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Abstract

The link between atherosclerosis and metabolic syndrome is through system inflammation. Molecular
mechanisms of this link can be explained by hypothesis that arterial hypertension, central obesity and insulin
resistance are connected through dysfunction of endothelium and inflammation, where major role play tumor
necrosis factor alpha (TNF-a) and reactive oxygen species (ROS), that promotes modulation of insulin receptor
substrare2 (IRS2) signaling, insulin resistance, nuclear factor NF-kB (NF-kB) and IκB kinase β activation, endothelial
dysfunction, oxidized low density lipoproteins accumulation, vascular inflammatory responses with vascular smooth
muscular cells apoptosis and atherosclerotic plaque instability. TNF-a and ROS overproduction closely linked with
central obesity and adipocytokines deregulation. Morphological substrate of atherosclerosis-plaque, it’s stability and
evolution depends on intensity proinflammatory mediators and matrix metalloproteinases production, that closely
bind with metabolic syndrome components, such as central obesity with adipocytokines production; arterial
hypertension with endothelial dysfunction; glucose intolerance, insulin resistance and its intracellular signaling
disturbances; oxidized low density lipoproteins accumulation and oxidative stress.
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Introduction
Critical role of inflammation and oxidative stress at atherosclerosis

and metabolic syndrome caused urgency of weight loss,
proinflammatory and proatherogenic molecules deletion for
prevention of atherosclerosis progression. Inflammation is common
for ischemic heart disease, stroke and obesity, it is thought to be a sign
or atherogenic response. On the base of 20 studies results (49097
patients) it has been established significant link between concentration
of high sensitivity C-reactive protein (hs-CRP), fibrinogen, white
blood cells (WBC) count, monocytes count and atherosclerotic plaque
formation, which was evaluated according intima-media thickness
(cIMT) [1,2]. This data suggest WBC recruitment and expression of
pro-inflammatory cytokines both at early atherogenesis and atheroma
formation. Inflammatory mechanisms couple dyslipidaemia to
atheroma formation, promote thrombosis and late complication of
atherosclerosis as myocardial infarctions and stroke [3,4], C-reactive
protein (CRP) and interleukin-6 (IL-6) level can be used for prediction
of major cardiovascular events, matrix metalloproteinases (MMP) can
be useful as markers of plaque instability [5]. Fibrinogen, serum
amyloid A, IL-6, and lipoprotein-associated phospholipase A2 (Lp-
PLA2) have been proposed as tools for risk assessment in patients with
carotid artery atherosclerosis and approved as a predictor of ischemic
stroke [6,7], hs-CRP level was shown to predict the risk of stroke in
several large epidemiological studies [8]. There are some specific
markers of atherosclerotic inflammation such as long pentraxin-3 and
calcium binding protein involved in inflammatory signaling- S100A12,
that can be associated with the presence of atherosclerotic plaques and

prevalent vascular disease [9-11]; adhesion molecules, expressed on
leukocytes surface like L-selectin and serum levels of tumor necrosis
factor alpha (TNFα) have been associated with larger plaque size [12].

Cytokines are expressed by all types of cells involved in
atherosclerotic plaque formation and performed crosstalk among
vascular residing cells, endothelial and smooth muscle cells,
leucocytes. Significance of proinflammatory cytokines as messengers
“provided a mechanism whereby risk factors for atherosclerosis can
alter arterial biology, and produce a systemic milieu that favors
atherothrombotic events” [13]. There are some researches that
supposed the production of highly specific antibodies against key
molecules involved in the perpetuation of the inflammatory cascade,
raising hope for advances in the treatment of atherosclerosis [14].
Drugs such as statins, aspirin, methotrexate, and colchicine act in an
immunomodulatory way and cytokines production that may
beneficially affect atherogenesis and/or cardiovascular disease
progression. Inflammatory markers involved in vascular inflammation
stimulate the generation of endothelial adhesion molecules, proteases,
and other mediators, which may enter the circulation in soluble form
[15].

Morphological substrate of atherosclerosis-plaque, it’s stability and
evolution depends on intensity proinflammatory mediators and MMP
production, that closely bind with metabolic syndrome (MetS)
components, such as central obesity with adipocytokenes production;
arterial hypertension with endothelial dysfunction; glucose
intolerance, insulin resistance and its intracellular signaling
disturbances; oxidized low density lipoproteins accumulation and
oxidative stress.

The link between atherosclerosis and metabolic syndrome is
through system inflammation, that approved IDF in “Platinum
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standart” of metabolic disorders at atherosclerosis, that include
evaluation of pro-inflammatory state (IL-6, TNF-a), adipocytokines
(leptin, adiponectin), HOMA-IR, free fatty acid, markers of endothelial
dysfunction and prothrombotic state (PAI-1, fibrinogen), hormones of
pituitary-adrenal axis at MetS patients [16]. Molecular mechanisms of
this link can be explained by hypothesis that arterial hypertension,
central obesity and insulin resistance are connected through
dysfunction of endothelium and inflammation, where major role plays
TNF-a, NO depletion and peroxynitrite and ROS overproduction.

Both insulin resistance and visceral obesity accompanied by TNF-a
overproduction in adipocytes. TNF-a can bind 2 types of receptors:
TNFR1and TNFR2, which is expressed on all types of cells. TNFRI
triggers both apoptosis and proliferation, as well as differentiation of
cells, while TNFRII triggers metabolic effects of TNF-a. TNF-a can
inhibit phosphorilation of serine in insulin receptor substrate (IRS1)
and inhibit phosphorilation of alpha subunit of insulin receptor itself,
that caused disturbances of insulin signal transduction; TNF-a inhibit
expression of GLUT-4 and lipoprotein lipase genes [17]. Insulin
overproduction and insulin resistance promotes mitogen-activated
protein-kinase (MAP-kinase) activation that induced endothelin-1
production; these changes are previous to atherosclerotic plague
formation [18].

It is established, that anti-inflammatory and anti-atherogenic
properties of a wall of a vessels are determined by normal functioning
of endothelium and its ability to NO production, that have a lot of
functions, autocrine and paracrine action [19]. In cells of endothelium
NO suppresses nuclear factor kB (NF-kB), that regulates
proinflammatory genes expression [20], by this way NO cause
decreasing production of endotelin-1, monocytes chemoattractant
protein (MCP-1), superoxide-radical, adhesion molecules.
Hyperglycemia and accumulation of advanced glycation-end products
can activate NF-kB and MAP-kinase pathways, while insulin and
insulin growth-factor receptors are implicated in the activation of
protein kinase B (Akt) and extracellular-signal-regulated kinases 1/2
(ERK1/2) [21]; NF-kB is also responsible of increased susceptibility of
vascular smooth muscle cells to pro-apoptotic stimuli through
miR-133a levels [22]. IκB kinase β (IKKβ), a central coordinator of
inflammatory responses through activation of NF-κB, has been
implicated in vascular pathologies, IKKβ functions in smooth muscle
cells to regulate vascular inflammatory responses and atherosclerosis
development [23].

Insulin resistance (IR) is accompanied by decreasing of IRS2
expression, that caused increasing of MCP1 defects in Akt2 and Ras/
ERK1/2 signaling pathways, that may contribute to accelerated
atherosclerosis in MetS states [24]. IR increases plaque vulnerability by
augmenting the inflammatory chemokine fractalkine and its receptor
axis, which is mechanistically linked to reduced vascular smooth
muscle cells survival and atheroma plaque destability; modulation of
IRS2 signaling may be potential therapeutic target for reduction of
inflammatory mediators at IR-MetS patients [25]. It is well known, that
insulin signaling cascade is necessary for cell growth, metabolism, and
survival through the activation of both MAP-kinases and
phosphatidylinositide-3-kinase (PI3K), where PI3K pathway
associated with IRS1 and IRS2, subsequent Akt→Foxo1
phosphorylation cascade has a central role in the control of nutrient
homeostasis and organ survival [26]. The inactivation of Akt and
activation of Foxo1, through the suppression IRS1 and IRS2 in
different organs following hyperinsulinemia, metabolic inflammation,
and overnutrition, may act as the underlying mechanisms for the

metabolic syndrome in humans [27]. IRS1 is down-regulated in states
of insulin resistance, the IGF-I receptor signals pass through an
alternate scaffold protein, SHPS-1, resulting in pathophysiologic
stimulation of vascular smooth muscle cell migration and
proliferation, resulting developing of macrovascular complications
[28]. Insulin suppresses several proinflammatory transcription factors:
NF-kB, Egr-1, activating protein-1 (AP-1) and the corresponding genes
regulated by them, such as matrix metalloproteinase-9, PAI-1. Insulin
can suppress reactive oxygen species generation and p47 phox
expression, to increase inhibitor (I)-kB expression in mononuclear
cells as well as to suppress plasma concentrations of intracellular
adhesion molecule-1 and MCP-1 and CRP level [29]. Insulin
modulates the regulation of proliferation of vascular smooth-muscle
cells (VSMC) with particular emphasis on PI3K/Akt, cPLA2 and
ERK1/2 signaling pathways that have been identified as important
mediators of VSMC hypertrophy and vascular diseases [30]. Insulin
has anti-inflammatory and antiapoptotic effects [31]. Beneficial
cardiovascular effects of incretin mimetic drugs, enchancing insulin
secretion, and dipeptidyl peptidase-4 (DPP-4) inhibitors, approves
insulin significance for prevention of atherosclerosis [32].

Hyperglycemia, oxidized atherogenic lipoproteins, and advanced
glycation end products are linked to oxidative stress in diabetes:
overproduction of ROS after NADPH oxidase activation or
mitochondrial dysfunction is associated with peroxinitrite synthesis,
NO concentration decreasing and endothelial-dependent vasodilation
disturbances; glycated LDL-induced expression of plasminogen
activator inhibitor-1 in endothelial cells and endothelial disfunction
development [33]. Hyperglycemia-induced oxidative stress and ROS
overproduction promotes endothelial dysfunction, that increase pro-
inflammatory and pro-coagulant factors expression, induce apoptosis
and impair NO release; induces several phenotypic alterations also in
VSMC; ROS is one of the factors that can promote both VSMC
proliferation/migration in atherosclerotic lesions and VSMC apoptosis,
which is potentially involved in atherosclerotic plaque instability and
rupture [34]. Hyperglycemia induces vascular damage probably
through a single common pathway-increased intracellular oxidative
stress-linking four major mechanisms, namely the polyol pathway,
advanced glycation end-products (AGEs) formation, the protein
kinase C (PKC)-diacylglycerol (DAG) and the hexosamine pathways
[35].

Central obesity connected with atherosclerosis by insulin resistance
and disturbances of adipocytokines production (leptin and rezistin
overproduction, adiponectin deficiency), that can promote
phosphatidil-inositol-3-kinase (Akt-kinase) pathway activation [36].
Leptin stimulates MCP-1 synthesis via the MAP-kinase/ERk1/2
pathway through phosphorylation of MAC and E26-like transcription
factor [37]. Cytokines production can be disturbed at MetS due
aberrant methylation of different genes, such as genes of IL-6, TNF-α,
mitochondrial transcription factor A, and glucose transporter- 4
(GLUT4), which involved in inflammation and oxidative stress. Also
some of atherogenic transcription factor (cMYC, TLR2, CXCR4),
which regulated pro-inflammatory genes of paraoxonase, interferon
regulatory factor-1, toll-like receptors, CXCR4 and SOD1 are
overexpressed in monocytes at obesity; weight loss associated with a
concomitant decrease of their expression [38].

So, inflammatory mediators closely connected with major factors,
associated with atherosclerosis and MetS [39]. Insulin resistance via
proinflammatory effects leads to several macrovascular and
microvascular alterations that influence the progression of
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development of atherosclerosis. Extracorporeal removal from blood
some of proinflammatory cytokines and proatherogenic substances
may be effective for prevention of atherogenesis progression.
Identifying the triggers for inflammation and unraveling the details of
inflammatory pathways may eventually furnish new therapeutic
targets. Also overweight and dislipidemya should be corrected.

Chylomicrones (CM) and low density lipoproteins (LDL) have
specific proatherogenic and proinflammatory properties [40,41], the
concentration of small low-density lipoprotein (sLDL) has been
associated with the progression of coronary and carotid atherosclerosis
and increased cardiovascular risk, that has been approved in case-
control and prospective studies [42,43]; “the lipoprotein cholesterol
profile and the LDL floatation rate (LDL-RF) were directly and
significantly correlated with weight, body mass index, waist, hip,
waist/hip ratio, triglycerides, fasting glycaemia, cIMT and inversely
related to high-density lipoprotein (HDL)” [20]; CM and small LDL
were associated with a proinflammatory activation of peripheral
mononuclear and endothelial cells [44]. CM and other triglyceride-
rich lipoproteins induce expression of adhesion molecules,
cyclooxygenase-2 and heme-oxygenase-1 in endothelial cells, and
activate intracellular signaling pathways involving MAP-kinases, NF-
κB and Nrf2 [45].

Oxidized low density lipoprotein (oxLDL) induced injury of
endothelial cells is considered to be the first step in the pathogenesis of
atherosclerosis: oxLDL significantly decreased cell viability, increased
LDH and IL-8 release, inhibited NO production, and induced
cyclooxygenase 2 expression; OxLDL stimulated the expression of its
specific receptors-lectin-like low-density lipoprotein receptor-1
(LOX-1) and overproduction of ROS; also oxLDL induces
phosphorylation of p38MA-kinase, the dephosphorylation of PKB,
activation of NF-κB, and the degradation of IκB [46]. LOX-1 promotes
the generation of superoxide anion, the inhibition of NO production
and the increment of endothelial adhesiveness to monocytes [47].
Binding OxLDL to LOX-1 significantly increases generation of ROS
that make pathological loop, suggesting ROS overproduction caused
oxidized LDL formation. Molecular mechanisms of this changes
includes Lp-PLA2 activation and lysophosphatidylcholine and
oxidized nonesterified fatty acids formation, that can elicit several
deleterious inflammatory and oxidative responses, because
lysophosphatidylcholine serves as a potent chemoattractant for
monocytes, resulting in foam cell accumulation within the arterial wall
membrane destructive processes [48]. Superoxide radical induced both
oxidative and inflammatory pathways, as well as endothelial
dysfunction. So, it can activate major proinflammatory transcriptional
factors: NF-kB and AP-1, it can diminished bioavailability of NO due
binding NO with formation of high toxic peroxynitrite. Increasing of
ROS generation induced hydrogen peroxide and the hydroxyl radical
cytotoxic and cytopathic effects, such as membrane phospholipids
peroxidation, DNA damage and denaturation of proteins/enzymes
[49]. oxLDL induces endothelial cell proliferation via Rho/ROCK/Akt/
p27kip1 signaling: opposite effects of oxLDL and cholesterol loading
[50].

In hyperlipidemic conditions, cholesterol accumulates in
macrophages disrupting cholesterol trafficking and leading to an
inflammatory environment [51,52]. C1q plays a dual role in
atherosclerosis. C1q polarizes macrophages to a protective phenotype
in the early stages of atherosclerosis by increasing anti-inflammatory
cytokines and decreasing pro-inflammatory cytokines, leading to a
reduction in disease markers such as cholesterol and triglyceride levels

and atherosclerotic lesion size [53,54]. oxLDL-induced endothelial
stiffening is mediated by the CD36-dependent activation of RhoA and
its downstream target Rho kinase via inhibition of myosin light-chain
phosphatase (MLCP) and myosin light-chain (MLC)2 phosphorylation
that associated with increased endothelial angiogenic activity, induce
endothelial cell stiffening and promote capillary formation [55].
oxLDL-induced Rho/Akt signaling downregulated cell cycle inhibitor
p27kip1 Preloading these cells with cholesterol, however, prevented
oxLDL-induced Akt phosphorylation and HAEC proliferation [50].
Vascular-endothelial grows factor (VEGF) modified macrophages
significantly decreased cytoplasmic lipid accumulation after treatment
with oxidized LDL (ox-LDL). Moreover, down-regulation of CD36
expression in these cells was probably one of the mechanisms of
reduction in foam cell formation [56].

It is established that cholesterol reduction linked with entity of LDL
and the disappearance of wall features of inflammation, visualized in
MRI [57]. According results of dal-PLAQUE study, modulation of
cholesterol ester transfer protein activity to raise HDL after 6 months
by Dalcetrapib treatment significantly reduced alteration of FDG TBR
carotid artery segment [58].

For asymptomatic patients with atherosclerosis evaluation of
inflammatory and immune profiles can be useful for stratification the
risk of stroke, and also for estimation of stroke recurrence’s risk [59],
while carotid IMT can be useful for monitoring of the regression of the
atherosclerotic process after medical treatment with statins and
calcium-antagonists [15].

So, atherosclerosis closely connected to hyperlipidemia and
inflammation, that suggest deep relation of atherosclerosis to
metabolic status, which characterizes by insulin resistance and
adipocytokines (adiponectin, leptin, resistin, PAI-1) deregulation. That
can escalates the risk of cardiovascular diseases due MetS involvement
[60].

How it has been established in our previous work, loss of weight can
restore metabolic disorders and decrease inflammation [61] at obese
and MetS patients. It is important to have attention that some of
patients might not be compliant to hypolipidemic treatment and
fitness, some of them have very high LDL levels (more than 300 mg/
dl). In these cases the extracorporeal removal of proatherogenic
substances may be useful to restore normal lipidomic profile and
physiologic metabolites concentration [62]. Selective LDL sorption
from whole blood or plasma can be effective, because reduction of total
cholesterol and apo proteins apo-B100 is 35-80%; also TNF-a
concentration can be decreased after procedure; the most popular
sorption systems for LDL purification are ‘Liposorber L” and
“Liposorber D’ (Kaneka, Japan), “LDL Lipopak (POKARD, Russia),
“LDL TheraSorb” (Milteney, Germany), DALI (Fresenius, Germany)
and LNP 45 (Tosoh, Japan); “LDL-300”, “LDL- Lipopac” have high
selectivity, biocompatibility and stability; the maximal total cholesterol
and apoB100-binding capacity is found at “SFM-LPM”, LDL-45 and
“LDL-Lipopac” [63-65]. Purification of TNF-a is necessary, because
TNF-a induce low grade inflammation in adipose tissue, increase
resistance to insulin and intensity of carbohydrates metabolism [66],
increase expressions of the adhesive molecules on surfaces of
endothelium, granulocytes and so mediated disseminated blood
clotting [15], it is strong inhibitor of eNOS, activator of ROS [67].
Nonselective sorption of TNF-a provides sorption system, containing
alpha-2 macroglobulin [68].
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We have studied IL-6, TNF-a, CRP, malon dyaldehyde and VEGF,
lipidomic profile in blood serum of the patients with morbid obesity
and after laparoscopic sleeve gasterectomy (LSG). We have established,
that LSG cause not only weight loss, but reduction of proinflammatory
factors in blood 3 months after surgery. Our previous study has shown
that after LSG body mass index and waist circumference decreasing on
25% and 14% 3 month after surgery versus data before treatment,
normalizations of lipidomic profile and glucose were observed 2 week
after the surgery [61]. However, ways of liquidation of inflammatory
process and oxidative stress at an atherosclerosis have not found yet,
probably, since of heterogeneity of trigger factors of the systemic
inflammatory response and ROS generation.

We have observed 377 patients with atherosclerosis and MetS. It has
been established that central obesity is the most frequent component of
MetS at patients with ischemic heart disease and atherosclerosis. At
patients with coronary atherosclerosis (CA) waist circumference
increasing has been shown in 94%, HDL decreasing-in 89%, arterial
hypertension-in 79%, glucose intolerance-in 52%. At patients with
peripheral atherosclerosis (in iliac-femoral arterial pool)-PA the most
frequent component of MetS was arterial hypertension-in 76%,
hypertriglyceridemia-in 73%, glucose intolerance-in 43%.

At coronary atherosclerosis we have founded strong positive
correlative links between CRP and glucose level in blood, between
CRP and triglycerides; correlative link between CRP and MDA was
(r=0.6, p<0.05). PA characterizes by increasing of IL-6 and VEGF. This
data suggests that inflammation at PA is acute, due to local
inflammatory reaction of peripheral tissues after chronic ischemia. CA
is associated with decompensate oxidative stress and low grade
inflammatory reaction, correlating with metabolic disorders such as
increasing of body mass index and glucose concentration [69,70].

We have evaluated level of proinflammatory factors and oxidative
stress markers after percutaneous coronary intervention (stenting) and
coronary bypass operations (CBO) at ischemic heart disease patients.
MDA and CRP levels hasn’t changed early after coronary stenting, but
increased on 49% and 508% respectively after coronary bypass
operations. TNF-a was increased both after stenting and coronary
bypass on 39% and 110% respectively versus preprocedural level.
Correlation link MDA/TNF-a have overage force (r=0.53, p<0.05) after
CBO, whereas after coronary stenting it was weak (r=0.11, p>0.05).
IL-6 and VEGF concentration decreases after stenting (on 1.5 and 2.2
times versus preprocedural) and significantly increases at 30-th day
after CBO (1.3 and 10.1 times versus preprocedural, p<0.05). This data
suggest that coronary revascularization by stenting does not
accompanied by ROS overproduction and inflammation; neointimal
proliferation and intracellular matrics remodeling decreases after
stenting. Coronary bypass operations leads reinforcement of
inflammatory response and ROS generation, that causes prolonged
oxidative stress. In this conditions neo angiogenesis activation,
approved by VEGF increasing, may be broken. Inflammation and
oxidative stress after coronary bypass operations can have influence to
outcomes of treatment [71].

Conclusion
The link between atherosclerosis and metabolic syndrome is

through system inflammation. Molecular mechanisms of this link can
be explained by hypothesis that arterial hypertension, central obesity
and insulin resistance are connected through dysfunction of
endothelium and inflammation, where major role play TNF-a and

ROS, that promotes modulation of IRS2 signaling, insulin resistance,
NF-kB and IκB kinase β activation, endothelial dysfunction, oxidized
low density lipoproteins accumulation, vascular inflammatory
responses with vascular smooth muscular cells apoptosis and
atherosclerotic plaque instability. TNF-a and ROS overproduction
closely linked with central obesity and adipocytokines deregulation.

Our data has shown that MetS and atherosclerosis at obese patients
and at patients with ischemic heart disease is accompanied with
systemic inflammation, ROS, TNF-a, IL-6 overproduction. Loss of
weight can restore metabolic disorders and decrease inflammation at
obese and MetS patients, while coronary stenting and coronary bypass
operation does not influence to oxidative stress and inflammation
reduction. Inflammation and oxidative stress after coronary bypass
operations can have influence to outcomes of treatment. Critical role of
inflammation and oxidative stress at atherosclerosis and metabolic
syndrome caused urgency of weight loss, proinflammatory and
proatherogenic molecules deletion for prevention of atherosclerosis
progression.
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