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Abstract
Aims  Inflammation is a key regulatory process that links hypercholesterolemia and immune mechanisms promoting athero-
sclerosis. Inflammatory biomarkers may be helpful to better define the atherosclerotic burden in patients with high cholesterol 
levels such as familial hypercholesterolemia (FH). Our aim was to evaluate the concentration of S100A12 protein in FH 
patients and its association with pulse wave velocity (PWV).
Methods  We measured glucose and lipid profile, S100A12, sRAGE, esRAGE and PWV in 39 patients with a genetically 
confirmed diagnosis of FH and 39 hypercholesterolemic subjects without a clinical diagnosis of FH (Dutch score ≤ 3). All 
subjects were on statin treatment at the time of the enrollment.
Results  No difference of glucose and lipid profile was found in the two groups. FH patients had higher S100A12 plasma levels 
than non-FH subjects (12.87 ± 4.82 vs. 8.57 ± 4.87 ng/mL, p < 0.01). No difference of hs-CRP, sRAGE and esRAGE was 
found between the two groups. Also, PWV was higher in FH patients than non-FH subjects (8.63 ± 0.92 vs. 6.68 ± 0.73 m/s, 
p < 0.05). Finally, S100A12 was independently correlated with age (p < 0.01), genetic mutation (p < 0.01) and PWV 
(p < 0.001).
Conclusions  FH patients exhibited higher S100A12 levels than non-FH subjects. A novel vascular inflammation pathway, 
other than hs-CRP, might be useful to better characterize cardiovascular risk profile.
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Introduction

Atherosclerosis is a chronic and worsening process caused 
by various environmental and genetic factors [1]. Among 
these factors, an increased plasma concentration of low-den-
sity lipoprotein (LDL) cholesterol is causatively associated 
with atherosclerotic cardiovascular disease (ASCVD) [2]. 

However, despite changes in lifestyle and the use of phar-
macologic treatments to reduce plasma cholesterol levels, 
ASCVD is still estimated to be the leading cause of death 
and loss of disability-adjusted life years [3]. Therefore, other 
processes are involved in the pathogenesis and progression 
of atherosclerosis together with LDL cholesterol.

Interestingly, in the last few years several studies have 
demonstrated the critical role of inflammation in the patho-
physiology of atherosclerosis [4, 5]; in particular, inflam-
mation seems to be a key regulatory process that links 
hypercholesterolemia and immune mechanisms promoting 
atherosclerosis [6]. In subjects with hypercholesterolemia, 
several studies showed that the deposition of lipids in the 
arterial wall activated an inflammatory cascade that pro-
moted the migration of immune cells such as monocyte-
derived macrophages and specific subtypes of T lympho-
cytes into the inflammatory lipidic lesion [7, 8]. In this 
context, novel inflammatory biomarkers may be helpful to 
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better define the atherosclerotic burden in the general popu-
lation and, in particular, in subjects with high levels of LDL 
cholesterol and high risk of cardiovascular event such as 
familial hypercholesterolemia (FH) [9, 10]. The receptor for 
advanced glycation end products (RAGE) has been consid-
ered a central regulator for vascular inflammation and sub-
sequent atherosclerosis [11, 12]. As a multi-ligand receptor 
expressed on the cell surface, it is able to bind various kinds 
of ligands such as S100A12, a member of the S100 protein 
family [13]. S100A12 is secreted from activated myeloid 
cells and endogenously expressed in different cells corre-
lated with vascular disease [14]. The binding of S100A12 
with RAGE promotes the activation of transcription factors 
for inflammatory events and induces the adhesion of mole-
cules in vascular endothelial cells [15]. Several authors have 
previously shown the central role of S100A12 as an impor-
tant inflammatory biomarker in different chronic morbidi-
ties at high cardiovascular risk such as diabetes, rheumatoid 
arthritis and chronic kidney disease [16–18]. No data exist 
regarding S100A12 plasma levels in subjects who have a 
genetic or environmental condition of high LDL cholesterol. 
RAGE has a secretory isoform, which is termed soluble 
RAGE (sRAGE). sRAGE is primarily formed by the proteo-
lytic cleavage of membrane-bound RAGE and, secondarily, 
by a secreted, non-membrane-bound form of the receptor 
resulting from alternative splicing of the RAGE gene, which 
is known as endogenously secreted RAGE (esRAGE) [19]. 
esRAGE may contribute to the removal/neutralization of 
circulating ligands such as S100A12, thus functioning as 
a decoy by competing with cell-surface RAGE for ligand 
binding [20].

To better define the link between the axis RAGE/RAGE 
ligands and a chronic exposure of high LDL cholesterol lev-
els, in this study we aimed to investigate the plasma concen-
tration of the inflammatory markers S100A12, sRAGE and 
esRAGE in subjects with or without familial hypercholester-
olemia. Moreover, we evaluated the association of S100A12 
with pulse wave velocity (PWV), an instrumental parameter 
of early atherosclerosis largely utilized in clinical practice 
for CV risk assessment [21].

Methods

Study design and population

This was a case–control study involving patients with a 
diagnosis of FH previously confirmed by genetic analysis 
[22] and subjects with an LDL cholesterol ≥ 160 mg/dL and 
triglycerides (TG) < 200 mg/dL before statin therapy with-
out a clinical diagnosis of FH (Dutch Lipid Clinic Network 
score ≤ 3 [23]). All participants were enrolled from the Uni-
versity Hospital of Catania, Italy from January 2017 to June 

2018. This is a tertiary center for the screening, diagnosis 
and management of familial dyslipidemias. All participants 
were aged between 18 and 70 years, and they were on statin 
therapy at the time of the enrollment.

All participants underwent a physical examination and 
review of their clinical history. After a 12-h fasting, all 
participants had standard hematological and clinical bio-
chemistry parameters measured. Body weight and height 
were measured, and body mass index (BMI) was calculated 
as weight divided by the squared value of height (kg/m2). 
Arterial hypertension was defined as brachial blood pres-
sure (BP) ≥ 140 mm Hg (systolic) and/or 90 mm Hg (dias-
tolic) on at least two different occasions, or if the subject 
was on antihypertensive therapy. Statin therapy was defined 
as a daily intake of statins. Duration of statin therapy was 
defined as the numbers of years on statin therapy. According 
to intensity of drug, statin therapy was classified as low-
intensity (fluvastatin 20–40 mg, lovastatin 20 mg, pravas-
tatin 20 mg, simvastatin 10 mg) moderate-intensity (flu-
vastatin XL 80 mg, lovastatin 40 mg, pravastatin 40 mg, 
simvastatin 20–40 mg, atorvastatin 10–20 mg, rosuvastatin 
5–10 mg) and high-intensity statin therapy (atorvastatin 
40–80 mg, rosuvastatin 20–40 mg) [24]. Diabetes mel-
litus was defined as fasting plasma glucose ≥ 126 mg/dL 
on two consecutive readings and/or glycated hemoglobin 
(HbA1c) ≥ 6.5% or the use of anti-diabetic medications. 
Advanced renal disease was defined as glomerular filtration 
rate (GFR) < 30 mL/min. Smoking habits were divided into 
either current smoking (defined as any cigarette in the last 
month [25]) or not. ASCVD was defined as documented 
previous myocardial infarction, acute coronary syndrome, 
coronary revascularization (percutaneous coronary interven-
tion or coronary artery bypass graft surgery) or other arterial 
revascularization procedures, stroke or transient ischemic 
attack, or peripheral arterial disease. Exclusion criteria were: 
secondary hypercholesterolemia, previous history of diabe-
tes, ASCVD or clinical evidence of advanced renal disease.

Biochemical analysis

Fasting plasma glucose (FPG) was measured with the glu-
cose oxidase method. Serum total cholesterol, TG, high-
density lipoprotein (HDL) cholesterol, and hs-CRP, were 
assessed by available enzymatic methods. Apolipoprotein 
B (ApoB) and Apolipoprotein A1 (ApoA1) were evaluated 
with a nephelometer assay (Siemens AG Healthcare Sec-
tor, Erlangen, Germany). Levels of lipoprotein (a) [Lp(a)] 
were measured with the latex agglutination immunoassay. 
LDL cholesterol was calculated using the Friedewald for-
mula. Glycated hemoglobin (HbA1c) was measured with 
high-performance liquid chromatography using a National 
Glycohemoglobin Standardization Program and standard-
ized to the Diabetes Control and Complications Trial assay 
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Ref. [26]. Chromatography was performed using a certi-
fied automated analyzer (HPLC; HLC-723G7 hemoglobin 
HPLC analyzer; Tosoh Corp.; normal range 4.25–5.9% 
[23–41 mmol/mol]). To quantify the plasma concentration 
of sRAGE (Human sRAGE ELISA; Biovendor, Brno, Czech 
Republic), esRAGE (B-Bridge esRAGE ELISA Kit, Cuper-
tino, USA), S100A12 (Cloud-clone corp., ELISA Kit for 
S100A12, Houston, USA) fasting blood samples were col-
lected and assessed as previously described [27].

Pulse wave velocity evaluation

The SphygmoCor CVMS (AtCor Medical, Sydney, Aus-
tralia) system was used for the determination of the PWV. 
This system uses a tonometer and 2 different pressure waves 
obtained at the common carotid artery (proximal recording 
site) and at the femoral artery (distal recording site). The dis-
tance between the recording sites and the suprasternal notch 
was measured 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 2 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.

Statistical analysis

We based the power calculation on previous studies examin-
ing differences of S100A12 plasma levels in subjects with 
chronic metabolic disorders [16, 28, 29]. We used a level 
of significance (a) set to 5% and a power (1-b) set to 80%; 
thus, the estimated sample size was 35 subjects per group. 
The distributional characteristics of each variable, including 
normality, were assessed by the Kolmogorov–Smirnov test. 
Data are reported as mean ± standard deviation (SD) for con-
tinuous parametric and median (interquartile range-IQR) for 
continuous nonparametric variables and as frequency (per-
centage) for categorical variables. When necessary, continu-
ous nonparametric variables (TG, duration of statin therapy 
and hs-CRP) were logarithmically transformed for statistical 
analysis to reduce skewness. The χ2 test was used for cat-
egorical variables. To test differences in clinical and bio-
chemical characteristics between the groups, we used Stu-
dent’s t test. To identify variables independently associated 
with variations of S100A12 and PWV, we performed three 
multiple regression models with several metabolic, genetic 
and cardiovascular variables who may modify S100A12 and 
PWV in clinical practice. The first model included several 
cardiovascular risk factors (age, sex, smoking, BMI, sys-
tolic and diastolic BP, FPG, HbA1c, and genetic mutation). 
Subsequently, variables reaching significance were inserted 
into a second multivariate regression model that included 

lipid parameters (HDL cholesterol, TG, LDL cholesterol, 
Lp(a), duration and intensity of statin therapy). Finally, sig-
nificant variables were added to a third multiple regression 
model including inflammatory markers (sRAGE, esRAGE, 
S100A12, and hs-CRP). The variance inflation factor (VIF) 
was used to check for the problem of multicollinearity in 
multivariate analysis [30]. For this reason total cholesterol, 
ApoB and ApoAI were excluded. All statistical analyses 
were performed using IBM SPSS Statistics for Windows 
version 23. For all tests, p < 0.05 was considered significant.

The study was approved by the local ethic committee in 
accordance with the ethical standards of the institutional and 
national research committee and with the 1964 Declaration 
of Helsinki and its later amendments or comparable ethical 
standards.

Informed consent was obtained from each subjects 
included in the study.

Results

In total, 170 hypercholesterolemic individuals (98 FH 
patients and 72 subjects without FH) referred to our outpa-
tient clinic were evaluated. Of these, 149 individuals (85 FH 
patients and 64 subjects without FH) satisfied the inclusion 
criteria; after matching for age, sex, BMI and LDL choles-
terol levels 78 individuals (39 FH patients and 39 subjects 
without FH) participated in the study (Fig. 1). The study 
population was divided into the following two groups based 
on FH diagnosis: 39 FH patients (FH group) and 39 subjects 
without FH (non-FH group).

Among FH patients (Table 1), the most frequent genetic 
variants were LDL receptor mutations (97.4%); also, the 
majority of mutations caused an amino acid change (74.4%), 
whereas the percentage of null allele was 25.6%. All patients 
were heterozygous FH.

The pretreated lipid values of the study population are 
presented in Supplemental Table 1. As expected, FH group 
had a greater amount of total, LDL and non-HDL cholesterol 
and a lower amount of TG than non-FH group.

The general characteristics of the study population are 
presented in Table 2. No difference of glucose and lipid 
profile was found in the two groups. Concerning risk fac-
tors, similar values of systolic and diastolic BP were found 
between the two groups; also, the percentage of smokers 
was similar in FH and non-FH group. Concerning treatment, 
the FH group had a longer duration of statin treatment com-
pared with the non-FH group (3.5 [2.5–7.5] vs. 2 [1.5–3] 
years, p < 0.01). Moreover, the percentage of subjects on 
ezetimibe was higher in FH group than non-FH group (41% 
vs. 7.7%, p < 0.01). Few patients were on antihypertensive 
treatment. Concerning intensity of statin therapy, no FH 
patients were on low-intensity statin. While the majority 
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of non-FH subjects were on moderate-intensity statin, all 
patients on high-intensity statin were FH.

Table 3 reports the evaluation of inflammation and ath-
erosclerotic biomarkers in the two groups. No difference of 
hs-CRP was found between the two groups; also, FH group 
had similar levels of sRAGE and esRAGE compared with 
the non-FH group. FH group had higher levels of S100A12 
than non-FH group (12.87 ± 4.82 vs. 8.57 ± 4.87 ng/mL, 
p < 0.01). Also, FH group had higher PWV compared with 
the non-FH group (8.63 ± 0.92 vs. 6.68 ± 0.73 m/s, p < 0.05).

To estimate the independent contributions of cardiovas-
cular risk factors to S100A12 levels, we performed multi-
ple regression analysis using two models. The first model 
showed a significant correlation between S100A12 and age 
(p < 0.01) and genetic mutation (p < 0.001). In the second 
model, the same variables remained significantly associ-
ated with S100A12 (p < 0.01 for age and p < 0.01 for genetic 
mutation) (Table 4). Moreover, to evaluate the independent 
contributions of cardiovascular risk factors and inflammation 
markers to PWV, we performed multiple regression analysis 
using three models. The first model showed a significant 
correlation between PWV and genetic mutation (p < 0.05). 
This association was also confirmed in the second model 
(p < 0.05); finally, the third model showed a significant asso-
ciation between PWV and S100A12 (p < 0.001) and hs-CRP 
(p < 0.05) (Table 5).

Discussion

Over the last few years, thanks to a better definition of ather-
osclerosis, increasing attention has been given to the role of 
inflammation in the atherosclerotic process. In this study, we 
investigated the role of S100A12 in individuals with or with-
out FH; to our knowledge, this is the first study exploring 

Fig. 1   Enrollment of the study population. FH familial hypercholesterolemia, LDL low-density lipoprotein, TG triglycerides, CV cardiovascular, 
BMI body mass index

Table 1   Genetic and phenotypic characteristics of FH patients 
(n = 39)

Data are presented as percentages
FH = familial hypercholesterolemia, LDL = low-density lipoprotein, 
ApoB = apolipoprotein B

Genetic mutation, n (%) 39 (100.0)
 LDL receptor, n (%) 38 (97.4)
 ApoB, n (%) 1 (2.6)

Mutation class, n (%) 39 (100.0)
 Amino acid change, n (%) 29 (74.4)
 Null allele, n (%) 10 (25.6)

FH phenotype, n (%) 39 (100.0)
 Heterozygous FH, n (%) 39 (100.0)
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Table 2   General characteristics 
of the study population

Data are presented as mean ± standard deviation, percentages, or median (interquartile range)
FH familial hypercholesterolemia, FPG fasting plasma glucose, HbA1c glycated hemoglobin, HDL high-
density lipoprotein, LDL low-density lipoprotein, ApoB apolipoprotein B, ApoAI apolipoprotein AI, Lp(a) 
lipoprotein (a), BP blood pressure

FH group (n = 39) Non-FH group (n = 39) p value 
between two 
groups

Demographic characteristics
 N 39 39
 Age, years 48.87 ± 12.29 50.57 ± 11.16 0.36
 Men, n (%) 21 (53.8) 20 (51.3) 0.84
 Body mass index, kg/m2 25.27 ± 3.13 25.8 ± 3.69 0.58

Glucose values
 FPG, mg/dL 86.81 ± 6.66 88.83 ± 7.22 0.36
 HbA1c,  % 5.54 ± 0.26 5.61 ± 0.26 0.28

Lipid values
 Total cholesterol, mg/dL 209.77 ± 13.20 206.14 ± 13.14 0.26
 HDL cholesterol, mg/dL 52.79 ± 10.8 55.77 ± 12.14 0.11
 Triglycerides, mg/dL 92 (74.5–110.5) 106 (82.75–129.5) 0.06
 LDL cholesterol, mg/dL 126.75 ± 12.05 124.36 ± 11.08 0.45
 Non-HDL cholesterol, mg/dL 152.21 ± 13.62 148.34 ± 13.89 0.16
 ApoB, mg/dL 103.9 ± 12.57 101.03 ± 10.17 0.51
 ApoAI, mg/dL 136.06 ± 19.48 140.92 ± 20.31 0.09
 ApoB to ApoAI ratio 0.76 ± 0.18 0.72 ± 0.18 0.22
 Lp(a), nmol/L 62.87 ± 58.07 56.86 ± 52.47 0.64

Risk factors
 Systolic BP, mmHg 114.7 ± 12.31 115.8 ± 10.67 0.65
 Diastolic BP, mmHg 69.9 ± 10.21 71.36 ± 9.17 0.49
 Smoking, n (%) 19 (48.8) 18 (46.2) 0.68

Treatment
 Duration of Statin therapy, years 3.5 (2.5–7.5) 2 (1.5–3) < 0.01
 Ezetimibe, n (%) 16 (41.0) 3 (7.7) < 0.01
 Antihypertensive therapy, n (%) 5 (12.8) 6 (15.4) 0.75

Intensity of statin therapy
 Low, n (%) – 6 (15.4) –
 Moderate, n (%) 20 (51.3) 33 (84.6) < 0.05
 High, n (%) 19 (48.7) – –

Table 3   Evaluation of 
inflammation and early 
atherosclerotic biomarkers in 
the study population

Data are presented as mean ± standard deviation, percentages, or median (interquartile range)
FH familial hypercholesterolemia, hs-CRP high sensitivity C-reactive protein, sRAGE soluble receptor 
for advanced glycation end products, esRAGE endogenously secreted receptor for advanced glycation end 
products, PWV pulse wave velocity

FH group (n = 39) Non-FH group (n = 39) p value 
between two 
groups

Inflammatory markers
 hs-CRP, mg/dL 0.10 (0.05–0.16) 0.08 (0.04–0.14) 0.23
 sRAGE, ng/mL 1.23 ± 0.42 1.08 ± 0.37 0.21
 esRAGE, ng/mL 0.34 ± 0.18 0.31 ± 0.17 0.35
 S100A12, ng/mL 12.87 ± 4.82 8.57 ± 4.87 < 0.01

Early atherosclerotic biomarker
 PWV, m/s 8.63 ± 0.92 6.68 ± 0.73 < 0.05
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S100A12 plasma levels in hypercholesterolemic subjects 
with or without a genetic condition. We showed that the 
FH group had higher plasma levels of S100A12 compared 
with the non-FH group; also, we found a significant associa-
tion between S100A12 plasma levels and genetic mutation. 
The link between inflammation and hypercholesterolemia 
has been explained by the formation of the fatty streak that 
is the first atherosclerotic lesion in the arterial wall. In fact, 
the accumulation of lipids in the arterial wall promotes the 
deposition of monocyte-derived macrophages and T lym-
phocytes; thus, the secretion of S100A12 is enhanced with 
a resulting pure inflammatory lesion [31]. In this context, 
it is possible that S100A12 plasma levels may be increased 
in a genetic condition of high LDL cholesterol levels such 
as familial hypercholesterolemia. Interestingly, Menini et al. 

[32] showed that RAGE is present in atherosclerotic plaque 
and the complex RAGE-ligand enhanced plaque inflamma-
tion and promoted its rupture; thus, high S100A12 plasma 
levels may reflect an increased plaque inflammation. In this 
context, the continuous cholesterol burden of FH patients 
may accelerate fatty streak formation, enhance S100A12 
secretion and promote the progression of the fatty streak 
into an ‘inflammation streak’ [33].

FH patients have a high risk of cardiovascular events, and 
statin treatment has significantly reduced it [34]. However, 
despite statin therapy FH patients have a higher cardiovas-
cular risk than non-FH subjects on statin therapy [35]; in 
line with this consideration, in our study we found that FH 
patients had higher PWV than non-FH subjects. Also, in our 
population we showed a positive association of S100A12 
and PWV; so, S100A12 may promote the increase in cardio-
vascular risk and the progression of atherosclerosis together 
with LDL cholesterol in FH patients.

Several studies have shown that S100A12 is a good pre-
dictor for future cardiovascular events: Ligthart et al. found 
that S100A12 better predicted coronary events in the general 
population, beyond the traditional cardiovascular risk fac-
tors and other inflammatory markers such as high sensitivity 
C-reactive protein (hs-CRP) or interleukins [36]; moreover, 
Nowak et al. have recently found that S100A12 was one of 
the most important biomarkers for prediction of cardiovas-
cular events in a large cohort of diabetic subjects [37]. In this 
context, further studies are needed to evaluate the progres-
sion of atherosclerotic burden and its possible association 
with S100A12 in a large cohort of FH patients.

We found no difference in sRAGE and esRAGE plasma 
levels in the FH group compared with the non-FH group. 
This result is not surprising, indeed, sRAGE and esRAGE 
are strongly associated with glucose homeostasis [38] and 
in our population no differences in glucose parameters were 
found between the two groups. Moreover, common oral 
agents such as statins are known to stimulate the production 
of sRAGE and esRAGE [39] and in this study all subjects 
were on statin therapy. Statin treatment may also explain 
the similar levels of hs-CRP in the two groups; the effect 
of statins on hs-CRP reduction has been reported in pre-
vious studies in subjects without ASCVD [40, 41]. Con-
versely, according to our data, it is possible to hypothesize 
that S100A12 is not modulated by statins; other studies are 
needed to evaluate other possible pathophysiological path-
ways of S100A12.

There are several limitations to our study. First, because of 
its cross-sectional design, causal relationship and temporal-
ity cannot be established between statin therapy and possible 
changes in S100A12. Population size was relatively small; 
however, we were still able to show a significant difference 
of S100A12 in the two groups and an independent associa-
tion of S100A12 and age, genetic mutation and PWV was 

Table 4   Multiple regression analysis evaluating S100A12 as a 
dependent variable

*Model 1 was adjusted for age, sex, smoking status, systolic and dias-
tolic blood pressure, fasting plasma glucose, glycated hemoglobin, 
body mass index and genetic mutation
**Model 2 was adjusted for HDL cholesterol, triglycerides, LDL cho-
lesterol, lipoprotein (a), duration and intensity of statin therapy

Independent variables Coefficient β p value

Model 1*
 Age, years 0.382 < 0.01
 Genetic mutation, for presence = 1 0.438 < 0.001

Model 2**
 Age, years 0.330 < 0.01
 Genetic mutation, for presence = 1 0.347 < 0.01

Table 5   Multiple regression analysis evaluating PWV as a dependent 
variable

PWV pulse wave velocity, hs-CRP high sensitivity C-reactive pro-
tein, sRAGE soluble receptor for advanced glycation end products, 
esRAGE endogenously secreted receptor for advanced glycation end 
products
*Model 1 was adjusted for age, sex, smoking status, systolic and dias-
tolic blood pressure, fasting plasma glucose, glycated hemoglobin, 
body mass index and genetic mutation
**Model 2 was adjusted for HDL cholesterol, triglycerides, LDL cho-
lesterol, lipoprotein (a), duration and intensity of statin therapy
***Model 3 was adjusted for hs-CRP, sRAGE, esRAGE, and 
S100A12

Independent variables Coefficient β p value

Model 1*
 Genetic mutation, for presence = 1 0.212 < 0.05

Model 2**
 Genetic mutation, for presence = 1 0.217 < 0.05

Model 3***
 S100A12, ng/mL 0.422 < 0.001
 hs-CRP, mg/dL 0.245 < 0.05
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found. Finally, other parameters regarding the evaluation of 
cardiovascular risk in FH patients such as cholesterol burden 
were not available and, thus, were not taken into consideration.

In conclusion, the FH group exhibited higher levels of 
S100A12 compared with the non-FH group. Moreover, 
S100A12 was significantly associated with age, genetic muta-
tion and PWV. A novel vascular inflammation pathway, other 
than hs-CRP, might be useful to better characterize CV risk 
profile. Further studies are needed to evaluate a possible cor-
relation of S100A12 plasma levels with advanced markers of 
atherosclerosis such as coronary artery calcium; moreover, it 
may be interesting to evaluate if novel lipid lowering therapies 
could modulate S100A12 plasma levels.

Acknowledgements  F.P. is the guarantor of this work and, as such, had 
full access to all the data in the study and takes responsibility for the 
integrity of the data and the accuracy of the data analysis. All authors 
approved the final version. The authors wish to thank the Department 
of Clinical and Experimental Medicine for financial support in the 
context of the 2016/2018 Department Research Plan of University of 
Catania (Project #A). The authors wish to thank the Lipid TransPort 
Disorders Italian Genetic Network (LIPIGEN) study for financial sup-
port to carry out genetic analysis. The authors wish to thank the Scien-
tific Bureau of the University of Catania for language support.

Authors’ contributions  RS contributed to the study design, researched 
data, contributed to the discussion, and wrote the article. ADP con-
tributed to the study design, researched data, contributed to the dis-
cussion, and reviewed and edited the article. FU, VF, SDM, SM, AS, 
AF, researched data, contributed to the discussion, and reviewed and 
edited the article. SP and AMR contributed to the study design and 
discussion, and reviewed and edited the article. FP designed the study, 
researched data, contributed to the discussion, and reviewed and edited 
the article.

Funding  This research did not receive any specific grant from funding 
agencies in the commercial or not-for-profit sectors.

Compliance with ethical standards 

Conflict of interest  The authors have no conflicts of interest to dis-
close.

Ethical approval  This study has been approved by the local ethic com-
mittee in accordance with the ethical standards of the institutional and 
national research committee and with the 1964 Declaration of Helsinki 
and its later amendments or comparable ethical standards. This article 
does not contain any studies with animals performed by any of the 
authors.

Informed consent  Informed consent was obtained from each partici-
pants included in the study.

References

	 1.	 Havel RJ (1989) Biology of cholesterol, lipoproteins and athero-
sclerosis. Clin Exp Hypertens Part A Theory Pract 11:887–900. 
https​://doi.org/10.3109/10641​96890​90353​80

	 2.	 Borén J, Williams KJ (2016) The central role of arterial reten-
tion of cholesterol-rich apolipoprotein-B-containing lipopro-
teins in the pathogenesis of atherosclerosis: a triumph of sim-
plicity. Curr Opin Lipidol 27:473–483. https​://doi.org/10.1097/
MOL.00000​00000​00033​0

	 3.	 GBD 2013 Mortality and Causes of Death Collaborators (2015) 
Global, regional, and national age-sex specific all-cause and 
cause-specific mortality for 240 causes of death, 1990–2013: 
a systematic analysis for the Global Burden of Disease Study 
2013. Lancet (London, England) 385:117–171. https​://doi.
org/10.1016/S0140​-6736(14)61682​-2

	 4.	 Hansson GK (2005) Inflammation, atherosclerosis, and coro-
nary artery disease. N Engl J Med 352:1685–1695. https​://doi.
org/10.1056/NEJMr​a0434​30

	 5.	 Ridker PM, Everett BM, Thuren T et al (2017) Antiinflamma-
tory therapy with canakinumab for atherosclerotic disease. N 
Engl J Med 377:1119–1131. https​://doi.org/10.1056/NEJMo​
a1707​914

	 6.	 Hansson GK, Libby P (2006) The immune response in atheroscle-
rosis: a double-edged sword. Nat Rev Immunol 6:508–519. https​
://doi.org/10.1038/nri18​82

	 7.	 van Dijk RA, Duinisveld AJF, Schaapherder AF et al (2015) A 
change in inflammatory footprint precedes plaque instability: a 
systematic evaluation of cellular aspects of the adaptive immune 
response in human atherosclerosis. J Am Heart Assoc 4:e001403. 
https​://doi.org/10.1161/JAHA.114.00140​3

	 8.	 Lebedeva A, Vorobyeva D, Vagida M et al (2017) Ex vivo cul-
ture of human atherosclerotic plaques: a model to study immune 
cells in atherogenesis. Atherosclerosis 267:90–98. https​://doi.
org/10.1016/j.ather​oscle​rosis​.2017.10.003

	 9.	 Pirillo A, Garlaschelli K, Arca M et al (2017) Spectrum of muta-
tions in Italian patients with familial hypercholesterolemia: new 
results from the LIPIGEN study. Atheroscler Suppl 29:17–24. 
https​://doi.org/10.1016/j.ather​oscle​rosis​sup.2017.07.002

	10.	 Averna M, Cefalù AB, Casula M et al (2017) Familial hypercho-
lesterolemia: the Italian atherosclerosis society network (LIPI-
GEN). Atheroscler Suppl 29:11–16. https​://doi.org/10.1016/j.
ather​oscle​rosis​sup.2017.07.001

	11.	 Basta G (2008) Receptor for advanced glycation endproducts and 
atherosclerosis: from basic mechanisms to clinical implications. 
Atherosclerosis 196:9–21. https​://doi.org/10.1016/j.ather​oscle​
rosis​.2007.07.025

	12.	 Koyama H, Nishizawa Y (2010) AGEs/RAGE in CKD: irrevers-
ible metabolic memory road toward CVD? Eur J Clin Investig 
40:623–635. https​://doi.org/10.1111/j.1365-2362.2010.02298​.x

	13.	 Hofmann MA, Drury S, Fu C et al (1999) RAGE mediates a novel 
proinflammatory axis: a central cell surface receptor for S100/
calgranulin polypeptides. Cell 97:889–901

	14.	 Hofmann Bowman MA, Schmidt AM (2011) S100/calgranulins 
EN-RAGEing the blood vessels: implications for inflammatory 
responses and atherosclerosis. Am J Cardiovasc Dis 1:92–100

	15.	 Yang Z, Tao T, Raftery MJ et al (2001) Proinflammatory prop-
erties of the human S100 protein S100A12. J Leukoc Biol 
69:986–994

	16.	 Kosaki A, Hasegawa T, Kimura T et al (2004) Increased plasma 
S100A12 (EN-RAGE) levels in patients with type 2 Diabetes. J 
Clin Endocrinol Metab 89:5423–5428. https​://doi.org/10.1210/
jc.2003-03222​3

	17.	 Foell D, Kane D, Bresnihan B et al (2003) Expression of the 
pro-inflammatory protein S100A12 (EN-RAGE) in rheumatoid 
and psoriatic arthritis. Rheumatology 42:1383–1389. https​://doi.
org/10.1093/rheum​atolo​gy/keg38​5

	18.	 Gawdzik J, Mathew L, Kim G et al (2011) Vascular remodeling 
and arterial calcification are directly mediated by S100A12 (EN-
RAGE) in chronic kidney disease. Am J Nephrol 33:250–259. 
https​://doi.org/10.1159/00032​4693

https://doi.org/10.3109/10641968909035380
https://doi.org/10.1097/MOL.0000000000000330
https://doi.org/10.1097/MOL.0000000000000330
https://doi.org/10.1016/S0140-6736(14)61682-2
https://doi.org/10.1016/S0140-6736(14)61682-2
https://doi.org/10.1056/NEJMra043430
https://doi.org/10.1056/NEJMra043430
https://doi.org/10.1056/NEJMoa1707914
https://doi.org/10.1056/NEJMoa1707914
https://doi.org/10.1038/nri1882
https://doi.org/10.1038/nri1882
https://doi.org/10.1161/JAHA.114.001403
https://doi.org/10.1016/j.atherosclerosis.2017.10.003
https://doi.org/10.1016/j.atherosclerosis.2017.10.003
https://doi.org/10.1016/j.atherosclerosissup.2017.07.002
https://doi.org/10.1016/j.atherosclerosissup.2017.07.001
https://doi.org/10.1016/j.atherosclerosissup.2017.07.001
https://doi.org/10.1016/j.atherosclerosis.2007.07.025
https://doi.org/10.1016/j.atherosclerosis.2007.07.025
https://doi.org/10.1111/j.1365-2362.2010.02298.x
https://doi.org/10.1210/jc.2003-032223
https://doi.org/10.1210/jc.2003-032223
https://doi.org/10.1093/rheumatology/keg385
https://doi.org/10.1093/rheumatology/keg385
https://doi.org/10.1159/000324693


906	 Acta Diabetologica (2019) 56:899–906

1 3

	19.	 Yonekura H, Yamamoto Y, Sakurai S et al (2003) Novel splice 
variants of the receptor for advanced glycation end-products 
expressed in human vascular endothelial cells and pericytes, and 
their putative roles in diabetes-induced vascular injury. Biochem 
J 370:1097–1109. https​://doi.org/10.1042/BJ200​21371​

	20.	 Di Pino A, Mangiafico S, Urbano F et al (2017) HbA < inf > 1c 
</inf > identifies subjects with prediabetes and subclinical left 
ventricular diastolic dysfunction. J Clin Endocrinol Metab. https​
://doi.org/10.1210/jc.2017-00954​

	21.	 Ikonomidis I, Makavos G, Lekakis J (2015) Arterial stiffness 
and coronary artery disease. Curr Opin Cardiol 30:1. https​://doi.
org/10.1097/HCO.00000​00000​00017​9

	22.	 Scicali R, Di Pino A, Platania R et al (2018) Detecting familial 
hypercholesterolemia by serum lipid profile screening in a hos-
pital setting: Clinical, genetic and atherosclerotic burden profile. 
Nutr Metab Cardiovasc Dis. https​://doi.org/10.1016/j.numec​
d.2017.07.003

	23.	 Nordestgaard BG, Chapman MJ, Humphries SE et al (2013) 
Familial hypercholesterolaemia is underdiagnosed and under-
treated in the general population: guidance for clinicians to pre-
vent coronary heart disease: consensus statement of the European 
Atherosclerosis Society. Eur Heart J 34:3478–90a. https​://doi.
org/10.1093/eurhe​artj/eht27​3

	24.	 Stone NJ, Robinson JG, Lichtenstein AH et al (2014) 2013 ACC/
AHA guideline on the treatment of blood cholesterol to reduce 
atherosclerotic cardiovascular risk in adults. J Am Coll Cardiol 
63:2889–2934. https​://doi.org/10.1016/j.jacc.2013.11.002

	25.	 Ryan H, Trosclair A, Gfroerer J (2012) Adult current smoking: 
differences in definitions and prevalence estimates—NHIS and 
NSDUH, 2008. J Environ Public Health 2012:918368. https​://doi.
org/10.1155/2012/91836​8

	26.	 International Federation of Clinical Chemistry and Laboratory 
Medicine, IFCC Scientific Division IF of C, Mosca A, Goodall I 
et al (2007) Global standardization of glycated hemoglobin meas-
urement: the position of the IFCC working group. Clin Chem Lab 
Med 45:1077–1080. https​://doi.org/10.1515/CCLM.2007.246

	27.	 Di Pino A, Currenti W, Urbano F et al (2017) High intake of die-
tary advanced glycation end-products is associated with increased 
arterial stiffness and inflammation in subjects with type 2 diabe-
tes. Nutr Metab Cardiovasc Dis. https​://doi.org/10.1016/j.numec​
d.2017.06.014

	28.	 Mori Y, Kosaki A, Kishimoto N et al (2009) Increased plasma 
S100A12 (EN-RAGE) levels in hemodialysis patients with athero-
sclerosis. Am J Nephrol 29:18–24. https​://doi.org/10.1159/00014​
8646

	29.	 Di Pino A, Urbano F, Zagami RM et al (2016) Low endogenous 
secretory receptor for advanced glycation end-products levels are 
associated with inflammation and carotid atherosclerosis in pre-
diabetes. J Clin Endocrinol Metab 101:1701–1709. https​://doi.
org/10.1210/jc.2015-4069

	30.	 Scicali R, Giral P, Gallo A et al (2016) HbA1c increase is associ-
ated with higher coronary and peripheral atherosclerotic burden 

in non diabetic patients. Atherosclerosis 255:102–108. https​://doi.
org/10.1016/j.ather​oscle​rosis​.2016.11.003

	31.	 Ross R (1999) Atherosclerosis—an inflammatory disease. N Engl 
J Med 340:115–126. https​://doi.org/10.1056/NEJM1​99901​14340​
0207

	32.	 Menini S, Iacobini C, Ricci C et al (2013) The galectin-3/RAGE 
dyad modulates vascular osteogenesis in atherosclerosis. Cardio-
vasc Res 100:472–480. https​://doi.org/10.1093/cvr/cvt20​6

	33.	 Mollazadeh H, Carbone F, Montecucco F et al (2018) Oxidative 
burden in familial hypercholesterolemia. J Cell Physiol. https​://
doi.org/10.1002/jcp.26466​

	34.	 Scicali R, Di Pino A, Ferrara V et al (2018) New treatment options 
for lipid-lowering therapy in subjects with type 2 diabetes. Acta 
Diabetol. https​://doi.org/10.1007/s0059​2-017-1089-4

	35.	 Benn M, Watts GF, Tybjaerg-Hansen A, Nordestgaard BG (2012) 
Familial hypercholesterolemia in the danish general population: 
prevalence, coronary artery disease, and cholesterol-lowering 
medication. J Clin Endocrinol Metab 97:3956–3964. https​://doi.
org/10.1210/jc.2012-1563

	36.	 Ligthart S, Sedaghat S, Ikram MA et al (2014) EN-RAGE: a novel 
inflammatory marker for incident coronary heart disease. Arterio-
scler Thromb Vasc Biol 34:2695–2699. https​://doi.org/10.1161/
ATVBA​HA.114.30430​6

	37.	 Nowak C, Carlsson AC, Östgren CJ et al (2018) Multiplex pro-
teomics for prediction of major cardiovascular events in type 2 
diabetes. Diabetologia 61:1748–1757. https​://doi.org/10.1007/
s0012​5-018-4641-z

	38.	 Di Pino A, Scicali R, Calanna S et al (2014) Cardiovascular risk 
profile in subjects with prediabetes and new-onset type 2 diabetes 
identified by HbA1c according to american diabetes association 
criteria. Diabetes Care 37:1447–1453. https​://doi.org/10.2337/
dc13-2357

	39.	 Quade-Lyssy P, Kanarek AM, Baiersdörfer M et al (2013) Statins 
stimulate the production of a soluble form of the receptor for 
advanced glycation end products. J Lipid Res 54:3052–3061. https​
://doi.org/10.1194/jlr.M0389​68

	40.	 Ridker PM, Danielson E, Fonseca FA et al (2009) Reduction in 
C-reactive protein and LDL cholesterol and cardiovascular event 
rates after initiation of rosuvastatin: a prospective study of the 
JUPITER trial. Lancet (London, England) 373:1175–1182. https​
://doi.org/10.1016/S0140​-6736(09)60447​-5

	41.	 Scicali R, Rosenbaum D, Di Pino A et al (2018) An increased 
waist-to-hip ratio is a key determinant of atherosclerotic burden in 
overweight subjects. Acta Diabetol. https​://doi.org/10.1007/s0059​
2-018-1144-9

Publisher’s Note  Springer Nature remains neutral with regard to 
jurisdictional claims in published maps and institutional affiliations.

https://doi.org/10.1042/BJ20021371
https://doi.org/10.1210/jc.2017-00954
https://doi.org/10.1210/jc.2017-00954
https://doi.org/10.1097/HCO.0000000000000179
https://doi.org/10.1097/HCO.0000000000000179
https://doi.org/10.1016/j.numecd.2017.07.003
https://doi.org/10.1016/j.numecd.2017.07.003
https://doi.org/10.1093/eurheartj/eht273
https://doi.org/10.1093/eurheartj/eht273
https://doi.org/10.1016/j.jacc.2013.11.002
https://doi.org/10.1155/2012/918368
https://doi.org/10.1155/2012/918368
https://doi.org/10.1515/CCLM.2007.246
https://doi.org/10.1016/j.numecd.2017.06.014
https://doi.org/10.1016/j.numecd.2017.06.014
https://doi.org/10.1159/000148646
https://doi.org/10.1159/000148646
https://doi.org/10.1210/jc.2015-4069
https://doi.org/10.1210/jc.2015-4069
https://doi.org/10.1016/j.atherosclerosis.2016.11.003
https://doi.org/10.1016/j.atherosclerosis.2016.11.003
https://doi.org/10.1056/NEJM199901143400207
https://doi.org/10.1056/NEJM199901143400207
https://doi.org/10.1093/cvr/cvt206
https://doi.org/10.1002/jcp.26466
https://doi.org/10.1002/jcp.26466
https://doi.org/10.1007/s00592-017-1089-4
https://doi.org/10.1210/jc.2012-1563
https://doi.org/10.1210/jc.2012-1563
https://doi.org/10.1161/ATVBAHA.114.304306
https://doi.org/10.1161/ATVBAHA.114.304306
https://doi.org/10.1007/s00125-018-4641-z
https://doi.org/10.1007/s00125-018-4641-z
https://doi.org/10.2337/dc13-2357
https://doi.org/10.2337/dc13-2357
https://doi.org/10.1194/jlr.M038968
https://doi.org/10.1194/jlr.M038968
https://doi.org/10.1016/S0140-6736(09)60447-5
https://doi.org/10.1016/S0140-6736(09)60447-5
https://doi.org/10.1007/s00592-018-1144-9
https://doi.org/10.1007/s00592-018-1144-9

	Analysis of S100A12 plasma levels in hyperlipidemic subjects with or without familial hypercholesterolemia
	Abstract
	Aims 
	Methods 
	Results 
	Conclusions 

	Introduction
	Methods
	Study design and population
	Biochemical analysis
	Pulse wave velocity evaluation
	Statistical analysis

	Results
	Discussion
	Acknowledgements 
	References




