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Introduction

* RNA interference (RNAI), is a technique in which exogenous, double-stranded RNAs (dsRNAs) that are complimentary to known mRNAs,
are introduced into a cell to specifically destroy that particular mRNA, thereby diminishing or abolishing gene expression.

e This technology considerably bolsters functional genomics to aid in the identification of novel genes involved in disease processes and thus
can be used for medicament and for delivery as therapeutics. Source

* RNA interference was known by other names, including post transcriptional gene silencing and quelling. Source

Effector RNA molecules
RNAi pathways are guided by small RNAs that include
SiRNA:

e Small interfering RNA (siRNA), sometimes known as short interfering RNA or silencing RNA, is a class of 20-25 nucleotide-long
double-stranded RNA molecules.

* SiRNAs can also be exogenously (artificially) introduced into cells by various transfection methods to bring about the specific knockdown of a
gene of interest. Source

miRNA:

¢ microRNAs (miRNA) are single-stranded RNA molecules of about 21?723 nucleotides in length, which regulate gene expression.

* miRNAs are encoded by genes from whose DNA they are transcribed but miRNAs are not translated into protein (non-coding RNA); instead
each primary transcript (a pri-miRNA) is processed into a short stem-loop structure called a pre-miRNA and finally into a functional miRNA.

e Mature miRNA molecules are partially complementary to one or more messenger RNA (mMRNA) molecules, and their main function is to
down-regulate gene expression. Source

shRNA:

¢ A small hairpin RNA or short hairpin RNA (shRNA) is a sequence of RNA that makes a tight hairpin turn that can be used to silence gene
expression via RNA interference.

shRNA uses a vector introduced into cells and utilizes the U6 promoter to ensure that the shRNA is always expressed. This vector is usually passed on
to daughter cells, allowing the gene silencing to be inherited. The shRNA hairpin structure is cleaved by the cellular machinery into siRNA, which is then
bound to the RNA-induced silencing complex (RISC). This complex binds to and cleaves mRNAs which match the siRNA that is bound to it. Source

Others:

¢ |In addition to miRNAs and siRNAs, other innate RNAi effectors have been identified.
+ One class of these is the Piwi-interacting RNAs (piRNAs). piRNAs seem to be uniquely expressed in the mammalian germline,
particularly in the testes. The functional role of piRNAs is currently unclear, but a role in spermatogenesis is likely.
+ A number of other small RNAs associated with RNAi have been identified in different species, including trans-activating siRNAs
(tasiRNAs), studied in plants and nematodes, and small scan RNAs (ScnRNAs), found in Tetrahymena. Source

Cellular Mechanism

* RNAi is an RNA-dependent gene silencing process that is mediated by the RNA-induced silencing complex (RISC) and is initiated by short
double-stranded RNA molecules in the cytoplasm, where they interact with the catalytic RISC component argonaute.

e When the dsRNA is exogenous, coming from infection by a virus with an RNA genome or laboratory manipulations, the RNA is imported
directly into the cytoplasm and cleaved to short fragments by the enzyme dicer.

¢ The initiating dsRNA can also be endogenous, as in pre-microRNAs expressed from RNA-coding genes in the genome. The primary
transcripts from such genes are first processed to the characteristic stem-loop structure of pre-miRNA in the nucleus, then exported to the
cytoplasm to be cleaved by dicer. Thus the two pathways for exogenous and endogenous dsRNA converge at the RISC complex, which
mediates gene silencing effects. Source


http://www.bmj.com/cgi/content/full/328/7450/1245
http://en.wikipedia.org/wiki/RNA_interference
http://en.wikipedia.org/wiki/SiRNA
http://en.wikipedia.org/wiki/MicroRNA
http://en.wikipedia.org/wiki/Small_hairpin_RNA
http://arjournals.annualreviews.org/doi/abs/10.1146/annurev.genom.8.080706.092424?cookieSet=1&journalCode=genom
http://www.answers.com/topic/rna-interference
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Mechanism of RNA interference in mammalian cells
siRNA Delivery
o Delivery of siRNA to tissue is a problem both because the material must reach the target organ and must also enter the cytoplasm of target

cells.
* Naked RNA cannot penetrate cellular membranes, so systemic delivery of naked siRNA is unlikely to be successful. Naked RNA is quickly

degraded by RNAse activity in serum and even siRNA chemically modified to be more stable has a half-life of only a few hours at most.
¢ For these reasons, other mechanisms to deliver siRNA to target cells has been devised. Source


https://www.dolcera.com/wiki/index.php?title=File:Mechanism_of_RNAi.jpg
https://www.dolcera.com/wiki/index.php?title=File:Mechanism_of_RNAi.jpg
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Challenges of in vivo siRNA delivery
Other mechanisms of siRNA delivery include:
¢ Viral delivery including Adenoviral, Lentiviral, Baculoviral, Adeno-associated viral vectors etc.
¢ Bacterial delivery
e Plasmid delivery
¢ Peptides and polymers
e Liposomes and lipoplexes
¢ Nano particles
¢ Antibodies
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siRNA Disease Models:
Maked Henograft tumor
Conggaind i Ccular neovasculature
Modified Infravitreous
; ] Respiratory inflammation
Liposome camer niratracheal 1 -
Bl casitor kot z::»l:g&n induced arthitis
M
Li i targeted ticks Inframuscular diseasas
Intratumaral
Readouts:
shRNA Intra-articular Pharmacology
Plasmed T Pathology
: - S i -""'ﬁ.- Efficacy and loxcity
Adanovinus :
;l\_ FIR Applications:
Refrovirus - el
Cancer
Lentivirus Local ) —
i | AMD, retincpathy
Dty rosies Intravenowus Asthma, COPD, SARS
Systemic Intrapantonaal Rheumatoid arthritis
Parkinson disease
Drug Discovery Today

L]

Applications of in vivo siRNA delivery in disease models

? RNAI technology is proving to be useful to analyze quickly the functions of a number of genes in a wide variety of organisms.
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? RNAI technology has been successfully applied to identify genes with essential roles in biochemical signaling cascades, embryonic development, and
other basic cellular process.

? In plants, gene knockdown-related functional studies are being carried out efficiently when transgenes are present in the form of hairpin (or RNAI)
constructs. Plant endotoxins could also be removed if the toxin biosynthesis genes are targeted with the RNAi constructs, like theobromine synthase of
the coffee plant was knocked down with the hairpin construct of the transgene, leading to the production of decaffeinated coffee plants.

? RNAi may facilitate drug screening and development by identifying genes that can confer drug resistance or genes whose mutant phenotypes are
ameliorated by drug treatment, providing information about the modes of action of novel compounds.

? It may also be a method of choice to study the simultaneous functions of a number of analogous genes in organisms in which redundancy exists with
respect to a particular function, because many of these genes can be silenced simultaneously.

? siRNAs have been shown to inhibit infection by human immunodeficiency virus, poliovirus, and hepatitis C virus in cultured cell lines. siRNAs can

successfully be used to silence genes expressed in respiratory syncytial virus, an RNA virus that causes severe respiratory disease in neonates and

infants. siRNA treatment has also been shown to reduce the expression of the BCR-ABL oncoprotein in leukemia and lymphoma cell lines, leading to

apoptosis in these cells. With respect to future medical applications, siRNA-based therapy seems to have a great potential to combat carcinomas,

gyeloma, and cancer caused by overexpression of an oncoprotein or generation of an oncoprotein by chromosomal translocation and point mutations.
ource
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