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Abstract

Purpose of Review Elevated low-density lipoprotein cholesterol (LDL-C) and triglyceride-rich lipoproteins (TRLs) or rem-
nants are important risk factors for the development of atherosclerotic cardiovascular disease (ASCVD). The ongoing chal-
lenge of not being able to achieve recommended LDL-C targets despite maximally tolerated lipid-lowering therapy (LLT)
has led to the development of novel therapeutic agents including angiopoietin-like 3 (ANGPTL3) inhibitors.

Recent Findings ANGPTL3 is a glycoprotein produced by the liver that inhibits lipoprotein lipase and endothelial lipase.
Data from genetic and clinical studies have shown that a lower ANGPTL3 level is associated with lower plasma LDL-C,
triglyceride (TG), and other lipoproteins. Pharmacological inactivation of ANGPTL3 with the monoclonal antibody, evi-
nacumab, results in a 50% reduction in LDL-C, even in patients with homozygous familial hypercholesterolemia (HoFH).
The safe and effective targeted delivery of nucleic acid-based therapies will shape the future of the lipid arena.

Summary ANGPTL3 is a novel target in lipoprotein metabolism, targeting not only LDL-C via an LDL-receptor (LDLR)

independent mechanism but also TRLs and carries a significant promise for further ASCVD risk reduction.

Keywords ANGPTL3 - Atherosclerosis - Residual cardiovascular risk - LDL-C - Triglycerides - Lipoprotein lipase -

Endothelial lipase

Introduction

Atherosclerotic cardiovascular disease (ASCVD) is a lead-
ing cause of morbidity and mortality worldwide with dys-
lipidemia being an important risk factor. Epidemiological
and observational studies have shown a clear association
between elevated atherogenic plasma lipoproteins, particu-
larly low-density lipoprotein cholesterol (LDL-C), triglyc-
eride-rich lipoproteins (TRLs), lipoprotein(a) (Lp(a)), and
ASCVD [1]. Statins are the mainstay of therapy for lowering
LDL-C, and evidence from large randomized controlled tri-
als has shown that for every 40-mg/dL (1 mmol/L) reduc-
tion in LDL-C, about a one-fifth reduction in stroke, major
coronary events, and revascularization is seen with no lower
limit and no safety issues [2]. Hence, it is clear with regards
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to LDL-C that “lower is better.” Most drug therapies in cur-
rent use, such as statins, ezetimibe, and bempedoic acid,
are LDL-receptor (LDLR) dependent and rely on upregula-
tion of the LDLR for their action. Individuals with famil-
ial hypercholesterolemia (FH), with genetic mutations in
the LDLR, especially those with homozygous FH (HoFH)
who have minimal on no residual LDLR function, will
benefit from therapeutic interventions acting via a LDLR-
independent mechanism. In addition, despite advances
made with LDL-C targeted lipid-lowering therapy (LLT),
residual ASCVD risk remains high and elevated TG levels,
specifically TRLs or remnants, may contribute to this risk
[3, 4ee, 5, 6¢]. Further therapeutic modulation of LDL-C as
well as triglyceride (TG) is thus the new focus of LLT, with
angiopoietin-like 3 (ANGPTL3) inhibition emerging as an
important therapeutic strategy in lowering LDL-C as well
as TG via a LDLR-independent pathway.

Role of ANGPTL3 in Lipid Metabolism
The TRLs arise from either endogenous or exogenous

sources of TG. Chylomicrons contain apolipoprotein (apo)
B48 and are synthesized in the intestine. Very low-density

@ Springer


http://orcid.org/0000-0001-5602-3621
http://orcid.org/0000-0002-8042-7041
http://orcid.org/0000-0002-9170-7938
http://crossmark.crossref.org/dialog/?doi=10.1007/s11883-022-01071-1&domain=pdf

960

Current Atherosclerosis Reports (2022) 24:959-967

lipoprotein (VLDL), containing apoB100, is produced in
the liver and comprises TG made from free fatty acids and
glycerol [6e, 7e]. Further apolipoproteins (apoC-1, apoC-
II, apoC-II1, and apoE) are added to the surface of VLDL
before being secreted by the liver into the circulation [7e].
Chylomicrons and VLDL are then hydrolyzed by lipoprotein
lipase (LPL) into smaller particles of VLDL, intermediate-
density lipoprotein (IDL), and LDL [6e]. LPL is produced
by adipocytes and myocytes and is expressed on cell sur-
faces by heparin sulfate proteoglycans (HSPG) following
which glycosylphosphatidylinositol-anchored HDL-bind-
ing protein 1 (GPIHBP1) transports LPL to the capillary
endothelium where it exerts effects on circulating TRL [8,
9]. LPL, and thus TG metabolism, is highly regulated by
apoC-II, apoC-III, apoA-V, ANGPTL3, ANGPTL4, and
ANGPTLS [10-12].

Biology of ANGPTL3

The angiopoietin-like (ANGPTL) proteins, comprising eight
members, are structurally homologous to angiopoietins but
do not act on the endothelial tyrosine kinase receptors, TIE1
and TIE2, to induce angiogenesis [12]. Like the angiopoi-
etins, they contain a signal peptide of 16 amino acids, an
N-terminal coiled coil domain, a linker region, and a fibrin-
ogen-like domain at the C-terminal [13]. The N-terminal
coiled coil domain is responsible for the inhibition of LPL
and endothelial lipase (EL), while the C-terminal domain
has a role in angiogenesis [12, 14e].

In 1999, ANGPTL3, a 70-kDa glycoprotein comprising
460 amino acids, was discovered and found to be expressed
in the liver of both mice and humans [15]. Its potential role
in lipid metabolism was considered following observations
that homozygous mutations in ANGPTL3 within a substrain
of KK mice (termed KK/San), a murine model of moderate
obesity, hyperglycemia, and hyperinsulinemia, were found to
have hypolipidemia [16]. Administration of the ANGPTL3
protein to KK/San mice subsequently led to a rise in serum
lipid fractions [16].

Cleavage of ANGPTL3 at the linker region occurs both
intracellularly by the proprotein convertase furin (also
known as PCSK3) and extracellularly by paired amino
acid—converting enzyme (PACE4 or PCSK6) [13, 17].
O-Glycosylation by N-acetylgalactosaminyltransferase 2
(GalNACT2) occurs next to the cleavage site of ANGPTL3
which inhibits proprotein convertase-mediated cleavage
and may modulate the activation of ANGPTL3 [18]. The
N-terminal domain is the portion responsible for the inhibi-
tory activity on LPL; however, whether cleavage is entirely
necessary for LPL inhibition is not entirely clear [13, 19e].
However, the truncated form of ANGPTL3 appears to be
more active [13, 20].
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ANGPTL3 function is enhanced by the formation of a
complex with ANGPTLS [12]. This occurs in the liver and
leads to inhibition of LPL to a degree far greater than either
ANGPTL3 or ANGPTLS alone [20]. The ANGPTL3/8
complex inhibits LPL by furin-mediated cleavage, enabling
unfolding and dissociation of LPL [7e, 21e]. The expression
of ANGPTL3 in the liver is not significantly affected by the
fasting or fed state; however, the effects of ANGPTLS on
LPL activity are more prominent after eating [12]. Mecha-
nisms by which ANGPTLS3 inhibits EL remain unclear.

The inhibitory effects of ANGPTL3 and the ANGPTL3/8
complex on LPL activity are only minimally affected by
prolonged exposure to cold [22]. This is in contrast to the
ANGPTLA4/8 complex which has increased LPL activity in
brown adipose tissue with prolonged exposure to cold, sug-
gesting a role in thermogenesis [22].

Genetic Variants of ANGPTL3

In 1991, Fazio reported on a family with familial hypobetali-
poproteinemia (FHBL), an autosomal dominant disorder
characterized by markedly low serum VLDL, IDL, and
LDL-C levels, that was not due to a mutation in the gene
encoding for apo B [23]. Later studies revealed mutations
in the ANGPTL3 gene, located on chromosome 1p31.1, to
be the cause and the first loss-of-function (LOF) mutation
in humans was described in a family of European descent
[15, 24].

A number of genome-wide association studies (GWAS)
have identified significant associations between loss of func-
tion mutations in ANGPTL3 and lower TG, HDL-C, and
LDL-C. Whole-exome sequencing of 58,335 individuals
identified 13 distinct LOF mutations in ANGPTL3 among
246 individuals [25]. Those who carried these mutations,
all of whom were heterozygotes, had a 27% lower TG, 9%
lower LDL-C, and 4% lower HDL-C as compared to non-
carriers [25]. Homozygous mutations in ANGPTL3, on the
other hand, are associated with a 67% reduction in LDL-C,
71% reduction in TG, and a 39% reduction in HDL-C [26].
Reduction in LDL-C due to ANGPTL3 deficiency can be
explained by a reduction in hepatic apo B secretion as well
as an increase in hepatic LDL-C uptake [27].

The exons of the ANGPTL3, ANGPTL4, and ANGPTLS
genes were sequenced in 3551 participants in the multi-
ethnic Dallas Heart Study [28]. Overall, 1% of all partici-
pants and 4% falling within the lowest quartile of plasma
TG were found to have a LOF mutation in one of these
three genes [28]. A spectrum of both rare and common
mutations, including nonsense, frameshift, splice-site,
or missense mutations, were identified within this group
and located within the N-terminal coiled-coil domain of
ANGPTL3, the region which has an inhibitory effect on
LPL [28, 29]. This finding was consistent among studies of
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homozygotes and compound heterozygotes with familial
combined hypolipidemia.

The transcription factors liver X receptor-a (LXRa)
and hepatocyte nuclear factor-1o (HNF-1a) promote the
expression of the ANGPTL3 gene [30]. Leptin, thyroid
hormone, and insulin reduce circulating ANGPTL3 by
decreasing expression of ANGPTL3 in the liver [31, 32].
Statins reduced the mRNA expression of ANGPTL3 by
around 25% in healthy subjects as well as circulating levels
of ANGPTL3 in individuals with hypercholesterolemia,
and this may be the reason even subjects with LDLR-neg-
ative HoFH respond partially to statin therapy [33, 34e].

Atherosclerosis and ANGPTL3

TRLs, which include chylomicrons, VLDL, and their
remnants, are pro-atherogenic and are causally associ-
ated with endothelial inflammation, ASCVD, and an
increase in all-cause mortally [5]. Genetic studies have
shown that genetic variants in LPL and heterozygous
and homozygous LOF mutations of its inhibitory co-
factors including APOC3, ANGPTL3, and ANGPTL4
are associated with reductions in TG and ASCVD [35].
Compared to those without a mutation in ANGPTL3,
heterozygous carriers of ANGPTL3 LOF mutations
exhibited a 34% reduction in the odds of coronary
artery disease [28]. Consistent with the association of
ANGPTL3 and an increased risk for ASCVD, data from
the PROMIS study showed that individuals in the lowest
tertile of serum ANGPTL3 levels were significantly at
a lower risk of a myocardial infarction as compared to
those in the highest tertile [28]. This was further sup-
ported by the DiscovEHR study, whereby genetic and
therapeutic antagonism of ANGPTL3 in humans and
mice was associated with significantly lower levels
of TG, HDL-C, and LDL-C, with 41% lower odds for
ASCVD as compared to the general population [25].

Most circulating TG are carried by VLDL particles
and their remnants, which also contain apo B, and data
show that apo B—containing lipoproteins also increase
ASCVD. Hence, ASCVD risk mediated by TRLs or rem-
nants appears to be determined by the concentration of
apo B rather than TG per se [35]. Data from a large Men-
delian randomization analysis showed that LPL and LDL-
C-lowering genetic variants are associated with a similar
reduction in risk for ASCVD per unit difference in apo
B and thus the clinical benefit in ASCVD reduction may
be more likely related to the absolute reduction in apo
B-—containing lipoproteins [36]. Thus, therapeutic inhibi-
tion of ANGPTL3 will have the benefit of reducing not
only LDL-C but also the apo B—containing TRLs with the
potential of reducing residual ASCVD burden.

ANGPTL3 as a Therapeutic Target
Mechanism of Action of ANGPTL3 Inhibition

The reduction in TRLs and HDL-C by ANGPTL3 inhibition
is attributed to an increased LPL and EL activity, respec-
tively. Peripheral clearance of chylomicrons and VLDL par-
ticles is augmented by the increase in LPL activity resulting
in a decrease in TG [37¢]. The exact mechanism of LDL-C
reduction by ANGPTL3 inhibition remains unclear. Current
postulated mechanisms include an increased LPL activity
mediated hydrolysis of VLDL, with an enhanced clear-
ance and reduced production of LDL [38]. In the absence
of functional LDLR activity, lowering of LDL-C appears
to be dependent on EL [38]. Increasing EL activity via
ANGPTL3 inhibition modifies the composition of VLDL,
resulting in the formation of lipid-depleted remnant particles
that are rapidly cleared from the circulation, with a resultant
depletion of the hepatic LDL-C precursor pool, ultimately
reducing LDL-C. In contrast, when LDLR function is pre-
served, the LDL-C-lowering effect of ANGPTL3 inactiva-
tion appears to be independent of EL and may be related
to increased LDL uptake by the LDLR, other receptors, or
via an unidentified non-receptor-mediated mechanism [39,
40ee¢]. These notable effects of ANGPTL3 on lipid metabo-
lism have set the stage for using ANGPTL3 as a molecular
therapeutic target in the management of dyslipidemia and
the prevention of ASCVD.

Pharmacological Inactivation of ANGPTL3

Pharmacological advances utilizing monoclonal antibodies
or nucleic acid—based therapeutics allow for a more targeted
lipid-lowering approach.

Monoclonal Antibody-Based Therapy—Evinacumab

Evinacumab is a fully human monoclonal antibody (mAb)
directed against ANGPTL3, which, in preclinical studies in
mice and monkeys, reversed ANGPTL3-induced inhibition
of LPL, with subsequent reductions in plasma TG, LDL-C,
and HDL-C [39]. Human studies were consistent with ani-
mal data, whereby the phase I single ascending dose study
conducted in 83 healthy adults receiving different subcuta-
neous and intravenous (IV) doses showed a dose-dependent
reduction in fasting TG and LDL-C of up to 63 and 28%,
respectively, with IV administration being more effective
[25]. A reduction in LDL-C of almost 50% was seen in the
phase II study of nine patients with HoFH and was further
confirmed in the ELIPSE HoFH phase III trial, whereby a
47% reduction in LDL-C and a decrease in TG and apo B of
55 and 41%, respectively, was seen in those receiving evi-
nacumab versus placebo [40ee, 41]. Almost 50% of patients
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achieved an LDL-C < 100 mg/dL (< 2.6 mmol/L) and up
to 30% achieved an LDL-C <70 mg/dL (< 1.8 mmol/L)
[40ee]. The reduction of LDL-C was similar in those
HoFH patients with no residual LDLR function (null-null
HoFH), thus supporting the LDLR-independent mecha-
nism of ANGPTL3 inhibition. No major safety concerns
were seen with evinacumab, and its long-term safety and
efficacy have been confirmed in the open-label extension of
the ELIPSE HoFH trial, whereby a 46% reduction in LDL-C
was seen at week 48, with 50% of patients achieving a target
LDL-C < 100 mg/dL (<2.6 mmol/L) and 31.7% achieved
an LDL-C <70 mg/dL (< 1.8 mmol/L) [42e]. Evinacumab
is thus an effective therapeutic modality for patients with
HoFH who fail to achieve target LDL-C on conventional
LLT including PCSK9-inhibitor therapy with or without
lipoprotein apheresis. It has also been shown to benefit
patients with severe heterozygous FH (HeFH) or refractory
hypercholesterolemia, whereby a further 50% reduction in
LDL-C as compared to placebo was seen with the maxi-
mum IV dose [43ee]. The need for monthly IV dosing of
evinacumab is a potential limiting factor when compared to
the newer therapeutic options currently under development
to inhibit ANGPTL3.

Genetic Inactivation of ANGPTL3

Nucleic acid inhibition of ANGPTL3 mRNA transcription
includes antisense oligonucleotides (ASOs) and small inter-
fering RNAs (siRNAs). ASO binds to ANGPTL3 mRNA
within the nucleus to form a DNA-RNA hetero-duplex. In
contrast to ASOs, with siRNA therapy, the conjugated nucleic
acids are directed at controlling the translation of the cog-
nate mRNA in the cytoplasm [37¢]. Advances in nucleic acid
technology have resulted in an improved delivery of ASO and
siRNA to the liver with the development of N-acetylgalactosa-
mine (GalNAc) conjugated technology, whereby GalNAc is as
efficacious as unconjugated nucleic acid regimens but offers
the benefit of utilizing a 30-fold lower dose of the drug, thus
reducing systemic exposure [4ee, 37e].

Antisense-Oligonucleotide Therapy (ASO)—Vupanorsen
(IONIS-ANGPTL3-LRX)

Vupanorsen is a second-generation GalNAc-modified single-
stranded RNA ASO targeted at hepatic ANGPTL3 mRNA,
promoting degradation of ANGPTL3, with a resultant
decrease in its hepatic production and secretion [4ee, 37e].
Data from the phase I, randomized, double-blind, placebo
controlled trial, designed to assess the safety of subcutane-
ous single (20, 40, or 80 mg) and multiple ascending doses
(10, 20, 40, 60 mg for 6 weeks) of vupanorsen, showed a
dose-dependent effect and a reduction in plasma TG of 50%
and LDL-C of 33% at day 43, with the 60 mg SC weekly
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multi-dose regimen [37¢]. A dose-dependent reduction of
22% in apo B and 57% in Lp(a) at day 43 was also seen;
however, subjects enrolled into this study had low pre-
treatment Lp(a) levels [37e, 44]. In the phase II, placebo-
controlled, dose-ranging study, 105 participants with an
elevated fasting TG level > 150 mg/dL (> 1.7 mmol/L), type
2 diabetes with a glycosylated hemoglobin (HbAlc)> 6.5
and < 10%, hepatic steatosis, and a body mass index (BMI)
27-40 kg/m® were treated for 6 months with either 40 or
80 mg subcutaneously every 4 weeks, or 20 mg vupanorsen
weekly [4ee]. There was a significant reduction in TG of
53% compared to 16% in the placebo group at the dose of
80 mg 4 weekly. After 6 months of 80 mg every 4 weeks,
reductions in LDL-C, HDL-C, VLDL-C, non-HDL-C, and
apo B of 7, 18, 47, 21, and 9%, respectively, were shown
[4ee, 37¢]. Interestingly, there was no significant change
in Lp(a) levels (3%) in this study [4ee]. Treatment with
vupanorsen in the phase I and early phase II studies was not
associated with serious adverse events, with most adverse
events being only mild to moderate and mainly related to
injection site reactions [4ee]. However, the clinical develop-
ment of vupanorsen was discontinued on 31 January 2022,
when results of the TRANSLATE-TIMI 70 trial, a phase
IIb dose-escalating trial, designed to assess the effect on
non-HDL-C levels, showed a disappointing placebo-adjusted
reduction in non-HDL-C of 26.5% at 24 weeks. Reductions
in LDL-C and apo B were only 7.9 and 8.5% respectively,
even with the most effective dose of 160 mg given every
2 weeks. Furthermore, safety concerns included marked
elevations in liver enzymes, with 39% of participants hav-
ing elevations in ALT or AST > 3 the upper limit of normal
with the 160 mg fortnightly dosing [45¢]. Furthermore, a
dose-dependent change in the fraction of hepatic fat, with a
76% relative increase from baseline, was observed in those
on the 160-mg, 2-weekly dose [45e].

Small interfering RNA (siRNA)—ARO-ANG3

In contrast to ASO, siRNA therapy makes use of double-
stranded DNA (dsDNA) and is recycled within the RNA-
induced silencing complex with a resultant prolonged
inhibition of ANGPTL3 mRNA and reduced hepatic syn-
thesis of ANGPTLS3, thus allowing for less frequent dosing
as compared to other gene silencing approaches such as
ASOs [37¢]. ARO-ANG3 is a GalNAc-conjugated siRNA
directed against ANGPTL3 mRNA.

Results from the phase I study in healthy volun-
teers with a fasting TG > 100 mg/dL (> 1.1 mmol/L)
and LDL-C>70 mg/dL (> 1.8 mmol/L), who received
a single ascending dose of ARO-ANG3 subcutaneously
(35-300 mg), showed mean reductions in serum TG, LDL-
C, HDL-C, and VLDL-C of 52, 8, 16, and 52%, respec-
tively, at 16 weeks with the 300-mg subcutaneous dose [37e,
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46, 47e]. Participants of the multi-dose component of this
phase I study received ARO-ANG3 at day 1 and day 29 at
a dose of 100-300 mg subcutaneously. The mean nadir for
ANGPTLS3 reduction occurred 2 weeks after the second dose
(— 83 to—93%), with an observed mean decrease in TG and
LDL-C of 67 and 36%, respectively, with the 300 mg sub-
cutaneous dose after 16 weeks. A mean reduction in HDL-C
and VLDL-C of 37 and 65% retrospectively was also shown
[37e,46,47e].

Other interventional cohorts within this ongoing study
include participants with HeFH as well as those without
FH but with an LDL-C > 70 mg/dL (> 1.8 mmol/L) despite
treatment with a statin with or without a PCSK9 inhibitor
[37e, 46, 47¢]. Preliminary results in the non-FH partici-
pants showed a reduction in TG and LDL-C of 29 and 28%
at 16 weeks with the 200-mg dose [36, 45e, 46]. In those
with HeFH, randomized to receive either of the multiple
ascending doses of ARO-ANG3 (100, 200, 300 mg), mean
ANGPTL3 levels were significantly reduced between 62 and
92% in a dose-dependent manner. A consistent reduction in
TG (25-43%) and LDL-C (23-37%) was seen at all doses,
with a reduction in TG, LDL-C, HDL-C, and VLDL-C at
16 weeks of 12, 35, 42, and 15% with the 300 mg dose
[37e, 46, 47¢]. These results have shown that the siRNA,
ARO-ANG3, results in a safe and tolerable, dose-dependent
reduction in ANGPTL3 and atherogenic lipoproteins, and
thus may be a potential new therapy for addressing residual
ASCVD risk in patients with dyslipidemia.

Future Therapeutic Strategies

ANGPTLS3 inhibition is a promising new strategy for treat-
ing atherogenic dyslipidemia. However, the global imple-
mentation of treatment with anti-ANGPTL3 antibodies,
ASO, or siRNAs is limited due to the economic burden
with prolonged therapy required for these targeted agents.
Thus, more cost-effective therapeutic options also need to
be explored.

Gene Editing—CRISPR-Cas9 Technology

Clustered regularly interspaced palindromic repeats-asso-
ciated protein 9 (CRISPR/Cas9)-mediated genome editing
has emerged as a promising technology and is certainly a
favorable future alternative to current long-term treatment
options for hyperlipidemia [48]. The CRISPR/Cas9 system
institutes a double-strand break at desired sites for genome
editing. Repair of the excised DNA leads to insertions and/
or deletions being introduced into the genome which results
in frameshift mutations, effectively “knocking out” the gene
[48].

Since LOF mutations in both PCSK9 and ANGPTL3
genes have been found in apparently healthy human subjects,

these genes have been considered potential candidates for
editing. In mouse models, the inactivation of PCSK9 dem-
onstrated a 35-40% reduction in TC [49]. More recently, the
base editing of both PCSK9 alleles led to a 60% reduction
in LDL-C in primates [49, 50e]. Transient, mild elevations
in liver enzymes were seen and off-target editing occurred
at one site in primate subjects [50e].

Base editing of ANGPTL3 in a mouse model of HoFH led
to a 56% reduction in TG and a 51% reduction in TC [51].

Effective delivery systems for CRISPR-Cas9 tools are
still needed to ensure specific targeting. Off-target effects
have been seen in mouse models of atherosclerosis, so fur-
ther studies are needed to establish safety before these newer
therapies can be used in humans.

Vaccination against ANGPTL3

Vaccine development is well underway for the management
and prevention of several chronic, non-communicable dis-
eases such as hypertension, Alzheimer’s disease, obesity,
and cancer [52, 53]. The aim of therapeutic vaccination
would be to induce a sufficient antibody response in order
to neutralize a specific protein, but without eliciting a T-cell
response, which could lead to tissue damage or even have
life-threatening consequences [53-55].

An anti-PCSK9 peptide vaccine in a HeFH murine model
(Ldlr*") led to a 50% reduction in LDL-C, an effect which
was sustained for up to 1 year [55]. Vaccination against
PCSK9 by means of a virus-like particle (VLP) vaccine
achieved a modest 10-15% reduction in rhesus macaques,
an effect which was subsequently amplified by concomitant
statin use [56]. Self-antigens attached to the surface of virus-
like particles (VLPs) between 25 and 100 nm in diameter are
displayed in a dense, repetitive manner to overcome B-cell
tolerance and induce a robust neutralizing autoantibody
response [53, 57].

Proof-of-concept studies for vaccination against
ANGPTLS3 have also shown some success in murine mod-
els [57]. Reductions in circulating ANGPTLS3 levels, non-
fasting TG, and VLDL together with modest reductions in
LDL-C and HDL-C were seen in both a dyslipidemic obese
mouse model (ob/ob mice) and an FH mouse model vacci-
nated against ANGPTL3 [58e]. Effects of vaccination tended
to wane, however, after 30 weeks [58e].

There are several reasons why vaccination is an attrac-
tive treatment approach. MAb have the potential to induce
neutralizing anti-mAb antibodies by the host rendering
the drug less effective. Vaccinations will likely require
less frequent dosing as compared to mAb which have a
relatively short in vivo half-life [58e]. Vaccines are gen-
erally more cost-effective than mAb which should lead
to greater accessibility, particularly among lower-income
countries [58e].
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No vaccines against ANGPTL3 have, as yet, been
reported in humans. Further studies are needed to obtain
a more durable vaccine effect which would ensure cost-
effectiveness. The potentially harmful auto-reactive T-cell
responses also remain a concern.

ANGPTL3 as a Target for Triglyceride and LDL-C
Reduction

Strategies to reduce residual ASCVD risk have recently been
focused on lowering TG levels. ANGPTL3 and apoC-III are
critical in TG metabolism, with genetic evidence and clini-
cal studies linking both these lipoproteins with increased
ASCVD risk [59e]. As evidenced by the data presented
in this review, ANGPTL3 is a novel therapeutic target
for reducing hypertriglyceridemia as well as for lowering
LDL-C further [7¢]. Data from the APPROACH and COM-
PASS studies, evaluating the use of volanesorsen, an apoC-
III inhibitor, showed up to a 77% reduction in TG; however,
an increase in LDL-C was observed. The reduction in TG

with volanesorsen is independent of the genetic variant
affecting LPL activity, thus implying that volanersorsen also
works via an LPL-independent mechanism. Studies suggest
that ANGPTL3 and apoC-III inhibitors are equally potent
in reducing TG and TRL levels across a wide range of con-
centrations; however, greater efficacy in reduction in these
lipoproteins in those with severe hypertriglyceridemia may
occur with apoC-III inhibition [7e]. Inhibition of ANGPTL3
has the benefit of greater LDL-C lowering and would thus be
indicated in FH patients and those with mixed dyslipidemia
that are not at target LDL-C levels despite best combination
LLT (Fig. 1) [7e].

Conclusion

The advances made with novel medical and biotechnologi-
cal lipid-lowering therapeutic modalities have provided an
opportunity to address not only a further reduction in LDL-C
but also TRLs. With the dawn of a new era of LLT, the focus

Indications and efficacy of ANGPTL3 inhibition
for triglyceride and LDL-C reduction

« Refractory hypercholesterolemia
« Non/poorresponders
* LLTintolerance

« Refractory hypertriglyceridemia
* Chylomicronemia

Degree of LDL-C & TG TG
reduction { ‘ LDL-C ‘
| | ANGPTL3- inhibition | |
I | APOC-Il inhibition |__|
Severe Mixed Insulin
dyslipidemia resistance/
HeFH/HC ysiip Diabetes
Mellitus
| ]
| ]
< |
Elevated Elevated
LDL-C TG in TG-rich lipoproteins

Fig.1 Strategies to reduce residual CV risk have recently been
focused on lowering TG levels. ANGPTL3 inhibitors have the ben-
efit of reducing both LDL-C and TGs, and are thus indicated in both
familial and mixed hypercholesterolemia, whereby target LDL-C is
not achieved despite optimal LLT. Both ANGPTL3 and APOC inhi-
bition are equally effective in reducing TG levels; however, there may
be greater efficacy of TG reduction with the APOC-III inhibitors.
Inhibition of ANGPTL3 has the benefit of greater LDL-C lowering
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and would thus be indicated in FH patients and those with mixed dys-
lipidemia. Adapted by permission from Springer Nature from: Ward
NC et al. BioDrugs. 2022;36(2):121-135) [7®]. ANGPTL3, angiopoi-
etin-like 3; APOC-III, apolipoprotein C-III; FCS, familial chylomi-
cronemia syndrome; HeFH, heterozygous familial hypercholester-
olemia; HoFH, homozygous familial hypercholesterolemia; LDL-C,
low-density lipoprotein cholesterol; HC, hypercholesterolemia; LLT,
lipid-lowering therapy; TG, triglycerides
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should be on targeted therapy by initiating early combination
therapy in patients with high ASCVD risk. This can be suc-
cessfully achieved with the rapidly growing armamentarium
of LLT available and allows for a reduction in lipoproteins
beyond LDL-C. TRLs or remnants have been shown to con-
tribute independently to CV risk, and ANGPTL3 inhibition
has the benefit of reducing both LDL-C and TRLs. Hence,
ANGPTLS3 inhibitors have the potential to reduce residual
ASCVD risk in a broad range of dyslipidemic subjects
including those with HoFH, HeFH, as well as refractory
mixed dyslipidemia.
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