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ABSTRACT 

The applications of RNA interference (RNAi) has illustrated a promising tool for therapeutic applications by down regulating the 
expression of mutant genes in diseased cells, simultaneous functions of a number of redundancy analogous genes in an organism 
with respect to a particular function, drug screening and development by identifying resistant genes, gene knockdown related 
functional studies in plants, analyses quickly the functions of a number of genes in a wide variety of organisms and genome 
sequencing for identification of biological functions of genes. Although, RNAi process holds the key to future technological 
applications still detailed mechanism of RNAi and its related processes is waiting to be explored. 
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INTRODUCTION 

In the living system, RNA interference (RNAi) which 
belongs to one type of double stranded RNA molecule of 
20-25 nucleotides in length, cause sequence specific post-
transcriptional gene silencing. Alternatively, RNAi is a 
process in which translation of some of a cell's messenger 
RNA (mRNA) sequences is cleaved, because of the 
presence of matching double-stranded RNA sequences. 
Two types of small RNA molecules viz micro-RNA (miRNA) 
and small interfering RNA (siRNA) – play the central to 
RNA interference. The small interfering RNA is also known 
as silencing RNA. It prevents synthesis of specific proteins 
without mutating the DNA of interest by blocking 
corresponding mRNA which was produced in 
transcriptional stage. Normally cell has single-stranded 
RNA; double-stranded RNA (dsRNA) can only be found in 
disease condition when cell is infected with virus having 
dsRNA. When a cell detects dsRNA, it uses a nuclease 
enzyme that known as dicer to destroy it. Thus, RNA 
interference has an important role in defending cells 
against parasitic genes – viruses and transposons. 

In 1990, siRNAs were first discovered by David 
Baulcombe’s group at the Sainsbury laboratory in 
Norwich, England, when attempt was made to develop 
colour intensity of flowers1. After that, Synthetic siRNAs 
were introduced in 2001. It was followed by an extensive 
research interest in this field and in 2002 it had earned 
the title of “Scientific Breakthrough of the Year”2. In 
recent time, it is constantly producing promising results 
both as therapeutic and diagnostic tools in various fields 
like biotechnology, molecular biology, microbiology, 
pharmacy, drug discovery etc. 

 

 

MECHANISM OF ACTION 

Generally all eukaryotic organisms possess siRNA except 
budding yeast. These belong to a family of small RNA and 
found in plant, fungi and animal. The dsRNA is the 
precursor of the siRNA and it is formed when the RNA 
sequence is transcribed from a complementary DNA 
sequence. Sometimes viral infection is also responsible 
for the triggering of the RNAi response mediated by the 
cell as a part of their antiviral defense.  The mechanism is 
mediated by the activation of two major molecules; the 
initial activity of the endonuclease Dicer (an RNAse III 
family enzyme), followed by the activity of the RNA 
interfering silencing complex (RISC). An adenosine 
triphosphate (ATP) dependent reaction involving the 
endonuclease Dicer is responsible for cleaving the long ds 
nucleotide into short interfering (si) double-stranded 
RNAs of 21–23 nucleotides in length. Then RISC unwinds 
the double-stranded siRNA, using a helicase, and then 
binds to the free antisense strand. This complex is able to 
identify the specific complementary strand of mRNA and 
degrades it with the help of one of its major components, 
Argonaute 2 protein. The result is destruction of the 
mRNA that is complementary to the antisense strand of 
the original dsRNA introduced into the cytosol, and 
prevention of translation and protein production. 

APPLICATIONS 

RNA interference (RNAi) have emerged as a promising 
tool for down regulation of gene expression in worms, 
plants, animals, and humans with great potential to serve 
both as a research tool and as a therapeutic modality for 
targeted knockdown of disease-causing genes. It is 
constantly showing potency to treat viral infections, 
inflammatory diseases, cancer, genetic and ocular 
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diseases. The success of siRNA in RNAi is due to its 
complementarily to its target mRNA. 

RNAi in Pharmaceutical Target Validation and Toxicology 

In modern era, the pharmaceutical industries have 
adopted various advanced techniques to explore 
potential drug targets for the treatment of disease. 
Unfortunately, the success rate of new drugs is declining 
due to mainly two reasons. One is unacceptable toxicity 
and other one is failure of the mechanism to provide 
significant clinical benefit. Both of these sources of 
attrition occur at a late stage in development and are 
costly both financially and in terms of resources 
expended. SiRNA has been promising to provide an early, 
specific, and relatively inexpensive method for studying a 
pharmacological mechanism in both preclinical models of 
efficacy and toxicity. This could result in reduction in 
mechanisms with efficacy and safety issues being 
progressed into late stages, diverting resource into more 
productive targets. Actually, the application of siRNA in 
toxicity screening has proved to be a potential tool that 
could reduce the number of animals in testing toxicity3. 

siRNA as a tool in Nasal Delivery 

As application of RNAi in vivo is still in its nursery stages 
specific delivery is a significant problem. Mainly two 
routes systematic and local are used for the delivery of 
siRNA4,5. The nasal route presents an interesting regimen 
since it allows noninvasive means of delivery of siRNA to 
lung cells, which is experimentally as well as 
therapeutically useful. It can also be useful in treating 
such debilitating respiratory tract disorders such as 
chronic obstructive pulmonary disease (COPD), cystic 
fibrosis, asthma and many viral infections of the lung6. It 
is found that intranasal delivery with and without a vector 
(Transit TKO) was shown to be both protective and 
therapeutic when targeting Parainfluenza virus and 
Respiratory Syncytial virus5. Respiratory syncytial virus 
(RSV) is a major causative agent of respiratory tract 
infection. There is no effective vaccine or drug has been 
reported against RSV until now. The siRNA treatment on a 
RSV infected mice showed positive inhibition of RAV’s 
NS1 gene whose product interferes with the host 
interferon7. 

RNAi in Animal Models of Disease 

The success rate of new therapy or drug is largely 
dependent on the closeness of the experimental model to 
the actual physiologic condition of human body. In 
normal practices, key regulatory proteins are inhibited in 
laboratory animals to make these effective models which 
could resemble human diseases. We always try to use 
those animal models which show pathological difference 
as low as possible from human body. The RNAi is quite 
capable to produce rapid and cost effective models of 
human disease; especially for proteins involved in the 
inhibition in the embryo has significant effect on viability, 
apart from the use of gene knockout technology. 
Recently, adenovirus is used to introduce small inhibiting 

RNA (siRNA) specifically targeting tyrosine hydroxylase 
mRNA within neurones of the mid brain. This enzyme is 
involved in the production of dopamine which is intern 
involved in regulating food intake, addiction, and 
movement control8. These animals are generally used as 
model for human Parkinson’s disease. 

RNAi in drug Discovery 

To understand the pathogenesis of various diseases we 
generally prepared different hypotheses which were 
tested later. These hypotheses normally include the over 
expression or inhibitions of cellular pathways via the over 
production or inhibition of cellular proteins. RNAi helps in 
rapid development of the specific inhibition of protein 
expression in vivo to investigate pathological toxicity of 
administered compounds in animals devoid of pathways 
suspected of initiating pathological findings. 

siRNA as Anticancer Agents in a Cervical Cancer Model 

Protocols of using small interfering RNA (siRNA) or short 
hairpin RNA (shRNA) delivery by a lentiviral vector, as a 
means to stop cancer-causing genes in cervical cancer is 
used as a model to demonstrate the inhibition of the 
human papillomavirus (HPV) oncogenes E6 and E7 in 
cervical cancer cells by RNAi and inhibition of the cell 
growth in vitro and tumor growth in mouse models. 
siRNA or shRNA can silence a target gene at the 
posttranscriptional level (i.e., they do not affect genomic 
DNA) and in a sequence-specific manner. These 
treatments can be effectively used in the treatment of 
viral infections, genetic disorders, and cancer9,10. The 
genes which are responsible for the above diseases are 
potential targets for RNAi treatment. As a result, a 
number of preclinical and even a few clinical studies with 
siRNA have recently been reported. 

However, at present, the most effective and powerful 
way to deliver these plasmids is lentiviral delivery, 
although its bio-safety is still uncertain. HIV (Human 
immunodeficiency virus), SIV (Simian immunodeficiency 
virus) and FIV (Feline immunodeficiency virus) are the 
examples of lentiviruses. lentivirus can deliver a 
significant amount of genetic information into the DNA of 
the host cell and have the unique ability among 
retroviruses of being able to replicate in non-dividing 
cells, so they are preferred as gene delivery vector. The 
advantages of lentiviral delivery system compared with 
synthetic and vector-borne siRNA include the ability to 
highy transducer in dividing and non-dividing cells. In 
addition, the lentivirus is non-toxic and no viral genes are 
encoded in the vector genome because it is minimally 
immunogenic. In gene delivery system, the lentiviral 
vector has produced promising result in preclinical stages. 
Recently, a new version of a non-integrating lentiviral 
vector has been reported and a new SV40-based 
pseudoviron delivery system has also been investigated.  

RNAi as a Therapeutic Agent 

The use of RNAi as a therapeutic agent is the most 
commercial interest of present as well as future. There 
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are many technical burdens to be overcome before the 
technology would be of applicable to man. Currently, a 
huge number of researches are being done on RNAi in 
experimental animals in order to make it effective to 
human. RNAi has an advantageous process to cure 
diseases that happen to be due to the presence of single 
defective gene11. These types of diseases are generally 
classified as cancer or neurobiological disorders. Many 

therapeutics aids has already been taken place for the 
treatment of disease by RNAi technology (Table 1). 

It is evident that RNAi is a more efficient technique as 
compared to the techniques like antisense and gene 
therapy.   

 

Table 1: Inhibition of viral gene expression by RNAi-mediated technology 
Virus Model system Vehicle Treatment type 

HepatitisC Virus Reporter transcript None Co-transfection 
Coxsakievirus B3 Mouse infection None Therapeutic 

Respiratory syncytial virus Mouse infection None/TransIT Prophylactic 
Parainfluenza Mouse infection None/TransIT Prophylactic 

Influenza Mouse infection PEI-complex lentivirus Prophylactic 
Mouse infection Oligofectamine Prophylactic 

Hepatitis B virus 

transient  transfection None Transfecting artificial microRNA 
Hydrodynamic None Co-transfection 

Transgenic Mouse Adenovirus Therapeutic 
Hydrodynamic Stabilized Therapeutic 

Chikungunya  virus Mammalian cells Mammalian cells Therapeutic  approach 
HIV-1 Antiviral miRNAs or shRNAs None Targeting imperfect target sites 

Marburg virus Mammalian cell VP30 Co-transfection 
Semliki Forest Virus Mammalian cell None Transfection 

 
Human immunodeficiency virus (HIV) 

At present, HAART is the only technique that is effective 
against the HIV. This can only extend the life span of a HIV 
infected patient but does not give permanent solution12. 
Moreover, prolonged use of this technique is found to be 
toxic effects in body. It has been reported that expression 
or replication of the virus can be very effectively 
eliminated by using virus specific siRNA either in-vivo or 
in-vitro. HIV has some special proteins that form 
complexes with siRNA and make them resistance against 
the silencing. So it would be better to target the cellular 
receptors and co-receptor that allow the entry of HIV into 
the host cell. CD4, CCR5 and CXCR4 are the main 
receptors which facilitate the entry of HIV into the host. 
The antiviral activity of the siRNA declines after it’s 
delivery into the cell due to degradation and dilution 
associated with cell division. In this case a lentiviral vector 
plays a valuable role to maintain its effectiveness. 
Lentiviral delivery of the siRNA against tat, tat-rev genes 
of HIV-1 in cell line, macrophages and primary T cells 
showed excellent result13. The ability to induce RNAi 
across mucosal surfaces is also being explored as a means 
of treating sexually transmitted disease (STD). 
Intravaginal delivery of RNAi targeting 2 viral genes has 
been shown to protect the mice from the otherwise lethal 
Herpes simplex virus-214. 

Cancer 

In the treatment of cancer, it is very important to 
remember that drug should not destroy to normal cells.  
The siRNA can prevent multiple oncogenic gene fusion 
and suppress disease development which is found in 
some special type of cancer like lymphoma and 
leukemia15. In a preclinical model, siRNA is able to resist 

the development of tumor by targeting cellular p53 gene 
that is involved in the development of cancer. Experiment 
on breast cancer revealed that siRNA is capable of 
blocking the further expansion of breast cancer by 
suppressing the function of the chemokine receptor 
CXCR4. Another experiment showed that tumor cells 
become sensitized to the common drug like 
chemotherapy agents once siRNA suppressed the 
function of the anti-apoptotic bcl-2 gene16. 

Neurobiological disease 

Pre-clinical application of RNAi in invertebrate models 
(Drosophila and C. elegans) has shown promising result. 
Invertebrate models are chosen instead of vertebrate one 
because different cellular processes like membrane 
trafficking, formation of cellular junctions, intracellular 
signaling, neural plasticity, cell cycle, axon guidance and 
embryonic development present in invertebrate animals 
would give better idea of neurobiological diseases17. 

Use of RNAi therapy in the treatment of neurological 
diseases is preferred over the techniques like antisense, 
chemotherapy because it targets multiple genes that are 
thought to be involved with the disease development 
process and it is non-toxic to the cell too. This technique 
seems to be effective against retinal disorders, 
neurodegenerative disorders, CNS tumors, trinucleotide 
repeat diseases, etc. 

Viral infections 

Chikungunya is one of the most important arboviral 
infections and there is no effective drug available against 
it so far. A vaccine is now in phase II clinical trial which is 
sponsoring by US Government.  Symptoms of this disease 
include fever (104°F), petechial or maculopapular rash in 
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trunk or limbs and arthritis affecting multiple joints. Other 
nonspecific symptoms can include headache, conjunctival 
infection, and slight photophobia. A newly synthesized 
siRNAs is effectively used against the conserved regions of 
nsP3 and E1 genes of Chikungunya virus with 99% 
inhibition18. Marburg virus is known to produce 
haemorrhagic fever. Many of the symptoms are similar to 
those of malaria or typhoid. RNA interference (RNAi) has 
been employed to resist this disease to some extent19. 
Monkey pox virus causes the disease monkey pox in both 
humans and animals. Symptoms include swelling of lymph 
nodes, muscle pain, headache, rash and fever. Monkey 
pox or other orthopox viruses pose a serious threat to 
public health and there are no licensed drugs to treat 
these infections20. Recently a model which uses MPV as 
carrier vector is reported monkey pox virus infections1. 

Hepatitis 

Hepatitis is characterized by inflammation of the liver and 
a group of viruses (hepatisis A, herpes simplex, 
adenovirus and cytomegalovirus) are mostly responsible 
for this disease which leads to jaundice, anorexia and 
malaise. Hepatitis B virus (HBV) infection is a serious 
threat to health and increase the risk of chronic liver 
disease and hepatocellular carcinoma in human. RNAi has 
been applied to inhibit the production of HBV in mice 
transfected with a HBV plasmid. Hepatitis C virus (HCV) is 
characterized by small (55-65 nm in size), enveloped, 
positive-sense single-stranded RNA virus. Currently it 
affects approximately more than 270 million worldwide 
and it is a major cause of chronic liver disease. RNA 
interference activity has been used to treat HCV 
replication on the liver21.  

Prion disease 

Prion falls under the class of neurodegenerative diseases, 
which consist of two or three parts: a helical molecule, 
protein coat and sometimes a viral wrapper. All prion 
diseases affect the structure of the brain or other neural 
tissue and all are currently untreatable and universally 
fatal. Symptoms include depression, unsteady gait, 
myoclonus, insomnia, memory problem, and inability to 
move. RNAi has shown considerable therapeutic potential 
in animal models of several prion diseases, including 
Alzheimer disease, spinocerebellar ataxia, and Huntington 
disease. According to a recent report, prion replication 
and pathogenesis require neuronal prion protein (PrPC) 
which is effectively inhibited by lentivector mediated 
RNAi delivery therapy22. 

Cardiovascular diseases 

Atherosclerosis is probably main cause of various 
cardiovascular diseases which involve with the heart or 
blood vessels (arteries and veins). High blood cholesterol 
is a major risk factor for atherosclerosis.  RNAi mediated 
silencing of PCSK9 gene lowered LDL cholesterol in 
cynomolgus monkeys and rodents without affecting HDL 
or triglyceride levels.   

 

COMBINATORIAL RNAi 

The main disadvantage of monotherapy using RNAi is to 
control viral escape mutants, which can rapidly arise due 
to the often high viral mutation rate25. This is quite true 
for RNA viruses, such as hepatitis C virus (HCV), which can 
even produce 10–3 mutations per viral nucleotide per 
year, or HIV, which is one of the fastest evolving of all 
organisms. A smart solution would be to target their 
genomes with a combination of siRNAs or with vectors 
expressing multiple shRNAs. Although RNAi differs from 
other techniques like antisense and gene therapy in their 
experimental design it is evident that RNAi is more 
efficient than others techniques. For the manipulate gene 
expression in animal and plants, RNAi seems to be a 
natural technique since antiviral response is already 
present within the body26.  A single dose of RNAi therapy 
can target more than one sequence of a single gene or a 
group of genes. These RNAi target different sites of the 
viral genome simultaneously. It is found that 
combinations of only three or four siRNAs/shRNAs may 
enough to control even highly mutagenic viruses such as 
HIV27. 

Co-suppression of two genes (BRAF and SKP2) that are 
frequently upregulated and mutated in melanoma cells 
which is achieved using a mono therapeutic approach 
with higher efficacy28.  In order to enhance the efficacy of 
conventional cancer drugs a synergistic cosuppression 
therapy is used which inhibits oncogenes and genes that 
contribute to resistance to chemotherapy or irradiation 
simultaneously. Example includes the P-glycoprotein 
(encoded by MDR1), whose retrovirus/shRNA-mediated 
silencing in colon cancer cells resulted in enhanced 
sensitivity to cytotoxic drugs29. In another study, 
adenoviral vector–mediated shRNA expression was used 
to suppress HIF-1α (upregulated in rapidly progressing 
tumors under hypoxic conditions)30. This delays tumor 
growth in mice and at same time enhances co-irradation. 

Very recent, a new tool in iRNA therapy, introduced with 
great future possibility is known as miRNA sponges. A 
miRNA sponge is a novel technique consisting of a single-
stranded mRNA with no translational start codon, but 
whose sequence contains repeated copies of a specific 
miRNA binding site. In transfected cells, each sponge 
would be able to bind up to 7 miRNA copies. Expressing 
the sponge gene in a cell could result in a decrease in the 
cellular levels of the target miRNA, thus causing the 
deregulation of the mRNA regulated by the miRNA. A 
miRNA sponges has definite binding sites to specific to 
the miRNA seed region, which allows them to block a 
whole family of related miRNAs. 

CONCLUSION 

RNAi has emerged from a powerful laboratory tool to a 
therapeutic potential in diverse diseases. In essence, any 
gene whose sequence is known can thus be targeted 
based on sequence complementarily with an 
appropriately tailored siRNA. This has made siRNAs an 
important tool for gene function and drug target 
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validation studies in the post-genomic era. It could be the 
genetic tool to solve various diseases associated with 
genetic mal-functionalities. Pharmaceutical companies 
are now showing interest in the investment of capital for 
the development of new iRNA molecules intended for the 
treatments of diseases like cancer, inflammation/immune 
dysfunction, CNS disorders and cardiology/metabolism. 
Currently, there are 37 RNAi-based companies in the 
world who engage in the development of iRNA. According 
to a report, the total RNAi therapy market is forecast to 
reach a value of $580mn by 2012.  

Several success stories have been achieved in this context 
like human proof-of-concept has been produced in a 
Phase 2 trial of an inhaled siRNA targeting respiratory 
syncytial virus (RSV) and1 another 18 anti-viral RNAi 
agents are in commercial development.  Currently, there 
are 29 RNAi therapeutic cancer products in pie line. At 
least 22 RNAi agents are in development for conditions 
involving pathological inflammation. The most 
advantageous aspect of iRNA therapy is it targets diseases 
which are hard to treat. RNAi represents a novel 
treatment approach for several conditions which are 
increasing in frequency and treatment difficulty, 
particularly certain viral infections, cancer, and chronic 
inflammatory diseases. Uncertainty over delivery and 
non-specificity are few factors which decline effectiveness 
of iRNA therapy. Companies are currently optimizing 
nanotransporter and lipid-based mechanisms, and also 
investigating other modes to overcome the limitations. 
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