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RNA interference (RNAi) is a powerful and highly specific gene-silencing approach that is trig-
gered by the formation of double-stranded RNA helices and directs silencing of gene expression
in a sequence specific manner. RNAi is an evolutionarily conserved natural mechanism that
plays an important role in maintaining the genomic integrity of eukaryotic organisms, con-
trolling gene expression, and guarding against exogenous viral infection. Over the past decade,
this ancient cellular response has been exploited as an invaluable research tool for functional
characterization of known genes, aided in identification of genes with unique functions, and has
evolved as a novel approach for post-transcriptional gene silencing with potential clinical appli-
cations. In this review we will briefly highlight our current understanding of the RNAi process
and discus how the use of RNAi technology has facilitated the advent of major discoveries in
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functional genomics and development of novel gene therapies.
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INTRODUCTION

Over the past decade, RNA interference has emerged as a natural
mechanism for silencing gene expression (1,2). The phenome-
non was first noticed in plants, when attempts to enhance the
violet color of petunias by introducting extra copies of pigment
gene resulted in an unexpected decrease in gene expression and
the appearance of several white flowers (3).

However, these and similar observations remained an enig-
ma until it was reported by Fire and Mello (2006 recipients of the
Nobel Prize in Physiology or Medicine) (4) that double-stranded
RNA molecules injected into nematode worm C. elegans di-
rected the degradation of messenger RNA in a sequence spe-
cific matter. This sequence-specific degradation of messenger
RNA (mRNA) was coined RNA interference (RNAi) and since
injection of small amounts of double-stranded RNA was effica-
cious, it has been proposed that RNA interference is a catalytic
process.

The discovery of new enzymatic machinery in cells raised
several fundamental questions to be addressed. What is the
natural role of RNAi process? What is the cellular structure and
function of the gene silencing machinery? And more important-
ly, does this mechanism exist in other organisms and can it be
used for specific gene silencing?

During the next few years the molecular mechanism in-
volved in handling dsRNA molecules has been extensively re-
searched. In a very short time RNAi became a “powerful new
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tool” for functional genomic analysis, target validation and
gene knockdown in cell and animal models. The main com-
ponents of RNAi enzymatic machinery have been uncovered,
and the important natural role of RNAi process has been elu-
cidated.

RNAI SILENCING MECHANISM

Depending on the organism, RNAi can be triggered by various
sources of dsSRNA molecules,including long dsRNAs, exogenous-
ly introduced small dsRNAs known as siRNAs or plasmid-based
short hairpin RNAs (shRNAs) (Fig. 1). In cells,long dsRNAs and
hairpin RNAs are recognized by an endonuclease Dicer and are
converted into short-interfering RNAs (siRNAs) with 2-nt over-
hangs at the 3' ends and phosphate groups at the 5' ends (5,6).
Small interfering siRNAs generated by Dicer or introduced ex-
ogenously are loaded into RNA-induced silencing complexes
(RISCs).RISC complex unwinds the double-stranded siRNA and
preferentially utilizes one of the RNA strand as a guide to tar-
get complementary RNA molecules for degradation (7-9). The
minimal defining features of RISC include the presence of an
Argonaute family member and the guide strand of a small RNA.
The guide-strand-containing RISC complex then binds to the
corresponding mRNA and directs it for cleavage which is carried
out by the catalytic domain of Argonaute 2 (10-12). The 5' end of
the guide strand sets the location of the cleavage site for target-
RNA and the cleavage which occurs between 10 and 11-nt up-
stream of the 5' end. The cleaved messenger RNA is targeted for
degradation, while RISC complex is recycled and can undergo
multiple rounds of mRNA cleavage (for more information see
recent reviews 13-16).



166

Jolanta Vidugiriené, Said Goueli, Kestutis Suziedélis

!

&l RISC

g

mRNA Degradation

mRNA

Fig. 1. Cellular mechanism of
RNA interference

NATURAL FUNCTION OF RNAi MACHINERY

Once it was discovered that RNA interference is well conserved
throughout eukaryotic organisms, it was important to find out
what role RNAI plays in cellular processes. It was apparent that
RNAi might have a more general role in gene regulations than
once predicted. Short RNAs were suggested to be involved in
the silencing of transposon elements, repetitive genes and vi-
ruses, processes that are crucial for maintaining the genome
stability (17-19). While progress is being made in understand-
ing RNAI, a very important class of short RNAs, named micro-
RNAs, has been discovered (20,21). MicroRNAs are abundant
single-stranded RNAs (19-25-nt) encoded in the genome of
all multicellular organisms and are processed from longer RNA
precursors by components of RNAi machinery (22). MicroRNAs
regulate the expression of distinct genes by base-pairing with
partially complementary sequences in mRNAs and simply in-
hibiting their translation into proteins. Human microRNAs were
identified only a short time ago but their involvement in wide-
spread functions, including development, proliferation, heamat-
opoiesis and apoptosis, has been recognized (23-25). Therefore,
although RNAI was first discovered as an experimental tool for
sequence-specific gene silencing, it is clear now that RNAi is a
well conserved natural mechanism found throughout eukaryo-

tic organism and plays an important role in post-trancriptional
gene regulation.

RNA INTERFERENCE AS A RESEARCH TOOL

Because it is very easy to carry out an RNAi study in a specific
manner, the technology has emerged as a versatile tool with
a wide range of applications from reverse genetics to high
throughput screening of drug targets. Libraries of RNA interfer-
ence molecules have been constructed, and gene function analy-
sis on a genome-wide scale has been carried out (26-28).

In worms, fungi and plants, RNA interference can be achieved
by simple introduction of long double stranded RNAs. Before
RNAi interference became a powerful research tool in mamma-
lian cells, several obstacles had to be overcome (Fig. 2). To begin
with, introduction of long dsRNAs into mammalian cells induces
a powerful set of antiviral responses, resulting in inhibition of all
gene expression and rapid cell death. Fundamental insights into
mammalian RNAi came after the discovery that all the multicel-
lular organisms possess a conserved protein machinery that rec-
ognizes double-stranded RNA and that the molecules that lead
to actual RNA interference and destruction of gene function are
small double-stranded interfering RNAs (siRNAs) around ~19-
31 nucleotide pairs in length (29). Since then, the field of RNAi-
based technologies has grown at exponential rate.

There are two basic options for introducing the siRNA into
mammalian cells. The first one deploys DNA-dependent expression
vectors of short hairpin RNAs (shRNAs), which are subsequently
processed by the cell to generate siRNAs. The second, short interfer-
ing RNAs targeting any gene of interest, can be made synthetically
and delivered into the cells for specific inhibition of gene expression.
The choice of method primarily depends on experimental design.

Synthetic siRNAs are easy to use and often produce reason-
able results, however, their effects are transient and are restrict-
ed by rate of cell division (30). Since mammalian cells do not
readily take up naked nucleic acid, double-stranded RNA mol-
ecules have to be specifically delivered into target cells. Synthetic
siRNAs can be delivered to mammalian cells by electroporation
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Fig. 2. Challenges for siRNA approaches
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or by using lipophilic agents (31). Additionally, it has been dem-
onstrated that ligands such as cholesterol, can be directly linked
to the chemically stabilized siRNA molecule, facilitating cellu-
lar siRNA uptake through receptor-mediated endocytosis (32).
More recently, with increased interest in cell-specific or tissue
specific delivery, new strategies, such as coupling siRNAs to an-
tibody fragments or packaging into nanoparticles coated with
receptor-targeting ligands, have been explored (33, 34).

RNAI expressing vectors can either be transiently transfected
into cells using standard DNA delivery approaches or are efficiently
introduced and stabaly integrated into the host genome using viral
systems (35,36). Using viral approach shRNA-expressing cassettes
can be delivered into both transformed and primary cells.

In general, using RNAi approach efficient (in many cases
genes can be silenced by over 90%) and highly specific (in some
cases, a single point mutation can abolish silencing effect) sup-
pression of virtually any gene can be achieved. However, in prac-
tice different siRNAs often show a spectrum of potency with low
or moderate efficacy (37, 38). Furthermore, siRNAs may non-
specifically target unrelated genes with only partial sequence
complementarily and induce undesired “off-target effects” (39).
Several commercial sources provide effective design algorithms
online which are based on our current understanding of the
function of RNAi machinery and are also aimed to minimize
potential sequence-dependent “off-target effects” However, even
with the well designed siRNAs and their efficient delivery into
target cells, the proper controls and appropriate readout assays
have to be selected for meaningful interpretation of RNAi exper-
iments. For more comprehensive details on RNAi experimental
design and applications see recent review (40).

RNA INTERFERENCE AS A THERAPEUTIC
APPROACH

RNAI presents an attractive approach to treat pathological dis-
orders that are linked to elevated expression of certain genes.
Among the 30,000 genes of the human genome at least 1000
have already been linked to a genetic disease in humans and as
such are potential targets for RNA interference. RNAI interfer-
ence approach has already been exploited for the treatment of
viral infection, ocular disease, disorders of the nervous system
and cancer (for recent reviews, see 41-43). Clinical trials based
on siRNAs targeting vascular endothelial growth factor (VEGF)
or its receptor (VEGFR1) have been initiated for the treatment
of ‘wet’ form of AMD (age-related macular degeneration) (Sirna
Therapeutics). Intranasal delivery of siRNAs has been applied
for inhibiting RSV infection (44). Studies on vaginal transmis-
sion of herpes simplex virus 2 (HSV-2) in mice showed that the
infection can be blocked using a siRNA microbicide (45).

Other attractive targets for RNAi based therapies are neuro-
logical diseases and cancer. RNA interference has been demon-
strated to be effective in vivo for reduction of pathological mol-
ecules in neurons, leading to robust efficacy in animal models of
Alzheimer’s disease, ALS, anxiety and depression (46). Different
RNAI approaches have been successfully employed in a mouse
model for effective inhibition of tumor growth (47).

However, a wide gap still exists between achieving such re-
sults in experimental models and its potential for therapeutic

applications. Major challenges still remain that have to be ad-
dressed to be successfully considered as a platform for the de-
velopment of thearpeutics. These include ensuring siRNA po-
tency, specificity, delivery and, finally, cost.

OUTLOOK

Over the past few years the field of RNAi has matured and ex-
panded. RNAi has become a standard experimental tool em-
ployed in various laboratories for sequence specific gene si-
lencing. As we learn more about RNAi, improvements in siRNA
stability, delivery and reduction of “off-target” effects will be
made, and the high expectations of RNAi as an approach for de-
velopment of potential therapeutics will be realized.
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RNR INTERFERENCIJA (NEPRODUKTYVI SAVEIKA):
NUO TYRIMO METODO IKI NAUJO TERAPINIO
VEIKSNIO

Santrauka

RNR interferencija (neproduktyvi saveika, RNRi) yra efektyvus, labai at-
rankus geny raiskos slopinimo badas, kurj lemia dvigrandés RNR kom-
plekso susidarymas; dél pastarojo geny veikla slopinama priklausomai
nuo geny sekos. RNRi - natiralus, evoliucinés atrankos budu atsirades
konservatyvus biologinis reikinys, veikiantis eukariotiniy organizmy
genomy vientisuma, geny raiska ir apsaugantis nuo virusiniy infekeijy.
Per pastargjj deSimtmetj $is konservatyvus lastelés atsako mechaniz-

mas kartu tapo ir nejkainojamu tyrimo metodu, kuriuo funkciskai api-
budinami nustatyti genai, identifikuojami nauji genai, lemiantys savitas
funkcijas lasteléje. Metodas tapo nauju molekuliniu potransliacinio
geny slopinimo jrankiu, potencialiai tinkamu klinikiniam taikymui.
Sioje apzvalgoje naudojama tiek kity autoriy publikuota medZiaga, tiek
$iy autoriy eksperimentiné patirtis siekiant supazindinti skaitytojus su
esama RNRi bukle, kartu prisimenant, kaip RNR interferencijos tech-
nologija paskatino svarbiausius atradimus funkcinés genomikos srityje
ir naujas kryptis geny terapijos srityje. Apzvalgoje taip pat pateikiamas
kity naujausiy $ios srities apzvalgy sarasas, skirtas giliau susipazinti su
RNRi fenomenu.

Raktazodziai: RNR interferencija, geny slopinimas, geny
terapija



