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ABSTRACT

Evolutionary conserved sequence specific gene aégal mechanism “RNAI” is a powerful tool for undgéanding
the molecular pathways, genetic screening of ddsgenes and silencing the targeted genes. AlthoRjhAi
mechanism is a universal system then present botmany eukaryotes and also prokaryotes with similar
complicated mechanism, proteins that involved ariechanism are shows minor differences. Hencdittegsity

of the proteins within the mechanism is also alldwe scientist to find phylogenetic relationshipghin the
organisms. But the major importance of the mechmanis comes from its agricultural and pharmacologica
potential. RNAIi guided solutions such as value-dddeoducts or patient specific new therapeuticsratyonal
design of the molecular pathways via RNAi medigtste silencing.

Key Words: RNAI, Gene Silencing.

INTRODUCTION

Post-transcriptional gene silencing (PTGS), wenst fiecognized as unexpected perfect regulatotgsys limited
group of organism. Nowadays, universal gene-refuiagystem is crucial both understanding gene fancand
control structural, enzymatic and regulatory preess RNA silencing is a regulatory system withiunlg cells that
controls gene expression in post transcriptionaihosome cases [RNA-directed DNA or histone metiyfg in
transcriptional manner [1]. That system is evolusicy conserved process that mediates sequencdispaBINA
degradation among plants, fungi, insects and asimaladdition that this system known as RNA irgeghce in
animals, co-suppression in plants, RNA quellingungi [2] That conserved mechanism has been disedvin
Plasmodium falciparunfi3], Trypanosoma brucdg#], Planaria [5],Arabidopsis thaliane [6], Neurospora crassa
[7] Caenorhabditis elegang], Drosophila melanogastf9], [10], [11], zebrafish [12], mice [13] to humdh4]
[15] [16]. RNA mediated gene-regulation system iwl@genous or exogenous gene silencing is impoftauation
in biologic and metabolic process including genamantanence [17], cell growth, differentiation [1&ppoptosis
[19], regulation of cell cycle, heterochromatinrfation [20] [21].

For the first time, the RNAI mechanism was discedein 1990 by Napoli and Jorgensen with their sisidvhich
covered over expression of chalcone synthase (G ®gtunias. As a result of experiment, unexpe&edold
lower expression of endogenous CHS transcript pitanotypic changes led them to hypothesize thetdaoted
transgene cause co suppressing of homolog gerje IiR2992, similar RNAi mechanism was recognized
Neurospora crassghat introduction of exogenous sequences causessipn of endogenous al-1 or al-3 genes and
termed as “quelling” [23]Caenorhabditiselegansone of the most important model organism in dgwelental
genetics due to this advantage RNAi mechanism deisteC. elegansembryos for finding the effect of RNA
injection on cell division direction. The aim ofishexperiment was to show the importance of par-&symmetric
cell divisions atC. eleganembryos by both sense and antisense par-1 RNAesegunjection [24]. Fire and Mello
was performed an experiment to understand stru@nckedelivery of the interfering RNA within the tseland
obtained an surprising result that showed doubbaded RNA was more effective to produce interfegemesponse

5119
Scholars Research Library



Meliha Merve HIZ et al Annals of Biological Research, 2012, 3 (11):5119-5126

then single strand silencing [8] RNA dublex (dsRNA)luce RNA interference response in cultured maliama
cells was first showed by Elbashir et al. in 200his discovery about antisense approach allow sevegenetic
applications, by that way scientist understandatiseelated basic molecular mechanism and prirsctpb regulate
the post transcriptional gene silencing mechanisrmammalian cells. In 2001; RNAI has been awardetiTae
Molecule of the Year” by the journ&ciencedue to the importance of implementation of the ma@ism. The
popularity and applicability of the mechanism ledawarded Fire and Mello with Nobel Prize in Phiiy or
Medicine by their discovery about gene silencinghamism inCaenorhabditis elegaria 2006.

Gene Regulation in Plants;

In plants, natural gene silencing mechanism “miRNA”important tool to control cellular, physiologicand
developmental process. Aberrant expressions of rAiRines provide to knock down target gene and kelp
understand metabolic pathways and environmentpbreses.

The experiments shows that RNA interference meshais an important regulatory tool for auxin signgJ organ
separation and polarity, leaf growth, developmettaisitions, floral organ identity and reproduetidevelopment

in plants [25]. Currently, the most excited proce$sequence specific gene silencing is to gaial viesistance
against RNA or DNA viruses in the field crops besmwf their economic importance. Plant viral dissasause
severe damage and economic losses in vegetableuitnciops by reducing vigor, yield and producttity [26]. In
fact, RNAI are ancestral mechanisms that providéntaming the integrity of the genome against tpsable
elements and viruses. Virus induced gene silenbagy an enormous power to down regulate the viresifsp
endogenous genes [27]. Thus mimicking the naturathanism able to mediate viral response and inhibit
agricultural loss in valuable crop species [28].

The major point in mediating viral response is ¢tiveate mutable virus response, since crops aeciafl with more
than one virus in natural conditions [29]. Jan @otleagues were activated mutable viral resistamneesingle
chimeric transgene that contains N gene segmentsnadito spotted wilt virus (TSWV) and CP gene ahip

mosaic virus (TuMV). That fusion protein consistswo different fused gene segments of differemtses linked
to a “silencer' DNA and trigger RNA-mediated virtesistance by transformation [29]. RNAiI mediatedali
resistance mechanism able to apply against DNAsesuyet Bian was showed efficiency of the mecmaissiower
than RNA viruses [30] [31]. However, a recentdst@bout virus resistance via gene silencing wasveld that
mechanism is an important tool to protect the cragainst emerging DNA viruses like geminivirus aRNA

viruses that contains linear or fragmented gen@ig [

In plant biotechnology applications, RNAi has calcialue to improve of plant productivity and ntitmal value
[32]. The first application of antisense technolagylants was obtained by reduction of polygalemtase activity
in tomato fruit. In fact the importance of antiserieschnology comes from its power that allows redesas to both
interfered and understand the metabolic pathwaymétabolic engineering. The metabolic engineeripgreach
provides to improve desired cellular propertiegdtjonal genetic modifications including RNA interénce. RNAI
technique is important approach to down regulataimrregulate desired key player, thus RNAIi desigaad
employed to leans on direct perturbations of théabwic network to improve desired property. Onetaf good
examples with possible large-scale commercial asgraducing caffeine-free tea or coffee. To preduaffeine
free tea, complementary antisense molecules tsgtmygeted caffeine genes by that way inhibitsetapgotein
synthesis on transcript level [33]. Toxic gossypbiination from cotton seed was achieved by reuyddelta-
cadinene synthase gene expression by RNAi mechathising seed development [34]. Metabolic enginegby
RNA silencing is also useful method producing vaddeled products such as plants with enhancingeiaoid and
flavonoid content, improving fatty acid compositidncreasing essential amino acids and proteinitgudrhat
approach also applicable for producing commerciatigortant products in example reduced lignin conte alfa
alfa plant for better feed and industrial applica. Reducing lignin content has economical andremmental
benefits because less chemicals are used for daagion [35].

Gene Regulation in Medicing;

The development of RNA interference mediated géleeang, to down regulation of abnormally or cohgtvely
expressed molecular targets especially in canecdgectious, autoimmune and neurodegenerative disease
promising approach to improve the efficacy treatinfem personalized therapy. RNAi based therapeusices
designed behind the fact that miRNA expressionil@ofare changed in target tissue versus healisydi Thus
exploring differentiate miRNA profile, understandidisease related miRNA dysregulation and contdlityabf the
target genes are critical steps to developed RMN&el therapeutics.

A large number of infection relevant process haserbsubjected to RNAI, that caused by human immefincency
virus type-l (HIV-1), hepatitis virus and influenzérus. Many therapeutic approaches failed to sseckie to high
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mutation rate and complex pathogenesis of virusggeaally HIV [36]. Inhibition of HIV infection byRNAI
pathway can be performed by silencing the CD4 serixpression and reduced CD4 receptor amountrfacgu
[37], [38] or down regulation of co-receptors siashCXCR4, CCR3 and CCR5 [39] [40]. The other waglso
inhibition of HIV encoded major regulatory genetated to HIV infection like p24/Gag, Nef, Vif, ReRev LTR,
[41], [42] [43] [44] to reduce virus production. Wever, human immunodeficiency virus capable to bgve
resistance against RNAI based antiviral agents tduigs high mutation rate. In this circumstanceyaducing
different siRNAs targets that directed another zohthe same mRNA, is one of the best solutionsuer-come
that resistance problem [45]. Thus, innovation WRNA based drugs that efficiently target HIV-1 gszaoutes;
help to both over-come evolution pressure and leadvation of new drugs aside understanding the eNglution
mechanism [46].

Persistent Hepatitis B and C virus infection asoakquires novel antiviral agents and therapeiitategies since
treatment options for chronically infected patieats limited [47], [48]. In that point, novel th@eutic approaches
are required to effective treatment. RNAi basedapeutics are promising new treatment approacheddth
hepatitis B and C virus infection [49] [50] [51].eHatitis C virus is affecting the liver and causeooic infection
with its single positive-stranded viral RNA. RNAaked therapeutic approach for HCV infection is carafively
easy behinds these facts: first, viral vectors degsable to infect liver by natural ways, seconditgthdf efficient
delivery to hepatocytes and third lack of abilitydreate re-infection by degradation of RNA molesul52]. Liver
specific “miR-122" is responsible to regulate hdmaiC virus translation, by that way cause chromépatitis C
infection [53] [54]. Due to crucial role of mir-148 viral infection and advantage of easily targdiver, Mir-122
based therapeutics was produced by Santaris Plaaxthiaa its phase | clinical trial stage for HC\aation [55].

Cancer is a genetically based multi factorial digsethat occurs with different reasons which inctugeoto-
oncogene activation, oncogene cooperation, predmrhipoint mutations and loss of tumor suppressativides.

As a result of that reasons, breakdown of the e#¢gn mechanism and abnormal proliferation of ndroedls cause
cancer cells escape from normal cell behavior dravs unlimited growth. Eventually, consistent agilision
accompany invasion of the neoplastic cells amompnabtissue and organs. The main problems, hundistthct
types of reason triggers neoplasm in cellular Iéves, no common protocol to reduce a theory itdadard therapy
for cancer. The most effective way for cancer trett is firstly, understanding the specific molecwbnormalities
that lead up to cancer, then rational drug dedign targeted against specific cancerous tisReeent research’s
proved that miRNAs expression among cancer tissiiffers then corresponding noncancerous tissues thu
discovering the novel mediators, targets and pathvaae provide a broad overview of understandingr&RNA
expression profile shows dramatic changes in var@ancer type by effecting the gene expressioniBiNA-target
tumor suppressors or oncoproteins [56], [47], [$98], [59], [60]. miRNA upregulation or down regulation results
tumor suppression or oncogene activation withincearcells [61], [62], [63].Experimental data suggested that
some mMiRNA has oncogenic function as mirl7-92 (§83] and mir-31 [66] in lung cancer, miR-155 inebst
cancer [67], mirl5&mirl6 in CLL and prostate canf@8], [69]. On the other hand, some other miRNAlecules
act as tumor suppressor, especially let-7 [70]], [72], mir-128 [73], [74], miR-218 [61] and p5&gulated mir-34
family [75], [76]. RNAI based therapeutics ableacts in cancer therapy with two different way: Silenced the
over-expressed endogenous miRNAs [OncomiRs] whiitiaie cancer development by chemically engineered
oligonucleotides which called as ‘antagomirs’ (2)hBced the lower expressed endogenous miRNAs (T§miR
which prevent tumor development. Therefore canadis can be destroyed and eliminated without dantagi
normal cells and by that way minimize adverse sifiects. As a sum, commercial RNAi based systenasuseful
tool for control and regulation of cell cycle, stifation of apoptosis and angiogenesis, down reigulatf over-
expressed oncogenes, inhibition of metastatic gramd migration, enhancement efficiency or redide sffect of
traditional chemotherapy and radiother§py], [78], [79], [80], [81].

Alzheimer’'s disease, Huntington's disease, Parkiissalisease, and Amyotrophic lateral sclerosis (AlaBe
common age related disease results from neurodegieme or dysfunction of specific neuronddany
neurodegenerative diseases are based on gaingifefarmutations; hence disease specific genetiratlons result
accumulation of disease related toxic compoundsis tthese diseases able to prevent by RNAi based
pharmaceuticald=or example, Spinocerebellar ataxia is a progressisorder of brain function and elevated level
of human ataxin-1 expression is characteristic Spmocerebellar ataxia type 1 (SACZBccording to Harper's
research which performed in animal model charastterataxin-1 inclusions in Purkinje cells ablerasolve by
shRNA molecules directed against human ataxin-1]. [§&e other well known neurodegenerative disorder
“Huntington’s disease” result from gain of functionutation on the protein huntingtin (htt) [82], |83 and
aggregation of mutant Huntingtin protein (mHtt) sawmeurodegenaration. The experiments which peefdimcell
culture and mouse model indicates targeted htt ggpeession by RNAi mechanism reduce disease syngf82],
[84]. Three-quarters of the United States and Europeantihfjiin Disease patient populations share samglesin
nucleotide polymorphism (SNP) in HD. Thus strated@ knocking down toxic Huntington protein by iamtiman
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huntingtin sSiRNA is promising novel therapy forreuand improving life quality [83], [85]Nowadays, allele
selective inhibition of mHtt expression is aimededuce toxicity and enhances selectivity [85].

Metabolic disease is an umbrella term that assetiaith many burdening comorbidities, such as dpediabetes,
high blood pressure and high cholesterol. Nowadhgsresearchs aim to diagnose that metabolic sisassociated
comorbidities due to targeting common pathways ByARbased therapeutics [86]. Diabetes is a goodrgsa for
RNAIi mediated gene therapy for autoimmunity supgi@sor regulation of insulin levels and hypergiyia which
correlated with tissue and vascular damagevel RNAIi based therapeutics gave promising restdt inhibit
diabetes related genes like Nrampl [87] [88himal models showed that Protein tyrosine phosp®atlB
[PTP1B] able to be major therapeutic target forttkatment of type Il diabetes by siRNA expressieator, and its
validated target in diabetes [89], [90]. Hyperclstéeolemia is important metabolic failure for candiscular
diseases and characterized by high levels of ctestdsin the blood.Hypercholesterolemia occurs due to
environmental and genetic factors, and also inabaltation with other metabolic disease or syndromeh as
diabetes mellitus type 2, hypothyroidism or nepireyndromeHypercholesterolemia is treated by medications or
low- dietary cholesterol intake to reduce choledtkzvel. Treatment of hypercholesterolemia with SiIRNA mestiat
knockdown of ApoB or PCSK genes are new approatbeaim decrease total cholesterol and low density
lipoproteins (LDL) levels reduced at least 15% [49]L].

CONCLUSION

RNA interference is new toys of all scientist ftweir innovation beyond their dreams, thus differapplication
ranging from medical applications to biotechnolegga is successfully achieved. The leader biotdobgo
companies from different area are applied for gaaeplications for their RNAi guided solutions.

In example, knocking down of genes are valuableratory tools to understand biological functiongalaation
molecular mechanism of metabolic pathways. Sesyptopriate tools induce RNA interference mecharaiows
to regulate oknocksilence specific genes in post transcriptional neamm desired developed strategies or tissue.

Plant biotechnology applications including improwerh of plant productivity, quality and yield; pradng value
added crops, enhancement commercially importantdymts, obtaining resistant plants are major ecoaomi
advantage of reverse genetic applications.

RNAI applications over drug therapies are exhiiagastep and new opportunities to treat incuraideake such as
neurodegenerative diseases, Cancer and AIDS. Tihieatlsuccess of RNAi based therapeutics comes fits
advantage over traditional pharmacologic produdte llower toxicity, enhanced pharmacodynamic and
pharmacokinetics properties. On the other handl Istié of unknown immune related mechanism dismag t
scientist. But, RNA based drugs provide greateca&tfy in disease control and intervention, thushraght future in
the research and therapy of incurable disease. mamystem activation through Toll-like Receptorsknown side
effects or RNAI delivery efficiency are still maiproblem, so new strategies are required to overctme
limitations.
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