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Dengue virus infection has become a global threat affecting around 100 countries in the world.
Currently, there is no licensed antiviral agent available against dengue. Thus, there is a strong
need to develop therapeutic strategies that can tackle this life threatening disease. RNA
interference is an important and effective gene silencing process which degrades targeted
RNA by a sequence specific process. Several studies have been conducted during the last

decade to evaluate the efficiency of siRNA in inhibiting dengue virus replication. This review
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that siRNAs against virus and host genes can be next generation treatment of dengue virus

as therapy in future against dengue virus
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1. Introduction

Dengue virus (DENV) infection is the wildest mosquito—
borne infection affecting 2.5 billion people in tropical and
sub—tropical regions of the worldi1.2l. DENV is a member
of Flaviviridae family and is transmitted to humans by
infected female Aedes genus, especially Aedes aegypti or
Aedes albopictusi34l. There are four serotypes of dengue
virus (DENV 1-4) that manifest with similar symptomsl3.61.
Two types of infections are caused by DENV, namely,
primary infection and secondary infection. Primary
infection causes acute febrile illness known as dengue
fever. Secondary infection is more severe and results
in hemorrhagic fever (DHF) or dengue shock syndrome
(DSS)I71. Both DHF and DSS can be fatal and can lead to
death of the patientsi8l. Thus, dengue is regarded as a
life threatening fever. And there is a need to develop an
efficient, low cost and safe vaccine that can target all
the four serotypes of DENV. Life cycle of DENV begins
with the attachment of DENV with specific receptors,

this process is mediated by dengue envelop protein.
After attachment, the viral particle is fused into acidic
lysosomes through receptor mediated endocytosis. After
that, the viral particle becomes uncoated and the RNA
is released in host cell where it directs the synthesis
of viral proteins. In only few hours after infection, tens
of thousands of copies of viral molecules are produced
from a single viral molecule, leading to cell damage and
in severe cases to death. DENV is a positive stranded
RNA virus having genome of 11 kb. It encodes a poly
protein precursor that is cleaved to generate at least
ten proteinsl. These proteins include three structural
proteins, namely core protein, a membrane associated
protein, an envelope protein and seven nonstructural
proteins. The genes are in order: 5'-CprM (M)-E-NS1-NS2A—
NS2B-NS3-NS4A-NS4B-NS5-3" (Figure 1)[10l. The increased
expression of both extracellular and cytoplasmic pattern
recognition receptors; retinoic acid inducible gene-I,
melanoma differentiation associated gene—5 and Toll-
like receptor—3 are collectively involved in initiating
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an effective TFN production against DENVI!LL. Currently,
there is no vaccination available against dengue infection.
Due to four serotypes of DENV, developing vaccine
against dengue has become quite challenging. There is a
strong need to develop cost effective and less toxic anti—
dengue therapies that can target all serotypes of dengue.
Heterochromatin was discovered 75 years ago. Soon after, it
was found that it had silence genes. This heterochromatin
gives rise to small RNAs which directs the modification
of proteins and DNA in heterochromatic repeats and
transposable elements through RNA interferencell2].
Double-stranded RNA-mediated interference (RNAi) is
a simple and rapid method of silencing gene expression
in a range of organisms[13l. RNAi and other silencing
mechanisms act as a defense against incoming viruses and
also play an important role in regulating cellular genes
expression. Investigators proved RNAI as a promising
approach to treat flavivirus infections in the host and to
control flavivirus transmission by vector(14.15].
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Figure 1. Dengue virus genome.
DENV genome encodes 10 viral proteins in the order of 5'~CprM M)-E-
NS1-NS2A-NS2B-NS3—-NS4A-NS4B-NS5-3",

2. RNAi mechanism

To date, several studies have undergone to understand
the mechanisms of RNAi. This ancient antiviral
mechanism has been discovered in Drosophila
melanogaster, Caenorhabditis elegans, plants and human.
Once a virus invades, dsRNA acts as a warning signal and
starts the mechanism of RNAi which leads to the catalytic
degradation of targeted gene’s mRNA, thus silencing its
expression. Majority of the RNA viruses generates dsRNA
as a replication byproduct. Two mosquito species, Aedes
aegypti and Anopheles gambiae can silence endogenous
gene expression by dsRNA and thus have RNAi reponse

similar to Drosophila melanogasteril6l. The first step of
RNAi mechanism is the incorporation of dsRNA into the
cytoplasm of cell. In cytoplasm it acts as a trigger to
start the cascade of RNAi. Dicer enzyme (DICER), dsRNA
specific endonuclease, cuts the dsRNA and generates
the small interfering RNAs (siRNAs~21-23 base pairs
in length) pool. These siRNAs are double—stranded and
include two nucleotides overhanging at both 3" ends.
These siRNAs are incorporated in Argonaut—containing
RNA-Induced Silencing Complex (RISC). Now RISC is
activated. It unwinds the two siRNA strands and keeps one
strand acting as a RISC—targeting co—factor. After that, the
RISC containing siRNA binds with target complementary
mRNA. At the end, the RISC having endonucease activity
causes a single-site cleavage of the target mRNA
approximately in the middle of the siRNA binding region.
Thus, the mRNA is destabilized and is degraded through
natural endogenous mechanisms (Figure 2).
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Figure 2. RNAi mechanism: dsRNA is degraded by DICER resulting
in siRNAs. These siRNAs associates with RISC complex, targets and

cleaves complementary mRNA.

3. RNAi: next generation antiviral therapy?

RNAI, discovered in 1998, has provided new horizons for
drug discovery and biological research. Since then, it has
been emerging as a powerful tool for combating the most
challenging diseases as cancer, genetic disorders and
viral clinical targets[17]. However, this novel technology
has several critical issues to progress towards human
clinical trials. Until recent years, researches are being
conducted to solve these issuesl18l. RNAI involves three
types of small non—coding RNAs: microRNAs, siRNAs
and Piwi—interacting RNAs. Mammals have several
thousand different Piwi—interacting RNAs produced from
gene clusters of repetitive elements and more than 1000
different microRNAs regulated cellular gene expression
programs to control diverse steps in cell development
and physiology[19.20]. RNAi plays an important role
as a defense against viruses of invertebrates, but its
contribution towards mammalian antiviral defense has
been a matter of dispute. RNAi mechanism is conserved
in mammals and siRNA introduction efficiently silences
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replication of viruses(19. RNAi has become a widely used
technique for genetic knock—outs and for studying gene
function by reverse geneticsl2!l. Several experiments have
used RNAIi to assess the function of particular proteins
and to discover enzymes/proteins involved in metabolic
pathwaysi22]. After the recently described RNA-based
strategies for gene inhibition in mammalian cells, RNAi
has become a promising antiviral therapyl23l. Thus, RNAi
not only can serve as an extremely powerful instrument for
functional genomic analyses but also can be an important
tool to develop highly specific dsRNA based gene-
silencing therapeutics|24l.

4. RNAi against DENV

RNAI is an exciting field of functional genomics that
can silence viral genes[25]. This antiviral mechanism
discovered in many eukaryotes and is a promising
treatment for flaviviruses infections in hosts. However,
RNAi against flaviviruses has received only a little
studyl26.27]. To date, RNAi has been used against several
human pathogens including human immunodeficiency
virus type 1, hepatitis C virus, hepatitis B virus,
poliovirus, influenza virus A and DENVI21l. These viruses
possess ssRNA genomes and these genomes are exposed
within cytoplasm and become potential targets for
RNAi. This happens between viral RNA uncoating and
viral replication[28]. Any variation in RNAi pathway can
explain why some mosquitoes are competent vectors
of arthropod borne viruses (arboviruses), but others are
not. Existence of RNAi pathway in Aedes species has
been evidenced. The first evidence is the interference of
recombinant Sindbis viruses expressing a RNA fragment
from a genetically unrelated dengue—2 virus (DENV-2)
with DENV-2 replication in Aedes aegypti mosquitoes
by a mechanism that is similar to silencing mechanism
in plants. The second evidence is the interference of
C6/36 (Aedes albopictus) cells transfected with dsRNA or
siRNA derived from arbovirus genome with replication of
homologous virus. The third evidence is the generation
of virus resistance C6/36 cells from a hairpin DENV-2
specific RNA transcribed from a plasmid. All these
evidence points towards the fact that Aedes species has
RNAI similar to plants and other organismsl16l. Both innate
and adaptive immune responses greatly influence the
DENV infection, but only a little is known about the innate
immune response of the mosquito vector Aedes aegypti
to arbovirus infection. RNAI is not completely evaded by
DENV=-2 as silencing expression of dcr2, r2d2, or ago2
genes increase virus replication in vector and decrease
the extrinsic incubation period of viral transmission.
Sanchez—Vargas and collegues provided evidence that
RNAI is an important modulator of mosquito infections[29].
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AAV (adeno-associated virus)—-siRNA infected DCs
(dendritic cells) showed a dose dependent reduction in
dengue infection. AAV—siRNA treated DCs also decreased
the dengue induced apoptosis of DCs. Thus, it can be said
that AAV-mediated siRNA delivery can reduce dengue
infection and replication in humans(30l. More than 100
proteins of host factors involved in DENV replication have
been screened through large—scale siRNA. These host
factors serves as drug targets in drug designing. Only few
host factors (proteases, glucosidases etc.) have been found
through siRNA screens. Moreover, these screens could
not identify innate immunity genes that act as a defense
against DENV infection. Delivery of siRNA in patients is
the biggest issue, and a proper delivery system is yet to be
establishedi311. Tt was proved by the presence of DENV-2
derived siRNA in RNA extracts from midguts of Carb77
and by RNA1 pathway interruption that lead to the loss of
resistance phenotype that DENV-2 resistance was caused
by a RNAI responsel32l. siRNA against dengue PreM gene
was transfected in C6/36 cells, which then was attacked by
DENV1 virus. After 7 d, the cell survival rate of transfected
cells increased by 2.26 fold and virus RNA reduced by
97.54%. This finding provides evidence that siRNA can
effectively inhibit dengue replicationi33l. Mukherjee et al.
indicated that DENV can replicate in Drosophila S2 cells
and that the RNAi pathway plays a role in modulating
DENV replication in these cells[26]. Down regulation of
HSP60 in infected cells resulted in decreased viral load,
RNA copy number and increased IFN—«a level. Thus,
elevated levels of HSP60 in infected cells may help in viral
multiplication and can be a possible target to manage
dengue infection(34]. Effects of genes can be temporarily
silenced by using RNAi along with plasmid transfection
technology with inducible vectors. siRNA is highly specific
against target RNA. Therefore, siRNA is an important tool
in understanding and discovering the function of genel3sl.
siRNA mediated silencing of attachment receptor and
clathrin-mediated endocytosis can inhibit DENV entry
and multiplication in HepG2 cells, ultimately reducing
the viral load. Thus, preventing dengue fever to develop
into more severe forms (DHF/DSS)361. Ang et al. identified
key cellular genes involved in processes of endocytosis
and cytoskeletal dynamics, important for DENV infection.
siRNA targeting genes associated with clathrin—-mediated
endocytosis inhibited DENV entry into Huh7 cellsl371.
Villegas—Rosales et al. recently predicted three siRNAs
that are able to silence four DENV genome serotypes
by targeting NS4B and NS5 sequences[38]. siRNA in
combination with endogenous RNAi processing machinery
can help in prevention of severe dengue infection. DC-3
siRNA is a novel approach against different serotypes
of dengue and thus can be helpful in developing new
therapeutic regimensl(39]. Korrapati et al. used replication
defective human adenovirus type 5 vector for short—
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hairpin RNA delivery in cells to target conserved sites in
viral genome. This short—hairpin RNA matures to cognate
siRNA and can affectively inhibit antigen secretion,
viral replication of all four dengue serotypes. All these
researches and their significant results declare RNAi as a
possible therapeutic strategy against DENV replication in
vitro and in animal models[40.41],

5. Conclusion

Arhtropod—borne viral diseases have become serious
public health issue and novel methods are required
to control pathogen transmission. DENV, because of
its four serotypes, has become a challenging target to
design effective drugs. Currently, there is no vaccination
or antiviral drugs available against dengue. The only
treatment against dengue is the preventive and supportive
care. So there is a strong need to develop therapeutic
approaches that can halt DENV replication and decrease
viral load. RNAI is a sequence specific RNA degradation
process that initiates with dsRNA. This pathway has lead to
the use of siRNAs against several viral diseases, especially
ssRNA genome containing viruses. Several researches have
been conducted to use siRNA against DENV and many
of them have provided results of effectively using siRNA
against DENV replication. Hopefully, in future siRNA
approach may provide a better and effective treatment that
will lead to eradication of dengue infection.
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Comments

Background

DENV is an arthropod—borne flaviviruses that causes
dengue fever with significant morbidity and mortality in
tropical and subtropical regions of the world. There are
four serotypes of DENV (DENV types 1—4). Humans are
main amplifying host of the virus and they circulate virus
in their blood at approximately same time as they have
fever, and other Aedes spp. mosquitoes may acquire the
virus if they feed on an individual at this time. DENV
being an RNA virus has great potential to be targeted
through nucleotide based therapeutic options like RNAi.
This antiviral mechanism is a promising treatment for
flaviviruses including HCV and DENV.

Research frontiers
Several studies has been conducted worldwide describing
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the efficiency of RNAI silencing of DENV, in the current
review, authors summarize the updated knowledge about
the research on the use of RNAi against DENV and human
genes.

Related reports

DENV is one of the first animal viruses that could be
efficiently inhibited by RNAi. Like other flaviviruses,
DENV generates intracellular dsRNA as an intermediate
of their replication, which may induce RNAI in the host
cells. Wu et al. (2010) reported synthetic siRNA against the
DENV-1 membrane glycoprotein precursor gene effectively
inhibited DENV-1 viral RNA replication and increased
C6/36 cell survival rate. Recently, Alhoot et al. (2012)
reported silencing the attachment receptor and clathrin—
mediated endocytosis using siRNA could inhibit DENV
entry and multiplication into HepG2 cells.

Innovations and breakthroughs

The article reviewed all the available literature on the
use of RNAI as an exciting field of treatment against DENV
infection.

Applications

The only available treatment against dengue infection is
preventive and supportive medicine. Keeping this in mind,
it is a significant piece of information regarding the RNAi,
DENV infection and its possible treatment targeting both
DENV genes and human genes.

Peer review

This is a good study in which the authors summarize all
the available information and suggest that RNAi could be
used as therapy in future against DENV infection.
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