Gene Expression RNA
The first realization of the effectiveness of inhibition of gene expression was got by Guo and Kemphues 1. Later on Fire and his colleagues2 made the discovery that double stranded RNA was much more effective at silencing gene expression than any other method before .They also pioneered the existence of a catalytic enzyme that helps in enhancing the effectiveness of dsRNA in gene silencing .Gene silencing in transgenic plants saw the first signs of resistance against viral infection.3-5
siRNA are around 20-25 nucleotides long and are involved in various important biological processes like RNA interference pathways that are critical in controlling expressions of certain specific genes 6-9.siRNA is also involved in many other important RNAi pathways in the body which have still not been deduced as yet .But there has been research being conducted since the last decade where researchers have been trying to change this theoretical achievement into a practical reality .Though there has been rapid progress with atleast 3 clinical trials have been conducted using siRNA as a therapeutic .The usual problems lie in the delivery of the siRNA to the right place, the side effects ,renal excretion of the siRNA etc .Looking at these issues it is clear that either a change in carrier or a change in the chemistry of the siRNA will bring a change in the effectiveness of RNA interference.

Structure and mechanism of action of siRNA

The siRNA structure like mentioned before is 20-25 nucleotides long. The mechanism of action of siRNA is composed of several well defined steps The first step is when the DICER10, 11 cuts the long dsRNA into shorter duplexes with overhangs of 2 ‘ nucleotides. Argonaute-2 (Ago2) is a catalyst that is present in mammals which is integral in the cleavage of mRNA12, 13.The existence of this catalyst is the reason why mRNA of human only stays for 66h15 as compared to Drosophila which can make copies and the target mRNA exists for generations14.The next step is the formation of the RISC assembly, where Ago-2 and the siRNA form a duplex which is then used to cleave a passenger strand by releasing the guide strand which helps in the activation of RISC which cleaves the target mRNA16,17
RNAi a therapeutic approach

RNA interference has a lot of functions like defense against virus; silencing the movement of transposons also it helps in maintaining various developmental processes 18.It is also used as a tool to conduct experiments to validate various functionalities of the gene.19There has been a great impetus to use RNA interference as a therapeutic because o fits capabilities of a strong knockdown of a gene of importance for long periods of time and with maximum specificity .It has been reported that more than 30% of all the genes are some or the other way related in causing genetic diseases and has been used in the treatments of various viral infections , disorders in the nervous system showing good results in treatment of Alzheimer's disease anxiety and depression and in most kinds of cancer.20-23.

Despite success in in-vivo rat models 24 at decreasing tumor growth there has been a huge gap between experimental models and before it can be used commercially with siRNA specificity, and delivery being major drawbacks.

How do you design a siRNA?

Designing your own siRNA is the key to a successful therapeutic where it is very important to engineer the right kind of siRNA for the right purpose to get the desired effect. There are a lot of computer based applications which can be used to design and identify the right siRNA.26-27 .The fundamental design points are still not clear for designing of siRNA and hence sometimes they have to use a trial and error approach to identify the right siRNA. Tuschl et al 30 was successful in making an algorithm which can be used to design a siRNA We can divide the algorithm into a few simple steps:
· Choose a target region from the cDNA , while trying to avoid the parts that seem to be untranslated.

· Search for a sequence in the mRNA with a 5'-AA (N19) UU.

· Construct an antisense and sense strand such that the antisense is a reverse compliment of the sense strand.

· Use a blast search 31 trying to find one specific gene with the siRNA.
There is a great impetus to develop software's that will help in bettering the search of a perfect siRNA sequence for a given target so that there is a decrease in off target effects.

Solutions to the siRNA delivery problems

Uptake by non-target cells, excretion of the siRNA through urine, degradation due to action of nucleases, or endosomal trapping are some of the primary obstacles in finding a proper in-vivo delivery vehicle.SID1 is responsible for the intracellular uptake of siRNA and it increases when there is a over expression of SID1, as the siRNA is intravenously targeted34. Naked siRNA is used by many researchers as a negative control which usually fails to show any kind of silencing effect both in-vivo and in-vitro, which shows that the gene silencing doesn't always need the expression of SID1.99% of the siRNA dosage is usually excreted renally or taken up by Kupffer cells as soon as the siRNA is injected hence we need a proper delivery vehicle to carry the siRNA. .This can be avoided by targeting the siRNA locally though there is an increase in the therapeutic effects this method cannot be used for targets in interior regions and which cover a larger area than that covered by the local injection method. With the increased awareness of pro-inflammatory response due to unwanted response of the siRNA35-37,, which again depends upon the cell line, siRNA and location. Considering all these factors there has been a push to make the delivery as targeted as possible and this involves using helper molecules like polymers, nanocapsules ,miscelles etc with certain targeting property (attached ligands, receptors) .We will be focusing on delivery approaches focused on systemic administration. There have been various approaches taken to facilitate targeted delivery of the siRNA in recent years.

We broadly divide them into three different approaches:
· Modifications in siRNA

· Viral Delivery systems

· Non-Viral delivery systems
Chemical Modifications in siRNA:

Whenever we consider a chemical change in siRNA it always involves playing around with the sugars , changing their backbone or the bases of the nucleotides .which helps in controlling the pharmacokinetic profiles as well as help in making sure that their side effects are considerably reduced without a change in its biological activity .There have been many different chemical modifications to improve the in-vivo properties of nucleic acids 38, 39, 40 .The modifications that look promising are as follows:
Phosphorothioate linkages: Here a sulphur atom is used to replace the oxygen on the backbone phosphate which is between two ribonucleotides which forms a phosphorothioate (PS) linkage 41.An increase in siRNA silencing efficiency42-50 was observed after the introduction of the PS linkage though an increase in the cytotoxicity was observed when the PS linkage was placed at alternating positions on either strand of the siRNA
Boranophosphate linkages: By replacing a non-bridging oxygen atom with a Boron atom forms a boron-phosphorous linkage .This linkage is a new modification and not much research has been done in this area, but the initial study has lead us to believe that it has a future as it has managed to show similar gene silencing efficiencies as the PR-siRNA with greater resistance to degradation.51 Also reported was the silencing efficiency of ssboranophosphate (BO) siRNAs which it accomplishes by using the RISC machinery which simplifies many problems involved in the development of drugs as it uses only one as compared to two for silencing 52.
Locked nucleic acid: Locked nucleic acid (LNA) nucleotides are formed by making a connecting the 2′ and 4′ carbons of the ribose ring with a methylene bond 53-55. This modification in the ribose ring allows it to undergo hybridization hence decreasing the entropic penalty and increasing the change of the LNA into mRNA or DNA. LNA nucleotide helps us regulate the affinity of binding of an oligonucleotide by minimum chemical modifications
Sticky Overhangs: According to recent studies94 siRNAs ‘ having overhangs increases the stability of the complex formed with the carriers which increases the protection from RNAse and increases the gene silencing by 10 times. Experiments conducted using mouse lungs was shown that sticky siRNA showed high transfection efficiency when complexed with PEI Sticky siRNA showed increased silencing and was found to reach a high at 80% silencing with 50nm siRNA.
Lipophilic RNA: In this study they used a number of lipophilic siRNAs to find out the important requirements for the delivery of siRNA in-vivo It was shown that when siRNA is complexed with bile acids , long chain fatty acids or cholesterol it helps in increasing the uptake of siRNA by the cells hence increasing gene silencing in vivo56.It was observed that High density lipoprotein (HDL) could be complexed with siRNA to target it to the liver , gut, kidney and steroidogenic organs, where as we could use Low-density lipoprotein (LDL) to target the siRNA specially to the liver targets siRNA primarily to the liver.

Viral vectors for RNAi expression:

When It was found that the RNAi machinery is activated by short interfering RNA's it triggered the idea for using viral vectors for the use of delivery of siRNA 57.These days a lot of research is being done on developing new viral vectors for this purpose 58.

But till today the three main viral vectors that are used are:
· Adenovirus

· Lentivirus

· Adeno Associated Viruses (AAVs).
Adenovirus
Adenoviruses are defined as double stranded DNA viruses which are able to carry 8kb-30kb of foreign DNA within it. Adenoviruses are known for their powerful expression and also for the ease with which it forms vectors 93 .It can be used to form “tumor specific” variants which can be used to replicate and lyse transformed cells which is regarded as the most important features for it to be successful in gene therapy

There have been studies done where it was shown that a Adenovirus was used to deliver a siRNA to knock down the expression of CIAPIN1 in hepatocellular carcinoma cells .It was shown that the proliferation of HCC could be stopped by stopping its entry into S phase by knocking down the CIAPIN1There was 70% decrease in the ability of the SMMC7721 cells to form colonies after its transfection with the siRNA that interferes with the CIAPIN1 expression59.It was also seen in In vivo experiments that the transfection of siRNA using adenovirus decreases the tumorigenicity of the carcinoma cells when they were directly injected into the cancer cells hence proving that this could be a potential therapeutic method to treat hepatocellular carcinoma

Another study was carried out to use adenovirus to deliver siRNA to work against MMP-2 in the human melanoma cell line A205860. There was a considerable decrease in the MMP-2 protein expression hence decreasing the activity in the melanoma cells However there may be an inherent problem in Ad vectors and this is because of the size the Moreover, the large packaging capacity of Ad vectors might be a problem with Ad vectors because even though large size is quite an advantage for larger molecules for small shRNA, it can pose quite a problem in terms of genetic vector stability.61
Lentivirus (LV) is one of the most reputed gene carrier and it contains two copies of a single strand RNA in a capsid which can carry about 9kb of foreign .Lentivirus also carries the ability to be used for chronic disease because it can successfully transfect dividing and non-dividing cells maintain genomic integration of VSV glycoprotein; it broadens tropism and allows the uptake into otherwise refractory cells, 64. It can also transduce non-dividing cells by integrating the genome with the vector DNA like in stem.65, 66
Adeno-associated virus: AAV's are the smallest of the three viral vectors and are single stranded having a packaging limit of about 5kb.They have a great capacity to infect both dividing and non-dividing cells. They can form a viral genotype with a large number of naturally and synthetic caspids70.This feature of the AAV helps it to be used for retargeting to different cells or by repeated targeting keeping the genome same but changing the viral caspid. Unlike the other viral vectors AAV's are integrated at very low frequencies hence needing multiple vector administrations in dividing cells. It also delivers more number of shRNA copies as compared to LV hence showing higher in-vivo efficiency69.

In a recent study 92 it was shown that there was a 40% decrease in scotopic a-and b-wave amplitudes in RHO+/− heterozygotes , decrease in retinal function which was caused by the down regulation of Rhodopsin expression in vivo using AAV to deliver the required

In another study they used a recombinant adeno-associated virus (RAAV) to carry a siRNA for the mineralocorticoid receptor (MR) This siRNA was used to control hypertension that was induced by comman cold and results showed that after transfection there was an increase in sodium excretion, decrease in proteinuria decrease in serum creatinine and blood urea nitrogen, which means that there was improved renal functioning which attenuation of renal hypertrophy .71
Non viral vectors:

Due to the negative charge on naked siRNA there is low transfection efficiency because of low cell internalization .Nanoparticles that have a bearing a positive surface charge are used to help in the uptake through the cell membrane Though increasing the positive charge is a good strategy an excess of positive charge will make it associate with charged serum proteins and tissue components. The inherent disadvantage of a high immune response with the viral vectors hence increasing the role of non-viral vectors which can be broadly classified into:
· Polymers

· Micelles

· Nanoparticles

· Peptides

· New methods
Polymers

Polymers are the ideal candidates to serve as nucleic acid carriers because they offer the versatility and ease of manipulation needed to address a wide range of gene therapy application. The N/P ratio (ratio of protonable polymer amine groups to nucleic acid phosphate groups), pH and the ionic strength of the medium affect the electrostatic binding between siRNA and cationic polymers. The presence of sucrose, low pH and low ionic strength promote the formation of small, stable complexes with plasmid siRNA. The electrostatic binding between siRNA and these polycations may be so strong that siRNA cannot be released at the appropriate stage, blocking transcription and ultimately resulting in low levels of gene expression. The main polymers used as carriers for siRNA are PEI and PEG

Polyethylenimine or PEI:

PEI is a polycation which had gained popularity because of its high transfection efficiency but the increased toxicity of this polycation has been a drawback which has been affecting its use in-vivo gene delivery.PEI is available in two forms the branched and linear form, to increase its efficiency with a decrease in its toxicity has lead researchers to find a find different modifications which can give us the required The main reason for the success is the existence of amide groups which exhibit the “proton sponge effect”. When PEI is coupled with a siRNA it helps in stabilizing the complex and delivers it into the cells efficiently 72 .Other reasons why PEI is a good gene carrier are:
· Protected against degradation also in the presence of nucleases.

· Internalized by the cells.

· Released intra-cellular displaying full bioactivity.
The linear form of PEI of molecular weight 25,000 is known to be the most effective for transfection In a recent study it was found that it PEI 25K was ineffective for both phosphodiester (PO) and phosphorothioate (PS) oligonuclieotides especially in the presence of heparin 73.It was shown that high molecular weight PEI released more PS ONs as compared to complexes made up of low molecular weight PEI. This shows that the strength of interaction between the ON and the PEI is a major factor in its rate and extent of transfection..The results of this study by Sumati et al showed that the delivery efficiency of the ON's by PEI is dependent on the chemistry of the ON itself for eg the PO ON,s was delivered efficiently by PEI 25K as compared to PS ON's. They conducted studies to show that modifications of the polymers with the targeting molecules using PEG will increase or decrease the interactions between the ON's and hence change the whole dynamics of its release

A recent study which involved fractioning of a large molecular weight PEI into a lower molecular weight showed that a low molecular74 weight (∼4-10kDa) PEI(PEI F25-LMW) fraction showed much better transfection efficiency and lower toxicity These experiments displayed the higher N/P ratio showed better transfection efficiency as compared to the higher molecular weight .But it was also seen that other smaller molecular weight PEI's did not show any transfection at higher N/P which shows that the nucleic acid molecular weight is not a requirement for better transfection. They also showed that PEI F25-LMW was very good at forming complexes with siRNA which was independent of the kind of buffer used for complexing.

In a recent paper they showed an oligoethylenimine-based carrier which was made by condensing hexanedioldiacrylate and 800 MW. There was a 80% decrease in luciferese expression when targeted in a HUH7 cell line as compared to a non-specific siRNA. Though the siRNA was able to bind to the monomer its silencing effect was not PEI-800/siRNA ratio independent which was due to insufficient endosomolytical activity.75 (ref )

The gene silencing effects of antisense oligodeoxynucleotide (AS-ODN), synthetic small interfering RNA (siRNA-S), and siRNA expressing plasmid (siRNA-P) were evaluated in a recent study to using poly (ethylenimine) (PEI) and PEI-graft-poly (ethylene glycol)-folate (PEI PEG-FOL) Nanosized complexes were formed and transfected , and it was found that siRNA-S, complexed with PEI-PEG-FOL, was the most effective and fast gene silencing. siRNA-P complexes was the slowest and AS-ODN when complexed with . siRNA-S proved to be the most effective in gene silencing .

Poly (ethylene glycol) (PEG)

PEG is usually bound to another therapeutic molecule as a mask agent form the body's immune system hence reducing the immune response .It is also used to increase the hydrodynamic size so that it increases the circulatory time of the therapeutic agent decreasing the renal clearance. PEGylation can also be used to increase the solubility of hydrophohic drugs in water.

A recent studies was conducted using a series of siRNA/PEI(25 k)-g-PEG(X)y polyplexes, the molecular weight of the PEG chains, and the grafting densities, were varied to check for better transfection efficiency. The results showed that a formulation of PEG chain molecular weights of 2, 5 and 20kDa 91 were more successful in protecting the siRNA till a RNase concentration of 6 mIU/μg which was not true for higher molecular weights .It was observed that knockdown of β-galactosidase in NIH/3T3 cells was observed with increase in molecular weight up to 5kDa after which there was no increase in the knockdown

Research has been conducted in enhancing the stability of polymer DNA complexes by linking of PEG-PLL blocks using post-complexation disulfide cross linking. The disulphide linkages were important as they helped stabilize the complex outside the cell and are broken down inside the cell hence improving the stability of the complex and better delivery inside the These studies were conducted on DNA and it has been proposed that with the right kind of modifications it can be used to deliver.

A β-thiopropionate linkage was used to complex siRNA with lactosylated PEG micelles This bond is said to cleave easily in the endosome because of its acidic nature hence increasing the amount of PEG chains in the cell, which they believe will lead to the increase in osmotic pressure due to the proton sponge effect and leading to the disruption f the endosome which releases the siRNA. This is an important step in siRNA delivery 76, as it makes the siRNA available in the cytosol so that it undergoes silencing of the required. Short PEG side chains having a molecular weight of 350kDa are said to increase stability of polymer-DNA complexes without decreasing transfection efficiency.

Nanoparticles made up of PEG poly (methacrylic acid) block copolymer were used to encapsulate siRNA .This technique helps to overcome the precipitation of CaP.. This system showed that there was an increase in gene silencing without using any low molecular adjuvant for endosomal escape77
In a recent study nanparticles loaded with CyD1-siRNA and antibodies were used to target leukocyte subsets which are involved in the inflammatory response of the gut Their study shows that when they used the antibodies fused with the respective proteins the siRNA was selectively targeted to 78 to the lymphocyte function associated antigen-1 (LFA-1).These nanoparticles are seen to show low off target toxicity and also have a high cargo capacity of almost 4000 siRNA molecules per nanoparticle. Using these nanoparticles not only protected the siRNA form degradation but also helps in stopping other unwanted responses. In addition using integrins to coat the surface of the nanoparticles increases its effectiveness in both delivery and uptake of the nanoparticles.

Highly efficient delivery system were made using 1, 4-butanediol diglycidyl ether (bisepoxide) crosslinked polyethylenimine (PEI) nanoparticles (PN). The proposed system was also found to deliver siRNA efficiently into HEK cells, resulting in 70% suppression 80 of the targeted gene (GFP).PEI nanoparticles synthesized by crosslinking with bisepoxide showed reduced cytotoxicity with significantly improved transfection efficiency, because of the change in the amine ratio while keeping the overall charge preserved.

Synthetic siRNAs against hepatitis B virus (HBV) were formulated into complexes of apo A-I and 1, 2- dioleoyl-3-trimethylammonium-propane (DOTAP)/cholesterol (DTC-Apo) and injected intravenously (IV) into a mouse model carrying replicating HBV. Administration of these nanoparticles can significantly reduce viral protein expression81 by receptor-mediated endocytosis. The advantages of the apo A-I-mediated siRNA delivery method are its liver specificity, its effectiveness at low doses (=2 mg/kg) in only a single treatment, and its persistent antiviral effect up to 8 days. Using DTC-Apo A-I-formulated siRNA nanoparticles may allow the development of a new class of therapeutics to down-regulate hepatitis viruses or endogenous gene involved in the growth of hepatocellular carcinomas.

Other novel techniques

There have been many new methods other than the three major types that we have listed that have been used to delivery siRNA in-vitro or in-vivo .We have discussed some recent methods which had some
