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Abstract

Obesity has become an important public health issue
in Western and developing countries, with well known
metabolic and cardiovascular complications. In the last
decades, evidence have been growing about the ac-
tive role of adipose tissue as an endocrine organ in
determining these pathological consequences. As a
consequence of the expansion of fat depots, in obese
subjects, adipose tissue cells develope a phenotypic
modification, which turns into a change of the secretory
output. Adipocytokines produced by both adipocytes
and adipose stromal cells are involved in the modula-
tion of glucose and lipid handling, vascular biology and,
moreover, participate to the systemic inflammatory
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response, which characterizes obesity and metabolic
syndrome. This might represent an important patho-
physiological link with atherosclerotic complications
and cardiovascular events. A great number of adipocy-
tokines have been described recently, linking inflamma-
tory mileu and vascular pathology. The understanding
of these pathways is crucial not only from a pathophys-
iological point of view, but also to a better cardiovas-
cular disease risk stratification and to the identification
of possible therapeutic targets. The aim of this paper is
to review the role of Adipocytokines as a possible link
between obesity and vascular disease.

© 2014 Baishideng Publishing Group Inc. All rights reserved.
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Core tip: Our article, provide a comprehensive review of
the evidence about adipose tissue and cardiovascular
risk, focusing on the pathophysiological and clinical role
of fat-derived mediators, the so-called adipocytokines.
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INTRODUCTION

Obesity is rapidly spreading to epidemic levels in Western
and developing countries, becoming a serious health is-
sue. It is associated with increasing morbidity and mortal-
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Figure 1 A cartoon illustrating the complex interplay between traditional and non-traditional risk factors in the pathophysiological continuum which leads
to cardiovascular disease, with the emerging role of inflammatory pathways. LDL-C: Low density lipoprotein cholesterol; HDL-C: High density lipoprotein choles-
terol; CRP: C-reactive protein; TG: Triglycerides; Glu: Glucose; IL-6: Interleukin-6; TNF: Tumor necrosis factor.

ity Obesity shares several features with metabolic syn-
drome (MetS) and both are associated with well known
risk factors for cardiovascular disease (CVD)?, such as
glucose and lipid metabolism impairment, endothelial
dysfunction and atherosclerosis, finally leading an in-
creased risk of cardiovascular events®.

Recent evidence claimed that inflammation might
represent the pathophysiological link between obesity and
MetS (Figure 1), and increasing interest has been devel-
oped in the role of adipose tissue as an active trigger of
this systemic inflammatory response'”.

Since adipose tissue is capable of releasing several me-
diators, the so-called adipocytokines, it is now considered
an endocrine organ, affecting metabolism and vascular
function. The understanding of these pathways is crucial
not only from a pathophysiological point of view, but also
to a better cardiovascular disease (CVD) risk stratification

and to the identification of possible therapeutic targets.

ADIPOSITY AND CARDIOVASCULAR
RISK

There is consistent epidemiologic evidence for an in-
dependent association between obesity and CVD™. In
several large, prospective, long-term studies, obesity was
independently associated with all-cause mortality and
death from CVD in both women and men. The Nurses’
Health Study evaluated the relationship between body
mass index (BMI) and mortality in 115195 women. A
significant trend for increasing risk of death with increas-
ing BMI and an an association between BMI and cardio-
vascular mortality were found.

In the Framingham Heart Study, obesity was an in-
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dependent risk factor for all-cause mortality among male
participants, followed up for 30 years”. However, recent
data have demonstrated an “obesity paradox”, with obese
patients suffering frome CVD showing a better short-
and long-term prognosis than leaner matched subjects'”.
In particular, in a large metanalysislgj, the overall obesity
population, defined by BMI, showed an increased risk of
mortality compared with normal BMI. However, over-
weight patients (BMI 25-30 kg/ mz) had a significantly
6% lower mortality than patients with normal BMI. This
finding was more pronounced in older cohorts”. Inter-
estingly, several studies'’ suggested an influence of body
fitness and on the relationship between adiposity and
CVD prognosis. Thus obesity paradox seemed evident in
patients with low fitness.

Adipose tissue depots

The so-called visceral obesity is now well-known to be as-
sociated to a higher mortality than the peripheral obesity,
since it is linked to a higher prevalence of dysmetabolism
and hypertension and endothelial dysfunction”. This evi-
dence highlighted the importance of adipose tissue loca-
tion in determining its unfavourable effects.

Obesity is characterized by an expanded adipose
tissue mass'” and, interestingly, as noted above, in over-
weight subjects a typical pattern of adipokines is present,
which negatively affect metabolic situation and cardiovas-
cular function"",

Typically, the source of these substances are organs
(the liver), and immune cells"*", Most notably, several
studies indicate that fat could either regulate the synthe-
sis of these molecules or could be itself an immediate
source.

July 26,2014 | Volume 6 | Issue 7 |



The complexity of adipose tissue as an endocrine
organ has been highlighted in several studies which have
reported important differences among adipocytes from
different depots. These characteristics may account for a
differential contribution to obesity-related disorders'”.

Adipocytes frome brown adipose tissue (BAT) are
mainly represented in fetuses and newborn and are im-
plicated in thermogenesis“(”m. A small amount of BAT
persists in adults human AT,

On the other hand, white adipose tissue (WAT) rep-
resents a main kind of adipose tissue in adults", largely
present in the subcutaneous region (SAT) or close and
within the abdominal viscera (VAT).

Vague“s] first described a link between increased VAT
and atherosclerosis, diabetes, and other diseases. This
association might be explained by the increased pro-
duction of mediators, acting with endocrine, autocrine
and paracrine mechanisms". Bigger VAT adipocytes in
obese subjects are related to a higher mediators release,
comparing to SAT"™ These factors, adipocytokines-
include molecules like tumor necrosis factor-o, (TNF-q),
leptin, adiponectin, resistin, plasminogen activator in-
hibitor-1 (PAI-1), apelin, interleukin-6 (IL-6), resistin,
angiotensinogen, serum amyloid A (SAA), and C-reactive
protein (CRP)*".

Moreover, several inflammatory cells'” are largely
represented in the WAT stroma. These cells play an im-
portant role in tissue homeostasis, such as the clearance
of necrotic adipocytes"”
lar, macrophages produce the majority of TNF-a and
increase IL-6 and inducible-Nitric Oxide synthase expres-
sion. Then they were thought to be the primary source

, increased in obesity. In particu-

of the cytokines in adipose tissue!"**!. However, we
have demonstrated with an 7z vfro model, that the mature
adipocytes fraction isolated from human adipose tissue is
directly involved in both CRP and SAA release™,

Interestingly, among visceral fat depots, another specific
local fat depot has been studied in the last decade for its re-
lationship with MetS and coronary artery disease (CAD), ze.,
epicardial adipose tissue (EAT). EAT surrounds the heart,
within the pericardium, it is in contact with coronary vessels
(.e., perivascular) and the surface of ventricles. It shows a
higher rate of lipolysis and lipogenesis comparing to other
fat depotslzsj. EAT is involved in myocardial energy supply,
thermoregulation, and protection of the cardiac autonomic
nervous system as well as in the regulation of coronary ves-
sel motion and lumen diameter™.

In post-mortem series, epicardial fat have been re-
ported to account for 20% of total heart Weightm. Obe-
sity is associated with an increase in the amount of EAT.
Both total weight of epicardial fat and epicardial fat cells
size correlate with body Weightlzsj. Moreover, epicardial
fat assessed by echocardiography correlated significantly
in multivariable analysis with key components of the
MetS, including waist circumference, which is known to
parallel the increase in VAT seen in MetS®". Then, the
cardioprotective features of EAT might be somewhat
blunted by the increase in cardiovascular risk carried by

its pathological enlargement in obesity""!.
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From a clinical point of view, several clinical and epi-
demiological studies have found an association between
EAT and cardiometabolic risk factors and early stages
of atherogenesis. The echocardiographic EAT evalua-
tion was found to be associated with arterial stiffness and
intima-media thickness (IMT), two indexes of subclinical
atherosclerosis, in hypertensive patients in a study from
our group™. Among the 459 patients examined, sub-
jects with epicardial fat > 7 mm were older, had higher
systolic, diastolic, and pulse pressure, increased left ven-
tricular mass index, carotid IMT, diastolic and stiffness
parameters compared with those with epicardial fat < 7
mm. Age, carotid IMT, and stiffness parameters were in-
dependently related to epicardial fat. These findings have
been confirmed in a more recent study by Choi ez al™.

Importantly, the Framingham Heart Study"”" and
Multi-Ethnic Study of Atherosclerosis” identified EAT
volume as independent risk markers for CVD. Moreo-
ver, recently results of the Heinz Nixdorf Recall study,
a population-based prospective cohort study, have been
published™. Among the 4093 participants incidence of
coronary events increased by quartile of EAT. Doubling
of the EAT, measured by computed tomography (CT)
scan, carried a 1.5-fold risk of coronary events after ad-
justing for cardiovascular risk factors and coronary artery
calcium score.

Comparing to subcutaneous fat, EAT shows a more
dense inflammatory cell infiltrate, predominantly repre-
sented by macrophagesm, and it produces highly athero-
genic and inflammatory adipocytokines in patients with
CADP.

EAT might then participate also in the inflammatory
process within the atherosclerotic plaque. The incidence
and severity of CAD and coronary calcification have been
in fact associated with EAT thickness and volume™.

A recent study assessed the relationship between EAT
volume and plaque vulnerability in significant coronary
stenosis using intravascular ultrasound. Authors found a
positive correlation between EAT volume, measured by
CT scan and the percentage of necrotic plaque tissue,
and an inverse correlation between with the percent-
age of fibrous tissue ", Low-density lipoprotein (LDL)
cholesterol level and EAT volume were independently
assoclated with the percentage of necrotic plaque tissue.
These findings are consistent with previous reports'*.

Moreover, EAT is associated also with microvascular
dysfunction in the absence of obstructive CAD. In a re-
cent study, patients underwent Rb-82 positron emission
tomography to obtain standard myocardial perfusion in-
dex and myocardial flow reserve (MFR). EAT thickness,
EAT volume and coronary calcium score values were
higher in patients with impaired flow reserve, with EAT
thickness showing the strongest negative correlation with
MFR™.

OBESITY, VASCULAR INFLAMMATION
AND ATHEROSCLEROSIS

In last decades, it became clear that atherosclerosis is
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Table 1 Possible link of resistin, C-reactive protein and apelin with vascular inflammation, atherosclerosis and cardiovascular disease

Adipokine Modulation of inflammation Association with CVD
Leptin 1 T cell activation and Th lymphocyte response 1 blood pressure
1 cytokine release 1 atherothrombosis:
1 NK cell activation 1 cholesterol accumulation in vessel wall
1 macrophages’ cytokine release 1 adhesion molecules (ICAM, VCAM) expression
Activates neutrophils 1 endothelial dysfunction (increasing eNOS production, | NO, TET-1)
1 chemotaxis 1 proliferation and migration of EC and VSMC
1 oxidative stress 1 ROS accumulation
T CRP production from endothelium 1 VSMC apoptosis
| angiogenesis
1 platelet activity
| fibrinolysis
1 PAI-1
1TF release from mononuclear cells
Induce insulin resistance
Adiponectin | T cell activation and proliferation Associated with HDL-C and inversely with LDL-C

| NF-«xB
Increases IL-10
Inhibits CRP and IL-6 release

| atherothrombosis:

| ICAM-1, VCAM-1, and E-selectin

| Transformation of macrophages to foam cells

| vascular muscular smooth cells proliferation and migration
1 TIMP, through the increase in IL-10

1 oxidation of free fatty acids in several tissue

1 insulin sensitivity

CVD: Cardiovascular disease; CRP: C-reactive protein; EC: Endothelial cells; ET-1: Endothelin-1; ICAM: Intercellular adhesion molecule; HDL-C: High
density lipoprotein cholesterol; IL: Interleukin; LDL-C: Low density lipoprotein cholesterol; NF-kB: Nuclear factor «B; NK: Natural killer; NO: Nitric oxide;

PAI-I: Plasminogen activator inhibitor-I; TF: Tissue factor; TIMP: Tissue inhibitor of metalloproteinase; VCAM: Vascular cell adhesion molecule; VSMC:

Vascular smooth muscle cells.

other than a cholesterol storage disease. A large body of
literature highlighted the possible role of inflammation as
causal factor in atherogenesis, from endothelial dysfunc-
tion to clinical events™™!. One of the first recognized stag-
es of the atherosclerotic process consists of LDL intimal
deposition and endothelial dysfunction.This is caused
by the imbalance between nitric oxide (NO) and prosta-
cyclin (PGI2)-mediated vasorelaxation and the increase
in endogenous vasoconstrictors, such as endothelin-1
(ET-1)", LDL become then oxidized (ox-LDL) by local
reactive oxygen species (ROS) and subsequently induce
endothelial cells to express adhesion molecules, such as
vascular cell adhesion molecule-1, intercellular adhesion
molecule 1, and selectins™. This together with the secre-
tion of chemoattractant mediators, such as complement
factors, IL.-8, monocyte chemoattractant protein-1, de-
termines mononuclear cells recruitment into the vascular
wall. Thus, macrophages recruited to intima become
“foam cells”, via ox-LDL phagocytosisw. Subsequent
stages include the transition of the atherosclerotic plaque
from the “fatty streak” to a more fibrous lesion. Main ac-
tors in this stage are vascular smooth muscle cells, which
accumulate in the intima and produce extracellular matrix
(ECM)[M]'

Inflammation plays a key role in plaque destabilization
and rupture which cause acute vascular events. High rate
of vascular inflammation interferes with fibrous cap for-
mation, induces apoptosis and degradation of the ECM,
via an upregulation of metalloproteinase. The subsequent
activation of the coagulation cascade leads to intravascu-
lar thrombus formation and the acute clinical events. In
this setting, tissue factor (IT) plays a pivotal role in the
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pathophysiology of acute coronary syndromes by trig-
gering the formation of intracoronary thrombi following
endothelial injury™.

As noted above, from a pathophysiological point
of view, adipose tissue is not an innocent bystander in
this process since it is found to be capable of producing
enzyme, cytokines, growth factors and hormones which
might affect each one of the stages described above.
Moreover, even if the majority of patients suffering of
cardiovascular diseases had at least one traditional risk
HO4  almost 25% of subjects did not show any of
those™. In this setting, identifying new risk factors might
increase our ability to discover and take care of high-risk
patients. Within novel prediction factors, adipocytokines
have been studied.

factor

Leptin

Leptin has been the first adipocytokine identified as the
product of the 0b gene in obese ob/ob mice™, which
participate in the signalling of fat stores’™.

Then, early studies on leptin focused on its role in
obesity and potential therapies to control it. However,
soon it became evident a broader biological role for
leptin, including its potential implication in leading to
cardiovascular complications in obese patients (Table 1).
However, conflicting results on leptin role in CVD have
been reported.

In animal and 7z vitro models, leptin promotes
atherogenesis, through an increase in oxidative stress in
endothelial cells®™, an increased platelet reactivity and
thrombosis™. On the other hand, several studies re-
ported opposite effects such as induction of nitric oxide
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production, with anti atherogenic properties””

Most in vivo studies in humans demonstrated that
leptin levels are linked with cardiovascular risk factors,
like hyperlipidemia or hypertensionmm, and markers of
endothelial dysfunction, thrombophilia and inflamma-
tion. Finally, several prospective trials described a link of
leptin levels with atherosclerosis and myocardial infarc-
tion (MI)P*",

In the West of Scotland Coronary Prevention Study,
including 377 male participants and 738 controls””, a
20% increase in the incidence of CAD was associated
with each standard deviation increase in leptin levels, even
after adjustment for potential confouders. Sattar ez al™
found a moderate association, although non significant,
between leptin levels and CAD risk. This association was
attenuated by BMI, but continued to be significant with
other validated risk factors, including several markers of
inflammation. Also in female population no significant
link between leptin plasma levels and CAD was noted".
On the other hand, Kappelle ez al® in healthy men,
demonstrated a positive association of leptinemia and
leptin/adiponectin ratio with incident CVD, even after
additional adjustment for several potential confounders,
such as clinical risk factors, lipid and microalbuminuria.

In patients with known CAD, leptin might predict fu-
ture cardiovascular events independent of other risk fac-
tors, including lipid status and CRP, according to several
reports. Wolk ez al®” followed up 504 patients who had
undergone coronary angiography for both stable angina
(SA) and ACS for up to 4 years. In the field of ACS, ad-
mission plasma leptin levels is associated with the success
of thrombolytic therapy in patients with STEMI present-
ing <6 h In particular, authors found higher rates of
thrombolysis failure in patients with basal plasma leptin
levels = 14 ng/mlL, in comparison with patients with
levels less than 14 ng/ml..

The association between plasma leptin and adipo-
nectin levels and recurrent cardiovascular events after an
ACS has been investigate in The Long-Term Intervention
with Pravastatin in Ischaemic Disease studym. Leptin
was a significant and independent predictor of recurrent
cardiovascular events.

Consistent with this report, Rajendran ez al* mea-
sured leptin levels, high-sensitivity C Reactive protein (hs-
CRP) and IL-6 levels in patients with acute myocardial
infarction (AMI), showing higher levels of leptin than
control subjects.

The relationship between serial serum leptin levels
measurement after thrombolysis for AMI and the degree
of coronary atherosclerosis, coronary reperfusion, echo-
cardiographic findings, and clinical outcome was investi-
gated by Khafaji ez /" in a small study. Leptin concentra-
tions peaked 36 h after admission. Significant correlation
of mean serum leptin with reduced ejection fraction and
a trend for an increase in the mean serum leptin levels
with increasing number of diseased vessels were found.
However, there was no correlation between serum leptin
levels and outcome or myocardial reperfusion.

Karakas e 2/ in a population-based case-cohort
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study within the MONICA/KORA studies. After adjust-
ment for various confounding factors, neither increased
leptin levels or low adiponectin were associated with the
incidence of coronary events in healthy subjects. Moreo-
ver, the leptin/adiponectin ratio didn’t improve the abil-
ity of the single adipocytokine to predict incident CAD.
In another study conducted among patients with ACS
and controls, lipid profiles, leptin, pregnancy associated
plamsa protein A (PAPP-A) and CRP levels were as-
sessed as markers of plaque Vulnerabﬂity[(’gl. Significantly
higher levels of leptin, PAPP-A and high-sensitivity CRP
(hs-CRP) were observed in cases. At the multivariable
analysis, leptin was not independently associated with
ACS, while a positive correlation between CRP and leptin
concentrations was noted.

Higher adiponectin and lower leptin levels were found
to be associated with a high incidence of adverse events
also in a Japanese cohort after successful emergency per-
cutaneous coronary intervetion for AMI"! A low leptin
to adiponectin ratio remained a significant independent
predictor of adverse events during long-term follow-up
at the multivariable analysis.

Similiar observations came eatlier from Ku e# a/"”
They found that subjects with low baseline leptin levels
had higher subsequent CV events and death, Interesting-
ly, although subjects with low leptin had fewer co-mor-
bidities and more favorable metabolic and inflammatory
profiles, they showed a worse prognosis than subjects
with higher leptin levels. This could be an example of
7 whereby a predictor of dis-
ease becomes inversely associated with prognosis once
the disease has developed. According with this idea, a
second paper described an association between low leptin

“reverse epidemiology

levels and cardiovascular death in patients with chronic
kidney disease’™, Moreover, Leptin is elevated in chronic
CAD. Multiple reports have shown that leptin causes
coronary vasodilatation, activates endothelial progenitor
cells, prevents lipid accumulation, and protects against
ischemia-reperfusion injury™ ™™ Then a relative leptin
deficiency might explain poorer prognosis seen in sub-
jects with established CAD. Finally, the lack of associa-
tion between leptin and mortality, especially in patients

with higher BMI, could be otherwise explained by leptin
[76]

resistance

Adiponectin
Adiponectin is a well-described adipocytokine, tradition-
ally reported as a protective factor with an anti inflamma-
tory effect (Table 1), Tt is clear that its circulating levels
decrease with weight gain and are inversely correlated
to the amount of VAT, as illustrated in CT scan stud-
es"". Interestingly, decreased adiponectin was associated
with enhanced pro-inflaimmatory phenotype in EAT in
patients with CAD"". As notet above about leptin, grow-
ing conflicting data on adiponectin levels are emerging,
suggesting higher complexity of its role, than previously
thought. This is particularly evident in the balance be-
tween obesity, cardiovascular effects, and prognosis.
Consistent with a putative protective role, Ouchi ef al™
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first detected lower adiponectin levels in subjects with es-
tablished CAD. Following this experience, several cross-
sectional and prospective studies have confirmed an in-
verse correlation between plasma adiponectin levels and
incidence, severity and outcome of CAD"*,

Recent studies, however, failed to demonstrate this
correlation™™ or even showed a paradoxical link be-
tween higher adiponectin levels and negative events,
especially in patients with known CAD or at high cardio-
vascular risk™, Moreover, Zhang et al* demonstrated
higher adiponectin levels inpatients with stable CAD and
inducible ischemia.

In the Pravastatin Or atorVastatin Evaluation and
Infection Trial-Thrombolysis in Myocardial Infarction
2287 plasma adiponectin was measured in 3931 subjects
with Acute Coronary Syndrome. Adiponectin was nega-
tively associated with age, diabetes, BMI, and triglycerides,
while a positive link was noted with the risk of death, MI,
and heart failure.

Seven hundred and thirty-five consecutive patients
with STEMI treated with primary percutaneous coronary
intervention were included in a report by Lindberg ez a/™.
Plasma adiponectin was measured immediately before the
procedure. Patients with highest adiponectin quartile had
increased mortality compared to patients with low adi-
ponectin. After adjustment for conventional risk factors
high adiponectin concentration remained an independent
predictor of all-cause mortality.

Also in a cohort from the Jackson Heart Study, con-
ducted among African Americans, Adiponectin was asso-
ciated with a higher risk of incident stroke in women'™.

This conflicting evidence has highlighted the com-
plex role of adiponectin in the pathogenesis of CVD.
Interestingly, the paradoxical association of adiponectin
with a worse outcome was found in a population with a
more advanced disease status, which might trigger a com-
pensatory increase in adiponectin levels™. Otherwise,
the worse long-term outcome could be the result of the
more advanced disease status per se. Another possible
explanation of these findings might be a condition of
relative resistance to adiponectin, as suggested by animal
models™.

In two recent metanalysis of prospective studies,
it has been shown that plasma adiponectin levels are
not related to the risk of CAD or stroke in apparently
healthy™ and diabetic patientsp”. Another reason why
this association could not be found might lie in adiponec-
tin isoforms. In particular, several studies now consider
the high molecular weight (HMW) form to be biological-
ly active””. However, only few cohort studies have pro-
spectively evaluated the association of HMW adiponectin
with CAD"™,

Among 30111 women from the Nurses’ Health Study,
high levels of total and HMW adiponectin, and HMW/
total adiponectin ratio were associated with a lower risk
of CAD. These associations were largely mediated by
parameters related to glucose and lipid metabolism and
inflammation, especially HDL-cholesterol levels™. In a
study by Kunita ez o/, in 394 patients referred for com-
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puted tomography angiography (CTA), levels of plasma
HMW adiponectin were evaluated. In patients with ob-
structive CAD HMW adiponectin was significantly lower
than that in patients without. Furthermore, it was signifi-
cantly associated with the disease extent and with charac-
teristics of plaque instability, such as positive remodeling,
low CT density and adjacent spotty calcium. In a recent
nested case-control study conducted among 15566 free
of CVD subjects, baseline total and HMW adiponectin
and their ratio were examined””. After adjustment for
matched variables and traditional risk factors, total and
HMW adiponectin and their ratio were not associated
with overall risk of CVD. However, the highest quartile
for HMW adiponectin and HMW/total adiponectin ratio
decreased risk of CVD compared with the lowest quartile
among middle-aged individuals with high blood glucose,
while this association was not seen among the elderly.

Resistin

Resistin was discovered as a fat-derived molecule in obese
mice, for its capacity of inducing insulin resistance”™”.
The main source in animals were adipocytes, in particular,
from abdominal depotspg]. The substantial lack of ho-
mology between human and mouse resistin genes made
difficult to confirm these observation in humans. In
particular, in humans resistin is produced mainly by stro-
mal vascular cells, rather than adipocytes[mm. However,
resistin expression has been reported in human WAT by
preadipocytesmﬂ. Even the relationship between resistin
and insulin resistance, overweight and DM type 2 was ex-
tensively reported in human with non consistent conslcu-
siong 0104

Considering that macrophages are its main source
in humans, a main pro-inflammatory role has been hy-
pothesized for Resistin. Thus, several iz vitro studies was
conducted (Table 2), which illustrated that Resistin levels
increased in response to endotoxin and proinflamma-
tory cytokines administration ™. Moreover, Chen e# a/"”
recently reported that ox-LDL induced resistin mRINA
expression in cultured adipocytes. In a recent study from
our group'", resistin induced prothrombotic phenotype
of human coronary artery endothelial cells (HCAECsS).
HCAECs incubated with resistin showed an upregulation
of TTF expression, and its activity was induced in a dose-
dependent manner through the activation of NF-xB
pathway.

In light of these evidences, resistin has been studied
for its implications in CAD.

In apparently healty individuals from the European
Investigation into Cancer and Nutrition-Potsdam Study,
individuals in the highest quartile of resistin levels,
compared with the lowest quartile, had a relevant in-
creased risk of myocardial infarction but not of ischemic
stroke!"”. This association persisted even after adjustment
for CRP levels. In contrast, subsequent study described
the independent link between resistin and the incidence
of ischemic stroke within post menopausal women'"",

In a recent study of 6636 adults recruited from gen-
eral population, after 3.5 years of follow-up, the group in
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Table 2 Possible link of resistin, C-reactive protein and apelin with vascular inflammation, atherosclerosis and cardiovascular disease

Adipokine Modulation of inflammation Association with CVD
Resistin TNF«xB dependent cytokine release and adhesion molecule Endothelial dysfunction:
expression (including TNF-o/IL-6) on endothelial cells | NO and EDHF
1 proliferation of vascular smooth muscle cells through ERK and 1 ET-1 release
PI3K pathways 1 VEGF and MMP
1 expression of adhesion molecules and chemokines
| TRAF-3
Controversial effects in humans on insulin resistance and
type 2 diabetes
CRP 1 expression of ICAM, VCAM, E selectin 1 endothelial dysfunction through | NO vasodilatation
recruitment of mononuclear cells through MCP 1 1 oxidized LDL opsonization and macrophages uptake with subsequent
VSMC proliferation, migration foam cells formation
1 CD4" LymphocitesT 1 in vessel wall oxidative stress
1 gamma - INF production T TF and PAI 1
1 ET-1 release T MMP
1 CD40/CD40L on endothelium
1 complement activation
Apelin | superoxide radicals 1 inotropism
| NADPHO 1 neoangiogenesis
| oxidative injury | endothelial dysfunction| Ang II and BP
1 NO | myocardial damage after infarction

1 vascular progenitor cells mobilization

1 cholesterol efflux from macrophages

Ang: Angiotensin; BP: Blood pressure; CRP: C-reactive protein; CVD: Cardiovascular disease; EDHF: Endothelium-derived hyperpolarizing factor; ERK:

Extracellular signal-regulated kinase; ET-1: Endothelin-1; HDL-C: High density lipoprotein cholesterol; ICAM: Intercellular adhesion molecule; IL: Inter-
leukin; INF: Interferon; LDL-C: Low density lipoprotein cholesterol; MCP: Monocyte chemoattractant protein; MMP: Metalloproteinase; NADPHO: Nico-
tinamide adenosine dinucleotide phosphate oxidase; NO: Nitric oxide; PI3K: Phosphatidylinositol-3-kinase; TF: Tissue factor; TNF: Tumor necrosis factor;

TRAF: Tumor necrosis factor receptor-associated factor; VCAM: Vascular cell adhesion molecule; VEGF: Vascular endothelial cell growth factor; VSMC:

Vascular smooth muscle cells.

the highest quintile of resistin plasma levels had a higher
incidence of AMI"". The serum resistin concentrations
were higher in women, and the associated increase in the
risk of AMI based on the resistin level was also higher in
women than in men.

In patients with known CAD, some cross-sectional
and case-control studies showed higher plasma resistin
levels than controls. Subject referring angina which had
CAD at the coronary angiography had higher Resistin
levels than patients without CAD"". Besides, resistin was
also associated with coronary artery calcification at the
CT scan""!, Pischon ¢ a/'? documented higher resistin
levels in women with CAD compared with healty sub-
jects from the CORA study. This link remained signifi-
cant even after adjustment for several risk factors except
the hs-CRP levels.

In contrast, no relationship between Resistin levels
and CAD was found among 1161 subjects in the LU-
RIC studylmj. Moreover, Resistin was not associated
with cardiovascular mortality. Then, high resistin levels
could simply mirror the presence of other established
cardiovascular risk factors. However in the same study, an
enhanced expression of adhesion molecules was found
in association with increased resistin levels, highlighting a
pathophysiological role in atherogenesis.

In a perspective studyl114J comparing subjects with
stable angina and subjects with unstable angina (UA),
NSTEMI, and STEMI, higher resistin levels were found
within subjects with ACS. Interestingly, an early rise in re-
sistin levels was reported, at 3-6 h after symptoms onset.
This increase lasted 6 and 12 h after.
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CRP

CRP is an acute phase protein, member of the pentraxin
Jamily. Since it is a well-known marker of systemic inflam-
mation™, CRP was one of the first studied protein from
its potential role in both pathogenesis and risk prediction
of atherosclerosis. Subsequent studies showed that CRP
is other than an innocent bystander of the inflammatory
response associated with atherogenesis®''” (Table 2). In
particular, together with the Adipocytokines, CRP charac-
hterizes the chronic inflammatory status associated with
obesity and MetS.

Interestingly, the adipose tissue has been described
as producer of CRPP 1In particular, we found that
mature adipocytes are able to produce CRP, under in-
flammatory stimuli®”. This finding was confirmed later in
the experience by Anty ez al", which demonstrated the
expression of the CRP gene in adipocytes of obese sub-
jects.

From a clinical point of view, high sensitivity assays
are available to detect even low CRP concentration. Then
high-sensitivity (hs) CRP has been largely evaluated as
a suitable candidate for cardiovascular risk prediction.
This idea was first supported by pioneering studies by
Ridker e# al'", which demonstrated higher hs-CRP levels
in apparently healthy subject who developed CV events
during follow-up. In light of these results, Ridker ¢z al™
evaluated several risk prediction algorithms to improve
the cardiovascular risk classification in apparently healthy
American women. In particular, a simplified score, in-
cluding hs-CRP (Reynolds risk score), was validated in

this study, and subsequently in a male population'*”.
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Then the American Heart Association (AHA) and
the CDC Consensus incorporated hs-CRP into the risk
prediction strategy of cardiovascular diseases!*"!, Meas-
urement of hs-CRP is considered reasonable in the as-
sessment of absolute risk for CAD in intermediate-risk
individuals, with a Framingham risk score of 10% to
20%. This recommendation was confirmed in ACCF/
AHA Guidelines in 2010"* and in the recently published
European Society of Cardiology Guidelines on Preven-
tion",

Moreover, in a rnetanalysis[12 confirmed a role of
hs-CRP for a better risk stratification of subjects at in-
termediate risk for CVD. In particular, for every 400 to
500 people screened for hs-CRP or fibrinogen level, one
additional cardiovascular event could be prevented over a

4]

period of 10 years.

Results from the Justification for the Use of Statins
in Primary Prevention: an International Trial Evaluating
Rosuvastatin (JUPITER)"*! provided robust evidence of
the association between inflammation and cardiovascular
risk. subjects with LDL cholesterol below 130 mg/dL
were treated with rosuvastatin »s placebo; patients at high-
er cardiovascular risk were identified by a hs-CRP level of
2.0 mg/L or higher. The Steering Committee stopped the
trial after a median follow-up of 1.9 years due to striking
benefit in patients treated with rosuvastatin (44% relative
risk reduction of the primary end point and of hard out-
comes).

Tehrani ef al™™”, recently investigate wheter inflamma-
tory markers had an impact on the association of high
density lipoprotein (HDL) cholesterol with CVD. In 3888
older adults without known CVD, authors evaluated CRP,
IL-6, and lipoprotein-associated phospholipase A2 lev-
els. CAD incidence was higher for higher levels of CRP,
1L-6, and lower for higher levels of HDL-C. Compared
to high HDL-C/low-inflammation categories, incident
CAD was increased for those with high HDL-C and high
CRP or highest I1.-6 tertile. Then the protective relation
of high HDL-C for incident CAD appears to be attenu-
ated by greater inflammation.

Hs-CRP has also been studied for its potential role in
the prediction of adverse outcome in patients with estab-
lished CVD. Several studies clearly demonstrated an asso-
ciationbetween hs-CRP and future acute coronary events
in patients with SA™,

However, conflicting report exsists about the addi-
tive benefit of measurement of hs-CRP. While data from
Sinning ez al™! suggest that, in patients with established
CVD, traditional risk factors are the most powerful pre-
dictors with only little information added by inflamma-
tory markers (including CRP), on the other hand several
studies'* showed that hs-CRP independently predicts
cardiac events in patients with ACS™,

Moteovert, patients with higher hs-CRP on admission
for ACS had higher rate of impaired myocardial perfu-
sion""”” and death.

Nakachi ez @/ reported that an hs-CRP elevation
at admission and increase independently predicted 30-d
events. In contrast, Bogaty e/ a/" found that serial mea-

Raishidenge ~ WJC | www.wjgnet.com

546

surements of hs-CRP in ACS patients have only a mod-
est predictive ability, which disappeared after adjustment
for common clinical variables. However authors did not
exclude patients with acute or chronic inflammatory dis-
eases.

Among ACS patients of the FAST-MI, authors found
that low fetuin-A and high hs-CRP concentrations were
associated with cardiovascular death, even after adjust-
ment for GRACE risk score!™, In another study by
Schaub ez o/ in 398 consecutive patients presenting
with acute chest pain novel biomarkers like myeloperoxi-
dase, MRP-8/14 and hs-CRP, provided incremental value
in the risk stratification of these patients.

Apelin

Apelin was first discovered in 1998 as the ligand of
the so-called AP] receptor, a G-protein-coupled receptor
(GPCR) identified in 1993 from a human genomic library.
It is produced as preproapelin, then cleaved by an AT-con-
verting enzyme to form several shorter C-terminal active
peptides, ie., apelin-13, -16, -17, -19, -36 and a pyroglu-
tamate form (Pyrl apelin—13)“35]. Since the absence of an
immediately apparent ligand, AP] was first classified as an
orphan GPCR. It shares 31% sequence homology with the
human angiotensin II (AT II) type 1 receptor, which led
to further characterization of the Apelin-AP] system.

Overall, the apelin system has several physiological
roles, most notably in the cardiovascular system, hy-
pothalamus and the adipo-insular axis™ such as fluid
homoeostasis, glucose homeostasis, feeding behaviour,
regulation of vascular tone, cardiac inotropism and im-
munity. First studies about apelin-AP] system found
both similar and opposite functions to those of the AT
system'™". The distribution of both receptors and pep-
tides overlaps in the hypothalamus and vasculature!™”.
Moreover, Apelin has been detected in adipose tissue
and it was found that it was both produced and secreted
by adipocytes. Apelin has been then considered as a novel
adipokine. Also APJ is present in human and mouse adi-
pose tissue, both in isolated adipocytes and in the stromal
vascular fraction".

Apelin expression in adipose tissue is regulated by nu-
tritional status. In obese subjects, APJ-apelin expression
is increased and this up-regulation could be reversed after
diet or surgery-induced weight loss'"", Moreover, chang-
es in insulin levels might be involved for both apelin and
AP]J regulations in adipose tissue, according to the sever-
ity of insulin resistance! . A close relationship between
apelin and insulin has been demonstrated both iz vive and
in vitro. In cultured adipocytes, insulin treatment increased
expression and secretion of apelin. Apelin expression in
adipocytes is increased in various mouse models of obes-
ity associated with hyperinsulinemia“”’m]. Interestingly,
in highly insulin-resistant mice, such as db/db ones, AP]
expression isn’t increased"” and in studies conducted
in type 2 diabetic subjects, the effect of insulin resulted
completely blunted in adipose tissue!*".

Moreover, Apelin expression in adipose tissue is regu-
lated also by TINF-q, gastro-intestinal inflammation, per-

[139]
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oxisome proliferator-activated receptor gamma (PPARCc)
coactivator-1 a (PGCla), Eicosapentaenoic acid-a poly-
unsaturated fatty acid from the omega-3 family, which all
increase the apelin expression and secretion AT
I exerts different effects on the expression of apelin,
depending on the receptor involved: type 1 AT receptor
mediates an increase of the apelin secretion, while type 2
receptor may reduce its production[ml. Interestingly, glu-
cocorticoids modulate the production of apelin and its
secretion from fat cells, simultaneously increasing AT II
and suppressing apelin expression, suggesting a possible
path[:asg]enetic mechanism in obesity-related hyperten-
4

Since the increase in vascular density is essential for
adipose tissue expansion, with endothelial cells actively
promoting the development of preadipocytes and growth
of mature adipocytes, apelin has been proposed to con-
tribute to the development of new vasculature in expand-
ing fat depot'*”. Several studies have demonstrated that
apelin is a potent angiogenic factor!™”, grossly equivalent
to vascular endothelial cell growth factor and, like other
angiogenic factors, its gene is upregulated under hypoxia
condition™”, Hypoxia induces expression and secretion
of apelin in both human and murine adipocytes, through
the hypoxia-inducible transcriptor factor 1a.

The first report in humans of plasma apelin con-
centrations was shown in obese and hyperinsulinemic
subjects ™! where plasma apelin levels are increased. In
morbidly obese patients with or without diabetes, apelin
levels were only higher in the diabetic morbidly obese
subjects'”". However, reduced plasma apelin levels were
described in obese subjects with untreated type 2 diabe-
tes, compated to non-diabetic subjects and anti-diabetic
treatment (rosiglitazone and metformin) was found to
increase apelin concentration, with the improvement of
glycemic proﬁle[lsz’153].

Changes in apelin levels after weight loss or bariatric
surgery in obese individuals were also investigated. Diet-
induced weight loss decreases apelin levels in moderate
obese women'™" but not significantly in patients with the
MetS"™ or in obese children'*". Bariatric surgery resulted
in a significant decrease in apelin levels only in morbidly
obese patients exhibiting impaired fasting glucose or type
2 diabetes before surgery“su. Probably, obesity per se is not
the main determinant of increased plasma apelin concen-
trations since circulating apelin levels are not necessary
significantly correlated to the BMI in all the published
studies'",

The possible role of Apelin in the atherosclerotic
process has been investigated. In studies by Liu ez a/"",
Apelin-13, the predominant circulating apelin isoform,
significantly promoted intracellular cholesterol efflux and
reduces macrophage foam cell formation, indicating a po-
tential antiatherogenic function. Moreover, Kadoglou ¢ a 1
have demonstrated lower apelin levels in patients with ca-
rotid atherosclerosis as compared to healthy controls, and
that apelin increment is independently associated with
atorvastatin-related carotid plaque stabilization. The same
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group reported considerably lower apelin concentrations
in CAD patients in comparison with healthy controls'"™,
This finding was confirmed in other studies conducted
among subjects with stable angina (SA), and the plasma
apelin levels were found to be negatively correlated with
the severity of the disease""".

A decrease of Apelin levels early after AMI has also
been reported, with a progressive elevation over time,
however reaching values lower than control subjects at
24 wk""". These observation were confirmed in patients
with a first STEMI, where the reduction in apelin levels
was independent from left ventricular dysfunction and
"% In comparison to asymptomatic CAD pa-
tients, plasmatic apelin were lower in ACS patients on

outcome

admission, with a negative correlation with the severity
of CAD",

A myocardial protective effect have been suggested
from studies on the possible therapeutic use of apelin
in CAD in animal models. Azizi ef @/ demonstrated in
rat models of MI that post-infarct treatment with [Pyr1]-
apelin-13 significantly attenuates myocardial damage, via
the reduction of oxidative injury and enhancement of
NO production. In addition, apelin-13 has been found
to promote angiogenesis and ameliorate cardiac repair
after AMI by a mechanism involving vascular progenitor
cells"*,

However from a pathophysiological point of view,
some conflicting data have been reported. For example,
Rittig ez al"* observed that plasma apelin levels are not
associated with eatly stages of atherosclerosis in young
subjects prone to atherosclerosis and type 2 diabetes.
Interestingly, other studies in animal models suggested a
role of apelin-AP] system in vasculature oxidative stress.
Furthermore, Apelin is upregulated in human athero-
sclerotic coronary artery and potently constricts human
coronary artery'*". Data by Jin e a/'* show that genetic
defects in apelin/AP] pathway may confer a potential
risk for CAD in Chinese hypertensive patients. These
evidences underline the complex role of Apelin and its
receptor in atherosclerosis.

CONCLUSION

Vascular inflammation represent a fundamental link be-
tween obesity, MetS and their detrimental complications.
Conflicting evidence about the 7 vitro and in vivo effects
of Adipocytokines suggests the high complexity of these
mediators interplay in the pathogenesis of atherosclerosis
and, moreover, in the risk stratification of CAD patients.
Even large evidence about the use of hs-CRP for primary

and secondary prevention of CVD has been questioning
for its real additive value.

However, the involvement of adipocytokines in the
pathogenesis of atherothrombosis and dysmetabolism
remains clear, although it appears to be way more com-
plex than previously thought. The understanding of
these pathways may lead to the development of targeted
treatment of obesity-related disorders. In this setting, the
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JUPITER trial provided some clue about the association
between inflammation and the risk of CVD, even though
it was not designed to evaluate the role of the pharmaco-

logical modulation of inflammation

U 1n this context,

only two trials are ongoing, the Cardiovascular Inflamma-
tion Reduction Trial'™ and The canakinumab anti-inflam-
matory thrombosis outcomes study (CANTOS)"", The
first is investigating the role of low-dose methotrexate

on incident heart attacks, strokes, or death in people with
type 2 diabetes or MetS that have had a heart attack or
multiple coronary stenoses. CANTOS is studying the ef-
fect of Canakinumab, 2 human monoclonal antibody that

neutralizes interleukin-1beta, in secondary prevention

[170]
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