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Results: LncRNA HIF1A-AS2, LASER and LEXIS were transported by HDL;
moreover, HDL-IncRNA LEXIS was associated with Lp(a) plasma levels (p <.01).
In a secondary analysis, the study population was stratified into two groups based
on the Lp(a) median value. The high-Lp(a) group exhibited a significant increase
of PWV compared to the low-Lp(a) group (9.23 .61 vs. 7.67 £.56, p<.01). While
HDL-IncRNA HIF1A-AS2 and LASER were similar in the two groups, the high-
Lp(a) group exhibited a significant downregulation of HDL-IncRNA LEXIS
compared to the low-Lp(a) group (fold change —4.4, p<.0001). Finally, Lp(a)
and HDL-IncRNA LEXIS were associated with PWV (for Lp(a) p <.01; for HDL-
IncRNA LEXIS p<.05).

Conclusions: LncRNA HIF1A-AS2, LASER and LEXIS were transported by
HDL; moreover, significant relationships of HDL-IncRNA LEXIS with Lp(a) lev-
els and PWV were found. Our study suggests that HDL-IncRNA LEXIS may be

useful to better identify FH subjects with more pronounced vascular damage.
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1 | INTRODUCTION

Atherosclerosis is a continuous inflammatory process
that affects the vascular system and its progression leads
to atherosclerotic cardiovascular disease (ASCVD).! It
is caused by several environmental and genetic factors;
among these, a genetic condition causing the increase of
the low-density-lipoprotein cholesterol (LDL-C) plasma
level such as familial hypercholesterolaemia (FH) is caus-
atively associated with ASCVD.? Thus, early diagnosis and
lipid lowering therapy (LLT) are needed to prevent the
onset of premature ASCVD in FH subjects.’

In the era of personalised medicine, it has to be con-
sidered that not all FH subjects have the same cardio-
vascular risk*; in fact, despite lifestyle changes and LLT
intake a high prevalence of cardiovascular disease has
been reported in FH subjects.” Thus, other mechanisms
are involved in atherosclerosis progression together
with LDL-C.

In the last few years increasing attention has been fo-
cused on the role of novel circulating biomarkers in the
pathophysiology of atherosclerosis®; among these, long
non-coding RNAs (IncRNAs) seem to be emerging bio-
molecules involved in atherosclerosis pathogenesis and
metabolic homeostasis.” LncRNAs are the largest class
of non-coding RNAs defined as a number of nucleotides
>200 and these molecules are mainly implicated in the
regulation of transcriptional process by interacting with
transcription factors and thus modulating the expression
of various genes as well as the modulation of epigene-
tic mechanisms such as DNA methylation and histone
transformation.® Thus, IncRNAs could be attractive cir-
culating biomarkers for cardiovascular risk stratification
in subjects at high ASCVD risk such as FH. It is known
that IncRNAs are detectable in the bloodstream and
thus they could be useful diagnostic biomarkers in sev-
eral disorders such as vascular injuryg; however, no data
exist regarding the binding of IncRNAs by circulating li-
poproteins. In particular, while apolipoprotein-B (ApoB)
containing lipoproteins are defined as atherogenic lipo-
proteins, high-density lipoprotein (HDL) function is not
yet fully characterised.’® HDL particles are principally
considered athero-protective lipoproteins; however, in
pathological conditions these lipoproteins could exhibit
a pro-atherogenic profile and thus they could promote
atherosclerotic injury.'’ These lipoproteins are mainly
involved in the circulating lipid trafficking and their

qualitative abnormalities such as a reduced capacity to
promote cholesterol efflux from macrophages as well as
impaired anti-inflammatory and anti-oxidant activities
could promote the severity of atherosclerotic injury in
subjects at high cardiovascular risk such as FH.'? It was
previously shown that microRNAs (miRs) were involved
in the lipid metabolism homeostasis'*; moreover, to avoid
plasmatic ribonucleases, miRs are transported by several
carriers. In this context, the most crucial and stable trans-
porters of miRs are plasmatic lipoproteins, especially
HDL particles'®; furthermore, it was found that miRs
transported by HDL were key regulators of cholesterol
efflux.'® Interestingly, Vickers et al. found that the HDL-
miR panel was significantly different between homozy-
gous FH and normal subjects.'® In this context, it may be
helpful to evaluate the role of IncRNAs in the modulation
of HDL function. There is no data regarding the presence
of IncRNAs carried by HDL particles.

In this study we aimed to investigate the presence of
IncRNAs carried by HDL in FH subjects; furthermore, we
evaluated the associations of HDL-IncRNAs with circu-
lating lipoproteins and mechanical vascular impairment
assessed by pulse wave velocity (PWV).

2 | METHODS

2.1 | Study design and population

This was a retrospective observational study involving
genetically confirmed FH subjects'’ enroled from the
University Hospital of Catania and the Dyslipidemia
Center of the Niguarda Hospital in Milan, from April
2017 to December 2018. All subjects were aged between
18 and 70years and were on statin therapy at the time of
the enrolment. All participants underwent a physical ex-
amination and review of their clinical history as well as
biochemical analysis and PWV evaluation.

Body weight and height were measured, and body
mass index (BMI) was calculated as weight divided by the
squared value of height (kg/m?). Arterial hypertension
was defined as brachial blood pressure (BP)>140mm
Hg (systolic) and/or 90mm Hg (diastolic) on at least
two different occasions, or if the subjects were on an-
tihypertensive therapy. Statin therapy was defined as a
daily intake of statins. According to drug intensity, sta-
tin therapy was classified as low-intensity (fluvastatin
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20-40mg, lovastatin 20 mg, pravastatin 20mg, simvas-
tatin 10 mg) moderate-intensity (fluvastatin XL 80mg,
lovastatin 40mg, pravastatin 40mg, simvastatin 20—
40 mg, atorvastatin 10-20 mg, rosuvastatin 5-10 mg) or
high-intensity (atorvastatin 40-80mg, rosuvastatin 20—
40mg)."® Type 2 diabetes (T2D) was defined as fasting
plasma glucose (FPG) 2126 mg/dL on two consecutive
readings and/or glycated haemoglobin (HbAlc)>6.5%
or the use of antidiabetic medications. Smoking habits
were divided into either current smoking (defined as a
minimum of one cigarette in the last month) or not."
ASCVD was defined as documented previous myocar-
dial infarction, acute coronary syndrome, coronary re-
vascularization (percutaneous coronary intervention or
coronary artery bypass graft surgery) or other arterial re-
vascularization procedures, stroke or transient ischemic
attack or peripheral arterial disease.”® The study was ap-
proved by the local ethics committee in accordance with
the ethical standards of the institutional and national
research committees and with the 1964 Declaration of
Helsinki and its later amendments or comparable ethi-
cal standards. Informed consent was obtained from each
subject enroled in the study.

2.2 | Biochemical analysis

FPG was measured with the glucose oxidase method.
Serum total cholesterol (TC), triglycerides (TG), HDL cho-
lesterol, and hs-CRP, were assessed by available enzymatic
methods. Apolipoprotein B (ApoB), and Apolipoprotein
Al (ApoAl) were evaluated with a nephelometer assay
(Siemens AG Healthcare Sector). Levels of lipoprotein(a)
[Lp(a)] were measured with the latex agglutination im-
munoassay. LDL cholesterol was calculated using the
Friedewald formula. Glycated haemoglobin (HbAlc) was
measured with high-performance liquid chromatogra-
phy using a National Glycohemoglobin Standardization
Program and standardised to the Diabetes Control and
Complications Trial assay reference.”’ Chromatography
was performed using a certified automated analyser
(HPLC; HLC-723G7 haemoglobin HPLC analyser; Tosoh
Corp.; normal range 4.25%-5.9% [23-41 mmol/mol]).

2.3 | HDL purification

HDL particles (d=1.063-1.21 g/mL) were separated by se-
quential ultracentrifugation from plasma collected from
all subjects. After separation, HDL particles were dia-
lyzed against sterilised PBS to remove the high-salt KBr
solutions and immediately frozen at —80°C until use.*
By using ExoTEST Ready to Use Kit for ELISA Exosome

WILEY- 22

quantification (Hansa BioMed), we assessed that the puri-
fied HDL particles were negative for the classic exosomal
protein marker CD9.

2.4 | RNA extraction

Total RNA was extracted from 400 pL of purified HDL par-
ticles by using the miRNeasy mini kit (QIAGEN) accord-
ing to the manufacturer's instructions. RNA was eluted
with 200 puL of Elution Solution. The quantity and qual-
ity of total RNA were measured with NanoDrop (Thermo
Fisher Scientific).?

2.5 | LncRNAs analysis

We focused on the IncRNAs involved in lipid metabo-
lism or atherosclerotic damage. In detail, the following 12
IncRNAs were considered: HIF1A-AS2 (hypoxia inducible
factor 1 A antisense RNA 2), ANRIL (Cyclin-dependent
kinase inhibitor 2B antisense RNA 1), MIAT (myocardial
infarction associated transcript), MALAT-1 (Metastasis-
associated lung adenocarcinoma transcript 1), LASER
(Lipid Associated Single nucleotide polymorphism gEne
Region), LEXIS (Liver-expressed Liver X Receptor (LXR)-
induced sequence), GAS5-AS1 (growth arrest specific 5
antisense RNA 1), NEXN-AS1 (nexilin F-actin binding
protein antisense RNA 1), SNHG12 (small nucleolar RNA
host gene 12), HOTAIR (HOX transcript antisense RNA),
MALAT-1 (Metastasis-associated lung adenocarcinoma
transcript 1) and H19 (Imprinted maternally expressed
transcript).?*

2.6 | Real-time PCR assays

The presence of selected IncRNAs was analysed by sin-
gle real-time PCR assays. qPCR analysis was performed
by using the Power SYBR Green RNA-to-CT1-Step Kit (c
Thermo Fisher Scientific) in the QuantStudio 5 Real-time
PCR System (Thermo Fisher Scientific). Expression fold
changes (FC) were calculated by applying the 274A¢
method using GAPDH as a reference gene. PCR primers
were designed by using Primer Blast (https://www.ncbi.
nlm.nih.gov/tools/primer-blast/).

2.7 | Pulse wave velocity evaluation

The SphygmoCor CVMS (AtCor Medical) system was used
for the determination of the PWV. This system uses a to-
nometer and two different pressure waves obtained at the
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common carotid artery (proximal recording site) and at the
femoral artery (distal recording site). The distance between
the recording sites and the suprasternal notch was meas-
ured using a tape measure. An electrocardiogram was used
to determine the start of the pulse wave. The PWV was
determined as the difference in interval time of the pulse
wave between the two different recording sites and the
heart, divided by the travel distance of the pulse waveform.
The PWV was calculated on the mean of 10 consecutive
pressure waveforms to cover a complete respiratory cycle.

2.8 | Statistical analysis

The distributional characteristics of each variable, in-
cluding normality, were assessed by the Kolmogorov-
Smirnov test. Data are reported as mean +standard
deviation (SD) for continuous parametric and me-
dian (interquartile range-IQR) for continuous non-
parametric variables and as frequency (percentage) for
categorical variables. When necessary, continuous non-
parametric variables (TG, Lpa, hs-CRP) were logarith-
mically transformed for statistical analysis to reduce
skewness. HDL-IncRNAs data were presented as Delta
Ct values (ACt): Threshold Cycle of analysed IncRNAs-
Threshold Cycle of GAPDH in each sample. HDL-
IncRNAs FC were calculated by applying the 27447
method by using GAPDH as a reference gene. Simple
regression analyses were performed to evaluate the rela-
tions of HDL-IncRNAs with lipid parameters (TC, HDL,
TG, LDL, Lp(a)) as well as PWV. In a secondary analy-
sis, the study population was stratified into two groups
according to the Lp(a) median value of 20.2mg/dL. The
chi square test was used for categorical variables. To
test differences in clinical and biochemical characteris-
tics between the groups we used Student's ¢t-test. Simple
regression analysis was used to evaluate the relation of
HDL-IncRNAs with PWV. Subsequently, to evaluate
a possible independent association with PWV values,
HDL-IncRNAs reaching significance were included in a
multivariate analysis with principal cardiovascular risk
factors (age, sex, smoking, systolic BP, HbAlc, LDL cho-
lesterol and Lp(a)). The variance inflation factor (VIF)
was used to check for the problem of multicollinearity
in multivariate analysis. All statistical analyses were
performed using IBM SPSS Statistics for Windows ver-
sion 23. For all tests, p <.05 was considered significant.

3 | RESULTS

In total, 94 FH subjects who obtained HDL separation par-
ticipated in this retrospective study. All FH subjects were

aged between 18 and 70years and were on statin therapy
at the time of the enrolment.

The characteristics of the study population are pre-
sented in Table 1. More than half of the subjects were
male and ASCVD was present in less than a quarter of
FH subjects. Furthermore, LDLR mutation was the most
frequent genetic variant and all FH subjects were hetero-
zygous. Finally, more than half of the subjects were on
high-intensity statin therapy while 43.6% of subjects took
ezetimibe.

As concerns the evaluated IncRNAs, HIF1A-AS2,
LASER and LEXIS were transported by HDL; moreover,
in the simple regression analysis HDL-IncRNA LEXIS was
significantly associated with Lp(a) plasma levels (p <.01)
(Table 2).

In a secondary analysis, the study population was strat-
ified into the following two groups based on the Lp(a)
median value: high-Lp(a) group (Lp(a)>20.2mg/dL, 47
subjects) and low-Lp(a) group (Lp(a)<20.2mg/dL, 47
subjects) (Table 3). While no differences in age, sex and
BMI were found between the two groups, the majority of
FH subjects with ASCVD were in the high-Lp(a) group
(29.8% vs. 10.6%, p < .05). Glucose and lipid profiles as well
as T2D prevalence were similar between the two groups;

TABLE 1 Characteristics of the study population.

Demographic characteristics N 94
Age, years 51.9+8.01
Men, n (%) 49 (52.1)
Body mass index, kg/m? 25.1+3.13
Type 2 diabetes, n (%) 3(.03)
Smoking, n (%) 22(23.4)
ASCVD, n (%) 19 (20.2)
FH Genotype

LDLR, n (%) 89 (94.7)

ApoB, n (%) 5(5.3)
Mutation class

Amino acid change, n (%) 51 (54.3)

Null allele, n (%) 43 (45.7)
FH Phenotype

Heterozygous FH, n (%) 94 (100)
Treatment

Antihypertensive therapy, n (%) 24 (25.5)

Moderate-intensity statin, n (%) 43 (45.7)

High-intensity statin, n (%) 51 (54.3)

Ezetimibe, n (%) 41 (43.6)

Note: Data are presented as mean +standard deviation or percentages.
Abbreviations: ApoB, apolipoprotein B; ASCVD, atherosclerotic
cardiovascular disease; FH, familial hypercholesterolemia; LDLR, low-
density lipoprotein receptor.
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TABLE 2 Simple linear regression analyses evaluating HDL-IncRNAs as dependent variables.

Dependent Variable IncRNA LEXIS IncRNA LASER IncRNA HIF1A-AS2
Independent Variable Coefficient f§ p-value Coefficient p-value Coefficient § p-value
TC, mg/dL .001+.009 .39 .003 +.008 A1 .005+.007 46
HDL, mg/dL .010+.023 .66 .015+.037 .69 .006+.035 .19

TG, mg/dL .004 +.006 .55 .001+.010 .86 .003+.010 74
LDL-C, mg/dL .009 +.009 .13 .013+.015 .37 .001+.014 .69
ApoB, mg/dL .011+.007 .09 .005+.010 .64 .003+.010 .73
ApoAI mg/dL .007 +.010 .46 .006+.015 .69 .012+.014 .39
Lp(a), mg/dL .045+.008 <.01 .011+.013 41 .020+.012 A1

WILEY- 2™

Abbreviations: ApoAl, apolipoprotein AI; ApoB, apolipoprotein B; HDL, high-density lipoprotein; HIF1A-AS2, hypoxia inducible factor 1A antisense RNA2;
LASER, lipid associated single nucleotide polymorphism gene region; LDL-C, low-density lipoprotein cholesterol; LEXIS, liver-expressed liver X receptor—
induced sequence; IncRNA, long non-coding RNA; Lp(a), lipoprotein(a).TC, total cholesterol; TG, triglycerides.

as expected, Lp(a) was significantly increased in the high-
Lp(a) group compared to the low-Lp(a) group (29.69
[22.6-52.8] vs. 11.75 [9.69-17.18] mg/dL, p<.001). No
differences in systolic and diastolic BP as well as smoker
prevalence and hs-CRP were found in the two groups. The
percentage of FH subjects on antihypertensive therapy
was similar between the two groups. While 53.2% of low-
Lp(a) group subjects were on moderate-intensity statins,
the majority of the high-Lp(a) group subjects took high-
intensity statins and the prevalence of FH subjects on eze-
timibe was similar between the two groups. Finally, the
high-Lp(a) group exhibited a significant increase of PWV
compared to the low-Lp(a) group (9.23 +.61 vs. 7.67 +.56,
p<.01) (Table 3).

As concerns HDL-IncRNAs, while HDL-IncRNA
HIF1A-AS2 and LASER were similar in the two groups
(Figure 1A,B), the high-Lp(a) group exhibited a significant
downregulation of HDL-IncRNA LEXIS compared to the
low-Lp(a) group (fold change —4.4, p <.0001) (Figure 2).

In the simple regression analysis, a significant relation-
ship of HDL-IncRNA LEXIS and PWV (r=.26, p <.01) was
found. Finally, in the multiple regression analysis includ-
ing several cardiovascular risk factors as independent vari-
ables, Lp(a) and HDL-IncRNA LEXIS were significantly
associated with PWV (for Lp(a) p<.01; for HDL-IncRNA
LEXIS p <.05) (Table 4).

4 | DISCUSSION

In the era of personalised medicine, increasing atten-
tion has been given to the role of novel circulating bio-
markers for cardiovascular risk stratification in subjects
at high cardiovascular risk such as FH.** In this study,
we investigated the presence of IncRNAs carried by
HDL in FH subjects; to the best of our knowledge, this
is the first study exploring the HDL-IncRNA profile in

this population. We showed that IncRNA HIF1A-AS2,
LASER and LEXIS were transported by HDL; of note, it
was previously reported that these IncRNAs played a role
in lipid metabolism modulation.?®?’ In fact, Zhang et al.
found that IncRNA HIF1A-AS2 regulated the activating
transcription factor 2 (ATF2) implicated in the modula-
tion of fatty diet-induced atherogenesis; furthermore, Li
et al. showed that IncRNA LASER was positively related
with liver cholesterol and its downregulation affected the
expression of genes involved in cholesterol biosynthesis.
Moreover, Sallam et al. demonstrated that in mice an in-
creased hepatic LncRNA LEXIS reduced plasma choles-
terol while its downregulation promoted an incremented
cholesterol synthesis.”® It was previously shown that
an upregulation of liver X receptors (LXRs) increased
IncRNA LEXIS.?’ LXRs are key transcriptional regulators
of cholesterol homeostasis that promoted the cholesterol
efflux through upregulations of ATP binding cassette Al
(ABCA1) and ATP binding cassette G1 (ABCG1).* It is
noteworthy that macrophage cholesterol efflux is the first
atheroprotective process of reverse cholesterol transport
and HDL is the principal cholesterol efflux extracellular
acceptor; in this context, a possible hypothesis may be
that IncRNA LEXIS carried by HDL could modulate the
cholesterol efflux process. Sharma et al. previously dem-
onstrated that Lp(a) upregulated LXR a protein in HepG2
cells*’; however, the authors concluded that it was dif-
ficult to translate this finding in vivo. In fact, Lp(a) con-
centration reaching maximum LXR upregulation was
5pg/mL, which is below the physiological Lp(a) range;
furthermore, the effect of Lp(a) on LXR was saturable
and it could fail with higher Lp(a) levels. In this con-
text, in our study population the Lp(a) median value was
20.2mg/dL and we showed that HDL-IncRNA LEXIS was
inversely associated with Lp(a) plasma levels. Moreover,
after stratification of the study population accord-
ing to Lp(a) levels we found that the high-Lp(a) group
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TABLE 3 Characteristics of the Study

High Lp(a) Low Lp(a) 5:,t::::n Population stratified according to Lp(a).
group (n=47) group (n=47) two groups

Demographic Characteristics

Age, years 51.6+8.36 51.42+8.63 .81

Men, n (%) 25(53.2) 24(51.1) 84

Body mass index, kg/m? 25.19+3.36 25.01+3.29 .86

ASCVD, 1 (%) 14(29.8) 5(10.6) <.05
Glucose Profile

Type 2 diabetes, n (%) 1(2.1) 2(4.3) 12

FPG, mg/dL 86.41+6.04 86.96 +6.73 .69

HbAlc, % 5.47+.32 5.51+0.29 .53
Lipid Profile

Total cholesterol, mg/dL 192.15+21.75 186.8 +22.34 17

HDL cholesterol, mg/dL 51.4+9.59 53.2+8.85 32

Triglycerides, mg/dL 91 (80-118) 92 (80.75-124.5) .63

LDL cholesterol, mg/dL 119.93+20.78 116.01+21.13 .34

Non-HDL cholesterol, mg/dL 139.61+22.47 135.69+21.93 31

ApoB, mg/dL 114.03+25.03 111.69 +24.84 22

ApoAI, m g/dL 139.64 +21.83 141.73 +22.01 .69

ApoB to ApoAl ratio .84+.26 79+.27 .38

Lp(a), mg/dL 29.69 (22.6-52.8)  11.75(9.69-17.18) <.001
Risk Factors

Systolic BP, mmHg 119.35+9.29 116.83 +£9.54 21

Diastolic BP, mmHg 71.17+8.34 70.85+8.81 46

Smoking, n (%) 12 (25.5) 10 (21.3) 79

hs-CRP, mg/dL .09 (.06-.19) .08 (.05-.15) .59
Treatment

Antihypertensive 13 (27.7) 11 (23.4) 21

therapy, n (%)
Moderate-intensity 18 (38.3) 25(53.2) .09
statin, n (%)

High-intensity statin, n (%) 29 (61.7) 22 (46.8) .09

Ezetimibe, n (%) 23(48.9) 18 (38.3) 39
Early atherosclerotic biomarker

PWV, m/s 9.23+.61 7.67+.56 <.01

Note: Data are presented as mean +standard deviation, percentages, or median (interquartile range).

Abbreviations: ApoAl, apolipoprotein AI; ApoB, apolipoprotein B; ASCVD, atherosclerotic cardiovascular
disease; BP, blood pressure; FPG, fasting plasma glucose; HbAlc, glycated haemoglobin; HDL, high-
density lipoprotein; hs-CRP, high sensitivity C-reactive protein; LDL, low-density lipoprotein; Lp(a),

lipoprotein(a); PWV, pulse wave velocity.

exhibited a significant downregulation of HDL-IncRNA
LEXIS compared to the low-Lp(a) group. Interestingly, in
vitro study it was shown that a downregulation of LXR-
modulated pathway impaired the cholesterol efflux from
vascular smooth muscle cell (VSMC)-derived foam cells;
thus, these cholesterol-loaded cells could promote ath-
erosclerotic injury.” In this context, it may be hypoth-
esised that in FH subjects with high-Lp(a) plasma levels

the reduction of HDL-IncRNA LEXIS could impair the
cholesterol efflux process from vascular smooth muscle
cell (VSMC)-derived foam cells and promote vascular in-
jury. In line with this hypothesis, in our study we found
that PWV was significantly associated with Lp(a) and
HDL-IncRNA LEXIS; thus, HDL-IncRNA LEXIS could
be a useful biomarker to better identify FH subjects with
more pronounced vascular injury. We recently found
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FIGURE 1 Analyses of HDL-IncRNA HIF1A-AS2 (A) and LASER (B) in the study population stratified according to Lp(A). To test
differences of HDL-IncRNA —ACt values in the two groups, Student's t test was used. HDL, high-density lipoprotein; HIF1A-AS2, hypoxia
inducible factor 1A antisense RNA2; LASER, lipid associated single nucleotide polymorphism gene region; IncRNA, long non-coding RNA;
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FIGURE 2 Analysis of HDL-LncRNA LEXIS in the Study
Population stratified according to Lp(a). To test differences of
HDL-IncRNA ACt values in the two groups, Student's t test was
used. HDL, high-density lipoprotein; LEXIS, liver-expressed liver X
receptor-induced sequence; IncRNA, long non-coding RNA; Lp(a),
lipoprotein(a).

that novel lipid lowering therapies (LLT) could modulate
cholesterol efflux in FH patients34; thus, a designed study
is needed to evaluate if the effect of novel LLT on choles-
terol efflux pathway is mediated by HDL-IncRNA LEXIS
regulation. FH is a heterogeneous population where not
all subjects have the same cardiovascular risk*’; thus, the
identification of FH subjects at higher cardiovascular risk
is needed to prevent ASCVD. Lp(a) is an intriguing lipo-
protein associated with ASCVD and aortic stenosis and
its evaluation is needed in the management of FH sub-
jects.*® Lp(a) could extend the atherosclerotic injury be-
yond the lipid pathway?’; in this context, our study could

TABLE 4 Multiple regression analysis evaluating PWV as a

dependent variable.
Independent variables Coefficient §  p-Value
Model*
Lp(a), mg/dL .018 +.005 <.01
HDL-IncRNA LEXIS, ACt .179+.072 <.05
HDL-IncRNA LASER, ACt .009+.050 .86
HDL-IncRNA HIF1A-AS2, ACt .004 +.051 .69

Abbreviations: HDL, high-density lipoprotein; HIF1A-AS2, hypoxia
inducible factor 1A antisense RNA2; LASER, lipid associated single
nucleotide polymorphism gene region; LEXIS, liver-expressed liver X
receptor-induced sequence; IncRNA, long non-coding RNA; Lp(a),
lipoprotein(a); PWV, pulse wave velocity.

*The model was adjusted for age, sex, smoking status, systolic blood
pressure, LDL cholesterol, Lp(a) and glycated haemoglobin.

propose a novel Lp(a) mediated atherosclerotic pathway
by downregulating HDL-IncRNA LEXIS and thus pro-
moting vascular damage in FH subjects.

In our study we used PWV as vascular functional test.
PWYV is a surrogate biomarker of arterial wall stiffness
and it is a simple, reproducible, and reliable vascular
functional test independently correlated to cardiovascu-
lar events and mortality and widely used in clinical prac-
tice. In particular, the current knowledge suggests that
classic cardiovascular risk factors, including hyperten-
sion, diabetes, obesity, dyslipidemia, and smoking are
associated with abnormal increase of PWV; moreover,
the PWV value has a strong predictive value for cardio-
vascular outcome also beyond the presence of the tra-
ditional cardiovascular risk factors.*® It was shown that
other vascular functional test such as flow-mediated di-
lation (FMD) and carotid intima-media thickness (IMT)
were associated with early atherosclerotic injury.*
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These tests detected different aspects of atherosclero-
sis; while carotid IMT reflected structural changes in
the artery wall, PWV evaluated central arterial stiffness
and FMD assessed the endothelial function.*” In the
Multi-Ethnic Study of Atherosclerosis (MESA), while
PWV and IMT were able to improve the cardiovascular
risk reclassification,*** FMD failed to demonstrate an
improved cardiovascular risk reclassification compared
to the standard approach.42 In FH subjects it was previ-
ously shown that while IMT was strongly dependent by
aging, PWV was not*>**; in line with these findings, the
American Society of Echocardiography Carotid Intima-
Media Thickness Task Force previously reported that
IMT is a feature of arterial wall aging that is not synon-
ymous of subclinical atherosclerosis, but it is related to
it because the cellular and molecular alterations of the
arterial wall have been implicated in the pathogenesis
and progression of atherosclerosis.*’

There are several limitations to our study. First, it was
a retrospective observational study and causal relation-
ship and temporality cannot be established between HDL-
IncRNA LEXIS and possible changes in PWYV. Population
size was relatively small and the Lp(a) median value instead
of 50mg/dL cutoff was used for population stratification;
however, we were still able to show a significant difference
of HDL-IncRNA LEXIS between the two groups and an in-
dependent association of HDL-IncRNA LEXIS and PWV
was found. Finally, HDL subfractions and their functional
parameters as cholesterol efflux and reverse cholesterol
transport were not assessed. It was previously shown that
miRs were able to regulate the gene pathways involved in
HDL biogenesis as well as cholesterol efflux and reverse
cholesterol transport*®; moreover, different miRs were
transported by HDL subfractions.*” In this context, a future
cross-sectional observational study is needed to evaluate
the role of IncRNAs in HDL functional parameters and the
identification of IncRNAs transported by HDL subfractions.

In conclusion, IncRNA HIF1A-AS2, LASER and LEXIS
were transported by HDL; moreover, significant relation-
ships of HDL-IncRNA LEXIS with Lp(a) levels and PWV
were found. Our study suggests that HDL-IncRNA LEXIS
may be useful to better identify FH subjects with more
pronounced vascular damage; further prospective studies
are needed to evaluate HDL-IncRNA LEXIS as a predic-
tive cardiovascular biomarker and possible therapeutic
target in FH subjects.
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