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Abstract

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-
allipase (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 anim-
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
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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 ANGPTLS3 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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Table 1. Correlation of ANGPTL3 with atherosclerotic disease

disease

with those with high levels

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

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

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

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 ANGPTLS3 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-
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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].0n 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-
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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-

Angiopoietin-like 3 and lipoproteins

ostasis. Pharmaceutical agents aiming at reducing
ANGPTLS3 levels could potently improve cardiovas-
cular outcomes and hopefully decrease cardiovas-
cular morbidity and mortality.
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MepiAnwn

O poAog g mpatetvng angiopoietin-like 3 oto
PETABOAOPO TV AUTOIPOTEV®V: BePaTIEDTIKT) TIPOOITTIKT)

X. PiCog, M. DAwpevTiv, M. ENlGOQ*
Touéac MaboAoyiag, laTpikng IxoAnc MavemaoTtnuiov lwavvivav, EAAGSa

orepAurndatpia amotehet Paotko mapcyovia kivdbvoo yia v eppavion Kat eSeAln) g adnpopa-

TIKI)G VOoOL. Atdopeg Oeparrentikég ermhoyég eivat dabéorpieg yia ) peinon) tov avinpévey emure-
dwv g oAwkng kat LDL yoAnotepolng. Qotooo, optopievot aobevelg, iiaitepa ot aobevelg pe owoyevr) virep-
XOoAnotepolaipiia, Oev EMITOYYAVOLY TO OTOXO TG DIOAUTIOATHIIKI)G Ay®@YG IIAPA TT) XOPIY1O1) EmOETIKYg
Oepameiag. Ta mo ooy vd xopryobpeva DIIOAUTIOAIPIIKA GAPPAKA etval ot otativeg, ald Kat 1) e(eTipipmn
KALITIO TIPOOQATA Ol aVAOTOAElG TG proprotein convertase subtilisin/ kexin type 9 (PCSK9). Qotooo, oove-
X®G OlePELVAVTAL VEOL DITOAUTIOAIKOL IIAPAYOVTEG KA EGETACETAL ] ATIOTEAEOPATIKOTTA TOLG KAOMG Kt
1 SovatoTTa Yop1)y10ng TOLG OtV KAWVIKT) IPAch). Metadd avtev TV Iapayoviav itaitepo evolapépov
rapovotddet ) npateiv) angiopoietin-like 3 (ANGPTL3), agob ermpeddet To petaBoAlopo tmv AUIonpwm-
TEIVOV, VO EIMIONG QALVETAL OTL £XEL ODOEVELG EMOPACELS KA 0TIV OPO00TAoia TV vOatavipdkav. Em-
n\eov, éyet mapatnpndet 0Tt peta\ASelg Tov PE®VOLY T1) Aettovpyia Tov yovidiov mov k@dworotel v
ANGPTL3 oyetiCovratl pe petmpévo Kapdiayyelako kivoovo xmpig avembopnteg evépyeteg. Avtd Ta evp1)-
pata xatiotoovy ) petwor) g ANGPTL3 pe pappaxa piia eNKooTikr) OeparienTikr) ermAoyr) yic TV avTijle-
TOIILON TG DIEEPAUTOApiaG. XTOX0G TG IIAPOVOAG CVAOKOIINONG eVt 1] OKIaypAa@pnon TV P XAVIOH®V
otovg orotovg epmAéketat n mpwteiv) ANGPTL3, kabmg xat ) avadi)tnon tov Tponoyv jie Toug orroiovg 0a
IIOPOLOE TO COYKEKPIHEVO POPLO VA aToTeNéoet BepaTIenTIKO OTOXO Yia S1aTAPAKEG TOL PETAPOANOHOD TV
Aundiev xat mg opotootaoctag g YALKOdnG.

AE€eic evpeTnpPioL: angiopoietin-like 3 protein, vTTePXOANOCTELOATIUIA, KOPSIAYYEITKT
vOOOC, OUOIOCTACIA LEATAVOPAKWY

*YTOIKEIa LTTELOLVOL CLYYPAPEQ: MwLoNg ENcAP
KaBnyntg MNaBohioyiag,
laTpIkn IxoAN MavemoTnuiov lwavvivey, 451 10 ldavviva, EANaSa
TnAEpwvo: +302651007509, DAE: +302651007016, E-mail: melisaf54@gmail.com

© 2017 Hellenic Atherosclerosis Society

65



Angiopoietin-like 3 and lipoproteins

66

References

1.

Welty FK. Hypobetalipoproteinemia and abetalipo-
proteinemia. Curr Opin Lipidol 2014; 25: 161-168
Tikka A and Jauhiainen M. The role of ANGPTL3 in
controlling lipoprotein metabolism. Endocrine 2016;
52:187-193

Musunuru K, Pirruccello JP, Do R, et al. Exome se-
quencing, ANGPTL3 mutations, and familial com-
bined hypolipidemia. N Engl | Med 2010; 363:
2220-2227

Robciuc MR, Maranghi M, Lahikainen A, et al.
Angptl3 deficiency is associated with increased in-
sulin sensitivity, lipoprotein lipase activity, and de-
creased serum free fatty acids. Arterioscler Thromb Vasc
Biol 2013; 33: 1706-1713

Di Costanzo A, Di Leo E, Noto D, et al. Clinical and bi-
ochemical characteristics of individuals with low cho-
lesterol syndromes: A comparison between familial
hypobetalipoproteinemia and familial combined hy-
polipidemia. ] Clin Lipidol 2017

Romeo S, Yin W, Kozlitina J, et al. Rare loss-of-func-
tion mutations in ANGPTL family members contrib-
ute to plasma triglyceride levels in humans. | Clin In-
vest 2009; 119: 70-79

© 2017 Hellenic Atherosclerosis Society

10.

11.

12.

13.

14.

C. V. Rizos et al.

Wang Y, McNutt MC, Banfi S, et al. Hepatic ANGPTL3
regulates adipose tissue energy homeostasis. Proc Natl
Acad Sci U S A 2015;112: 11630-11635

Dewey FE, Gusarova V, Dunbar RL, et al. Genetic and
Pharmacologic Inactivation of ANGPTL3 and Cardio-
vascular Disease. N Engl | Med 2017; 377: 211-221
Graham M], Lee RG, Brandt TA, et al. Cardiovascu-
lar and Metabolic Effects of ANGPTL3 Antisense Ol-
igonucleotides. New England Journal of Medicine 2017;
377:222-232

Gaudet D, Gipe DA, Pordy R, et al. ANGPTL3 Inhibi-
tion in Homozygous Familial Hypercholesterolemia.
New England Journal of Medicine 2017; 377: 296-297
Lim GB. Dyslipidaemia: ANGPTL3: A therapeutic tar-
get for atherosclerosis. Nat Rev Cardiol 2017; 14: 381
Musunuru K and Kathiresan S. Cardiovascular endo-
crinology: Is ANGPTL3 the next PCSK9? Nat Rev En-
docrinol 2017; 13: 503-504

Stitziel NO, Khera AV, Wang X, et al. ANGPTL3 De-
ficiency and Protection Against Coronary Artery Dis-
ease. ] Am Coll Cardiol 2017; 69: 2054-2063

Tall AR. Increasing Lipolysis and Reducing Atheroscle-
rosis. New England Journal of Medicine 2017; 377: 280-283



