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Abstract- siRNAs (Short interfering RNAs) and miRNAs (microRNAs), which are mediate
silencing via distinct mechanisms C. elegans and Homo sapiens. The breaking of a double-
stranded RNA (dsRNA) matching a specific gene sequence into short pieces called short
interfering RNA, which trigger the degradation of mMRNA that matches its sequence. In this review,
we discussed the RNA interference with its principle and application in recent biological research
areas.

Principal

The phenomenon of RNAI, originally described in the nematode worm C. elegans by Fire and
colleagues in 1998, has been recognized as a general mechanism in many organisms. Basically,
RNA. is induced within the cytoplasm when long, double-stranded RNA (dsRNA) is recognized by
Dicer, a multidomain RNase IlIl enzyme. Dicer processes dsRNA into short (21-25 nucleotides)
duplexes that are termed siRNAs. Like products of other RNase Ill enzymes, siRNA duplexes
contain 5'phosphate and 3'hydroxyl termini, and two single-stranded nucleotide overhangs on
their 3'ends. These structural features are important for the entry of siRNAs into the RNAI
pathway because blunt-ended siRNAs or those that lack a 5'phosphate group are ineffective in
triggering gene silencing [41]. It is processed by the RNase-lll enzyme Dicer into 21-28-
nucleotide double-stranded siRNA duplexes. The RISC associated enzyme Slicer (Argonaute-2)
degrades the target mRNA.

Introduction

MicroRNAs

MicroRNAs are a family of small, non-coding RNAs that regulate gene expression in a sequence-
specific manner. The two founding members of the microRNAs family were originally identified in
C. elegans as genes that were required for the timed regulation of developmental events [26].
Micro-RNAs have been found to be abundant and phylogenetically extensive in plants, flies,
worms, and humans. In D. melanogaster, C. elegans, plants, and humans, more than 600 micro-
RNAs have been identified [22, 23, 24, and 27]. Bioinformatics analyses of the complete genome
sequences have been extremely useful for identification studies [33]. The first step in
computational identification of microRNAs from genome sequences is identification of sequences
forming hairpin loops (stem-loop sequences). For this purpose, software such as srnloop [15] and
RNA fold [25] is used. These are Blast-like software packages, which identify short
complementary sequences within a specified distance on the genome [33]. miRNAs are mis-
expressed in human cancers where they can exert their effect as oncogenes or tumor
suppressors. Here, we review the potential for using miRNAs as biomarkers for diagnosis,
prognosis and cancer therapies [35].

siRNA (short interfering RNA)

Gene silencing mechanism that can be mediated either by small interfering RNAs (siRNAs) of
about 21 nt with two-nucleotide 3' overhang, or by stably expressed short hairpin RNAs
(shRNAs), which are processed by Dicer into siRNAs [7]. The RNA species that binds mRNA in
the RNA-induced silencing complex (RISC) then mRNA/siRNA interaction activates the nuclease
activity of RISC, leading to degradation of the mRNA. Small interfering RNA (siRNA) is one of the
latest additions to the repertoire of sequence-specific gene-silencing agents [46]. The degradation
of specific endogenous mRNAs is now recognized as a mechanism that is widely employed by
eukaryotic cells to inhibit protein production at a posttranscriptional level [34]. SiRNAs with 2—3 nt
overhangs on their 3' ends were more efficient in reducing the amount of target mRNA than
siRNAs with blunt ends [13]. The following approach recommends for designing a siRNA [34].

1. Beginning with the AUG start codon of the target gene transcript, scan downstream for AA
dinucleotide sequences; each AA and the 3 adjacent 19 nucleotides are potential siRNA targets.
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2. Compare the sequences of the potential target sequences to sequences in the species-
appropriate genome database (www.ncbi.nlm.nih.gov/BLAST/) and eliminate from consideration
any target sequences that are homologous to other coding sequences.

3. Select 3—4 target sequences along the length of the gene for production of siRNAs. Of course
it is important for all siRNA experiments to include negative control siRNAs with the same
nucleotide composition but a scrambled sequence. Further analyses revealed that application of
an algorithm incorporating all eight criteria significantly improves potent siRNA selection [38]. The
siRNA construct builder is used to create a siRNA hairpin construct as a vector insert or a
cassette insert. These programs provide a comprehensive utility set to address the specific
bioinformatics need of DNA-based siRNA design [28]. There are some developer offers tools to
design siRNA. Some of them listed below [36].

Table No. 1- List of Developer & its URL address.

Developer Web Site ID
Ambion www.ambion.com/techlib/misc/siRNA_finder.html
Dharmacon http://design.dharmacon.com/
Clontech http://bicinfo2.clontech.com/rnaidesigner/
Deqor http://cluster-1.mpi-cbg.de/Deqor/deqgor.html
dsCheck http://alps3.gi.k.u-tokyo.ac.jp/~dscheck/main/index2.php
EMBOSS http:/inn.weizmann.ac.il/EMBOSS
GenScript www.genscript.com/ssl-bin/app/rnai
Hannon Lab http:/katahdin.cshl.org:9331/siRNA/
IDTDNA http://biotools.idtdna.com/rnai/
Interagon www.interagon.com/demo/
Invitrogen https://rnaidesigner.invitrogen.com/sirna/
Jack Lin www.sinc.sunysb.edu/Stu/shilin/rnai.html
OptiRNAI http://bioit.dbi.udel.edu/rnai/
Promeg www.promega.com/siRNADesigner/program/
Qiagen www.qiagen.com/Products/GeneSilencing/
SFold http://sfold.wadsworth.org/sirna.pl
SiDE 20 http://side.bioinfo.ochoa.fib.es/
siDirect http://design.rnai.jp/sidirect/
siRNA wizard http://www.sirnawizard.com/design_advanced.php
siSearch http://sonnhammer.cgb.ki.se/siSearch/siSearch_1.6.html|
TROD http://websoft2.unige.ch/sciences/biologie/bicel/RNAI
Table 2- The Advantages and Disadvantages of siRNA are given below [4].
Advantages Disadvantages
Consistent quality of reagents Finite resource.
Ease of use and readily transfectable Target cells need to be transfectable.

Chemical modification of siRNA can limit | Relatively short period of silencing.
off-target effects.

RNA Interference in C. elegans

RNA interference (RNAI) was originally discovered in Caenorhabditis elegans as a mechanism of
posttranscriptional gene silencing induced by exogenous dsRNA. It is now known that RNAi-
related mechanisms play roles in inhibition of target mRNA translation, mMRNA degradation, or
repression of transcription. RNAi has been cultivated as a means to manipulate gene expression
experimentally and to probe gene function on a whole-genome scale [16]. Recent studies showed
that surprisingly, both RNAi and miRNA pathway genes affect RNAi-induced transcriptional gene
silencing (RNAI-TGS) in the soma of C. elegans [1]. RNAi-mediated gene silencing can also
function through repressive chromatin modifications in some organisms [2]. A majority of human
cancers have a mutation inactivating the retinoblastoma (Rb) pathway. Three Rb-related genes
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are expressed in vertebrate cells, but only one member of this family exists in C. elegans. In both
types of organisms Rb-related activities are thought to control cell proliferation and development
primarily by suppressing transcription at promoters near their binding sites [1]. RNAi among
nematodes, efficiency of RNA interference is far from general, however, even in nematodes. Until
recently, the use of bacteria expressing dsRNAs in nematodes was restricted to C. elegans. Even
within the Caenorhabditis genus [30]. The use of RNA interference to inhibit the function of 86%
of the 19,427 predicted genes of C. elegans [37]. Micro array expression profiling of RNAi-
defective mutant worms further suggests diverse endogenous RNAi pathways for silencing
different sets of genes. The lin-4 and let-7 antisense RNAs are temporal regulators that control
the timing of developmental events in C. elegans by inhibiting translation of target mMRNAs [38,
39].

RNA Interference in Homo sapiens

RNAi is an evolutionarily conserved mechanism involved in the post-transcriptional regulation of
gene expression in many eukaryotes. It was initially recognized as an anti-viral mechanism that
protected organisms from RNA viruses or the random integration of transposable elements [3].
The ability of RNAI to inhibit the replication or cellular uptake of viruses and other infectious
agents has been clearly demonstrated in cell culture studies and, therefore, holds promise for the
treatment of human patients [34]. A MBD1 knock-down BxPC-3 pancreatic cancer cell line using
a stable RNAi method. The comparative proteomic approach is a useful strategy of proteomics to
analyze and compare the differentially expressed proteins and identify novel target molecules in
unknown pathways [6]. RNAi screen to identify novel determinants of response to the commonly
used breast cancer therapy, tamoxifen.20 Breast tumour cells were transfected with siRNA and
then divided into tamoxifen-treated and control groups [4]. Recent transcriptome analyses have
shown that most of the eukaryotic genome is transcribed, and the genomes of all cellular life
forms, in addition to protein-coding genes, contain varying numbers of non-protein-coding RNA
[42]. The effects of RNAI in reducing the target gene expression in human myeloid leukemia cell
lines [9]. The main biological role of such silencing is usually to protect from invasive nucleic
acids including viruses and retrotransposons, and to maintain the chromosomal stability [17].
Human let-7 is a component of a previously identified, miRNA-containing ribonucleoprotein
particle, which we show is an RNAi enzyme complex [18].

Methods

Initially Dicer-RNase lll-like enzyme cleaves dsRNA into siRNA. siRNAs are then incorporated
into RNA-Induced Silencing Complexes (RISCs) and unwinds. The RISC probes subsequently
target RNAmediated cleavage of complementary mRNA inducing gene specific silencing [19].
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Fig. 1- RNAi is a process in which siRNA molecules activate a cellular process that results RNA-
Induced Silencing Complex (RISC) then cleavage of a specific mMRNA.
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Applications of RNAi- to improve drug candidate

Many different types of chemical modification have been developed to improve the in vivo
properties of nucleic acids. Each modification offers a different potential for tailoring the properties
of siRNAs such as Increased thermal stability, Increased stability to digestion by nucleases,
Improved biodistribution, Improved biodistribution, Targeting specific tissue, Specificity for target
mRNA [11]. RNAi also having potential for treating diseases like oral diseases. The advantages
of efficient, economical knockdown offered by RNAi [36] Many RNAI screens have been carried
out with the aim of exploring the mechanism of resistance to chemotherapeutic drugs [4]. RNAiI is
lauded as a powerful approach to gene control, with the promise of revolutionizing basic research
and providing treatments for intractable conditions such as cancer and neurodegenerative
disease [21].

In clinical trials

The regulatory complexities of miRNAs should also be taken into consideration when either
ablation or restoration of miRNA function is being considered in a therapeutic setting. A single
miRNA can regulate the levels of hundreds of proteins, raising cautionary flags about the
consequences of down regulating or ectopically expressing even a single miRNA species [10].

Cancer RNAI techniques

C. elegans can help gathering insights on cellular mechanisms leading to tumour formation. Two
microRNAs, miR-84 and miR-61, control the expression of the oncogene orthologues Ras and
Vav indicating their capacity to act as tumour suppressors. These observations demonstrate that
uncovering the function of microRNAs is important to increase our understanding of cancer [12].
The use of RNA interference libraries can be used for high-throughput screening on a gene-
bygene basis to find those that underlie the characteristics of malignant transformation [20]. RNA.
cancer technology include the inhibition of over expressed oncogenes, blocking cell division by
interfering with cyclin E and related genes or promoting apoptosis by suppressing antiapoptotic
genes. RNAIi against multidrug resistance genes or chemoresistance targets may also provide
useful cancer treatments [31]. Knockdown of AURKB and EGFR individually resulted in inhibition
of prostate tumor growth in athymic nude mice and their combined knockdown resulted in tumor
regression [29].

Therapeutic applications

RNAi likely developed as an endogenous host defense mechanism directed against viral
infections. Evidence for this has been seen in both plants and animals, such as C. elegans and
Drosophila. These strategies could be used for therapeutic purposes [5]. The goals for RNAI
approaches for cancer therapy are therefore to knock out the expression of a cell cycle gene
and/or an anti-apoptotic gene in the cancer cells thereby stopping tumor growth and killing the
cancer cells [34]. The clinical potential of RNAI is powerful tool in various diseases including viral
infections, cancer and neurodegenerative disorders [44]. The first siRNA, bevasiranib (Opko
Health; formerly named Cand5 from Acuity Pharmaceuticals), has recently entered a key Phase
Il trial for the treatment of wet age-related macular degeneration (AMD) [36].

Immune system studies

The innate immune system was originally considered an evolutionarily primitive preliminary
response to infection. However, as this system was further explored, it became clear that the
innate immune system is composed of highly sophisticated defense mechanisms and that it is
crucial in initiating the adaptive immune system [8]. RNAI technologies have progressed in such a
rapid rate that already applications have been filed with the FDA for approval of clinical trials with
siRNA molecules [44]. The identification of components of the RNAi machinery as targets of the
anti-Su autoantibody system provides another example of an autoimmune response directed at a
macromolecular complex that plays a key role in the posttranscriptional regulation of gene
expression [14]. Autoimmunity has the potential to advance in understanding of autoimmune
responses to components of the RNAi pathway. Interestingly, pristane treatment of mice has
been demonstrated to activate endogenous retroviruses [3]. RNAi technology has also recently
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yielded significant insight into the innate and adaptive immune systems by helping to elucidate
numerous mechanisms that regulate the development, activation and function of cells that
mediate immunity [8]. To identify sequence-based modifications allowing for the design of
bifunctional siRNAs with both proinflammatory and specific silencing activities, and with
potentially increased therapeutic benefits and the introduction of a micro-RNA (miRNA)-like
nonpairing uridine-bulge in the passenger strand robustly increased immunostimulatory activity
on human immune cells [32].

In the Pathology

RNAI screens represent more of a research tool rather than an application that could be used in
the diagnostic laboratory [4]. Numerous studies have documented the implications of miRNAs in
nearly every pathological process of the cardiovascular system, including cardiac arrhythmia,
cardiac hypertrophy, heart failure, cardiac fibrosis, cardiac ischemia and vascular atherosclerosis
[47].

The Future Prospective of RNAi in Biological Research

The molecular role of RNAi and in the development of methods for the use of RNAi technology for
selective gene silencing in eukaryotic species, due to the availability of whole genome sequences
of eukaryotic species.

Conclusion

RNA interference plays an important role in many cellular processes, including viral defense,
chromatin remodeling, genome rearrangement and gene expression. These studies have focused
on the functions of critical genes, immune cell development and differentiation, and initiator and
effectors mechanisms of immune responses and in different research areas of biology. RNA
interference has also contributed to the understanding of expression of genes thought out the
eukaryotic genome. RNAI offers a quick and easy way to determine its function RNAi may
furthermore be used to therapeutic agent to find drug candidates specifically in drug discovery. In
this review article, we examined the current progress of RNAI in C. elegans and Homo sapiens
species. Also, Gene silencing using RNAi additionally demonstrates it can helpful in research
areas like Drug discovery, Immunology, pathology and its related areas. As a research tool, RNAI
has the advantage of knocking down gene expression without altering genomic DNA structure
and function.
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