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Hyperlipidemia is at the cornerstone of cardiovascular disease development and progression. A number 
of treatment options are available for the management of increased cholesterol levels. However, some pa-
tients, especially those with familial hypercholesterolemia, do not achieve their low-density lipoprotein 
cholesterol target despite an aggressive treatment. Currently, the mainstay of hypolipemic treatment con-
sists of statins, ezetimibe and more recently the proprotein convertase subtilisin/kexin type 9 (PCSK9) 
inhibitors. However, novel hypolipidemic targets are constantly being researched and their efficacy and 
potential practical usage explored. Among them, the angiopoietin-like 3 (ANGPTL3) protein, by regu-
lating a number of lipid homeostasis pathways as well as possibly having additional beneficial effects on 
carbohydrate homeostasis has piqued the interest of researchers and pharmaceutical companies. More-
over, it has been shown that loss-of-function mutations of the ANGPTL3 gene in subjects are associated 
with decreased cardiovascular risk without side effects. This lends credence to the hypothesis that target-
ing ANGPTL3 may be an attractive therapeutic option in the management of hyperlipidemia. The aim of 
this review is to depict the pathways in which ANGPTL3 is involved and consider the ways it could act 
as a therapeutic target for lipid and glucose homeostasis disorders.
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Introduction
Familial hypobetalipoproteinemia is a hereditary 
disease of lipoprotein metabolism characterized by 
very low levels of low-density lipoprotein choles-
terol (LDL-C) and apolipoprotein B (Apo B) [1]. The 
disease is genetically heterogeneous and may be at-
tributed to mutations of the gene encoding ApoB 
resulting in reduced hepatic production of very 
low-density lipoprotein (VLDL) particles or muta-
tions of the gene encoding angiopoietin-like 3 protein 
(ANGPTL3) [1]. The ANGPTL3 is a protein which is 
expressed predominantly in the liver, and inhibits 
the activity of lipoprotein lipase (LPL) and endotheli-
al lipase (EL) [2]. Patients with mutations of this gene 
exhibit low levels of LDL-C, triglycerides (TRG) and 
high-density lipoprotein cholesterol (HDL-C) and as 
a result they present the phenotype of familial com-
bined hypolipidemia (FHBL2) [3]. The resulting in-
crease of LPL and EL activity explains the decrease 
of TRG and HDL-C, respectively, observed in these 
individuals. The decrease of LDL-C levels may be at-
tributed to the effective catabolism of Apo B-contain-
ing lipoproteins, resulting in a reduced conversion of 
VLDL to LDL [4].

Available data on ANGPTL3 effects
Recent studies have shown that individuals with 
mutations of the Apo B gene have fatty liver disease 
and lower LDL-C levels compared with FHBL2 indi-
viduals who exhibit very low levels of HDL-C [5]. It 
should also be noted that ANGPTL3 may have an im-
portant role in carbohydrate homeostasis. Indeed, an 
experimental study has shown that the complete ab-
sence of this protein results in an increase in LPL ac-
tivity, a decrease of free fatty acid (FFA) levels (due 
to the decrease of fatty acid mobilization from the ad-
ipose tissue) and an improvement of insulin sensitiv-
ity in peripheral tissues [4]. The decreased supply of 
fatty acids to the liver may explain the decrease in liv-
er production of TRG-rich lipoproteins that was ob-
served in some of these patients. The improvement 
of insulin sensitivity in the peripheral tissues is prob-
ably at least in part due to the decrease in FFA con-
centration (decrease of lipotoxicity) and is confirmed 
by a study which showed an increased incidence of 

ANGPTL3 gene mutations in subjects with low glu-
cose levels [6].

Recent data highlight the importance of ANGPTL3 
produced by hepatocytes in energy homeostasis of 
adipose tissue [7]. Normally during fasting adipose 
tissue releases fatty acids in systemic circulation that 
are taken up by tissues and serve as fuel. Moreover, 
after meals the release of FFA from adipose tissue 
is suppressed by insulin secretion, while fatty ac-
ids produced from LPL-induced TRG catabolism 
are acquired by the white adipose tissue (WAT). On 
the other hand, in ANGPTL3 deficient animals, fat-
ty acid uptake by WAT is not increased after meals. 
This change in fatty acid uptake may be attributed to 
increased lipolysis of TRG in fatty acid oxidizing tis-
sues such as muscles, heart and brown adipose tis-
sue. However, despite this alteration in fatty acid 
uptake by WAT it was noticed that overall fat mass 
remained unchanged. Indeed, a 10-fold increase of 
glucose uptake into WAT and as a result increased de 
novo lipogenesis was utilized as an alternative coun-
termeasure in order to preserve TRG depots. There-
fore, this increased glucose consumption can addi-
tionally contribute to the improvement of glucose 
homeostasis in ANGPTL3 deficient animals. Thus, 
it appears that ANGPTL3 promotes the flow of fatty 
acids into WAT postprandially for the replenishment 
of TRG depots that decreased during fasting [2]. In 
the absence of ANGPTL3 there is a decrease in fatty 
tissue lipolysis during fasting and a decrease in plas-
ma FFA levels (Fig. 1) [2].

Of interest, there is currently the capacity for a 
pharmaceutical intervention regarding ANGPTL3. 
Indeed, a recent randomized, placebo-controlled 
phase I study, evaluated: i) the effects of a mono-
clonal antibody against ANGPTL3 (evinacumab) 
in healthy volunteers with TRG levels between 150 
and 450 mg/dL or LDL-C >100 mg/dL ii) the effects 
of evinacumab in atherosclerotic lesions on animals 
and iii) the risk for coronary artery disease in sub-
jects with loss-of-function mutations of ANGPLT3 
[8]. Treatment in healthy patients was well toler-
ated and resulted in a significant dose dependent 
decrease of TRG (up to 76%), LDL-C (up to 23%) 
and HDL-C (up to 18%) compared with subjects re-
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ceiving placebo [8]. Treatment of animals resulted 
in decreased progression of atherosclerotic lesions 
with a reduction of their necrotic content [8]. Lastly, 
heterozygote subjects with loss-of-function muta-
tions of ANGPTL3 had lower levels of TRG, LDL-C 
and HDL-C and lower incidence of coronary artery 
disease (relative risk 0.59, 95% Confidence Interval 
0.41-0.85, p = 0.004) compared with controls [8].

Of note, another drug targeting ANGPTL3 and in 
particular an antisense oligonucleotide targeting the 
ANGPTL3 mRNA administered to 44 patients with 
increased TRG levels resulted in the dose-depend-
ent reduction of ANGPTL3 levels by 46.6-85% [9]. 
Moreover, a dose-dependent decrease of LDL-C lev-
els (1.3-32.9%), TRG (33.2-63.1%), non-HDL-C (10-
36%), Apo B (3.4-25.7%) and Apo CIII (18.9% -58.8%) 
was observed. Treatment was also well tolerated. 
The study also evaluated the effects of this drug on 
mice and showed that in addition to improving lipid 
profile, drug administration reduced TRG deposition 
in the liver, decreased the progression of atheroscle-
rotic lesions and increased peripheral tissue insulin 
sensitivity [9]. Lastly, in a small study, evinacumab 
was administered to 9 subjects with homozygous fa-
milial hypercholesterolemia [10]. The 4-week treat-
ment period resulted in a reduction of LDL-C (by 49 
± 23%) with an absolute decrease of LDL-C levels 
by 157 ± 90 mg/dL, while decreasing levels of TRG 
[by 47% (interquartile range, 38 to 57)], HDL-C (by 
36 ± 16%) and Apo B (by 46 ± 18%) [10]. These data 
suggest that ANGPTL3 might be an attractive ther-
apeutic intervention for dyslipidemia after propro-

tein convertase subtilisin/kexin type 9 (PCSK9) [11, 
12] (Table 1).

Another recent study has shown that 1/309 in-
dividuals in the general population are heterozy-
gous for loss of function mutations of the ANGPTL3 
gene [13]. These individuals had lower levels of 
TRG (by 17%) and LDL-C (by 12%) as well as de-
creased risk of developing cardiovascular disease 
by 34% (p=0.04). In addition, in the same study, sub-
jects with the lowest tertile of circulating ANGPTL3 
concentrations, compared with the highest, had 
35% lower risk of developing cardiovascular dis-
ease (p<0.001). Moreover, the study identified 3 
individuals with complete ANGPTL3 deficiency 
due to compound heterozygous loss-of-function 
ANGPTL3 and 3 matched first-degree relatives 
without loss-of-function ANGPTL3 mutation. The 
3 compound heterozygotes did not exhibit athero-
sclerosis of the coronary arteries (as assessed by cor-
onary calcium score), despite that one of these sub-
jects had many cardiovascular risk factors (such as 
type 2 diabetes mellitus, hypertension and past to-
bacco use) [13].On the other hand, 2 of 3 controls 
had positive coronary calcium score.

Conclusions
Drugs that decrease the activity of ANGPTL3 could 
be useful for the treatment of dyslipidemias (in-
cluding familial hypercholesterolemia) in patients 
who do not achieve the treatment goals with cur-
rently available lipid-lowering drugs [14]. The im-
provement of insulin sensitivity is an added bene-

Table 1. Correlation of ANGPTL3 with atherosclerotic disease

Experimental studies have shown that decreasing ANGPTL3 is associated with decreased progression of atherosclerotic 
disease 

Homozygous individuals for loss of function mutations of ANGPTL3 do not develop coronary heart disease

The incidence of cardiovascular disease is decreased in heterozygotes for mutations that reduce the activity of ANGPTL3

Subjects with low levels of the enzyme have a lower incidence of cardiovascular disease compared  
with those with high levels

Loss of function mutations of ANGPTL3 may be associated with improved carbohydrate homeostasis.

Angiopoietin-like 3 and lipoproteins C. V. Rizos et al.
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fit of these drugs. However, these drugs also reduce 
levels of HDL-C (due to a decrease of EL). Never-
theless, genetic studies do not confirm the associ-
ation between HDL-C reduction and cardiovas-
cular disease. Overall, ANGPTL3 may become a 
novel therapeutic target for several disorders of li-
pid metabolism, as well as impaired glucose home-

ostasis. Pharmaceutical agents aiming at reducing 
ANGPTL3 levels could potently improve cardiovas-
cular outcomes and hopefully decrease cardiovas-
cular morbidity and mortality. 
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Περίληψη
 

Ο ρόλος της πρωτεΐνης angiopoietin-like 3 στο 
μεταβολισμό των λιποπρωτεϊνών: Θεραπευτική προοπτική

Χ. Ρίζος, Μ. Φλωρεντίν, Μ. Ελισάφ*
Τομέας Παθολογίας, Ιατρικής Σχολής Πανεπιστημίου Ιωαννίνων, Ελλάδα

Η υπερλιπιδαιμία αποτελεί βασικό παράγοντα κινδύνου για την εμφάνιση και εξέλιξη της αθηρωμα-
τικής νόσου. Διάφορες θεραπευτικές επιλογές είναι διαθέσιμες για τη μείωση των αυξημένων επιπέ-

δων της ολικής και LDL χοληστερόλης. Ωστόσο, ορισμένοι ασθενείς, ιδιαίτερα οι ασθενείς με οικογενή υπερ-
χοληστερολαιμία, δεν επιτυγχάνουν το στόχο της υπολιπιδαιμικής αγωγής παρά τη χορήγηση επιθετικής 
θεραπείας. Τα πιο συχνά χορηγούμενα υπολιπιδαιμικά φάρμακα είναι οι στατίνες, αλλά και η εζετιμίμπη 
και πιο πρόσφατα οι αναστολείς της proprotein convertase subtilisin/kexin type 9 (PCSK9). Ωστόσο, συνε-
χώς διερευνώνται νέοι υπολιπιδαιμικοί παράγοντες και εξετάζεται η αποτελεσματικότητά τους καθώς και 
η δυνατότητα χορήγησης τους στην κλινική πράξη. Μεταξύ αυτών των παραγόντων ιδιαίτερο ενδιαφέρον 
παρουσιάζει η πρωτεΐνη angiopoietin-like 3 (ANGPTL3), αφού επηρεάζει το μεταβολισμό των λιποπρω-
τεϊνών, ενώ επίσης φαίνεται ότι έχει δυσμενείς επιδράσεις και στην ομοιοστασία των υδατανθράκων. Επι-
πλέον, έχει παρατηρηθεί ότι μεταλλάξεις που μειώνουν τη λειτουργία του γονιδίου που κωδικοποιεί την 
ANGPTL3 σχετίζονται με μειωμένο καρδιαγγειακό κίνδυνο χωρίς ανεπιθύμητες ενέργειες. Αυτά τα ευρή-
ματα καθιστούν τη μείωση της ANGPTL3 με φάρμακα μια ελκυστική θεραπευτική επιλογή για την αντιμε-
τώπιση της υπερλιπιδαιμίας. Στόχος της παρούσας ανασκόπησης είναι η σκιαγράφηση των μηχανισμών 
στους οποίους εμπλέκεται η πρωτεΐνη ANGPTL3, καθώς και η αναζήτηση των τρόπων με τους οποίους θα 
μπορούσε το συγκεκριμένο μόριο να αποτελέσει θεραπευτικό στόχο για διαταραχές του μεταβολισμού των 
λιπιδίων και της ομοιοστασίας της γλυκόζης.
 
Λέξεις ευρετηρίου: �angiopoietin-like 3 protein, υπερχοληστερολαιμία, καρδιαγγειακή 

νόσος, ομοιοστασία υδατανθράκων
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