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Abstract 

 
RNAs are the small molecules that have been inferred in many human diseases and they are 

important for gene regulation, gene expression, and cellular information transfer. The highly 

structured elements of the messenger RNA and non-coding RNAs are essential for the 

functions of the drugs. The small molecules combined with these RNAs provide a possibility 

to modulate diverse cellular processes therapeutically which incorporate them, who are linked 

to undruggable protein targets. However, only the linezolid antibiotics are clinically used 

among all other human-designed small molecules which target the RNA. With the 

identification of a huge number of small-molecule RNA ligands, the interest in this discipline 

is expanding. The purpose of this review is to explore the recent advancement with RNA drugs 

& target RNAs and the challenges for discovering suitable target structures and selective small- 

molecule binders. 

Keywords: RNA drugs; RNA small molecules; gene slicing and editing; RNase; RNA 

molecule and Protein; RNA therapeutics. 
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Chapter 1 

Introduction 

The RNA has developed as a novel class of therapies that may allow for the re-targeting of 

mutated targets, potentially expanding the spectrum of druggable targets for not only from 

proteins but also to the RNAs and the genome. To begin with, suitable RNA molecules, such 

as aptamers, can be used to block the current protein targets as well as previously unidentifiable 

proteins to induce the targeted pharmacological effects. Second, RNA entities including 

antisense RNAs (asRNAs), small interfering RNAs (siRNAs), microRNAs (miRNAs) and 

other forms of short RNAs (sRNAs) may target mRNAs and non - coding RNA's directly to 

silence the expression of a gene of interest or in managing diseases. Finally, by utilizing a 

suitable guide RNA (gRNA) and other required components, the sequence of a gene controlling 

illness beginning or development can be directly changed to accomplish a full elimination of 

the disease for patients (Khorkova & Wahlestedt, 2017; Zhou & Rossi, 2017). 

The first-of-its-kind mRNA-targeting patrician (ONPATTRO) was approved for clinical use 

by the US Food and Drug Administration (FDA) in August 2018, highlighting the promise of 

RNA therapeutics. When compared to traditional small-molecule and protein therapies, RNA 

therapeutics have not only different modes of action, but also different pharmacokinetics 

characteristics and chemistry. As a result, developing new RNA therapies has proven to be 

extremely difficult, and only a few nucleic acid medicines have been authorized for therapeutic 

application in the last two decades. As long as RNA research and medication development has 

struggled to distribute RNA molecules, the proper RNA molecules have been neglected. In 

RNA research and medication development, chemically engineered or synthesized 

oligonucleotides or RNA "mimics" are presently dominant, and many have been approved for 
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clinical use by the Food and Drug Administration (FDA). However, these "mimics" are 

ornamented with chemical changes. (Crooke et al., 2018; Lundin et al., 2013). It distinguishes 

them from natural RNAs, which are transcribed from the genome and coiled in living cells with 

no or few post-transcriptional alterations. Protein research and treatment have been mostly 

effective when biologic or recombinant proteins are produced and folded in living cells rather 

than polypeptides or proteins synthesized in vitro through peptide chemistry .Recent efforts 

have focused on developing new biotechnologies for generating biological and bioengineered 

RNA agents (BERAs) inside of the cells. (Leader et al., 2008; Pereira et al., 2016). 

 
 

Figure 1 : Expanding the Range of Druggable Targets with RNA therapy (Watts & Corey, 2012). 

 

 
For some years now, RNA has been considered to be a molecule full of twists and turns, but 

the true power of its capacity to control life has, unfortunately, been underestimated on many 

times. The amazing discovery that RNA was generated in length and then shortened to code 
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for protein was discovered by Sharp and Roberts. For many years, it was believed that RNA 

was a passive molecule that served as a protein's binding partner, but it has since been found 

that it may act as a catalyst, too. (Corey, 2007). Before this discovery, the only way to 

successfully block gene expression in C. elegans cells was to use RNA, which the Fire and 

Mello labs found could be injected into the cells. According to the conventional view, RNA 

was formerly thought to be just a transporter of genetic information, but the current findings of 

RNA interference (RNAi) indicated that RNA may also control gene expression. The finding 

of Fire and Mello was remarkable in three ways. To begin with, it revealed a previously 

unknown natural regulatory mechanism that has the potential to use Watson-Crick base- 

flexibility pairings to control gene expression. Next, it offered an essential fundamental 

research tool for researching gene function (inhibiting gene expression is frequently a good 

way to look at a gene's function). Finally, it offered the faint hope that this very simple method 

may be used to regulate disease gene expression in human cells and generate a new class of 

therapies (Mello, 2007). 

The purpose of this review is to explore the recent advancement with RNA drugs & target 

RNAs. Furthermore, review will explore the challenges for discovering suitable target 

structures and selective small-molecule binders. 

 RNA Drugs 

 
The potential drugs can be used therapeutically for gene silencing, editing by the RNA 

molecule, and with the help of a new biological process. The protein drugs and the small 

molecules usually target the RNA aptamers which are straightly blinded to the cell surface and 

intracellular proteins. In addition, to control the gene expression for the treatment of disease 

and gene slicing the ASOs, siRNAs, and miRNAs duplicates can be delivered to the cells for 

targeting the functional ncRNAs and mRNA through complementary base parings. For 
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vaccination or protein replacement therapy the sense RNA or mRNA molecule is put into the 

cells after that it is translated to target proteins (Sahin et al., 2014). The gRNAs and the other 

necessary components can be used to directly change the initiation and progression of the 

genetic sequencing dictating diseases to attain the elimination of the disease. The most unique 

character of RNA is that it can interact with the most important forms of biological 

macromolecules which are DNAs, RNAs, and Proteins. Moreover, RNA therapeutics is 

developing rapidly with the hope to enlarge the field of druggable targets which also consists 

of the undrugged transcripts and genes and the conventional proteins. The RNA drugs are 

anticipated to act on the intracellular targets primarily and the RNA molecules show the 

‘undrug’ like PK characteristics when it is differentiating with the compounds with a small 

molecule. 

Unmodified RNAs are likely to be digested by nonspecific RNases that are prevalent in blood 

as the polymeric molecule most of the time consisting of a sequence of many ribonucleotides 

that exist in four distinct nucleobase configurations (Tollervey & Houseley, 2009). 

Because RNA is a big negatively charged molecule, it is very difficult for it to penetrate the 

cell membrane. Additionally, exogenous RNAs must enter cells to avoid destruction by large 

class sizes of intracellular endosomal entrapment and RNases, as well as get access to the 

targets for exerting the pharmacological effects. There are many RNA analog medicines that 

have been authorized by the FDA for the treatment of human illnesses, and many more are in 

the clinical trial phase due to a better knowledge of the RNA molecules' action processes and 

newly created drug capabilities. In addition, to inhibit the protein targets pegaptanib, the first 

RNA aptamer drug reinforces the concept of using drug. ASOs are now known as most 

successful RNA drugs by following specific chemical modifications to upgrade the level of 

silencing efficacy, binding affinity , targeting and metabolic stability (Crooke et al., 2018). 
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Besides, the recently approved two siRNA drugs are givosiran and patisiran which supports 

the potential RNA therapeutics and testifies the benefit to develop new approaches for 

improving the pharmacodynamics (PD) and pharmacokinetics PK properties of RNA drugs. 

The drug efficacy and safety and the delivery issues has made the discovery of modern drugs 

suffered. Again, to develop the small molecules-based drugs and bio-therapeutics the 

therapeutic applications of the nucleic has become a topic of great interest and for these studies 

are going on with plasmid DNA and oligonucleotide drugs. In contrast, there are high 

opportunities for employing RNA-based approaches due to the improvement in recent 

technologies. To treat the disease or antigens for the development of vaccines the therapeutic 

genes are expressed by the mRNA with the aim to provide immediate translation in target cells. 

The delivered transcripts cause to compromise the efficacy of treatment and restricted gene 

transient expression for the rapid degradation due to the presence of RNAase. To improve the 

stability of RNA major efforts are taken and special monitoring is done for delivery issues 

which includes nanoparticle, polymers and lipids for encapsulation of RNA molecules and also 

targeting the dendritic cells (DCs) that is also called antigen-presenting cells (APC) 

(Lundstrom, 2018). The delivery of RNA is applied by the RNA virus which can be self- 

amplifying RNA molecules. The threat posed by the pandemic pathogens is demonstrated the 

COVID-19 pandemic. The pandemic means the emerging pathogens that are able to spread 

quickly in lack of protective immunity. The factors like ecological and sociological has helped 

the urgency of zoonotic outbreaks whereas human oriented pandemics has increased by the 

biotechnological factor. The advancement in the editing technology and gene synthesis the 

actors with malicious wants to eradicate the pathogens for deliberate release. To counter the 

infectious disease threats in the pandemics the vaccines works as a powerful tool but it takes 
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more than 10 years to develop the vaccine from the preclinical phase to licencing (Sandbrink 

& Shattock, 2020). 

 Classification & Characteristics of RNA Therapy 

 
RNA-driven therapies are divided into two categories: analogs or RNA molecules that can be 

directly utilized as potential therapeutic medication (Kole et al., 2012) and RNA-driven 

medicines (Donlic & Hargrove, 2018). Firstly, several RNA medications, ASO or antisense 

RNAs are authorized for treatment of several human diseases by the Food and Drug Authority 

(FDA). For example (GRA) (Grandwicz and other drugs). A broad array of known and 

therapeutic potential targets, including genes, transcripts, and proteins, were not accessible to 

small molecules and proteins were very selective in their action. However, RNAs are prone to 

serum RNAase catabolism and have to overcome the cell membrane barriers in an intracellular 

way. RNAs are not accessible orally, like protein therapies, thus RNAs and protein medicines 

are generally given by alternative methods, such as intravenous or subcutaneous injection. The 

RNAs and the RNAs are not available orally. That differs entirely from several tiny, inorganic 

AMC medications such as lithium carbonate and other different organic compounds that are 

beneficial or agreeable to patients and are mostly orally administered. Secondly, conventional 

compounds with large structural diversity and drug-like physiochemical and PK characteristics 

are favored to bind to highly organized RNA targets and alter them (Lee et al., 2017). After the 

RNA goal has been identified it is possible to pick correct medicine similar small molecules 

for additional preclinical and clinical studies to determine effectiveness and safety profiles and 

to determine the RNA–small molecules interactions. This concept is supported by numerous 

antibiotic drugs, including natural and semi-synthetic aminoglycosides (Demeshkina et al., 

2012), tetracyclines as well as clinically approved synthetic oxazolidinones to mechanistically 

bind RNAs to interfere with protein-synthesizer in the 30S or 50S subunits for the control of 
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infections. There are thus considerable efforts being made to find suitable targets for RNAs 

and evaluate novel short molecules like RNA for the betterment of different many human 

illnesses. 

The structure as well as chemistry matters regarding the performance of RNAs. Whether a 

single or double-stranded RNA targeting oligonucleotide affects significantly its performance. 

ASOs are single, whereas siRNAs are double-stranded and have a meaning and an anti-strain. 

In a siRNA, the antisense beam is the phenomenally active movement and the sense beam can 

be regarded as a "drug delivery system' that carries the antisense beam to the endonuclease 

intracellular RNA AGO (Crooke et al., 2018). After systematic management, ASOs containing 

phosphorothioate (PS) are widely distributed. Amphipathic and binding proteins in the serum, 

cell surface, and intracellular are single-strain PS-replaced ASO. These interactions promote 

the absorption and dispersion of cells, allowing these types of ASOs to be distributed to most 

of the body's tissue and through almost all routes of saline administration. In contrast, dual- 

strand siRNAs, which also include polyanions and hydrophilic, do not attach to serum proteins 

and are quickly excreted; thus, they must either be formulated into Lipids or other nanoparticles 

or chemically altered and combined to a mode that interacts in an effective cell tissue delivery 

with a high-capacity surface receptor (Dowdy, 2017). 

Meanwhile, different RNAs targeting oligonucleotides in a particular chemical class only differ 

in sequence, the physicochemical features of the individual groups are the same, therefore 

having shared pharmacokinetic and biological characteristics. However, each chemical class 

differs from that of scientifically unsuited modifiers, which may result in significant power 

changes, pharmacokinetics, and general chemical class impacts compared to 20 MOEs and 

even minor variations in scientists that are not chemically comparable in the field. Thus, the 
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chemistry of RNA-target oligonucleotides must be defined accurately in the finding of several 

human illnesses. (Bennett, 2019). 

 

 RNA Targets 

 
RNA being a small molecule could be very advantageous for targeting drugs. The three 

differential structure is used for the receptors and enzymes that follows the change of 

occupancy which is driven from the functional sites. The pathological mechanisms which are 

related to disease states of the RNA can be analyzed from tissue or liquid biopsies generally 

(O’Rourke & Swanson, 2009). Through this study, it can understand that the molecular 

recognition of RNA by small molecules and the design of the bioactive small molecules along 

with the materials used for the research of RNA like target validation, management, and 

selectivity (Sztuba-Solinska et al., 2019). 

RNA has played a vital role as a tiny molecule of individual drug target from the very beginning 

of modern medicine. Streptomycin had become the first-line treatment when it was found to be 

selected by the bacterial ribosome for Mycobacterium tuberculosis which used to be a 

devastating disease causing the patients to succumb to the infection. In Neosporin the active 

ingredient is the neomycin B, an aminoglycoside antibiotic that is the natural product of the 

Streptomyces species of bacteria. There is an abundance of use of the aminoglycosides based 

antibiotics which are mainly the derivatives of these as well as they have limited use until they 

are modified but can be used in broad-spectrum effectively (Disney et al., 2008) However, 

there are a quite number of ligands which targets the RNA and have proceeded to the clinical 

phenotypic screens to find the active antibacterial. To have a better idea about the mechanism 

of the action of the engaged targets is to be identified by the phenotypic screens and this creates 

a huge problem with the study. The assays' target validation tools are intended to investigate 

protein-centric pathways. To example, in order to identify a target for a small chemical, the 
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pooled CRISPR and shRNA hairpin libraries must knock down the ORFs; yet, it may also drive 

the ORF's expression. (Datlinger et al., 2017). 

The tissue complexity and organism increase the complexity of the gene expression regulation 

through the RNA metabolism. For the pharmacological intervention the regulation of the gene 

expression provided by the brain cell through alternative RNA processing and small noncoding 

RNAs. The malfunction of the RNA processing event causes multiple human diseases for 

instance, for the aberrant mRNA processing, 15% of the human genetic disorder is caused. 

RNA has been recognized as a well-established therapeutic target since the ribosomal subunit 

has been designated as the antibiotic receptor, and an antisense oligonucleotide is utilized to 

inhibit gene expression. The particular mRNA sequence is intended to generate Watson-Crick 

base pairs when combined with complementary oligonucleotides. This method is used to inhibit 

the production of a certain gene product. The technology's principles have been validated by 

Vitravene, the first antisense medicine to get FDA clearance, and new drugs are continuously 

being developed. RNA interference is an intriguing new technique that utilizes short double- 

stranded RNA duplexes to achieve a higher degree of targeted gene silencing. (Filipowicz, 

2000). 

Given the role of improperly folded RNA structures in illness, it is critical to develop drugs 

that restore their functioning or enable their study in healthy and sick people. Beyond simple 

molecular recognition, it is important to target the RNA. Drugs targeting RNA must be able to 

reach the target RNA's structural components, even if they are in inhibitory structural 

relationships with other biomolecules. For example, competition with RNA-binding proteins 

(RBPs) or the RNA itself may make access difficult during blood brain penetrance. 

Additionally, selected agents must be capable of disrupting on-target RNA while avoiding 

excessive binding to off-target transcripts. Binding to a particular transcript is also affected by 
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the degree to which competing RNA motifs are expressed, which is linked with tissue- or 

compartment-specific expression. Additionally, compounds must be capable of inducing 

observable biological changes, which requires interaction with RNA at a functional location. 

Sequence complementarity through antisense oligonucleotide (ASO) hybridization with a 

target RNA strand is a standardized method for influencing RNA function. The resulting 

antiparallel base-paired duplex may either disrupt the normal folding of the target RNA, 

leading it to interact with other biomolecules, or attract endogenous cellular machinery to 

degrade the RNA (Bennett, 2019). These interactions, however, are constrained by the 

thermodynamic and kinetic energy barriers associated with folding/unfolding or hybridization 

of both the target RNA and ASO's natural conformations, which limits their efficacy against 

highly structured RNAs (Bernat & Disney, 2015). As a result, poorly structured RNAs are the 

greatest candidates for the antisense-based method. Apart from the difficulties inherent in 

establishing meaningful molecular interactions, oligonucleotides have been shown to have 

poor in vivo properties, resulting in limited delivery strategies, biodistribution, and tissue 

penetrance, as well as to cause a variety of adverse effects, including immune activation, 

thrombocytopenia, and hysteria (Chi et al., 2017). 
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Figure 2: Timeline of major developments of RNA-targeting. (Costales et al., 2020) 

 

 

Chapter 2 

 

RNA interférences & Relevant RNAi Agents 

 
 RNA interférence 

 
RNA interference is an increasingly preserved technique in which ncRNAs influence target 

gene expression at the post-transcriptional stage in eukaryotes. MiRNAs achieved from the 

genome and siRNAs formed from externally injected double-stranded RNAs are the examples 

of RNAi molecules (dsRNAs) (Ambros, 2004). The miRNA coding genes are first generated 

as primary miRNA transcripts, or pri-miRNAs, by RNA polymerase II in the nucleus. It is 

further refined into smaller precursor miRNAs (pre-miRNAs) by the ribonuclease (RNase) III 

called Drosha. Some pre-miRNAs, in contrast, are removed straight from the protein-coding 

gene's introns. After being transported from the nucleus into the cytoplasm through Exportin- 

5, pre-miRNA molecules are converted into double-stranded miRNA molecules by the 

cytoplasmic endoribonuclease Dicer. After being unwrapped from miRNA duplexes or 

siRNAs derived from dsRNAs, the single-stranded guide miRNAs or siRNAs are packed into 
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miRNA- or siRNA-induced silencing complexes (RISC or miRISC), which then selectively 

respond to target mRNAs via flawless or flawed base-pairing interactions resulting from 

targeting RNA degradation or translation repression. (Yu et al., 2020). RNAi is engaged in 

practically all cellular processes, including viral infection defense, cell transformation, and 

disease progression, by suppressing or adjusting target gene expression (Ambros, 2004; Bartel, 

2009). Some miRNAs or the entire miRNome profiles appear to be significantly dysregulated 

in diseased cells compared to normal cells, suggesting that they could be a potential biomarker 

for diagnostic or prognosis. Additionally, functional miRNAs essential for illness progression 

could be used to design new therapeutic approaches (Bader et al., 2010). On the one hand, 

disease-causing miRNAs are overexpressed in diseased cells and promote disease initiation 

and progression may be blocked or silenced to accomplish disease control. MiRNAs that have 

been depleted in diseased cells or are capable of suppressing disease initiation and progression 

could be reintroduced to the cells to maintain disease progression (Yu et al., 2019). 

 Relevant RNAi Agents 

 
Researchers have used different RNA molecules to control gene expression and modulate the 

RNAi process. They've discovered regulatory miRNAs derived from the genome and the 

importance of those miRNAs in human diseases. This knowledge has facilitated the 

development of many RNA molecules that control the RNAi process or imitate miRNA action 

in order to regulate target gene expression, investigate gene function, and regulate cellular 

processes and disease (Bader et al., 2010). Examples of RNAi modulators that contain various 

forms and degrees of chemical changes include synthetic asRNAs, dsRNAs, siRNAs, and 

miRNA mimics (Bramsen & Kjems, 2012). Moreover, “natural” RNAi molecules, also known 

as BERAs, have been transported into human cells for the regulation of target gene expression, 

and these molecules are synthesized and folded in bacteria using recently discovered RNA 
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bioengineering techniques (Duan & Yu, 2016). Non-viral or viral-based miRNA or short- 

hairpin RNA (shRNA) expression techniques are often used in vitro and in vivo RNAi research 

and medication development (Brake et al., 2008). 

 
Figure 3: Cellular RNA interference pathway & manipulation with various types of RNA Agents.(Yu et al., 

2019) 

 

 

 Advantages of RNA Interferences 

 
Prior to the invention of RNAi in 1998, antisense technology based on nucleic acids had been 

used for many years to inhibit gene expression on a sequence-specific basis. The primary 

benefit that all antisense methods have is their uniqueness. The difference between targets and 

non-targets may be manipulated via the specificity of Watson-Crick base-pairing interactions 

and the almost limitless target selection. In the simplest instance, designing antisense medicines 

requires just the mRNA sequence. In principle, antisense-mediated suppression should be 
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effective against all disease-associated genes. The limitless potential of RNAi has enabled the 

approach of silencing virtually all genes encoding annotated proteins in the human genome on 

a wide scale. These studies provide critical information to our understanding of genetic 

function and pathway analysis. With sufficient specificity, target and normal alleles may even 

be used to replace several disease-specific alleles with only one or a few nucleotides. This is 

unquestionably advantageous for identifying dominant mutants, such as some oncogenes. 

RNAi is a more effective antisense strategy than previous antisense methods (such as antisense 

DNA oligonucleotides and ribozymes) (Bertrand et al., 2002). It is worth mentioning that 

single-stranded short antisense RNA may also be loaded into RISC and used to guide mRNA 

cleavage, although the efficiency will be significantly decreased (Martinez et al., 2002). 

Notably, since RNAi is more potent than antisense oligonucleotides or ribozymes, effector 

molecules may operate at much lower doses. This is a critical component of the therapeutic 

environment. The effectiveness of a single target site (often expressed as the half-maximal 

inhibitory concentration, or IC50 value) varies significantly across siRNAs. The ultimate 

thermodynamic stability of siRNA is a critical criterion for its effectiveness (Fomenko et al., 

1996), accessibility of target mRNA, structural features and other location-specific 

determinants. Till now, the most critical criterion for siRNA design has been the ultimate 

differential stability (or skewness), which is compatible with reported miRNA strand selection 

(Khvorova et al., 2003). Nevertheless, it is far from complete to consider our understanding of 

siRNA and design target selection. The identification of "super-functional" siRNAs that are 

functional at sub-nano molar levels is still an elusive problem. 
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 Mechanism activities & Difficulties 

 

 RNAi Machinery 

 
RNAi is believed to be a method for gene silencing based on the kind of RNA used. Among 

them are small interfering RNAs (siRNAs), , short hairpin RNAs (shRNA) and microRNAs 

(miRNAs) (Z. Wang et al., 2011). The small RNA is integrated in the RNA-induced silencing 

complex (RISC), which subsequently reduces gene expression by breaking down the mRNA 

or impeding the translation (Martinez et al., 2002; Zamore et al., 2000). 

Argonaut (AGO) is a very important protein for the RISC. There are 8 AGO proteins in humans 

(Hutvagner & Simard, 2008). Not all of these proteins can cause cleavage. Only AGO2 can 

carry out the siRNA-induced effects. The protein has three important domains, of which only 

one of them has RNAase H folding and has "slicer" activity to slice the desired RNA substrates 

(Hutvagner & Simard, 2008; Liu et al., 2004). 

siRNA has defined structure, which consist of short double-stranded RNA with a 

phosphorylated 5 'end and a hydroxylated 3' end. Typically, it this type of RNA that gets 

incorporated into RISC directly, this is where the guide chain meets and slices the matching 

mRNA. After slicing the mRNA is released and the guide strand connects to RISC to bind to 

another mRNA and cycle begins again (Elbashir et al., 2001; Robb et al., 2005). 

Due of siRNA's short half-life, it has been developed as a substitute for the RNA molecule. 

Typically, shRNA is produced inside the nucleus using an external expression vector 

containing a short double-stranded DNA sequence with a hairpin loop that is transcribed by 

RNA polymerase. Then it is treated with an RNase III endonuclease. The resulting product is 

transported to the cytoplasm, where it is processed by another RNase III enzyme and ultimately 

integrated into RISC, where it undergoes the same cytoplasmic RNAi process as siRNA. 
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Furthermore, shRNA is constantly produced by the host cell, it has longer gene silencing effect 

compared with siRNA. Furthermore, the expense of shRNA is lesser than the mass production 

of other expression vectors. 

As far as miRNA is concerned, it is a small endogenic non-coding RNA that plays a significant 

role in the management of pathological and physiological cell functions. The miRNA is 

initially transcribed as a primary transcript in the nucleus. Distinct from shRNA and siRNA, 

the miRNA is only partly complementary to the untranslated region 3 of the target mRNA, and 

its target is regulated by four AGO proteins (John et al., 2004). Since a partial match is 

sufficient for miRNA to function, so changing the expression of miRNA can affect hundreds 

of genes (Aagaard & Rossi, 2007). 

 Difficulties 

 

 Off-Target Effects 

 
RNAi is thought to be gene selective, with nothing but the genes with matching sequences 

being impacted. RNAi can occasionally result in non-specific off-target consequences. The 

miRNA-like binding at the 3' UTRS is a substantial contributor. SiRNA redundancy or 

chemical modification can help to reduce the unwanted transcripts by complementarity in their 

3' UTRs' "seed region" (Birmingham et al., 2006; Jackson, Burchard, Schelter, et al., 2006). 

From the nucleus to the cytoplasm, the transporter XPO5 transports pre-miRNA or exogenous 

shRNA. When the RNAi pathway is saturated with shRNA products, miRNAs entering the 

normal pathway become less accessible. Several discovered components, such as Exportin-5, 

are involved in the saturation mechanism (XPOS), which is a unique non-specific impact of 

RNAi expression (Z. Wang et al., 2011). 
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 Delivery Problems 

 
The main limitation in the development of RNAi treatments is the delivery of these 

macromolecules to target cells. Due of their negative charge and huge size, siRNAs have a 

difficult time passing through the cellular membrane (Aagaard & Rossi, 2007). Endocytosis is 

the main cellular entry site for siRNA distribution that is not viral in nature. Upon entering the 

cells, small interfering RNAs are quickly transported to the endocytotic vesicles (EVs). 

Initially, they are caught in early endosomes, where the pH lowers to 6, before being 

transported to the late endosome, where the pH is acidified to 5-6 degrees Celsius. siRNAs that 

aren't even discharged from such acidic vesicles are ultimately destroyed by the enzymes in the 

environment (Zhang & Mallapragada, 2011). As a result, siRNA delivery strategies that rely 

on endocytosis must account for endosomal escape. 

By interacting with RNA-binding proteins such as Toll-like receptors (TLRs) and protein 

kinase receptors, double-stranded RNA activates the innate immune system (PKR) Interferon 

type I (IFN) and cytokines such as IL-6 and TNFQ are the primary mediators of the inborn 

immune response. Certain shRNAs or siRNAs may bind and trigger TLR7 if they contain the 

5'-GUCCUCAA-3' motif and similar GU-rich sequences, and thus may sequentially stimulate 

the immune system (Hornung et al., 2005). 

 Low Bioavailability & Instability 

 
Exposing unmodified siRNAs to high temperature or long exposure at low temperature does 

no affect their stability (Hickerson et al., 2008). Though RNAi delivery becomes more complex 

when degradation of nuclease occurs in nucleic acid in systemic delivery. Another study also 

displays that the accumulated siRNA is excreted to urine from the kidney in 1 hr because of its 

small size which can become a huge problem (Alexis et al., 2008; Guo et al., 2010). 
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Chapter 3 

 

Several RNA Drugs and their Bioactivities 

 
 Antisense Oligonucleotides 

 
The single-stranded oligonucleotide that specifically inhibits the targeted gene expression was 

originally described in 1978. The notoriety that ASOs earned through the study of gene 

functions and new treatments led to an explosion in their use for academic research purposes. 

Because the natural RNAs are found in nearly all species, a general understanding of their roles 

in post-transcriptional gene regulation is now well accepted (A. A. Levin, 2019). The 

suppression of protein synthesis by RNase-independent means, the cleavage of precursor 

mRNAs (pre-mRNAs) by RNase H and RNase P, and the cleavage of mRNAs by RNase- 

dependent means are all important in the suppression of target gene expression by ASOs. It can 

also be used to modulate RNA splicing to build functional proteins or preferred genetic 

products (McClorey et al., 2006). Furthermore, due to the abundance of RNases H and P in the 

nucleus, the ASOs are found to be more effective than other RNAs to knock down nuclear 

targets. The 1st ASO drug approved by the FDA in 1998 is famivirsen, the antisense 

oligodeoxynucleotide with phosphorothioate linkages which are used for the treatment of 

cytomegalovirus retinitis. In the United States, there are several ASOs therapeutics marketed 

successfully among which the gapmers are mentionable which contains the modified antisense 

oligoribonucleotides at both 5′ and 3′ ends with a “gap” of oligodeoxynucleotide in the middle 

(Aartsma-Rus, 2017). Researches are being made for the new ASOs for the cure of cancers, 

infectious diseases and genetic disorders. To illustrate, ASO therapy can be used for the remedy 

of inherited retinal dystrophy, a deep intronic c.2991+1655A>G mutation in CEP290 

underlying Leber congenital amaurosis type 10 (Dulla et al., 2018). 
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 Small Interfering RNAs 

 
The RNA interference development and discovery have advanced the technology with double- 

stranded RNAs (dsRNAs). The siRNAs with 18 to 22- b have already entered clinical drug 

development and are regularly used for the selectiveness and effectiveness of the knockdown 

of the target gene expression in basic research (Castanotto & Rossi, 2009). The guide strand of 

the siRNA is distinguished from the other two strands by the presence of two 3′-overhang 

ribonucleotides, which are essential for the duration of gene silencing. This process is carried 

out by the endoribonuclease Dicer or helicase with RNase motif and guide. The RISC is 

responsible for detaching the passenger-strand of the dsRNA after trimming it. The 

endonuclease argonaute-2 is the catalytic core of RISC which cleaves the passenger strand. 

The RISC has to hold on to the 5 ends of the guide strand which is thermodynamically less 

stable. It leads to a sequence-specific cleavage of the targeted mRNA by argonaute-2 and 

consequently the knockdown of genes (Lennox & Behlke, 2016). The advancement of siRNAs 

needs to attain potent, specific, and long-lasting gene silencing while minimizing off-target 

genes. 

The RNAi mechanism has been studying for years and has a better understanding which 

provides some guidelines to be followed and usage of the specific software to design the 

effective siRNA. The effectiveness of the siRNA depends on the proper target site which is 

closer to the start codon within the coding sequence. Another important part is to ensure 

selectivity and lessen off-target effects of siRNA. The stability and efficacy of siRNA are 

affected by its composition like the overall C/G content and use of specific ribonucleotides at 

particular locations as this can be induced the immune system into sequence-dependent and 

sequence-independent manners. Moreover, it is very essential to avoid immune-stimulatory 

motifs for designing siRNAs. They are also introduced into other therapeutic fields like 
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oncology which benefits thousands of patients. To demonstrate, the siRNA siG12D-LODER 

precisely targets the mutant Kirsten rat sarcoma virus oncogene (KRAS) G12D mRNA, a 

driving oncogene seen in a variety of malignancies, most notably pancreatic cancer 

(Khvalevsky et al., 2013). 

In a clinical study of phase 1 study is it observed that the treatment given with siG12D-LODE 

and gemcitabine to a pancreatic cancer patient was well tolerated and developed potential 

efficacy. Similarly, siRNA is found to be effective for controlling the growth of tumors in 

xenograft mouse models by treating a protein tyrosine kinase name ephrin type-A receptor 2 

(EphA2) (Wagner et al., 2017). 

 RNA Aptamers 

 
Specificity and high specificities are two important characteristics of single-stranded DNA or 

RNA oligonucleotides that bind to a wide range of molecular features. These include DNAs, 

RNAs, peptides, small molecules, proteins, and ions that have specificity and high specificity. 

To control the disease RNA aptamer acts like a chemical inhibitor or nucleic antibody for 

modulating protein function when they are binding to the proteins. The natural RNA-protein 

complex was priory introduced in bacteria where in the activity of the RNase P complex to the 

process of turning the precursor tRNA into active TRNA, the RNA molecule is the fundamental 

element. There are many RNAs or aptamers which could inhibit this process. When the 

autocatalytic RNA or ribozyme binds with the monovalent and divalent cations they naturally 

undergo self-splicing. In addition, the intrinsic RNAs or riboswitches can control the target 

gene expression by sensing the small molecule metabolites. Moreover, in humans, the presence 

of ligand-binding ribozymes and riboswitches has been observed in research (Ray et al., 2009). 

As a result of studying RNAs, we have gained a better knowledge of the interactions of 
 

functional RNA with ligands, as well as the interactions with a range of proteins in the 
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environment. Again, comprehensive evolution of ligands by exponentially enrichment was 

established to produce highly selective and powerful RNA aptamers or ribozymes and to detect 

them using a high throughput technique. Furthermore, same as the ASOs and siRNAs, the PK 

properties can be improved and the metabolic stability can be increased through the chemical 

modifications of the selected RNA aptamers. Spiegelmer, an artificial aptamers can be 

developed and synthesized by the mirror-image L-ribonucleic acids which is resistant to the 

degradation by RNases (Vater & Klussmann, 2015). In 2004, the FDA approved Pegaptanib, 

the first RNA aptamer medication, to treat neovascular are associated with muscular 

degeneration (AMD), demonstrating the potential of aptamers to interfere on target proteins in 

the treatment of human illnesses. Olaptesed pegol (NOX-A12), a 45-nt RNA Spiegelmer, has 

been developed to specifically target the small chemokine stromal cell-derived factor 1 or the 

C-X-C motif chemokine 12 with high affinity. Olaptesed pegol (NOX-A12) is a pegylated 45- 

nt RNA Spiegelmer that has been designed to selectively target the small chemokine stromal 

cell-derived factor 1 or the C motif. The function of this drug is to prevent the binding of the 

stromal cell that is obtained from factor 1 to its receptors CXC receptor 4 and CXC receptor 7 

which actively inhibits the subsequent signal transduction. To control the angiogenesis and 

metastasis the signal transduction has been inhibited along with the improvement of the other 

anticancer therapies (Roccaro et al., 2014). 

 Messenger RNAs 

 
Messenger RNA is a novel class of drug modalities, it has an incredible role in the 

immunization process like vaccination, antibody therapy, and protein replacement therapy. In 

1990 it was first confirmed through the findings on the efficient expression of target proteins 

in the mouse tissues in vivo which was later of the administration of in vitro–transcribed (IVT) 

mRNAs. There are many IVT mRNA therapeutics which has entered clinical trials by 
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undergoing extensive preclinical studies (Grogan et al., 2012; Papachristofilou et al., 2019). In 

contrast, virus-based gene therapy or plasmid virus drugs of mRNA do not interfere with the 

genome but are translated into target proteins by cellular machinery. In addition, the mRNAs 

have to have the whole open reading frame of a target protein and intact 5′ and 3′UTRs as well 

as 5′ cap and 3′ poly (A) tail to make sure the efficiency and translation ability and this made 

the mRNA drug molecule bigger to all other types of RNA therapeutics. Similarly, the mRNAs 

need to be protected from the degradation of RNases and cross cellular barrier when it is 

directly administered to the patients and also the mRNAs that are preprogrammed with 

dendritic cells or autologous transplantation of T cells can be used to treat the penitents. 

The mRNA therapeutics are widely used as vaccines for cancerous and infectious diseases for 

their high sensitivity for recognizing the antigens of immune cells wherein the exogenous 

mRNAs can play the role in coding. To illustrate, the autologous transplant of DCs is 

transfected with mRNA encoding prostate-specific antigen to induce the prostate-specific 

antigen-specific immunity and to have an impact on surrogate clinical endpoints (Fotin- 

Mleczek et al., 2011). 

Likewise, to achieve gene editing mRNAs are used to introduce the target proteins which 

includes usage of mRNAs as transcription activator-like effector nucleases, transposes, 

CRISPR-associated proteins, or endonucleases (e.g., Cas9 and Cas12a) and encoding zinc finer 

nucleases. By so far the safety and specificity of gene editing it has reached the preclinical 

investigations as this needs much more critical and extensive studies (Gurumurthy et al., 2019). 

 Guide RNAs 

 
In terms of editing the genome sequence precisely the prokaryotic CRISPR Cas immune system 

has been used to knock in or knockout a target gene. When mRNA is differentiated with the 



23  

RNAi is it observed that RNAi doesn’t fully reduce the expression of genes but mRNA therapy 

can quickly produce proteins. There are two most important components needed for the 

CRISPR/Cas gene-editing technology which are RNA-guided Cas nuclease and a designed 

gRNA. The guide picks up the protospacer-adjacent motif element using its hairpin scaffold. 

Subsequently, it binds to Cas making a ribonucleoprotein complex (Cas-gRNA). It instructs 

the nucleus of Cas to produce a DNA break to edit the genome. To treat diseases such as cancer, 

monogenetic disorders, or infections the technology is being evaluated towards the 

development of new therapies (Georgiadis et al., 2018). 

The mechanism of gRNA is completely different from the other types of RNAs as here the 

exogenous gRNA is combined with the foreign Cas nucleus to succeed the CRISPR/Cas 

genome editing and therapy which turns into a bi protein of size 160 kDa later. To perform the 

genome editing the gRNA and Cas protein has to be induced in the nucleus to form RNP. 

Moreover, the gRNA can be produced by chemical synthesizing or IVT and directly introduced 

into organisms and cells with the specific delivery system by using virus vector-based or 

plasmid DNA materials, sometimes it can combine with the Cas nuclease as RNP. Though 

there are researches taken out to ensure the safety and effectiveness of CRISPR/Cas-based 

therapies there has been no satisfying result obtained. In 2016 the first clinical trial for 

CRISPR/Cas gene editing was used to treat the patient with NSCLC by knockout T cells with 

the help of PD-1 (Program cell death protein 1). The T cell activation is inhibited by the 

membrane receptor PD-1 immune checkpoint regulator which decreases the autoimmune 

reactions and allows the immune escape of cancers. To treat different types of cancers the 

antibodies against PD-1 or the ligand of it are used successfully and for the combat cancer, 

CRISPR/Cas based PD-1 immunotherapy represents a novel strategy. Furthermore, in 2018 in 

the phase-I trial, the safety profile of NY-ESO-1 is defined by redirecting the autologous T 
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cells with CRISPR edited endogenous T cell receptor (TCR) and PD-1 autologous T cells. The 

patients with severe sickle cell disease and transfusion-dependent β-thalassemia are treated 

with the autologous CD34+ hematopoietic stem and progenitor cells that were edited using 

CRISPR/Cas. Similarly, for the pharmacotherapy of relapsed B cell malignancies, the CD19- 

directed T cell immunotherapy with T cells altered CRISPR/Cas is undergoing clinical 

evaluation to determine the efficacy and safety (Sahel et al., 2019). 

 

 

Figure 4: Illustration of the favorable targets for small molecules, proteins, RNA aptamers (Damase et al., 

2021). 

 

 

Chapter 4 

 

RNAs as Therapeutic Drugs & Challenges 

 
 Applications of RNAs 

 

 Genetic Diseases 

To begin with, researchers are investigating the use of RNA interference to treat genetic 

disorders. Studies showing that SNP in dysregulated allele transcripts may be exploited as 

selective targets for RNAi offer a potential lead in this area. Because CAG repeats are prevalent 
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in many normal transcripts, it is difficult to specifically target them using short interfering 

RNA. Mutations in the coding region of the gene may frequently result in single nucleotide 

polymorphisms (SNPs), which offer potential selection targets (Miller et al., 2004). Our goal 

is to develop a highly selective siRNA/SNP combo. The method that has been used to 

synthesize siRNAs that have distinct nucleotide sequences in the middle is a step-by-step 

evaluation of the siRNAs to search for differing nucleotide sequences. Using siRNAs, only the 

mutant transcripts are selectively degraded, while the wild type transcripts are left intact even 

if just a single mismatch exists with the wild-type sequence. The use of an extra siRNA 

targeting a single nucleotide polymorphism (SNP) was discovered (Ding et al., 2003) in 

research on the common genetic condition ALS, which is responsible due to the mutation of 

Zn, Cu superoxide dismutase gene (SOD1). When Schwarz et al. recently checked out the 

properties of the SOD1 and the huntingtin (HTT) gene variants, they discovered that the 

siRNAs they used discriminated between wild-type and mutant alleles. They discovered that 

SNPs might produce mutant-specific siRNAs even if mismatches are positioned sensibly. At 

nucleotide positions 10 and 16 relative to the 5 'end of the guide strand, purine–purine 

mismatches give selective sensitivity (Ding et al., 2003). Since wild-type SOD1 serves 

essential activities, only the mutant allelic transcript should be downregulated. Single 

nucleotide alterations observe in many SOD1 mutations. With this investigation, researchers 

were able to degrade a mutant allele expressing SOD1, a possible therapy for ALS. The use of 

RNA interference (RNAi) to cure degenerative and neurological illnesses may approach reality 

very quickly since it is possible to transport the siRNAs and viral vectors that express them to 

the afflicted areas of the brain (Miller et al., 2004) 



26  

 Viral Diseases 

 
In vivo, RNA interference was shown to be effective when the HBV replicon and the pol III 

RNA expression unit were co-delivered via a hydrodynamic method in mice (Z. Wang et al., 

2011). Previous research showed that it was possible to reduce the HBV core antigen to 99% 

of its normal levels in hepatocytes by using shRNA, proving to be a valuable use of RNAi for 

HBV antiviral purposes in the liver. HCV is the primary etiology of liver transplants in the 

United States, as well as a common reason behind chronic liver disease and liver cirrhosis, both 

of which lead to the development of liver cirrhosis and hepatocellular carcinoma. Currently, 

the sole treatment on the market utilizes IFN and ribavirin in combination. While progress has 

been attained in the treatment regimens, it is uncommon for patients to respond, and specific 

HCV subtypes seem to be exceptions. Perhaps because the life cycle of HIV was well known, 

as was its pattern of gene expression, the first infectious pathogen addressed by RNAi was 

HIV. Also known as synthetic and expressed siRNAs, siRNAs such as the TAR elements have 

been utilized to target HIV early and late RNAs, including the elements of TAR like Gag, and 

reverse transcriptase (Novina et al., 2002). HIV replication inhibition is also possible via RNAi 

of cellular cofactors, such as NF (which is also known as NFKBIB), HIV receptor CD4 (which 

is also known as CEA), and co-receptors CXCR4 and CCR5 (which are also known as CXCR4 

and CCR5). Furthermore, across a wide range of human cell lines and primary cells, 

suppression of HIV replication has been accomplished. There is a strong likelihood that RNAi 

therapy will make it to the clinic within the next year or two because RNAi is much more potent 

than ribozyme or antisense methods (Amado et al., 2004). 

 Cancer Diseases 

This new approach to treating cancer may completely change the way we treat it. The research 

difficulties for cancer are comparable to those found for other illnesses. They include the search 
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for appropriate targets, the use of delivery methods, and efforts to minimize toxicity. So far too 

many targets for oncology have been observed in the literature. While there were many 

methods developed to employ transferrin-loaded nanoparticles. This is perhaps the most 

important study using this method due to its potential clinical benefit. This research shows that 

non-lipid-based nanoparticles may effectively be used to deliver siRNAs to metastatic 

malignancy. In many studies, the use of mouse xenograph models is beneficial in reducing 

tumour development (Takeshita & Ochiya, 2006). Some examples of recent advances in 

treatment include the use of adenoviral or retroviral delivery of shRNAs that target Hec1, which 

resulted in better tumour growth inhibition in patients with adenocarcinoma-induced tumour 

growth, aptamer-siRNA chimeric RNAs that successfully targeted prostate cancer cells by 

aptamer binding to surface-expressed tumour cell marker, and atelocollagen complexed siRNA 

that inhibited Vascular endo. The newest class of targets to consider is miRNA since this offers 

several still untapped therapeutic options for the treatment of cancer (Hammond, 2006). 

MicroRNAs are known to play significant roles in cell differentiation. They have also been 

proposed to act as oncogenes (oncogenes are tumor-causing genes) or tumour suppressors 

(tumour suppressors help combat the development of tumors). Antisense-based mechanisms 

allow for down-modulation of target transcripts, and expression in the endoplasmic reticulum 

(ER) rescues deregulated miRNAs as demonstrated in C. elegans (Johnson et al., 2005). It's 

also possible that RNAi may be used to turn off pathways that let conventional cancer 

treatments do their work. In this context, we are talking about: first, treatment of cancer cells 

that possess a multidrug resistance gene (MDR1) by re-sensitizing the cancer cells to 

chemotherapy; secondly, inhibition of double-strand break repair enzymes for more cancer cell 

killing with radiation and/or chemotherapy. 
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 RNA Currently Used In Chemical Practices 

 
The FDA has authorized a variety of RNA-based medicines for the treatment of different 

human illnesses. The FDA approved fomivirsen, which is an antisense oligonucleotide (ASO), 

the treatment of retinitis in HIV-infected individuals who have developed acquired immune 

deficiency syndrome (AIDS) also done in 1998. At least a half-dozen ASO drugs, several of 

which have been approved by the FDA in the U.S. since 2013, have been able to successfully 

be marketed here (Aartsma-Rus, 2017). Other aspects of pegaptanib's approval for use in the 

therapy of age related macular degeneration (AMD) indicate the likelihood of utilizing an RNA 

aptamer to specifically target and inhibit protein macromolecules in the treatment of a disease. 

Another encouraging piece of news in the field of RNAi is the FDA's recent approval of a 

double-stranded siRNA therapy for patients with hereditary transthyretin amyloidosis (Wood, 

2018). This approval is being seen as an impetus to promote the further development of RNAi- 

based therapies. 

 Challenges in Developing RNA therapeutics 

 

 Contesting with the Endogenous RNAs 

 
Medications that are bioactive, depends on the cellular processing for running the danger of 

overloading those pathways, disrupting the natural system. Because siRNA/shRNA rely on the 

natural microRNA system to induce potent target silencing, ectopically injected RNAi triggers 

operate similarly. Although the discovery of miRNAs has dramatically increased the capability 

of understanding the RNAi roles in human cells. Nonetheless, investigations of miRNAs show 

that they play a crucial role in regulating gene activity (Farh et al., 2005). MiRNAs have been 

implicated as oncogenes or tumour suppressor genes, for example. The early embryonic 

lethality of Dicer knockouts (Bernstein et al., 2003). It suggests that a functioning RNAi 

machinery is undoubtedly required for mammalian cells. Because siRNA and shRNA resemble 
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excessive amounts of ectopic RNA may obstruct all components of the miRNA pathway. It 

was just discovered in a crucial paper by Mark Kay's lab (Grimm et al., 2006). It is reported 

that death in mice after high dosages of liver-directed were given. Many shRNAs examined 

caused lethal condition to the mice in less than two months. Reduced expression of liver- 

specific miRNA was linked to morbidity. 

Competition studies revealed that Exportin 5 improves RNAi efficacy in vivo, implying that 

liver toxicity may be caused by miRNA pathway saturation. Nuclear export is also a potential 

rate-limiting step. We have found that employing a combination of the pol III U6 promoters 

and the pol II U1 promoter to combine low-level expression of the same shRNA results in more 

effective RNAi than using a single U6 promoter. This is due to U6 transcribed shRNAs 

saturating the Exportin 5 pathway. Other aspects of the RNAi apparatus may be prone to 

saturation, necessitating more research using animal model systems. The most essential 

takeaway from this study is that vector-based siRNA expression systems should use better 

promoter systems in combine with low-dose siRNA. 

 Stimulation of Natural Immune Retaliation 

 
The discovery of double-stranded RNA was thought to induce innate RNA that would shut off 

in mammalian cells. Until Elbashir et al's breakthrough discovery, it was felt the only a matter 

of time before the cell stopped working. Long-stranded ribosomal RNA (dsRNA) is known to 

induce both interferon responses by binding to protein kinases and Toll-like receptors. The 

TLR7 of dendritic cells appears to be identified as the unique sequence motif (5′-GUCCUCAA- 

3′′) and trigger immunological responses. The study shows that certain siRNA sequence 

motives elicited immunological activation depending on TLR 7 (Hornung et al., 2005). The 

discovery of the so-called "dangerous motifs," GU-rich areas which have proved themselves 

to trigger innate immune responders and lead to cell-type and sequence release of inflammatory 
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cytokines, was published in. Since then, several publications have identified what they call the 

dangerous motifs - oligonucleotides that indicate the "danger" of hostile nucleic acids on the 

cell through TLR9 for immune-stimulatory patterns of CpG. The induction of siRNA-mediated 

immunity seems to rely on TLR receptors (Marques & Williams, 2005), but cells are heavily 

affected by the way the syRNA is delivered, thereby dividing it. Although understanding of 

immune stimulation features requires a study on animal models, it is also necessary to in vitro 

use of primary humans with an extensive repertory for immune stimulation. Recent study 

showed that induction of cytokine might be repealed with preserving silence activity 

(Morrissey et al., 2005). Although these potential results are encouraging, significant attention 

and extensive tests are definitely necessary before clinical application. 

iRNAs (Darmacon) have been shown to increase the number of interferon reactions in cell 

culture tests. Darmacon has recently released a study suggesting that short 23 nt siRNA and 

interferons may be linked to enhanced immunological activation. The danger of enhanced 

immune reaction should be carefully considered. iRNAs in the cell types appear to differ 

according to the length threshold, which makes it difficult to predict the result of Dicer substrate 

siRNAs. T7-transcribed siRNAs in vivo. Interferon reactions are strongly influenced by the 

presence of a 5′ interferon reaction (Hornung et al., 2005). The researchers say that previous 

results should be looked at in additional examination. 

 Suppression of off Targets 

RNAi's almost perfect characteristic did not prove to have been entirely accurate. Genome- 

wide gene activity monitoring by micro-array technology has convincingly demonstrated that 

cells treated with siRNA display a high amount of gene silencing. The silencing of off-goals is 

evident since it is unclear and generally unpredictable how the biological effects of changing 

gene activity are. In vitro transfected cell studies reveal that a third of siRNA randomly picked 
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impact the cell's survival and can show that off-targeting leads to a hazardous phenotype 

(Fedorov et al., 2006). The so-called "seed" region has a match of 6-7 nuclear oils. Study 

showed that 11 nucleotides matching the target with the siRNA may result in a knock-down 

off-target. Recent study has made it more evident that targets have been removed. This has 

been shown in previous studies of the mirRNA-target mRNA pairs. It can be used to identify 

the mical RNA as a potential target. In target selection, position one of a miRNA is irrelevant 

the interaction between 5′phosphate and PIWI does not match the mRNA objective. The goal 

in the 3′ UTR which imitate miRNA bindings are preferably silenced if hexamer regions are 

included in them (Jackson, Burchard, Schelter, et al., 2006). In this case, it is possible to silence 

the 3 UTR by removing the PIWI domain. They say this could make it challenging to determine 

which genes are affected by translation inhibition instead of mRNA instability. But the picture 

is far from comprehensive in terms of identifying targets because many genes with a strong 

match of the seed continue to be impacted (Birmingham et al., 2006). It's also likely that the 

cell targeting will not only have an impact on mRNA but also on miRNA expression patterns. 

The new technology in protein arrays can give a better opportunity of siRNA impacts on the 

expression of cell proteins and offer better screening options for SiRNA. Non-targeting remains 

a crucial challenge in RNAi therapeutic use and siRNAs with acceptable levels require practical 

testing. Studies showed that researchers have developed a new way to identify siRNAs that can 

be used to prevent undesired targeting. They found that 2′ O-me modified siRNAs can decrease 

the targeting substantially without affecting the target Silencing Degree (Jackson, Burchard, 

Leake, et al., 2006). The intelligent design of the SiRNA that enhances selectivity of the strand 

should not benefit passenger strand loading which has been displayed cause off targeting. 

Differential thermodynamic encourage the incorrect transport of a 5′′ beach with energy, which 

may substantially increase cleavage efficiency and deliberate mismattures in the passenger 
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beach. Passenger bearings may be easily targeted by constructing fake meaning and antisense 

targets, such as a commercially available psiCheck vector system. In the case of fixed target 

sites, improvement of beam loading may be reduced and additional siRNA alterations may be 

required to enable effective differentiation between normal and mutant transcript. The only 5" 

end of the guide strand connects with the mRNA targets whereas in target recognitions, the 3" 

end plays a minimal role (Doench & Sharp, 2004). 

 

Chapter 5 

 

Different Types of RNA Targets & Their Bioactivities 

 
 The Ribosome 

 
The new era antibiotics are very much reliable to RNA binding small molecules. The RNA 

binding drugs shows their effectiveness by binding with the rRNA. The rRNA and ribosomal 

proteins are the building block of the two subunit, large (50S) and small (30S). The large 

subunit (50S) is in care of processing of peptide bond formation whereas small (30S) subunit 

is held accountable for incorporation the only correct tRNA into the amino acid. The rRNA is 

only behind the activities carried out by the subunit which are, catalysis by the 50S subunit and 

proof reading by 30S subunit. In the 16S rRNA which is the part of 30S subunit the 

proofreading occurs. For adopting an extrahelical conformation the tRNA induces the residue 

A1492 and A1493 (Hermann, 2003). 

Aminoglycosides are the common RNA-binding small molecules which has been ardently 

investigated among all the other classes of antibiotics which binds to the 30S subunit. 

Aminoglycosides binds with the A site to incorporate the amino acids from noncognate tRNAs 

by binding with the 4, 5- and 4, 6-substituted. Moreover, aminoglycosides allows the residues 
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A1492 and A1493 to create as same as the binding cognate tRNA from the helix (Ogle et al., 

2001). 

In addition, combining with linezolid, oxazolidinones the newest class of antibiotics which has 

entered to the clinic as the first of this class. The mechanism of oxazolidinones is to bind with 

the 23S rRNA that is present within the 50S subunit. To illustrate, to bind with the 50S subunit 

oxazolidinones is observed. In the translation assays to isolate ribosomes with weak affinity 

the oxazolidinones binds in spite their low micro molar IC50 values. Furthermore, the initiator 

tRNA is prevented from binding with the 50S ribosome by the oxazolidinones. So it is 

understand by this mechanism that to prevention of peptide bond formation at first, 

oxazolidinones binds near the P site as the binding affinity for ribosomal subunits are observed 

(Jarvest et al., 2002). 

 Transfer RNA 

 
Aminoacyl-tRNA synthetases (AaRs) has gained huge interest in the antibacterial field for its 

inhibition characteristics. It is an important enzyme which works for coupling of the amino 

acids to give rise to tRNAs. The inhibition of the AaRs has been recognized as an effective 

antibacterial strategy for leading the uncharged tRNA to inhibit the protein synthesis and finally 

death of the bacterial cell. The AaRs or the tRNA are targeted for preventing the inhibition of 

the aminoacylation reaction by interacting the AaRs with the respective tRNAs. There are 

many aminoglycosides found to bind with tRNAPhe where the neomycin is found (Figure 6A), 

also the neomycin was collaterally effective to inhibit the charging of tRNAPhe, Ki of ∼300 

µM.63. Besides, to inhibit other compounds like non-aminoglycoside small molecules are 

found to be effective though the concentrations of the ligand required to perform this function 

is excessively high. In the variety loop region there are nucleotides which make the tRNAPhe, 

a binding site for neomycin which states that the specificity for tRNAs could be achieved by 
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the rationally targeting loops which are located on the distant tRNAs (Kirk & Tor, 1999; Walter 

et al., 2002). 

 Riboswitch RNA 

 
By recognizing the small molecule metabolite, riboswitch RNAs regulate the protein 

translation of the post transcription. The riboswitch RNAs are the type of mRNA that is buildup 

with two domains which are obtained at the 5′-UTR of an mRNA primarily. This is a domain 

which is tied up to the ligand with high affinity and specificity and the other is a platform 

domain which is to hold to conformational change to retaliate the ligand binding and modulates 

translation. The riboswitches are abundantly found in fungi, bacteria, plants and archaea and it 

is advised in a study of bioinformatics that mRNAs (Mandal et al., 2003). 

By replacing riboswitch by a different aptamer domain, the ligand mediated translational 

control of the riboswitch is modulated. This kind of adaptability helps it to engineer the 

artificial riboswitches in functions like sensors and control of bacterial mirastion. Similarly, it 

has been determined that there are many riboswitch aptamers with different structures which 

is bound with their cognate ligands and many secondary structures are formed as the bending 

site of each ligand is formed. To differentiate the cognate and near cognate regions the binding 

pocket of each molecules create a complex array of contact such as, when elimination of a 

single methylene unit from the methionine side chain the riboswitch exhibits decrease in 

affinity by 75-fold (Winkler et al., 2004). 

In the previously determined solutions of confirmations the metabolites that are bound with 

ligand conformations were nearly identical in their respective binding pockets. This function 

of the targeted riboswitch RNAs which helps to regulate important genes by using the small 

molecules whichever mimics metabolite of the riboswitch was proposed by Beaker and Blount. 

This can be a novel antibacterial agent as the metabolite analogs pyrithiamine pyrophosphate, 
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aminoethyl cysteine, L-4-oxalysine, and roseoflavin which shows a characteristic of exhibiting 

antibacterial properties can be effective by targeting the particular riboswitch RNAs. The 

mutation in the aptamer domain of the each of these metabolite mimics alters the riboswitch 

ligand interaction. Lastly there are undergoing researches taken out to identify riboswitch 

inhibitors by high-throughput screening and assaying structural mimics of metabolites (Blount 

& Breaker, 2006; Mayer & Famulok, 2006). 

 

 

 
Figure 5: Translational control in the IncB plasmid replication system that is Antisense-mediated. (Thomas et 

al., 2005) 

 

 

 Antisense Mediated Translational Control 

The antisense mediated translational topic is very common in bacteria and prevalent in plasmid 

replication systems. The mRNA translation in the post transcriptional control system is 

controlled by the complementary RNA. Moreover, in the determined mRNA the translational 

state of the mRNA is regulated by the antisense RNAs by binding with the base pair. In the 

study of the bioinformatics, it is observed that the hairpin loops which is involved in the RNA- 
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RNA interactions generally includes a YUNR sequence where “Y” is a pyrimidine, “N” any 

nucleotide, and “R” purine, which is known to form a U-turn motif. To boot, the structural 

motif helps the hairpin to adopt in the phosphate backbone of sharp bend by forming the bases 

in the loop in such a way like Watson-Crick base paring (Judy Praszkier & Pittard, 2005). 

This sort of RNA-RNA interaction can make a scope for the improvement of antiplasmid 

agents or novel antibiotics. Moreover, it has recently came to acknowledgment that antiplasmid 

agents in the IncB plasmid system can work as as here the plasmid copy number are controlled 

by the RepA protein which is a phosphodiesterase to start the replication of the plasmid. One 

of the antisense mechanisms is responsible for controlling the RepA mRNA stringent 

translation. Furthermore, multiple stem-loop structures are formed. The combination of stem- 

loop structure (SLI) with the antisense RNA that prohibits the translation since the Shine- 

Dalgarno (SD) sequence is paired with the base in the duplex region of a stem-loop (SLIII), 

having said that the free SLI binds with the SLIII for stabilizing the open form of the helix and 

to exposing the SD sequence which allows the translation of the RepA protein and leads to the 

plasmid replication in the end. It was earlier found that they prevent the plasmid replication 

and leading to the plasmid loss the association with the SLIII is inhibited by the small molecules 

which can mimic the function of the RNAI by binding with the SLI (Thomas et al., 2005). 

In the clinics the plasmid removal strategy can be useful as bacteria generally harbor multidrug 

resistance plasmids because the removal of the plasmids would make the bacteria susceptible 

to antibiotics to which they were formerly been resistant. Additionally, a group of 

aminoglycosides was screened to check their potentiality to bind with SLI for identifying the 

potential antiplasmid agents. SLI was bound with all the 4, 5- and 4, 6-deoxystreptamine 

aminoglycosides with mild-nanomolar affinity in contrast to the hygromycin B and 

spectinomycin which shows no binding affinity. Besides, apramycin can induce the loss of 
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plasmid in the dose and time dependent manner which is obtained from the bacterial cell 

cultures results. It binds with the SLI binding bacteria to exhibit the antiplasmid effect as 

apramycin cannot eliminate the SLI mutant sequence in the plasmid (DeNap et al., 2004). 

 
 Protein Mediated Translational Control 

 
Proteins can be used in the mammalian cells can be considered as analogous to small metabolite 

molecule and the mechanism of the antisense mediated translational control such as, binding 

with the own mRNA, the thymidylate synthase (TS) negatively regulates its expression. In two 

distinct site of the mRNA the TS is bound where the site 1 is resided in the first nucleotides 

that contains coding portions and the 5′-UTR portions and the site 2 is found further 

downstream in the coding regions. The binding site for the TS has a six-membered hairpin loop 

and two small symmetric internal loops which is called as 35 nucleotide stem-loop structure (J. 

Praszkier & Pittard, 2002). 

Again, the start codon for the TS mRNA in the hairpin loop resides has the AUG sequence 

which is important for the binding of the TS because the corresponding AAA mutant could not 

bind with the TS. Moreover, the attraction of the pharmaceutical R&D programs through many 

years. For the synthesis of the thymine monophosphate TS has the only responsible enzyme, 

then to incorporate into DNA it is again metabolized into thymine triphosphate. On the 

contrary, TS fails to regulate its own translation as the certain classes of inhibitor makes it 

ineffective (Chu & Allegra, 1993). The TS inhibitors has less effectiveness when the 

concentration of TS is increased in the cell so an alternate approach in needed for the inhibition 

of the activity of the enzyme. Furthermore, in low iron conditions the regulation of ferritin and 

transferrin receptors are found to work in synergy because the iron is imported by upregulation 
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transferrin from the surrounding environment into the cytoplasm and also the protein prevented 

from binding and sequencing iron by the simultaneous down regulation of ferritin. 

Iron regulating proteins 1 and 2 regulated the levels of the receptors of ferritin and transferrin 

where IRP-1 inhibits the translation by binding with the ferritin IRE the by preventing the 

initiation factors to bind with the 5′-cap of the ferritin mRNA. The new researches on the 

bioinformatics have described about the sequence and the structure of the RNA segment which 

makes the IREs highly conserved in secondary structure. When the IRP-1 binds the bulged 

region ensures the change on the molecule by acting as a molecule hinge and if this bulged 

region is deleted the binging affinity is decreased to nearly 400-fold. For the treatment of the 

sickle cell disease the availability of the iron modulation by the small regulation molecules 

(García, 2018). 

 

Chapter 6 

 

RNA as Therapeutic Targets for Small Molecule & challenges 

 
 Approaches to Affect Small Molecules 

 
Inforna's base is in querying these highly probable regions of structured RNA elements against 

empirically established. Several ways for rationally designing chemicals that intentionally 

target RNA and alter downstream biology are constructed into Inforna. Because selectivity is 

still a significant challenge in small molecule RNA targeting (Costales et al., 2017). 

Furthermore, these RNA 3D folds can be restricted to bioactive portions of RNA. Small 

compounds that have been targeting the precursors of oncogenic miRNA have been created 

using Inforna's highest fitness and most selective binders, and have demonstrated encouraging 

preclinical findings in vivo (Huang et al., 2009). 
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According to research, Inforna defined interactions between RNA-small molecules can be used 

to guide the selective targeting of miRNA precursors. The carcinogenic miR 210 is an excellent 

example of this. MiR-210 expression is abnormal in tumor cells that are exposed to hypoxic 

conditions, such as those found in solid breast cancer tumors. Targapremir-210 (TGP-210), a 

drug discovered by Inforna, suppresses miR-210 production by binding to the C/C internal loop 

exhibited in its Dicer processing site. 80 In cellular and in vivo models, inhibiting miR-210 

disturbed (Kelly et al., 2011). 

 
Figure 6: Pri- and pre-miRNAs as therapeutic targets for small-molecule compounds.(Yu et al., 2020) 

 

 

 Quantification of Selectivity 

 
Quantitative analysis of compound specificity with kinase inhibitors was previously measured. 

A particular measurement system called Gini coefficient, originally developed as a statistical 

distribution measure of the distribution of wealth to measure inequality (Bosc et al., 2017). The 

Gini coefficient was recently used to quantify the selectivity of kinase inhibitors because it 
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indicates a frequency distribution of distinguished inhibitions between the kinase populations. 

Briefly, the Gini coefficients range between 0, which indicates a non-selective compound, and 

1, which indicates single target selectivity. A kinase inhibitor that has no selectivity (testing 

78/85 kinases), for example, has a Gini coefficient of 0.15 while selective inhibitors have a 

Gini coefficient of 0.69 to 0.9 (Drewry et al., 2017). 

Similar selectors of a tiny molecule affecting pri-miR-515 and Vivo-Morpholino modified 

ASO targeting miR-515-5p have been applied to RT QPCR profiling data from MCF-7 cells 

in this analysis with respective Gini coefficients are 0.75 and 0.72. A comparable level of 

selectivity with Gini coefficient values 0.71 and 0.62 showed respectively in the smaller 

molecule and ASO targeting miR-96 in other analyses. In addition to qPCR data profiling, Gini 

coefficient analyses for large datasets can also be applied. For instance, the large selectivity of 

a small molecule targeting miR-544 (Gini coefficient = 0.73) and a miR-544 ASO targeting 

(Gini coefficient =0,70) was shown in transcriptome-wide microarray analysis. Surprisingly, 

the monomeric miR-544 has high drug-like features that support the idea that the traditional 

'drug-like chemical space is also occupied with selective little molecules that target structured 

RNA patterns. In general, metrics such as the Gini coefficient are useful tools for comparing 

compound selectivity, to objectively assess the selectivity of small molecules interacting with 

RNA. Notably, the selectivity of the small molecules is rivals or exceed that of ASOs by Gini 

coefficient analyses (Haga, Christopher L., Velagapudi, S.P., Strivelli, J.R., Yang, W.-Y., 

Disney, M.D., Phinney, 2015). 

 Targeting Viral RNA Sequences 

 
While aminoglycoside antibiotics preferably bind RNA to DNA and remain a valuable leading 

force to develop new RNA binders, they have 2 important shortcomings- moderate affinity and 

inadequate specificity. Their promiscuous linkage to many RNA objectives gives rise to 
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concerns about their potential usefulness. We felt that the empirical knowledge base of RNA 

and ligand interactions had to be substantially expanded. Efficient means for the quick 

screening of chemical compounds have become necessary for their RNA affinity and 

selectivity. Moreover, our development program was ready to move from the examination of 

"model" RNA molecules to targeted RNA therapeutic use sequences (Costales et al., 2020). 

 Challenges of Targeting Small Molecules of Drugs 

 

 The Bacterial Ribosome and Developing New Antibiotics 

Ribonucleoprotein complexes are appealing pharmacological targets because they 

contain well-defined binding sites made up of both RNA and proteins. But new 

anti-bacteria are urgently needed to overcome the problem of drug resistance, which 

severely limits the effectiveness of the current antibiotic arsenal (S. Levin, 1993). 

The atomic features of an antibiotic class, aminoglycosides, and interaction with ribosomal 

RNA were originally uncovered by a pioneering NMR study. Last year, the structures of both 

bacterial ribosome subunits were determined using X-ray crystallography (Clemons et al., 

2001). Antibiotics that bind to the big subunit do not yet have structural evidence. Antibiotics 

that target the 30S subunit impair one of these activities. Tetracycline, for instance, attaches to 

the aminoacyl tRNA site (called the A-site) and ejects. Antibiotic paromomycin helps in the 

translocation of the IRNA and associated mRNA during polypeptide chain elongation. The 30S 

is important in "decoding" the mRNA sequence by matching it to its appropriate aminoacylated 

tRNA (Clemons et al., 2001). 

 Mechanisms of RNA Recognition by Small Molecules 

 
The ability of RNA to build complex three-dimensional structures is connected to its varied 

biological activities. RNA's purine and pyrimidine bases are functionally rich molecular 
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structures that may be read directly via particular hydrogen bonds and stacking interactions. It 

is, however, less chemically varied, because proteins are made of 20 distinct amino acids. The 

structure and chemical diversity of RNA motifs, as well as whether they can be identified by 

small molecules with the same specificity as proteins are critical concerns for drug 

development. Some of these concerns have been answered by current research on ribosomal 

RNA but others remain unanswered. Ribosomal RNA is mostly made up of irregular double 

helix stems and loops that are arranged in a complicated tertiary structure. Clefts between the 

various helices and loops help small-molecule medicines to generate well-defined binding 

sites. Tetracycline, for example, is a neutral polycycle with polar functions on one side that 

binds two locations inside the 30S ribosomal subunit. The bulk of contacts are created between 

the drug's polar groups and the sugar-phosphate backbone of adjacent RNA helices at both 

locations (Brodersen et al., 2000). Aminoglycoside antibiotics are positively charged, flexible 

compounds made up of multiple amino sugar rings connected in a linear array that form polar 

interactions with the RNA backbone and base groups in the main groove. Pactamycin's two 

aromatic rings form stacking contacts with one another and with a neighboring stem-loop. In 

this study, two adenine bases are displaced from helix 44 by paromomycin and neomycin B. 

Hygromycin B does not occur in this case at any base displacement and sequence-specific 

sequence reading of each core base through hydrogen bonding mediates RNA recognition 

almost entirely. This is the first time a drug binding to RNA is commonly accomplished by 

induced fit, as seen in the interaction between the HIV-1 TAR RNA regulatory element and 

Tat-derived peptides and organic compounds (S. Wang et al., 1998). 

Researchers have discovered what happens when tiny molecules use the flexibility of the RNA 

structure to set a proper binding pocket. The population of various states may be affected by 

small molecular ligands that induce completely new conformity in the RNA objective. The 
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flexibility of RNA provides apparent issues with structural drug design but increases the 

possibility of a therapeutic intervention. Allosteric regulation can be achieved by obliging an 

RNA to confirm as if for the binding of neomycin B to HIV-1 TAR RNA, to be unsuited for 

its purpose. In the case of antibiotics that bind the RNA core of the ribosome, a therapeutic 

effect can also be produced through the stabilization of the RNA in a single form that cannot 

switch between multiple conformers. Given the negative charge of RNA molecules, 

electrostatic interactions are crucial for binding Cationic compounds and RNA affinity and 

discrimination are the well-recognized RNA-binding ligands, regulated by interaction between 

non-specific electrostatic forces that are essential to affinity and specific interactivities. A 

variety of RNAs include TARs and THE RRE HIV-1 motifs, numerous ribozymes, and human 

mRNAs that are preferentially bound to bacterial ribosomal RNA but are also bound to a range 

of non-binding RNAs. So electrostatic interactions are the double-edged sword: at the cost of 

diminished specialties and inefficient cellular connections they increase affinity (Sucheck et 

al., 2000). 

 

Chapter 7 

 

Conclusion & Perspectives 

 
In this review, the RNA structures are introduced as drug targets and mediators in human 

diseases. Later the RNA structures are used in different ways to find the RNAs that target small 

molecules. In RNA drug discovery there are mainly three components, they are (i) to identify 

the disease-related targets, (ii) to evaluate the druggability of identified targets, and (iii) 

discovery of drug based on rational design and high throughput screening. 

Though RNAs are introduced as the mediator in human diseases yet there is insufficient 

knowledge about the interaction of RNA small molecules and RNA 3D structures which leads 
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to holding back on the progress of RNA targeted drug discovery and its durability. To elaborate, 

only linezolid is the single class of small molecule targeting RNA that is used clinically. Some 

basic principles are preferred for the assessment of RNA small molecule interactions and RNA 

druggability to guide the discovery of the RNA-targeted drug. 

One of the components of the drug discovery is high throughput screening and rational drug 

design, though it was initially designed for the protein targets by making modifications in the 

RNA structures and specific physicochemical properties it can also be used for targeting RNA. 

Similarly, ligands with high affinity and specificity mostly target the RNAs which has ligand- 

binding pockets and stable structure. In addition, the interaction of proteins and RNAs can also 

provide a rigid structure and functional significance. To understand the mechanism of the 

diseases related to RNA structures the study on the development of the effectiveness of the 

RNA therapeutics which successfully targets the RNA structure can lead to a new path. The 

ongoing study on RNA structure with the novel technologies helps to enlighten us about the 

regulatory part of the RNA structure in human diseases. Lastly, many new essential RNA 

therapeutic drugs and targets can be obtained by pioneering techniques based on new structures 

of RNA. 

The above review shows the usage of RNA drugs and targeting the RNA small molecules and 

therapeutics. In my point of view, a broad change can be made to create the modified RNA- 

targeted drugs. There could be more attention given to high throughput screening and rational 

drug discovery to ensure the ability of the ligands to bind with the specific targets. Moreover, 

RNA drugs can easily be obtained than proteins when it is known about composing a high- 

quality RNA target. For the reason that the principles of the RNA structures and folding are 

easy in comparison with the proteins, also the RNA motifs that are to be targeted are far- 

reaching. 
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