
important regulatory mechanism. RNAi occurs when a
short dsRNA segment triggers a cascade resulting in the
destruction of a specific messenger RNA (mRNA) that is
complementary to all or part of the dsRNA sequence.
Another form of RNA silencing involves the microRNA
pathway in both plants and animals. MicroRNAs are also
small, noncoding segments of dsRNA that originate in the
plant or animal genomes and function in the natural
repression of hundreds of target mRNAs that are comple-
mentary to the microRNA regulators. Earlier work demon-
strated that microRNA operates as a mechanism for viral
defense in plants and flies (2, 3). At the present time, over
a thousand microRNAs have been identified in plants and
animals and several hundred are known to exist and to be
involved in the regulation of genetic function in humans
(4-6). Many of the microRNAs are evolutionarily con-
served, which suggests that they are involved in the reg-
ulation of important physiological mechanisms (6).

High-throughput RNAi-based screens for whole
genomes have been developed to identify loss-of-func-
tion phenotypes for individual genes in plant and animal
cells (7-9). Furthermore, it has been shown that short
interfering RNA (siRNA) molecules can be synthesized
for use in the selective inhibition of specific genes for peri-
ods of days or weeks. Thus, RNAi has the potential to be
used in the treatment of many types of human diseases
related to the enhanced expression of genes and related
proteins (10, 11), and trials to test the response, sensitiv-
ity and toxicity of siRNA in humans are being conducted
(6). Cancer is known to be related to aberrant genetic reg-
ulation, and siRNA and microRNA thus hold the potential
to more clearly define the genetic mechanisms involved
in cancer initiation, validate new therapeutic targets for
cancer treatment and silence the overexpression of
genes known to be responsible for cancer initiation and/or
progression. This review article will focus on the potential
applications of RNAi in the treatment of cancer. 

The molecular mechanism of RNAi

The RNAi silencing of specific gene expression
begins with the cleavage of large dsRNA into relatively
small (approximately 19-22 base pairs) pieces of siRNA
by the Dicer enzyme (see Fig. 1). These small pieces of
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Introduction

The 2006 Nobel Prize in Physiology and Medicine was
awarded to Craig Mello and Andrew Fire for their descrip-
tion of the process of RNA interference (RNAi) just eight
years after their original landmark 1998 Nature publica-
tion, which described their work in Caenorhabditis ele-
gans (1). In that article, the investigators demonstrated
that noncoding regions of double-stranded RNA (dsRNA),
presumed to be biologically inert, produced highly selec-
tive gene silencing and that this process is a natural and
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Abstract

RNA interference (RNAi) is a recently discovered
RNA-silencing process that occurs in plants and ani-
mals. In this process, small segments of RNA, either
delivered to the cell or derived naturally from the cell
genome, are involved in the repression and/or regula-
tion of hundreds of complementary target messenger
RNAs (mRNAs). The discovery of RNAi has led to a
revolution in our understanding of genomic and cellu-
lar regulation. In addition, RNAi molecules and meth-
ods are being employed to identify unique cancer bio-
markers as tools in target validation and as a new
class of anticancer therapeutics, among many other
biomedical applications. Since cancer is a disease of
genetic mutation and deregulation, RNAi approaches
hold tremendous potential to enhance our understand-
ing of this disease and to offer a variety of new and
more effective tools in the treatment of cancer. This
article will review the general process of RNAi and the
possible applications of this recent discovery for the
treatment of cancer.



DNA-induced inhibition. Furthermore, RNAi is generally
reversible, so that RNAi effects before and after silencing
can be compared in the same sample. 

siRNA and microRNA in the treatment of cancer 

RNAi has the potential to be used in a variety of dis-
eases associated the elevated expression of specific
genes, and numerous biotechnology companies are
involved in the development of novel RNAi therapeutics
(16). It appears that an early clinical application may be
the siRNA targeting of vascular endothelial growth factor
(VEGF) for the treatment of age-related macular degen-
eration (AMD), with the use of intraocular injection to sim-
plify nucleotide delivery (17). The treatment of various
viral and inflammatory diseases may represent other
potential clinical applications for siRNA. For example,
siRNA has been shown to reduce the replication of HIV,
influenza, polio and hepatitis C viruses (HCV) (18-23).
Since viral infections and tissue inflammation are associ-
ated with the initiation of numerous cancers, RNAi
approaches may be used as a form of chemoprevention.
Furthermore, since cancer is known to be a disease of
genetic mutation and deregulation, the application of
RNAi technology for the treatment of cancer has also
received a great deal of attention (24, 25).

siRNA combine with RNA polymerase and form a protein
assembly called the RNA-induced silencing complex
(RISC), which leads to unwinding of the bound siRNA.
The antisense strand of siRNA retained in the siRNA-
RISC complex then binds to mRNA complementary to the
siRNA, and the RISC complex produces single-site cleav-
age of the target mRNA (12). The cleaved mRNA frag-
ment is thus destabilized and eventually completely
degraded by cellular ribonucleases. The activated RISC
complex is then available for another cycle of mRNA
degradation. The activated siRNA-RISC complex is very
stable and silencing has been reported to persist for
weeks in some tissues (13-15). Since this process is
highly selective, it provides a tool to create functional
gene knockouts which can be used to identify gene func-
tion and for therapeutic target validation.

The siRNA and microRNA approaches appear to
have therapeutic advantages when compared to other
types of gene-based therapy. For example, antisense
DNA gene silencing is stoichiometric, which means that
one molecule of antisense is required for the inactivation
of each molecule of target DNA, therefore requiring large
and potentially toxic doses of antisense DNA. In contrast,
cellular levels of target mRNA are much lower, and the
activated siRNA-RISC complex is capable of destroying
many copies of target mRNA. In addition, siRNA-induced
inhibition is generally much longer acting than antisense
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Fig. 1. The RNAi molecular mechanism. 1) dsRNA in the cell cytoplasm initiates the RNAi process. 2) Dicer is an enzyme that breaks
the dsRNA into a pool of siRNA approximately 19-22 base pairs in length. 3) The RNA-induced silencing complex (RISC) interacts with
siRNA to cause its unwinding. 4) The antisense siRNA-RISC complex directs interaction with complementary mRNA. 5) The RISC com-
plex contains endonuclease activity which produces degradation and silencing of the selected mRNA.



are in turn known to be directly associated with cancer ini-
tiation and progression (26, 54-56). In addition, some of
the microRNAs may function as oncogenes or oncogene
activators (55-58). There is strong evidence for a rela-
tionship between the expression of certain microRNAs
and the development of various cancers (26, 43), includ-
ing colorectal (59), lung (60), breast (61), thyroid (62) and
pancreatic cancers (63), glioblastoma (64), lymphocytic
leukemia (65, 66) and B-cell lymphoma (67). Some of
these studies have used expression profiling to identify
aberrant expression of microRNA in cancer specimens
compared to normal tissue. There appears to be a signif-
icant overlap in the aberrant expression of microRNA
among different types of cancer (63). 

Considerations for the use of RNAi in the treatment
of cancer

Although siRNA technology holds the potential for the
development of highly specific and effective treatments
for cancer and other diseases associated with altered
gene expression, several obstacles must be overcome to
make this treatment a reality. 

Drug delivery

Nucleotide delivery to a specific tissue at the required
concentration has been an important obstacle for all
forms of gene therapy (25). Although siRNAs are readily
taken up by invertebrate cells, uptake into mammalian
cells often compromises siRNA bioactivity (11).
Liposomal encapsulation and other lipid-based transfec-
tion systems can be employed to facilitate uptake into
many cells in vitro, although some cells are refractory to
lipid transfection. Furthermore, transfection is often less
effective in vivo than it is in vitro. However, direct applica-
tion of siRNA-lipid complexes may be possible with can-
cers of surface tissues that are easily accessible, such as
the skin, oral mucosa, nasopharynx, lungs, vagina and
cervix. For the treatment of internal cancers, it has been
possible to couple the siRNA to cholesterol to facilitate
uptake via cell-surface LDL receptors in the liver and
intestine (13, 68). In addition, conjugation of the siRNA to
an antibody or natural ligand for a cell-surface receptor
known to be overexpressed by the cancer cells is anoth-
er viable mechanism to deliver the nucleotide specifically
to the desired cancer tissue (69). The use of viral vectors
has been successfully employed with other types of gene
therapy (70-74). Retroviral, adenoviral and lentiviral deliv-
ery vectors have been used with siRNA to silence the
expression of specific genes and related proteins both in
vitro and in vivo (75-77). Thus, it appears that a variety of
systems are available for the effective delivery of siRNA
for the treatment of most cancers.

Target specificity

It is known that nontarget microRNA and other
mRNAs containing sequences that are similar to the

The use of synthetic siRNA is an approach that is ide-
ally suited to the treatment of cancers which are known to
be associated with the overexpression of specific genes
(26). For example, tumors do not create a vasculature
system, so that as the tumor mass grows larger than a
few millimeters in diameter, it must acquire blood vessels
from surrounding normal tissue. VEGF is known to be
involved in the neovascularization of solid tumors and to
be essential for tumor growth and progression (27).
Accordingly, many groups have employed VEGF siRNA
to inhibit cancer angiogenesis (28) and reduce the growth
and viability of many types of cancer, including gastric
(29) and breast cancer (30-33), melanoma (34),
retinoblastoma (35) and leukemia (36). It should be pos-
sible to target any gene that is overexpressed and/or
associated with the progression of cancer, such as epi-
dermal growth factor (EGF) (37), platelet-derived growth
factor (PDGF), insulin-like growth factor (IGF) (38), fibro-
blast growth factors (FGF), transforming growth factor
(TGF), tumor necrosis factor (TNF) (39), signal transduc-
tion intermediates and cell cycling regulators (11, 40).
Silencing of promoters for genes associated with cancer
using RNA-directed DNA methylation is another viable
approach. Kawasaki and co-workers have employed this
method to inhibit erbB2, which is often overexpressed in
aggressive breast, ovarian and other cancers (41).

Another group of potential therapeutic targets for
siRNA in the treatment of cancer are the oncogenes,
proto-oncogenes and mutant tumor suppressor genes.
Transforming oncogenes such as Ras and overex-
pressed inhibitors of apoptosis such as c-Myc and Bcl-2,
which are known to be associated with many human
malignancies, appear to be suitable targets (24, 37, 42-
44). Concerning tumor suppressor genes, p53 is a tumor
suppressor that is known to be mutated and dysfunction-
al in the majority of human cancers (16). The mutated p53
protein represses the tumor suppressor action of nonmu-
tated p53, and siRNA has been shown to block the
expression of mutant p53 and to reactivate p53 tumor
suppressor activity (45). Furthermore, RNAi-based
genome screening has been employed to identify novel
tumor suppressor genes (46, 47).  

An apparently ideal target for siRNA therapy is the
BCR-ABL fusion protein, also known as the Philadelphia
chromosome, which is created by the rearrangement and
fusion of the BCR gene on chromosome 22 and the ABL
gene on chromosome 9, resulting in a hybrid composite
oncogene (48, 49). Several BCR-ABL-associated tyro-
sine kinases enhance downstream phosphorylation and
are associated with the development of chronic myeloid
leukemia (CML) and acute lymphoblastic leukemia (ALL)
(50). It has been reported that siRNA silencing of the
BCR-ABL fusion protein alone or in combination with
chemotherapy could be used to induce apoptosis and
reduce cancer cell proliferation in CML (10, 51-53).

Therapeutic approaches based on siRNA that antag-
onize endogenous microRNA should be effective
because microRNAs are known to be involved in the reg-
ulation of cell growth and differentiation, processes that
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approaches with existing chemotherapy may enhance the
therapeutic efficacy of both treatments. As with any new
therapeutic approach, there are obstacles related to deliv-
ery, selectivity and resistance which must be overcome
for the commercial development of this new class of anti-
cancer therapeutics. In summary, RNAi holds tremen-
dous potential for the early diagnosis and highly selective
treatment of cancer.
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