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ABSTRACT
Antisense technology has emerged as a fast and conceivably high-throughput method for repressing genes due 
to advancement in knowledge about DNA and RNA physiology. The limitations of antisense oligonucleotide 
therapy in delivery strategies have been overcome in recent years. Antisense oligonucleotide treatment was 
effectively applied towards targeting a wide range of therapeutic areas. With ongoing approvals of antisense 
oligonucleotides, there is an expanding enthusiasm for increasing the utilization of these compounds for curing 
various infections. This short survey gives a far-reaching comprehension of applications of antisense technol-
ogy, how they can be utilized therapeutically, and current endeavors to grow new antisense oligonucleotide 
treatments that will add a forthcoming therapeutic approach for the treatment of various diseases.
Keywords: Antisense, Cancer, COVID-19, Vaccine.
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1. INTRODUCTION

In recent times, antisense technology has been develop-
ing as a fast and conceivably high-throughput molecular 
approach of treatment due to advancement in knowledge 
about DNA and RNA physiology. The fundamental 
idea is that when an oligonucleotide (a short, single-
stranded RNA or DNA molecule complementary to an 
mRNA) is brought into a cell, it will explicitly tie to its 
complementary mRNA and stops protein synthesis. This 
happens in light of the fact that the mRNA no longer 
approaches the ribosome and the RNA is quickly debased 
by ribonuclease H. Consequently, the presentation of 
short DNA integral to mRNA will prompt a particular 
reduction or blockage of protein blend by a specific gene 
which results in turning off that gene, as shown in  
Figure 1.1,2

There have been many issues related to the utiliza-
tion of antisense technology. In numerous applications, 
these obstacles have been survived. Oligonucleotides can 
be blended with lipids causing easy absorption by cell 
membranes. Different procedures have likewise been 
created to encourage the take-up of oligonucleotides by 

cells. Synthetic adjustment of the antisense oligonucleo-
tides can render them progressively stable in cells and 
blood by expanding their protection from ribonuclease 
digestion.3
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Figure 1: Mechanism of action of antisense oligonucleotide
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2. EXTENDING NEW TECHNOLOGIES 
FOR TARGET SELECTION

A scope of in vitro techniques and procedures have been utilized 
to encourage the way towards the selection of target sites for anti-
sense activity for checking the availability of target structures by 
RNase H mapping. Software exertions through computational 
endeavors are utilized to foresee the  secondary structure and 
pattern of mRNAs which revealed excellent outcomes. While this 
attempt disregards other parameters (three-dimensional structure 
of RNA in vivo or the convenience of the target site for RNase 
H) that impact antisense efficacy, it may ominously decrease 
the number of Antisense Oligonucleotides (ASOs) required for 
screening. The expectation of target sites established on motif 
may additionally aid in the design of antisense therapeutics.4

3. APPLICATIONS

These are many potential uses of antisense oligonucleo-
tides as shown in Figure 2. With increased advancement 
in chemistry, there are progressively viable oligonu-
cleotides and quality vectors developed which have 
the capacity to meddle freely with the interpretation of 
explicit mRNAs.

Few of the approved antisense oligonucleotide drugs 
have been presented in Table 1.

3.1. Viral Diseases

3.1.1. SARS-CoV-2 (COVID-19)
The principal antisense action intended to inhibit trans-
lation of the viral replicase polyprotein was to reduce 
the luciferase expression in cell-free and transfected 
cell culture assays. Modified ASOs were screened for 
antiviral activity against a member of Coronaviridae, 

mouse hepatitis virus (MHV). Morpholino oligomers 
with peptide conjugation repressed virus titers 10 to 100 
fold in a sequence-specific and dose-responsive manner. 
These outcomes recommend the use of ASO for control 
of coronavirus infection.5

An urgent requirement for proficient medical treat-
ments and vaccines epitomizes the harshness of the 
high transmission rated global COVID-19 pandemic, 2.6 
to 4.7% lethality and a tremendous social and economic 
effect. As of now, there are just vague medicines to help 
the patients in intense respiratory trouble the chance of 
focusing on the SARS-CoV-2 genome by RNA treatment 
ought to be profoundly investigated. Barrey et. al., 2020 
developed two ASO designs focusing on transcripts 

Figure 2: Applications of antisense oligonucleotides

Table 1: Approved antisense oligonucleotide drugs
Drug Target Disease

Eteplirsen Exon 51 Duchenne muscular dystrophy
Mipomersen apo B-100 Homozygous familial hypercholesterolemia

Patisiran Mutant transthyretin Polyneuropathy caused by hereditary transthyretin-
mediated amyloidosis

Fomivirsen (withdrawn) Immediate early region 2 (IE2) of 
human cmV Cytomegalovirus retinitis

Inotersen Wild-type TTR mRNA Polyneuropathy caused by hereditary transthyretin-
mediated amyloidosis

Nusinersen Exon 7 Spinal muscular atrophy (SMA)
Trioxsalen Interstrand cross-links in DNA Antipsoriatic and vitiligo
Macugen VEGF165 Age-related macular degeneration
Defibrotide FGF2 Hepatic veno-occlusive disease
Givosiran ALAS1 mRNA Acute intermittent porphyria 
Golodirsen Dystrophin Duchenne muscular dystrophy
Heplisav-B (Vaccine) Induces specific humoral antibodies Hepatitis B

ALAS1: 5-aminolevulinic acid synthase; CMV: Cytomegalovirus; TTR mRNA: Transthyretin messenger RNA; VEGF 165: Vascular 
endothelial growth factor 165; FGF2: Fibroblast growth factor 2
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encoding viral proteins associated with replication and 
transcription of SARS-CoV-2, with an aim to block infec-
tion. 

One ASO is conventional with modification in 
phosphorothioate and the other is a locked nucleic acid, 
i.e., GapmeR. ASOs target the genomic sequence at 5’ 
untranslated region (5’-UTR), open reading frames 1a and 
1b directing expression of the replicase or transcriptase 
complex, and the nucleoprotein gene N. The hetero-
duplexes antisense oligonucleotide-RNA is cleaved by 
RNAse H1, after binding the viral RNA target. The most 
potent GapmeR agent targets a key genomic domain, the 
5’-UTR with numerous purposes in the viral cycle. These 
in silico results recommended encouraging advancement 
in translational exploration to combat the global COVID-
19 pandemic.6

3.1.2. Ebola Virus Disease
There is no Food and Drug Administration (FDA) 
approved therapeutics against the fatal Ebola virus 
illness. ASO with locked nucleic acid was formulated for 
destroying the host factor Niemann-Pick C1, required 
for the Ebola virus to get into the cytoplasm of the host. 
Results from human and murine cell lines revealed 50% 
inhibitory concentration (IC50) and 94% knockdown effec-
tiveness which showed efficient NPC1 protein knock-
down in vitro activity. Treatment with ASOs against the 
Ebola virus resulted in substantial reduction in virus titer, 
representing ASOs as a hopeful therapeutic approach for 
the curing infection.7

3.1.3. Hepatitis B
A locked nucleic acid single-stranded ASO was designed 
to attain a specific target on liver asialoglycoprotein 
receptor and reduces kidney contact. It was conjugated 
with three N-acetylgalactosamine moieties which 
direct specific binding on the superficial surface of 
hepatocytes. The results from animal studies revealed 
that N-acetylgalactosamine-conjugated locked nucleic 
acid single-stranded ASO have a strikingly higher 
level of potency when compared to its non-conjugated  
counterpart.8

3.1.4. Influenza Virus
Up to 20% of the population experience respiratory 
infections due to the influenza virus according to 
the WHO report. The highest antiviral activity was 
shown by the formulated morpholino analog and phos-
phoryl guanidine oligodeoxyribonucleotide (PGO) with 
the sequence of oligonucleotide PB1-2AUG-R targeted 
towards the AUG codon region of segment 2 of the 
virus genome. The influenza virus titer in MDCK cell 
culture was reduced by 40 times when PGO was used 
in the concentration of 20 µM.9

3.1.5. Respiratory Syncytial Virus (RSV)
Severe RSV infections in infants cause bronchiolitis 
and cough that increases the possibility of developing 
asthma and death. Administration of IL-4Rα specific ASO 
intranasally during primary infection to neonatal mice 
previously infected with RSV at 1-week and was again 
infected at 6 weeks of age showed less RSV infection and 
abolished the pulmonary dysfunction, which was inter-
related with reduced Th2 responses, i.e., reduced goblet 
cell hyperplasia, Th2 cells, and cytokine secretion and 
enhanced Th1 responses, i.e., elevated Th1 cell numbers 
and type I Abs and cytokines.10

3.1.6. HIV AIDS
Combination antiretroviral therapy (cART) is an effi-
cient therapeutic attempt for HIV-1 infection. Yet cART 
is associated with certain limitations which leads to 
the development and design of a modified ASO, i.e., 
2′-deoxy-2′-fluoroarabinonucleotide (FANA) that targets 
highly protected zones in the HIV-1 genome. Results 
showed strong suppression of HIV-1 replication in HIV-
1-infected human primary cells. In vitro mechanistic 
studies revealed that the activation of RNase H1 and 
steric hindrance of dimerization is liable for the inhibi-
tory activity of FANA ASOs. The outcomes strongly 
recommended that FANA ASOs has abundant potential 
for antiretroviral therapy.11

3.2. Neurological Disorders

3.2.1. Batten Disease
An investigational clinical protocol report was published 
in 2009 by the FDA revealing the development of ASO 
drug, milasen for Batten disease. Milasen was modified 
for a single patient’s definite mutation and remains an 
investigational drug as it is not suitable for the treatment 
of other patients with Batten’s disease. Though, it is an 
example of genomic medicine intervention.12

3.2.2. Neuropathic Pain
It is uncertain that which isoform of p38 impact the 
development of chronic pain. In a previous study, the 
effects of potent, p38 MAPK subtype-specific ASOs were 
screened in many chronic pain models after a single 
intrathecal injection (300 µg/10 µL) in CD1 mice. In the 
chronic constriction injury study model, p38α MAPK 
ASO was administered on postoperative day 5, which was 
reported to decrease CCI-induced mechanical allodynia 
in male after the fracturing of the tibia but not in female 
mice with partial reduction (≈50%) of spinal p38α or p38β 
mRNA level in both the sexes. Pre-treatment with intrath-
ecal p38α MAPK ASO also prevented TLR4-mediated 
mechanical allodynia indicating that ASOs could be a 
novel treatment for certain chronic pain conditions.13
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3.2.3. Spinocerebellar Ataxia-1
Spinocerebellar ataxia type 1 (SCA1) is caused by exten-
sion of a translated CAG recurrent encoding a glutamine 
tract in the ataxin-1 (ATXN1) protein. Up to now, there 
are no treatments available to modify its progressive fatal 
course. The therapeutic capability of an ASO targeting 
mouse Atxn1 in Atxn1154Q/2Q-knockin mice was inves-
tigated. At 5 weeks of age, a single ASO treatment made 
mice free of these disease-associated phenotypes. Results 
findings indicated that the therapeutic significance of 
exactly targeting ATXN1 RNA expression with ASOs 
is an important attempt for treating lethality in SCA1.14

3.2.4. Duchenne Muscular Dystrophy
This is triggered by loss-of-function mutations in the dys-
trophin gene encoding for dystrophin. It is an X-linked 
recessive fatal neuromuscular disorder described by 
advanced degeneration of muscle and cardiomyopathy 
which affects newborn worldwide. Exon skipping using 
ASO is one of the most potential approaches, which effec-
tively restored dystrophin expression in skeletal muscles 
and improved skeletal muscle function.15

3.2.5. Huntington’s Disease (HD)
Huntington’s disease is a prevailing neurodegenerative 
disorder that occurs due to extended CAG repeat in the 
huntingtin (HTT) gene, which impacts a toxic gain of 
function because of an extended polyglutamine tract in 
the resulting protein. ASOs intended to bring down HTT 
and has been appeared to give drawn-out progress in 
HD and the current drug is in the clinical trial phase.16,17

3.2.6. Amyotrophic Lateral Sclerosis (ALS)
Though mutation in many genes leads to ALS, many 
studies reported ATXN2 as a therapeutic target for ALS. 
Almost more than 10% of ALS cases are due to mutations 
in superoxide dismutase 1 (SOD1) which alter its func-
tion. Phase-I clinical trials of human SOD1 ASO proved 
well tolerance of the drug when infused into the CSF. 
IONIS-SOD1Rx (BIIB067) is currently undergoing phase 
3 clinical trials with the aim to target C9ORF72 for ALS 
GGGGCC repeat expansions in the C9ORF72 gene are 
causative of ALS and frontotemporal dementia.18

3.2.7. Alzheimer Disease (AD)
Reducing the whole tau protein by ASOs is associ-
ated with significant therapeutic methods pertinent 
for tauopathies (corticobasal degeneration, argyroph-
ilic grain disease, progressive supranuclear palsy, and 
frontotemporal dementia). Ionis Pharmaceutials Inc. is 
presently accomplishing a phase I/II study to evaluate 
the safety and tolerability of 2’MOE ASO in patients with 
mild AD. This ASO targets MAPT mRNA to reduce the 
quantity of tau protein regardless of its isoform.19

3.2.8. Parkinson’s Disease (PD)
ASOs reduc i ng LRRK2 i n mice t reated wit h 
α-synuclein (aSyn) preformed fibrils were associated 
with reduced aggregations of phospho(S129)-α-synuclein. 
Decreased aSyn concentrations result in preclusion and 
exclusion of aSyn pathology and avoid dysfunction of the 
dopaminergic cell. The results demonstrated the distribu-
tion of SNCA ASOs all through the brain of non-human 
primates and reduction in the levels of aSyn cerebral 
spinal fluid. The obtained data suggested the progress 
of SNCA ASOs as a possible disease altering therapy for 
PD and related synucleinopathies.20

3.2.9. Spinal Muscular Atrophy (SMA)
SMA is caused by loss-of-function mutations in the 
SMN1 gene which results in the loss of the survival 
motor neuron (SMN) protein. The nusinersen, an ASO 
drug impedes an intronic splicing silencer element in the 
SMN2 intron 7 and avert the spliceosome from excluding 
exon 7. Nusinersin was approved by the FDA and well-
tolerated in patients with SMA1.21

3.2.10. Multiple Sclerosis (MS)
More than 100 ASOs were formulated to prompt avoid-
ing of individual exons of the integrin subunit alpha 
4 (ITGA4) transcripts and thus, decreasing expression 
of the protein. Modified ASOs targeting ITGA4 were 
screened in the experimental autoimmune encephalo-
myelitis mouse model for their impact in deferring MS 
progression. The results showed that the developed ASO 
was highly specific to inhibit expression of the protein 
by way of interfering with normal exon and are relevant 
to various gene targets that endure splicing throughout 
the expression.22

3.3. Cardiovascular Diseases

3.3.1. Thromboembolism
The clinical trial of ASO, volanesorsen was developed 
to reduce apoCIII mRNA levels and the drug pres-
ently is investigated in phase III clinical trials for the 
treatment of hypertriglyceridemias. The antisense drug 
IONIS-FXIRx was reported to lower the factor XI levels 
and can be effective than conventional antithrom-
botics. IONIS-FXIRx/BAY 2306001 phase II study is 
enduring to explore the effect of the drug in patients 
with end-stage renal disease on hemodialysis.23,24

3.3.2. Familial Hypercholesterolemia
Mipomersen was approved by the FDA in 2013 that 
inhibits the action of the apolipoprotein B gene, employed 
in the treatment of homozygous familial hypercholester-
olemia. It binds and degrades the low-density lipoprotein, 
very low-density lipoprotein, and apolipoprotein B-100 
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coded mRNA. Every individual prescribed for mipom-
ersen was registered in a risk evaluation and mitigation 
strategies (REMS) program approved by the FDA.25

3.3.3. Thalassemia 
Beta-thalassemia is the most widely recognized heredi-
tary disorder characterized by a decrease in beta-globin 
and ineffective erythropoiesis. Mouse and human genetic 
information from multiple groups suggested that 
decreasing the expression of TMPRSS6 can up-regulate 
hepcidin and recover the disease symptoms related with 
β-thalassemia. Potent ASOs against mouse TMPRSS6 
resulted in hepcidin up-regulation and reduction in 
serum iron and transferrin saturation. In the mouse 
model of beta-thalassemia, TMPRSS6 reduction resulted 
in the induction of hepcidin and dramatic reductions 
of serum transferrin saturation with reduced liver iron 
concentration. Interestingly, lead ASO compounds 
were tested in normal monkeys revealed decreased 
TMPRSS6 mRNA levels, which collectively established 
that TMPRSS6 ASO is an effective therapeutic in beta-
thalassemia and associated disorders.26

3.4. Respiratory Diseases
Inhaled ASOs are emerging therapeutics for treating 
many respiratory diseases, such as, asthma and Chronic 
Obstructive Pulmonary Disorder (COPD). ASO therapy 
is a promising approach due to the direct target to the 
lung, avoiding systemic degradation, and minimizing 
adverse effects. Oligonucleotide therapies have been 
evaluated as potential therapeutics for treating asthma 
and other respiratory illness. The protein knockdown 
mechanism gives potentially more non-specific biological 
outcomes. EPI-2010 was used against the adenosine A1 
receptor, which decreases hypersensitivity and inflam-
mation in the lungs. Many ASOs are in clinical trials to 
measure the stability and potency of oligonucleotides in 
respiratory diseases.27,28

3.4.1. Cancer
The ASOs can easily recognize mRNA and differentiate 
the normal and mutated oncogenes in tumor cells, which 
is a special advantage. Several studies have shown that 
ASOs can inhibit gene expression and thus, can be used 
to decrease the growth of tumors through affecting the 
cellular functions and protein synthesis. ASO therapy 
prevents abnormal expression and mutations in tumor 
cells. A chimeric 2′MOE modified antisense drug, i.e., 
custirsen targets the clusterin, is currently in phase III 
clinical trials for the treatment of prostate cancers. Dan-
vatirsen, another ASO is in the investigation to target 
signal transducer and activates transcription 3 (STAT3) in 
various kinds of cancers. Many modified ASOs targeting 

tumor cells are in the clinical trial as a possible treatment 
for cancer.29

3.5. Diabetes
Since the past, laser photocoagulation and vitrectomy 
surgery are employed in the treatment of diabetic retin-
opathy. Second-generation ASOs are utilized in curing 
diabetic retinopathy which down-regulates the signal 
pathways of multiple growth factors that are associated 
with ocular angiogenesis and vascular leakage.30

3.6. Inflammation and Autoimmune 
Diseases
ASO drugs are also assessed for many inflammatory 
diseases. Mongersen presented the hopeful effects on 
patients with ulcerative colitis targeting to the SMAD7 
mRNA. Alicaforsen drug targeting intercellular adhe-
sion molecule 1 (CD54) has been tested by systemic 
delivery for its effect in patients with pouchitis, inflam-
matory bowel disease, and ulcerative colitis. This drug 
is presently being developed for the treatment of Crohn’s 
disease.31,32

3.7. Hereditary Transthyretin-Mediated 
Amyloidosis
Inotersen (Tegsedi) is a transthyretin-directed ASO medi-
cation approved by the FDA in 2018 for the management 
of damage of nerve in adults with hereditary transthyre-
tin-mediated amyloidosis. It binds to transthyretin (TTR) 
mRNA causing degradation of mutant and wild-type 
TTR mRNA which results in a reduction of serum and 
tissue TTR protein. It is associated with severe adverse 
effects, such as, low platelet count and kidney inflam-
mation. Because of these adverse effects, it is prescribed 
only through a restricted program called the Tegsedi risk 
evaluation and mitigation (REMS) program in the USA.33

3.8. Neovascularization
A phase II study reported that eye drops of an ASO, 
aganirsen prevent insulin receptor substrate-1 expression 
and inhibit corneal neovascularization. In the phase III 
study, aganirsen eye drops extensively restrained corneal 
neovascularization in patients with keratitis. Hence, the 
option for transplantation is reduced for the treatment 
of viral keratitis and central neovascularization. The 
topical application of aganirsen was found to be secure 
and well-tolerated.34

3.9. Arthritis
The treatment of arthritis is yet restricted to the utili-
zation of analgesics and prosthetic replacement. Use 
of locked nucleic acid ASO ADAMTS5 (A Disintegrin 
and Metallo Proteinase with Thrombospondin Motifs) 
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showed 90% silencing in the monolayer culture of human 
OA chondrocytes. The ASO displayed a constant dis-
charge profile with hydrogels up to 14 days determined 
by flow cytometry and confocal microscopy. This work 
displays the applicability of hydrogels for combined local 
delivery of ASOs for gene modulation.35

3.10. Infectious Disease
Many antisense therapies are in evaluation in clinical 
trials for the treatment of numerous infectious diseases. 
MicroRNA-122 (miR-122) is believed to play an important 
role in inflammatory activity in the liver and RG-101, a 
GalNAc-conjugated oligonucleotide drug is developed 
to prevent replication of miR-122 and HCV. The out-
comes from this clinical preliminary were tremendously 
reassuring and support continued investigation of the  
drug.36

3.11. Vaccines
ASOs became the centre of research for improving the 
efficiency of vaccines because of high specificity. Several 
studies have reported improvement in the vaccines 
efficacy by ASOs either by inducing modifications in 
antigen or by targeting specific factors of the host immune 
system.37

4. CONCLUSION

Antisense therapies in various disease conditions are empowering, 
yet safe delivery and long term efficacy of the treatment need to be 
determined. The enormous number of arranged and continuous 
clinical preliminaries in the antisense technology field mirrors 
the hopefulness of antisense ways to deal with direct quality 
articulation, miRNA pathways, and elective grafting to address 
hereditary diseases. It is predictable that the best achievements 
in this field to date have been in brain targeting and killing of 
tumors. Antisense therapeutics will be at the front line of clinical 
ways to deal with hereditary ailments later on. Antisense pharma-
ceuticals will soon be accessible for the standard consideration of 
patients and are hoped for being successful, effective specialists 
with positive restorative profiles in various disease conditions.
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