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ABSTRACT
Despite advances in statin therapy and other lipid-lowering agents, atherosclerosis continues to
drive a substantial global burden of cardiovascular disease (CVD). RNA-based therapeutics, including
small interfering RNA (siRNA) and antisense oligonucleotides (ASOs), are emerging as innovative tools
with the potential to complement or even redefine current treatment strategies. This review aims to
provide clinicians with an up-to-date overview of RNA-based therapies targeting atherosclerotic
CVD, with a focus on their clinical relevance, efficacy, safety, and future applications. Inclisiran, a
siRNA targeting PCSK9, has recently entered clinical practice, offering effective LDL-C reduction
with just twice-yearly dosing, an approach that may enhance long-term adherence and outcomes.
Other RNA-based agents in clinical development target lipoprotein(a), apolipoprotein C-III, and
angiopoietin-like protein 3 (ANGPTL3), addressing lipid fractions that were previously difficult to
modify. Additionally, RNA platforms are being explored to modulate inflammatory pathways
implicated in plaque progression, such as IL-6 and NLRP3. These therapies present promising new
options for high-risk patients, particularly those with statin intolerance, familial
hypercholesterolemia, or elevated lipoprotein(a). As these agents progress throughClinicians should
become familiar with this evolving class of treatments as they move from specialized use toward
broader clinical adoption.
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 The current therapies used in the treatment of
atherosclerosis include Statins (HMG-CoA reductase
inhibitors), which lower hepatic cholesterol synthesis leading
to a reduction in LDL receptor expression. This ultimately
leads to a drop in LDL-C. This is a first-line therapy for
prevention of ASCVD. Other therapies include Anti-
inflammatory therapies (e.g., IL-1β antibody, low-dose
colchicine) and Antiplatelet / Antithrombotic therapies which
target the inflammatory component of atherosclerosis and are
used to prevent thrombotic events (MI, stroke) on the
background of atherosclerotic plaques that rupture or erode
respectively. As effective as these therapies have been, they
have not been without their limitations. Many patients do not
reach target LDL-C levels or still have high residual risk
despite statins [6]. Statin intolerance (muscle symptoms, liver
enzyme elevation) limits use in some [7]. Some risk of new-
onset diabetes is associated with statin use. Anti-
inflammatory therapies are newer and the evidence base is
smaller compared to statins. Because atherosclerosis is
multifactorial, targeting inflammation alone may not fully
prevent plaque progression. They do not directly modify the
underlying atherosclerotic plaque biology (lipid deposition,
inflammation, smooth muscle cell change) and they are
adjuncts, not cures for atherosclerosis.

Atherosclerosis is a disease that is characterized by the
accumulation of lipids, fibrous elements, and calcification
within the large arteries. This process is initiated by
endothelium activation, followed by a cascade of events,
which implies the vessel narrowing and activation of
inflammatory pathways leading to atheroma plaque formation
[1].

   RNA-based therapeutics are a class of medical treatments
that use ribonucleic acid (RNA) molecules to modify, regulate,
or replace gene expressions in order to treat or prevent
diseases. Unlike traditional drugs that act on proteins, RNA
therapeutics act upstream at the genetic level, that is, they
influence how proteins are produced inside the cell. RNA-
based therapeutics can be classified by the mechanism of 

    Atherosclerosis is not, as was often previously assumed, an
irreversible process, causing disease by slow development of
narrowing of the arterial lumen. Instead, the inflammation
typical of atherosclerostic lesions, like other inflammatory
and autoimmune diseases such as rheumatoid arthritis, can
be ameliorated and also regress. Furthermore, CVD is related
more to plaque rupture and atherothrombosis than to a
passive thickening of the vessel wall. Atherosclerotic lesions
prone to rupture are characterized by increased expression
of proinflammatory cytokines as tumour necrosis factor-α
(TNF-α) and γ-interferon (IFN-γ) and thus an activated
immune response [2]. ASCVD (ACD) includes two major
conditions: ischemic heart disease (IHD) and cerebrovascular
disease (mainly ischemic stroke). IHD and stroke are the
world's first and third causes of death, respectively, causing
247.9 deaths/100,000 persons in 2013, representing 84.5% of
cardiovascular deaths and 28.2% of all-cause mortality. Other
less prevalent complications of atherosclerosis include
atherosclerosis of the aorta and peripheral vascular disease
[3]. Globally, ~9.0 million deaths due to IHD in 2021 with the
age-standardized death rate ~108.7 per 100,000 population
[4]. According to the 2023 World Heart Report, IHD and
stroke accounted for ~85% of all CVD deaths worldwide; IHD
~9.1 million deaths in 2019 [5].
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activity, and include inhibitors of mRNA translation
(antisense), the agents of RNA interference (RNAi),
catalytically active RNA molecules (ribozymes), and RNAs that
bind proteins and other molecular ligands (aptamers) [8].

siRNAs are short (~21–25 nucleotide), double-stranded RNA
molecules that exploit the endogenous RNAi) pathway to
selectively suppress mRNA expression [15]. Mechanistically,
the siRNA duplex is transported into the cytoplasm, where it is
loaded onto Argonaute 2 (Ago2) to assemble the RNA-induced
silencing complex (RISC). Within this complex, the “guide”
strand of the siRNA directs RISC to a complementary mRNA
sequence. When RISC binds to the target mRNA at specific,
perfectly matched sites, Ago2 mediates endonucleolytic
cleavage of the transcript, resulting in mRNA degradation and
subsequent inhibition of protein translation [16,17]. siRNA–
target interactions are highly sequence-specific and can
distinguish between mRNAs differing by only a single
nucleotide (17). Acting downstream of transcription, siRNA
therefore represents a potent post-transcriptional gene-
silencing strategy.

   RNA therapeutics include mRNA therapeutics / vaccines:
deliver messenger RNA (mRNA) that cells translate into
protein (vaccines, cancer vaccines, protein replacement),
siRNA (RNA interference): short duplex RNAs that guide RISC
to degrade target mRNA (gene knockdown), ASOs: single-
strand oligos that alter splicing, block translation, or trigger
RNase H degradation, miRNA mimics / inhibitors, aptamers,
and RNA-guided editors (ADAR-recruiting guides, CRISPR-
based RNA editors). RNA-targeting drugs have been developed
for diseases with significant unmet medical needs through
selective mRNA knockdown or modulation of pre-mRNA
splicing. Recently, RNA editing,  particularly antisense RNA-
guided adenosine deaminase acting on RNA (ADAR)-based
programmable A-to- I editing, has emerged as a powerful tool
to manipulate RNA to enable correction of disease- causing
mutations and modulate gene expression and protein
function. Beyond correcting pathogenic mutations, the
technology is particularly well suited for therapeutic
applications that require a transient pharmacodynamic effect,
such as the treatment of acute pain, obesity, viral infection,
and inflammation, where it would be undesirable to introduce
permanent alterations to the genome. This review aims to
provide clinicians with an up-to-date overview of RNA-based
therapies targeting ASCVD, with a focus on their clinical
relevance, efficacy, safety, and future applications [9-12].

RNA-Based Therapeutic Platforms
RNA-based therapeutic platforms are technologies that
employ various classes of RNA molecules to regulate gene
activity, enable the synthesis of therapeutic proteins, or
suppress genes responsible for disease. These platforms
constitute the basis of contemporary RNA medicine and are
developed to intervene at the genetic and molecular levels
rather than directly targeting proteins. In comparison with
traditional protein-targeted and DNA-based therapies, RNA-
based therapeutics are considered promising because of their
unique physicochemical and physiological characteristics.
RNA operates within the three fundamental biological
macromolecules: DNA, RNA, and proteins [13]. Most RNA-
based drugs that are clinically approved or undergoing
development are ASOs or double-stranded RNA molecules
known as short interfering RNAs (siRNAs). Both ASOs and
siRNAs interact with target mRNAs or pre-mRNAs through
complementary Watson–Crick base pairing, but they differ in
structure and mechanisms of action [14]. The commonly used
RNA-based therapeutic platforms include

Antisense oligonucleotide (ASOs)

ASOs are chemically engineered, single-stranded synthetic DNA
or RNA molecules designed to bind specific RNA sequences via
complementary base pairing, and they have been investigated as
therapeutic tools for numerous diseases. After an ASO binds to its
designated RNA target, multiple molecular outcomes can occur,
ranging from altered mRNA processing to complete removal of the
transcript. ASOs can bind complementary sites on pre-mRNA,
thereby affecting the recruitment of splicing factors and
reshaping splicing outcomes. They may also bind mature mRNA to
obstruct ribosome access, thereby reducing protein synthesis.
Furthermore, some ASOs trigger RNase H activity on RNA–DNA
hybrids, resulting in selective degradation of the target transcript
[14].

Short interfering RNA (siRNA)

Messenger RNA (mRNA)-based approaches

mRNA-based strategies allow endogenous cellular machinery
to synthesize therapeutic proteins or antigens, providing
innovative solutions for diseases previously regarded as
difficult or impossible to treat. These therapies function by
delivering synthetic mRNA into cells, enabling transient
expression of proteins for therapeutic or prophylactic
purposes. In contrast to DNA-based approaches, mRNA does
not integrate into the host genome, thereby minimizing the
risk of insertional mutagenesis and permitting controlled,
short-term protein production. Major advantages include
rapid and flexible manufacturing, efficient cellular
transfection, and the capacity to modulate previously
“undruggable” biological targets [18,19] 

Delivery systems

GalNAc conjugation for hepatocyte targeting

Tri-antennary N-acetylgalactosamine (GalNAc) ligands are
chemically linked to oligonucleotides such as siRNAs or ASOs.
GalNAc exhibits strong affinity for the asialoglycoprotein
receptor (ASGPR), a high-capacity receptor selectively
expressed on hepatocytes, thereby promoting receptor-
mediated endocytosis and efficient intracellular delivery of the
oligonucleotide payload [20]. ASGPR is predominantly
localized on the sinusoidal surface of liver parenchymal cells
and is expressed at substantially higher levels in the liver than
in other tissues. This restricted expression pattern forms the
basis for ASGPR-driven, liver-specific drug delivery [21].
GalNAc conjugation is particularly effective due to its strong
hepatocyte selectivity and favorable pharmacokinetic and
pharmacodynamic (PK/PD) properties. It supports
subcutaneous dosing without reliance on large nanoparticle
carriers and enables prolonged target suppression lasting
weeks to months, depending on oligonucleotide chemistry.
Clinical PK/PD studies and population-based modelling
further demonstrate consistent hepatic uptake and sustained
pharmacological effects across multiple GalNAc-siRNA
compounds. Approved clinical examples include givosiran
(GIVLAARI®, for acute hepatic porphyria) and inclisiran
(LEQVIO®, targeting PCSK9), both of which illustrate how
GalNAc technology supports infrequent dosing schedules
ranging from monthly to twice-yearly administration [22,23].

Lipid nanoparticles (LNPs)

Lipid nanoparticles are nanoscale vesicles, typically 50–150 nm in 

https://doi.org/10.61577/ohmr.2025.100009
https://doi.org/10.61577/ijcri.2025.1000020


INTERNATIONAL JOURNAL OF CARDIOVASCULAR RESEARCH & INNOVATION
2025, VOL. 3, ISSUE 4

diameter, composed of ionizable or cationic lipids, cholesterol,
helper lipids, and polyethylene glycol (PEG) lipids. They
encapsulate RNA molecules, protecting them from nuclease-
mediated degradation [24]. LNPs were instrumental in the
development of mRNA-based COVID-19 vaccines and have since
emerged as a dominant platform for mRNA delivery. Their
strengths include robust RNA protection, modular and tunable
formulation design, and suitability for large-scale
manufacturing. Crucially, ionizable lipids promote endosomal
escape following cellular uptake, facilitating efficient release of
RNA into the cytosol where it can exert its biological function.

individuals who are intolerant to statins or for whom statins
are contraindicated, inclisiran may be administered as
monotherapy or in combination with other lipid-lowering
treatments [25].

Viral vectors / virus-derived systems

These approaches employ viruses, or virus-derived particles,
engineered to be replication-deficient and capable of delivering
RNA or RNA-encoding constructs into target cells. Common
examples include adeno-associated virus (AAV) and lentiviral
vectors, as well as virus-like particles (VLPs) adapted for RNA
delivery [24].

Extracellular vehicles (EVs) / exosomes / biological membrane-
derived carriers

Extracellular vehicles (EVs) have attracted significant interest as
RNA delivery vehicles due to their natural ability to encapsulate
and protect RNA molecules while enabling targeted transfer to
recipient cells. Their inherent biocompatibility and endogenous
targeting features make them particularly attractive for
therapeutic applications, especially for the efficient delivery of
RNA-based medicines [24].

Clinically approved RNA therapeutics for atherosclerosis

Inclisiran

Inclisiran (Leqvio®) is a first-in-class siRNA therapeutic
developed by Novartis for the management of
hypercholesterolaemia. Synthetic siRNAs exploit the
endogenous RNAi mechanism to selectively suppress the
expression of specific genes. Inclisiran is a long-acting synthetic
siRNA designed to target the mRNA of proprotein convertase
subtilisin/kexin type 9 (PCSK9) and is conjugated to
triantennary N-acetylgalactosamine (GalNAc) moieties. This
GalNAc conjugation strategy enables highly specific uptake by
hepatocytes. PCSK9, a protein largely produced in the liver,
represents an important therapeutic target in
hypercholesterolaemia due to its central role in lipid metabolism
and regulation of circulating cholesterol levels [25]. The
identification of PCSK9 as a serine protease that enhances
degradation of the low-density lipoprotein (LDL) receptor
provided a novel pathway for controlling plasma LDL cholesterol
concentrations. Early therapeutic strategies aimed at lowering
PCSK9 levels primarily involved monoclonal antibodies, which
function by binding circulating PCSK9 within the
reticuloendothelial system and preventing its interaction with
the LDL receptor. Because circulating PCSK9 originates almost
exclusively from hepatic synthesis, approaches that inhibit liver-
specific PCSK9 production present a viable alternative to
antibody-based therapies [26,27]. Inclisiran received approval in
the European Union on 9 December 2020 for the treatment of
adults with primary hypercholesterolaemia (heterozygous
familial and non-familial) or mixed dyslipidaemia, as an adjunct
to dietary modification [25,26] It is indicated for use alongside
statins, or statins combined with other lipid-lowering agents, in
patients who fail to achieve target low-density lipoprotein
cholesterol  levels  with  maximally  tolerated  statin  therapy. In

Key phase-3 trial results ORION-10 and ORION-1

Design

Two randomized, placebo-controlled phase-3 trials (ORION-
10 conducted in the United States and ORION-11 conducted in
Europe and other regions) enrolled patients with established
ASCVD or heterozygous familial hypercholesterolaemia
(HeFH) who were receiving maximally tolerated statin therapy
but required additional LDL-C reduction. Inclisiran was
administered subcutaneously at a dose of 284 mg at baseline,
again at 3 months, and subsequently every 6 months. The
primary efficacy endpoint assessed the percentage change in
LDL-C at approximately day 510 (around month 17) [28].

Efficacy

Inclisiran produced a mean LDL-C reduction of approximately
50% compared with placebo across both ORION-10 and
ORION-11 trials, with sustained lipid lowering maintained
through twice-yearly dosing. While the magnitude of
reduction varied depending on analytical methods and
baseline treatments, observed decreases generally ranged
between ~45–52% [28].

Safety (headline)

The overall incidence of adverse events was comparable
between the inclisiran and placebo groups, with the exception
of a higher frequency of injection-site reactions among
inclisiran-treated patients, which were predominantly mild to
moderate in severity. Across the pivotal randomized trials, no
consistent signals indicating major safety concerns were
identified [28].

Regulatory status / indications

Inclisiran was approved by the U.S. Food and Drug
Administration on 22 December 2021 as an adjunct to diet and
maximally tolerated statin therapy for adults with HeFH or
clinical ASCVD requiring further LDL-C reduction. Approval
in the European Union was granted in December 2020,
followed by additional authorizations worldwide. The
recommended dosing schedule is 284 mg administered
subcutaneously at day 0, at 3 months, and subsequently every
6 months [29].

   Real-world evidence from early post-approval registries and
implementation studies suggests that inclisiran use in routine
clinical practice results in rapid and substantial reductions in
LDL-C levels, often closely matching those reported in clinical
trials. Observational programs, including V-INITIATE,
VICTORIAN, and other cohort studies, demonstrate marked
improvements in guideline-recommended LDL-C goal
attainment, with reported rates increasing from approximately
20% under standard care to nearly 80% following initiation of
inclisiran therapy [30]. Safety outcomes observed in real-world
settings are consistent with trial data, with injection-site
reactions remaining the most common adverse events, systemic
effects occurring infrequently, and no unexpected safety signals
reported to date, although the duration of follow-up remains
shorter than that available for long-established oral lipid-
lowering agents [31].
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(RISC)  guided by sequence complementarity, RISC binds LPA
mRNA in the cytoplasm, and Argonaute proteins within the
complex cleave the target transcript [36-39]. The cleaved mRNA
fragments are subsequently degraded, preventing apo(a) protein
synthesis [38,39]. Because RISC acts catalytically, a single
complex can cleave multiple LPA mRNA molecules, resulting in
amplified and durable gene silencing [36,38]. The overall
consequence is a marked and sustained reduction in apo(a)
production and, consequently, profound lowering of circulating
Lp(a) levels [36,39]. Clinical data support this mechanism: a
phase 1 dose-escalation study demonstrated that a single
subcutaneous dose of olpasiran reduced Lp(a) by 71–97% for
several months [39]. Furthermore, in the phase 2 OCEAN(a)-
DOSE trial, olpasiran administered at doses of 75 mg or higher
every 12 weeks achieved reductions exceeding 95%, confirming
the potency and durability predicted by its mechanistic profile
[36,40].

Apolipoprotein C-III is a major inhibitor of lipoprotein lipase
and promotes persistence of triglyceride-rich lipoproteins.
Genetic loss-of-function variants are associated with low
triglyceride levels and reduced cardiovascular risk.

Volanesorsen (Waylivra®) is an antisense oligonucleotide
targeting apolipoprotein C-III (apoC-III) mRNA, developed for
the treatment of familial chylomicronemia syndrome (FCS),
hypertriglyceridemia, and familial partial lipodystrophy (FPL)
[41]. ApoC-III is a 79–amino acid glycoprotein synthesized
primarily in the liver and, to a lesser extent, in the intestine. In
normolipidemic individuals, apoC-III is predominantly
associated with HDL particles, whereas in hypertriglyceridemic
states it is largely bound to triglyceride-rich lipoproteins (TRLs).
ApoC-III is thought to modulate triglyceride exchange between
HDL and TRLs through incompletely understood mechanisms.
In addition, apoC-III inhibits lipoprotein lipase activity and
impairs hepatic uptake of TRL remnants, indicating its
involvement at multiple stages of triglyceride metabolism [42].

RNA Therapies in Late-Stage Clinical Development

Elevated Lp(a) is an independent and largely genetically
determined risk factor for ASCVD and aortic stenosis;
conventional lipid-lowering therapies, including statins and
PCSK9 inhibitors, exert only modest or inconsistent effects on
Lp(a) levels.

RNA therapies for lipoprotein(a) (Lp[a])

Pelacarsen

Pelacarsen is a GalNAc-conjugated antisense oligonucleotide
(ASO) developed to reduce circulating lipoprotein(a) by
selectively inhibiting hepatic synthesis of apolipoprotein(a).
Following subcutaneous administration, the GalNAc ligand
binds the asialoglycoprotein receptor (ASGPR) expressed on
hepatocytes, enabling efficient receptor-mediated uptake and
directing the ASO to the primary site of LPA mRNA expression.
Within hepatocytes, the single-stranded ASO hybridizes
through complementary base pairing to a specific sequence on
LPA mRNA, forming an RNA–DNA duplex that is recognized by
RNase H1. RNase H1 cleaves the RNA strand of the duplex,
resulting in degradation of the LPA transcript and subsequent
suppression of apo(a) translation. This mechanism leads to
reduced hepatic apo(a) production, impaired assembly of Lp(a)
particles which require covalent binding of apo(a) to apoB-100–
containing lipoproteins and sustained reductions in plasma
Lp(a) concentrations with repeated dosing [32-35]. Pelacarsen
is a second-generation ASO incorporating chemical
modifications, including triantennary N-acetylgalactosamine,
which enhance metabolic stability, reduce off-target toxicity
relative to earlier ASOs, and permit rapid, hepatocyte-specific
uptake at the site of apo(a) synthesis. In a phase 2b clinical
study, pelacarsen achieved reductions in Lp(a) concentrations
of ≥80% with a favorable safety profile in patients with
established ASCVD [32].

Late-stage/outcome trial

The Lp(a) HORIZON trial (NCT04023552) is a pivotal phase-3
cardiovascular outcomes study designed to determine whether
pelacarsen-mediated lowering of Lp(a) translates into reduced
ASCVD events in patients with established CVD and elevated
Lp(a). Results are pending, and HORIZON is expected to provide
the first definitive evidence on whether pharmacological
reduction of Lp(a) improves clinical outcomes [33].

Clinical-outcome implication (current)

Although pelacarsen has demonstrated consistent and robust
Lp(a) lowering in early-phase trials, its capacity to reduce
myocardial infarction or stroke remains under evaluation in
HORIZON. Thus, while Lp(a) reduction is a well-established
biological effect, it is not yet a confirmed event-reducing
therapeutic strategy [33].

Olpasiran

Olpasiran is a GalNAc-conjugated siRNA engineered to
selectively silence the LPA gene encoding apolipoprotein(a), the
defining protein component of lipoprotein(a) . After
subcutaneous dosing, the GalNAc moiety binds to ASGPR on
hepatocytes, promoting receptor-mediated endocytosis and
liver-specific delivery of the siRNA. Within hepatocytes, the
siRNA duplex engages the endogenous RNAi pathway: the
passenger strand is discarded, while the guide (antisense)
strand is incorporated into the RNA-induced silencing complex

ApoC-III inhibition for hypertriglyceridemia

Volanesorsen

Plozasiran

Plozasiran is a GalNAc-conjugated siRNA designed to silence
APOC3 mRNA in hepatocytes. Following subcutaneous
administration, the GalNAc ligand binds ASGPR on liver cells,
enabling efficient and liver-specific uptake. Inside hepatocytes,
the siRNA duplex is incorporated into RISC, where the guide
strand directs sequence-specific binding to APOC3 mRNA,
leading to endonucleolytic cleavage and transcript degradation
[43,44].

Olezarsen

Olezarsen is a triantennary GalNAc-conjugated antisense
oligonucleotide that lowers apolipoprotein C-III levels and
thereby reduces plasma triglycerides by selectively degrading
APOC3 mRNA in hepatocytes. After subcutaneous
administration, GalNAc-mediated binding to ASGPR facilitates
receptor-dependent hepatic uptake, concentrating the drug at
.the principal site of apoC-III expression [45,46]. Within
hepatocytes, the single-stranded gapmer ASO hybridizes with
complementary regions of mature APOC3 mRNA to form an
RNA–DNA duplex that is recognized by RNase H1, resulting in
cleavage of the RNA strand and transcript degradation. Loss of
APOC3 mRNA prevents apoC-III translation and leads to
reduced circulating apoC-III concentrations [47].
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ANGPTL3-directed therapies

Angiopoietin-like 3 (ANGPTL3) is a hepatocyte-derived
inhibitor of lipoprotein lipase and endothelial lipase. Genetic
deficiency of ANGPTL3 is associated with low levels of LDL-C
and triglycerides and a markedly reduced risk of ASCVD.

Evinacumab

Evinacumab is a recombinant human monoclonal antibody that
targets and neutralizes ANGPTL3. Inhibition of ANGPTL3 by
evinacumab results in reductions in low-density lipoprotein
cholesterol (LDL-C), high-density lipoprotein cholesterol (HDL-
C), and triglycerides. LDL-C lowering occurs independently of
LDL receptor function through enhanced processing and
clearance of very low-density lipoproteins upstream of LDL
formation. Additionally, evinacumab-mediated ANGPTL3
blockade restores lipoprotein lipase and endothelial lipase
activity, thereby lowering triglyceride and HDL-C levels,
respectively [48].

Vupanorsen

Vupanorsen is a second-generation N-acetylgalactosamine
(GalNAc3)-modified antisense oligonucleotide targeting hepatic
ANGPTL3 mRNA. GalNAc3 conjugation enables selective
delivery to hepatocytes via ASGPR and achieves therapeutic
efficacy comparable to unconjugated ASOs at 20- to 30-fold
lower doses, thereby reducing systemic exposure [49]. Within
hepatocytes, vupanorsen hybridizes to ANGPTL3 mRNA
through Watson–Crick base pairing, forming an RNA–DNA
duplex that is cleaved by endogenous RNase H1, resulting in
degradation of the transcript. Reduced ANGPTL3 expression
alleviates inhibition of lipoprotein lipase and endothelial lipase,
enhancing intravascular hydrolysis of triglyceride-rich
lipoproteins and accelerating remnant clearance. Clinically, this
mechanism has been associated with dose-dependent
reductions in triglycerides, apolipoprotein C-III, and other
atherogenic lipoproteins, as well as non-HDL cholesterol [50].

Targeting Inflammation via RNA Platform

Inflammation is an established driver of atherothrombotic risk:
the CANTOS trial demonstrated that selective interleukin-1β
blockade with canakinumab reduced major adverse
cardiovascular events in patients with prior myocardial
infarction and elevated hs-CRP, confirming that modulating
discrete inflammatory pathways can lower cardiovascular risk
independently of lipid reduction and thereby reinforcing the
rationale for targeted anti-inflammatory interventions in
cardiometabolic disease [51]. RNA modalities (ASOs, siRNAs and
related chemistries) are particularly well aligned with anti-
inflammatory drug development because they suppress defined
cytokines or inflammasome components at the mRNA level, and
advances in chemistry and delivery (GalNAc for hepatocyte
targeting, lipid nanoparticles and alternative carriers for
extrahepatic tissues, and sugar/backbone modifications to
enhance stability and limit innate immune activation) have
enabled clinical translation [13]. IL-6 is a compelling RNA target,
positioned downstream of NLRP3/IL-1β signaling and central
to acute-phase responses, endothelial dysfunction, and chronic
vascular inflammation. Preclinical studies show that IL-6
expression can be attenuated by RNAi with protective effects in
models of acute lung injury and other inflammatory states, and
newer chemically optimized and delivery-enhanced siRNAs
(including cholesterol-conjugated and nanoparticle-formulated
constructs) further reduce IL-6 output in vitro and in vivo. 

   The NLRP3 inflammasome functions upstream as a sensor–
effector complex regulating IL-1β and IL-18 maturation and
sustaining sterile inflammation across cardiovascular,
metabolic, and neurodegenerative contexts; both genetic and
pharmacologic NLRP3 inhibition mitigate disease features in
experimental systems, highlighting its therapeutic relevance.
RNA-based strategies directed at NLRP3 include ASOs that
suppress transcript abundance or alter splicing. Recent work
shows that NLRP3-targeting ASOs decrease inflammasome
activation and IL-1β secretion in primary microglia and human
macrophage/THP-1 models, while additional groups are
advancing ASOs and siRNAs with promising tolerability and
target knockdown in rodent and nonhuman primate studies.
These findings support the potential for transcript-directed
agents to attenuate inflammasome signaling in relevant immune
cells.

   Important translational considerations persist and are being
tackled: (1) cell-specific delivery. Because NLRP3 expression is
concentrated in myeloid populations (macrophages, microglia),
hepatocyte-targeting GalNAc conjugates are insufficient,
necessitating alternative systems (LNPs, ligand- or antibody-
mediated targeting, aptamer conjugates, or localized delivery);
(2) immunologic consequences of on-target cytokine
suppression. Sustained pathway inhibition may affect host
defense, requiring careful dose selection and monitoring [13].
RNA therapeutics thus offer a refined set of tools to modulate
inflammatory mediators such as IL-6 and NLRP3 at the
transcript level; accumulating preclinical data indicate both
efficacy and acceptable tolerability (siRNA/ASO-mediated
knockdown with reduced cytokine release and disease markers),
and future progress hinges on optimizing delivery to immune-
lineage cells, managing infection-related risks, and establishing
clinical utility in early-phase trials informed by the precedent
set by CANTOS.

Limitations and Challenges
RNA-based therapeutics, including ASOs and siRNAs, are
emerging as transformative tools in the management of high-
risk cardiovascular and metabolic disorders. Patient selection
and risk stratification are central to their clinical application.
These therapies are most appropriate for patients with
genetically determined or refractory lipid abnormalities, such as
markedly elevated lipoprotein(a) [Lp(a)], severe
hypertriglyceridemia, or mixed dyslipidemia, who have not
achieved target levels despite maximal standard-of-care
therapy including statins, ezetimibe, and PCSK9 inhibitors.
Genetic validation plays an important role, as RNA therapeutics
are often designed to silence specific mRNA targets such as LPA,
APOC3, or ANGPTL3, making patients with elevated expression
of these proteins’ ideal candidates. Biomarker-guided therapy is
critical, as baseline levels of Lp(a), apoC-III, or ANGPTL3 can not
only guide initiation but also monitor therapeutic response
[32,47] One of the key advantages of RNA-based therapeutics is
their extended duration of action, which allows for infrequent
dosing schedules, typically ranging from every few weeks to
once every several months. This contrasts with daily oral
therapies and may significantly improve adherence, especially in
patients managing multiple chronic medications. However,
adherence remains essential, as missing a dose may reduce
efficacy over time, and structured follow-up with patient
education is necessary to ensure persistence of therapy [49].
The safety profile of RNA therapeutics has been favorable in
clinical trials. GalNAc-conjugated ASOs and siRNAs are
targetedto hepatocytes, minimizing systemic exposure and 
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immune activation, although mild injection-site reactions are
common. Liver function monitoring is recommended due to
hepatic uptake, and preclinical studies suggest that chemical
modifications to the oligonucleotide backbone reduce the risk
of off-target effects and innate immune responses. Long-term
surveillance is required to detect any delayed or unforeseen
adverse events given the relatively recent introduction of these
agents [47,49]. Cost and accessibility remain important practical
considerations. The development and manufacturing of RNA
therapeutics are resource-intensive, resulting in high projected
costs. Initially, access may be restricted to specialty clinics with
infusion or injection capabilities, and reimbursement will likely
be contingent on patient risk stratification and clinical
indication. Health economic analyses, including cost-
effectiveness and outcomes-based reimbursement strategies,
will be crucial for broader adoption [32]. Finally, integration
into current treatment algorithms requires careful
consideration. RNA therapeutics are poised to complement
existing lipid-lowering and cardiovascular risk management
strategies rather than replace them. For instance, Lp(a)-
lowering therapies may be added to standard care in patients
with residual cardiovascular risk, while apoC-III or ANGPTL3-
targeting agents could be used in severe hypertriglyceridemia
where conventional therapies are insufficient. Although major
guidelines have yet to fully incorporate RNA-based therapies,
ongoing phase 3 trials and emerging real-world evidence will
inform their eventual place in clinical practice, emphasizing
biomarker-guided patient selection, adherence monitoring, and
safety surveillance [32,47,49].
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Future Direction
The future of RNA-based therapeutics in atherosclerosis is
highly promising, driven by the expanding understanding of
molecular mechanisms underlying CVD and advances in RNA
chemistry, delivery, and safety. Emerging strategies aim to
extend beyond conventional lipid-lowering targets to address
residual cardiovascular risk, inflammation, and complex
metabolic derangements that contribute to atherogenesis.
Precision-targeted therapies using ASOs and siRNAs allow for
selective silencing of genes implicated in lipid metabolism, such
as LPA, APOC3, and ANGPTL3, but also offer the potential to
modulate inflammatory pathways central to plaque progression,
including interleukin-6 (IL-6) and the NLRP3 inflammasome.
Integration of RNA therapeutics with biomarker-guided patient
selection is expected to enhance efficacy and safety. Advances
in GalNAc-conjugated delivery systems have enabled
hepatocyte-specific targeting, which has improved
pharmacokinetics, minimized off-target effects, and allowed for
infrequent dosing schedules, thereby improving patient
adherence and tolerability [32,47]. Beyond hepatocyte- targeted
therapies, novel approaches aim to expand tissue-specific
delivery to endothelial cells, macrophages, and smooth muscle
cells within atherosclerotic plaques, potentially allowing direct
modulation of local inflammation and plaque stabilization.
Another critical area for future development is RNA-based anti-
inflammatory  strategies. Early  clinical  evidence, including  the
CANTOS trial and exploratory studies of IL-6 and NLRP3
inhibition, demonstrates that targeted suppression of
inflammatory mediators can reduce cardiovascular events
independently of lipid lowering. RNA therapeutics provide a
platform to safely and selectively downregulate these targets,
potentially overcoming limitations of biologics such as
monoclonal antibodies, including high cost, parenteral delivery,
and  immunogenicity. Preclinical  studies  of IL-6  siRNA  and 

cholesterol-modified siRNAs targeting inflammasome
components suggest substantial reductions in vascular
inflammation and plaque progression, setting the stage for
human trials.

   Furthermore, combination therapies using RNA therapeutics
to simultaneously modulate multiple atherogenic pathways lipid
metabolism, inflammation, and thrombosis represent a future
direction that may offer synergistic cardiovascular risk
reduction. Advances in chemical modifications and nanoparticle
or ligand-mediated delivery are expected to enable multiplexed
targeting while preserving safety and pharmacodynamic
durability.
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Conclusion 
RNA-based therapeutics represent a promising and rapidly
evolving approach for the management of atherosclerosis and
cardiovascular disease. Advances in antisense oligonucleotides
and small interfering RNA technologies have enabled selective
targeting of genes involved in lipid metabolism, inflammation,
and plaque progression, offering new opportunities for
precision medicine. Future clinical adoption of these therapies
will depend on the availability of long-term real-world evidence,
cost-effectiveness evaluations, and successful integration into
existing guideline-directed treatment strategies. Ongoing phase
3 clinical trials involving Lp(a)-lowering agents, APOC3
inhibitors, and ANGPTL3-targeted therapies are expected to
provide important insights regarding patient selection, long-
term safety, efficacy, and combination approaches with
conventional therapies. In addition, improvements in delivery
systems and tissue-specific targeting may further enhance
therapeutic outcomes and reduce adverse effects. Overall, RNA-
based therapeutics have the potential not only to complement
current treatment modalities but also to significantly transform
atherosclerosis management and address residual
cardiovascular risk in patients despite standard care. 
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