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Abstract. RNA interference (RNAi) is a sequence-specific, 
post-transcriptional gene silencing mechanism in animals and 
plants, which is mediated by double-stranded RNA (dsRNA). 
There has recently been an increasing interest in harnessing 
the gene silencing activity of dsRNA to develop novel drugs 
for the treatment of various diseases, such as cancer, neuro-
logical disorders, age-related macular degeneration and viral 
infections. Small interfering RNA (siRNA)-based drugs 
have distinct advantages over conventional small molecule 
or protein-based drugs, including high specificity, higher 
potency and reduced toxicity. However, there are several 
technical obstacles to overcome before siRNA-based drugs 
reach the clinic. Delivery of siRNA to the target tissues and 
stability in the serum remain a major challenge and are the 
main focus of current research and development efforts. This 
review focused primarily on the progress made in developing 
RNAi as therapeutics for cancer and the challenges associ-
ated with its clinical development. Use of ligands recognizing 
cell-specific receptors to achieve tumor-specific delivery of 
siRNA, methods for enhanced siRNA delivery, improving the 
bioavailability and pharmacokinetic properties of siRNA and 
reducing the off-target effects and non-specific gene silencing 
are discussed in the light of current evidence.
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1. Introduction

RNA interference (RNAi) is an evolutionarily conserved 
process of sequence-specific, post-transcriptional gene 
silencing in animals and plants, mediated by double-stranded 
RNA (dsRNA), which is homologous in sequence to the target 
gene. Gene silencing by dsRNA was first observed in the early 
1990s in plants (1). However, the phenomenon of RNAi was first 
discovered by Fire et al in 1998, who reported that injection of 
dsRNA into Caenorhabditis elegans resulted in the silencing 
of the complementary messenger RNA (mRNA) sequence (2). 
Since the introduced dsRNA molecules blocked the function of 
the targeted gene, the process was termed ‘RNA interference’. 
It was also observed that dsRNAs, which are several hundred 
bases in length, not only caused significant gene silencing in 
Caenorhabditis elegans, but were also more potent and active 
than the corresponding single-stranded antisense molecules (2). 
However, subsequent studies established that it was not easy to 
detect potent and specific RNAi in commonly used mammalian 
cell lines using large size dsRNA (3-5). The findings of these 
studies showed that long dsRNA was responsible for inducing 
interferon response in the mammalian cells by activating 
the protein kinase PKR and 2', 5'-oligoadenylate synthetase. 
Activated protein kinase, PKR, inhibited protein translation 
by phosphorylation of the translation initiation factors elF2.
Moreover, activated 2', 5'-oligoadenylate synthetase resulted in 
non-specific mRNA degradation by activated ribonuclease L. 
The global shutdown due to non-specific mRNA degradation 
and inhibition of protein synthesis eventually resulted in cell 
death (6-8). In their study, Elbashir et al (3) provided the first 
evidence that 21-23 nucleotide (nt) double-stranded siRNA 
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mediates sequence-specific gene silencing in mammalian 
cells without activating the interferon response. Subsequently, 
this technology was improvised and successfully applied to 
perform target-specific gene silencing in adult mouse models 
(9-11). Short (21-23 nt) siRNAs are usually considered optimal 
for gene silencing, however, a 27-mer siRNA was able to 
achieve a 100-fold stronger and more potent gene silencing, 
compared to a corresponding 21-23 nt sequence (12).

RNAi is initiated by dsRNAs that undergo processing by 
an endonuclease enzyme known as Dicer. The long fragment of 
dsRNA is cleaved by Dicer into duplexes with 19 paired nucleo-
tides and two nucleotide overhangs at the two 3'-ends (13,14). 
These duplexes, referred to as short interfering RNAs (siRNAs), 
associate with the RNA-induced silencing complex (RISC), 
a large protein complex (~160 kDa) comprising of Argonaute 
(Ago) proteins (15,16). In humans, there are eight members 
of the Ago family, however, only Ago2 possesses an active 
catalytic domain for cleavage activity (17,18). Within the RISC, 
siRNA unwinds and the sense strand is removed and degraded 
by nucleases. The antisense strand of the siRNA directs RISC 
to the target mRNA. The cleavage site, which is ~10 nucleotides 
from the 5'-end of the siRNA, on the target mRNA, is aligned 
with the Ago2 PIWI endonuclease domain. Ago2 cleaves the 
phosphodiester bond on the mRNA and releases the cleaved 
mRNA fragments that are finally degraded resulting in the 
gene silencing (19,20). The siRNA-loaded RISC can be recycled 
for several rounds of the gene silencing process, which makes 
siRNA extremely attractive for therapeutic interventions (21).

Recently, RNAi has rapidly progressed from bench to 
bedside with several RNAi-based drugs undergoing clinical 
trials. Several in vitro and in vivo proof-of-concept studies 
have shown that almost every human disease with a gain-of-
function genetic lesion or overexpression of disease causing 
gene(s) is a potential target for RNAi-based therapeutics 
(22). RNAi has shown potential for the treatment of various 
diseases which are not amenable to small molecule (chemical) 
drugs or protein-based therapeutics. Several in vivo studies 
in animal models have shown that RNAi-based drugs can be 
effective in the treatment of various diseases, such as hyper-
cholesterolemia (23), viral hepatitis (24), Huntington's disease 
(25,26) and cancer (27-29). Initially, RNAi-based clinical 
trials focused on the direct localized delivery of siRNA and 
on validated therapeutic targets, such as vascular endothelial 
growth factor (VEGF), for the treatment of the wet age-related 
macular degeneration and the respiratory syncytial virus 
(RSV) for the treatment of RSV infections (30,31). At present, 
the RNAi therapeutics being developed for the treatment of 
age-related macular degeneration require a direct injection 
of VEGF-specific siRNA into the vitreal cavity to efficiently 
deliver the siRNA to the eye. RNAi therapeutics for the treat-
ment of RSV infection employ direct delivery of siRNA into 
the lungs. However, the development of RNAi-based thera-
peutics for other diseases, particularly cancer, requires a more 
challenging systemic delivery of siRNA to the target tissues, a 
major challenge in research and development efforts.

2. RNA interference therapeutics for cancer treatment

Cancer is one of the major targets of RNAi-based therapy, 
as oncogenes, mutated tumor suppressor genes and several 

other genes contributing to tumor progression are potentially 
important targets for gene silencing by RNAi. Due to the 
precise mechanism of action, high specificity and potency of 
RNAi-mediated gene silencing, there are reduced chances of 
side-effects that are often associated with chemotherapy drugs. 
The major advantage of RNAi therapeutics in cancer would 
be the simultaneous targeting of multiple genes, belonging to 
different cellular pathways that are involved in tumor progres-
sion. The concurrent inhibition of several genes is potentially a 
more potent and effective way to treat cancer and it would also 
minimize the probability of multiple drug resistance normally 
encountered with small molecule-based cancer therapies. 
Another advantage of RNAi-based therapeutics involves the 
development of personalized anticancer drugs suitable for a 
particular patient. Such personalized medicine is likely to be 
more effective in controlling the cancer, thereby improving the 
success rate of cancer drugs.

Several potential siRNA targets in cancer have been 
described in the literature, although proof-of-concept studies 
in animal models are just beginning to emerge. Judge et al (27) 
showed that administration of siRNA targeting the essential 
cell-cycle proteins, such as kinesin spindle protein (KSP) and 
polo-like kinase 1 (PLK1), exhibited potent antitumor activity 
in both hepatic and subcutaneous tumor models. KSP is a 
mitotic spindle motor protein that is involved in chromosome 
segregation during mitosis. Inhibition of KSP prevents the 
formation of bipolar mitotic spindles resulting in cell-cycle 
arrest and induction of apoptosis (32). Similarly, PLK1 is 
important in mitosis and cytokinesis. Overexpression of PLK1 
is observed in several human types of cancer and inhibition of 
PLK1 activity induces tumor cell apoptosis (33). These studies 
clearly suggest that siRNA specifically targeting KSP and 
PLK1 can be developed as a therapy for cancer. Among other 
cancer-directed approaches is the targeting of pleiotrophin, 
which effectively reduced tumor growth in mouse xenograft 
models of glioblastoma multiforme (34).

Protein kinase N3 (PKN3) has been validated as a thera-
peutic target in cancer, as inhibition of this kinase resulted in 
the reduction of lymph node metastases in orthotopic prostate 
cancer models (35). In their study, Aleku et al (36) showed that 
systemic administration of Atu027, a siRNA-lipoplex targeted 
against PKN3 in mice, rats and non-human primates, resulted 
in specific RNAi-mediated silencing of PKN3 expression with 
significant inhibition of tumor growth and lymph node metas-
tasis. Atu027 also prevented pulmonary metastasis in various 
animal models of cancer. Atu027 was administered to breast 
cancer mouse models to evaluate its ability to prevent the 
spread of cancer to the lungs, and was shown to have a potent 
inhibitory effect on pulmonary metastasis. Since metastasis is 
a major cause of high mortality rate among cancer patients, its 
prevention is critical for the survival and quality of life of the 
patient. Silence Therapeutics is currently conducting a phase I 
clinical study of Atu027 for the treatment of advanced solid 
cancer, which is expected to be completed in 2012.

Calando Pharmaceuticals has recently reported a phase I 
clinical study of CALAA-01 for the treatment of solid tumor 
(37). CALAA-01 is a transferrin receptor-targeted nanopar-
ticle encapsulating a non-chemically modified siRNA specific 
to the M2 subunit of ribonucleotide reductase (RRM2), a gene 
involved in DNA replication. Upon administration, CALAA-01 
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binds to transferrin receptors and releases RRM2-specific 
siRNA after endocytosis, which inhibits the expression of 
RRM2 and thus prevents the proliferation of transferrin 
receptor-expressing tumor cells. Calando Pharmaceuticals has 
conducted the phase I clinical trials by systemic administra-
tion of CALAA-01 to patients with solid tumors. Furthermore, 
tumor biopsies from melanoma patients following treatment 
showed the presence of intracellularly localized nanoparticles, 
and reduction of the RRM2 at the mRNA and protein levels. 
The Phase I study of CALAA-01 clearly demonstrated that 
siRNA administered systemically to human patients was able 
to silence the cancer-associated gene in specifically-targeted 
tumor cells (37).

Alnylam Pharmaceuticals is currently conducting Phase I 
clinical trials with ALN-VSP02, a systemically delivered 
RNAi for the treatment of liver cancer. ALN-VSP02 is a 
lipid nanoparticle formulation encapsulating two siRNAs 
specific for VEGF and KSP with antitumor activity. VEGF 
and KSP are overexpressed in numerous cancer cells and are 
essential in tumor growth and survival. ALN-VSP02 has been 
well validated in pre-clinical studies, since its intravenous 
administration in mouse models of primary and metastatic 
liver cancer results in a decrease in microvessel density and 
vascular leakage due to VEGF knockdown, and the simul-
taneous inhibition of KSP prevents the formation of mitotic 
spindle, leading to tumor cell death. Preliminary clinical data 
from the ongoing Phase I trial demonstrated that ALN-VSP02 
is well-tolerated in most patients. ALN-VSP02 has shown 
the potential to sensitize liver cancer to chemotherapy and to 
treat cancer by itself by inhibiting the proliferation of tumor 
cells. ALN-VSP02 is the first dual-targeted siRNA molecule 
targeting two different pathways with two different siRNAs, 
thereby setting the precedence for future therapies based 
on targeting multiple genes, thus increasing the therapeutic 
impact of siRNA drugs in curing cancer. There are currently 
5-6 clinical trials in progress, all in Phase I, evaluating the 
safety and efficacy of siRNA-based drugs for cancer treatment 
(Table I.)

3. Strategies for improving the pharmacokinetics of 
therapeutic short interfering RNA

The major issue confronting siRNA-based therapeutics for 
cancer and other diseases is delivering siRNA to the target 
cell population in vivo. The efficacy of siRNA-based drugs in 
combating cancer requires potent and effective gene silencing 
in the tumor cells. Additionally, to achieve effective gene 
knockdown in vivo requires efficient delivery of siRNA to the 
target tissues. The highly negative charge of siRNA molecules 
prevents the efficient uptake of these therapeutic molecules 
in  vivo. In addition, degradation of siRNA in endosomal 
compartments and its rapid clearance by renal excretion from 
the blood after the intravenous route would greatly reduce the 
potency of the siRNA. To achieve efficient delivery of siRNA 
and therapeutic gene silencing, an ideal drug delivery system 
needs to protect the siRNA from degradation by nucleases 
and enhance its stability, prevent non-specific uptake by non-
target tissues and improve the delivery of therapeutic siRNA 
to the target cells and tissues. Both local and systemic delivery 
of siRNA to various cells and tissues have been demonstrated 

pre-clinically (38-42). For localized delivery, administra-
tion of unmodified siRNA in simple formulation, such as 
saline, has resulted in significant gene silencing in a variety 
of tissues, including the respiratory epithelium, eye and 
central nervous system (43-47). Systemic delivery of siRNA 
offers great opportunities and challenges. An unmodified 
saline-formulated siRNA injected intravenously is subjected 
to degradation by nucleases in the serum and rapid renal 
excretion. Thus, any attempt at systemic delivery of siRNA 
should involve methods for increasing the serum half-life of 
the siRNA, its distribution to target tissue, its cellular uptake 
with subsequent intracytoplasmic release without degradation 
and avoiding off-target gene silencing activity.

Chemical modifications of siRNA have become essential 
for achieving potent gene silencing activity, since these modifi-
cations stabilize siRNA in the serum (48-50). These alterations 
can be introduced at the 5'- or 3'-terminus, backbone, sugar 
and nucleobase of siRNA. An ideal modification should 
enhance the stability of siRNA without affecting its gene 
silencing activity. Modification of RNA at the 2' position of 
the ribose ring has been shown to increase siRNA stability by 
preventing the degradation from endonucleases. These modi-
fications, which include 2'-O-methyl and 2'-deoxy-2'-fluoro, 
enhance the serum stability of siRNA and increase its in vivo 
potency (49). Conjugation of siRNA with cholesterol has been 
shown to enhance the siRNA uptake via receptor-mediated 
endocytosis or by an increased membrane permeability of the 
negatively-charged siRNA (51). Soutschek et al (23) reported 
that conjugation of cholesterol to the siRNA targeting ApoB 
increased the stability of siRNA in the serum and enhanced 
its gene silencing activity. It was observed that conjugation of 
cholesterol to an ApoB-specific siRNA resulted in a significant 
reduction in renal clearance and a 16-fold increase in serum 
half-life, as compared to the unconjugated control, following 
intravenous administration. More significantly, it also facili-
tated receptor-mediated uptake of the siRNA specifically into 
hepatocytes and resulted in a 60% knockdown of ApoB 
mRNA in the mouse liver (23). Similarly, cholesterol can also 
be conjugated to any therapeutic siRNA specific for cancer-
causing genes to increase its serum half-life and prevent its 
renal clearance, thereby improving its bioavailability and 
pharmacokinetic properties. Conjugation of therapeutic siRNA 
with cholesterol would also facilitate the targeted delivery of 
siRNA to the liver, leading to the development of an effective 
therapy for liver cancer.

Another approach for systemic delivery involves the use of 
stable nucleic acid-lipid particles (SNALPs). This technology 
encapsulates siRNA in lipid nanoparticles to deliver RNAi-
based drugs to the target cells or tissues. Efficacy of SNALP 
technology relies on enhanced permeability and retention due 
to a long circulation time in the blood. This results in increased 
bioavailability, leading to the accumulation of these SNALPs 
at the sites of vascular leaks, including the sites of tumor cell 
growth. Once at the target site, SNALPs are absorbed by the 
tumor cells through endocytosis and the siRNA is delivered 
inside the cell. Judge et al (27) have successfully demonstrated 
the delivery of siRNA specific to PLK1 to solid tumors in mice 
using SNALP, which resulted in a 75% reduction in subcuta-
neous tumor size. In another pre-clinical study, cationic and 
neutral lipids comprising the lipid bilayer along with an outer 
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hydrophilic coating of polyethylene glycol (PEG) with encap-
sulated ApoB-specific siRNAs were prepared. Administration 
of siRNAs containing SNALPs in monkeys reduced the ApoB 
expression in the liver and significantly lowered cholesterol 
levels. Moreover, no toxicities were observed, suggesting the 
proof-of-concept of this technology for systemic delivery of 
siRNAs (52).

The polyanionic nature of siRNA prevents its penetration 
into the cell membrane and due to its small size (average 
size is <10 nm) non-formulated siRNA was reported to be 
easily excreted by the body, resulting in low bioavailability 
and poor pharmacokinetic properties of therapeutic siRNA 
(53-55). To improve the particle size of siRNA and to prevent 
its degradation by nucleases, nanoparticles (50-200 nm) were 
specifically designed to mitigate tumor growth in mouse 
models (56-58). These nanoparticles, which are formed by 
conjugating biologically inert polymers directly to siRNA or 
by preparing liposomes that encapsulate siRNA, were shown to 
be effective in stabilizing siRNA in the serum. Nanoparticle-
mediated delivery of siRNA has the potential to improve the 
pharmacokinetics, pharmacodynamics and biodistribution 
of therapeutic siRNA, thereby improving the bioavailability 
of these therapeutic molecules. The size of nanoparticles is 
crucial for the effective delivery of siRNA to the target tissue. 
Nanoparticles ranging from 10 to 100 nm or up to 200 nm 
are regarded as optimal, since they are small enough to pass 
through the cell membrane by receptor-mediated endocytosis, 
yet large enough to be retained by the body, thereby improving 
the pharmacokinetics of therapeutic siRNA (53,58-60).

4. Target specificity

To improve the delivery of therapeutic siRNA specifically to 
the tumor cells and avoid the targeting of normal cells, various 
ligands recognizing cell-specific receptors can be exploited 
for targeted delivery. Several strategies have been formulated 

to promote cell type-specific siRNA delivery, including 
antibodies, ligands and aptamers. Antibodies are an excel-
lent tool for targeted delivery approaches as they recognize 
specific antigens with extremely high affinity and selectivity. 
Song et al (61) fused the antigen recognition domain from 
an antibody fragment (Fab) that recognizes the HIV envelope 
glycoprotein to a highly positively charged protamine and 
successfully delivered siRNA-targeting HIV sequences into 
virally infected CD4+ T cells, thus inhibiting viral replica-
tion. In addition, anti-angiogenesis siRNA complexed to the 
Fab-protamine fusion protein was successfully targeted to 
subcutaneously implanted tumor cells expressing the HIV 
envelope following intravenous injection leading to the inhi-
bition of tumor growth (61). Cell type-specific delivery has 
also been achieved using aptamers, which are highly struc-
tured nucleic acid molecules (RNA and DNA) with affinity 
to a particular target molecule. Aptamers are selected through 
several rounds of binding to specific cell surface target 
antigens (62), and individual RNA aptamers can be directly 
linked to siRNA molecules to generate a chimeric RNA for 
cell type‑specific delivery. An aptamer that binds specifically 
to the prostate-specific membrane antigen (PSMA) has been 
shown to efficiently deliver siRNA to prostate cancer cells 
leading to the regression of prostate tumors in mouse xeno-
graft models (63,64).

Recent studies have shown that several human tumor cells 
overexpress members of the σ receptor family of membrane 
bound proteins. Li et al (65) demonstrated that liposome 
nanoparticles coated with the σ receptor ligand anisamide 
and with an encapsulated siRNA specific to epidermal 
growth factor receptor (EGFR) were able to inhibit growth 
and metastasis in a mouse xenograft model of lung cancer. 
Similarly, liposomes coated with transferrin facilitated the 
delivery of the siRNA-targeting Bcr-Abl fusion gene into 
leukemia cell lines (66). Transferrin ligand-coated nanopar-
ticles were designed to specifically target Ewing sarcoma 

Table I. Current status of siRNA-based cancer therapeuticsa.

Sponsor	 Program	 Target	 Mode of	 Indication	 Stage of
		  gene	 delivery		  development

Calando 	 CALAA-01	 RRM2	 Transferrin receptor-targeted	 Solid cancer	 Phase I
Pharmaceuticals			   cyclodextrin-based
			   nanoparticles
Silence Therapeutics AG	 Atu027	 PKN3	 Lipoplex-siRNA	 Gastrointestinal, 	 Phase I
				    lung and other
				    advanced cancers
Alnylam Pharmaceuticals	 ALN-VSP02	 VEGF, KSP	 Lipid nanoparticle	 Liver cancer	 Phase I
Silenseed Ltd.	 siG12D LODER	 KRAS	 Miniature biodegradable	 Adenocarcinoma	 Phase I
			   polymer matrix	 of pancreas
Sataris Pharma and	 EZN-2968	 HIF-1, 	 Locked nucleic acid	 Solid cancer with	 Phase I
Enzon Pharmaceuticals		  survivin		  liver metastases
Tekmira	 SNALP-PLK1	 PLK1	 Lipid nanoparticle	 Cancer	 IND approved

aAll data from published articles (as mentioned in the text), corporate websites and http://www.clinicaltrials.gov. KSP, kinesin spindle protein; 
PKN3, protein kinase N3; RRM2, M2 subunit of ribonucleotide reductase; VEGF, vascular endothelial growth factor; HIF-1, hypoxia-induced 
factor; KRAS, V-ki-ras2 Kirsten rat sarcoma viral oncogene homolog; PLK1, polo-like kinase 1; IND, investigational new drug.
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tumors and were prepared using cyclodextrin-containing 
polycations to incorporate negatively-charged siRNA 
molecules. To improve stability, PEG polymers were attached 
to the outer surface using terminal adamantine groups. 
Transferrin ligands were covalently linked to the adamantine-
PEG chains and 50 nm-sized nanoparticles were generated. 
The nanoparticle-encapsulated siRNAs specifically targeted 
the Ewing sarcoma breakpoint region 1-flightless 1 homolog 
(Ews-Fli1) gene fusion product and inhibited tumor growth in 
a mouse model (67).

5. Safety issues

Besides target-specific siRNA delivery, another major chal-
lenge in developing therapeutic strategies using siRNA 
involves the undesirable off-target effects (68). This effect has 
been well-characterized using microarray studies of siRNA-
transfected cells, in which the expression of various genes 
was downregulated with increased doses of siRNA (69). The 
delivery and off-target effects of siRNA-based therapies are 
linked. Efficient delivery of siRNA to targeted cancer cells 
would reduce the number of normal cells exposed, favour 
tumor uptake, thereby reducing the potential off-target effects. 
In addition, efficient delivery to cancer cells would reduce 

the therapeutic dose of siRNA to be administered, thus mini-
mizing the potential dose-related adverse effects. Another 
undesirable side-effect of siRNA-based drugs is the activation 
of the innate immune system resulting in the induction of 
high levels of inflammatory cytokines, such as interferon-α 
(IFN‑α), tumor necrosis factor-α and interleukin-6, which may 
cause considerable toxicities. While double-stranded RNA 
longer than 30 nt elicits a strong IFN response through the 
protein kinase R (70), shorter siRNAs may activate the innate 
immune system through the Toll-like receptor (TLR) pathway 
(Fig. 1). In particular, TLR7 and TLR8 receptors for dsRNA 
are involved in siRNA-induced IFN response. Recent studies 
reported that siRNAs activate dendritic cells through TLRs, a 
subset of which, i.e., TLR3, TLR7, TLR8 and TLR9, recognizes 
exogenously administered siRNAs (71,72). Hornung et al (71) 
identified a 9 nt sequence in a siRNA that activated the TLR7 
and elicited an immune response. Similarly, Judge et al (73) 
identified such immunostimulatory motifs in siRNAs. These 
observations are critical for designing therapeutic siRNAs 
with reduced potential to cause immunostimulatory effects. 
Experimental evidence has established that RNAi is a revo-
lutionary tool for the treatment of several diseases, however, 
due caution is necessary when developing strategy for siRNA-
based therapeutics.

Figure 1. Harnessing the therapeutic potential of RNA interference (RNAi). RNAi is induced by 21-23 nucleotide, double-stranded RNA (dsRNA), which is 
incorporated into the RNA-induced silencing complex (RISC), a large protein complex comprising Argonaute (Ago) proteins. Within the RISC, siRNA unwinds 
and the antisense strand of the siRNA directs RISC to the target mRNA. Ago2 cleaves the mRNA resulting in the gene silencing. For localized delivery, 
administration of unmodified siRNA results in significant gene silencing in a variety of tissues. However, the systemic delivery of unmodified siRNA results 
in the degradation of siRNA by nucleases in the serum and rapid renal excretion, thus reducing the efficacy of siRNA-based drugs. Chemical modification of 
siRNA, conjugation of siRNA with cholesterol or encapsulation in nanoparticles increases the stability of siRNA in the serum, improves its bioavailability 
and enhances its gene silencing activity. To promote cell type-specific siRNA delivery, several strategies have been formulated, including antibodies, ligands 
and aptamers. However, a growing concern of using siRNA for therapeutic purposes is the activation of an immune response through Toll-like receptor (TLR) 
pathway resulting in the induction of high levels of inflammatory cytokines. NF-κB, nuclear factor-κB; IRF, interferon regulatory factor.



BORA et al:  RNAi THERAPEUTICS FOR CANCER14

6. Conclusions

There is an unmet medical need for effective cancer therapies 
that block the progression of solid tumors and prevent metas-
tasis. Recently, siRNA-based therapeutics have generated a lot 
of interest in the development of novel and more potent drugs 
for the treatment of cancer with reduced side-effects. Besides 
characterization of genetic polymorphisms in patients, effective 
targeted delivery of siRNA molecules to cancer cells in vivo is 
vital in designing personalized medicine (74). The identification 
of new cancer-specific targets and pathways amenable to RNAi 
therapy would provide a greater impetus to the development of 
targeted therapies. Although challenging, the most attractive 
and noteworthy aspect of siRNA-based cancer drugs is that any 
cancer-associated gene can be targeted for cancer treatment, 
which may otherwise not be possible with small molecule or 
protein-based drugs. The use of multiple siRNAs targeting 
various cancer-specific genes from different cellular pathways 
would simultaneously silence several cancer-causing genes and, 
thus, be more potent in inhibiting malignant growth. The use of 
complex nanoparticles coated with receptor-specific ligands or 
monoclonal antibodies, harboring multiple therapeutic siRNAs 
would facilitate the specific targeting of cancer cells in vivo, 
thereby resulting in the development of more potent and effec-
tive therapies for cancer. These siRNA-guided therapies may 
reduce the time involved and be cost-effective, thereby aiding 
in the development of personalized medicine.
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