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Abstract 

RNA interference (RNAi) discovered in the 1990s by Fire and Mello plays a role in 

silencing gene function. One type of RNAi is siRNA, which is a double-stranded molecule of 

20-25 base pairs. This molecule is made by cleaving double-stranded RNA by the enzyme 

Dicer. siRNA binds to the protein complex with ribonuclease activity - RISC (RNA-induced 

silencing complex). The resulting complex binds to the mRNA and cuts it into parts, which 

blocks the formation of the protein encoded by the mRNA. This property has been exploited 

in the production of siRNA-based drugs. However, the instability of siRNA molecules turned 

out to be difficult - the challenge was to properly modify the structure of siRNA in order to 

increase the stability and half-life and select the appropriate method of delivering the 

molecule to the body. Many siRNA-based drugs have already been developed, but most are in 

clinical trials. In this review, we present the role of RNA interference in therapeutics 

production and use of siRNA in cardiovascular diseases treatment. 
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Introduction 

Interest in the use of mRNA dates back to the 1960s, but the main obstacles at that 

time were instability and immunogenicity of mRNA. Only the modification of mRNA by 

introducing modified nucleosides into its sequence (modification of uracil ribose in order to 

produce the so-called pseudouracil undetectable by the immune system) and the development 

of new methods of packaging and delivering messenger-RNA (recent years) resulted in the 

fact that it began to be seen as a huge potential - not only by highly efficient transfection, but 

also by extending the time of protein expression [1]. Further research on RNA molecule led to 

the discovery of phenomenon of the Interference RNA – RNAi [2,3].  

In this review, we summarize the role of RNA interference (siRNA and miRNA) in 

therapeutics production and use of siRNA in cardiovascular diseases treatment. 

 

The potential of RNA molecule 

Messenger-RNA, apart from the above-mentioned features, has numerous advantages - 

independence from the cell nucleus (avoiding the transcription process which takes place in 

the cell nucleus, where the DNA is rewritten into mRNA – done mRNA is given, it makes the 

material is ready for the translation process taking place in the cytoplasm, resulting in 

expression proteins - here mRNA has a decisive advantage over DNA due to a much higher 

efficiency), the inability to penetrate the host genome and thus limiting the insertion mutation, 

ease of synthesis due to DNA transcription (which in addition is a fast and inexpensive 

process) and the ability to express any proteins (the possibility of controllability of protein 

synthesis in cells; here a huge potential for the treatment of the vast majority of diseases - 

through the production of properly functioning proteins, as well as antigens that induce the 

production of antibodies by the organism) [4,5]. 

RNAi (RNA interference), which has been researched since the late 1990s by Fire and 

Mello (1998), act a significant role in silencing certain genes [3,6]. There are two main types 

of RNAi - siRNA (double-stranded, small interfering RNAs that bind and degrade defined 

mRNAs; consist of 20-25 nucleotides in lenght) and miRNAs (single-stranded but less 

homology to mRNA than in the case of siRNA; consist of 17-25 nucleotides in lenght). Both 

types target mRNAs using base-pair recognition and initiate mRNA degradation and then 

decreases the levels of the corresponding protein. Although the two molecules are similar, 

there are some differences. After transfection, siRNA is split by helicase (ATP-dependent), 

the non-degraded antisense strand is incorporated into the RISC interference complex 

(activation of the complex), this complex then attaches to the complementary siRNA 

messenger-RNA and cuts it (degradation of mRNA) and block the production of a specific 

protein. A similar mechanism involving the RISC complex is represented by miRNA, which 

apart from degradation causes very high specificic inhibition of translation [3,6,7,8,9,10]. The 

miRNA molecule generally bind to the untranslated region 3′UTR of mRNAs and then 

repress their translation or recruit deadenylases and/or decapping enzymes to simplify the 

degradation of specific mRNA [8]. The main challenge in using RNAi-based therapies has 

been to find the ideal method of delivering such material to cells. Numerous studies have 

considered direct transmission by injection, but also systemic transmission using 

nanoparticles, liposomes and aptamers (although the target was a limitation here - this method 

may only be suitable for specific organs and body compartments).  
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The most common are RNAi delivery by lipid carrier transfection (especially using cationic 

lipid-based reagents) and viral transduction (usually adenoviruses and letinoviruses are used 

as vector) [9,11]. The half-life of siRNA and miRNA can be extended due to chemical 

modification (2'-O-methyl substitution for ribose-2' and modification of phosphorothioate 

bonds). Extending the half-life has very little effect on gene silencing. Modifications can also 

be related to the blockade of the nucleic acid (greater hybridization properties). Increasing the 

stability of siRNA molecules can be done by replacing the unstable and highly charged 

phosphodiester backbone with a phosphorothioate (PS) backbone. Resistance to the action of 

nuclease and phosphodiesterase and at the same time increasing the hydrophobicity of 

molecules (more beneficial pharmacokinetics) is carried out by replacing one of the non-

bridge oxygen atoms on the phosphate group with a sulfur atom. This modification is 

considered to be one of the most important and successful modifications in this field but some 

studies show that the modified molecule may have a reduced ability to silence genes and thus 

be less effective (possibly this is by interfering with RISC activation due to the presence of PS 

at the center of the strand). Research results suggest that partially modified molecules remain 

effective and PS modifications at the end of the strand are more tolerated [12,13,14]. Thanks 

to carriers in the form of liposomes (here the possibility of penetrating the cell membrane, 

because of the ability to diffusion and endosomal penetration through the cell wall), 

nanoparticles or aptamers (most often are used oligonucleic acids and peptide molecules), it is 

possible for molecules to recognize specific receptors on cells, which gives high efficiency in 

targeted therapies [15].  

 

Overview of siRNA-based drugs 

Inclisiran is a drug made by Novartis Europharm used to lower LDL levels in adult 

patients with primary hypercholesterolaemia (heterozygous familial hypercholesterolaemia 

and polygenic hypercholesterolaemia) and mixed dyslipidaemia, which was approved in the 

EU in December 2020. This drug uses a long-acting, synthetic siRNA molecule that has 

undergone numerous modifications to increase stability, which is directed against the PCSK9 

receptors in hepatocytes responsible for the metabolism of low-density lipoproteins, which 

allows for an effective reduction of LDL concentration in the blood, which is the most 

effective mechanism of drugs so far. Lipid-lowering drugs, especially in patients at risk of 

coronary heart disease, and it is the first drug with such a mechanism using siRNA [16,17,18]. 

Inclisiran consists of two threads - the guide thread and the passenger thread, of which the 3 

'end of the passenger thread is coupled with three-antennae N-acetylgalactosamine (GalNAc) 

carbohydrates, which abundantly bind asialoglycoprotein receptors (ASGPR) in the liver, 

leading to targeted drug uptake by hepatocytes. The guide strand, connecting with the RISC 

complex, causes binding of PCSK9 mRNA and its degradation, preventing the production of 

the PCSK9 protein. Inclisiran is most often used in addition to a low-fat diet and in 

combination with statins, although in patients with statin intolerance, inclisiran can be used 

alone or in combination with other lipid-lowering drugs [19,20]. Inclisiran is available as pre-

filled syringes as a solution for subcutaneous injection - each pre-filled syringe contains 284 

mg of inclisiran in 1.5 ml of solution. The unquestionable advantage of inclisiran is the low 

frequency of administration of this drug - the currently recommended dose is 284 mg of the 

drug administered consecutively on day 1, 90, and then every 6 months.  
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The EU approval of the drug was based on the results of the ORION clinical trials, which 

confirmed the efficacy and safety of Inclisiran in lowering LDL levels in patients with 

hypercholesterolaemia at the maximum doses of statins. Inclisiran lowers LDL levels by more 

than 50% with one dose every 6 months, which is a great innovation in the treatment of 

hyperlipidemia, where statins alone reduce LDL by 10-20%, and inclisiran is well tolerated by 

patients [21]. 

Patisiran is a hepatically directed therapeutic used in the treatment of hereditary 

transthyretin amyloidosis with polyneuropathy and transthyretin amyloidosis with 

cardiomyopathy. This drug use the interference process to reduce the synthesis of mutant and 

wild-type transthyretin (by targeting the 3′UTR of transthyretin mRNA). Patisiran is available 

as a 10 mg/5 mL lipid complex injection administrated in intravenous infusion over 80 

minutes. FDA recommendation of dosage of patisiran is 0.3 mg/kg every 3 weeks. APOLLO 

studies on patisiran in people with transthyretin amyloidosis with cardiomyopathy (3
rd

 phase 

of trials) showed decreasion of mean left ventricular wall thickness, left ventricular global 

longitudinal strain and NT-proBNP level in comparison with placebo [14,22,23].  

Vutisiran is also used in the treatment of hereditary transthyretin amyloidosis with 

polyneuropathy and transthyretin amyloidosis with cardiomyopathy and it also targets liver 

cells. This drug consists of two strands, a 21-base strand and a 23-base strand, and is coupled 

to GalNAc, which enables specific and high uptake by hepatocytes. The HELIOS-A trials 

compared the effectiveness of vutisiran and patisiran in the treatment of hereditary 

transthyretin amyloidosis with polyneuropathy. Results was published in January 2022 and 

showed a decrease TTR levels as well as a decrease the heart failure marker NT-proBNP. The 

FDA is currently considering the introduction of vutisiran to treat hereditary ATTR 

polyneuropathy. The HELIOS-B study, which is scheduled to end in 2024, aims to evaluate 

the effectiveness of vutrisiran in hATTR patients with cardiomyopathy compared to placebo. 

The drug is administered as a subcutaneous injection once every three months, which gives it 

an advantage over patisiran [14,24] 

Givosiran is subcutaneous siRNA drug approved by the FDA on November 20, 2019, 

used in patients with acute hepatic porphyria, a genetic disorder associated with a mutation in 

the heme synthesis pathway and induction of the first enzyme in this pathway - aminolevulin 

synthase 1 (ALAS1) but also associated with chronic comorbidities, including hypertension. It 

causes an increase in the neurotoxic metabolites of aminolevulinic acid (ALA) and 

porphobilinogen (PBG), leading to a life threatening condition. The goal of the drug is to bind 

to a target sequence on the mRNA intended for ALAS1, which reduces the synthesis of this 

enzyme and thus the toxic metabolites of the pathway (and also reducing frequency of attacks 

of the disease). Givosiran consists of a 21-base sense strand and a 23-base antisense strand 

and is conjugated to tri-GalNAc allowing enhanced uptake by hepatic cells. Despite its 

effectiveness, the drug has a number of side effects with prolonged use, including iron 

overload of the liver, thrombocytopenia, phlebitis and tachyphylaxis. Due to a transient 

increase in creatinine, a negative effect on the kidneys and the progression of their disease in 

the case of long-term use of givosiran cannot be excluded. The recommended dose is 189 mg 

/ ml and dose of 2.5 mg / kg once a month. [14,25,26]. 
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Fitusiran is an siRNA drug developed for the treatment of haemophilia A and B 

directed against antithrombin. By inhibiting the production of anticoagulants, it reduces the 

number of bleeding, which is a promising method because the effect of the application is the 

same as with the use of the missing coagulation factors, but it is not burdened with the risk of 

autoantibody formation, and it is not as onerous. The drug works by binding to antithrombin 

mRNA, which increases the level of thrombin. Fitusiran consists of a 21-base strand and a 

second - 23-base strand and is conjugated to tri-GalNAc leading to the liver where 

antithrombin is synthesized. The results of clinical trials are promising - decreased levels of 

antithrombin and decreased bleeding frequency were observed in patients with haemophilia A 

and B. Adverse events were rare and the most common were ALT increases and injection site 

erythema [14,27]. 

Teprasiran is an intravenous drug consists of two 19-base strands with 19 2’-OMe 

substituted bases, designed for the prophylactic treatment of acute kidney injury (AKI) 

following kidney transplantation or cardiovascular surgery in high-risk patient. Teprasiran 

works by binding to p53 mRNA molecules (a key mediator of AKI) majorly  to the proximal 

tubule brush border. The teprasiran phosphate backbone is not modified and is administered 

as a naked siRNA molecule without a specific delivery system or conjugated targeting ligand, 

allowing the drug to be rapidly excreted by the kidneys and reabsorbed by the proximal 

tubular cells (PTC), where it accumulates. Clinical trials have demonstrated the safety and 

tolerability of teprasiran in patients after cardiac operations. In addition, teprasiran reduced 

the incidence of AKI after the interventions as well as its duration and severity [14,28]. 

 

Conclusion 

Presented features cause that RNA is becoming more and more approved and can be 

used in the pharmaceutical industry for the production of drugs, which in the long run may 

bring great progress in the development of medicine. Many of the drugs presented in this 

review require further research on their effectiveness, but it seems that siRNA-based drugs 

may become the future of medicine and allow patients to more conveniently treat of 

cardiovascular diseases (inclisiran, patisiran, vutisiran, givosiran, fitusiran) and prevent some 

complications after cardiac procedures (teprasiran). 
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