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Atherosclerosis is a multistep process that progresses over a long period of time and displays a broad 
range of severity. In its final form, it manifests as a lesion of the intimal layer of the arterial wall. Multiple 
epidemiological and clinical studies in the past suggested that reduced HDL cholesterol (HDL-C) levels 
may correlate with increased risk for atherosclerosis. More recent data indicated that high density lipo-
protein (HDL) particle functionality rather than HDL-C levels is a much more important parameter for 
human health and disease. Recent data from clinical paradigms and studies in mice support the interest-
ing hypothesis that variations in HDL proteome may set the basis for its functionality. Apolipoprotein 
A2 (APOA2) is the second most abundant protein of HDL and plays a crucial role in HDL particle syn-
thesis. Studies in mice suggested a proatherogenic role for APOA2 though studies in humans failed thus 
far to establish a clear role for APOA2 in atherosclerosis. Interestingly, though APOA2 increases HDL-C 
levels, the effects of this protein on HDL functionality are not adequately investigated. Understanding 
how APOA2 affects HDL and the lipoprotein transport system may provide another important piece in 
the puzzle of the mechanisms linking plasma lipoproteins with atherosclerosis. 
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High density lipoprotein (HDL) has been 
for years an intriguing lipoprotein that at-

tracted the attention of biomedical community, 
mainly because of its important role in atheropro-
tection [1]. In particular, the inverse correlation 
between HDL cholesterol (HDL-C) levels and the 
risk for developing coronary heart disease (CHD) 
[2-7] suggested that high HDL-C levels in plas-
ma may be protective against the development 
of atherosclerosis while lower than physiological 
levels of HDL-C may constitute a risk factor for 
this disease.

Based on these clinical observations, investi-
gational drugs aiming at raising HDL-C levels 
have been tested recently as an additional mode 
of protection against atherosclerosis and CHD 
morbidity and mortality. One such approach was 
inhibition of cholesterol-ester transfer protein 
(CETP)[8]. The first 3 CETP inhibitors, torcetrapib 
[9], dalcetrapib [10] and evacetrapib [11] showed 
no clinical benefit or even increased mortality 
(torcetrapib), supporting the notion that CETP 
may not be the proper pharmacological target. 
More recently anacetrapib, a fourth experimental 
drug of this category, showed some benefit in pa-
tients under intense statin treatment [12] though 
it was not clear whether the benefit is a result of 
increased HDL-C levels or reduced non-HDL-C 
levels. In any case, the failure of high-dose nia-
cin, another HDL raising drug, to reduce the risk 
for cardiovascular events (AIM-HIGH [13] and 
HPS2-THRIVE [14] clinical trials), is additional 
evidence that simply raising HDL-C in plasma is 
not an effective strategy for the prevention and 
treatment of CHD as once thought. These results, 
along with Mendelian randomization studies fail-
ing to demonstrate a causative relationship be-
tween HDL-C and cardiovascular diseases [15], 
and more recent  epidemiological data demon-
strating a U-shape correlation between all-cause 
mortality and HDL-C levels further supported 
that excessive increase in HDL-C may be detri-
mental to human health [16;17].

Even though HDL is usually referred to as the 
“good cholesterol”, it is actually more than just 
a “cholesterol”. HDL is a macromolecular assem-

bly of proteins and lipids synthesized in the cir-
culation and the main lipid cargo of mature HDL 
particles is esterified cholesterol. However, other 
lipids (phospholipids, sphingolipids, ceramides 
etc) are also part of HDL lipidome [18]. Current 
studies indicate that HDL is rather a mixture of 
lipoprotein particles with densities in the range 
of 1.063 to 1.21 g/ml and depending on their lip-
id composition these particles may assume a dis-
coidal or spherical geometry. Proteomic analyses 
revealed that HDL proteome also includes more 
than 85 different proteins, identified in particles 
isolated by different methods[1;5;7]. Moreover 
these studies supported that HDL associated pro-
teins may be found on structurally distinct parti-
cles, that are differentially distributed across the 
HDL density spectrum [5].

Recent data from experimental mice and clini-
cal trials have indicated that HDL functionality, 
as determined by its lipidome and proteome, is 
more important in atheroprotection than HDL-C 
levels alone [5;7].

The main protein component of HDL is apoli-
poprotein A-I (APOA1) which plays a key role in 
the biogenesis and functions of HDL [19]. Studies 
in cell cultures and experimental mice showed 
that biogenesis of classical APOA1-containing 
HDL particles (APOA1-HDL) involves the lipid 
transporters ATP-binding cassette A1 (ABCA1) 
and G1 (ABCG1) and the plasma enzyme Leci-
thin:Cholesterol Acyl Transferase (LCAT) [20-
23]. However, studies in mice showed that, other 
apolipoproteins such as apolipoprotein E (APOE) 
[24], apolipoprotein A-II (APOA2)[25], apoli-
poprotein C-III (APOC3) [26] and possibly oth-
er small exchangeable apolipoproteins are also 
capable of promoting the de novo biogenesis of 
HDL in the absence of a functional APOA1. 

In addition to the studies in mice, we recent-
ly observed the existence of APOE-containing 
HDL (APOE-HDL) and APOC3-containing HDL 
(APOC3-HDL) particles in the plasma of mor-
bidly obese human subjects [18]. Analysis of 
their HDL particle composition showed that rap-
id weight loss was associated with a significant 
switch from primarily APOE-HDL and APOC3-
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HDL to primarily APOA1-HDL [18] alongside 
with a significant improvement of the antioxi-
dant properties of HDL [18]. In another clinical 
paradigm we observed that young asymptom-
atic subjects (≤35 years of age) who suffered an 
acute non-fatal myocardial infarction had ele-
vated plasma APOE-HDL and APOC3-HDL that 
correlated with reduced antioxidant potential 
[27]. These clinical observations supported the 
interesting hypothesis that variations in HDL 
proteome may set the basis for its functionality. 
To test this hypothesis, we turned back to experi-
mental mice where we selectively produced HDL 
of different apolipoprotein composition using 
adenovirus-mediated gene transfer of APOA1, or 
APOE or APOC3. Indeed, our findings support 
the notion that APOA1-HDL is functionally dis-
tinct from APOE-HDL and APOC3-HDL [18;28]. 
The apparent differences in HDL apolipopro-
tein content, lipidome and functionality between 
APOE3-HDL, APOC3-HDL and APOA1-HDL, 
identified by our preclinical and clinical studies, 
reinforce our theory that not all HDL particles are 
equally active and that HDL proteome dictates its 
lipidome and subsequently its functionality [18]. 
Along the same line, genetic control of the mouse 
HDL proteome defines HDL traits, function, and 
heterogeneity [29]. 

Structural and functional changes of HDL have 
also been reported in the chronic inflammatory 
process of atherosclerosis [30;31]. In pathological 
states such as oxidative stress, inflammation and 
diabetes, HDL may undergo changes that affect 
their antiatherogenic properties. Moreover, it 
was observed that subjects at high risk of coro-
nary artery disease (CAD), or already with CAD, 
possessed small HDL3 particles, which have im-
paired antiatherogenic properties [32]. In type 2 
diabetes, the small dense HDL was found to have 
a diminished antioxidant activity, which was as-
sociated with oxidative stress, glycaemia and hy-
pertriglyceridemia [33]. The HDL particles of 
patients with diabetes were found to have an 
increased content of oxidized fatty acids and im-
paired anti-inflammatory and antioxidant activi-
ties [34].

Apolipoprotein A2 in HDL and beyond
APOA2, the second most abundant protein of 
HDL [35], is a 77 aminoacid amphipathic glyco-
protein [5;19] which plays a crucial role in HDL 
particle synthesis, structure, functions and plas-
ma concentration [36] and is synthesized mainly 
by the liver and to a much lesser extent by the 
intestine [37;38]. The interactions of APOA2 with 
APOA1, APOE and other proteins of the HDL 
metabolic pathway may affect subpopulation 
distribution and functionality of HDL. In vitro 
studies suggested that ΑPOA2 forms dimers with 
APOE and it was proposed that this interaction 
may affect the ability of APOE to associate with 
HDL particles [39].

Transgenic mice, overexpressing human 
APOA2, had abnormal lipoprotein composi-
tion, increased HDL-C levels and were prone to 
atherosclerosis (40;41). Specifically, increased 
APOA2 levels affected the size and subpopula-
tion distribution of HDL particles [25;42] as well 
as the ratio of APOA1/APOA2 in HDL. These 
mice had smaller, predominantly APOA2-con-
taining HDL (APOA2-HDL), while APOA1-HDL 
was significantly reduced [25;43;44] and had a 
decreased proportion of esterified cholesterol to 
total cholesterol, due to reduced LCAT activity 
[43;44]. In addition, in transgenic mice express-
ing human ΑPOA2, very low density lipoproteins 
(VLDL) contained significant levels of APOA2 
and the activities of both lipoprotein lipase (LpL) 
and hepatic lipase (HL) were reduced [44]. These 
mice also developed some atherosclerotic lesions 
even on a chow diet [37] that became more ad-
vanced and complex when fed an atherogenic 
diet [40;45;46]. 

Mice overexpressing murine ΑPOA2 had ele-
vated triglyceride levels in HDL [47]. Deficiency 
of APOA2 in mice correlated with a 50% reduc-
tion in HDL-C levels due to increased catabolism 
of HDL [48], raising the possibility that concom-
itant expression of ΑPOA1 and ΑPOA2 may be 
important in maintaining physiological plasma 
HDL levels [48]. 

In contrast, studies in humans, failed thus far to 
establish a clear role for APOA2 in atherosclero-
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sis. APOA2 appears to impair the reverse choles-
terol transport and antioxidant function of HDL, 
which is consistent with the observation that in-
creased APOA2 levels promote the development 
of atherosclerosis [40;49]. However, in another 
study in 126 subjects with varying degrees of ath-
erosclerosis (calcified and non-calcified), APOA2 
appears to positively associate with reverse cho-
lesterol transport and negatively associate with 
non-calcified atherosclerosis burden [50]. 

There are two major subsets of human 
APOA1-containing HDL, categorized by their apo-
lipoprotein composition: the particles containing 
APOA1 but not APOA2 (LpA1) and those having 
both (LpA1:A2) [51;52]. These subpopulations of 
HDL are distinct from each other with respect to 
structural stability and apparent metabolic fate.  
It is therefore important to clarify their functional 
differences to understand cholesterol transport by 
HDL which is overall considered as antiatherogen-
ic. It has been reported that LpA1:A2, in contrast to 
LpA1, could be an atherogenic rather than an an-
tiatherogenic indicator [52]. In an additional study 
in 23 men with metabolic syndrome a hypercatabo-
lism of LpA1 and LpA1:A2 particles was observed, 
but selective overproduction of LpA1 maintained a 
normal plasma concentration of this subpopulation 
of HDL, compared to lean controls [53].

APOA2 has also been shown to influence VLDL 
catabolism in humans, since a small percentage 
of VLDL and intermediate density lipoproteins 
(IDL) particles contain this apolipoprotein (54). A 
study in 11 subjects on controlled diet, reported 
that the conversion rate of VLDL to IDL remained 
unchanged in the absence or presence of APOA2 
in these particles, suggesting that APOA2 does 
not inhibit lipolytic conversion of VLDL by LpL. 
This finding contrasts data in mice suggesting that 
APOA2 is an inhibitor of LpL [44]. In humans, 
APOA2-containing VLDL have a slow clearance 
rate from plasma, thus increasing the percentage 
that is converted to IDL. Most APOA2-contain-
ing VLDL are converted to IDL before clearance 
from the circulation.  Given the poor clearance 
of APOA2-containing VLDL, the presence of 
APOA2 on VLDL may promote atherogenesis 

[55]. Additionally, in abdominally obese indi-
viduals the rate of clearance of APOA2 was pos-
itively and independently associated with both 
APOA1 and VLDL indirect clearance. These data 
suggested that, in a condition of delayed VLDL 
catabolism, such as abdominal obesity, retention 
of APOA2 on the VLDL pool may occur, reduc-
ing the rate of plasma APOA2 and VLDL catab-
olism. This direct association between VLDL and 
APOA2 catabolism suggests that the exchange 
of APOA2 between TG-rich lipoproteins (VLDL) 
and HDL may be a process regulating both VLDL 
and LpA1:A2 HDL particle levels in plasma.

Significant amount of data exists on the role of 
APOA2 polymorphisms in the development of 
obesity. Specifically, the APOA2 c.-492T>C geno-
type has been linked to the development of obesi-
ty and the regulation of food intake, since homo-
zygous individuals for the C allele have higher 
body mass index (BMI) and obesity risk than the 
carriers of the T allele (56-60). However, there is 
a study that reported that APOA2 -265 T/T gen-
otype carriers had a higher intake of polyunsat-
urated fatty acids than the T/C + C/C carriers 
which then resulted in the obese phenotype [61]. 

Conclusions
Studies showed that HDL proteome includes 
more than 85 different proteins, identified in 
particles isolated by different methods.[1;5;7]. 
The plasma abundance of these proteins is in-
sufficient to permit one copy of protein for each 
HDL particle, suggesting that different proteins 
may be associated with different HDL particles 
that are differentially distributed across the HDL 
density spectrum [5]. Our data indicate that HDL 
proteome dictates its lipidome and subsequently 
HDL particle functionality [18], suggesting that 
the understanding of HDL proteome and the fac-
tors affecting it, are crucial steps in successfully 
improving HDL functionality. In support of this 
hypothesis, another recent study indicates that 
genetic control of the mouse HDL proteome de-
fines HDL traits, functionality, and heterogeneity 
[29]. 

Alterations in the HDL metabolic pathway as 
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well as in HDL proteome appear to influence to 
a great extent its properties and functions. A key 
piece in the HDL puzzle, is the correlation between 
HDL lipid and protein content with particle func-
tionality. To this date, such correlation remains not 
well understood [62-64]. The assignment of a clear 
role of APOA2 in HDL remains an unexplored 
area that may provide significant new mechanistic 
insights for atherosclerosis development and pro-
gression. 
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§'Ιση συνεισφορά

Η αθηροσκλήρωση είναι μια παθολογική κατάσταση πολλαπλών σταδίων που εξελίσσεται σε βάθος χρό-
νου και εμφανίζεται με ένα ευρύ φάσμα δριμύτητας. Στην τελική της μορφή, εκδηλώνεται ως βλάβη στην 
εσωτερική στιβάδα του αρτηριακού τοιχώματος. Πολλές επιδημιολογικές και κλινικές μελέτες στο παρελ-
θόν υπέδειξαν ότι μειωμένα επίπεδα HDL-χοληστερόλης (HDL-C) μπορεί να συσχετίζονται με αυξημέ-
νο κίνδυνο εμφάνισης αθηροσκλήρωσης. Πιο πρόσφατα δεδομένα προτείνουν ότι η λειτουργικότητα των 
σωματιδίων της υψηλής πυκνότητας λιποπρωτεΐνης (HDL) αποτελεί πολύ πιο σημαντική παράμετρο για 
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την ανθρώπινη υγεία σε σχέση με τα επίπεδα της HDL-C. Πρόσφατες μελέτες σε κλινικά περιστατικά κα-
θώς και σε πειραματόζωα υποστηρίζουν την ενδιαφέρουσα θεωρία ότι οι μεταβολές στην πρωτεϊνική σύ-
σταση της HDL αποτελούν τη βάση για τη λειτουργικότητα των σωματιδίων της. Η απολιποπρωτεΐνη Α2 
(APOA2) είναι η δεύτερη σε συχνότητα πρωτεΐνη που συναντάται στην HDL και παίζει καθοριστικό ρόλο 
στη σύνθεση των σωματιδίων της. Μελέτες σε πειραματικά μοντέλα ποντικών, προτείνουν ότι η APOA2 
πιθανά έχει προ-αθηρογόνο ρόλο, αν και μελέτες σε ανθρώπους απέτυχαν μέχρι στιγμής να καταστήσουν 
σαφή τον ρόλο της APOA2 στην αθηροσκλήρωση. Είναι ενδιαφέρον το γεγονός ότι, αν και η APOA2 αυ-
ξάνει τα επίπεδα της HDL-C, οι επιδράσεις αυτής της πρωτεΐνης στη λειτουργικότητα της HDL παραμέ-
νουν αδιερεύνητες. Η διαλεύκανση του τρόπου με τον οποίο η APOA2 επηρεάζει την HDL και το σύστημα 
των λιποπρωτεϊνών μπορεί να αποτελέσει ένα σημαντικό κομμάτι στο παζλ των μηχανισμών που συνδέ-
ουν τις λιποπρωτεϊνες του αίματος με την αθηροσκλήρωση. 
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Cholestasis is a rare cause of secondary hypercholesterolemia which may be attributed to increased pro-
duction of an abnormal lipoprotein (apo), known as Lp-X. We present the case of a patient admitted due 
to cholestatic jaundice and pruritus and showed excess hypercholesterolemia due to increased produc-
tion of Lp-X. The patient was diagnosed with an adenocarcinoma of the pancreas. Surgical restoration of 
the bile flow resulted in normalization of lipids. 
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Abstract

Introduction
Hypercholesterolemia is a metabolic disorder af-
fecting millions of individuals around the globe 
and can be mainly attributed to either increased 

concentration of low density lipoprotein choles-
terol (LDL-C),) or very low density lipoprotein 
cholesterol (VLDL-C). Increased levels of choles-
terol can be due to either primary or secondary 
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causes; the latter must be always ruled out before 
a diagnosis of a primary hypercholesterolemia 
is established. Common causes of secondary hy-
percholesterolemia include nephrotic syndrome, 
chronic kidney disease, hypothyroidism, met-
abolic syndrome and type 2 diabetes mellitus, 
multiple drugs and cholestasis; these should be 
ruled out by using simple tests (such as thyroid 
stimulating hormone levels, glucose levels, kid-
ney function, liver function tests assessments) 
before the diagnosis of primary hypercholesterol-
emia syndrome is established [1, 2].

Cholestasis, intra-hepatic and extra-hepatic, is a 
rather uncommon cause of secondary hypercho-
lesterolemia characterized by an increased LDL-C 
concentration and total cholesterol (T-CHOL) 
levels. The observed increased of LDL-C is due 
to the production of an abnormal lipoprotein par-
ticle, known as Lipoprotein-X (Lp-X) [3]. Lp-X 
is consisted mostly of phospholipids (approxi-
mately 60% w/w) and free cholesterol (FC-25% 
w/w) as well as by small amounts of protein, 
triglycerides and cholesterol esters [4]. The outer 
membrane constitutes of a mixture of an abnor-
mal apolipoprotein, apolipoprotein X (60%), and 
albumin (40%) [5]. Herein, we describe the case of 
a patient who presented with excess hypercholes-
terolemia, jaundice and pruritus.

Case presentation
A 78-year old woman was referred to our hos-
pital for the evaluation of a new onset pruritus 
and ‘painless’ jaundice. Two weeks before, the 
patient complained of severe itching on her feet 
and hands, while her family noticed a yellow dis-
coloration of her eyes and skin. Anorexia starting 
a month prior to admission was also reported by 
the patient. Her medical history involved type 
2 diabetes mellitus treated with insulin glargine 
s.c. (glycated hemoglobulin 6%), cholecystecto-
my and a right inguinal hernia repair. The family 
history was unremarkable and she did not report 
any allergies, smoking or alcohol drinking. Jaun-
dice (sclerae and skin) was evident on physical 
examination. 

Laboratory work-up (Table 1) revealed in-

Table 1: Baseline laboratory work up

Hematocrit 31.7 %

Hemoglobulin 10.3 g/dl

WBC 5950/μl 

Platelets 252000/μl

Glucose 133 mg/dl

Urea 15 mg/dl

Creatinine 0.71 mg/dl

AST 135 IU/l

ALT 194 IU/l

ALP 604 IU/l

γGT 655 IU/l

Tbil 21.7 mg/dl

Dbil 12.6 mg/dl

Uric acid 2.6 mg/dl

Total protein 5.6 g/dl

Albumin 3 g/dl

CK 15 IU/l

LDH 291 U/l

T-CHOL 636 mg/dl

Triglycerides 275 mg/dl

HDL-C 38 mg/dl

LDL-C 544 mg/dl

Apolipoprotein-A1 27.8 mg/dl

Apolipoprotein-B 200 mg/dl

Apolipoprotein-E 355 mg/l

Lipoprotein (a) 2 mg/dl

TSH 0.76 μIU/ml

Abbreviations: WBC: White blood cells; AST: Aspartate 
aminotransferase; ALT: Alanine aminotransferase; ALP: Alkaline 
phosphatase; γGT: γ-glutamyl-transferase; Tbil: Total bilirubin; Dbil: 
Direct bilirubin; CK: Creatine kinase; LDH: Lactate dehydrogenase; 
T-CHOL: Total cholesterol; HDL-C: High density lipoprotein 
cholesterol; LDL-C: Low density lipoprotein cholesterol; TSH: Thyroid 
stimulating hormone.


