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Abstract

In the last twenty years, several viral epidemics such as severe acute respiratory syndrome coronavirus (SARS-CoV), Middle East
respiratory syndrome coronavirus (MERS-CoV) has been recorded [1]. In recent times unexplained cases with low respiratory infec-
tions detected in Wuhan, China, and poses a big challenge for the whole world [1]. WHO (World Health Organization) formally named
this disease as COVID-19 (Corona Virus disease 2019), which is later named by the International Committee on the taxonomy of
virus as SARS-CoV-2. Wuhan isolated SARS-CoV-2 belongs to the Sarbecovirus subgenus and Betacoronavirus genus [2]. This virus
has been spreading around the world widely. This raises an urgent need for an effective therapeutic approach. Recently different
medicines and a combination of drugs have shown promising results. Many companies and researchers are working on finding a
suitable vaccine or proper medication for COVID-19. In this review, we aim to provide basic structural information about COVID-19
and possible target to check the growth of these viruses by using exosome-based CRISPR/cas13d technology. Exosome incorporated
CRISPR/Cas13d based system may specifically target viral ORF1ab and S RNA of COVID19 to knock down the ability to reproduce.
This promising method needs proper investigation and if proven effective that will be an excellent development to fight against the
COVID19 pandemic.
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Figure 1: The S glycoprotein of the virion bind to the ACE2 receptor of target bronchial epithelial cell and get internalize. Exosome incorpo-
rated CRISPR/Cas13d therapy can check the expression of ORF1ab and S RNA through RNA interference and inhibit the viral growth.
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Introduction

COVID-19 has spread globally and if proper measures are not done to check its spread then it will infect 25 - 70% of the world popu-
lation with a mortality rate of 1 - 5 % [4]. The most important problem is that COVID-19 is a new pathogen which imposing a threat to
mankind and via mutation is likely to appear a new strain with resistance to previous therapeutic agents in a very short period. An af-
fected person normally suffers from fever, fatigue, dry cough, upper airway congestion, shortness of breath, myalgia or gastrointestinal
symptoms [4]. Scientists believe that these changes in the genomic sequence have enhanced the virulence of the virus [3]. There are two
circulating strains, one is deadly strain ‘L’ and one is less virulent or ‘S’ [3]. The understanding of phenotypic and genotypic structure is
very important for the discovery of a specific drug or vaccine. On February 3, 2020, the WHO (World Health Organization) launched a
Strategic preparedness and response plan (SPRP) that outlines the support measures to enhance the COVID-19 response and prepared-
ness of UN member countries. Researchers are working on different creative methods to check the virus proliferation, and in this review,

we will mainly discuss exosome-based therapy to limit the viral reproducibility by targeting viral RNA using antisense RNA technology.

SARS-COV2 is an enveloped positive-stranded RNA virus whose genome size ranges from 27 - 32 kbp that contains at least six open
reading frames [3]. The first ORF is located at the 5'end whereas the other ORF at 3’ end encodes several viral proteins like S (Spike), M
(membrane), N (nucleocapsid), E (envelop) [3]. The spike S protein binds to target cell ACE2 (angiotensin-converting enzyme 2) and me-
diating the entry of the viral particle inside the target cell [5]. The affinity of viral S protein for target cell receptor protein which is 10 - 20
times higher than SARS-COV is very crucial for viral entry [3]. Understanding the mechanism raises an urgent need for the development

of a model to restrict the viral entry.

We proposed a flexible CRISPR system to target specific genomic sites of viral RNA. This guide RNA based complex defines the target
sequence in the genome where Cas protein will cut [6]. Cas13 is a class2/type VI CRISPR-Cas RNA endonuclease which can induce cleav-
age and degradation of viral RNA [6]. CRISPR/Cas 13d is an efficient straight forward to disrupt the gene function [7]. We specifically
propose to design of guide RNA that can specifically target ORF1ab and S viral RNA that can limit the reproduce ability of COVID19. This

may disrupt the viral growth.

For cell-specific delivery, this complex needs a proper delivery vehicle. Cell-derived exosomes are the most suitable choice because of
its small size and bio inertness [17]. Cell-specific exosome-based delivery also depends upon the successful incorporation of this CRISPR
complex. Different sophisticated methods like electroporation, co-incubation may be utilized for successful incorporation. Moreover, sur-
face engineering can be done to modify the exosome surface that can specifically target the infected lung cell. Finally, mist inhaling device

or nebulizer can be a very good option for the successful delivery.

This review presents a comprehensive introduction about the possible application of exosome vesicle to check the COVID-19 viral
proliferation by antisense RNA technology. We first discuss the basic description of COVID19 and exosome. We further discuss possi-
ble exosome-mediated antisense technology to inhibit the viral gene expression. A brief discussion on future prospective to check viral

growth concludes this review.

COVID 19- A new guest

COVID19 belongs to the 8 coronavirus cluster is a chimeric virus between a bat coronavirus and coronavirus of unknown origin [5].
Recent studies suggest that COVID 19 has genetic sequence homology of around 80% with SARS-COV that strongly supports COVID 19
originally a mutated version of bat coronavirus through an intermediate host of COVID19 where it passes its asexual stages is still un-
known [5]. These small zoonotic pathogens can be transmitted to humans through direct contact. Like other coronaviruses COVID19 pri-
marily infect the respiratory tract with a minimum incubation period of 4 - 5 days [9]. COVID19 contains a single-stranded positive-sense
RNA genome with six open reading frames (ORF) [3]. RNA expression is mainly translated into four main types of viral proteins- Spike

glycoprotein (S), Membrane protein (M), Envelop protein (E), and Nucleocapsid protein (N) [3]. The earlier study suggests that only those

Citation: Swatilekha Das. “Can Exosome based Therapy Reduces the Severity of COVID-19?". EC Emergency Medicine and Critical Care 4.10
(2020): 44-50.



Can Exosome based Therapy Reduces the Severity of COVID-19?

46

Figure 2: CRISPR/Cas 13d is an early gene modification technology to induce viral RNA degradation. Exosome enjoy huge immunogenic
privilege, that’s why can be used as a proper carrier for CRISPR/Cas. Lung is an inaccessible organ, so, mist inhaling device or nebulizer can

be a very good option for the successful delivery.

alveolar epithelial cells that express angiotensin-converting enzyme2 (ACE2) are the principal target of COVID19 [9]. Virion expressed
spike protein (S Protein) interacts with the ACE2 receptor and gets internalized [9]. Damage to alveolar cells leads to the activation of dif-
ferent systematic reactions and even cell death [1]. It was found that the receptor-mediated binding ability of SARS-COV2 is 10-12 times
higher than SARS-COV [1]. Affected patients were reported to have a higher concentration of (Interleukin) IL-6, IL-10, (Tumour Necrosis
Factor) TNF-a, (Macrophage Inflammatory Protein) MIP1a [10]. Activated CD4* cells induce B cells for the production of virus-specific

antibody whereas CD8" cells can Kkill the virus affected cells.

In addition to respiratory syndromes, thrombosis and pulmonary embolism have been observed in several cases [10]. Recent exami-
nation suggests that there is a difference between the RNA nucleotide sequence of COVID19 isolated from CHINA and USA [7]. A recent
report suggested that children, in general, are less susceptible to COVID19 and this suggests designing proper immunotherapy against
the virus.

Figure 3: SARS-COV2 is a beta coronavirus contains four structural protein - envelope (E), spike (S), membrane (M) and nucleocapsid (N).
S&M proteins are also transmembrane protein involving in virus assembly during replication. They are enveloped, positive stranded RNA
virus. N protein remain associated with RNA and form a nucleocapsid inside the envelope. Polymer of S protein remain associated with

nucleocapsid and giving it a crown like appearance, thus the name coronavirus.
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CRISPR/Cas technology- A potential treatment for COVID19

CRISPR-Cas is mainly a prokaryotic adaptive mechanism from bacteriophage and other foreign genetic material [11]. Although it is
critical to developing an early gene modification program, the CRISPR/Cas system has recently been applied to induce RNA degradation
in the plant, mammalian, or viral cell line [6]. CRISPR/Cas technology composed of two systems where guide RNA specifically targets the
effector complex and directed enzyme destroy the invading nucleic acid [11]. Cas9 nucleases first remodeled for biomedical application,
where cas9 mainly targets DNA sequences however recently identified cas13 can easily bind to RNA sequences [6]. To inhibit the prolif-
eration of this virus, the CRISPR-Cas13d system is derived from Ruminococcus flavefaciens, XPD30002 [D]. Cas13 is a class 2 /type VI - Cas
RNA endonuclease [6]. Due to small size, high specificity and higher efficacy cas13d is used rather than other cas13 proteins [12].

Very recent research functionally design guide RNAs that specifically target COVID19 replicase transcriptase (ORF1lab) and spike (S)
RNAs of the virus to check its expression in translation level [7]. They mainly designed 10,333 guide RNAs to target 10 peptide coding
regions of the COVID19 genome without affecting the human RNAs [7]. This target-specific binding form a complex with Cas 13d single
effector nucleases can act as a scaffold and RNA cleavage occur outside of the recognition site [7]. For cleavage, cas13d does not require
the presence of specific adjacent sequences, and this unique feature advantages for designing guide RNAs to check viral replication that

otherwise may escape from traditional drug treatment due to frequent mutation [7].

Advancement in the CRISPR/Cas system in recent years to check RNA virus infection is breath taking. Novel future developments in

eliminating COVID19 needs a more effective and target cell-specific therapeutic approach.

Figure 4: Schematic of Cas13d effector and three g-RNA array for the for target sequence specific recognition of viral RNA. The specific
binding is mediated by crRNA, which forms a complex with the single effector nuclease Cas13d. This leads to cleavage of the viral RNA
away from the recognition site and outside of the protein surface. The action of Cas13d doesn’t depend on the presence of specific adjacent
sequences such as NGG motif. ITR: Inverted Terminal Repeat; HEPN- Higher Eukaryotic and Prokaryotic Nucleotide Binding Domain; NTR:

N Terminal Domain.
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Exosome-A nano-therapeutic platform for gene therapy

Over the past decades, there has been broad research carried out on exosomes, which is one type of extracellular vesicle. These mem-
brane-bound bio nanoparticles, size around 40 - 160 nm, density 1.13 - 1.19 g/ml, are ovoid to cup-shaped and developed from a direct
fusion of Multivesicular bodies (MVB) or endosomes with the plasma membrane [14,15]. Initially regarded as a garbage bag for the re-
moval of unwanted materials by the cell but recently it is recognized as one of the most important factors in intracellular cell signaling
[15]. Exosome interacts with target cells either via direct membrane fusion or through receptor-mediated endocytosis [16]. This results

in the release of cargo into the target cell by transcytosis [16].

Naked Nucleic acids contain negative charges on the sugar backbone, will not allow them to cross biological membrane efficiently [17].
Moreover, the lung, the primary infected organ of COVID19 is full of mucus that could interfere with targeting as well as relatively inacces-
sible organs. Therefore, they must be encapsulated or conjugated in a suitable vehicle to cross the barrier [17]. Cell-derived Bionanopar-
ticles play an important role in the horizontal transfer of different proteins and genetic material such as miRNA, between cells [8]. This
quality makes them especially alluring for the delivery of pharmaceutical proteins and nucleic acids, for example, small interfering RNA
(siRNA) [8]. Exosomes are the most suitable choice because of their small size which is <100nm and they have immunogenic privilege so

they can easily evade rapid clearance by the mononuclear phagocytic system to deliver drug of interest to specific cell [8].

Exosome can serve as a suitable vehicle for the incorporation of cas13d and guide RNA targeting COVID19 infected cells using any mist
inhaling device or nebulizer. Co-incubation or electroporation may be used for the incorporation. Further, exosomes can be engineered or
surface modified to specifically target infected lung cells, which is the main infected organ by COVID19 and thus can be used for targeted
delivery of COVID19.

Figure 5: Exosomes are endosome released cell derived bionanoparticle which plays important role in cell signalling. Exosomes can
serve as biomarker for various diseases associated with cancer, genetics, virus or bacteria. This small particles can also be used in

molecular imaging or as a Drug delivery vehicle.
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Exosome engineering

Along with being nontoxic and immunologically inert, a suitable delivery vehicle must be target cell-specific. Surface manipulation of
cell-derived exosomes can deliver incorporated cargo in a target cell-specific manner. Furthermore, Exosome can also be engineered to

incorporate the Cargo of interest for the therapeutic purpose [8,18].

COVID19 surface S protein is a type I transmembrane protein [19]. To generate chimeric plasmid, Seraphin Kuate., et al. replaced the
coding region of the transmembrane and cytoplasmic domain of S protein in SARS-COV by those of VSV-G (™) [04]. The further fusion of
S ectodomain with the N terminal of VSV-G leads to the formation of membrane-bound complete hybrid protein [19]. To check the hybrid
S protein is functionally active or not they pseudotyped SIV, HIV, MLV based vectors with either wild type S protein or hybrid S protein and
similar titer level proved hybrid S protein was bioactive [19]. Cell lysates from 293T cells were transiently transfected with recombinant S
plasmid and that increased the expression of S™on the exosome surface. Along with S¢™, western blot analyses revealed that HSP90 and
CD82 membrane-bound proteins were also found on the exosome surface. To check S¢™ is exosome surface-bound sample were ultracen-
trifuged, it was found that S™was found in concentrated supernatant but it was absent in the pellet solution and this confirmed that S¢™

seemed to bound on the membrane surface [19].

In this way, S“™ expressing exosomes can be used to incorporate CRISPR/cas13d. Surface engineered exosomes may interact with the
ACE2 receptor of the infected cell. This interaction leads to the release of exosome incorporated cargo. CRISPR/cas13d inside the infected

cell may halt the expression of ORFlab and S RNA which might destroy the invading COVID19 nucleic acid and check its replication.
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Figure 5: Schematic of wild type and chimeric S protein. The numbers above the sequence represent the amino
acid sequence in the corresponding polypeptide.
LP: Leader Peptide; TM: Transmembrane Domain; CD: Cytoplasmic Domain; SWT: Wild Type S Protein; SGTM: Hybrid Type S Protein.

Conclusion

The novel coronavirus COVID19 or SARS-COV2 has spread around the world and as of 29 July 2020 there were over 1, 67, 37,842 con-
firmed cases including 659374 deaths happened around the globe. We propose a novel and straightforward CRISPR/Cas system for treat-
ment and inhibit viral replication. Due to safety and target cell-specific delivery of this system exosome can serve as a potential delivery
vehicle. Although we don’t know whether this model predicts efficacy against COVID19 and this approach needs further investigation. If
proven effective that will be a breath taking development to fight against the COVID19 pandemic.

Citation: Swatilekha Das. “Can Exosome based Therapy Reduces the Severity of COVID-19?". EC Emergency Medicine and Critical Care 4.10
(2020): 44-50.



Can Exosome based Therapy Reduces the Severity of COVID-19?

50

Bibliography

1. SunP, etal “Understanding of COVID-19 based on current evidence”. Journal of Medical Virology 92.6 (2020): 548-551.

2.  Robson B. “COVID-19 Coronavirus spike protein analysis for synthetic vaccines, a peptidomimetic antagonist, and therapeutic drugs,
and analysis of a proposed achilles’ heel conserved region to minimize probability of escape mutations and drug resistance”. Comput-
ers in Biology and Medicine 121 (2020): 103749.

3. Alanagreh L, et al. “The human coronavirus disease covid-19: Its origin, characteristics, and insights into potential drugs and its
mechanisms”. Pathogens 9.5 (2020).

4. Zhong LLD,, et al. “Potential Targets for Treatment of Coronavirus Disease 2019 (COVID-19): A Review of Qing-Fei-Pai-Du-Tang and
Its Major Herbs”. The American Journal of Chinese Medicine 48.5 (2020): 1051-1071.

5. LiGand De Clercq E. “Therapeutic options for the 2019 novel coronavirus (2019-nCoV)”". Nature Reviews Drug Discovery 19.3 (2020):
149-150.

6. Kushawah G, et al. “CRISPR-Cas13d induces efficient mRNA knock-down in animal embryos”. Bio Rxiv (2020).

7. Nguyen TM,, et al. “Virus against virus: a potential treatment for 2019-nCov (SARS-CoV-2) and other RNA viruses”. Cell Research 30.3
(2020): 189-190.

8. Ohno SI, et al. “Systemically injected exosomes targeted to EGFR deliver antitumor microrna to breast cancer cells”. Molecular Ther-
apy 21.1 (2013):185-191.

9. YuenKS, et al “SARS-CoV-2 and COVID-19: The most important research questions”. Cell and Bioscience 10.1 (2020): 1-5.

10. YukiK, etal “COVID-19 pathophysiology: A review”. Journal of Clinical Inmunology (2020): 215.

11. Johnson K and Kaitlin Johnson. “Activation Of A Transcription Dependent Crispr/Cas System (2019).

12. Abbott TR, et al. “Development of CRISPR as an Antiviral Strategy to Combat SARS-CoV-2 and Influenza”. Cell 181.4 (2020): 865-876.

13. Schindele A, et al. “CRISPR/Cas brings plant biology and breeding into the fast lane”. Current Opinion in Biotechnology 61 (2020):
7-14.

14. Kalluri R and LeBleu VS. “The biology, function, and biomedical applications of exosomes”. Science 80. 367.6478 (2020).

15. ZhangX,, et al. “Exosomes in cancer: Small particle, big player”. Journal of Hematology and Oncology 8.1 (2015): 1-13.

16. RillaK, etal “Hyaluronan-Coated Extracellular Vesicles- A Novel Link between Hyaluronan and Cancer”. 1st edition. Elsevier Inc 123
(2014).

17. O’Loughlin A, et al. “Exosomes and the Emerging Field of Exosome-Based Gene Therapy”. Current Gene Therapy 12.4 (2012): 262-
274.

18. Cooper LF, et al. “A Role for Exosomes in Craniofacial Tissue Engineering and Regeneration”. Frontiers in Physiology (2020).

Volume 4 Issue 10 Octosber 2020
All rights reserved by Tariku Derese., et al.

Citation: Swatilekha Das. “Can Exosome based Therapy Reduces the Severity of COVID-19?". EC Emergency Medicine and Critical Care 4.10
(2020): 44-50.


https://onlinelibrary.wiley.com/doi/10.1002/jmv.25722
https://www.sciencedirect.com/science/article/pii/S0010482520301281
https://www.sciencedirect.com/science/article/pii/S0010482520301281
https://www.sciencedirect.com/science/article/pii/S0010482520301281
https://pubmed.ncbi.nlm.nih.gov/32365466/
https://pubmed.ncbi.nlm.nih.gov/32365466/
https://www.researchgate.net/publication/341592172_Potential_Targets_for_Treatment_of_Coronavirus_Disease_2019_COVID-19_A_Review_of_Qing-Fei-Pai-Du-Tang_and_its_Major_Herbs
https://www.researchgate.net/publication/341592172_Potential_Targets_for_Treatment_of_Coronavirus_Disease_2019_COVID-19_A_Review_of_Qing-Fei-Pai-Du-Tang_and_its_Major_Herbs
https://www.nature.com/articles/d41573-020-00016-0
https://www.nature.com/articles/d41573-020-00016-0
https://www.sciencedirect.com/science/article/abs/pii/S1534580720305876
https://www.nature.com/articles/s41422-020-0290-0
https://www.nature.com/articles/s41422-020-0290-0
https://www.ncbi.nlm.nih.gov/pmc/articles/PMC3538304/
https://www.ncbi.nlm.nih.gov/pmc/articles/PMC3538304/
https://cellandbioscience.biomedcentral.com/articles/10.1186/s13578-020-00404-4
https://www.ncbi.nlm.nih.gov/pmc/articles/PMC7169933/
https://jscholarship.library.jhu.edu/handle/1774.2/62190
https://www.ncbi.nlm.nih.gov/pmc/articles/PMC7189862/
https://www.sciencedirect.com/science/article/pii/S0958166919300606
https://www.sciencedirect.com/science/article/pii/S0958166919300606
https://science.sciencemag.org/content/367/6478/eaau6977
https://www.ncbi.nlm.nih.gov/pmc/articles/PMC4496882/
https://www.researchgate.net/publication/264430023_Hyaluronan-Coated_Extracellular_Vesicles-A_Novel_Link_Between_Hyaluronan_and_Cancer
https://www.researchgate.net/publication/264430023_Hyaluronan-Coated_Extracellular_Vesicles-A_Novel_Link_Between_Hyaluronan_and_Cancer
https://pubmed.ncbi.nlm.nih.gov/22856601/
https://pubmed.ncbi.nlm.nih.gov/22856601/
https://www.frontiersin.org/articles/10.3389/fphys.2019.01569/full

