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ABSTRACT

Low-density lipoprotein cholesterol (LDL-C)-lowering therapy that increases LDL receptor 
expression in several ways robustly reduces the risk of atherosclerotic cardiovascular disease 
(CVD). However, a substantial risk of CVD still remains after intensive LDL-C reduction, which 
requires new treatment modalities for dyslipidemia and cardiovascular risk management. 
Triglycerides (TGs) and triglyceride-rich lipoproteins (TRLs) have received attention as 
indicators of residual cardiovascular risk and as direct causal factors for atherosclerosis 
and CVDs. Advances in understanding TG and TRL metabolism and their association with 
clinically evident CVDs have led to the development of novel therapeutic targets, including 
apolipoprotein C-III (apoC-III) and angiopoietin-like protein 3 (ANGPTL3). Genetic association 
studies have indicated that both apoC-III and ANGPTL3 play a causal role in the development 
of atherosclerotic CVD. Both molecules contribute to lipid dysregulation and atherosclerosis 
primarily by inhibiting lipoprotein lipase; however, recent evidence has shown that novel 
pathways exist in relation to their lipid-modifying activities. Notably, recent progress in 
therapeutic approaches, such as monoclonal antibodies or antisense oligonucleotides, has led 
to several novel therapeutics targeting apoC-III and ANGPTL3. This review summarized the 
recent updates and discussions related to apoC-III and ANGPTL3 expression.

Keywords: Lipid metabolism; Triglycerides; Lipoprotein lipase; Apolipoprotein C-III; 
Angiopoietin-like protein 3

ATHEROSCLEROTIC CARDIOVASCULAR DISEASE AND 
RESIDUAL RISK
In modern society, cardiovascular disease (CVD) is, undoubtedly, one of the most serious 
health problems. The prevalence of CVD was estimated to be 523 million, and CVD deaths 
reached 18.6 million in 2019 worldwide.1 Dyslipidemia, a dysregulated lipid and lipoprotein 
metabolism, is one of the leading causes of the development of atherosclerotic CVD.2 A 
substantial number of epidemiologic studies showed that an increase in circulating low-density 
lipoprotein cholesterol (LDL-C) concentration is associated with the occurrence of myocardial 
infarction and ischemic stroke,3,4 and mechanistic studies confirmed that LDL particles and 
their oxidized form have a causal role in atheroma formation within the vasculature.5,6
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LDL-C lowering therapies that increase LDL receptor (LDLR) expression, such as statins 
and proprotein convertase subtilisin/kexin type 9 (PCSK9) inhibitors, robustly lowered 
the risk of atherosclerotic CVDs in patients with or at risk of CVD.7-9 The question of how 
low the LDL-C level should be to prevent CVD is still under debate; however, most experts 
agree on the concept that the lower the LDL-C level, the better for cardiovascular health.10 
It is possible to reach very low LDL-C levels through treatment with ezetimibe and PCSK9 
inhibitors together with statins.11-13 The Further Cardiovascular Outcomes Research with 
PCSK9 Inhibition in Subjects with Elevated Risk (FOURIER) trial showed that PCSK9 
inhibitor evolocumab treatment lowered LDL-C to 30 mg/dL, with a 15% reduction in the 
major adverse cardiovascular events (MACE) incidence compared to placebo.13 Nevertheless, 
the residual risk of cardiovascular disease still exists. In the FOURIER trial, the incidence of 
major cardiovascular events in the evolocumab group at 3 years was 12.6%. Therefore, the 
reduction of residual risk following adequate LDL-C-lowering therapy is one of the most 
important topics in the field of dyslipidemia treatment.14

TRIGLYCERIDE, TRIGLYCERIDE-RICH LIPOPROTEIN, AND 
RESIDUAL RISK
In the blood, the triglycerides (TGs) are contained and transported in a variety of 
lipoproteins, most of which are contained in TG-rich lipoproteins (TRLs), such as 
chylomicron, very low-density lipoprotein (VLDL), and intermediate-density lipoprotein 
(IDL).15 Therefore, the measurement of blood TG levels approximately indicates the total 
amount of TGs contained in the TRLs, and the measurement of fasting TG level refers to the 
amount of TGs in the VLDL and IDL.

Hypertriglyceridemia, which is frequently accompanied by low high-density lipoprotein 
cholesterol (HDL-C), is a characteristic lipid abnormality in people with insulin resistance.16 
Impaired insulin action increases free fatty acid release in the adipose tissue, leading to 
increased hepatic VLDL production and elevated blood TG levels. The TG-rich VLDL also 
transports excess TGs to HDL and LDL particles through the cholesteryl ester transfer 
protein (CETP) and accepts cholesteryl esters to produce TG-rich HDL and TG-rich LDL. 
Subsequently, the lipoprotein lipase (LPL) and hepatic lipase (HL) hydrolyze TGs, leading 
to small, dense HDL and LDL.17 In the Framingham Heart Study, diabetic patients had 
similar circulating LDL-C concentrations compared to those without diabetes; instead, 
they showed higher TG and lower HDL-C levels, which indicated dysregulated lipoprotein 
metabolism associated with insulin resistance.18 The association of circulating TG levels 
with the risk of CVD has been supported by epidemiological evidence. A pooled analysis 
of 29 epidemiological studies, which included 262,535 people, found that subjects with TG 
levels in the upper tertile had an approximately 72% increased risk of coronary heart disease 
compared to those in the lower tertile. These results were not affected by fasting status or 
adjustment for HDL-C level.19

Beyond the role of hypertriglyceridemia as a risk indicator of atherosclerotic CVD, various 
studies have been conducted to determine whether TG or TRL has a causal role in the 
development of atherosclerosis and CVD. It has been suggested that VLDL2, which is a 
relatively small VLDL particle, and IDL are able to penetrate the intima and are subsequently 
ingested by macrophages to form foam cells.20,21 Chylomicron remnants and TRLs ranging in 
size from 55 to 150 nm were retained within the arterial intima, and they showed prolonged 
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residence time in the vascular space.22,23 A genetic study in humans convincingly suggested 
the causality of TRL for atherosclerotic CVD. A genome-wide association study (GWAS), 
The Global Lipids Genetics Consortium (GLGC) Metabochip study, indicated that the effect 
size of single nucleotide polymorphisms (SNPs) associated with TG elevation on ischemic 
heart disease was similar to that of SNPs associated with LDL-C elevation.24 On the other 
hand, SNPs associated with HDL-C reduction had no significant effect on the occurrence 
of ischemic heart disease. A Mendelian randomization study involving 73,513 people 
reported that the risk of ischemic heart disease increased as the number of genetic variant 
alleles associated with remnant cholesterol increased.25 Meanwhile, another Mendelian 
randomization study showed that TG-lowering variants in the LPL gene had similar odds of 
coronary heart disease compared to LDL-C-lowering variants in the LDLR gene.26

Taken together, TG and TRL are responsible for the development of atherosclerotic CVD; 
this is supported by epidemiological, genetic, and biological studies. Nevertheless, clinical 
evidence on whether TG-lowering therapy reduces the risk of atherosclerotic CVD is unclear. 
The cardiovascular protective role of fibrate, a peroxisome proliferator-activated receptor 
(PPAR) alpha agonist, is limited.27,28 Omega-3 fatty acids appear to have a protective effect 
on atherosclerotic CVD at high doses of eicosapentaenoic acid (EPA) only. In the Reduction 
of Cardiovascular Events with Icosapent Ethyl–Intervention Trial (REDUCE-IT), 4 g of 
EPA per day significantly reduced the incidence of MACE in high-risk patients treated with 
statins; however, TG lowering by EPA supplementation did not fully explain the favorable 
outcomes of REDUCE-IT.29,30 Given this, how should we interpret the conflicting results of 
TG/TRL’s causal role in atherosclerotic CVD and the clinical impact of TG-lowering therapy? 
One possibility is that the TG level was not sufficiently reduced with the currently available 
drugs. Additionally, other strategies to reduce circulating TG/TRL levels may be necessary. 
Therefore, advances in the understanding of TG metabolism centered on LPL and recent 
discussions on novel target molecules are noteworthy. Apolipoprotein C-III (apoC-III) and 
angiopoietin-like protein 3 (ANGPTL3) are currently the centers of this review, and novel 
therapies targeting these molecules are presented in Table 1 and Fig. 1. We would like to 
describe them more in detail.
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Table 1. Major clinical trials of novel lipid-lowering agents targeting apoC-III and ANGPTL3
Target Drug name Mechanism of 

action
Major trials Study participants Main results*

ApoC-III Volanesorsen ASO Phase 1 trial31 33 healthy adults TG ↓ (44%)
Phase 2 trial32 15 Patients with T2D and hypertriglyceridemia TG ↓ (69%), HDL-C ↑ (42%)
Phase 3 trial33 66 patients with familial chylomicronemia syndrome TG ↓ (77%)
Phase 3 trial34 114 patients with severe hypertriglyceridemia or familial 

chylomicronemia syndrome
TG ↓ (71%)

Olezarsen GALNAc3-
modified ASO

Phase 1/2 trial35 40 (single ascending dose study) and 10 (multiple ascending dose 
study) healthy adults

TG ↓ (77%)

ANGPTL3 Evinacumab Monoclonal 
antibody

Phase 1 trial36 83 healthy adults TG ↓ (76%), LDL-C ↓ (23%),  
HDL-C ↓ (18%)

Phase 1 trial37 83 (single ascending dose study) and 56 (multiple ascending dose 
study) healthy adults

TG ↓ (83%)

Phase 2 trial38 272 patients with refractory hypercholesterolemia LDL-C ↓ (50%)
Phase 2 trial39 51 patients with severe hypertriglyceridemia TG ↓ (57%)
Phase 3 trial40 65 patients with homozygous familial hypercholesterolemia LDL-C ↓ (47%)

Vupanorsen GALNAc3-
modified ASO

Phase 1 trial41 44 healthy adults TG ↓ (63%), LDL-C ↓ (33%)
Phase 2 trial42 105 patients with TG >150 mg/dL, T2D, and hepatic steatosis TG ↓ (53%), HDL-C ↓ (18%)

ApoC-III, apolipoprotein C-III; ANGPTL3, angiopoietin-like protein 3; ASO, antisense oligonucleotide; GALNAc3, N-acetyl galactosamine; HDL-C, high-density 
lipoprotein cholesterol; LDL-C, low-density lipoprotein cholesterol; T2D, type 2 diabetes; TG, triglycerides.
*Lipid-lowering effects were dose-dependent, and the maximal percent change in plasma concentrations from baseline is presented here.
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ApoC-III

1. The role of apoC-III in lipid metabolism
ApoC-III, an apolipoprotein encoded by APOC3, is a 79-amino acid glycoprotein synthesized by 
hepatocytes and enterocytes. It is carried on almost all types of lipoproteins in varying proportions; 
TRLs, specifically VLDL and chylomicrons, are major lipoproteins carrying apoC-III.43

ApoC-III exerts diverse effects on lipoprotein metabolism (Fig. 2). It inhibits lipolysis of 
TRLs by interfering with the interaction of TRLs with LPL and HL, which results in elevated 
circulating levels of TRLs and TG.44 It also reduces hepatic uptake of the TRL remnants 
by interrupting the binding of apoB or apoE to LDLR and low-density lipoprotein-related 
protein 1 (LRP1).45 Aside from its effects on delayed clearance of TRLs, evidence indicates 
that apoC-III also increases the production and secretion of VLDL.46 In addition, the apoC-
III contributes to vascular inflammation and atherogenesis via multiple pathways, including 
modulation of LDL affinity to the arterial wall, formation of apoC-III-HDL, and upregulation 
of proinflammatory mediators.47-49

2.  Genetic association of APOC3 with lipoprotein metabolism and 
cardiovascular disease

The relationship between apoC-III and CVD has been reported for several decades. A large-
scale case-control study of 800 people found an association between the apoC-III gene 
polymorphism and angiographically documented coronary artery disease.50 This study 
identified three polymorphisms in the apoC-III gene, among which the homozygosity for 
the T-445C variant was found in 18.6% of coronary artery disease patients, which was more 
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Fig. 1. Therapeutic approaches targeting apoC-III and ANGPTL3. 
ASO for the inactivation of apoC-III (volanesorsen and olezarsen) and ANGPTL3 (vupanorsen), and a monoclonal antibody (evinacumab) to ANGPTL3 have been 
developed. 
ASO, antisense oligonucleotide; apoC-III, apolipoprotein C-III; ANGPTL3, angiopoietin-like protein 3.
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than double that of 9.2% in the coronary artery disease-free group. Even after adjusting for 
other cardiovascular risk factors, the T-445C variant was found to be an independent genetic 
susceptibility factor for coronary artery disease with an odds ratio of 2.18.

A GWAS published in 2008 identified the relationship between the APOC3 null mutation 
and lipid profile and CVD.51 Approximately 5% of Lancaster Amish were heterozygous 
carriers of a null mutation (R19X) in APOC3. They had significantly lower fasting and post-
high-fat challenge TG levels than non-carriers and showed significantly lower LDL-C, 
non-HDL-C, and significantly higher HDL-C levels. In addition, these mutation carriers 
showed significantly lower Framingham 10-year coronary heart disease risk and coronary 
artery calcium (CAC) scores than non-carriers, suggesting that the APOC3 null mutation is 
associated with clinical CVD beyond lipid modification.

Two large prospective studies done on the Danish general population (Copenhagen City 
Heart Study and Copenhagen General Population Study), including 75,725 participants, 
validated the relationship between the loss-of-function mutations in APOC3 and CVD.52 There 
was a significantly positive association between nonfasting plasma TG levels and ischemic 
vascular disease/ischemic heart disease. Three APOC3 mutations (R19X, IVS2+1G→A, and 
A43T) were assessed. Heterozygote carriers for any of these mutations showed a 44% 
decrease in non-fasting TG levels, 41% lower risk of ischemic vascular disease, and 36% 
lower risk of ischemic heart disease than non-carriers.

These genetic studies showed that apoC-III has a causal relationship with the occurrence 
of clinically evident CVD beyond its effect on plasma TG levels, suggesting that apoC-III 
targeting therapy is a promising approach in reducing CVD risk.

3. Therapeutic approaches targeting apoC-III
Antisense oligonucleotides (ASOs) are single-stranded oligonucleotides that bind to target 
pre-mRNA or mRNA to regulate the expression of target molecules via degradation, isoform 
switching, and translation inhibition (Fig. 1).53 The antisense inhibition of apoC-III induced 
an effective reduction of apoC-III levels and TG/TRL levels as shown in preclinical and 
clinical studies. In a preclinical model and phase 1 clinical trial, apoC-III ASO ISIS 304801 
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Fig. 2. The role of apoC-III in triglyceride-rich lipoprotein metabolism. 
ApoC-III ① inhibits the interaction between LPL and TRLs, resulting in reduced lipolysis of TRLs, ② increases the synthesis and secretion of hepatic VLDL,  
③ decreases hepatic clearance of TRL remnants via LDLR or LRP1 by preventing the binding of apoB and apoE to those receptors. 
ApoC-III, apolipoprotein C-III; LPL, lipoprotein lipase; TRL, triglyceride-rich lipoprotein; VLDL, very low-density lipoprotein; LDLR, low-density lipoprotein 
receptor; LRP1, LDLR-related protein 1; apoB, apolipoprotein B; apoE, apolipoprotein E; GPIHBP1, glycosylphosphatidylinositol anchored high density lipoprotein 
binding protein 1; TRL-R, triglyceride-rich lipoprotein remnants.
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(volanesorsen) demonstrated a dose-dependent decrease in apoC-III and TG levels.31 In 
healthy human volunteers, treatment with the maximal dose of ISIS 304801 reduced apoC-
III levels by more than 77.5% and TG levels by 43.8%. In a randomized placebo-controlled 
trial for type 2 diabetes patients with hypertriglyceridemia, a 300 mg subcutaneous dose of 
volanesorsen once a week was used.32 Volanesorsen decreased plasma apoC-III levels by 88%, 
TG levels by 69%, and increased HDL-C levels by 42% compared to placebo. Notably, the 
whole-body insulin sensitivity measured by the hyperinsulinemic-euglycemic clamp in the 
volanesorsen-treated group increased by 57%, which was significantly correlated with the 
decrease in plasma apoC-III and TG levels.

A phase-3, double-blind, randomized 52-week trial was conducted to evaluate the TG 
lowering effect of volanesorsen in patients with familial chylomicronemia (APPROACH 
trial).33 In this study, 66 patients with familial chylomicronemia syndrome were stratified 
into the volanesorsen (300 mg subcutaneously once a week) group or the placebo group. 
At baseline, the mean TG level was 2,209 mg/dL, and 76% of the participants had a history 
of pancreatitis. The fasting TG level measured at three months decreased by 76.5% and the 
HDL-C level increased by 46.1% in the volanesorsen group. The treatment effects persisted 
for 52 weeks in individuals who received the drug without any dose reduction. This study 
showed that a new effective treatment is possible for patients with a rare genetic lipoprotein 
disorder, familial chylomicronemia syndrome, for which there has been no effective 
treatment before. At the same time, it showed that apoC-III inhibition effectively lowered 
TG levels through an LPL-independent pathway. A few safety concerns associated with 
volanesorsen treatment, including thrombocytopenia, have been noted. A platelet count of 
less than 140,000/µL was observed in 76% of patients in the volanesorsen treatment group.

The COMPASS study is a multinational, phase 3, randomized controlled trial in patients 
with severe hypertriglyceridemia (>500 mg/dL) or familial chylomicronemia syndrome.34 
This is the largest study of volanesorsen, wherein 114 patients were assigned subcutaneous 
volanesorsen 300 mg once a week or placebo for 26 weeks. Volanesorsen reduced circulating 
TG, chylomicron TG, VLDL cholesterol (VLDL-C), apolipoprotein B48, and apoC-III levels by 
>70% at three months. Non-HDL-C levels were also reduced by 27.3%. Pancreatitis occurred 
in three of the 38 patients in the placebo group, whereas none of the 75 patients in the 
volanesorsen developed pancreatitis. Thrombocytopenia with a platelet count of less than 
100,000/µL occurred in nine patients in the volanesorsen group.

In summary, apoC-III targeting ASO volanesorsen effectively reduced TG levels and induced 
a significant decrease in non-HDL-C levels, which raises expectations for the reduction 
of cardiovascular risk. However, evidence for the application of volanesorsen therapy to 
a broader patient population and for favorable cardiovascular outcomes is still limited. 
In addition, it is necessary to consider whether the side effects of thrombocytopenia 
are acceptable in clinical situations. In 2019, the European Medicines Agency approved 
volanesorsen as a treatment for familial chylomicronemia syndrome54; however, the U.S. 
Food and Drug Administration (FDA) did not because of several concerns, including 
thrombocytopenia.

A new ASO approach to minimize the side effects of volanesorsen and lower TG more 
effectively was proposed. This was an N-acetyl galactosamine (GalNAc3)-conjugated 
ASO targeting apoC-III, olezarsen (formerly known as AKCEA-APOCIII-LRx), which has 
hepatocyte-specific action and can minimize systemic exposure.55 Olezarsen was evaluated 
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to be at least 15 times more potent than volanesorsen. In a phase 1/2a study involving healthy 
volunteers, olezarsen decreased apoC-III and TG levels in a dose-dependent manner.35 At a 
maximal dose (120 mg subcutaneously once a week), a TG reduction of 77% was observed. In 
addition, significant reductions in non-HDL-C, VLDL-C, and apoB levels were observed, and 
no significant adverse events, including thrombocytopenia, were observed.

Another therapeutic approach targeting apoC-III, including apoC-III monoclonal antibody56 
and RNA interference targeting apoC-III57 has been introduced.

ANGPTL3

1. The role of ANGPTL3 in lipid metabolism
ANGPTL3, a member of the angiopoietin-like protein family (ANGPTL1-8), is primarily 
synthesized and secreted by the liver.58,59 It inhibits the activity of LPL, a key enzyme involved 
in the clearance of TRLs, such as chylomicrons and VLDL (Fig. 3A).60 Thus, ANGPTL3 
increases serum TG levels, which has been proved in animal experiments. Overexpression 
of ANGPTL3 or injection of recombinant ANGPTL3 protein in hypolipidemic KK/San 
mice resulted in high levels of total cholesterol, TG, and free fatty acids.61 The function 
of ANGPTL3 is enhanced by ANGPTL8.62 ANGPTL8 increases the ability of ANGPTL3 to 
bind LPL, and the ANGPTL3/8 complex showed enhanced inhibition of LPL compared 
to ANGPTL3 alone.63 ANGPTL3 also inhibits the activity of endothelial lipase (EL) which 
hydrolyzes HDL phospholipid (Fig. 3B).64 Consequently, ANGPTL3 increases plasma HDL 
levels. ANGPTL3-deficient mice showed low plasma HDL-C levels, which were increased by 
adenovirus vectors containing ANGPTL3.65

https://doi.org/10.12997/jla.2023.12.1.23

ApoC-III and ANGPTL3 for Treatment of Dyslipidemia

TRL

HDL

TRL remnants

Small HDL

VLDL VLDL remnants

Lipolysis

LDL

Uptake by liver
and peripheral tissue

LPL

LPL

EL

EL

ANGPTL3

ANGPTL3

ANGPTL3

A. TRL

B. HDL

C. LDL

Fig. 3. The role of ANGPTL3 in the metabolism of TRL (A), HDL (B), and LDL (C). 
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The mechanism by which ANGPTL3 regulates LDL metabolism is not yet clear; however, it 
is evident that inhibition of ANGPTL3 results in low LDL-C levels. Previous studies showed 
that mice deficient in LDLR (Ldlr−/−) and humans with absent LDLR activity have reduced 
LDL-C levels by ANGPTL3 inhibition, indicating that inhibition of ANGPTL3 lowered LDL-C 
independently of LDLR.40, 66 In contrast, mice deficient in both EL and LDLR (Lipg−/− Ldlr−/−) 
showed no reduction in LDL-C levels after ANGPTL3 inhibition, suggesting that EL is 
critical in LDL regulation by ANGPTL3.66 Given that EL promotes VLDL catabolism, and 
VLDL clearance is delayed in Lipg−/− mice, one possible explanation is that when ANGPTL3 is 
inhibited, hydrolysis of VLDL and VLDL remnant clearance is promoted. This consequently 
leads to the depletion of the LDL precursor pool and reduced production of LDL (Fig. 3C).

2. Genetic association of ANGPTL3 with lipoprotein metabolism and CVD
Human genetic studies have revealed that ANGPTL3 is closely associated with circulating 
lipid levels. Loss-of-function (LOF) variants of ANGPTL3 are associated with decreased 
plasma levels of TG, LDL-C, and HDL-C. Whole exome sequencing of two patients with 
familial combined hypolipidemia, an inherited disorder of lipid metabolism with extremely 
low levels of LDL-C, HDL-C, and TG, revealed two nonsense alleles (S17X and E129X), 
leading to complete deficiency of ANGPTL3.67

Exome sequencing of ANGPTL3 in 58,335 individuals in the DiscovEHR human genetics 
study also showed that people with heterozygous LOF variants in ANGPTL3 have lower serum 
LDL-C, HDL-C, and TG levels and ANGPTL3 concentrations.36 In another study with 20,092 
people in the Myocardial Infarction Genetics Consortium studies, heterozygous carriers of 
ANGPTL3 LOF mutation had an 11.8% and 17% reduction in LDL-C and TG, respectively, 
compared with non-carriers.68 HDL-C levels were 5.2% lower in LOF carriers without 
statistical significance.

Associations between ANGPTL3 deficiency and the risk of coronary artery disease have been 
evaluated. Three patients with complete ANGPTL3 deficiency and their first-degree relatives 
without ANGPTL3 deficiency were examined for coronary atherosclerotic plaque burden by 
computed tomography angiography.68 All three patients with complete ANGPTL3 deficiency 
showed no evidence of coronary plaques. In contrast, 2 of the 3 matched control participants 
had positive coronary calcium scores. Similarly, carriers of the LOF mutation in ANGPTL3 
showed a lower risk of atherosclerotic CVD in several cohort studies. A cohort-based meta-
analysis of 19 studies comprising 21,980 patients with coronary artery disease and 158,200 
controls, demonstrated that carriers of ANGPTL3 LOF mutation had a 34% lower risk of 
coronary artery disease than non-carriers.68 In the analysis of 13,102 patients with coronary 
artery disease and 40,430 controls, ANGPTL3 LOF variants were associated with 41% lower 
odds of coronary artery disease.36 In a meta-analysis of five independent population studies, 
carriers of ANGPTL3 LOF mutations showed a 39% lower risk of coronary artery disease 
than non-carriers.36 The cardioprotective effects of ANGPTL3 LOF mutations have led to 
further studies evaluating the association between the plasma ANGPTL3 concentrations and 
myocardial infarction risk. Plasma ANGPTL3 concentrations were measured in 1,493 patients 
with myocardial infarction and 3,231 controls.68 Individuals in the lowest tertile of circulating 
ANGPTL3 concentrations had a 35% lower risk of myocardial infarction than those in the 
highest tertile.
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3. Therapeutic approaches targeting ANGPTL3 – monoclonal antibodies
Based on the results of biological and genetic studies, ANGPTL3 has been suggested as a 
promising therapeutic target for dyslipidemia. Two different strategies for the inactivation of 
ANGPTL3 have been developed: a monoclonal antibody and an ASO (Fig. 1). Evinacumab is 
a fully humanized anti-ANGPTL3 antibody binding ANGPTL3 with high affinity, which can 
reverse ANGPTL3-induced inhibition of LPL activity in vitro and in vivo.69 A phase 1 study was 
performed among 83 healthy adults with fasting TG levels of 150 to 450 mg/dL and LDL-C 
levels of 100 mg/dL or greater.36 Lipid-lowering effects of evinacumab were dose-dependent, 
with reductions in plasma concentrations up to 23% in LDL-C, 18% in HDL-C, and 76% in 
TG. No serious adverse events leading to discontinuation of the drug were observed.

Evinacumab has been evaluated for the treatment of homozygous familial hypercholesterolemia 
(HoFH). In the phase 3 clinical trial, 65 patients with HoFH receiving lipid-lowering therapy 
at the maximally tolerated doses were randomly assigned to the intravenous infusion of 
evinacumab (15 mg/kg every 4 weeks) group or the placebo group.40 The mean baseline LDL-C 
concentration was 255.1 mg/dL, and the mean non-HDL-C concentration was 277.8 mg/dL. At 
week 24, a 47.1% reduction in LDL-C level from the baseline was observed in the evinacumab 
group, while a 1.9% increase was observed in the placebo group. The LDL-C-lowering effects 
of evinacumab were comparable between the patients with null-null variants and those with 
non-null variants. Influenza-like illness was reported in 5 of 44 patients receiving evinacumab; 
however, other adverse events did not significantly increase with evinacumab treatment. 
Antidrug antibodies were not developed during the trial. Evinacumab has recently been 
approved for HoFH treatment by the U.S. FDA (EVKEEZA™).70

Evinacumab also effectively reduces LDL-C levels in patients with refractory 
hypercholesterolemia. In the phase 2 trial, 272 patients with or without heterozygous familial 
hypercholesterolemia who had refractory hypercholesterolemia were randomly assigned 
evinacumab or placebo.38 Refractory hypercholesterolemia was defined as having an LDL-C 
level ≥70 mg/dL with atherosclerosis or LDL-C ≥100 mg/dL without atherosclerosis, on 
treatment with lipid-lowering therapies at the maximally tolerated doses. At baseline, 99% 
of the participants received PCSK9 inhibitors, 70% received statins, and 33% were treated 
with ezetimibe. Evinacumab was administered subcutaneously (SC) or intravenously (IV) at 
doses of 450 mg SC weekly, 300 mg SC weekly, 300 mg SC every 2 weeks, 15 mg/kg IV every 
4 weeks, or 5 mg/kg IV every 4 weeks. The baseline LDL-C levels of the participants were 150 
mg/dL in the SC group and 145 mg/dL in the IV group. The LDL-C reduction by evinacumab 
was dose-dependent, with up to 49.9% reduction from baseline at the maximum dose.

Evinacumab has also been tested for the treatment of hypertriglyceridemia. A phase 1 trial 
involving subjects with TG levels >150 and ≤450 mg/dL showed a robust TG-lowering effect 
of evinacumab.37 The trial enrolled 83 subjects for a single ascending dose study, and 56 for 
a multiple ascending dose study. TGs were reduced in a dose-dependent manner, with a 
maximum reduction of approximately 80% in both studies. No serious adverse events were 
reported; however, mild elevations in alanine aminotransferase, aspartate aminotransferase, 
and creatinine phosphokinase levels were observed. In the phase 2 trial (NCT03452228), 51 
patients with severe hypertriglyceridemia with TG ≥500 mg/dL who had prior hospitalization 
for acute pancreatitis were randomly assigned to receive evinacumab 15 mg/kg IV every 4 weeks 
or placebo for 12 weeks.39 At week 12, the patients receiving evinacumab showed a median of 
805.8 mg/dL reduction in TGs (−56.6% from baseline) as compared with an increase of 50.7 
mg/dL (+1.8% from baseline) in the placebo group. However, the treatment response varied 

https://doi.org/10.12997/jla.2023.12.1.23

ApoC-III and ANGPTL3 for Treatment of Dyslipidemia



32https://e-jla.org

Journal of 
Lipid and 
Atherosclerosis

according to genotype, requiring further elucidation. A phase 2b trial investigating the efficacy 
of evinacumab in the prevention of recurrent acute pancreatitis (NCT04863014) is ongoing.

4. Therapeutic approaches targeting ANGPTL3 – ASO
ASO targeting ANGPTL3 mRNA is another way to inactivate ANGPTL3. GalNAc3-modified 
ASO is a novel technology to selectively target RNAs expressed by hepatocytes through 
binding of the asialoglycoprotein receptors, enabling them to have an efficacy similar to 
unconjugated ASOs with a 20- to 30-fold lowered dose.71 Vupanorsen (previously known as 
IONIS-ANGPTL3-LRx) is a second-generation GalNAc3-modified ASO targeting hepatic 
ANGPTL3 mRNA. In a phase 1 trial with 44 healthy participants, vupanorsen reduced the 
plasma levels of ANGPTL3 (47%–85% from baseline), TG (33%–63%), LDL-C (1%–33%), 
VLDL-C (28%–60%), and non-HDL-C (10%–37%) after six weeks of treatment.41 No serious 
adverse events were reported.

A phase 2 trial was conducted among 105 patients with type 2 diabetes and hepatic steatosis 
with TG levels higher than 150 mg/dL.42 The participants received either placebo or 
vupanorsen 40 mg every 4 weeks, 80 mg every 4 weeks, or 20 mg every week, subcutaneously 
for 6 months. The median baseline TG level was 252 mg/dL. TG levels were reduced by 
36%, 53%, and 47% in patients receiving 40 mg of vupanorsen every 4 weeks, 80 mg every 
4 weeks, and 20 mg every week, respectively. Vupanorsen 80 mg every four weeks reduced 
ANGPTL3 levels by 59%, LDL-C levels by 7%, and HDL-C levels by 18%. The most frequent 
adverse events were injection-site pruritus (14%) and erythema (12%). Vupanorsen was not 
associated with thrombocytopenia; however, 2 patients receiving vupanorsen showed an 
increase in alanine aminotransferase and aspartate aminotransferase levels.

CONCLUSION

In this review, we summarized the recent updates and discussions regarding apoC-III 
and ANGPTL3. Genetic variants of apoC-III and ANGPTL3 are closely associated with lipid 
dysregulation and predispose CVDs. Pharmacological inhibition of apoC-III and ANGPTL3 
profoundly reduced circulating TG, LDL-C, and non-HDL-C levels in multiple clinical 
studies, suggesting their promising role in cardiovascular risk reduction. Further studies are 
expected to elucidate the clinical impact these strategies in the near future.
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