTs of COVID-19 are shown in Table 3.

Challenges and Future Perspectives

The urgent need for medication in this pandemic shows rigor-
ous investigations and pre-CT for the development of effec-
tive therapy. Use of mesenchymal SCs demonstrated a lack of
explanation of their effectiveness against viruses especially in
in-vivo study, so further investigation is required. There are
findings related to virus-induced lung injuries into lung
models but there is no pre-clinical data available for mesen-
chymal SCs administration in CoV respiratory infection
models. Some animal models like mice and non-human pri-
mates were observed for intranasal administration but the neg-
ative clinical pulmonary disease resulted in humans with the
signs of weight loss, secretory cell hyperplasia, accumulation
of macrophages, etc. The limited data availability and under-
standing of potential SC-based NCs effect in lung injury
models need to be developed with clinical investigations and
uphold the standards of therapy to meet the human usage and
safety. FDA recently licensed cord-based blood products for
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Table 3  Current status of CTs of NC and SC-based therapies on COVID-19 infection [80]

Sr.  Title Trial Phase Study design Intervention/Treatment Responsible party

no. Identifier

1 Mesenchymal SC therapy for ~ NCT04366063 Il Interventional (60 2 doses of mesenchymal SC (100 x 10)° at Royan Institute, Iran
SARS-CoV-2-related acute participants), day 0 and 2, intravenously plus 2 doses
respiratory distress syndrome Randomized trial of extracellular vesicles at day 4 and 6

with conventional treatment.

2 Study evaluating the safety and NCT04473170 1I Interventional (146 Autologous non-hematopoietic peripheral ~ Abu Dhabi Stem Cells
efficacy of autologous participants), blood SC by jet nebulization technique Center, UAE
non-hematopoietic Randomized study
peripheral blood SC in
COVID-19

3 Corona virus treatment with NCT04288102 1I Interventional (100 3 doses of umbilical cord- mesenchymal ~ Fu-Sheng Wang, Beijing
umbilical cord-derived participants), SC administered intravenously at day 0, 302 Hospital, China
mesenchymal SC Randomized study 3 and 6

4 Mesenchymal SC infusion for ~ NCT04444271 11 Interventional (20 Mesenchymal SC of dose (2 x 10)° Dr. Zaineb Akram,
COVID-19 infection participants), cells/kg on day 1 and 7 National Institute of

Randomized trial Blood and Marrow
Transplant (NIBMT),
Pakistan

5 Mesenchymal SC for acute NCT04416139 11 Interventional (10 Mesenchymal SC intravenous infusion Instituto Nacional de
respiratory distress syndrome participants), Ciencias Medicas y
due to COVID-19 non-randomized Nutricion Salvador

trial Zubiran Mexico City,
Mexico

6  Bone marrow-derived NCTO04346368 11 Interventional (20 Bone marrow-derived mesenchymal SC ~ Guangzhou Institute of
mesenchymal SC treatment participants), Respiratory Health,
for severe patients with Randomized study China
corona virus disease 2019

7  Clinical research of human NCT04339660 11 Interventional (30 Umbilical cord- mesenchymal SC Puren Hospital Affiliated
mesenchymal SC in the participants), to Wuhan University
treatment of COVID-19 Randomized trial of Science and
pneumonia Technology Wuhan,

China

8 Mesenchymal SCs for the NCT04573270 1 Interventional (40 PrimePro (Umbilical cord SC) intravenous Thomas Advanced

treatment of COVID-19 participants), injection Medical LLC,
Randomized study California, US

9 A pilot clinical study on NCT04276987 1 Interventional (24 Mesenchymal SC exosomes Ruijin Hospital, China
inhalation of mesenchymal participants)
SC exosomes treating severe
novel corona virus
pneumonia

10 Cord blood-derived NCT04565665 1 Interventional (70 Infusion of cord blood mesenchymal SC ~ M.D. Anderson Cancer
mesenchymal SC for the participants), Center, US
treatment of COVID-19 Randomized trial
related acute respiratory
distress syndrome

11 Clinical use of SC for the NCT04392778 1 Interventional (30 Mesenchymal SC administered Istinye University
treatment of COVID-19 participants), intravenously (3 Mn cells/kg) on day 0, Istanbul, Turkey

Randomized 3and 6

12 An exploratory study of NCT04522986 1 Interventional (6 Mesenchymal SC administered weekly (4 Osaka University
ADR-001 in patients with participants) times) intravenously (1 x 10)® cells Hospital Suita, Japan
severe pneumonia caused by
SARS-CoV-2 infection

13 Treatment of COVID-19 NCT04313322 1 Interventional (5 3 doses of Wharton’s Jelly-mesenchymal ~ Adeeb Al Zoubi, Stem
patients using Wharton’s participants) SC received intravenously Cells Arabia, Jordan
Jelly-mesenchymal SC

14  Effectiveness of a novel NCT04490200 — Interventional (1000 VESTA respirator compared to N95 University of Brasilia,
respirator with chitosan participants), respirator Brazil
nanoparticles Randomized trial

15 Efficacy and safety of NCT04352465 11 Interventional (42 3 doses of methotrexate nanoparticles Azidus Brasil, Brazil

methotrexate-loaded
nanoparticles to treat severe
COVID-19 patients

participants),
non-randomized
trial

administered once a week
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various therapies in SC transplantion, cancer, genetic disorder,
wounds and cartilage defect but not a single product is ap-
proved for COVID-19 treatment.

Dinh et al. demonstrated inhalation-based SC therapy to
find the efficacy on ex-vivo and animal models. It showed
potential on various models of lung injury and pulmonary
fibrosis by reducing collagen accumulation and myofibroblast
proliferation. Because of such advantages, this therapy
emerges as a therapeutic potential in COVID-19 for lung re-
generation. Hence, SC-based NCs need further evaluation to
facilitate therapeutic testing in SARS-CoV-2 models to repre-
sent viral replication and pathology signs with comparative
mortality levels [§1-84]. Many challenges must be tackled
for optimization of SC-based NC formulations like dose of
active, scale-up, quality control and storage condition.
Moreover, limited access to the clinical data due to the non-
availability of COVID-19 model increases the risk of treat-
ment. After the availability of cellular therapy for corona vi-
rus, surveillance from the regulatory authorities is strictly
needed to control the unethical and unapproved products for
SC therapy.

Conclusions

Mesenchymal SCs conjugated nanosystems are proposed as a
potential therapy to treat CoV-induced lung injury and thus,
further pre-clinical studies are needed for clinical evaluation
with stringent guidelines. Moreover, to confirm the manifes-
tation differences in the different age groups, delivery routes,
clinical indices and unexplored mechanisms further investiga-
tions are required. Though, there are more than 17 ongoing
CTs mostly involved with intravenously administered mesen-
chymal SCs but the major barriers are the risks associated with
transmission and cell adaption. To achieve NC SC-based ther-
apy, patient randomization is a necessary protocol to emphasis
the opportunities and progression in order to achieve a suc-
cessful preventive or curative therapy. The SC-based NC may
result as a novel biological breakthrough in the management
and treatment of CoV2 infections in near future.
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