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Abstract. Over the last decade, RNA interference has
emerged as an effective mechanism for silencing gene
expression. This ancient cellular antiviral response can be used
to allow specific inhibition of the function of any chosen target
gene, including those involved in diseases such as cancer,
AIDS and hepatitis. It has become an invaluable research tool
to aid in the identification of novel genes involved in disease
processes. It has advanced from the use of synthetic RNA for
the endogenous production of small hairpin RNA by plasmid
and viral vectors, and from transient inhibition in vitro to
longer-lasting effects in vivo. However, as with antisense and
ribozymes, the efficient delivery of siRNA into cells is currently
the limiting factor to successful gene expression inhibition in
vivo. This review gives an overview of the mechanism of action
of siRNA and its use in cancer research. It also discusses the
successes and shortcomings of this new gene knockdown tool.

siRNA – A Brief History

RNA silencing was discovered in plants more than 15 years
ago during the course of transgenic experiments that
eventually led to silencing of the introduced transgene and,
in some cases, of homologous endogenous genes or resident
transgenes (1-5). Between 1998 and 2001, RNAi was
observed in yeast (6), Drosophila (7), insects (8), planarians
(9) and trypanosomes (10). RNAi was also compared to
post-transcriptional or homology-dependent gene silencing
(PTGS) in plants (11-12), raising the possibility that RNAi
was a mechanism present in all eukaryotes. The year 2001
saw the first successful siRNA experiments in mammalian
cells using RNA interference mediated by duplexes of 21-nt

RNAs (13). Twenty-one different gene products with
different functions and subcellular localizations were
studied. Knockdown experiments, monitored by
immunofluorescence and immunoblotting, showed that even
major cellular proteins such as actin and vimentin could be
silenced efficiently. Previous work had discovered that these
22-nucleotide sequences served as guide sequences that
instruct a multicomponent nuclease, RNA-induced silencing
complex (RISC), to destroy specific messenger RNAs (7).
It was then found that, in response to dsRNA, cells trigger
a two-step reaction. In the first step, long dsRNA is
processed by a ribonuclease (RNase) III enzyme, called
Dicer, into small interfering RNAs (siRNAs); these
subsequently serve as the sequence determinants of the
RNAi pathway by directing cleavage of homologous mRNA
via a RISC. Dicer is a member of the RNase III family of
nucleases that specifically cleave double-stranded RNAs,
and is evolutionarily conserved in worms, flies, plants, fungi
and mammals (14). The most recent development in this
area is the use of RNAi-based therapies in phase I clinical
trials, which have been carried out over the past 12 months.

In the region of 15 RNAi papers were published in 1998,
whereas over 1,000 were published in 2005. Many groups
have changed their focus from antisense and ribozyme
technologies to concentrate on post-transcriptional gene
silencing using RNA. (15). 

Mechanism of Action – An Overview

Long double-stranded RNAs (typically >200 nt) can be used
to silence the expression of target genes in a variety of
organisms, as already mentioned. Upon introduction, the
long dsRNAs enter a cellular pathway that is commonly
referred to as the RNA interference (RNAi) pathway. During
the initiation stage, long dsRNA is cleaved into siRNA and
miRNAs (16), mediated by type III RNase Dicer. RNase III
family members are among the few nucleases that show
specificity for dsRNAs (17) and are evolutionarily conserved
in worms, flies, fungi, plants and mammals (18). Complete
digestion by the RNase III enzyme results in dsRNA
fragments of 12 bp to 15 bp, half the size of siRNAs (19),
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however examination of the crystal structure of the RNase III
catalytic domain explains the generation of 23- to 28-mer
diced siRNA products (20). In this model, Dicer folds on the
dsRNA substrate to produce two active catalytic sites having
homology with the consensus RNase III catalytic sequence,
and two inactive internal sites. The diced products are the
limit digests and are double the size of the normal fragments. 

During the effector stage, the siRNAs assemble into
endoribonuclease-containing complexes known as RNA-
induced silencing complexes (RISCs), unwinding in the
process (7). Dicers are part of the RISC complex, which
includes several different proteins such as the Argonaute
gene family members and an ATP-dependent RNA helicase
activity that unwinds the two strands of RNA. Argonaute
proteins contain two RNA-binding domains, one that binds
the small RNA guide at its 5'-end, and one that binds the
single-stranded 3'-end of the small RNA. The siRNA must
be 5'-phosphorylated to enter the RISC complex. The
antisense strand is exposed by the helicase and only one
strand of the siRNA guides the RISC to the homologous
strand of the target mRNA. Functional RISCs contain only
single-stranded siRNA or miRNA (21). The siRNA strands
subsequently guide the RISC to complementary RNA
molecules, where Watson and Crick base-pairing takes place
between the antisense strand of the siRNA and the sense
strand of the target mRNA. This leads to endonuclease
cleavage of the target RNA at the phosphodiester bond, 10
to 11 nucleotides along from the 5'-end of the siRNA (22).
Gene silencing by RISC is accomplished via homology-
dependent mRNA degradation (23, 24), translational
repression (25) or transcriptional gene silencing (26). 

Endonucleolytic cleavage is generally favoured by perfect
base-pairing between the miRNA /siRNA and the mRNA,
although some mismatches can be tolerated and still allow
cleavage to occur (27, 28). Translation repression is seen
mostly in miRNA, though evidence of siRNA acting as
miRNA does exist (29). A short RNA with mismatches 
to a target sequence present in multiple copies in the 
3’-untranslated region (UTR) of an exogenously expressed
gene can silence it by translational repression. A single base
mismatch with the target is believed to protect the mRNA
from degradation, making this type of interference highly
specific to the targeted gene (30). Transcriptional gene
silencing causes gene expression to be reduced by a blockade
at the transcriptional level. Transcriptional silencing by
siRNAs probably reflects genome defence mechanisms that
target chromatin modifications to endogenous silent loci
such as transposons and repeated sequences (29, 31).

siRNA/miRNA - what’s the difference?. RNAi regulation of
endogenous genes in mammalian cells occurs via production
of short double-stranded RNA molecules termed
microRNA or miRNA. miRNAs are a class of non-coding

RNAs that function as endogenous triggers of the RNAi
interference pathway (32). Mature miRNAs are between 21
to 23 nucleotides in length and are formed from larger
transcripts, 60-80 nt. These long precursors are produced by
RNA polymerase II, spliced, polyadenylated and resemble
mRNAs (though they may or may not have an open reading
frame (ORF)). First, the larger transcripts fold to produce
hairpin structures that are substrates for the RNase III
enzymes, Drosha, located in the nucleus. This functional
stem-loop structure can be located in an intron or an exon.
Following this initial processing, pre-miRNAs are escorted
through the nuclear pore by exportin-5, a transport receptor
(33). As with siRNA, the pre-miRNA is now processed by
Dicer to form mature miRNA duplexes (34). 

siRNA refers to the synthetic generation of RNA
interference. siRNA are 21 to 22 nucleotides in a staggered
duplex, with two unpaired nucleotides at either end and are
perfectly complementary to their target sequence, causing
silencing at the mRNA level. miRNA, on the other hand,
possess a strand which is highly, but not perfectly,
complementary to one or more target mRNAs. This causes
the assembly of an mRNA-protein complex on the target
mRNA, preventing translation (35).

miRNA in cancer. Recent studies of miRNA expression
implicate miRNAs in brain development (36), chronic
lymphocytic leukemia (37), colonic adenocarcinoma (38),
Burkitt’s lymphoma (39) and viral infection (40), suggesting
possible links between miRNAs and viral disease,
neurodevelopment and cancer. miRNA has been shown to
act as both tumour suppressors and oncogenes. More than
50% of miRNA genes have been found localized in cancer-
associated genomic regions or in fragile sites (37).
Expression profiling methods were developed to analyse 217
mammalian miRNAs from a panel of 200 human cancers.
The results showed an overall reduction in expression of
miRNAs in cancer compared to normal samples. This
suggests that miRNAs may act predominately as tumour
suppressors (41, 42). However, a cluster of miRNAs, 
miR-17 ~ 92, is overexpressed is some lymphoma and solid
tumours. Ectopic expression of these miRNAs in a mouse
model of Burkitt’s lymphoma led to accelerated and
disseminated disease (43).

RNAi in Cancer Research

Experimental considerations in vivo and in vitro. RNAi is a
powerful tool for the generation of tissue culture or animal
models with reduced expression of specific genes. However,
before embarking on in vivo studies using RNAi, many
important factors need to be taken into consideration.
These include site selection, compound design, controls,
route of administration and use of a delivery system (44). It
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is probable that many adverse effects will be observed in
vivo using siRNA that may not have occurred in previous
experiments using antisense and ribozymes. It is important
to be aware of the lifespan of the chosen RNAi in in vitro
and in vivo experiments. Intracellular degradation of siRNA
peaks around 36 to 48 h after their introduction and begins
to decrease after 96 h. The levels of silencing vary between
species, cells and tissues due to differences in the efficiency
with which the siRNAs are taken up by the target cells. The
duration of gene silencing varies greatly between cells, with
slow growing cells still showing the effects of siRNA after
several weeks, but more rapidly dividing cells not seeing an
effect for longer than 1 week (45). Also, the targeting of
proteins with a long half-life may not produce the desired
phenotypic effect, because silencing at the level of
transcription will not effect pre-existing proteins. Therefore,
RNAi has the optimal effect in proteins with a more rapid
turnover (46).

shRNA and siRNA libraries. These vectors contain RNA
polymerase III promoters that either express sense and
antisense strands from separate promoters (tandem type), or
express short hairpin RNAs (shRNAs) that are cleaved by
Dicer to produce siRNA (shRNA). Stably transfected cell
lines can be generated by selecting for a drug resistance
marker (expressed either on the vector or on a co-transfected
plasmid). Such vector systems have been successfully used to
obtain the efficient and stable knockdown of target genes in
mammalian cells (47). Research has shown that the shRNA
system is more effective than the tandem system (48). In
addition, a recent study indicated that shRNAs are more
potent inducers of RNAi than is siRNA (49).

As with antisense technology, the delivery method is one
of the key challenges for the use of siRNA, especially for
delivery to primary cells and in vivo. The use of viral
delivery vectors has enabled the more efficient delivery of
siRNA into a wider spectrum of cells than is possible with
transfection technologies. When expressed from viral
vectors, the expression of shRNAs has been shown to be
long-term (over a month or more). Several groups have
built siRNA libraries (viral or non-viral) to elucidate the
functions of genes in various biological processes.

The concept of down-regulating a single gene by siRNA
can be exploited by high-throughput technologies to
facilitate large-scale genomic studies. This can be done in a
microtiter-based format or by designing libraries of siRNA
or shRNA molecules. Libraries may be engineered based on
validated siRNA sequences, or by using randomly produced
sequences and a biochemical or cellular assay to identify
positive elements. If multiple iterations are used, the siRNA
or shRNA may be rescued, re-introduced and identified by
sequencing. This strategy may be effectively used to identify
drug targets or new components of signalling pathways.

Large collections of synthetic siRNA targets are now
available for the screening of targets. Screening is typically
carried out in a 96-well format, with each well containing
multiple siRNA species. These RNAi screens are now widely
used in cancer research to identify both tumour suppressors
and oncogenes. ‘Positive' screens rely on the ability of an
interfering RNA to rescue a cell from some cytotoxic or
cytostatic influence, and are ideal for the identification of
tumour suppressor genes. In contrast, a ‘negative' screen
identifies genes by producing a cytotoxic or cytostatic
phenotype. One study used such libraries to screen for
siRNAs that synergise with other apoptotic stimuli in cell
killing. The work produced an extensive list of prospective
chemotherapy targets, several of which were individually
confirmed (50). Ngo et al. (51) described a loss-of function
screen for genes required for the proliferation and survival of
cancer cells using an RNAi library. In this case, a doxycycline-
inducible retroviral vector for the expression of small hairpin
RNAs (shRNAs) was used to construct a library targeting
2,500 human genes. This system allowed comparison of cells
with and without shRNA expression, while also taking into
consideration the delivery of shRNA and the effects of the
non-expressing vector. Each shRNA was tagged and the
relative abundance in doxycycline-positive and -negative
populations monitored using microarray (51). The result was
the discovery of CARD11 as a key upstream signalling
component responsible for the constitutive Ik‚ kinase activity
in activated B-cell-like DLBCL (diffuse large B-cell
lymphoma). The methods described in this study could be
useful in establishing a functional taxonomy of cancer and
assist in the discovery of new classes of therapeutic targets
distinct from known oncogenes.

The main limitation of siRNA libraries is that, because
they are based on the sequence information of previously
recognized mRNAs, they are unable to identify previously
unknown genes. Expression libraries, on the other hand, use
collections of siRNAs of known sequence, but unknown
target. The idea is to identify genes with specific biological
properties. For example, siRNA, which promotes an
oncogenic phenotype, does so by targeting tumour
suppressors. One such library was used to identify genes
involved in anchorage-independent growth, uncovering three
significant genes; the Kruppel-like transcription factor, KLF4,
the pro-apoptotic calcium-binding protein, PDCD6 (ALG-2)
and the homeodomain pituitary transcription factor, PITX1
(which after further investigation was implicated as a negative
regulator of the Ras pathway) (52).

Targeting Individual Genes In Vitro and In Vivo

Angiogenesis. Vascular endothelial growth factor (VEGF)
has long been recognized as a key factor in the development
and formation of novel blood vessels, and many therapeutic
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strategies are specifically aimed at VEGF inhibition. It is
not surprising, therefore, that RNAi silencing of VEGF is
seen as an attractive opportunity to interfere with
angiogenesis. siRNA was used to silence VEGF in RKO
human colon cancer cells, resulting in a decrease in
proliferation (53). Cationized gelatin delivery of a plasmid
DNA expressing VEGF siRNA was used to silence VEGF
successfully in vitro and in vivo. In vitro it knocked down the
expression of three different VEGF isoforms in murine
squamous cell carcinoma NRS-1, and in vivo a mouse model
showed a marked reduction in vascularity accompanied by
the inhibition of a VEGF siRNA transfected tumour (54).

Invasion. A characteristic feature of malignant neoplasm is
invasion and metastasis. Despite advances in the management
of many solid tumours, metastasis continues to be the most
significant cause of cancer mortality. Many recent studies
have demonstrated that RNAi is a viable approach to inhibit
tumour growth and invasion/metastasis. Overexpression of
RhoA or RhoC in breast cancer indicates a poor prognosis.
This is due to increased tumour cell proliferation, invasion
and increased tumour-dependent angiogenesis. A recent study
used siRNA to silence both RhoA and B in MDA-MB-231
breast cancer cells, resulting in a decrease in proliferation and
invasion. In a nude mouse model, intratumoral injections of
these siRNAs almost totally inhibited the growth and
angiogenesis of xenografted MDA-MB-231 tumours (55).
Another study focused on the urokinase plasminogen
inhibitor (uPA) and its receptor (uPAR), both of which are
essential for tumour cell invasion and metastasis. Down-
regulation of the inhibitor and receptor after siRNA
transfection resulted in a decrease in invasion and angiogenic
potential. The results also showed an increase in apoptotic
cells (56). S100A4 is a protein which has only recently been
associated with the promotion of invasion. A plasmid
construct expressing shRNA specific to S100A4 was used to
significantly reduce anaplastic thyroid tumours in nude mice.
The study also showed that tumour cells were sensitized to
chemotherapy as a result of S100A4 knock-down (57).

Apoptosis. The kinase Mirk/Dyrk1B was proven to mediate
cell survival in pancreatic ductal adenocarcinoma through
siRNA silencing. Transfection of Panc1 pancreatic cells with
Mirk/Dyrk1B siRNA was sufficient to cause the induction
of apoptosis (58). Raf-1, a cytosolic serine-threonine kinase,
also plays an important role in apoptosis, along with tumour
cell growth and proliferation. This gene has also been used
as a siRNA target both in vitro and in vivo. In this study,
transfections were performed on a number of cell lines
including HUVEC and MDA-MB-435 and the results
showed a 75% reduction in Raf-1 mRNA compared to the
control groups. In vitro studies showed a 60% decrease in
tumour growth after injection with the siRNA (59). 

The above is a small example of some of the work that
has been carried out using RNAi in cancer research.
Thyroid carcinoma (57), bladder cancer (60), brain cancer
(61), ovarian cancer (62) and pancreatic cancer (63) have
all been the focus of similar studies carried out in the last
12 months.

Clinical use of RNAi. Sirna Therapeutics are currently
involved in a phase 1 trial of sirna-027 as a therapy for age-
related macular degeneration (AMD). Patients have been
given intravitreal doses of siRNA and follow-up of up to 84
days has shown a dose-dependent improvement in sight.
Importantly, the drug is safe and well-tolerated (64). The
same company are also developing an antiviral RNAi
against hepatitis C. The treatment has been successful in
animal models and is being taken to phase 1 trials this year. 

Another company, Alnylam, has developed an intranasal
siRNA that is effective against respiratory syncitial virus in
mice, and they are also working on siRNA-based treatment
for emerging flu strains (65). In March 2006, further research
by Alnylam scientists demonstrated, in primates, that a
systemically delivered RNAi therapeutic can potently silence
an endogenous disease-causing gene in a clinically relevant
manner. Alnylam and collaborators showed silencing of the
gene for apolipoprotein B (apoB), a protein involved in
cholesterol metabolism, with clinically significant efficacy, as
demonstrated by reductions in levels of cholesterol and low-
density lipoproteins (LDL) (66). In April 2006, phase I
clinical data was presented for ALN-RSV01. The drug was
found to be safe and well-tolerated when administered
intranasally in two phase I clinical studies. ALN-RSV01 is
being evaluated for the treatment of respiratory syncytial
virus (RSV) infection, and is the first RNAi therapeutic in
human clinical development for an infectious disease.

Potency of RNAi. RNA interference has been developed as
a viable and more effective alternative to antisense- and
ribozyme-based tools for gene function and target validation
studies and it has now largely displaced efforts with
antisense and ribozymes. 

Antisense technology suffers from various limitations,
including difficulty in identifying effective sequences, low
selectivity, limited in vitro and in vivo delivery and expression
options, and little amenability to high-throughput screening
(67, 68). While it can be difficult to directly compare the
efficiency of gene suppression technologies due to differences
in the rules for optimal design and target sequence selection,
several studies have supported the conclusion that RNA-
mediated inhibition is more potent than that achieved with
antisense oligonucleotides, even in cases where site selection
was optimized for antisense effectiveness (69). Also, it is
easier to identify effective RNAi target sites. Although the
rules for optimal RNAi effectiveness are still being
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determined, when basic parameters regarding the CG content
and the composition of the 3’-overhangs were met, then a
high percentage of potential targets screened usually proved
to be functional (70, 71). On the other hand, it is significantly
more difficult to identify efficient antisense oligonucleotide
target sequences, and ribozyme target selection is limited by
availability of particular sequence motifs required for
cleavage (67).

Stability of RNAi. Although siRNA molecules appear to be
more resistant to nuclease degradation than antisense
molecules (72), some serum nucleases can degrade siRNAs
(73, 74). As a result, a number of groups have investigated
the use of chemical modifications that improve stability and
protect against nuclease degradation (75). With antisense,
it has been suggested that oligonucleotides containing
popular modifications such as phosphorothioate bind to
proteins in the cell and can never interact with their targets
(76), so that all of the effects attributed to the antisense are
unrelated to the presumed targets. A randomly chosen
"control" oligo may not bind in the same way to proteins and
so give a false result (76).

Despite this problem, phosphothioate modification has
generally been successful in antisense applications in vivo
(77). In contrast, studies have shown that toxicity and loss
of silencing activity can be a problem with phosphothioate
siRNAs (78, 70). As a result, several groups have
investigated the use of alternative backbone modifications
to address these problems (79, 80).

Specificity of RNAi. One of the apparent advantages of RNA
interference over antisense technology was that the RNAi
process is highly specific. However, experimental results
then suggested that siRNAs can cause off-target effects.
Jackson et al. (81) showed that expression profiling studies
revealed siRNA-specific, rather than target-specific,
signatures. They concluded that siRNA could "cross-react"
with other genetic targets. Since then, Persengiev et al. (82)
have used microarrays to detect changes in well over 1000
genes following the introduction of siRNA against a target
that was not even expressed in the treated cells. This study
points out the uncertainty of presuming RNAi elimination
of the target mRNA based on the phenotypic effect alone.
Even an extensive optimization of experimental conditions,
including a substantial reduction in the amounts of siRNA,
did not prevent induction of a small number of genes by
"control" random-sequence siRNAs (83). However, other
studies have been contradictory, with researchers finding a
high specificity of siRNA effects (81, 82). It has even been
suggested that antisense offers a cleaner knockdown than
RNAi because of reduced off-target effects.

It is interesting to note that off-target effects are not
observed when complete dsRNAs are introduced instead of

synthetic siRNA in primitive organisms. In C. elegans
expression of dsRNAs of 500 base-pairs or more typically
results in very efficient gene silencing, irrespective of the
sequence of the target mRNA (46). One explanation for this
could be that endogenously derived siRNA are generated
from the cleavage of dsRNA by Dicer and RISC, which may
have a proofreading mechanism that protects against the
silencing of endogenous genes (46).

As with antisense, there is also the potential for siRNA
to form unintended complexes with specific proteins. For
example, antisense oligos targeting the Myc oncogene were
found to have sequence-specific, but not antisense-specific,
activities (86). This resulted in growth suppression, which,
it appears, was reminiscent of, but unrelated to, the results
of Myc inhibition.

It is also possible that siRNAs can act as miRNA.
miRNAs do not require perfect homology to their target in
order to be effective, therefore it is possible that a single
siRNA can effect multiple mRNAs, resulting in off-target
effects at the mRNA and protein level. Studies have shown
that as little as seven to eleven consecutive homologous
bases between the 5'-end of either siRNA strand to an
mRNA can cause a reproducible reduction in transcript
levels (86, 81). 

When used in vivo, there is also the problem of an
immune response. When long stretches of double-
stranded RNA are introduced into a cell they trigger an
immune response to viral infection. The introduction of
shorter 21 to 23 bp siRNAs seems to overcome this
problem (87). One study (88) linked the activation of
interferon to the expression vectors carrying shRNA
hairpins, while siRNA alone did not elicit such a response.
The absence of short over-hangs, produced by the natural
processing of miRNA, as well as the unconventional 
5'-termini (e.g., triphosphate), might explain the
recognition of siRNA (expressed or transfected) as a
foreign body (89). Interferon triggers the degradation of
mRNA by inducing 2-5' oligoadenylate synthase, which in
turn activates RNase L (90). Interferon can also activate
dsRNA-dependent protein kinase (PKR), which
phosphorylates eIF2. Phosphorylation of the translation
initiation factor eIF2 causes its inactivation and global
inhibition of mRNA activation.

A more recent study (91) showed that transfection with both
a traditional and a chemically-modified siRNA containing a
locked nucleic acid (LNA), into the HeLa and MCF-7 cell
lines, caused no anti-viral response, whereas transfection with
either long dsRNA or in vitro-transcribed siRNA led to a
greater than 1000-fold induction of these genes.

There is also the theory that high levels of exogenous
siRNA can compete with and decrease the efficiency of
miRNA, as both are recognized and processed by the same
cellular factors (92).
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It is clear that there are several artifacts that can arise from
siRNA transfection, causing a misleading result. The most
common cause, however, is due to siRNA delivery. Whether
via transfection or viral transduction, siRNA delivery can result
in temporary changes in the cell and, in more extreme cases,
cells may become resistant to the conditions of delivery. As
mentioned above, designing siRNAs with resistance to serum
RNases, without sacrificing biological activity, is possible
through chemical modification. siRNAs can also be encased in
cationic liposomes (93), lipid complexes (94) or collagen
complexes (95). Further, they can be coupled with antibodies
to cell surface receptor ligands for cell-specific delivery (96).

Given these specificity problems with RNA interference,
the question arises as to which biological phenomena
observed in shRNA- or siRNA-treated cells are indeed the
consequences of elimination of a specific RNA. In most
published reports, the biological phenomena that are
observed in the siRNA-treated cells are attributed to the
knockdown of the intended RNAi target, if they are not
observed in the cells treated with a "control" siRNA, which
is designed against a different target, or is "scrambled" to
lack any recognizable target (92).

Another approach is to target the same mRNA with more
than one siRNA sequence. Therefore, if both siRNAs give
the same result, one can assume that the data has been
interpreted adequately.

More recently, a more elaborate approach has been
suggested, whereby the ultimate control for any RNAi
experiment remains rescue by expression of the target gene
(97). Using this method, cDNA, which is imperfectly
matched to the original siRNA, is put back into the cell.
Generally, redundancy in the genetic code would permit
several nucleotide changes in the stretch originally targeted
by the siRNA, so that the restored message could no longer
be targeted. Successful reconstitution could be verified by
re-appearance of the corresponding protein. Such a
reconstruction procedure is expected to reverse the target-
specific, but not the off-target, effects of the siRNA which
remain present in the cell. However, although this method
appears more cumbersome than the use of multiple
siRNAs, it is more rigorous and may be considered by
researchers in the future (92).

RNAi is still a technology in its early stages of
development, a development which has been facilitated by
the many years of research into antisense technology and
the enormous amount of genetic information recently
obtained from the Human Genome Project. In the space of
a very short time, thousands of papers have been published
in this area. However, there are still many unanswered
questions, especially regarding the nature and cause of the
off-target effects described above. It is expected that a
higher standard of specificity may be required for
publication in the future.
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