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Cardiovascular diseases (CVD) are initiated by endo-
thelial dysfunction and resultant expression of adhe-

sion molecules for inflammatory cells.1–3 Inflammatory 
cells secrete cytokines/chemokines and growth factors and 
promote CVD.4 Additionally, vascular cells themselves 
produce and secrete several factors, some of which can 
be useful for the early diagnosis and evaluation of disease 
severity of CVD.5–7 Among vascular cells, abundant vascular 
smooth muscle cells (VSMCs) secrete a variety of humoral 
factors that affect vascular functions in an autocrine/para-
crine manner.8,9 Among these factors, we reported that CyPA 
(cyclophilin A) is secreted mainly from VSMCs in response 
to Rho-kinase activation and excessive reactive oxygen spe-
cies (ROS).10–12 Additionally, extracellular CyPA augments 
ROS production, damages vascular functions,13 and pro-
motes CVD.8,14–24 Importantly, a recent study in ATVB dem-
onstrated that ambient air pollution increases serum levels 
of inflammatory cytokines.25 Moreover, Bell et al26 reported 
an association of air pollution exposure with high-density 
lipoprotein (HDL) cholesterol and particle number. In a 
large, multiethnic cohort study of men and women free of 
prevalent clinical CVD, they found that higher concentra-
tions of PM2.5 over a 3-month time period was associated 
with lower HDL particle number, and higher annual concen-
trations of black carbon were associated with lower HDL 
cholesterol. Together with the authors’ previous work on 
biomarkers of oxidative stress, they provided evidence for 
potential pathways that may explain the link between air 
pollution exposure and acute cardiovascular events.25,26 The 
objective of this review is to highlight the novel research in 
the field of biomarkers for CVD.

Biomarkers for Atherosclerosis  
(Coronary Artery Disease)

Endothelial dysfunction induces the development of ath-
erosclerotic disease.3,27,28 In the maintenance of endothelial 
function and vascular homeostasis, AMPK (AMP-activated 
protein kinase) and its downstream signaling of endothe-
lial NO synthase play crucial roles in regulating the appro-
priate levels of blood pressure.29 In contrast, risk factors for 

atherosclerosis, such as hypertension, dyslipidemia, smok-
ing, and diabetes mellitus, deteriorate endothelial function, 
upregulate adhesion molecules, induce inflammatory cell 
migration, and activate VSMCs, promoting the development 
of atherosclerosis.11,12 One common mechanism for the dete-
rioration of vascular function is augmented ROS production 
in vascular tissues.10,12,30 As mentioned above, we previously 
demonstrated that CyPA can be secreted by oxidative stress, 
and extracellular CyPA stimulates endothelial cells to induce 
adhesion molecules,17 apoptosis,21 and inflammatory cell 
migration.9 Moreover, in vivo studies demonstrated that CyPA 
promotes the development of intimal thickening,17 abdominal 
aortic aneurysms,19 atherosclerosis,21 cardiac hypertrophy,22 
and pulmonary hypertension (PH).23 Further translational 
research showed that plasma levels of CyPA were significantly 
increased in patients with coronary artery disease (CAD).8 
Thus, circulating CyPA can be useful as a novel biomarker 
for patients with CAD.12 Mechanistically, CyPA participates 
in lipid uptake by affecting scavenger receptors during fatty 
streak formation.21 Additionally, the incidence of all-cause 
death, rehospitalization, and revascularization was higher in 
patients with higher plasma CyPA levels than in those with 
lower plasma levels.24 In this study, combining other biomark-
ers, such as hsCRP (high-sensitivity C-reactive protein) and 
BNP (brain natriuretic peptide), further enhanced the prognos-
tic impacts of CyPA in patients with CAD. Conversely, several 
biomarkers have been reported in recent publications in ATVB 
(Table  1). Chen et al31 reported that lower plasma levels of 
fetuin-A (α-2-AHSG [α-2-heremans-schmid glycoprotein]) 
are associated with a higher mortality risk in patients with 
CAD. Fetuin-A is the most important inhibitor of calcifica-
tion and a factor linked with cardiovascular mortality.31 Here, 
they revealed that patients with higher plasma fetuin-A levels 
had lower risks of all-cause and CVD mortality.31 In addi-
tion, Saita et al32 reported that plasma soluble endoglin lev-
els were inversely associated with the severity of CAD. Here, 
they reported that plasma soluble endoglin levels were low in 
patients with stable CAD, especially those with 3-vessel dis-
ease. Then, Caselli et al33 evaluated the relative effects of both 
coronary atherosclerosis and myocardial ischemia on cardiac 
release of high-sensitivity cardiac troponin T and NT-proBNP 
(N-terminal pro-B-type natriuretic peptide) in patients with 
stable CAD. In this study, they showed that circulating levels 
of high-sensitivity cardiac troponin T were related to the pres-
ence and extent of coronary lesions and coronary plaque com-
position. Moreover, circulating levels of NT-proBNP were 
mainly related with the presence of functionally relevant cor-
onary disease that causes myocardial ischemia.33 Conversely, 
Gill et al34 reported the effect of iron status on risk of CAD. 
In this study, the authors showed a protective effect of higher 
iron levels on the risk of CAD. Finally, Doi et al35 reported 

From the Department of Cardiovascular Medicine, Tohoku University 
Graduate School of Medicine, Sendai, Japan.

Correspondence to Hiroaki Shimokawa, MD, PhD, Department 
of Cardiovascular Medicine, Tohoku University Graduate School of 
Medicine, 1-1 Seiryo-machi, Aoba-ku, Sendai 980-8574, Japan. E-mail 
shimo@cardio.med.tohoku.ac.jp

Recent Advances in the Development  
of Cardiovascular Biomarkers

Kimio Satoh, Hiroaki Shimokawa

(Arterioscler Thromb Vasc Biol. 2018;38:e61-e70. 
DOI: 10.1161/ATVBAHA.118.310226.)

© 2018 American Heart Association, Inc.

Arterioscler Thromb Vasc Biol is available at http://atvb.ahajournals.org 
DOI: 10.1161/ATVBAHA.118.310226

Recent Highlights of ATVB

D
ow

nloaded from
 http://ahajournals.org by on N

ovem
ber 7, 2018

mailto:shimo@cardio.med.tohoku.ac.jp


e62    Arterioscler Thromb Vasc Biol    May 2018

that coronary artery ectasia predicts future cardiac events in 
patients with acute myocardial infarction. They demonstrated 
that 3% of patients with acute myocardial infarction harbored 
coronary artery ectasia. Moreover, patients with coronary 
artery ectasia more frequently developed nonfatal myocardial 
infarction and cardiac death.35 Thus, they concluded that coro-
nary artery ectasia is an important morphological character-
istic of CAD that causes cardiac events. In addition to these 
biomarkers in CAD, we have demonstrated the importance 
of several biomarkers, including Rho-kinase for vasospastic 
angina36–38 and serotonin for microvascular angina.39

Biomarkers for Atherosclerosis  
(Other Than CAD)

Key mechanisms in abdominal aortic aneurysm formation 
include VSMC senescence, oxidative stress, local proinflam-
matory cytokine production, and increased matrix metal-
loproteinase activity, all of which degrade the extracellular 
matrix.19 Here, CyPA also plays a crucial role in the devel-
opment of aortic aneurysms and can be a novel therapeutic 
target.12,40 Besides CyPA, several factors have been proposed 
as possible biomarkers for types of atherosclerosis other than 
CAD. Leung et al41 reported that blood pressure and heart rate 
measures were associated with increased risk of silent cere-
bral infarction and worsening leukoaraiosis in elderly adults. 
This study provided evidence that systolic hypertension is 
associated with increased risk for silent cerebral infarction 
and diastolic hypertension is associated with increased risk for 
leukoaraiosis. Thus, these findings suggest a need to reevalu-
ate the balance of benefits and risks of controlling systolic 
and diastolic hypertension in elderly adults. Then, Lin et al42 
reported that endogenous cholesterol excretion is negatively 
associated with carotid intima–media thickness in humans. 
The authors showed that fecal excretion of endogenous cho-
lesterol (the principal pathway of cholesterol elimination in 
humans) is negatively correlated with carotid intima–media 
thickness. Additionally, Yu et al reported that mitochondrial 
respiration is reduced in atherosclerosis, promoting necrotic 
core formation and reducing relative fibrous cap thickness. 
This study suggested that preventing the mitochondrial DNA 
damage and dysfunction seen in atherosclerosis is important 
in modulating plaque composition. Conversely, Nguyen et 
al43 reported that extracellular vesicles secreted by athero-
genic macrophages transfer microRNA to inhibit cell migra-
tion. Moreover, Heffron et al44 showed that greater frequency 
of fruit and vegetable consumption is associated with lower 
prevalence of peripheral artery disease. Their adjusted analy-
ses demonstrated a stepwise reduction in odds for peripheral 
artery disease with increasing consumption of fruit and veg-
etable. Notably, this association was restricted to people who 
were current or former cigarette smokers.44 Goettsch et al45 
reported that serum levels of sortilin are associated with aor-
tic calcification and cardiovascular risk in men. Their study 
demonstrated that high serum sortilin levels associate with 
increased risk for major adverse cardiac event and stroke after 
adjustment for multiple relevant confounders, including CRP, 
total cholesterol, and low-density lipoprotein (LDL) choles-
terol in older men, suggesting a cholesterol-independent role 
of sortilin in CVD.45 Conversely, He et al46 reported that serum 
levels of HMGB2 (high-mobility group box 2) are associ-
ated with in-stent restenosis. They demonstrated an asso-
ciation between HMGB2 and in-stent restenosis in patients. 
Furthermore, Small et al47 recently reported on the biomarkers 
of calcific aortic valve disease. Potential use of such biomark-
ers in calcific aortic valve disease includes screening for early 
aortic valvular disease and identifying patients who are most 
likely to progress to severe disease. Havulinna et al48 reported 
that circulating ceramides predict cardiovascular outcomes in 
the population-based FINRISK 2002 cohort. The ceramide 
analysis of the FINRISK cohort showed that distinct ceramide 

Table 1.  Summary of Biomarkers in Vascular Inflammation

Types of Vascular 
Diseases Biomarker Reference

Atherosclerosis (CAD) Cyclophilin A 8,24

Fetuin-A 31

Soluble endoglin 32

Cardiac troponin T 33

Iron status 34

Coronary artery ectasia 35

Rho-kinase 36–38

Serotonin 39

Atherosclerosis (other 
than CAD)

Endogenous cholesterol 
excretion

42

mtDNA damage and dysfunction 43

Sortilin 44

High-mobility group box 2 46

Ceramides 48

Total bilirubin 49

Ferritin 50

Pulmonary arterial 
hypertension

Cyclophilin A 23

Acetylated cyclophilin A 64

Basigin 23

Other vascular 
inflammation

vWF and ADAMTS13 71

Fibroblast growth factor 12 72

ANGPTL2 73

IL-1RA 75

Uric acid and acute-phase 
reactants

76

Fatty acid–binding protein 4 77

Retinol-binding protein 4 77

High-molecular-weight 
adiponectin

77

FADD 78

Caspase-3 78

Caspase-8 78

ADAMTS13 indicates a disintegrin and metalloproteinase with thrombospondin 
motifs 13; ANGPTL2, angiopoietin-like protein 2; CAD, coronary artery disease; 
FADD, Fas-associated death domain–containing protein; IL-1RA, interleukin-1 
receptor antagonist; mtDNA, mitochondrial DNA; and vWF, von Willebrand factor.

D
ow

nloaded from
 http://ahajournals.org by on N

ovem
ber 7, 2018



Satoh and Shimokawa    Biomarkers for Cardiovascular Diseases    e63

species are associated with major cardiovascular events at the 
population level. The relatively strong univariate associations 
of ceramides with fatal events suggested that ceramides may 
play a role in the rupture of atherosclerotic plaques.48 Amor et 
al49 reported a relationship between total serum bilirubin lev-
els and carotid and femoral atherosclerosis in familial dyslip-
idemia. This study showed that, in participants with familial 
dyslipidemia, total bilirubin levels were inversely associated 
with carotid and femoral atherosclerosis, independent of other 
classical and nonclassical cardiovascular risk factors or hypo-
lipidemic drug treatment. Finally, Prats-Puig et al50 reported 
that serum levels of ferritin are related with carotid intima–
media thickness in the offspring of fathers with higher serum 
ferritin levels. The findings of this study indicate that circu-
lating ferritin levels are associated with carotid intima–media 
thickness in healthy children. Furthermore, the association 
between the level of ferritin in children and the change in 
carotid intima–media thickness was highly significant in chil-
dren whose fathers had higher ferritin levels.50

Biomarkers for Pulmonary  
Arterial Hypertension

Pulmonary arterial hypertension (PAH) is categorized as 
group I of PH World Health Organization clinical classifi-
cation system. In addition to genetic backgrounds, environ-
mental factors are substantially involved in the development 
of PAH.51 Pulmonary artery smooth muscle cells (PASMCs) 
of patients with PAH have the unique characteristic of exces-
sive proliferation, which is markedly different from those of 
healthy controls. Pulmonary artery endothelial cells contrib-
ute to pulmonary vascular homeostasis, and deterioration ini-
tiates the development of PAH.7,51,52 Indeed, we have revealed 
a protective role of the endogenous Epo (erythropoietin)/
EpoR (Epo receptor) system against the development of PH.14 
This system also plays a crucial role in the functional recovery 
of ischemic heart15 and ischemic lower limb,16 demonstrating 
the importance of endothelial function and homeostasis.53,54 
However, excessive Epo (exogenous Epo administration) did 
not show beneficial effects, with conflicting results among sev-
eral CVD studies.55–57 These conflicting results may suggest 
the opposing mechanistic roles of Epo in the cardiovascular 
system.58 Here, Epo production is regulated by hypoxia-induc-
ible factor-1-α, which also regulates the transcription of many 
other proteins.30 Moreover, the Epo-mediated increase in cir-
culating erythrocytes enhances oxygen supply but results in 
higher oxidative stress.30 Oxidative stress induces endothelial 
dysfunction, PASMC proliferation, and vascular inflamma-
tion, all of which promotes the development of PAH.30,59–61 
As mentioned before, extracellular CyPA augments oxidative 
stress in cardiovascular tissue.10 Rho-kinase has a crucial role 
in the secretion of CyPA from VSMCs.4,7 Moreover, Rho-
kinase was substantially involved in the development of PH 
in mice and humans.51,60–62 Indeed, Karoor et al63 reported that 
sustained activation of Rho GTPases promotes a synthetic 
PASMC phenotype in neprilysin knockout mice. Moreover, 
extracellular CyPA and its receptor, Bsg (basigin), played 
a crucial role in hypoxia-induced PH by inducing growth 
factor secretion, inflammation, and VSMC proliferation.23 

Importantly, a recent study in ATVB by Xue et al64 further 
demonstrated that extracellular CyPA, especially acetylated 
CyPA, causes PH by stimulating endothelial apoptosis, redox 
stress, and inflammation. Clinically, plasma CyPA levels were 
significantly elevated and predicted poor outcomes in patients 
with PAH.23 Besides CyPA, recent studies have revealed novel 
pathogenic proteins that can be useful biomarkers for patients 
with PAH.65–67 Additionally, the development of imaging 
techniques enabled a more precise evaluation of pulmonary 
arterial remodeling in patients with PAH.68,69 Moreover, drug 
repositioning is the process of discovering, validating, and 
marketing previously approved drugs for new indications. 
Here, we found that pravastatin and metformin ameliorate 
hypoxia-induced PH in animals.18,52 Conversely, Meloche et 
al70 showed inflammation and epigenetic readers in coronary 
artery remodeling in patients with PAH. Importantly, they 
explored coronary abnormalities at the cellular and molecu-
lar level in patients with PAH. Interestingly, they observed 
that BRD4 (bromodomain-containing protein 4), which 
is increased in the lungs of patients with PAH, is strongly 
expressed in their coronary arteries.70 Moreover, they showed 
that the coronary arteries of patients with PAH had greater 
wall thickness, exhibited increased inflammation, sustained 
DNA damage, and had significantly more BRD4-expressing 
cells.

Biomarkers for Vascular Inflammation  
and Growth Factors

There are several important publications on novel biomarkers 
in the recent issues of ATVB. First, Sonneveld et al71 reported 
the effect of vWF (von Willebrand factor) and a disinteg-
rin and metalloproteinase with a thrombospondin motifs 13 
(ADAMTS13) on the risk of mortality. In this large prospec-
tive cohort study, ADAMTS13 activity and vWF:Ag levels 
were associated with an increased risk of mortality, especially 
cardiovascular mortality. These risks were independent of 
prevalent CVD and established cardiovascular risk factors. 
Additionally, Song et al72 reported that FGF12 (fibroblast 
growth factor 12) is a novel regulator of VSMC plasticity and 
fate. In this study, they identified FGF12 as a novel master 
regulator of VSMC plasticity and fate. By performing both in 
vitro and in vivo experiments, they observed that FGF12 was 
necessary and sufficient for inducing phenotype switching of 
VSMCs into the quiescent and contractile states.72 Additionally, 
Hata et al73 reported that serum ANGPTL2 (angiopoietin-like 
protein 2) is a novel risk factor for CVD in the community 
(the Hisayama study). They demonstrated that the risk for the 
development of CVD increased significantly with elevating 
serum ANGPTL2 levels. Januzzi et al74 reported the associa-
tion between circulating proneurotensin concentrations and 
CVD events in the community (the Framingham Heart Study). 
The principal findings of this analysis were that concentra-
tions of proneurotensin were associated cross-sectionally with 
a more deleterious cardiometabolic phenotype, and they were 
prospectively associated with incident cardiovascular events 
in the population, independently of LDL concentrations.

Then, Herder et al75 reported on circulating levels of 
IL-1RA (interleukin-1 receptor antagonist) and risk of CVD. 
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Their study showed that CVD risk increased by 11% per 
1-SD increase in serum IL-1RA based on data from >20 000 
study participants from 6 population-based cohort studies. 
Additionally, the association between IL-1RA and CVD risk 
was partially explained by biomarkers of subclinical inflam-
mation, oxidative stress, and cell adhesion.75 Spiga et al76 
also reported that uric acid is associated with inflammatory 
biomarkers and induces inflammation via activation of the 
NF-κB (nuclear factor-κB) signaling pathway in HepG2 cells. 
In this study, they reported a positive relationship between 
serum uric acid and acute-phase reactants, such as hsCRP, 
fibrinogen, ferritin, complement C3, and erythrocyte sedimen-
tation rate. Importantly, the relationship remained significant 
after adjustment for several confounders potentially affect-
ing either serum uric acid or inflammatory biomarkers lev-
els, including age, sex, adiposity, antihypertensive treatments, 
and diuretic use. Importantly, they provided evidence that uric 
acid induces a proinflammatory effect through the NF-κB sig-
naling pathway.76 Moreover, Liu et al77 reported on the role of 
plasma levels of FABP4 (fatty acid–binding protein 4), RBP4 
(retinol-binding protein 4), and high-molecular-weight adipo-
nectin on cardiovascular mortality in men with type 2 diabetes 
mellitus. In their prospective study, they found a significant 
association between elevated levels of FABP4 and increased 
total and CVD mortality. Finally, Xue et al78 reported the 
role of FADD (fas-associated death domain–containing pro-
tein), caspase-3, and caspase-8 for the incidence of coronary 
events. They demonstrated that activation of apoptosis signal-
ing through the Fas receptor is associated with a release of 
the intracellular apoptosis signaling components FADD, cas-
pase-8, and caspase-3 into the extracellular compartment, sug-
gesting that they represent possible biomarkers of apoptotic 
activity. In a population-based cohort, they demonstrated an 
association between the incidence of coronary events and high 
levels of FADD and caspase-8, but not caspase-3, at baseline 
levels. They concluded that an increased rate of apoptosis, as 
represented by a high expression of FADD and caspase-8 in 
the blood, was associated with an increased incidence of coro-
nary events.78

Biomarkers for Lipid Metabolism
In the field of lipid metabolism, there are several impor-
tant recent publications in the ATVB journal (Table  2). 
First, Moriarty et al79 reported that lipoprotein(a) mass 
levels increase significantly according to APOE genotype. 
They documented that APOE isoforms strongly influence 
lipoprotein(a) mass levels, with a 65% increase in ε4/ε4 
compared with ε2/ε2 genotypes. Consistent with this, 
lipoprotein(a) cholesterol levels were also increased accord-
ing to APOE genotypes. Additionally, Bajaj et al80 reported 
the associations between lipoprotein(a) and risk of myo-
cardial infarction and death in patients with chronic kidney 
disease Their study offered substantial evidence for the asso-
ciation between elevated lipoprotein(a) and adverse outcomes 
in a large and diverse cohort of patients with chronic kidney 
disease. Findings from the analyses also showed that, with 
increasing severity of renal disease at baseline, lipoprotein(a) 
levels were progressively higher.80 Moreover, Kim et al81 
reported that variability in total cholesterol is associated 

with the risk of end-stage renal disease. In this nationwide 
population-based cohort study, they demonstrated that total 
cholesterol variability was associated with a higher risk for 
end-stage renal disease development. The association per-
sisted after multivariable adjustment for important potential 
confounders, including baseline estimated glomerular filtra-
tion rate, proteinuria, and underlying diseases. These results 
add to the evidence that total cholesterol variability is a risk 
factor for end-stage renal disease, as well as for myocardial 
infarction, stroke, and all-cause mortality.81

Rydén et al82 reported that subcutaneous adipocyte lipoly-
sis contributes to circulating lipid levels. This study sheds new 
light on the role of subcutaneous fat cell lipolysis in influ-
encing circulating lipid levels. Furthermore, the influence of 
adipocyte lipolysis was only important for plasma HDL cho-
lesterol and triglycerides. Importantly, the observed relation-
ships were independent of classical risk factors influencing 
plasma lipids, such as sex, age, body mass index, body shape, 

Table 2.  Summary of Biomarkers in Other Cardiovascular 
Systems

Types of 
Cardiovascular 
Systems Biomarker Reference

Lipid metabolism Lipoprotein(a) 79,80

Variability in total cholesterol 81

Subcutaneous adipocyte lipolysis 82

MDA-LDL and apoB-immune complexes 83

Apolipoprotein B-100 autoantibodies 84

Anti-apoA-1 IgG 85

IgM-p45MDA autoantibodies 84

IgG-p210 native autoantibodies 84

Apolipoprotein C-III 86

ApoM/S1P complex 87

Remnant cholesterol 88

Non-HDL cholesterol/triglycerides 89

Cholesterol efflux capacity 91

Coagulation and 
fibrinolysis system

TAFI 92,93

Minor allele CPB2 92

Factor IXa activity 102

D-dimer 103

STXBP5 104

Heart failure BNP, NT-proBNP, ANP 105,106

Rho-kinase 62,108

Cyclophilin A 22

Basigin 23,110

Nonfasting triglycerides/LDL cholesterol 117

ANP indicates atrial natriuretic peptide; apoM, apolipoprotein M; BNP, brain 
natriuretic peptide; HDL, high-density lipoprotein; LDL, low-density lipoprotein; 
MDA-LDL, malondialdehyde-modified LDL; NT-proBNP, N-terminal pro-B-type 
natriuretic peptide; S1P, sphingosine-1-phosphate; STXBP5, syntaxin-binding 
protein 5; and TAFI, thrombin-activatable fibrinolysis inhibitor.
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use of nicotine, treatment of hypertension, diabetes mellitus, 
or hyperlipidemia, and fat cell size.82 Conversely, Prasad et al83 
reported an interesting relationship of autoantibodies to malo-
ndialdehyde-modified LDL and apoB-immune complexes to 
sex, ethnicity, subclinical atherosclerosis, and cardiovascular 
events. Additionally, Björkbacka et al84 reported that low lev-
els of apolipoprotein B-100 autoantibodies are associated with 
an increased risk of coronary events. Moreover, Antiochos et 
al85 showed the impact of CD14 polymorphisms on antiapo-
lipoprotein A-1 IgG-related CAD prediction in the general 
population. The main finding of their study is that anti-apoA-1 
IgG is independently associated with nonfatal incident CAD 
in the general population. This Swedish prospective popula-
tion-based study including 5393 white individuals currently 
represents the largest study investigating the role of autoanti-
bodies recognizing apoB-100 peptides in CVD. Additionally, 
the IgM-p45 malondialdehyde-modified and the IgG-p210 
native autoantibodies, respectively, demonstrated independent 
association with lower risk for future coronary events.84 These 
recent studies determined that these autoantibody levels can 
predict risk of future cardiovascular events in individuals of 
the general community.

van Capelleveen et al86 reported on apolipoprotein C-III 
levels and incident CAD risk. Their study demonstrated that 
elevated apolipoprotein C-III levels are associated with a sig-
nificantly increased risk of CAD. Furthermore, the risk of 
elevated apolipoprotein C-III levels was strongly associated 
with several parameters of triglyceride-rich lipoprotein, small 
LDL particles, and inflammation. Frej et al87 reported that a 
shift in apoM (apolipoprotein M)/sphingosine-1-phosphate 
between HDL particles in women with type 1 diabetes mel-
litus is associated with impaired anti-inflammatory effects 
of the apoM/sphingosine-1-phosphate complex. Here, they 
showed that light-density HDL particles are less anti-inflam-
matory than denser HDL particles in both patients with type 1 
diabetes mellitus and healthy controls. In addition, they found 
that when the apoM/sphingosine-1-phosphate complex is 
located on light HDL particles, it loses its inhibitory effects on 
the expression of proinflammatory adhesion molecules on the 
endothelial surface. Finally, they concluded that patients with 
type 1 diabetes mellitus have increased amounts of lighter 
density HDL particles and hence have more ineffective HDL 
with respect to apoM/sphingosine-1-phosphate functionality.87 
Bernelot Moens et al88 reported that remnant cholesterol elic-
its arterial wall inflammation and a multilevel cellular immune 
response in humans. Puri et al89 reported the roles of non-HDL 
cholesterol and triglycerides in coronary atheroma progres-
sion and clinical events. Their study is the first to demonstrate 
that coronary disease progression is more tightly linked with 
changes in non-HDL cholesterol compared with those in LDL 
cholesterol and that on-treatment triglyceride levels are asso-
ciated with coronary atheroma progression, especially when 
these levels exceed 200 mg/dL. Moreover, lowered non-HDL 
cholesterol and triglyceride levels significantly modulated 
plaque progression. They concluded that their findings pro-
vide mechanistic support for the possible roles of non-HDL 
cholesterol and triglycerides to more definitively emerge as 
future therapeutic targets, especially in statin-treated patients 
requiring secondary prevention.89

Kockx et al90 reported on the LDLr (LDL receptor)–
dependent and LDLr-independent mechanisms of cyclosporin 
A (CsA)-induced dyslipidemia. They demonstrated that CsA-
induced dyslipidemia does not require inhibition of the LDLr 
or the presence of a high-fat Western diet. This study identi-
fied a complex interaction among CsA, lipoprotein clearance 
pathways, and the LDLr. Thus, LDLr deficiency seems to be 
permissive for CsA-induced hyperlipidemia. Treatment with 
CsA markedly increased plasma cholesterol and triglyceride 
levels in chow-fed Ldlr−/− mice, and this was associated with 
a marked increase in plasma very-low-density lipoprotein and 
intermediate-density lipoprotein/LDL levels, decreased lipoly-
sis, hepatic lipoprotein clearance, and increased plasma PCSK9 
(proprotein convertase subtilisin/kexin type 9) levels.90 Finally, 
Ogura et al91 reported an association between cholesterol efflux 
capacity and atherosclerotic CVD in patients with familial 
hypercholesterolemia. The main finding of their study was 
that decreased cholesterol efflux capacity was associated with 
increased risk of cardiovascular events, even in statin-treated 
patients with familial hypercholesterolemia. In addition, they 
found that patients with corneal arcus had lower cholesterol 
efflux capacity after adjustment for age and sex. Additionally, 
there was an inverse association of cholesterol efflux capac-
ity with Achilles tendon thickness and carotid intima–media 
thickness after adjustment for age, sex, and traditional cardio-
vascular risk factors. However, these associations diminished 
after additional adjustment for HDL or ApoA-1.91

Biomarkers for Coagulation  
and Fibrinolysis System

In addition to PAH, we have recently demonstrated that 
thrombin-activatable fibrinolysis inhibitor (TAFI) is a novel 
biomarker for patients with chronic thromboembolic PH 
(CTEPH).92,93 CTEPH is categorized as group IV of PH by 
World Health Organization classification.94–97 The emergence 
of balloon pulmonary angioplasty significantly improved the 
prognosis of patients with CTEPH, which is a serious disor-
der causing severe right ventricular failure and death.98–101 The 
main feature of CTEPH is obstruction of pulmonary arter-
ies by organized thrombi.94,98 Because the pathogenesis of 
CTEPH has been unclear for a long time, we have attempted 
to find a key molecule to elucidate the pathogenesis of this 
disorder. Here, we found that plasma levels of TAFI were 
significantly elevated in CTEPH patients and were unaltered 
even after hemodynamic improvement.92,93 Additionally, 
the levels of TAFI released from platelets were increased in 
CTEPH patients. Taken together, these results indicate that 
TAFI is substantially involved in the resistance to thrombus 
fibrinolysis in CTEPH patients. Additionally, we found the 
minor allele CPB2 in CTEPH patients compared with gen-
eral population.92 Moreover, plasma levels of activated TAFI 
(aTAFI) were negatively correlated with clot lysis time in 
CTEPH patients.92 Thus, to evaluate the effects of aTAFI 
inhibition, we performed in silico screening using the Life 
Science Knowledge Bank database and found several aTAFI 
inhibitors, and one of them ameliorated the development of 
PH in mice.93 Additionally, we found that PPAR-α (peroxi-
some proliferator–activated receptor-α) agonists significantly 
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reduced liver TAFI synthesis and ameliorated PH in mice and 
rats.93 Thus, aTAFI is a novel and realistic therapeutic target 
of CTEPH. In addition to TAFI in CTEPH, there are several 
reports on the coagulation/fibrinolysis system published in a 
recent issue of ATVB. Interestingly, Tanratana et al102 reported 
the effect of elevated plasma factor IXa activity in premeno-
pausal women on hormonal contraception. They showed that 
donors on hormonal contraception demonstrate marked ele-
vations in plasma factor IXa activity. Additionally, elevated 
plasma factor IXa activity correlated with reduced levels of 
TFPI-α (tissue factor pathway inhibitor-α) and protein S. 
Thus, they concluded that elevated plasma factor IXa levels 
represent a mechanism for hormone-induced systemic hyper-
coagulability.102 Raffield et al103 reported the role of D-dimer 
in blacks. They showed that higher D-dimer was confirmed as 
an independent risk marker for future CVD and total mortality 
in blacks. Second, both acquired and genetic factors contrib-
uted to D-dimer variation among blacks. Additionally, they 
identified genetic factors that may account for sex and eth-
nic differences in D-dimer. Specifically, the African ancestral 
sickle cell variant (HBB rs334) was associated with higher 
D-dimer. Finally, they showed that a sex-specific association 
of the F3 gene locus was seen in women, but not in men, which 
might partly explain the higher D-dimer levels in women 
compared with men.103 Zhu et al104 reported a novel throm-
botic function of a human single-nucleotide polymorphism 
in STXBP5 (syntaxin-binding protein 5). The major finding 
of their study is that a human mutation in STXBP5 linked to 
vWF levels and thrombosis causes a thrombotic phenotype 
in mice. They used CRISPR/Cas9 gene editing to create a 
mouse model of the human genetic variation. Mice carrying 
the minor allele of human single-nucleotide polymorphism 
rs1039084 at an orthologous locus decreased vWF exocyto-
sis, decreased thrombosis, increased bleeding, and decreased 
platelet secretion.104

Biomarkers for Heart Failure
Important biomarkers for patients with heart failure (HF) have 
been elucidated, including BNP, NT-proBNP, and ANP (atrial 
natriuretic peptide).105,106 However, difficulties in the diagno-
sis of patients with HF with preserved ejection fraction are 
still encountered. We reported that myocardial fibrosis, evalu-
ated from biopsy samples, predicts long-term prognosis of HF 
patients.107 Moreover, we found that Rho-kinase plays a cru-
cial role in the process of cardiac fibrosis in HF patients.62,108 
Postcapillary PH is a disorder with elevated pulmonary arte-
rial pressure and pulmonary vascular resistance in patients 
with severe HF. Here, we found that the extent of postcapil-
lary PH is a prognostic factor in HF patients.109 As mentioned 
before, CyPA and Bsg play crucial roles in PASMC prolif-
eration and pulmonary vascular remodeling.23,51 Thus, we 
performed analyses to confirm the role of CyPA and Bsg in 
cardiac function and HF.22,110 Consistent with other types of 
CVD, CyPA and Bsg enhanced ROS production, fibrosis, and 
hypertrophy in the heart in response to angiotensin II22 and 
pressure overload.110 Because CyPA is secreted in response 
to Rho-kinase activation and generates a vicious cycle of 
ROS production,11,12 circulating CyPA can be a potential bio-
marker for HF patients, especially those with cardiac fibrosis. 

Indeed, activation of Rho-kinase enhances myosin light-chain 
phosphorylation, induces VSMC contraction, and promotes 
inflammation and fibrosis.7 Importantly, excessive activation 
of RhoA and its downstream Rho-kinase negatively regulate 
NO production in endothelial cells.111 Additionally, this sys-
tem promotes the secretion of growth factors, inducing cell 
proliferation and migration in VSMCs.51 Indeed, this system 
plays an important role in the development of cardiac hyper-
trophy,112 fibrosis,113 arrhythmogenic right ventricular cardio-
myopathy,114 and PH.60,61 In contrast, a selective Rho-kinase 
inhibitor, fasudil, suppresses this system and reduces the 
secretion of CyPA.19 Consistently, administration of fasudil 
ameliorated HF and PH in animal models.61,115 Because 
CyPA has been identified as a ROS-responsive protein that 
is also secreted by cardiac fibroblasts,19 secreted CyPA may 
promote the development of cardiac fibrosis and HF. Thus, 
it is interesting to evaluate plasma levels of CyPA in patients 
with HF with preserved ejection fraction. Moreover, it is also 
important to find agents that inhibit CyPA secretion or CyPA 
binding to its receptors.10 Indeed, many vascular cells secrete 
CyPA in response to ROS production and Rho-kinase activa-
tion.111 Extracellular CyPA behaves as a chemoattractant in 
cooperation with other cytokines and chemokines in inflam-
matory cells.17 The elucidation of the extracellular CyPA 
receptors will contribute to the development of novel thera-
pies for CVD. However, in contrast to evidence on the role 
of extracellular CyPA, we had limited information regarding 
its specific receptors.10 Because CyPA can be bound weakly 
with a variety of proteins, it has been difficult to establish a 
specific receptor.10,11,30 Among them, Bsg has been a candidate 
as an extracellular receptor for CyPA.10 Bsg has been known 
as a receptor for multiple ligands, including malaria parasites, 
CyPA, and sBsg (soluble Bsg) itself.10,110,116 Interestingly, 
we found that Bsg is strongly expressed in cardiac fibro-
blasts, secreted by mechanical stretch, and activates matrix 
metalloproteinases in cardiac tissues.110 Importantly, serum 
levels of sBsg were significantly increased in patients with 
HF and predicted all-cause death and HF hospitalization.110 
Moreover, they had strong correlations with serum levels of 
IL-8, adiponectin, and CyPA, suggesting the importance of 
CyPA and sBsg as biomarkers in HF patients.110 Further study 
with a large cohort will provide more information as to the 
potential of these biomarkers in HF patients. As interactions 
between CyPA and Bsg promote the development of HF, the 
discovery and screening of agents that inhibit the binding of 
CyPA to Bsg will provide a novel therapeutic approach for 
HF patients. Additionally, in a recent ATVB publication, Varbo 
et al117 reported the relationship between nonfasting triglycer-
ides, LDL cholesterol, and HF risk. In 2 prospective studies of 
113 554 individuals from the general population of Denmark, 
a stepwise higher risk of HF for stepwise higher nonfasting 
triglyceride level was shown. However, there was no associa-
tion between LDL cholesterol and risk of HF. The mechanism 
of the association of higher nonfasting triglyceride level and 
higher risk of HF could be explained by the presence of tri-
glyceride-rich lipoproteins, also known as remnants, and that 
remnant cholesterol has been shown to be associated with 
risk of ischemic heart disease, myocardial infarction, and all-
cause mortality. Additionally, another explanation could be 
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triglyceride accumulation in heart muscle tissue, which, in 
obese and diabetic individuals, has been shown to cause lipo-
toxic cardiomyopathy and cardiac steatosis.117

Conclusions
In this issue of Recent Highlights of ATVB, we reviewed >50 
articles on the recent development of biomarkers in CVD. 
Although many points still remain to be clarified, recent basic 
research elucidated the precise mechanisms for the develop-
ment of CVD. On the basis of this scientific progress, tech-
niques for the early diagnosis, prognosis prediction, and 
evaluation of therapeutic effects should be developed. Now, 
translational research has become increasingly important. 
Even in basic research with animal models, it is important to 
confirm the clinical significance using human-derived patho-
logical specimens to develop diagnostic tools and therapies. 
Thus, the organization of research environments that integrate 
broad areas from basic to clinical research becomes increas-
ingly important.
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