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ABSTRACT

The development of effective therapies for lethal diseases is highly desired. RNA interference (RNAI) is a
post-transcriptional gene silencing mechanism preserved during evolution. Intriguing aspect of the RNAI
is its attractive potential therapeutic value, because of their ability to target any disease for which the
genetic basis is known. As the use of RNAI for gene manipulation-tool has been extensively studied,
RNAI technology has not only become a powerful tool for functional molecular biology, but also
represents a promising novel therapeutic option for treating deseases. In this review, we will describe
these studies that demonstrate the feasibility of using RNAI and discuss potential strategies for improving
gene silencing. We will also discuss the recent consideration and challenges of using RNAIi based

technologies.
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INTRODUCTION
RNA interference (RNAI) has emerged as an
effective method of silencing gene expression in
a variety of organisms. This method become a
powerful tool of studying the function of genes.
The RNAI pathway is mediated through small
non-coding double stranded RNA, termed small
interfering RNAs (SiRNAs). An RNase Il like
enzyme known as Dicer processes double strand
RNA into the siRNAs (1-3). The siRNA binds to
homologous target mMRNA, resulting in mRNA
cleavage by RNA induced silencing complex
(RISC). Due to the specificity of siRNA-
mediated mMRNA cleavage, gene silencing via
the RNAI pathway has also become an attractive
method to target diseases (4). This is

revolutionizing therapeutic target validation
efforts. RNAI based therapy for cancer is one of
the most progressing applications  (5).
Experimentally tested, effective targets are
oncogenes or mutated anti-oncogenes, which are
involved in cancer associated cellular pathways.
Pathogenic viruses are also targets for RNAI,
because they are unique in the host as exogenous
sequences. Targeted gene silencing and virus-
specific immunity against challenge with viruses
have been obtained in shrimp by injection of
long dsRNAs corresponding to sequences
encoding viral structural proteins (6, 7).
Successful use of an RNAI technique for gene
knockdown in the symbiotic sea anemone has
also been reported (8). Other therapeutically
relevant fields are neurogenerative disease,
metabolic disease, autoimmune diseases and
dominant genetic disorders in a lot of species.
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The efficacy has highlighted a new therapeutic
potential for various diseases.

Actually, RNAI can be induced essentially by
the following methods (Figure 1): i)
cytoplasmic delivery of siRNA, which is
chemically synthesized or in vitro transcribed,;
ii) nuclear delivery of gene expression vector
that express short hairpin RNA (shRNA) driven
by RNA polymerase Ill promoter, including U6,
H1, 7SK, and tRNA promoters (9-11), or a pol Il
promoter such as cytomegalovirus; Viral
delivery of the siRNA expression vector.
However, widespread use of such beautiful
approach is contingent on establishing
appropriate systems to achieve clinically safe
and efficiency. Now, there are many barriers to
the ideal therapeutics.

What are obstacles along the way?

A major obstacle to applying RNAI in the clinic
is the delivery. Administered siRNAs must get
contact with the appropriate cells and following
internalization, gain access to the cytosol where
the RNAIi machinery resides. This must be
achieved so that silencing is effectively
maximized, while minimizing any undesirable
off-target effects (12, 13). Accordingly, siRNAs
must be formulated so that they remain available
for cellular uptake. In addition, they must be
designed to resist degradation by nucleases.
Naked siRNA is highly vulnerable to nucleases
that render it ineffective. As an SiRNA must
circumvent such a large and diverse set of
obstacles, the delivery system and siRNA
formulation are very critical in the efficacy of
RNAI based therapeutics. Effective in vivo
delivery of siRNA has been therefore difficult.
The transfer of DNA in gene therapy can also be
achieved through viral systems, which show
high efficacy, but have major limitations with
regard to immunogenicity, risk of mutagenesis,
large scale production and poor
pharmacokinetics. However, systemic
applications of virally delivered siRNA and

related RNAI products are unlikely to be viable
in the future, because of host immune responses
on repeated delivery and ineffective targeting.
Anyway, successful gene therapy requires safe
and efficient delivery systems. Nonviral delivery
systems are safe and easy to apply, but suffer
from low transfection efficiency and transient
gene expression (14). Although methods such as
cationic polymers could enhance the gene
transfection in vitro, the results of in vivo studies
were still not so satisfactory. Targeting vectors
have to overcome chemical and structural
barriers to reach cells. Advanced targeted
delivery as administration of antibody-based
therapy results in hepatic sequestration of the
antibody so that very little reaches the target
tissues.

Saturation of the RNAIi machinery can also
mediate unwanted effects. Overexpression of
shRNA in mouse hepatocytes following
intravenous infusion resulted in liver injury.
High concentrations of siRNAs can disturb
miRNA function (15). Furthermore, injection of
multiple siRNAs can lead to competition for
RISC resulting in less efficient silencing of one
of the targeted genes (16). The duration of the
response to treatment with siRNA will also have
to be determined. In vitro, inactive nondividing
cell siRNA treatment can have an effect that
lasts up to 2 weeks, but in rapidly dividing cells,
this effect may be as short as 24 to 48 h in
duration.

Nonviral vectors for delivering nucleic acid have
improved dramatically in the last decade. Their
activity is comparable with that of viral vectors
in many cases. Their clinical development has
also been accelerated recently. However,
cationic lipids (Figure 2) and polymers induce a
rapid increase in cellular reactive oxygen species
(17, 18). Then, macrophages and other innate
immune cells secrete inflammatory cytokines. In
addition, siRNA often leads to off-target effects,
a kind of unwanted toxicity (19).
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Figuring out some way for improved gene
delivery and RNAI materials

Gene delivery

Gene silencing requires efficient uptake of
siRNAs. Direct delivery of siRNAs critically
relies on the protection of the instable siRNAs
against  degradation, efficient  cellular
internalization ~ and  correct  subcellular
localization and release of the siRNA from its
formulation. Various systems for the delivery of
unmodified or chemically modified siRNA
molecules in vivo have been described. In a
recent study, nanoparticles were synthesized to
release siRNAs over several weeks (20, 21).
These systems include the covalent conjugation
to lipids, the covalent conjugation to peptides,
aptamers or antibodies, the encapsulation in
lipids, the complex formation with liposomes or
the complex formation with cationic polymers.
In addition to effective bioactivity, the absence
of cytotoxicity is of major importance.
Furthermore, siRNA formulations need to be
highly ~ biocompatible and must exhibit
favourable profiles regarding pharmacokinetics.
As the lipid reagent used in previous studies
displayed some toxicity, an alternative method
to deliver the siRNAs was needed. Naked
siRNAs require chemical stabilization for in
vivo use (22), have nonspecific biodistributions
and require repeated dosages for more efficacy.
It has been reported that siRNA uptake and
gene-specific silencing at mucosal surface and
lung occur by using unmodified SiRNAs
formulated in saline, delivered intranasally (23,
24). Modification of the siRNA sense strand by
adding a cholesterol moiety results in siRNA
uptake and silencing of the targeted gene. (25,
26)

As injection of dsRNA is not possible in field
conditions, oral delivery and uptake of dsRNA
in the gut becomes critical. Oral delivery of
SiRNA knocking down the expression of target
genes in whiteflies have been reported earlier.
Several known barriers such as feeding

physiology and behavioural factors determine
the efficacy when given though the oral route
(27). The stability might also differ as several
digestive enzymes degrade part of siRNA and
reduce its availability for gene silencing. An
SiRNA delivery vehicle that seems to overcome
these limitations is a targeted cyclodextrin
polymer system (28, 29). The three delivery
components condense the SiRNA  within
nanocomplexes and target them to receptors on
target cells.

One approach for the delivery of viral or non-
viral DNA-based expression is plasmids
encoding shRNAs which are processed to
siRNAs (Figure 1). These plasmids have been
developed with the aim of condensing DNA for
protection against degradation and for good
cellular uptake. In principle, the delivery of
shRNA expression vectors can also be employed
therapeutically in vivo. For analytical purposes,
these plasmids can also be transfected by
liposomal gene delivery agents, creating stable
knockdown cell lines. Recently, in order to
elevate the transfection efficiency of non-viral
vector  system, microbubble and the
sonoporation inducted by ultrasound could be
used to increase the uptake of plasmid DNA (30,
31). However,liposomal delivery agents have
shown some successes in delivery to the liver
but may carry with them unfavorable toxicity
profiles. The cyclodextrin containing
polycations (CDP) self-assemble to form
colloidal particles, and their terminal imidazole
groups assist in the intracellular trafficking and
release of the nucleic acid. CDP protects the
DNA/RNA from degradation so that chemical
modification of the nucleic acid is unnecessary.
The colloidal particles are stabilized by surface
decoration with polyethylene glycol (PEG).
(Figure 3) Some of the PEG chains contain
targeting ligands for specific interactions with
cell-surface receptors. To develop more novel,
safe and more efficient systemic delivery
systems,  ultrasound-targeted  microbubble
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destruction (UTMD), as a means of stimulating
cell membrane permeabilisation for a purpose of
transferring plasmid DNA or drug into cells, has
been highlighted to offer advantage over viral
technologies. When UTMD was combined with
cationic polymers or liposome, the gene
transfection efficiency had been markedly
improved (32).

RNAI meterials

There are basically two strategies to induce
RNAI. In the first, pre-synthesized siRNAs are
introduced into target cells. The blunt end may
activate signaling proteins and induce unwanted
production of interferon by stress response
pathways in this case, however, being more
powerful, the 27nt siRNAs can be used in
smaller doses, avoiding this effect. Various
chemical modifications of siRNA also tend to
limit this type of unwanted toxicity.
Subsequently, plasmids expressing short hairpin
RNA (shRNA) have been developed (Figure
1). Although siRNA and shRNA elicit
comparable results in RNAI experiments, the use
of shRNA expression vectors is more appealing
with several advantages over chemically
synthesized siRNA. For example, the use of
plasmid to express ShRNA is relatively
inexpensive and has been shown to achieve
long-term target gene suppression in cells. The
efficient delivery and stable integration of these
shRNA expression cassettes into the host
genome can be efficiently achieved by using
various systems. In addition, inducible or cell-
specific gene silencing can be easily obtained in
vivo by using a DNA-based shRNA vector (33,
34).

Most constructs have used Pol Il promoters,
including U6, H1, which is small and simple,
and easily inserted into viral vectors. The
advantages of these promoters are that they
direct high levels of shRNA expression, which
in turn mediates highly efficacious silencing,
however, exceedingly high levels of shRNA

expression increases the probability of off-target
silencing and elicit non-specific effects such as
interferon response and cellular toxicity.
Regarding the construction of shRNA vector, the
most common strategy requires the synthesis,
annealing, and ligation of two complementary
oligonucleotides encoding a desired SshRNA
target sequence into an expression vector.
Another strategy in constructing siRNA vector is
PCR approach (35). But, the unreliability of this
method is in part due to the errors in the
synthesis of long oligonucleotides ( more than
50-mer).

In  mammalian cells, interferon-mediated
antiviral response to long dsSRNA (more than 30
bp) causes the shutdown of protein synthesis.
Due to their short length, siRNAs are originally
believed not to induce interferon-related
responses. However, activation of immune
responses via toll-like receptors and retinoic acid
inducible gene-1 by siRNAs has been reported
(36). Some of these responses are sequence or
structure dependent and can therefore be
avoided. Chemical modification of siRNAs is
routinely used to prevent induction of immune
responses. 2'-O-methyl and  2'-fluoro
substitutions  effectively negate  immune
stimulation. Minimal alterations to the siRNA
backbone are preferable to maintain silencing
efficiency of the siRNA.

CONCLUSION AND PERSPECTIVE
RNAi has transitioned from a biological
mechanism to a powerful technology and much
progress has been made in developing RNAI
based therapeutics. In general, the use of RNAI
as a therapeutic tool is attractive and promising
strategy for various diseases in many species.
Although the effectiveness of RNAI is
undoubted, there are limitations to exploiting the
technology properly due to inefficient delivery.
The therapeutic applicability and success of
RNAI will largely depend on their efficient and
safe in vivo delivery avoiding unwanted side
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effects. Still, the best strategy is to develop
potent delivery formulation such that only a
small dose is needed to silence the target gene
for activity to be therapeutic. Toxicity would not
be an issue at low doses. In addition, it will
decrease the cost of application because both the
materials and the formulation of delivery can be
very expensive. To sufficiently address the
issues, further studies in appropriate animal
models are warranted. The RNAi might be
useful to treat epidemics of viral disease,
however, this seems to be unrealistic at present,
as it would be impossibly expensive to make and
deliver such a reagent to a large population of
field species. Instead, making transgenic
organism which express an anti-viral shRNA
might be a feasible way to be resistant the virus,
if possible. As promising novel technique for
gene therapy, the future clinical application
requires vigorous investigations of efficacy and
discoveries in RNAI biology will continue to
guide development of RNAI based therapies.
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Figure 1: Delivery of siRNA can be accomplished through direct injections (a), ShRNA-
expressing construct (b), tandem (or inline) RNA-expressing construct (c), bidirectional
siRNA-expressing construct (d)

siRNA

a ARIRRRRRARNARRRRARNARN

(prepared in vitro)

b promoter |2z N shRNA B
DNA
L - : / RMNA anneal
DNA

d promoter promoter
B /iNA anneal

DNA

Figure 2: Conventional reagents used for lipid gene delivery. Abbreviations: N-[1-(2,3-
dioleyloxy)propyl]-N,N,N-trimethylammonium chloride(DOTMA); [1,2-bis(oleoyloxy)-
3-(trimethylammonio)propane] (DOTAP); dioctadecylamidoglycylspermine (DOGS),
1,2-dimyristyloxypropyl-3-dimethylhydroxyethylammonium (DMRIE); 2,3-dioleyloxy-
N-[2-(sperminecarboxamido)ethyl]-N,N-dimethyl-1-propanaminium trifluoroacetate
(DOSPAY; Dioleoylphosphatidylethanolamine (DOPE);
dioleoylphosphatidylcholine(DOPC); anionic lipid dioleoylphosphatidylglycerol (DOPG)

Cationic lipids DOGS DOSPA

(widely used) DOTMA DMRIE
DOTAP

Neutral lipids DOPE

(helper lipids) DOPC

Anionic lipids DOPG

(in developmental) |Phosphatidic acid
Phosphatidylglycerol
Phosphatidylserine
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Figure 3: Typical materials used for a newly designed gene delivery vector. References
to the delivery vector are also shown at the right side of each lane.

Adamantane Chemistry. 2010 R37
Arg-Gly-Asp J Nanosci Nanotechnol.2010 R38
Atelocollagen IntJ Cancer. 2009 R39
Cholesterol IntJ Pharm. 2011 R40

Cyclodextrin-polycation  Bioconjug Chem. 2007 R4l

Gemini Surfactant

J Microbiol Biotech 2011 R42

Polyethylenimine

J Drug Deliv. 2011 R43

Polyethylene glycol

IntJ Nanomedicine.2011 R44
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