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Abstract
With the many changes that have taken place in people’
s diet and lifestyle, colorectal cancer (CRC) has become 
a global concern. There were approximately 950 000 
new cases diagnosed and 500 000 deaths recorded 
worldwide in 2000. It is the second most common 
type of cancer in the Western world, and it is the third 
most common type of digestive tumor in China. It is 
reported that the morbidity of CRC is 4.08/100 000 for 
men and 3.30/100 000 for women in China. Despite 
the rate of improvements in surgery, radiotherapy and 
chemotherapy, the overall five-year survival is around 
50%. Therefore, novel treatment need to be developed 
in order to add to the therapeutic armamentarium. 
RNA interference (RNAi) is a sequence-specific post-
transcriptional gene silencing mechanism, which is 
triggered by double-stranded RNA (dsRNA) and causes 
degradation of mRNA homologous in sequence to the 
dsRNA.This new approach has been successfully adopted 
to inhibit virus replication and tumorigenicity. Recent 
reports have described DNA vector-based strategies for 
delivery of small interfering RNA (siRNA) into mammalian 
cells, further expanding the utility of RNAi. With the 
development of the RNAi technology and deeper 
understanding of this field, a promising new modality of 
treatment appeared, which can be used in combination 
with the existing therapies .We reviewed the proceedings 
on the actualities and advancement of RNAi technology 
for colorectal cancer therapeutics.
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INTRODUCTION
When viruses infect eukaryotic cells, or when transposons 
and transgenes are randomly integrated into host 
genomes, double-stranded RNA (dsRNA) is frequently 
produced from the foreign genes. Most eukaryotes, 
including humans, possess an innate cellular immune 
surveillance system that specifically responds to the 
presence of  dsRNA and activates processes that act 
post-transcriptionally to silence the expression of  the 
interloping genes[1-4]. This mechanism is now commonly 
referred to as RNA interference or RNAi[5]. During RNAi, 
long transcripts of  dsRNA are rapidly processed into 
small interfering RNAs (siRNAs), which represent RNA 
duplexes of  specific length and structure that finally guide 
sequence-specific degradation of  mRNAs homologous 
in sequence to the siRNAs[6,7]. siRNAs may be the best 
tools for target validation in biomedical research today and 
cancer therapeutics, because of  their exquisite specificity, 
efficiency and endurance of  gene-specific silencing. Some 
researches about RNAi technology for colorectal cancer 
has been reported in recent years. However, these new 
approaches face serious problems before they can offer a 
useful adjuvant role for the clinical trials for patients with 
colorectal cancer.

MECHANISM OF dsRNA INTERFERENCE
The key enzyme required for the processing of  long 
dsRNAs to siRNA duplexes is the RNase Ⅲ enzyme Dicer, 
which was characterized in extracts prepared from insect 
cells, C. elegans embryos, mouse cells and mast cells[8-10]. 
Dicer contains an N-terminal RNA helicase domain, a 
Piwi, Argonaute, Zwille/Pinhead (PAZ) domain[11], two 
RNase Ⅲ domains, and a C-terminal dsRNA-binding 
motif. The PAZ domain is also present in Argonaute 
proteins, whose genes represent a poorly characterized 
fami ly present in dsRNA-respons ive organisms. 
Argonaute1 (AGO1) and Argonaute2 (AGO2), two of  the 
five Argonaute proteins of  D. melanogaster, appear to be 
important for forming the mRNA-degrading sequence-
specific endonuclease complex, also referred to as the 
RNA-induced silencing complex (RISC)[12,13]. Dicer and 
AGO2 appear to interact in D. melanogaster Schneider 2 
(S2) cells, probably through their PAZ domains; however, 
RISC and Dicer activity are separable, and RISC is unable 
to process dsRNA to siRNAs, suggesting that Dicer is not 
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a component of  RISC. Possibly, the interaction between 
Dicer and AGO2 facilitates the incorporation of  siRNA 
into RISC [14]. The endonucleolytic subunit of  RISC 
remains to be identified. 
    siRNA duplexes produced by the action of  Dicer 
contain 5’-phosphates and free 3’-hydroxyl groups. 
The central base-paired region is flanked by two-to-
three nucleotides of  single-stranded 3’-overhangs. 
The 5’ -phosphate termini of  siRNAs is essential for 
guiding mRNA degradation[15]. Nevertheless, for their 
application in gene targeting experiments, siRNAs may 
be used without 5’-phosphate termini because a kinase 
activity in the cell rapidly phosphorylates the 5’ ends of  
synthetic siRNA duplexes. Under certain circumstances 
(e.g., injection experiments in D. melanogaster), 5’
-phosphorylated siRNA duplexes may have slightly 
enhanced properties as compared with 5’-hydroxyl 
siRNAs[16].
    In C. elegans, introduction of  approximately 300 bp 
dsRNA corresponding to a segment of  the targeted 
gene may also give rise to the phenomenon of  transitive 
RNAi[17]. Transitive RNAi is characterized by the spread 
of  silencing outside of  the region targeted by the initiator 
dsRNA. Presumably, targeted mRNA serves as template 
for RNA-dependent RNA polymerase (RdRP) and forms 
new dsRNA that is processed by Dicer. Thus, secondary 
siRNAs are generated which may cleave the mRNA out of  
the region targeted by the ancestral dsRNA.
    Until recently, the application of  siRNAs in somatic 
cells was restricted to the delivery of  chemically or 
enzymatically synthesized siRNAs[18-20], but methods for 
intracellular expression of  small RNA molecules have 
now been developed. Endogenous delivery is possible 
by inserting DNA templates for siRNAs into RNA 
polymerase Ⅲ (pol Ⅲ) transcription units, which are based 
on the sequences of  the natural transcription units of  the 
small nuclear RNA U6 or the human RNase P RNA H1. 
Two approaches are available for expressing siRNAs: (1) 
The sense and antisense strands constituting the siRNA 
duplex are transcribed from individual promoters[20-22], 
or (2) siRNAs are expressed as fold-back stem-loop 
structures that give rise to siRNAs after intracellular 
processing by Dicer[23,24].The transfection of  cells with 
plasmids that encode siRNAs, therefore, represents an 
alternative to direct siRNA transfection. The insertion of  
siRNA expression cassettes into (retro)viral vectors will 
also enable the targeting of  primary cells refractory to 
transfection or electroporation of  plasmid DNA. 

siRNAs AS NOVEL THERAPEUTIC PLAT-
FORM TECHNOLOGY
VEGF is one of  the archetypal angiogenic growth factors 
and has received considerable attention. VEGF is a 
homodimeric 45 kDa glycoprotein, 5 different isoforms of  
which are reportedly expressed by endothelial cells. VEGF 
specifically acts on endothelial cells binding to a growing 
number of  endothelial tyrosine kinase receptors including 
VEGFR-1 and VEGFR-2. Inhibition of  VEGF activity 
or disabling the function of  its receptors has been shown 
to inhibit both tumor growth and metastasis in a variety 

of  animal tumor models[25,26]. Given the different isoforms 
and their various functions, the development of  this RNAi 
technology and its ability to target specific VEGFs should 
facilitate both a greater understanding of  this field and also 
the development of  improved therapeutics
    Single base pair mutations that alter the function of  
tumor suppressor genes and oncogenes occur frequently 
during oncogenesis. The guardian of  the genome, p53, 
is inactivated by point mutation in more than 45%-60% 
of  human colorectal cancers. Synthetic small inhibiting 
RNAs (siRNAs) are highly sequence-specific reagents 
and discriminate between single mismatched target RNA 
sequences, and may represent a new avenue for gene 
therapy. Martinez LA[27] demonstrated that a single base 
difference in siRNAs discriminates between mutant and 
WT p53 in cells expressing both forms, resulting in the 
restoration of  WT protein function. Therefore, siRNAs 
may be used to suppress expression of  point-mutated 
genes and provide the basis for selective and personalized 
antitumor therapy.
    The products of  bcl-2 genes are involved in the 
regulation of  apoptosis and proliferation and are associated 
with prognosis in several malignancies, including 
colorectal adenocarcinoma. A statistically significant 
inverse association was found between Bcl-2 score and 
tumor recurrence. It is reported that some researchers use 
mRNA-cDNA interference for silencing bcl-2 expression 
in human LNCaP cells[28]. These findings indicate that a 
novel gene silencing system may play a useful adjuvant role 
in the majority of  patients with colorectal cancer.
    One of  the major limitations of  current chemotherapy 
regimes is the bone marrow toxicity associated with these 
drugs. However, it is well recognized that subpopulations 
of  tumor cells are resistant to particular chemotherapeutic 
agents and continue to grow in a selective manner in the 
presence of  such drugs. These cells contain specific genes 
which render them resistant to particular compounds. One 
such gene is the multiple drug resistance (MDR1) gene 
which confers resistance to vinca alkaloids (vinblastine, 
vincristine), anthracyclins (adriamycin, daunorubicin), 
etoposide and paclitaxel. For reversal of  MDR1 gene-
dependent multidrug resistance (MDR), two small 
interfering RNA (siRNA) constructs were designed to 
inhibit MDR1 expression by RNA interference. Some 
data indicate that this approach may be applicable to 
cancer patients as a specific means to reverse tumors with 
a P-glycoprotein-dependent MDR phenotype back to a 
drug-sensitive one[29].
    Telomerase is an attractive molecular target toward 
which to direct cancer therapeutic agents because 
telomerase activity is present in most malignant cells but 
undetectable in most normal somatic cells. Kosciolek BA, 
et al[30] evaluated the ability of  siRNA to inhibit telomerase 
activity in human cancer cells. In their research, human 
cancer cell lines were transfected with 21 nt double-
stranded RNA homologous to either the catalytic subunit 
of  telomerase (human telomerase reverse transcriptase) or 
its template RNA [human telomerase RNA(hTR)]. Both 
types of  agents reduced telomerase activity in a variety 
of  human cancer cell lines representing both carcinomas 
and sarcomas. Inhibition was dose-dependent. Telomerase 
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inhibition by siRNA is notable because telomerase is 
regarded as restricted to the nucleus, whereas RNA 
interference is commonly regarded as restricted to the 
cytoplasm. Their results showed that telomerase activity 
in human cancer cells can be inhibited by short dsRNAs 
(siRNAs) targeting telomerase components. Inhibition 
was shown in a variety of  carcinoma cell lines (HCT-15 
colon carcinoma, HeLa cervical carcinoma, NCI H23 lung 
carcinoma, and A431 epidermoid carcinoma).
    CRC typically develops over decades and involves 
multiple genetic events. This has led to the development 
of  a multistep model of  colorectal tumorigenesis  In order 
to identify genes that are important in the development 
of  CRC, RNAi was used to disrupt expression of  two 
of  the genes identified by microarray analysis in a colon 
tumor cell line, HCT116. HCT116 cells were derived 
from a human colon carcinoma, and showed mutations in 
β-catenin and K-ras, but possessed wild-type p53[31]. By 
examining the growth characteristics of  these cells after 
RNAi both in vivo and in vitro, they hoped to identify 
targets critical for growth, apoptosis, and/or metastasis. 
It is clear from these results that siRNA directed against 
c-myc and survivin lowers the levels of  these proteins 
without affecting the levels of  a control protein, β-tubulin. 
Furthermore, transfection of  siRNA oligonucleotides 
directed against both genes was as effective in reducing 
protein expression, as were experiments targeting each 
gene separately. In summary, they have demonstrated that 
the use of  RNAi when coupled with microarray analysis 
provides an excellent system to define the role of  specific 
genes that are dysregulated in cancer on both the in vitro 
and in vivo growth of  the tumor[32].
    Somatic changes in CpG dinucleotide methylation 
occur quite commonly in human cancer cell DNA. 
Relative to DNA from normal human colonic cells, 
DNA from human colorectal cancer cells typically 
displays regional CpG dinucleotide hypermethylation 
amid global CpG dinucleotide hypomethylation. The role 
of  the maintenance DNA methyltransferase (DNMT1) 
in the acquisition of  such abnormal CpG dinucleotide 
methylation changes in colorectal cancer cells remains 
obvious. Some research indicated that human colorectal 
carc inogenes is i s accompanied by a prog ress ive 
dysregulation of  DNMT1 expression and suggest that 
abnormalities in DNMT1 expression may contribute to 
the abnormal CpG dinucleotide methylation changes 
characteristic of  human colorectal carcinoma cell DNA[33]. 
Recently, there is a report that the controlled knockdown 
of  DNA methyltransferase 1 (DNMT1) in human cancer 
resulted in growth arrest[34]. Thus the method allows for a 
highly controlled approach to gene knockdown.

CONCLUSION
Since biotechnologists have adopted RNAi, it has already 
earned a place among the major technology platforms. 
Despite promising data, there are several challenges that 
need to be faced before RNAi can be used in patients. 
These include mode of  delivery, the precise sequence 
of  the siRNA or shRNA used, and cell type specificity. 
There are possible toxicities related to silencing of  partially 

homologous genes or induction of  global gene suppression 
by activating the interferon response. Another potential 
problem is the inhibition of  the function of  endogenous 
miRNAs through competition for the RNAi machinery. 
Despite these hurdles, RNAi provides the opportunity 
to pursue an exciting new therapeutic approach to treat 
colorectal cancer[35].
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