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Abstract

Hypertriglyceridemia is characterized by elevated triglyceride levels in the blood, which increases the risk of
cardiovascular disease and pancreatitis. This condition stems from multiple factors including lifestyle
choices, genetics, and conditions such as diabetes and metabolic syndrome. Apolipoprotein C-III (APOC3), a
protein for lipid metabolism, hinders enzymes necessary for breaking down triglycerides and thus plays a key
role in hypertriglyceridemia. Variations in the APOC3 gene are associated with varying triglyceride levels
among individuals. Recent genetic studies and clinical trials have shed light on the potential of targeting
APOCS3 as a potentially promising therapeutic modality of hypertriglyceridemia. Antisense oligonucleotides
like volanesorsen have displayed effectiveness in lowering triglyceride levels in individuals with severe
hypertriglyceridemia. This review article delves into how APOC3 influences triglyceride control and its
potential use in targeting APOC3 to manage severe hypertriglyceridemia.
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Introduction And Background

Hypertriglyceridemia is a condition marked by elevated levels of triglycerides in the blood. These
triglycerides can increase the risk of cardiovascular disease and pancreatitis [1]. Hypertriglyceridemia is
categorized as mild to moderate when levels are greater than 150 mg/dL-499 mg/dL, whereas severe
hypertriglyceridemia is categorized by levels surpassing 500 mg/dL [2].

Hypertriglyceridemia can be caused by factors such as genetics, lifestyle choices including diet and physical
inactivity, and underlying comorbidities like diabetes and metabolic syndrome [3]. Understanding how
triglyceride levels are regulated is crucial for devising treatments for this condition.

Apolipoprotein C-IIT (APOC3) is a protein that plays an important role in lipid metabolism. Mainly produced
in the liver with some contribution from the intestines, APOC3 is found in very low-density lipoproteins
(VLDLs) and high-density lipoproteins (HDLSs) [4]. It’s known to inhibit the activity of enzymes such as
lipoprotein lipase (LPL) and hepatic lipase, which are crucial for breaking down triglycerides [5]. The APOC3
gene resides on chromosome 11, where it encodes the APOC3 protein [6]. Variations in the APOC3 gene can
result in variations in triglyceride levels among individuals. Specifically, certain changes or differences in
the APOC3 gene have been linked to different levels of triglycerides [7].

This review of the existing literature aimed to offer insight into how APOC3 impacts adults with
hypertriglyceridemia. By examining research on APOC3, the goal was to uncover how this gene influences
triglyceride levels and investigate potential treatment implications by targeting APOC3 for severe
hypertriglyceridemia management.

Review
Pathophysiology of hypertriglyceridemia

The incidence of hypertriglyceridemia rises with increasing age and is influenced by both environmental and
genetic factors [8]. In the United States, around 25% of adults have triglyceride levels exceeding 150 mg/dL
[9]. Hypertriglyceridemia can stem from primary or secondary causes. Primary causes are usually linked to
genetic mutations impacting lipid metabolism leading to disorders such as familial combined
hyperlipidemia. This condition is caused by defective mutations involving enzymes and proteins involved in
metabolism, such as LPL and APOC3 [10].

Secondary causes that can contribute to overall triglyceride levels involve acquired conditions or lifestyle
choices. Common secondary factors that contribute to hypertriglyceridemia include obesity, metabolic
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syndrome, diabetes, alcohol consumption, medications, and comorbidities [11]. Conditions such as obesity
and metabolic syndrome are closely linked to triglyceride levels due to excess lipid buildup and insulin
resistance, which increases the likelihood of developing atherosclerotic plaques [12,13]. Managed diabetes,
especially type 2 diabetes, is often associated with increased triglycerides [14]. Eating a diet high in carbs,
sugars, and saturated fats can also raise levels as can consuming excessive amounts of alcohol [15]. Certain
medications such as corticosteroids, beta-blockers, and estrogens have been known to elevate triglycerides
[16]. In addition, medical issues such as hypothyroidism, chronic kidney disease, and specific autoimmune
disorders may also play a role in raising triglyceride levels [17,18].

While hypertriglyceridemia is often asymptomatic, it can present with signs and symptoms when
triglyceride levels are significantly elevated. Some notable clinical features include xanthomas, lipemia
retinalis, and acute pancreatitis. High levels of triglycerides also pose cardiovascular-related risks including
atherosclerosis build-up, myocardial infarction, and stroke [19]. Understanding the underlying process of
hypertriglyceridemia is crucial for developing treatments. APOC3 plays a role in regulating metabolism
offering valuable insights into the conditions, mechanisms, and potential treatment targets.

Role of APOC3 in lipid metabolism

APOCS3 plays an integral role in managing lipid levels in the body. It is mainly found in the liver and to a
certain extent in the intestines. APOC3 is a component of VLDLs and HDLs. One of the functions of APOC3
is to inhibit the activity of LPL and hepatic lipase enzymes, which are responsible for breaking down
triglycerides. By inhibiting these enzymes, APOC3 helps regulate the breakdown and the release of free fatty
acids, ultimately controlling lipid levels in the blood [20,21].

The regulation of LPL and hepatic lipase by APOC3 is vital for maintaining lipid balance. LPL is present on
the endothelial surfaces of tissues like muscles and fat and aids in breaking down triglycerides into free fatty
acids and glycerol from chylomicrons and VLDLs for tissue absorption [22]. Hepatic lipase, predominantly
found in the liver, also assists in breaking down triglycerides from lipoproteins into particles that can be
removed from circulation [23,24]. By inhibiting these enzymes, APOC3 slows down the removal of
lipoproteins, leading to increased plasma triglyceride levels.

APOCS3 plays a role in more than just lipid processing; it is also linked to metabolic disorders. When APOC3
levels are high, the likelihood of developing metabolic syndrome and type 2 diabetes increases. This is
because APOC3 not only influences lipid metabolism but also impacts insulin sensitivity. Elevated APOC3
levels can worsen insulin resistance, triggering a cycle that elevates triglyceride levels and raises the risk of
metabolic syndrome and diabetes. The connection between APOC3 and insulin resistance is complex and
significant [25,26]. Insulin resistance occurs when muscle, fat, and liver cells become less responsive to
insulin, which decreases their capacity to absorb glucose from the blood, resulting in high blood sugar levels.
Various studies have revealed that increased APOC3 levels can exacerbate insulin resistance. Studies have
demonstrated that APOC3 can directly inhibit insulin signaling pathways. Previous research has shown that
APOCS3 expression in mice led to impaired liver insulin signaling, causing reduced glucose tolerance and
heightened insulin resistance [27-29]. This indicates that aside from its impact on lipid metabolism, APOC3
also directly influences glucose metabolism.

Studies on variations related to APOC3 have shed light on its significance in managing metabolism. Some
genetic mutations in the APOC3 gene have been linked to lower levels of triglycerides and a decreased risk
of cardiovascular morbidity and mortality. These gene mutations often lead to variants that reduce the
production of APOC3, a protein that inhibits the breakdown of fats in the blood and boosts the creation of
VLDLs. This results in improved lipid processing and lower VLDL levels among individuals with these
genetic changes, which contributes to lower lipid levels. Studies show that people carrying these mutations
not only have healthier triglyceride levels but also face fewer cardiac-related issues and have reduced
cardiovascular mortality rates [30,31]. These discoveries have sparked interest in creating treatments that
mimic the effects of these mutations, one of the most notable ones being antisense oligonucleotides that
target APOC3 mRNA, aiming to lower the production of APOC3 protein, which is associated with higher
triglyceride levels [32,33].

In essence, APOCS3 plays a role in regulating metabolism and significantly impacts blood triglyceride levels.
Its function in hindering lipase activity and encouraging VLDL secretion highlights its significance in the
development of hypertriglyceridemia. Understanding how APOC3 functions provides possibilities for
treatments that aim to reduce levels and lessen the risks associated with heart and metabolic diseases
[4,20,34].

APOC3 and severe hypertriglyceridemia

The impact of APOC3 on hypertriglyceridemia has been extensively studied. Several research studies have
emphasized the role of APOC3 in the development and progression of severe hypertriglyceridemia,
providing valuable insights into the underlying mechanisms and possible treatment targets [30,34,35]. A
study published in the New England Journal of Medicine investigated how different variations in the APOC3
gene affect levels and cardiovascular risks. The researchers found that individuals with loss-of-function
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mutations in the APOC3 gene had notably lower triglyceride levels and a significantly decreased occurrence
of ischemic heart disease compared to those without such mutations. This study presented evidence that
reducing APOC3 activity has a protective impact on heart disease [31].

Clinical trials have also delved into targeting APOCS3 for treating hypertriglyceridemia. One promising
method involves using antisense oligonucleotides to block APOC3 expression. Antisense oligonucleotides
are artificial strands of genetic material designed to specifically attach to the mRNA of a target gene like
APOC3 [36,37]. By attaching to the APOC3, mRNA antisense oligonucleotides can stop it from producing the
APOCS3 protein, thus lowering its levels in the body [38]. The process through which antisense
oligonucleotides work involves detailed steps. Initially, antisense oligonucleotides are made to match a
sequence on the APOC3 mRNA. When administered, these antisense oligonucleotides pair with the target
mRNA through base pairing, ensuring that only the mRNA of APOC3 is affected without influencing the
expression of other genes or proteins [36-38]. This precision is essential for minimizing any unintended
effects and maximizing treatment effectiveness. Once linked to the APOC3 mRNA, the antisense
oligonucleotides complex brings in an enzyme known as RNase H. RNase H identifies the RNA DNA
combination created by the binding of antisense oligonucleotides and mRNA and cuts the RNA strand
[39,40]. This cutting leads to the breaking down of the APOC3 mRNA, halting its translation into the APOC3
protein [41]. By lowering the amounts of the APOC3 protein, antisense oligonucleotides are able to reduce its
ability to hinder the functions of LPL and hepatic lipase, resulting in improved removal of triglycerides from
the bloodstream.

Volanesorsen, a type of medication that targets APOC3 mRNA using antisense oligonucleotides, has proven
effective in reducing triglyceride levels in individuals with familial chylomicronemia syndrome, a rare
genetic condition characterized by extremely high levels of triglycerides. Clinical trials have shown that
volanesorsen can lower plasma triglyceride levels by as much as 77%, suggesting its potential as a robust
treatment for severe hypertriglyceridemia. The findings of two clinical trials, COMPASS and APPROACH, are
summarized in Table 1 [42,43].

COMPASS trial [42]

Phase 3, randomized, placebo-controlled, double-

Study type
bt blind
Patients with multifactorial severe
Population hypertriglyceridemia or familial chylomicronaemia

syndrome

Number of patients 114 (76 volanesorsen group, 38 placebo group)

0.9% increase from baseline (mean absolute

Triglyceride
change 71.2% reduction from baseline (mean absolute
(volanesorsen reduction of 869 mg/dL)
group)
Triglyceride
h laceb
change (placebo increase of 74 mg/dL)
group)
Adverse events Injection-site reactions (24% of injections), one
(volanesorsen
group) serum sickness
Adverse events Injection-site reactions (0.2% of injections), five
(placebo group) cases of acute pancreatitis

case of platelet count <50,000/pL, one case of

APPROACH trial [43]

Phase 3, randomized, placebo-controlled, double-blind

Patients with familial chylomicronemia syndrome

66 (33 volanesorsen group, 33 placebo group)

77% reduction from baseline (mean absolute reduction of
1712 mg/dL)

18% increase from baseline (mean absolute increase of 92
mg/dL)

Injection-site reactions (20/33 patients), thrombocytopenia
(15/33 patients had platelet counts <100,000/pL, two had
<25,000/uL)

No injection-site reactions, no thrombocytopenia

TABLE 1: Summary of key results from the COMPASS and APPROACH trials evaluating the safety
and efficacy of volanesorsen in patients with severe hypertriglyceridemia.

The COMPASS trial included 114 participants who were randomly assigned to either receive volanesorsen
(76 individuals) or a placebo (38 individuals). It demonstrated reductions in average plasma triglyceride
levels with volanesorsen. The group receiving volanesorsen experienced a 71.2% decrease from baseline to
three months, while the placebo group saw a 0.9% increase (p < 0.0001). This resulted in an absolute
reduction of 869 mg/dL (9.82 mmol/L) in the volanesorsen group compared to a 74 mg/dL (0.83 mmol/L)
increase in the placebo group (p < 0.0001). Notably, during the study period, all five cases of acute
pancreatitis were reported among participants in the placebo group [42]. Volanesorsen was generally well-
tolerated, with injection-site reactions being the most common adverse event. This study had several
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limitations including a short treatment period, a small sample size, and the enrollment of a predominantly
White population.

The APPROACH trial was a phase 3 trial lasting 52 weeks and involving 66 patients with familial
chylomicronemia syndrome conducted under double-blind conditions. Volanesorsen was found to
significantly lower triglyceride levels. Patients who were given volanesorsen experienced an 84% drop in
average plasma APOCS3 levels (25.7 mg/dL) after three months, while the placebo group saw a 6.1% increase
(1.9 mg/dL) (p < 0.001). Furthermore, volanesorsen resulted in a 77% decrease in average triglyceride levels
(decrease of 1712 mg/dL or 19.3 mmol/L from baseline; 95% CI: 1330 to 2094 mg/dL), whereas those on
placebo showed an 18% rise (average increase of 92.0 mg/dL or 1.0 mmol/L from baseline; 95% CI: 301.0 to
486 mg/dL) (p < 0.001). After three months, the percentage of participants with triglyceride levels below 750
mg/dL in the volanesorsen group was 77% compared with 10% in the placebo group. Thrombocytopenia
(15/33) and injection-site reactions (20/33) were common adverse events reported in this study [43]. These
studies lacked data on the long-term effects of lowering triglycerides such as major adverse cardiovascular
events, stroke, or pancreatitis.

With regard to its mechanism of action, APOC3 affects metabolism through various pathways including
inhibiting LPL activity. LPL functions to aid in the breakdown of triglycerides in chylomicrons and VLDL
particles. The inhibition of LPL through the activity of APOC3 leads to the accumulation of these particles in
the bloodstream. Additionally, APOC3 interferes with the liver's ability to uptake particle remnants,
contributing further to increased triglyceride levels. Moreover, APOC3 boosts VLDL secretion from the liver,
worsening hypertriglyceridemia. Collectively, these effects are crucial in contributing to plasma triglyceride
levels [4,44,45].

APOCS3 not only affects triglyceride metabolism but also has broader implications on overall metabolism.
Elevated APOCS3 levels contribute to increased insulin resistance, leading to a cycle that worsens
hypertriglyceridemia and raises the risk of metabolic syndrome and type 2 diabetes [46]. Understanding how
APOCS3 interacts with insulin resistance can help researchers create specific interventions for these
interconnected metabolic issues. Studying APOC3 and severe hypertriglyceridemia provides insights with
significant treatment implications [47,48]. Current approaches for hypertriglyceridemia focus on lifestyle
changes, like diet and exercise, as well as medications such as fibrates, omega-3 fatty acids, and statins. The
American Heart Association (AHA) and the American College of Cardiology (ACC) stress the importance of
these lifestyle modifications, recommending a diet that's low in saturated fats and refined carbs, increased
exercise, and weight loss as key measures to control high triglyceride levels [49].

However, in cases of severe hypertriglyceridemia, these methods may not always be sufficient. According to
guidelines from the Endocrine Society, patients with elevated triglyceride levels (>500 mg/dL) may require
more aggressive medication to lower their risk of pancreatitis [50]. Fibrates are highlighted as effective in
reducing triglyceride levels and are commonly prescribed as a first-line treatment in such scenarios [51,52].
Various large-scale studies have explored treatments for hypertriglyceridemia. For instance, the Reduction
of Events with Icosapent Ethyl-Intervention Trial (REDUCE-IT) revealed that high-dose icosapent ethyl, a
type of eicosapentaenoic acid (EPA), significantly decreased cardiovascular events in patients with high
triglycerides despite their being on statin therapy [53]. Another study, the ACCORD trial looked into how
including fenofibrate alongside statin treatment affected patients with type 2 diabetes. The study revealed a
decrease in cardiovascular incidents among patients with elevated triglyceride levels and low HDL
cholesterol levels [54]. However, these methods often fall short in managing severe cases.

In summary, the link between APOC3 and severe hypertriglyceridemia is intricate and diverse. Genetic
research highlights the role of APOC3 in triglyceride metabolism, while clinical trials demonstrate the
potential benefits of targeting APOCS3 for treating severe hypertriglyceridemia. Researchers can enhance the
effectiveness of treatments and improve outcomes for patients by understanding how APOC3 impacts lipid
metabolism.

Therapeutic implications

Exploring the role of APOC3 in managing lipid levels and its impact on hypertriglyceridemia offers new
possibilities for treatment options. Addressing hypertriglyceridemia typically involves making lifestyle
changes using medications as well as considering available and upcoming therapies that target APOC3.
Making adjustments to one’s lifestyle is essential in the management of hypertriglyceridemia. Lifestyle
changes include modifying diet by reducing the intake of carbs, sugars, and saturated fats while increasing
omega-3 fatty acid consumption. Engaging in aerobic physical activity is also beneficial for improving lipid
levels and overall metabolic health [55,56].

Medications are often required for individuals with hypertriglyceridemia. Common drugs like fibrates help
lower levels by enhancing LPL activity. Omega 3 fatty acid supplements containing EPA and
docosahexaenoic acid (DHA) are also used to reduce triglycerides. Statins, primarily used to lower LDL
cholesterol, can offer significant relief in reducing triglycerides, especially when there is mixed dyslipidemia
present. However, these treatments may not always suffice for cases of hypertriglyceridemia, underscoring
the necessity for more targeted therapies [57,58].
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New treatments focusing on APOC3 show promise as an approach to managing severe hypertriglyceridemia.
Antisense oligonucleotides are created to inhibit protein production by targeting the specific mRNAs
responsible for the individual proteins they are coded for. Volanesorsen, a medication that targets APOC3
mRNA using antisense oligonucleotides technology, has proven effective in lowering plasma triglyceride
levels. Studies have shown that volanesorsen can reduce triglycerides by as much as 77% in individuals with
familial chylomicronemia syndrome, a condition characterized by dangerously high triglyceride levels that
come along with the risk of recurring pancreatitis. This significant decrease in triglycerides brings hope to
patients who do not respond well to other triglyceride-lowering treatments [42,43].

The mechanism of action of volanesorsen is by binding to APOC3 mRNA, which stops the translation of the
APOC3 mRNA into functional APOC3 protein. By decreasing levels of APOC3 protein, LPL is disinhibited,
which allows for greater breakdown of triglycerides in chylomicrons and VLDL particles. This method
emphasizes the potential of therapies focused on lowering APOC3 to target the cause of severe
hypertriglyceridemia.

Apart from volanesorsen, there are other treatment strategies being explored that target APOC3. One of
these strategies includes monoclonal antibodies designed to counteract the effects of the APOC3 protein
[59]. These treatments could present an alternative to antisense oligonucleotides and potentially achieve
similar benefits in reducing triglyceride levels while offering different pharmacokinetic and safety profiles.

The advancement of therapies targeting APOC3 shows potential for enhancing the management of severe
hypertriglyceridemia. These treatments hold promise for achieving effective and lasting reductions in
triglyceride levels compared to current therapies. This could lead to a reduction in the risk of issues like
acute pancreatitis and heart diseases, leading to better results and increased quality of life for patients.
However, the use of treatments that target APOC3 raises concerns about the safety and effectiveness of
lowering APOC3 activity in the long term. The effects of the inhibition of APOC3 on overall lipid metabolism
and possible unintended consequences should be thoroughly examined in clinical studies. Furthermore, it is
crucial to define the criteria for selecting patients to determine who would benefit most from these new
therapies.

In clinical practice, incorporating APOC3-targeted treatments into current care plans will require a
personalized approach. Factors such as the severity of triglyceride levels, genetic predispositions, and
existing health conditions must be taken into account. Ongoing studies and trials will play a role in refining
these treatments and establishing their place in managing severe hypertriglyceridemia comprehensively.

Future directions

Most research conducted up to date has concentrated on particular genetic variations found in specific
ethnic groups, yet there is still much to explore regarding the global genetic landscape of APOC3 mutations.
Studying diverse populations can lead to the discovery of new mutations and their effects, offering fresh
perspectives on the involvement of APOC3 in conditions like hypertriglyceridemia and other lipid disorders.

Future studies should focus on filling these research gaps by conducting term clinical trials and thorough
genetic assessments. It is crucial to monitor the lasting effectiveness and safety of APOC3-targeted
therapies through studies involving varied patient groups encompassing different genetic backgrounds for
broad applicability. Secondly, the long-term effects of lowering triglycerides should be studied. Outcomes
like stroke, major adverse cardiovascular events, or mortality need to be studied and linked to the effects of
triglyceride-lowering therapy.

Delving into the mechanisms governing APOC3's interactions with other pathways related to lipid
metabolism will demand sophisticated biochemical and genetic methodologies. Research employing cutting-
edge tools like CRISPR gene editing, RNA sequencing, and proteomics could offer insights into these
intricate connections. Furthermore, utilizing animal models with APOC3 mutations can provide controlled
environments for studying the physiological impacts of these mutations, shedding light on their
contributions to lipid metabolism disorders.

Exploring potential other methods for inhibiting APOC3 shows a lot of potential. Apart from using
oligonucleotides and antibodies, we can look into other approaches as well. Developing molecules that
control APOC3 function or disrupt its interactions with other proteins could offer new treatment options.
Personalized medicine strategies could optimize the use of APOC3-targeted treatments. By customizing
therapies based on genetic and metabolic traits, healthcare professionals can maximize effectiveness while
minimizing side effects. Identifying biomarkers that forecast responses to APOC3-focused therapies could
assist in selecting patients, monitoring treatment progress, and improving outcomes.

Conclusions

Severe hypertriglyceridemia is a condition with significant health implications, such as an increased risk of
heart disease and acute pancreatitis. APOC3 plays a role in controlling triglyceride levels in the body
through various mechanisms. Certain genetic mutations in APOC3 can lead to lower triglyceride levels and
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reduce the likelihood of heart disease. This has spurred the development of treatments targeting APOC3 to
manage hypertriglyceridemia. The treatment landscape for hypertriglyceridemia is changing, with new
therapies like antisense oligonucleotides showing promise. Volanesorsen, an antisense oligonucleotide
targeting APOC3, has proven effective in lowering triglyceride levels in patients with familial
chylomicronemia syndrome. These advancements suggest that APOC3-targeted therapies could offer more
management options for hypertriglyceridemia than traditional methods.

However, there are still challenges and opportunities for research. The safety and effectiveness of APOC3-
targeted therapies need assessment, especially regarding their impact on overall lipid metabolism and
potential side effects. Understanding how APOC3 interacts with metabolic pathways and the genetic
variations of APOC3 in populations will help develop more personalized treatment strategies. In the future,
it is important for research to focus on filling these gaps by conducting term trials utilizing advanced
biochemical and genetic studies and fostering collaboration across various fields. Exploring treatment
approaches such as molecule inhibitors, monoclonal antibodies, and gene editing technologies can help
broaden the range of available therapies for severe hypertriglyceridemia. By deepening our knowledge of
APOC3 and harnessing state-of-the-art methods, we can make strides toward personalized treatments for
severe hypertriglyceridemia, ultimately improving the quality of life for individuals affected by this disorder.
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