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In 2003, severe acute respiratory syndrome (SARS) caused by SARS coronavirus (CoV) affected 26 countries with 8000 cases.
The coronavirus disease 2019 (COVID-19) caused by SARS-CoV-2 was first reported in Wuhan, China in December 2019. It rapidly
evolved into a pandemic disease resulting in an unprecedented health crisis. Antiviral drugs and vaccines against SARS-CoV-2 and

related coronaviruses are crucial to prevent any future epidemics and pandemics. RNA interference (RNAi), an RNA guided post

transcriptional gene silencing mechanism, plays important role in viral defense in mammals including humans. RNAi can inhibit the

virus replication and expression of viral proteins through the leverage of small interfering RNAs (siRNAs). Therefore, RNAi an innate

viral defense mechanism distributed in human cells might be a potential antiviral approach to SARS-CoV-2.
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ACE-2: Angiotensin Converting Enzyme 2; Ago: Argonaute;
CoV: Coronavirus; COVID-19: Coronavirus Disease 2019; DGCRS:
Di-George Syndrome Critical Region 8 Gene; ds: Double Stranded;
GTP: Guanosine Triphosphate; mRNA: Messenger RNA; miRNAs:
microRNAs; nt: Nucleotides; pre-miRNA: Precursor miRNA; pri-
RNA: Primary Hairpin RNA; RNA: Ribonucleic Acid; RNAi: RNA
Interference; RISC: RNA Induced Silencing Complex; RSV: Respira-
tory Syncytial Virus; SARS: Severe Acute Respiratory Syndrome;
siRNAs; Small Interfering RNAs; VSR: Viral Suppressor of RNAI.

Introduction

Survival of humans against infectious diseases is crucially de-
pendent on a competent immune system that eliminates microbial
infections including viruses, which are intracellular pathogens.
Among the innate immunity pathways, RNAi plays a robust role
in antiviral defense in mammals [1,2]. RNAi pathway inhibits the
viral replication through the production of siRNAs [3,4]. One of the
strands of siRNA associates with Argonaute (Ago) protein to base
pair perfectly to its target RNA and subsequently cleaves the cellu-
lar messenger RNA (mRNA) or viral RNA [5,6]. In addition, microR-
NAs (miRNAs) that are central molecules of RNAI in regulating the
gene expression have been implicated in antiviral defense [7].
RNAi technology is used by the researchers worldwide to identify
specific gene functions. RNAi-based drugs for the prevention and
treatment of human diseases notably viral infections and cancers

are under development [8,9].

Innate RNAi machinery distributed in human cells can be ex-
ploited to specifically target the viral RNA and inhibit the expres-
sion of viral proteins [10]. Therefore, the RNAi breakthrough
technology can be a significant tool to protect humans from viral
infections. This mini-review aims to provide insights into RNAi as a

potential antiviral approach to SARS-CoV-2 infection.

SARS-CoV-2

SARS-CoV-2 is an enveloped, positive sense single stranded
RNA virus belonging to the genus Betacoronavirus [11]. COVID-19,
a rapidly spreading pandemic disease, is caused by SARS-CoV-2.
Genome analysis of SARS-CoV-2 revealed it to have a close genetic
identity with SARS-CoV, which caused the 2003 epidemic with ap-
proximately 8000 cases [11,12]. The receptor binding domain of
spike glycoprotein (S) of SARS-CoV-2 and SARS-CoV is structurally
homologous to each other despite having some non-identical resi-
dues. The structural homology of the S-protein suggested the pos-
sibility that SARS-CoV-2 may recognize the same receptor similar
to SARS-CoV, the human angiotensin converting enzyme 2 (ACE-
2) receptor, that was later confirmed [13,14]. On the other hand
SARS-CoV nucleocapsid (N) protein, which is a viral suppressor of
RNAi (VSR), has nearly 90% amino acid identity with SARS-CoV-2
N-protein. This indicates that SARS-CoV-2 N-protein may act as a
VSR [15,16] that corroborates the possibility of SARS-CoV-2 inhibi-
tion by siRNAs in eukaryotic cells.
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Mechanism of RNAi machinery

RNAi is an evolutionarily conserved RNA guided gene silencing
mechanism found in eukaryotes. RNAI acts at the posttranscrip-
tional level specifically triggered by double stranded (ds) RNAs.
The fundamental molecules required to execute the process of
RNAI are siRNAs and miRNAs. miRNAs are approximately 22 nu-
cleotide (nt) long noncoding RNAs found in eukaryotes [17,18].
The miRNA biogenesis is a multistep process that occurs in the
nucleus and cytoplasm. The primary hairpin RNA (pri-RNA) is
cleaved by the Drosha and DGCR8 (Di-George syndrome critical
region 8 gene) to 70nt long hairpin precursor miRNA (pre-miRNA)
[18,19]. Exportation of pre-miRNA from the nucleus to cytoplasm
occurs through Exportin5:RanGTP, a membrane protein complex
[20]. In the cytoplasm, the enzyme Dicer cleaves the pre-miRNA to
21-25nt long miRNAs. One of the strands of miRNA, the passenger
strand, is cleaved leaving the miRNA* guide strand to bind the RNA
induced silencing complex (RISC) [19]. The chief catalytic unit in
RISC is Ago protein. RISC with the loaded miRNA seeks the tar-
get mRNA resulting in cleavage of mRNA or repression of protein

translation [21].

Introduction of exogenous dsRNAs result in the generation of
siRNAs by Dicer that are 21 - 25nt long with 3’ 2nt overhangs [22].
One of the strands of siRNA incorporates into RISC and cleaves the
target mRNA [23]. Similarly, during viral infection, the dsRNA of
the viruses are cleaved by Dicer to generate siRNAs. RISC loaded
with the siRNA seeks and specifically cleaves the complementary
viral RNA [24].

Inhibition of respiratory viruses by siRNAs mediated by RNAi

Recent studies demonstrated the ability of synthetic siRNAs to
inhibit the production of viruses in vivo. Influenza virus, that causes
frequent epidemics, infects the respiratory tract. siRNAs have been
able to efficiently inhibit the production of influenza virus in cul-
tured cells post infection [25,26]. The fusion protein, responsible
for syncytium formation, in respiratory syncytial virus (RSV) was
inhibited efficiently by siRNA mediated interference shown by the

absence of syncytium in virus infected cells [27].

Additionally, siRNA was demonstrated to be an efficient anti-
viral for SARS-CoV by its ability to inhibit several of its gene prod-
ucts. siRNA blocked the replication of SARS-CoV in Vero cells by
specific inhibition of viral RNA polymerase [28]. The cytopathic
effects on Vero cells were reduced if the siRNAs were introduced
before infecting the cells with SARS-CoV [29]. Remarkably, siRNAs
could suppress the S-genes of SARS-CoV that encodes the S-pro-
teins [30], which binds ACE-2 receptors in human cells [13,14].

24

SARS-CoV-2 shares approximately 80% nucleotide sequence
identity with SARS-CoV [31]. Notably, the S-protein of SARS-CoV-2
shares 80% amino acid sequence identity with SARS-CoV [32].
Therefore, it is very likely that the siRNA based antiviral applica-
tion outcomes on SARS-CoV could be extrapolated on SARS-CoV-2.

siRNA can be administered either locally or systemically. How-
ever, nucleases specifically RNAse tends to break down the unpro-
tected RNAs. In order to enhance the siRNA stability and increase
cellular uptake several approaches have been developed. Tech-
niques involving chemical modifications of ribose sugar or nucleo-
tide bases are widely used [33]. Moreover, chemical modifications
of siRNA prevent the host to mount immune response against it
[34]. Administration of siRNAs through inhalation is a possible ap-
proach for respiratory viruses. In animal models, siRNA adminis-
tration through nasal mucosa inhibited the RSV infection and other
respiratory viruses [27,35]. In order to achieve an efficient prophy-
laxis, the siRNAs must be administered before the virus infection.
Based on the above research studies on SARS and other respiratory
viruses, it is persuasive that RNAi mediated interference of SARS-
CoV-2 replication and expression of proteins might be a potential

and specific antiviral approach.

Conclusion

COVID-19 caused by SARS-CoV2 started as an epidemic in South
China and has since evolved into a pandemic due to lack of effective
antiviral or vaccines. There is an immediate need of effective anti-
viral approaches in order to control the SARS-CoV-2 or other coro-
navirus related future epidemics and pandemics. Currently, vaccine
for SARS-CoV-2 is not available due to novelty of the virus. A key
advantage of using siRNA based RNAi mediated antiviral approach
to SARS-CoV-2 over vaccines is because it is an innate viral defense
mechanism widely distributed in all mammalian cells including hu-
mans. The other benefits are low cost, relatively easy to design and

more importantly no off target effects.
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