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A B S T R A C T

The coronavirus disease 2019 (COVID-19) emerges as current outbreak cause by Novel Severe Acute Respiratory
Syndrome Corona Virus-2 (SARS-CoV-2). This infection affects respiratory system and provides uncontrolled
systemic inflammatory response as cytokine storm. The main concern about SARS-CoV-2 pandemic is high viral
pathogenicity with no specific drugs. MicroRNAs (miRs) as small non-coding RNAs (21–25 nt) regulate gene
expression. The SARS-CoV-2 encoded-miRs affect human genes that involved in transcription, translation,
apoptosis, immune response and inflammation. Also, they alter self-gene regulation and hijacked host miRs that
provide protective environment to maintain its latency. On the other hand, Host miRs play critical role in viral
gene expression to restrict infection. Over expression/inhibition of miRs might result in cell cycle irregularity,
impaired immune response or cancer. In this manner, exact role of each miR should be specified. Mimic encoded-
miRs like antagomirs showed successful result in phases of clinical trial prevent from negative effects of viral
encoded-miRs. Products of mimic miRs are inexpensive corresponds to synthesis of primer; they are short and
nanoscale in size. Although SARS-CoV-2 genome is undergoing evaluation, detection of exact molecular patho-
genesis open up opportunities to for vaccine development. Salivaomics can evaluate SARS-CoV-2 genome, tran-
scriptome, proteome and biomarkers like miRs in oral related and cancer disease. In this review, we studied the
challenge and opportunities of miRs in therapeutic approach for SARS-CoV-2 infection, then overviewed the role
of miRs in saliva droplet during SARS-CoV-2 infection and related cancer.
1. Introduction

Novel Severe Acute Respiratory Syndrome Corona Virus-2 (SARS-
CoV-2) that emerges as current viral outbreak is caused by beta coro-
navirus, a member of Coronaviridae family. The current disease caused by
SARS-CoV-2 was termed coronavirus disease 2019 (COVID-19) by the
World Health Organization (WHO).1

The SARS-CoV-2 spread globally since December 2019 following
animal-to-human cross-species transmission. It was identified by next
generation sequencing in January 2020 as seventh human coronavirus
after 229E, OC43, NL63, HKU1, SARS-CoV and Middle East respiratory
syndrome (MERS) types. SARS-CoV (in 2002–2003, China), MERS (in
2012, Saudi Arabia) and SARS-CoV-2 (2019, Wuhan city, China) are
caused by beta coronaviruses that affects respiratory system by binding
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to the angiotensin converting enzyme 2 (ACE2) receptor in lung. For this
reason, symptoms of upper respiratory tract reveals.2

Clinical symptoms are various following SARS-CoV-2 infection, most
of the patient present fever, dry cough and tiredness. In addition, dys-
pnea, lung invasive lesions in chest radiographs, loss of smell or taste
senses, ache and pains and diarrhea are observed.3

Based on the first genome sequencing information, SARS-CoV-2 is a
positive single strand RNA (þssRNA) with 29891 nt length genome and
low GC content that encoding 9860 amino acid.4 The genome of
SARS-CoV-2 be made up 11 open reading frames (ORFs) encode 16
nonstructural proteins and structural protein including spike glycopro-
tein (S), membrane (M), small envelope (E), nucleocapsid (N) and six
accessory proteins (3a, 6, 7a, 7b, 8, and 10).5 The spike protein play
crucial role in viral infection because its receptor binding domains
ce, Azadi Sq., Mashhad, Iran.
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(RBDs) connected to the ACE2 receptor in mucosa cell and entry into the
host cell and result in pneumonia.6

Release a large number of systemic pro-inflammatory cytokine and
chemokine by immune host cell following stimulated secretion of viral
invasion provide deadly uncontrolled systemic inflammatory response.
This cytokine storm including IL-6, TNFα, IL-1β, IL-8 and IL2R result in
Acute Respiratory Distress Syndrome (ARDS) that is the main cause of
death in COVID-19 patients.7

Current evidence approved SARS-CoV-2 genome got mutations that
almost are point mutation. Position of mutation affect RNA secondary
structure and cryptic splice site that help to virus avoided to target by
host microRNAs and provide viral fitness.8

MicroRNAs (miRs) are non-coding RNAs, small endogenous mole-
cules (21–25 nt length), that regulate gene expression by inhibition of
translation process or mRNA degradation depending upon their
complementarity. They play a key role post-transcriptionally by binding
to 3ʹ UTR of specific target mRNAs.9 It is demonstrated that more than
half human mRNA transcripts are regulated by miRs and a single mRNA
can target by multiple miRs and controversy one miR can bind to several
target mRNAs.10 More than 2500 miRs are involved in human gene
regulation that involve in various biological pathway like proliferation,
differentiation, cancer, development, cell death and metabolism. In
addition, previous studies declared host miRs play critical role in viral
infection by modulate virus pathogenesis. To induce this antiviral effects,
miRs can bind to both 3ʹ UTR and protein coding region of virus tran-
scripts and alter viral tissue tropism or replication, transcription and
translation.11 On the other hand, viral-encoded miRs modulate self-gene
regulation and also affect host gene expression. This can provide pro-
tective environment for life cycle of virus and maintain its latency. In this
manner, some viruses able to escape from host immune response and can
survive.

Viral and host miRs interaction provide a cross talk between two
regulatory systems result in infection. So, understand of this novel miR
regulatory system can evident therapeutic approach.

The main concern about SARS-CoV-2 pandemic is high viral patho-
genicity with no specific drugs that increased mortality rate and threat
human health. Moreover, none of previous infection exhibited pandemic
health crisis like SARS-CoV-2.12 Although there is a complicated inter-
action between host cell and viral infection but detection of molecular
SARS-CoV-2 pathogenesis help us to find out more new ways of thera-
peutic approaches. In this review, we investigate the molecular patho-
genesis of SARS-CoV-2 that provide by miRs regulatory system as small
non-coding RNAs that produce in virus and host cells and then over-
view the role of miRs in saliva droplet during SARS-CoV-2 infection and
related cancers.

The effects of SARS-CoV-2 encoded-miRs on human and viral target
genes:

So far, more than 300 viral miRs are detected which affect host and
self-gene expression. The first viral encoded-miRs identified in Epstein -
Barr virus (EBV) infected cells that regulate gene expression involved in
immune response.13

Previous studies demonstrated some viruses encoded miRs that
downregulate crucial genes involve in cell process and induce lung
infection.14 It was forecasted among 90 mature SARS-CoV-2 encoded
miRs that bind to 30 UTR region of human genes, 40 miRs banded to 73
human genes. Result of gene ontology (GO) analysis showed these genes
play role in Notch signaling, DNA endodeoxyribonuclease and deoxyri-
bonuclease activities, cellular response to peptide hormone stimulus and
modulation of fatty acid metabolism.15 The mentioned pathways
participate in apoptosis process that helps to development of viral
infection. The virus applies some strategy to defeat apoptotic defense. For
example, cation transport regulator-like protein 1 (CHAC1) gene as proap-
optotic enzyme that involve in Notch signaling is target by SARS-CoV-2
encoded miR named as MD2-5p. Another gene, RAD9A -as a check-
point in cell arrest during DNA damage and repair requirement-interact
with BAX and Bcl-2 and targeted by MR147–3p.16 It was demonstrated
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SARS-CoV-2 miRs silence P53, as an apoptosis inducer, and BMPR2 genes
that involve in pathogenesis of respiratory infection.17 Other study pre-
dicted 26 mature SARS-CoV-2 miRs affect human genes in apoptosis and
also EGF, FGF receptor signaling, angiogenesis and VEGF pathway.18

Likewise, it was shown 30 viral miRs can target 1367 human genes in
transcription, metabolism, immune system and some pathway like Wnt
and EGFR.19 Some SARS-CoV-2 encoded-miRs affect human genes are
listed in Table 1.

It was reported SARS-CoV-2 encoded miRs can target 5ʹ UTR of
human genes like promoter and enhancer regions and activated gene
expression. More upregulation of gene expression is observed in immune
response specially chemokine signaling and cytoskeleton related protein.
Also, among various tissues that infected by SARS-CoV-2 lung is more
gene targeted by viral miRs and spleen and gut go after lung.15 In addi-
tion, alignment of SARS-CoV-2 encoded-miRs and humanmiRs with high
similarity showed they are involved in same pathway that affects path-
ophysiology, inflammation and clinical features.14

Overall, the host gene expression can alter in SARS-CoV-2-infected
cells in compare to normal. For instance, among 124 selected genes,
upregulation of 104 genes and downregulation of 20 genes were
observed and analysis of different pathway detected target genes are
involved in inflammation response and manifestation of clinical patho-
genesis.14 To prevent negative effects of viral encoded-miRs on host
genes, antagomirs showed successful result in phases of clinical trial for
viral infection like miR-122 in hepatitis C infection.20

2. The effect of human encoded-miRs on SARS-CoV-2
pathogenesis and infection

Host miRs play pivotal role in progression of viral infection. It was
shown cellular miRs act as anti-viral host defense and modulated viral
infection. The interaction of host miRs and viral genome result in inhi-
bition of translation or stabilization of viral RNA that prevent from
replication. Previous studies suggested human miRs play anti-viral role
against viral infection such as HIV-1, HCV, CMV, influenza and dengue.21

One of the challenges is viral escape from host inhibition following
several ways: 1) block host miRs function, 2) avoidance to be target by
host miRs following own 30 UTR sequence modification with mutation or
length shortness that cannot bind complementary, 3) provide secondary
structure with too long 30 UTR sequence. Another challenge is hijacked
host miRs that help virus to modulate cell biological process, also func-
tion of target genes affect by hijacked miRs can alter similarly. It was
assumed 28 human miRs hijacked by SARS-CoV-2 and affects more than
800 genes. Most of this hijacked human miRs predicted significantly
interfering with immune response in COVID-19 patients.15

CDC reported 80% of COVID-19 related death is observed among
adult individuals �65 years with severe outcome in United States.22 It
was predicted one of the probable reason that aged adult present sever
COVID-19 or more mortality is miR expression levels go down. It was
assumed SARS-CoV-2 can replicate and produce essential particles par-
allels low overall miR expression in aged individuals similar to previous
reports.23

It should be consider some illness like cardiovascular and lung related
disease can alter expression of human miR repertoires significantly, so
affect SARS-CoV-2 and host cell interaction.24 This is one of the reasons
that some people are classified as high risk groups that should be more
careful about their self. Some problems with COVID-19 patients like
oxygen dependent, ventilation needs and Shortness of breath increase
pulmonary hypertension and chronic lung diseases that linked to
miR-1307–3p involved in TGF-β signaling. It has been proposed
miR-1307 as a therapeutic target in SARS-CoV-2 infection because TGF-β
play crucial role in lung development and mentioned diseases.25

It was suggested 3 critical human miRs can apply for COVID-19
therapeutic strategies because they bind complete complementary to
SARS-CoV-2 gRNA without any side effect on host genes, they are miRs
5197–3p, 4778–3p and 6864–5p. The miRs 5197–5p was identified



Table 1
List of selected SARS-CoV-2-encoded miRs target host gene.

miR Target gene Up/down
Regulation

Tissue Effect Ref.

nCoV-MD3
-3P

p53 Down insilico Subvert the key role of p53 in suppress of viral replication, pulmonary vascular homeostasis
and upregulation of IFN I result in respiratory infection

17

nCoV-
MD241–3P

BMPR2 Down insilico Reduce expression of innate immune response genes like IFN I and result in respiratory
infection

17

MD2-5p CHAC1 Down insilico It interfered with pro-apoptotic enzyme activity and apoptosis process 15

MR147–3p RAD9A Down insilico As a checkpoint, it interfered to cell arrest when DNA damaged and need to repaired 15

MR147–3p TMPRSS2 Up Gut Promote infection 24

MR385–3p TGFBR3 Up Innate and adaptive
immune cells

It boost Th1 differentiation and modulate regulatory T-cell activation and survival 46

MR359–5p MYH9 and
ITGB5

Up All tissue except heart
for MYH9 gene

Cytoskeleton proteins are critical for viral replication and life cycle and help virus for surfing,
internalization,
and migration within the cell

15

MR66–3p TNF-α Up Spleen TNF-α as a key cytokines provides “cytokine storm” during inflammation 15

MR147–3p TMPRSS2 Up Gut As a biological membrane interfered with maintain of intestine equilibrium i.e., transporting
ions, small molecules, and macromolecules and present gastrointestinal symptoms

15

MR198–3p ADAR Up Liver It suppress IFN system responses in viral infections and manifest signs of liver damage 15

MR328–5p RXRA Up Lung, spleen, gut, liver It reduced host antiviral effect following IFN-I suppression 15
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especially as more effective on viral infection such as SARS-CoV, MERS-
CoV and COVID-19 and also propose for hepatitis B and herpes simplex
virus (HSV-1) infections.24 In Table 2 we listed some altered human
encoded-miRs expression and related genes affected in SARS-CoV-2
infection in lung.24,25

3. The role of miRs as saliva biomarker in pathogenesis of viral
infection and cancer

Microdroplets are tiny particles (10 μm) carrying the SARS-CoV-2 and
can transmit to others via exhale, loud conversation and sneezing.26 As
mention above, expression of miRs can alter in different condition like
viral infection or cancer. Moreover, miRs are present in liquid body such
as saliva, tear, urine and plasma. One of the reasons that is used the
plasma from recovered COVID-19 patients is presence of antiviral miRs in
addition to antibodies following previous SARS-CoV-2 infection.27 In
viral infection, like SARS-CoV-2, profile of miR expression change and
investigation of this alternation can obtain by liquid body such as saliva.
Saliva collection provides advantage including rapid, non-invasive, sta-
ble diagnosis with reliable indication and early diagnosis before signs
appear. In addition, an advanced technique named “salivaomics” can
evaluate genome, transcriptome, proteome and biomarkers such as miRs
in oral related and cancer disease.28 The human miRs can use as bio-
markers for viral infection and cancer diagnosis, because they are regu-
lator and impact gene related expression. In Table 3 we mentioned some
Table 2
Human top ranked miRs expression in lung during COVID-19 progression.

miR Target gene Up/down
Regulation

miR-8066 -PRLR, CXCL6, IL6, IL17, IL10 and ACVR1
-TGF-β pathway, mucin type O-Glycan and cytokine-
cytokine receptor interaction
-chemokine binding receptors
- FGFR pathway

Up

miR-
5197–3p

TGF-β, mucin type O-Glycan and cytokine-cytokine
receptor interaction

Up

miR-3611 GABAergic synapse, morphine addiction and
metabolism of xenobiotics by cytochrome P450

Down

miR-
1468–5p

TGF-1 and MAPKs signalling Up

miR-
1307–3p

TGF-β and semaphorin signalling Up

miR-
3691–3p

TGF-signalling, FGF2 and VCAM1 Down

miR-
3934–3p

TGFBR1 and SMAD3 Down
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human miRs target SARS-CoV-2 genome and involve in cancer. In this
manner, they can be utilized for prognostic approach. Up to date, some
studies approved implement of miRs as biomarkers in head and neck
squamous cell carcinomas (HNSCCs) including Oral, hypopharyngeal,
esophageal and tongue squamous cell carcinomas.29 We previous re-
ported the validity of saliva biomarkers presence in HNSCC in compare to
blood and other tissues.30–32 The salivary miRs are extricated from
normal or tumor cells and also during apoptosis or emitted of exosome or
microvesicles.33 They demonstrated high potential utility in disease
monitoring. For example, profile of salivary miR expression identified
significant decreasing of miR-139 in tongue SCC in compare to control
group. Furthermore, the levels of miR-139 expression return to normal
after surgery and indicated miR-139 play tumor suppressor role with
biomarker potential.34 Interestingly, outcome of a diagnostic validity
study demonstrated 93% overall agreement in saliva specimen in
compare to nasopharyngeal aspirate in detection of viral respiratory
infection like SARS-CoV-2.35

4. Discussion

Current evidence approved microRNAs affect regulation of viral gene
expression to restrict infection. In this review, we studied the challenge
and opportunities of miRs as smallest non-coding RNAs in SARS-CoV-2
infection. The dual role of host miRs cannot be declined, they can play
role as antiviral regulatory factors and also interact with viral miRs that
Effect

-Activate NfKB to target pro-inflammatory cytokines and induce cytokine storm
-Increased NfKB mediated TLR-8 expression
-Change N-glycosylation patterns
-Upregulation of FGFR pathways

-Similar to miR-8066
-And also GABAergic synapse, morphine addiction and metabolism of xenobiotics by
cytochrome P450
-Probably promote viral replication

-Cardiac fibrosis

-Promote inflammatory responses

-Lung pathogenesis

-Affect glycosaminoglycan biosynthesis-heparan sulfate/heparin, other types of O-
glycan biosynthesis and vitamin digestion-absorption mechanisms



Table 3
List of selected human miRs target SARS-CoV-2 genome and involve in cancer
progression.

miR Effect Ref.

miR-197–5p Cardiovascular disease 47

miR-338–3p Liver, lung and gastric cancers 48–50

miR-
4778–3p

Cervical cancer radioresistance 51,52

miR-
6864–5p

Urothelial Carcinoma of the Bladder 51,53

miR-
5197–3p

Squamous cell lung carcinoma 51,54

miR-15b-5p Coronary Artery Disease 55

miR-15a-5p Kidney disease 56

miR-548c-5p Colorectal Cancer 57

miR-548d-3p Osteosarcoma 58

miR-409–3p Osteosarcoma 59

miR-30b-5p Esophageal squamous cell carcinoma
Diabetic retinopathy

60,61

miR-505–3p Prostate cancer 62

miR-520c-3p Obesity/diabetes 63

miR-30e-3p Myocardial Injury 64

miR-23c Hepatocellular carcinoma 65

miR-30d-5p Non-small cell lung cancer 66

miR-
4684–3p

Colorectal cancer 67

miR-518a-5p Gastrointestinal tumors 68

miR-5197 Non-small cell lung cancer (NSCLC), HTLV-1, HIV-1, Ebola 69–72

miR-3611 Chronic obstructive pulmonary disease (COPD)
HIV-1 infection

73

miR-3934 Colon cancer, lung cancer, NSCLC, rectal carcinoma mucosa 74–76

miR-1307 Severity of pulmonary hypertension in systemic
scleroderma

77

miR-
3691–3p

Chronic obstructive pulmonary disease 78

miR1468–5p Glioma, hepatocellular carcinoma, Alzheimer’s disease 79–81

Fig. 1. Selected human miRs target SARS-CoV-2 genome that product structural prote
host range and cellular tropism, S2 modulates virus-cell membrane fusion. E protein
pathogenesis. M protein: Three transmembrane proteins bind to nucleucapsid. N pr

A. Farshbaf et al. Journal of Oral Biology and Craniofacial Research 11 (2021) 132–137

135
benefice for virus replication and propagation. Based on insilico analysis
seems first function is more possible, but in vitro and in vivo studies are
needed to validate obtained data.23 It was detected difference of gene
expression between healthy and SARS-CoV-2 infected lung cells associ-
ated with regulatory role of miRs in some crucial pathways, like as TGF-β.
Alternation in TGF-β pathway stimulates host response as cytokine storm
and affect immune defense, and also cause clinical features.36 Increasing
of hostmiRs to target SARS-CoV-2 genes like S,M,N, E andORF1abwill be
obstruct viral entry and replication. In Fig. 1 we mentioned some human
miRs target SARS-CoV-2 genome that product structural protein. As well,
reduction of host miRs provides environment for more viral replication
andaccessibility for thehost immune system. So,modificationof host-miR
levels alters specific cellular processes that are crucial for control of
infection.19 Therapeutic approach based on replacement of mimic miRs
can apply to increase lowhostmiR levels to suppress viral infection or take
modifiedmiRs products that cannot be degraded and uptake from the cells
effectively.37 Previous studies indicated intranasal inhalation of mimic
miRs protect animal from viral respiratory infection.38,39 Target delivery
with least toxicity is crucial in miR-based therapeutic strategies. It should
be considered over expression/inhibition ofmiRsmight result in cell cycle
irregularity, impaired immune response or cancer. In this manner, exact
role of each miR should be specified.40

Although result of genome analysis estimated ~78.7% sequence ho-
mology between SARS-CoV and COVID-19,41 but target of host miRs for
both viral genomes can significantly be difference. Recent study demon-
strated 848 and 873 human miRs target SARS and COVID-19 genomes
respectively that only 588 common human miRs target both viral se-
quences. Also, they estimated only 315 miRs were unique for isolated
COVID-19 that obtained from different geographical region.23 Recent
studies evaluated SARS-CoV-2 strain mutations in different geographical
region and find out viral genome get more mutated. Mutations mediate
host immune response and affect virus survival withmore pathogenicity.24
in. S protein: bind to host cell receptor, consist of two subunits; S1 define virus-
: form hydrophilic pores on host membranes in addition to viral recognition and
otein: Produce two domains that binding to viral RNA genome.
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Furthermore, evolution of SARS-CoV-2 genome helps virus to overcome
host antiviral response special miRs as essential regulatory molecular
pathway. On the other hand, virus can get advantage of host miRs to
suppress own replication to escape from immune response but promote its
transmission stronger. After successful transmission, the virus can rapidly
mutate own strains to elevate host specificity to avoid host miRs interac-
tion following RNA polymerase activity without proofreading.21 Alto-
gether 810 mutations are discovered in SARS-CoV-2 genome consists of
646 SNPs, 19 indels, 145 deletions and also 33 sequence of pre-miRs
overlapped with these mutations. And also, more than half mutation was
predicated synonym and most of them were substitution of C/G to U.
Outcome of these variations might attenuate phenotype of SARS-CoV-2
with reducing viral miRs repertories and affect miR-binding site and
their regulatory role in defense mechanism.15 Detection of new
SARS-CoV-2 mutations should be considered because genetic variation in
SARS-CoV-2 genome prevent from vaccine development.42 Similarly, this
virus is undergoing evolution, natural selection effect and purifying se-
lection,43 so detection and evaluation of exact molecular pathogenesis
open up opportunities to apply best therapeutic approaches. There are
challenges in modification of host miR levels or replacement of mimic
miRs that should be considered their side effects. Selected miRs should be
effective, safe and well tolerated by patients. Moreover, design and
products of mimic miRs are inexpensive corresponds to synthesis of primer
sequence, they are short and nanoscale in size that can deliver by exo-
somes.44 The protein-protein interaction network between human and
SARS-CoV-2 was identified by affinity-purification mass spectrometry, the
outcome of this study can help us to focus on miRs that target translation
inhibitors and sigma 1, 2 receptors.45

5. Conclusion

The effects of miR based therapeutic approaches approved in viral
infection. Alternation in human miRs expression including over-
expression or mimic replacement, inhibition or suppression helps to
block viral entry or replication in host cells. Target SARS-CoV-2 genes
such as S, M, N, E and ORF1ab by increasing host miRs attenuate viral
latency. In contrast, decreasing in human miRs against SARS-CoV-2
infection provide more viral replication and accessibility for immune
system. The crucial challenge for selection of candidate human miRs
against SARS-CoV-2 infection is the side effects following alternation of
gene. More investigation assists to least the side effects. On the other
hand, the impact of SARS-CoV-2 encoded-miRs on host genes should not
be ignored. As a solution, potential therapeutic of antagomirs as the small
molecular inhibitors can be evaluated for SARS-CoV-2 infection. The
stability, effective delivery, higher binding affinity and uptake with less
degradation by nuclease are the common problem in target miRs therapy
process. The SARS-CoV-2 genome sequence discovery and its alignment
with the other correlated Coronaviridae family help us to help from pre-
vious therapeutic approaches. Salivaomics present high potential utility
in detection of biomarker such as miRs; it can help in vaccine develop-
ment for SARS-CoV-2.
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