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The history of cerebrovascular disease spans mamymesalthough
the observations that have influenced current pewatere described
within the last 45 yeardJntil then, some 55% of strokes were
attributedto "vasospasm”. Chiari in 1905 and a few years |Bient,
Moniz, and Hultquist, among others, described the possible
association of CAD andtroke. In Prague, Chiarfound thrombus
superimposed on carotid artetherosclerotic plaques of 7 patients in
a series of 400 consecutiaitopsies. Four of these patients had
suffered cerebral embolisrand he suggested that embolic material
could arise from the carotattery and affect the brain. This could be
considered the first accuratescription on the pathophysiology of
cerebral embolism from thearotid artery. Hudtn 1914 reported the
clinical characteristicef 20 patients with hemiplegia but did not have
autopsy dataHe proposed that "the cerebral lesions in mostkstro
victims couldbe the effect and not the causé"1937, Monizet al?
reported occlusion of the internal carotid arterg patients diagnosed
with angiography. Hultquistin 1942 publishethe clinicopathologic
correlation of patients with stroke @& series of 1400 autopsies. He
performed examinations of thentire carotid circulation in 400
patients and found a 3% incidenak thrombosis. These important
descriptions did not flouristhowever, because corroboration of the
ideas proposed was hinderey the absence of routine postmortem
study of the carotids a time when angiography was either not
available (Chiari anéiunt) or considered too dangerous (Moniz and
Hultquist). An important milestone in the history of carotidogie
occurred in1951, when C. Miller Fisher reported the occurrente
TIAs in relation to CAD. ; although Chiari, Hunt, Moniz, and



Hultquist have described the associat@inCAD and stroke, this
received little attention until C.M.Fishpublished his clinicoanatomic
correlations in "Occlusion of ti@arotid Arteries." The opportunity to
prove that carotid occlusion was the can$g¢he symptoms arose
when, during an autopsy, founded an occludedyartenich didnot
mean much in those years when the first diagnosisideredwas
"spasm.” However, this finding caused great exca@mnDr Fisher,
who had in front of him the first case in which iaternal carotid
artery occlusion, proved at autopsy, had beencalilyi suspected on
the basis of characteristic premonitory phenomehalMB and
hemiplegia. All that was left was to define the magsmby which
occlusion caused the transient phenomena. At thed, Dr Fisher
started collecting clinical data associating CADd ahlAs, calling
attention to the variable frequency of episodegjiragifrom 1 to 500
in different cases. This was probably his most irtgrdcontribution
to the understanding of cerebrovascular diseasm,@dtablishing the
sequential correlation of prodromal symptoam&l stroke, Dr Fisher
defined a therapeutic window for the administratadrmedications.
He further speculated on the use of anticoagulaticarrest transient
attacks. Although Dr Fisher referredtteatment as a "subject where
there is little definite to statehje laid the foundations for what became
the most important andcontroversial subject in CAD, carotid
endarterectomy. ".. [SJome day vascular surgery will find a way to
by-pass theccluded portion of the internal carotid arteryidgrthe
periodof ominous fleeting symptoms." With this statemét,Fisher

predicted in 1951 the surgical treatment of CAD requiredmore



than 40 years thereafter to scientifically estdbtiseproven benefits

of carotid endarterectonty

ATHEROSCLEROSIS

Despite of medical and surgical advances, athknmdic disease
remains the leading cause of death in the Westenidvand it is the
underlying cause of many different disease; amdresd, a large
proportion of strokes. In the 19th century, thererevtwo major
hypotheses to explain the pathogenesis of athemsts: the
incrustation hypothesis, proposed by von Rokitarigky{/852, and the
lipid hypothesis, proposed by Virchow in 1856 These hypotheses
focused on fibrin deposition, lipid accumulatiomdaextracellular
matrix formation. In addition, Virchow used for tHest time the
name endarteritis deformans, linking inflammatiorthie disease and
forming the basis of the response-to-injury hypsihef Ross more
than a century latét'. Today, atherogenesis is considered a complex
interaction of risk factors including cells of tlatery wall and the
blood and molecular messages that they exchangksoitwell known
the prominent role of inflammation in the developmeof the
pathology.

ATHEROGENESIS

Atherothrombosis is a systemic arterial diseasgirally involving

mostly the intima of large- and medium-sized sys$terarteries



including the carotid, aorta, coronary, and penphearteries. The
main components of atherothrombotic plaques?atel) connective
tissue extracellular matrix, including collagen,ot@oglycans, and
fibronectin elastic fibers; 2) crystalline cholesie cholesteryl esters,
and phospholipids; 3) cells such as monocyte-dérivecrophages,
T-lymphocytes, and smooth-muscle cells; and 4)nttratic material
with platelets and fibrin deposition. Varying propons of these
components occur in different plagues, thus givinge to a
heterogeneity or spectrum of lesions. These compsmeainly affect
the intima, but secondary changes also occur in ntsglia and

adventitia, including growth of vasa vasorum.

EARLY ATHEROTROMBOSIS
This is the initial phase of atherogenesisis; chfly, lesions are

small, commonly seen in young people, and categodrinto three
types as follows (according to a simplified modition of the criteria
previously set forth by the American Heart Assaorat (AHA)
Committee on Vascular Lesioisand more recently by Stafy type

| lesions, consisting of macrophage-derived foarths abat contain
lipid droplets; type Il lesions, consisting of botmacrophages and
smooth-muscle cells and mild extracellular lipighdsits; and type llI
lesions, consisting of smooth muscle cells surrednoly extracellular
connective tissue, fibrils, and lipid deposits. #he lesion progress,
calcification may then occur through mechanismsilamto those in
bone formation. The molecular events charactergtithis phase are
endothelial dysfunction, the lipoprotein transpant, at the end, the

innate immune response to auto-antigens.



Endothelial dysfunction. The endothelium is a dynamic autocrine
and paracrine organ that regulates antiinflammatonyogenic, and
contractile activities of the vessel wall, as wali the hemostatic
process within the vessel lumnA single molecule, nitric oxide
(NO), is responsible for these regulatory procedsAsdysfunctional
endothelium, characterized by decreased NO symssthéacilitates
vessel wall entry and oxidation of circulating Iggoteins, monocyte
entry and internalization or inflammation, smootkll groliferation
and extracellular matrix deposition, vasoconswittias well as a
prothrombotic state within the vessel Ilurfféh Endothelial
dysfunction, traditionally known as the earliest nifiestation of
atherothrombosis, is often the result of a distdea in the
physiological pattern of blood flow (flow reversal oscillating shear
stress) at bending points and near bifurcafidiisin addition to
biomechanical shear forces enhanced by hypertefisiaime
coexistence of other biohumoral risk factors sucls a
hypercholesterolemia,advanced glycation end-preduatiabetes and
in elderly people, chemical irritants in tobaccooke circulating
vasoactive amines, and immunocomplexes, have lssmTiated with
endothelial dysfunctich?. Thus, as a response to reversal or
oscillatory shear stress, endothelial cell actoratis characterized by
the expression of cell adhesive molecules (CAMg)frithe selectin
superfamily (E- and P-selectins). These proteicgita@e the homing
(margination and adhesion) of the circulating motes to the
activated endothelial cells and will facilitate timernalization of the
adhered monocytes into the arterial wall, contrigut to

atherogenesis.
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Lipoprotein transport and proteoglycans. Low-density lipoproteins
(LDLs) infiltrate through the arterial endotheliuimto the intim&2.

This binding seems to relate to an ionic interacitid apolipoprotein
B with matrix proteins including proteoglycans, lagen, and
fibronectin. Proteoglycans are macromolecules &xtdietween the
basement membrane of the endothelial cell and riternial elastic
lamina (IEL), composed of a core protein and lohgic

carbohydrates called glycosaminoglycans. The intenas between
oxidized LDL and proteoglycans are crucial in eatherosclerosis,
mostly related to lipoprotein retention, intravdscuaggregation of
LDL leading to chemical modification, and inductiorof

inflammatiort®.

Innate immune response to auto-antigens.

Development of atherosclerosis is influenced byaianand immune
responseS. Innate immunity represents the first inflammatory
response to microorganisms and pathogens, basedetection by
macrophages and dendritic c&llsThe most important receptors for
innate immunity in atherothrombosis are the scaeemgceptors and
the toll-like receptors (TLR% In the first line of innate immunity,
the scavenger receptors SR-A and CD-36 are redgenfir the
uptake of oxidized LDL, transforming the macrophag® a foam
celP?3* Furthermore, this pathway activates the NFkappauBlear
transcriptional factor, triggering a potent chenma@atant cycle of
monocyte migration and macrophage/foam cell foromati(i.e.,
monocyte chemoattractant protein [MCP]-1, leukokeied.TB4, and
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monocyte-colony stimulating factor [M-CSF}f. Macrophage/foam
cells produce cytokines that activate neighborimpathmuscle cells,
resulting in extracellular formation and fibrosihe second line of
innate immunity, the TLRs, has gained significamcagnition
recently. For example, the receptor for bacter@dgolysaccharides,
TLR4, is known to recognize cellular fibronectindaheat shock
proteins, endogenous peptides produced duringetisgury that may
act as auto-antigens early in the dis&48eThe TLR4 co-localizes
with fibroblasts and macrophages in the advenétid the intima of
human coronary atherothrombosis. Stimulation of ZiiRduced
activation of NF-kappa-B and increased mRNAs of iows
cytokines’. Furthermore, adventitial TLR4 activation augmente
neointima formation in a mouse model, suggestitigkabetween the
immune receptor TLR4 and intimal lesion formatidfore recently,
TLR4 has been shown to be involved not only initigation but also

in progression and expansive remodeling of athesathosi$.

ADVANCED ATHEROTHROMBOSIS

Continuous exposure to the systemic, pro-atheracgemilieu will

increase chemotaxis of monocytes leading to liptduenulation,
necrotic core, and fibrous cap formation, evolvimjo advanced
atherosclerosis. Clinically, according to a simptf modification of
the criteria previously set forth by the Americaedart Association
(AHA) Committee on Vascular Lesions, and more régeloy Stary,
advances atherotrombosis plaque can be subdividedaur relevant

phases of plaque progression.
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Phase 2.Lesions, although not necessarily stenotic, maproae to
rupture because of their high lipid content, insegh inflammation,
and thin fibrous cap. These plaques are categonzagbhologically
as one of two variants: type IV lesions, consisthgonfluent cellular
lesions with a great deal of extracellular lipideirmixed with normal
intima, which may predominate as an outer layecaw; or type Va
lesions, possessing an extracellular lipid coresoed by an acquired
fibrous cap. Phase 2 plaques can evolve into thie ghases 3 and 4.
Phase 3These lesions are characterized by acute complitgpe VI
lesions, originating from ruptured (type IV or Vaj) eroded lesions,
and leading to mural, non-obstructive thrombosikisTprocess is
clinically silent, but occasionally may lead to theset of angina
Phase 4These lesions are characterized by acute complitgpe VI
lesions, with fixed or repetitive occlusive thronsi® This process
becomes clinically apparent in the form of an acet@onary
syndrome (ACS), although not infrequently it issi#**>. About two-
thirds of ACS are caused by occlusive thrombosisaaron-stenotic
plaque, although in about one-third, the thrombgsucs on the
surface of a stenotic plagdeln phases 3 and 4, changes in the
geometry of ruptured plaques, as well as orgamaaif the occlusive
or mural thrombus by connective tissue, can leathéoocclusive or
significantly stenotic and fibrotic plagues.

Phase 5.These lesions are characterized by type Vb (cajcdr Vc
(fibrotic) lesions that cause frequently stenosisocclusion with

associated ischemia.
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The most important problem associated with the @acead
atherothrobosis phase is that the lipid core expanand the
macrophage accumulation at the edge of the plaepdetb fibrous cap

rupture and thrombotic complications.

Thrombotic complications

Rupture of a high-risk vulnerable plague changesjye geometry
and triggers coronary thromboSisSuch a rapid change in plaque
geometry may result in acute occlusion or suboamtugvith clinical
manifestations of unstable angina or other A&SMore frequently,
however, the rapid changes seem to result in mbrambus without
evident clinical symptoms. Two factors—plaque-dejsar
thrombogenic substrate and systemic procoagulativitge-may
influence the magnitude and stability of the rasgltthrombus and

thus, the severity of the coronary syndréme

Plague-dependent thrombogenic substrate.

Exposure of a thrombogenic substrate is a key faotaletermining
thrombogenicity at the local arterial site. Hetexogity of plaque
composition varies even within the same subjecssde factor, a
small-molecular-weight glycoprotein, initiates tlegtrinsic clotting
cascade and is believed to be a major regulatocaoafgulation,
hemostasis, and thrombdSisTissue factor forms a high-affinity
complex with coagulation factors VII/Vlla; TF/Vilacomplex
activates factors IX and X, which in turn leads tiorombin
generatioff. Co-localization analysis of coronary atherectomy

specimens from patients with unstable angina shawsdong relation
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between TF and macrophaffedhis relation suggests a cell-mediated
thrombogenicity in patients with unstable anginad aACS.
Furthermore, TF is particularly present in apopgtatacrophages,
highlighting the role of local TF in ACS In addition, specific
inhibition of vascular TF by the use of r-tissuectta pathway
inhibitor was associated with a significant redoictof acute thrombus
formation in human lipid-rich plaqu&sand in pig injured plaqués
Such observations document the active role of TFcamonary
thrombosis and open a new therapeutic strategiidnptevention of
ACS*,

Systemic procoagulant activity

The 30% of coronary thrombosis occurs at sitesupedicial erosion
of a fibrotic plaque. Thus, complicated thrombigach cases may
well be dependent on a hyper-thrombotic state érigd by systemic
factors. The proteins deeply involved in systemic procdag
activity seems to be tissue factor(TF), C-reacpvetein (CRP) and
CD40L. Changes in lipid metabolism, cigarette smgki
hyperglycemia, hemostasis, and others are assdamith increased
blood thrombogenicify®% Elevated LDL cholesterol levels increase
blood thrombogenicity and growth of thrombif4 Reducing LDL
cholesterol levels using statins decreased thrombuesvth by
approximately 2096. Smoking increases catecholamine release,
potentiating platelet activatibhand increasing fibrinogen lev&s
Catecholamine-dependent effects may explain the@sed incidence
of sudden death and acute cardiovascular evergs @ftotional and
physical stre$é Patients with diabetes, especially those withriyoo
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controlled diabetes, have increased blood thromfioig®® ™.
Platelets from patients with diabetes have increasactivity and
hyper-aggregability and expose a variety of adiwvatiependent
adhesion proteifi™; such abnormal platelet function is reflected by
increased platelet consumption and increased adationu of
platelets on the altered vessel Wdll Recent observations indicate
that the thrombogenic state associated with high ldDolesterol,
cigarette smoking, and diabetes may share a combiaiogical
pathway. That is an activation of leukocyte-pldteieteractions
associated with release of TF and thrombin actwathas been
observed in these conditidhsbeing more particularly studied in the
diabetic population, Furthermore, reversal of susk factors may
alter such cell-cell interactions, being particlyastudied with the
stating*™® Recent studies showed increased levels of ciinglalF
antigen in patients with cardiovascular diséasnd coagulation
disorders, such as disseminated intravascular tataoni® .
Circulating TF antigen has been associated withreased blood
thrombogenicity in patients with ACSand chronic coronary artery
diseas#. Furthermore, Increased TF-positive procoagulant
microparticles are present in the circulating bladdpatients under
pathophysiologic conditiofs Thus far, the cellular origin of TF-
positive microparticles in the circulating blood shanot been
established. As described previously, atherosdterplaques have
been shown to contain TF that is associated witbropdnages within
the lesion. Indeed, the predictive value of C-neacprotein (CRP)
and CD40L may in part be a manifestation of suclstesyic
phenomena; CRP, like fibrinogen, is a protein o #cute-phase
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response and a sensitive marker of low-grade imflaton. It is
produced in the liver as a result of mediators sashnterleukin-6
generated by inflammation in the vessel wall (iregcrophages) or
extravascularly (i.e., circulating monocyt&s)ncreased levels of CRP
have been reported to independently predict acotenary evenf$
even in people whose blood lipid values are belogvrhedian levels
in the populatiof¥®. Furthermore, statin therapy prevented coronary
events in individuals with high CRP and relativetprmal LDL
cholesterol values. Of interest, the lowering dffet statin on CRP
values was independent of its effect on lipid levalVhether CRP
reflects the inflammatory component of atherosdierplaques or of
the circulating blood and whether it is a surrogatarker ora
biologically active element in the process of pgievelopment or
thrombus formation is not known However, recent studies support
that CRP is an activator of blood monocyte and elessall
endothelial cel®° This encourages further investigation into the
effect of certain risk factors in the activation inflammation of the
vessel wall and circulating blood, probably leadiogn active role of
TF, CRP, and perhaps C4® as local and systemic key factors in
the process of atherothrombosis. Stroke is the sersbus pathology

related to thrombotic complications.
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CAROTID ARTERY STENOSIS: CURRENT
CLINICAL APPLICATION

SURGERY

Carotid endarterectomy (CEA)

Carotid endarterectomy (CEA) is a prophylactic agen. It is
performed in patients who are at risk of strokerfremboli arising
from atheromatous plaque at the carotid bifurcatibime indications
for CEA in various circumstances were reviewed bg American
Academy of Neurolog§. There are two groups of patients to
consider: symptomatic patients who have activeysagjving rise to
emboli that enter the cerebral circulation and eausansient
ischaemic attacks (TIAs) and reversible ischaemeurological
deficits, and asymptomatic patients who have deinalle disease at
the carotid bifurcation but no history of a receefurological event
attributable to this lesion. There is unequivocaddence to support
CEA in symptomatic patients with 70% carotid steaasthe relevant
carotid territory. For patients with a carotid sisis of 70% or more
there was absolute risk reduction for the combimedcome of
perioperative death or subsequent stroke more &ham of 16%
yielding a number needed to treat of 6.3. The bemepatients with
50— 69% stenosis was less marked with an absakkeeduction of
4.6% more than 5 yr and a number needed to tre22.dEEA was not
beneficial to symptomatic patients with 30—-49% e&® or near
carotid occlusion, and was harmful in symptomattignts with 30%
stenosis. Patients with asymptomatic carotid deseasth 50%
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stenosis are a different population to patients véttive’ plaque that
is discharging emboli into the cerebral circulatidimere are data to
support CEA in asymptomatic patients but they ass Irobust than
those supporting the operation for patients witmgpms. All these
considerations are based particularly on two |astgelies, the North
American Symptomatic Endarterectomy Trial (NASCEINd the

European Carotid Surgery Trial (ECST), both of vkhicompared

surgery with best medical treatm¥ntActually, CEA is performed
only for symptomatic patients with stenosis of 76f4nore.

Surgical procedure

After careful surgical exposure, the external, nmé& and common
carotid arteries are cross-clamped so that thetidabifurcation is

isolated from the circulation. The artery is opersew the plaque
removed. Most often this is done through a longrtaldincision and
the artery is patched upon closure as this redimeacidence of re-
stenosis. Care must be taken to remove all of #iwisl from the
intimal surface of the artery to prevent postopeeatemboli

occurring.The two most feared major perioperative complicetiof

CEA are cerebrovascular accident and myocardiatetibn.

Angioplasty and stanting (CAS)

Carotid artery stenting (CAS) has emerged as a igmogh minimal
invasive treatment alternative to carotid artenewtdor patients with
symptomatic and asymptomatic carotid artery stenogis was
reported before, randomized trials have establistied benefit of
carotid endarterectomy (CEA) in reducing the risk for s&ok
patients with moderate to severe (50%) symptomediotid artery
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stenosis [1-3] and to a less extent in those wsiim@tomatic (60%)
carotid stenosi§®. CEA, however, is associated with short-term risks
for stroke or death of about 3% in asymptomatidepé®®and 5%in
symptomatic patients As compared with CEA, carotid angioplasty
and stentingCAS is associated with the following benefits: sually
avoids the need for general anaesthesia and itplmations; it avoids
neck incision and subsequent cranial and cutangaorsge; it may be
associated with lower costs by reducing recovametiand hospital
stay; and it may be the only treatment option itigoés who are at
high risk after surgery because of co-morbidity. SCAowever also
carries risks for stroke and local complicationsrdiovascular
complication (vasovagal reaction 5-10%, vasodepressaction 5-
10%, myocardial infarction), artery complicationis@kection <1%,
thrombosis <1%, perforation <1%, transient vasaspes10%),
neurological complication (stroke/TIA, intracranidiaemorrhage
<1%), general complication (access site injury 5%gntrast

nephropathy 2%, contrast reaction 1%) .

Surgical proceduf&

A preoperative imaging study is preferable for #ssessment and
planning for carotid stent placemeéhtAn arch aortogram and
selective carotid arteriogram or a good quality n&dig resonance
angiography with arch, cervical, and intracranmhges may be used
for evaluation of a patient's arch and carotid amat and CAS

planning. This allows for proper selection of acceatheters, sheaths,
cerebral protection devices, and steritee procedure involves the
crushing of atherosclerotic plague material agathst vessel wall

with a high-pressure balloon and the subsequentpiant of a metal

2C



mesh tube (stent) to hold this material back, preedastic recoil, and

cover any dissection caused by the angioplastyepiwe.

Coronary artery bypass surgery (CABS)

Surgical myocardial revascularisation by coronamyerg bypass
grafting (CABG), aims at restoring and normalisic@ronary blood
flow in hypoperfused ischaemic territories by grajt arterial and
venous conduits from the aorta to the diseasecheoyaartery beyond
the stenosis. Surgical revascularisation is inditan subjects with
three- or two-vesselcoronary disease with involvenoé the proximal

left anterior descending (LAD) artery, left mainrgoary artery
disease and depressed left ventricular functidi yentricle ejection
fraction <45%) . About the choice of the graftspitally the left

internal thoracic artery (LITA)is grafted to thdtlanterior descending
artery and a combination of other arteries andsveérnused for other
coronary arteries. The right internal thoracic rt@RITA), the great
saphenous vein from the leg and the radial artemy the forearm are

also frequently usétt.

PHARMACOLOGICAL THERAPY

Cholesterol-lowering drugs

Ever since the connection betweeholesterol levels and risk for
coronary artery desease (CAD) was establishedgdlaé of lowering
total cholesterol and low-density lipoprotein (LDLgholesterol
became a very important health issue.For this reasw@ery important
pharmacological class is represented by choleskanaring drugs.
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STATINS

The 3-hydroxy-3-methylglutaryl coenzyme A (HMG-CoAdductase
inhibitors, or statins, are principal therapeutjyemts for the treatment
of hypercholesterolemia. Several landmark clinit@hls, such as
Scandinavian Simvastatin Survival Study (45)Cholesterol and Re-
current Events (CAREY, Long-term Intervention with Pravastatin in
Ischemia Disease (LIPIEPf, West of Scotland Coronary Prevention
Study (WOSCOPSY, Air Force/Texas Coronary Atherosclerosis Pre-
vention Study (AFCAPS/TexCAPS%aNnd the Heart Protection Study
(HPSYY, have demonstrated the beneficial effects ofrsthgrapy for
primary and secondary prevention of cardiovascdisease. Because
60—70% of serum cholesterol is derived from hepsagicthesis and
HMG-CoA reductase is the crucial, rate limiting yme in the cho-
lesterol biosynthetic pathway, inhibition of thiszgme by statins res-
ults in a dramatic reduction in circulating low-déy lipoprotein
(LDL)-cholesterol. In addition, reduction of LDL-olesterol leads to
upregulation of the LDL receptor and increased LEdkarance. The
lowering of serum cholesterol levels is therefdneught to be the
primary mechanism underlying the therapeutic bénefi statin ther-
apy in cardiovascular disea%e Statins, however, might also exert
cholesterol independent or pleiotropic effects. ésalvstudies in fact
suggest that statins might be involved in immunoutatbn,increas-
ing in circulating endothelial progenitor cells,-tggulation of en-
dothelial nitric oxide synthase (eNOS) and modatatf thrombosis

and coagulation.
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Immunomodulation

Major histocompatibility complex class 1l (MHC-llinolecules are
directly involved in the activation of T lymphocgtand in the control
of the immune response. Only a limited number adcgdized cell

types express MHC-II constitutively, numerous otkells become
MHC-II positive upon induction by interferon gamr{idlF-gamma).

Statins act as direct inhibitors of the inductidnMHC-II expression

by IFN-gamma and thus as repressors of MHC-II-ntedid -cell ac-

tivation. This effect of statins is due to inhibiti of the inducible pro-
moter IV of the transactivator CIITA and is obsehia several cell

types, including primary human endothelial cell JE&&d monocyte-
macrophages. It is of note that this inhibitiorspecific for inducible

MHC-II expression and does not concern constitugxpression of
CIITA and MHC-Il. MHC-II are required for antigerrgsentation and
T-cell activation via the T-cell receptor (TCR). RGactivation may
trigger both proliferation and differentiation ofcCElls, and influence
their effector functions, such as the release tiflkiges. Cytokines re-
leased by activated T cells induce further T-cetlliferation and dif-

ferentiation, APC activation and B-cell antibodyoguction. CD4+

helper T cells (TH cells) differentiate into twostinct effector cell

populations. TH1 cells secrete pro-inflammatoryo&ytes such as
IFN- and tumor necrosis factor. TH2 cells secrete iaflammatory

cytokines (such as IL-4, IL-10, IL-13), but alsat@ars that promote
immediate-type hypersensitivity. A reduction of THésponses, a
shift towards TH2-cell responses or both theref@ems desirable in
diseases involving delayed-type hypersensitivitgctions, such as
graft (transplant) atherosclerosis and other cleronflammatory
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pathologie®® Statins have the ability to do the shift from Thtnph-
ocytes to TH2 lymphocytés.

Increase in circulating endothelial progenitor czll

Circulating bone marrow derived endothelial progencells (EPCs)
were shown to augment the neovascularization dfeisic tissue. In
addition to lipid-lowering activity, statins repedly promote the
neovascularization of ischemic tissue in normoc$tel®lemic anim-
als. A study that examined the effects of statimshe EPCs was re-
ported recently: 15 patients with angiographicalbcumented stable
coronary artery disease (CAD)were prospectivelatée with 40mg
of atorvastatin daily for 4 weeks. Before and wgekiter the initi-
ation of statin therapy, EPCs were isolated frompberal blood and
counted. In addition, the number of hematopoietecprsor cells pos-
itive for CD34, CD133, and CD34/kinase insert damagceptors
were analyzed. Statin treatment of patients wiglblst CAD was asso-
ciated with a 1.5-fold increase in the number ofuating EPCs by 1
week after initiation of treatment. This was folleevby sustained in-
creased levels to 3-fold throughout the 4-week ystymeriod.
Moreover, the number of CD34/kinase insert domeaaeptor-positive
hematopoietic progenitor cells was significantlygenented after 4
weeks of therapy. Atorvastatin treatment increasether the func-
tional activity of EPCs, as assessed by their nogyacapacity. The
results of this study define a novel mechanismctiba of statin treat-
ment in patients with stable CAD: the augmentatidncirculating
EPCs with enhanced functional activity. Given thellvestablished
role of EPCs of participation in repair after isgtie injury, stimula-
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tion of EPCs by statins may contribute to the chhibenefit of statin

therapy in patients with CAT.

Up-regulation of endothelial nitric oxide synthg@OS)

It was found that in a time dependent manner, ok-ldecreased
eNOS mRNA and protein levels. It has been estabistl that statins
upregulated eNOS expression and completely pregetselownregu-
lation by ox-LDL*!. Under inflammatory conditions, the Rho-Rho
kinase pathway, which is a negative regulator o©O8Nactivity and
MRNA stability becomes activated, resulting in reztll NO biosyn-
thesis. Statin treatment reduces prenylation ofotradial Rho and
causes a concomitant increase in eNOS activityinSteediated post-
translational activation of eNOS has been attrithute activation of
the PI3K-Akt pathway. This may also increase thedioig affinity of
eNOS for calmodulin, resulting in displacementled tnhibitory part-
ner caveolin 1. Statins reduce caveolin 1 levedsrehsing its inhibit-
ory effects on NO synthest$ There is evidence that NO prevents
leukocyte chemotaxis and down regulates adhesithwags through
an inhibition of adhesion molecules expression,ciiattenuate leuk-
ocytemigration. Inflammatory pathways such as tlé&BI system as
well as redox sensitive pathways and also pathwlaisinvolve vas-
cular angiotensin converting enzyme activation—#ly a crucial

regulatory role in eNOS expression in the humarotdredium.

Modulation of thrombosis and coagulation
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The extrinsic coagulation pathway plays a centvd m vivo in ath-
erothrombosis progression. When factor Vlla encexsntissue factor
(TF) exposed at the site of injury, they form exdrc complexes on
cell membranes that induce thrombosis. ImpairedeXpression on
cultured human macrophages, which is induced hynstahas been
demonstrated in vitro and has been attributed eoirthibition of the
TF gene induction. In a study that was done in affepts who had
advanced coronary artery disease and high chobéstire tissue
factor-initiated coagulation was assessed in blsaahples collected
every 30 s from bleeding-time wounds of these p&idt was found
that statin treatment reduced blood clotting, aras \@ssociated with
reduced rates of prothrombin activation, factorgéaeration, fibrino-
gen cleavage, factor XllI activation, and an ineeghrate of factor Va
inactivation. These effects are not related to estelrol reduction and
most probably are related to the beneficial effeftstatins that are
not related to lipid profile changfé@ Numerous experimental and clin-
ical studies have shown that statins have benkgtiects on athero-
thrombosis by reducing the progression of the atharand the incid-
ence of acute thrombosis-related vascular eventgatticular, they
increase the stability of the plaque whose rupleaels to thrombosis
by exposing blood to the highly thrombogenic cotgeof its lipid
core. Rather than reducing lipid levels (which mskiplaque size and
modifies the physiochemical compositions of thedlipore), statins
exert their beneficial effects by decreasing tHatiation and activity
of macrophages and T lymphocytes within the plague, inhibiting
proteolytic enzymes such as matrix metalloproteaaagMMPSs),
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which are thought to be responsible for the plagyture induced by
the thinning, ulceration and fissuring of the fibsocap.

FIBRATES

Fibrates have been in clinical use for more thagetys. Known to be
effective at reducing serum triglyceride levels aading serum high-
density lipoproteincholesterol (HDL-C) levels, thenodest effect on
lowering low-density lipoprotein-cholesterol (LDL}as relegated
them to second-line agents behind statins in th® @Aarmacological
treatments.

Mechanism of actioft

Fibric acid derivatives activate the peroxisomelifgxator- activated
receptor-alpha (PPAR-alpha) subtype. This family woficlear
receptors, when bound to ligands, activates or esg@ms the
transcription of target genes. The alpha-subtypgredominantly
expressed in liver, kidney, heart, and muscle d¢issthere high
amounts of fatty acids are metabolized. Throughvaitbn of the
PPAR-alpha genes, fibrates exert the followingoast
(1) stimulation of lipolysis;
(2) increase in hepatic fatty acid uptake and radncif hepatic
triglyceride production;
(3) increase in removal of LDL particles through themation of
particles with a higher affinity for the LDL recept
(4) reduction in neutral lipid exchange between Jew-density
lipoprotein (VLDL) and HDL;
(5) increase in HDL production and stimulation of Abinding
cassette protein-Al-mediated reverse cholestansport,3,4
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thereby increasing HDL-C levels approximately 1592%5%.

Angiotensin-converting enzyme inhibitors

ACE inhibition it has been recently recognized as influence
outcomes in stable coronary artery disease (CAigjuding total and
cardiovascular mortality, fatal and nonfatal myaialr infarction,
heart failure, revascularization and stroke. Thainf@angiotensin
system plays an important role in the regulatiolobd pressure and
it's well demonstrated that hypertension is onehef so called “risk
factors” for atherosclerosis development. It evdlas a mechanism to
preserve fluid volume in ancient times of limitealtssupply and to
maintain blood pressure and prevent ischemia uwcdeditions of
acute volume losS.However, excessive activation of the rennin-
angiotensin system can have deleterious effectsaadiovascular and
renal function. As a result, blockade of the reangiotensin system
with angiotensin-converting enzyme (ACE) inhibitas angiotensin
receptor blockers (ARBS) is a key element of stiiate to reduce
hypertension and, consequently,cardiovascular*’fiskloreover, it
was recently discovered that ACE system is be @bpromote also
the VSMCs proliferation and migration, the inflamtory state of the
atherosclerotic lesion and in general to parti@gptd the process
responsible of the vulnerability of the plaque (E)g
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As a

result, blockade of the

angiotensin-converting enzyme (ACE)

renin-angiotensin esyst with

inhibitors ongiatensin

receptor blockers (ARBS) is a key element of stiiate to reduce

cardiovascular risk.

Anticoagulation and antiplatelet drugs

Because severe aortic plague

is associated withavacular

embolization of thrombus, the first attempts toverg embolizatioim

patients with severe aortic plaque

involved treattmewith

anticoagulation. The most used drugs of this categoe Eparin, an
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inhibitor of trombin and Xa factor, and Aspiriresponsible for the

thromboxane A2 inhibition.

Calcium channel blockers (CCB)

Drugs currently known as calcium channel blockeZCB) were
initially called calcium antagonists because ofirtlaility to inhibit
calcium-evoked contractions in depolarized smoatiscetes. Blocking
the entry of calcium reduces the active tone ofcuis smooth
muscle and produces vasodilatation. This pharmgozb property
has been the basis for the use of CCBs in the neamagt of
hypertension and coronary heart disease. Moreaverknow that
CCB are be able to inhibit cellular proliferatiomda platelets
aggregation by blocking L calcium channel, and egpion of

adhesion molecules and cytokines by blocking NR+kBscriptiod®’.
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ACUTE ISCHEMIC STROKE

Ischemic stroke is the second most common causkeath and the
leading cause of acquired disability in adi#8° In western
countries, stroke causes 10-12% of all deaths. $éees of
neurochemical processes that are unleashed byeiamms permanent
focal cerebral ischemia are referred to as theersioh cascade. This
is a complex series of events that evolve in time space (Fig.2). It's
a highly heterogeneous phenomenon which can be aumed as
cellular bioenergetic failure due to focal cerebtaipoperfusion,
followed by excitotoxicity, oxidative stress, bledatain barrier
dysfunction, microvascular injury, haemostatic \ation, post-
ischemic inflammation and finally cell death of nens, glia and
endothelial cells. The ischemic cascade usuallyg gmefor hours but
can last for days, even after restoration of blomctulation?.

Although reperfusion of ischemic brain tissue igical for restoring
normal function, it can paradoxically result in aedary damage,

called reperfusion injury.
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Excitoxicity ~ Oxidative stress Blood-brain barmier dysfunction

Bioeneigetic failure

Impact on final ischemic cerebral damage

Microvaseular injury %,

Fig. 2. Graph representing the temporal profile of the m@athophysiological mechanisms
underlying acute focal cerebral ischemia and thmpact on the final ischemicdamage. In
absence of early reperfusion, cells in the ischgmicumbra (gray ) subside due to ongoing
ischemic injury, resulting in expansion of the itfad core ( black).

Clinical Neurology and Neurosurgery 111 (2009) 4835

The ischemic core and the penumbra

Ischemic stroke begins with severe focal hypop@sfysbut cerebral
injury continues over hours or even days. The arofipermanent
damage will depend on two factors: the degree aedduration of

ischemia. Regions of the brain with severely imgiblood flow,

become rapidly and irreversibly injured and areemefd to as the
ischemic cor&'% Cells in the core are killed rapidly by lipolysis
proteolysis, disaggregation of microtubules, tdt@lenergetic failure
and breakdown of ion homeostasis. According topdw@adigm of the

ischemic penumbra, a region of functionally impaiteut structurally
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intact tissue lies between the lethally damage@ @d the normal
brain (Fig. 2). The penumbra is an area of cormstchblood flow with
partially preserved energy metaboli$t® It is reagion where the
ischemic cascade with several deleterious mechanisntriggered,
resulting in ongoing cellular injury and infarctogression. However,
the penumbra can be rescued by improving the bftawd and/or
interfering with the ischemic cascade. Since savafthis tissue is
associated with neurological improvement and reggvé is the

target for acute stroke theradf{#*

MOLECULAR EVENTS IN ACUTE ISCHEMIC STROKE

Cellular bioenergetic failure

Brain tissue has a relatively high consumption>ofgen and glucose,
and depends almost exclusively on oxidative phogjbdwton for
energy production. Focal hypoperfusion restricte telivery of
essential substrates and causes the brain celtshahgrocess for
adenosine triphosphate (ATP) production for enetgyfail. This
quickly leads to dysfunction of energy-dependenttransport pumps
and depolarization of neurones and W§hid: Consequently,
somatodendritic as well as presynaptic voltage-deépet C3&
channels become activated and excitatory aminoac&lseleased into
the extracellular space. At the same time, eleemmgtransport of
glutamate from depolarized astrocytes is induced a&mergy-
dependent processes, among which presynaptic keuptaexcitatory
amino acids, are imped&# This further increases the accumulation
of glutamate in the extracellular space . Additibpnaeduced oxygen
availability results in anaerobic glycolysis andcamulation of
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lactaté®*% Elevated lactate levels are thought to not oonlybé a
marker of anaerobic metabolism in stroke, but alpmssible cause of
secondary damage leading to infarct expansion aat putcome,

especially incortical infarctigff*3’

Excitotoxicity

Excitotoxicity refers to the secondary damage cawsepathological
activation and calcium uptake by neurons due tmabal release of
excitatory neurotransmitters from dying c&fi$*® As described
above, excitatory neurotransmitters, especiallyaghate, accumulate
in the extracellular space. This event results werstimulation of
-amino-3-hydroxy-5-methyl-4 isoxazole propionic cic(AMPA),
kainate and N-methyl-d-aspartic acid (NMDA)-type utginate
receptors on other neurons, with consequent infiiNa’, Cl and
Ca* ions through the channels gated by these recéfftofhese
neurons then become depolarized, causing moreugaltiflux and
more glutamate release leading to local ampliftcatof the initial
ischemic insult. Additionally, water passively fols the ion influx,
resulting in cytotoxic edemf@and intracellular increase of the
universal second messenger Ca2+ initiates a sefiegtoplasmatic
and nuclear events, among which generation of fegkcals and
activation of Ca2+-dependent enzymes. These incluaeeolytic
enzymes that degrade cytoskeletal protéimsd extracellular matrix
proteing*, as well as phospholipase A2, calpain, endonuesgas
adenosine triphosphatase, cyclooxygenase and oititte synthase
type | resulting in extensive cellular damage aedeggation of free
radical specig€*** The production of free radicals and activation of
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degradative enzymes leads to acute cell death ghroecrosis, but
excitotoxic mechanisms can also initiate molecelsnts that lead to
apoptosis. In addition, the intracellular signallipathways activated
during excitotoxicity trigger the expression of gerthat initiate post-
ischemic inflammation, another process that couateb to ischemic

injury.

Oxidative stress

Oxidative stress occurs when the production of freglicals
overpowers the endogenous scavenging capacity dlulaze
antioxidant defences. There is considerable evelahat reactive
oxygen and nitrogen molecules are important mediatd tissue
injury in acute ischemic stroke. Brain ischemia eyates superoxide
(0?), through xanthine oxidase and leakage from thahondrial
electron transport chain. Superoxide is the prinmadycal from which
hydrogen peroxide (¥D.) is formed. Hydrogen peroxide in its turn is
the source of hydroxyl radical (OM} Nitric oxide is a water- and
lipid-soluble free radical with a half-life of onlg few seconds. It is
produced from l-arginine by three types of nitrigide synthases
(NOS). NOS type | and lll are Ca2+-dependent andstimtively
expressed, respectively primarily in nerve tissng @ndothelial cells.
Upregulation of NOS type Il (inducible enzyme) isedrmated
transcriptionally by a variety of cytokiné$ Ischemia causes a surge
in NOS type | and Il activity in neurons and vascuendothelium,
respectively. At a later stage elevated NOS typactivity occurs in a
range of cells including glia and infiltrating neaphils'“®, In the
context of brain ischemia, NOS type | and Il ardetdious, but
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production of nitric oxide in blood vessels by N@®e Il improves
blood flow to the ischemic penumbra through vasdgih and
inhibition of platelet adhesion, it scavenges oxygadicals and has
an anti-inflammatory effect through inhibition afukocyte adhesion
to the endothelial cell.

Inhibition of NOS by asymmetrical dimethylarginimeay result in
decreased nitric oxide bioavailabifityvhich is associated with
vasoconstrictiof®**increased generation of free radi¢Zsplatelet
aggregation and leukocyte adhesion on the endathslirface$?
processes that in turn may aggravate cerebralnsehénteraction of
oxygen radicals with other tissue components preslue variety of
other radicals. Of particular importance is tharfation of the highly
toxic peroxynitrite from superoxide and nitric ogidPeroxynitrite
decomposes spontaneously to produce the hydroaidaia Hydrogen
peroxide is lipid soluble and readily crosses celembranes.
Similarly, superoxide crosses the cell membrane thia anion
channel. Therefore, remote effects of these twatagare possible.
On the other hand, hydroxyl radical is themost tieacoxygen
radical, probably causes the most tissue injuryianery short lived.
Free radical exhibit a spectrum of cellular effedtscluding
inactivation of enzymes, release of calcium ior@rfrintracellular
stores, protein denaturation, lipid peroxidationamédge to the
cytoskeleton and DNA and chemotaxis. Mitochondfiahction is
impaired by free radical-mediated disruption of theaner
mitochondrial membrane and the oxidation of prcteimat mediate
electron transport, H+ extrusion and ATP producti@gtochromeC
is released from mitochondria and provides a trigge apoptosis.
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Severe oxidative stress causes cell death throwgginosis while
moderate oxidation can trigger apopt&¥is® Besides cerebral
cellular damage, oxidative stress also increasesdbbrain barrier
permeability through activation of matrixmetallofgimases (MMP),
especially MMP-&7*% and through endothelial cell damage
Moreover, free radicals influence cerebral bloaivil they are strong
cerebral vasodilatotf¥and due to interaction between nitric oxide and
superoxide, they alter vascular reactivity to ,Claereby inducing
vasoconstriction instead of vasodilation. Additibyaoxygen radicals

increase platelet aggregability.

Blood-brain barrier dysfunction

Blood-brain barrier (BBB) integrity protects the umenal
microenvironment. The reported incidence of BBBwjion in acute
ischemic stroke varies considerably from15% to 6@&pending on
stroke severity, the applied methodology and timio§ the
evaluation®*®3 Several mechanisms contribute to ischemic damage
of the BBB, that appears to be biphasic. Endothé&asal lamina
dissolution starts as soon as 2 h after the orfsitchemia®and is
rapidly followed by an increase in BBB permeabilitfarly
reperfusion may temporarily alleviate BBB alteraspbut the use of
thrombolytic therapy and delayed reperfusion coseigr may
exacerbate the endothelial injiffy Loss of the blood—brain barrier
may result from accumulation of bradykitfify vascular endothelial
growth factot®’, thrombirt®® active matrix metalloproteinases and
other protease activities. As described above, atixid stress is an
early stimulus for BBB injury and may trigger MMP+@lease by

37



neurons, glia and endothelial cells resulting inBB@amage through
digestion of the endothelial basal lamina. Aftee tbarly BBB
opening, there is a second phase of severe BBByiwjithin 24—-72 h
after infarction. This phase is more complicated egsults in greater
tissue damage through leukocyte infiltration andrked MMP-9
release from neutrophils transmigrated to the istbe brain.
Disruption of the BBB allows leakage of blood compots into the
brain parenchyma. Extravasation of high moleculaigit molecules
is followed by water due to osmosis and leads oganic edema,
which may cause secondary damage through intratrani
hypertension. Additionally, extravasation of reddd cells leads to
hemorrhagic transformation of the infarcted areaally, the leaky
BBB facilitates transmigration of inflammatory &llpromoting the

post-ischemic inflammatory resporiSe

Ischemia-induced microvascular injury

Ischemia also targets the microvasculature, whiohtriutes to
cerebral tissue damage by increased endothelial peeimeability,
eukocyte-endothelial cell adhesion, matrix degiadatnd loss of
autoregulation. Cerebrovascular autoregulationrsefe the intrinsic
ability of the cerebrovascular bed to maintain astant perfusion in
spite of changing blood presstifé’: As cerebral perfusion pressure
falls, arteriolar vasodilation reduces the vasculesistance in an
attempt to maintain cerebral blood flow. Metabdhctors (hypoxia,
adenosine, carbon dioxide and acidosis), myogemicegses (smooth
muscle relaxation upon diminishing intravascularessure) and

endothelial mechanisms (nitric oxide, prostacyeid endothelin-1)
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can be responsible for the vasodilatid®® The pathophysiology of
impaired cerebrovascular autoregulation in acuthemic stroke is
still controversial, but ischemia-induced endothletiamage may play
a role. Endothelial injury reduces the release ibficnoxide and
prostacyclin, and may induce endothelin-1 productiorhese
processes lead to increased vascular tone which fardyer impair
blood flow in the area of the cerebral infarctiordaollateral vessels,
hereby enhancing the ischemic injury. Additionatrdase in nitric
oxide bioavailability may be caused by inhibitiof &IOS by
asymmetrical dimethylarginine. Endothelin-1 is aghty potent
vasoconstrictdfto which cerebral microvessels show marked
sensitivity. Plasma levels of endothelin-1 are aled in ischemic
stroké™*"® and are associated with cerebral edémén addition to
vasoconstriction, dysfunctional autoregulation Esavthe vulnerable
ischemic penumbra unprotected against potentialymful blood
pressure changes. Hypotension during acute st®Kenown to be
detrimental to tissue injury and hyper-tension nmaprove outcome
after stroke in some patients, but may be harnmfudtherd®*®2 The
cerebral microvasculature rapidly displays multipldynamic
responses to focal ischemia, among which presentati leukocyte
adhesion receptors on endothelial cells. This my & an essential
step in the post-ischemic inflammatory responseé,also contributes
to the “no-reflow” phenomenon, which is the obstimt of the
downstream microvascular bed after reperfusion hef bccluded
supply arteries. It is attributed to extrinsic comgsion from edema,
endothelial swelling and intravascular obstructidne to local
activation of leukocytes, platelets and coagulatid#t.
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Haemostatic activation: hypercoagulable state and latelet
activation

Endothelial cell injury results in exposure of tiesfactor to blood.
Subsequently, this substance acts in concert watttdF Vila and
phospholipid to convert Factor IX to IXa and Fackto Xa. Factor
Xa is the active catalytic component of the “prothbinase” complex
which converts prothrombin to thrombin Thrombin cleaves
fibrinopeptides from fibrinogen, allowing the resuit fibrin
monomers to polymerize, and converts factor XlliXtla, which
cross links the fibrin clét. The fibrin molecules aggregate, trapping
platelets, clotting factors and erythrocytes tarfahe clot. Activation
of procarboxypeptidase U, also denoted thrombinivatetble
fibrinolysis  inhibitor, by  thrombin, plasmin or the
thrombin/thrombomodulin complex results in carbosptidase U
which attenuates  fibrinolysf. Marked decrease in
procarboxypeptidase U activity occurs in the fif@th after ischemic
stroke®® and in patients with poor response to thrombolttierapy,
probably reflecting stronger activation of the p@dmoxypeptidase
U/carboxypeptidase U pathway and thrombus propajdti Under
conditions of ischemia and high shear stress, Iplatare activated.
Activated platelets accumulate in microvessels iwithh of vascular
occlusion. They release a variety of biochemicatliiaters, catalyse
interactions between coagulation factors and dountei to the “no-
reflow  phenomenon’by adhering to both leukocytes d an
microvascular endothelial celt$'* Additionally, platelets can cause

temporary vasospasm by releasing thromboxane AZraedradicals
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and they may exacerbate the inflammatory cascadeael®asing
chemotactic mediators for leukocyte migration.Wkeththese
mechanisms are important in ischemic stroke rentaibg elucidated.
In acute ischemic stroke, the endogenous fibrinslys usually
outweighed by ongoing activation of the coagulatmascade and
platelet activatio”. This is reflected in elevated levels of hemostati
indicators among which D-dimer, fibrin monomer, otmbin—

antithrombin 11l complex and fibrinopeptidel.2.

Post-ischemic inflammation

A strong inflammatory reaction follows focal cerabrischemia.
Several cell types contribute to post-ischemicaimiination. First of
all, microglia and astrocytes are activated by treacmxygen species.
Astrocytes are capable of secreting inflammatorgtdi® such as
cytokines, chemokines and inducible nitric oxidetepasé®™. On the

other hand, they express major histocompatibilitynplex and
costimulatory molecules, which are associated waatti-inflammatory
response$’. Microglia are the resident macrophages of thénbaad

play a critical role as resident immunocompetermt phagocytic cells
in the central nervous systéfn After activation by ischemia,
microglia can transform into phagocytes and they welease of a
variety of substances many of which are cytotoxind/ar

cytoprotective. Within 4-6 h after ischemia onseirculating

leukocytes adhere to vessel walls and migrate ihéo brain with

subsequent release of more pro-inflammatory mediatand

secondary injury of potentially salvageable tissuehe penumbra.
Neutrophils are the earliest leukocyte subtypenfdtriate areas of
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brain ischemi&®. Data on the role of lymphocytes are conflictimgl a
infiltration of monocytes starts only after a delafyseveral day$’.
Adhesion molecules play a pivotal role in the infition of leukocytes
into the brain parenchyrffd The interaction between leukocytes and
the vascular endothelium is mediated by three ngagups of cell
adhesion molecules: selectins, the immunoglobulipegamily and
integrins. Selectins, especially E- and P-seledmsupregulated and
mediate leukocyte rolling and recruitment during #arly stages of
ischemid”. Among all the immunoglobulin family members,
intercellular adhesion molecule-1 and vascular catlhesion
molecule-1 have been the most extensively investiban cerebral
ischemia. Within hours after stroke onset, intdut@t adhesion
molecule-1 expression increases upon stimulatiooybgkines® The
role of vascular cell adhesion molecule-1 in striskiess cledf®,
Leukocyte integrins are expressed on the cell saréand activated by
chemokines, cytokines, and other chemoattractaDysokines are
important inflammatory mediators that are produbgdmmune cells
and resident brain cells after ischefffiaThe most studied cytokines
related to inflammation in stroke are interleukintimor necrosis
factor alpha, interleukin-6 and interleukin?®3® Interleukin-1 is the
main proinflammatory cytokine, whereas tumor neisrdactor-alpha
has pleiotropic functions and may influence apaptas survival
through different pathways. Interleukin-6 is largely thought of as a
pro-inflammatory cytokine, but its role in ischemstroke is more
obscure. Increased production of pro-inflammatogyokines and
lower levels of the anti-inflammatory interleuki®-lare related to
larger infarctions and poorer clinical outcofie Chemokines are
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important for cellular communication and inflamnrgto cell
recruitment. Expression of chemokines such as maeaoc
chemoattractant protein-1, macrophage inflammaggtein-1 and
fractalkine following focal ischemia is thought b@ave a deleterious
effect by increasing leukocyte infiltrati®® In addition to
chemotactic properties, chemokines were found tectdy affect
blood-brain barrier permeabilfty. The inflammatory cascade also
includes upregulation of several enzymes. The &tanit acid
cascade is initiated via the activation of phosjpase A2 secondary
to elevated intracellular calcium levéls This enzyme hydrolyses
glycerophospholipids to release arachidonic acidhiciv is
metabolised to prostaglandins or leukotrienes, eesgely by
cyclooxygenase or lipoxygenase. There are two formks
cyclooxygenase; type 1 is constitutively expreshathng in many cell
types, including microglia and leukocyt&sCyclooxygenase type 2 is
upregulated after ischemia and exerts toxic eff€ctmainly through
prostaglandins rather than reactive oxygen radieaisn though it can
generate bofff. There is limited knowledge on the role of the
lipoxygenase pathway in brain ischemia.

Leukotrienes are potent chemoattractants and gkceed in blood—
brain barrier dysfunction, edema and neuronal d€atthave already
described how nitric oxide synthases are upregiilateischemia,
especially in circulating leukocytes, microglia amadtrocytes and
causes damage through several mechanisms. Inflammalls also
generate reactive oxygen species and produce matrix

metalloproteinases inducing more damage to themahbrain.
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Ischemia-induced cell death

Ischemic injury produces necrosis, a rapid form c&fll death
associated with failure of the plasma membranecotoxic edema
of both the cell and internal organefésIf the cell dies through
necrosis, it releases more glutamate and toximstivg environment,
affecting surrounding neurons. In parallel, mangitbrcells undergo
apoptosis, which is the consequence of a gensticabulated
programme that allows cells to die with minimallamimation or
release of genetic material. Several factors deterrwhich process
predominates, including the local degree of isclagroell maturity,
the concentration of intracellular free ‘Caand the cellular
microenvironment . Activation of glutamate receptonay promote
apoptosis by inducing sufficient cellular injury axtivate cellular
sensors linked the apoptosis casédd€ In addition or alternatively,
early mitochondrial production of reactive oxygereaies, reduction
of intracellular K and enhancement of toxic Zrinflux may trigger
apoptosi&'?2 Caspase-mediated apoptosis is initiated by releds
cytochrome from mitochondria, through activationtlod apoptosome
complex, which in turn activates caspas&. Activated caspases are
protein-cleaving enzymes that modify crucial hontasis and repair
proteins. Especially caspases 1 and 3 seem togplaiyotal role in
ischemia-mediated apoptosis but other caspaseyfangmbers might
be important in the late stages of cell death. I§inaaspase-
independent programmed cell death appears to benplex program
that is distinct from the above mentioned necresid apoptosis. It
also plays a significant role in delayed neuronahtd following
ischemic stroke through mitochondrial proteins swsh apoptosis
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inducing factor and Bcl-2/adenovirus E1B—interagtiproteirt®.
Necrosis is the predominant mechanism that follaage, permanent
vascular occlusion, whereas milder injury, paréeiyl within the

ischemic penumbra often results in apoptosis.

Cerebral reperfusion injury

Prompt restoration of the blood supply can reduéarct size through
salvation of the penumbra and can improve clinicatcome in
patients with ischemic strok& Paradoxically, reperfusion may
exacerbate the brain injury and produce a so callecebral
reperfusion injurf?’. This can be defined as a deterioration of
ischemic but salvageable brain tissue after repenfuand has a
multifactorial etiology®. Early recanalisation in patients with severe
ischemia also carries an increased risk of reperiuselated brain
hemorrhage, which may be due to microvascular ynjueukocytes
appear to play a critical role in reperfusion igjtinrough damaging of
the endothelium, obstruction of the microcirculatialisruption the
blood-brain barrier and infiltration in the braiissue where they
release cytokines and propagate inflammatiorPlatelets play a
synergistic role with leukocytes in reperfusionunyj via the “no-
reflow phenomenon” and release a variety of biodhalhrmediators
that may lead to vasospasm and exacerbation ohtixédstress and
the inflammatory cascat® Further, experimental studies have shown
that complement activation is an important comporémeperfusion
injury through the formation of several inflammatanediators and

the membrane attack compt&x Finally, breakdown of the blood-
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brain barrier and post-ischemic hyperperfusion roayse vasogenic

brain edema and hemorrhatje

CURRENT CLINICAL APPLICATIONS

The management of acute ischemic stroke has unuergalramatic
change since the introduction of stroke care g treatment with
intravenous rt-PA. The main two concepts behindseheare
neuroprotection and early recanalisation. Despiésé developments,
the actual therapeutic arsenal for acute ischerrukes is highly
limited and up to date, no new treatment has beewep to be
efficacious and safe in randomised clinical tffdlsNevertheless, at
least 25 clinical phase Il and Ill trials are cuthg recruiting patients
for the evaluation of newtherapeutics for acutehésgic strok&*
Most of them are based on key biochemical and mtdec
mechanisms underlying acute focal cerebral ischenmaluding
improvement of focal blood flow, optimising aerobglycolysis,
interventions in deleterious processes like exaxiaity, oxidative
stress, microvascular injury or inflammation, aidhfly prevention of
cerebral cell death or support of brain regenematithe diagnostic
and prognostic value of numerous biochemical sunst has been
evaluated in animal models and in stroke patiemsl dome
biochemical markers was assessed in acute isch&noke patients
(Brouns, De Deyn, 2009Most of these biomarkers are believed to
reflect a relevant pathophysiological process intedocal cerebral
ischemia, thereby contributing to a better undediteg of the
underlying disease mechanisms. But until now, nmamiairker with
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sufficient specificity and sensitivity has beenritited to justify its
use in routine clinical practi$& Ideally, biomarkers for this
indication should be based on a blood test thalyeean be obtained
at the patient’'s bedside with limited cost. Howewvelopment of
these biomarkers for ischemic stroke faces pecutidiiculties,
including the blood-brain barrier which substahgiaslows their
release into blood and the limited specificity sinmany potential
blood markers of cerebral ischemia also are eleviateonditions that
not rarely co-occur with stroke (for instance myaiéa infarction) or
mimic stroke (like brain infection). Neverthelessteliable biomarker
or a set of biomarkers would improve the accuratyaute stroke
diagnosis, enable better patient selection foragedtroke treatments,
serve as early indicators of therapeutic efficatyclinical trials and

allow more adequate prediction of long-term strokecome
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ABDOMINAL AORTIC ANEURYSM

In addition to atherosclerosis, one of the majsedse processes
affecting the aorta are aortic aneurysms: this agiseaccount for
nearly 16,000 deaths annually. Aortic aneurysmgl tem expand
asymptomatically until a catastrophic event occsush as aortic
rupture or dissection, which is associated with igh hdegree of
morbidity, mortality, and medical expenditure. Thest common
location for aneurysms is the infrarenal abdomamata, followed by
the ascending thoracic aortabdominal aortic aneurysm (AAA) is
defined as a permanent segmental dilatation ofatidlominal aorta.
Diagnosis is typically performed by non-invasiveamgng methods,
and an abdominal aorta of 3 cm or larger in maxidiameter is
generally considered to indicate aneurysm formatioitrasound
screening studies suggest that the prevalence & &A5% in the
adult population over 60 years of age, and an as&en the detection
of AAA will be observed in the next dec&éfe

PATOPHYSIOLOGY OF AAA FORMATION

The pathological features of AAA are characteribgdchronic aortic
wall  inflammation, destruction of the elastic media
neovascularization, and depletion of vascular smaauscle cells
(VSMC). Recent studies have revealed that a numbenolecular
mediators and extracellular matrix-degrading praees contribute to
the pathological process of aortic wall degradatiaand the

48



histological changes in the aneurysm wall are thoug result from

complex interactions among these factors.

Inflammation in aortic wall

Chronic inflammation of the aortic wall plays anpantant role in the
pathogenesis of AAA. Studies of human AAA tissuerehahown
extensive inflammatory infiltrates containing maunages and
lymphocytes in both the media and adventitia, andreiasing
aneurysm diameter was associated with a higher itgers
inflammatory cells in the adventitfdActivated macrophages are the
main cells secreting various proteases, leadirtgaalisruption of the
orderly lamellar structure of the aortic media. Thagger of
inflammation is not clear, but angiotensin Il( AHpis considered to
be one of the factors inducing aortic inflammatiéng Il is the main
effector peptide in therenin—angiotensin system$Rand exerts pro-
inflammatory actions through an increase in theesgion of several
mediators including leucocyte adhesion moleculed ememokines.
Sustained infusion of Ang Il leads to aneurysniedions in the
atherosclerosis-prone ApoE-/- mouse, withotlte presence of
systemic hypertension, and the initial identifiedem in AAA
formation is the medial accumulation of macroph&jé8Therefore,
Ang Il has emerged as a central factor in theatidn and progression
of AAA. Infiltration of lymphocytes is also assotzd with AAA
formation. The dominant lymphocytes are Th2-restdc CD3+
lymphocytes expressing IL-4, -5, -8, and -10 anchdur necrosis
factor (TNF)-a for the regulation of the locemhmune response.14
Infiltrated immune cells, especiallyh2-type lymphocytes, release Fas
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ligand and FAP-1 as well as cytokines, leadingh® apoptosis of
VSMC?®, Recently, the accumulation of mast cells has heéemtified
in the outer media and adventitia in the human seu wall.
Moreover, degranulated mast cells were increaseth@naneurysm
wall compared with atherosclerotic adftaMast cells synthesize and
release several proteases, pro-inflammatory cysskigrowth factors,
and chemokines, such as chymase and cathepsinr@erus studies
suggest that these mediators induce adventitialanmhation,
apoptosis of VSMC, activation of matrix metallomiotases (MMPS),
and neovascularization in the arterial W&h** In addition, mast cells
promote the activation of T lymphocytes and macagas by
releasing pro-inflammatory cytokirés Indeed, mast cell-deficient
mice showed resistance to aneurysm formation.Toeref the
accumulation of mast cells is thought to be an g factor in
AAA formation.

Proteolysis of extracellular matrix proteins

Aneurysm development involves a complex remodelpnacess with
an imbalance between the synthesis and degradati@onnective
tissue proteins. Various extracellular proteinapesticipate in the
process of the destruction of the human aortic ;wallparticular,
MMPs are considered tbe the predominant proteinases. Several
MMPs have beeriocused on in AAA, including four that degrade
elastic fibres (MMP-2, -7, -9, and -12), severaltttiegrade interstitial
collagen (MMP-1, -2, -8, -13, and -14), and othé#nmat degrade
denatured collagen (MMP-2 and #§¥** Particularly, MMP-2 and
MMP-9 have attracted interest in the process of Adévelopment.
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Patients with AAA have elevated MMP-2 and MMP-9tpio levels
in the vasculature remote from the aorta, and tioeease in these
proteins was correlateslith aneurysm diamet&f?**The activation of
MMPs is tightly regulated by tissue inhibitors of metallof@inases
(TIMPs), and mRNA levels of TIMPs were decreased AAA
tissué>. Other proteases are also reported to contribatethe
initiation and progression of AAA. Upregulation ©fsteine proteases
is detected in the aneurysm wall as well as in radwerosis.
Cathepsins are members of cysteine proteases amdgated by the
inhibitor cystatin C. Abisi et al®® reported that the activities of
cathepsin B, H, L, and S were significantly highemd the level of
cystatin C was lower in the aneurysm wall thanhie &ortic wall of
occlusive aortic disease. In addition, a clinicaldy of AAA
demonstrated that increased AAA diameter correlatghtively with

serum cystatin C levél.

Production of extracellular matrix proteins

Elastin and collagens are the major structural aorepts of the aortic
wall. Collagens are responsible for tensile stienghd prevent
aneurysm rupture. The major fibrillar collagenghe aortic wall are
type | and Ill. The turnover of type Il collageras/ enhanced in the
serum and aneuryswmall tissue of patients with aneurysms.However,
the newly synthesized collagen was mainly present enrttedia and
resulted in impaired fibril formation of the anesiny wall.In contrast,
the production of pro-collagen type | was maintdia¢ a low rate in
serum and in the aneurysm W3l Elastic fibres maintain the
structure of the vascular wall against haemodynastriess, resulting
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in the prevention of aortic dilatation. In aduk$astin turnover is slow
and its production is almost absent. To maintaisteady state of
synthesis, various factors participate in the deguafation of elastin
synthesis, but a recent study revealed that maaggshand VSMC

begin to synthesize elastin in the human aneuryaiit®y

Oxidative stress

Recent studies suggest an association of oxidairess with the
formation of AAA. Several stimuli enhance reactimeygen species
(ROS) and reactive nitrogen species (RNS) prodongcteading to cell
and tissue damage in many physiological conditioims.human
studies, ROS and RNS were increased in the aneumghtompared
with the normalaorta and adjacent non-aneurysmal aortic %¥all
Infiltrated inflammatory cells are the main source of ROS pectida
such as @Q and H202 through the upregulated activity of NADP
oxidase. In addition, pro-inflammatory cytokinesgmnenical stretch,
growth factors, and lipid mediators might upregellstADPH oxidase
in resident vascular cells, resulting in an inceegsthe production of
ROS and lipid peroxidation produ¢¥sOverexpressed ROS and NO
increased the expression of MMPs through the aativeof nuclear
factor-kappaB (NFkB) and induced apoptosis WEMC in the

aneurysm wall.
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CURRENT CLINICAL APPLICATIONS

SURGERY

Despite improvement in the surgical treatment agril @perative care,
AAA is among thel5 leading causes of death in the USA.The high
mortality of AAA is mainly due to aneurysm rupture. Maximum
diameter of AAA is thought to be the most importamédictor of
AAA rupture?®®®4 As patients with a large AAA, at least5 cm in
diameter, have an increased risk of rupture, eledurgical (OSR) or
endovascular repair (EVAR) is performed in thesgepés to prevent
rupture. In contrast, despite gradual expansionAgvith a diameter
<5.5 cm, small AAAs, have a low risk of rupture,dathere is
currently no well defined treatment strategy foerth Although a
large number of asymptomatic patients with AAA héveen detected
during routine abdominal screening, 90% of thesgepis have an
aneurysm diameter of 5.5é¥% Interestingly, two large randomized
trials reported that survival was not improved bgcgve surgical
repair of small AAK®"*8Therefore, these patients do not receive
effective treatment for the early stage of AAA.

OSR has been considered the gold-standard for miemeof AAA
rupture and death. However, it has the mortalgl df major vascular
surgery with perioperative complication of about%32ncluding
myocardial ischemia, respiratory failure, renalluis, ischemic
colitis, spinal cord ischemia and prosthetic grafection. During

OSR, a vascular graft, comprised of a non-textitgrsetic material or
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a woven synthetic textile that is usually sealethwbllagen, gelatine
or albumin is sutured into the aorta.

EVAR(Endovascular repair) consists of the placemehta graft
across the aneurysm and fixation to the normaliaard iliac wall
with stents at both ends. Endovascular accessia Wiansfemoral or
transiliac artery approach with the aim of exclgdthe aneurysm by
this graft. The advantages of an endovascular approach include
decreased blood loss, length of hospitalizatiord early morbidity
and mortality. Endovascular therapy is ideally ediifor the elderly,
higher-risk patient and for those with prior aoxigerations. Properly
selected patients have a relatively low incidende secondary

problems including migration, endoleak, and saaeson.

PHARMACOLOGICAL THERAPY

On the basis of increasing evidence of the moleaukchanisms in
the process of AAA formation, numerous strategies/eh been
proposed to prevent AAA development. Pharmacolédiwrapy has
also been regarded as an effective approach fatirige AAA, and

some agents have undergone clinical trials. Palletatigets for AAA
treatment are as follows:

- inhibition of proteolytic activity

- inhibition of inflammatory response

- suppression of oxidative stress

- upregulation of synthesis of extracellular mapieteins.

54



STATINS

Despite the absence of a clear relationship betweeim cholesterol
level and AAA growth rate, statin therapy is expgecto prevent AAA
development, because the pleiotrophic effects afins include an
anti-inflammatory effect, anti-oxidative effect, cathe reduction of
MMP secretion. In experimental studies, simvaststippressed AAA
progression in a mouse model, accompanied by atieduwf MMP-9
and an increase of TIMP-1, whereas inflammatorlicéltration was
not inhibited®**”°In an ex vivo human organ culture system, the
application of cerivastatin reduced the tissue ll@feMMP-9 in a
concentration-dependent manner, accompanied bplit@tion of the
activation of infiltrated inflammatory cel.These results suggest
that, at least in part, distinct statins affect differsignal transduction
pathways to prevent AAA progression. In additiongvesal
observational studies have shown beneficial effeatsstatins in
patients with AAK"2273

ANGIOTENSIN-CONVERTING ENZYME-INHIBITHORS AND
ANGIlI RECEPTOR BLOCKERS

Both angiotensin-converting enzyme (ACE)-inhibitaaad Ang |l
receptor blockers (ARBSs) are currently widely ugethe treatment of
cardiovascular disease, such as hypertension aodictheart failure.
In accordance with increasing evidence of an aaonibetween Ang
I and AAA formation, several studies have beenfqaned to
examine the effect of blockade of RAS at severahtgoon the
formation of AAA. Liao et aFreported that three different ACE-
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inhibitors (captopril, lisinopril, and enalapril)put not an ARB
(losartan), suppressed the development of elagstdseed AAA in
rats. These therapeutic effects of ACE-inhibitorgrev observed
independent of their lowering of arterial blood gmere and
inflammatory response in the arterial wall. Moregpvecent clinical
evidence have demonstrated that treatment witfastals, an ARB,
significantly prevented the progression of experntakAAA through

the inhibition of NFKB activation, MMP expressiamnd infiltration of
macrophage$.These results suggest that ACE-inhibitors and ARBs
might be useful for treating AAA.

NOVEL THERAPEUTIC STRATEGIES FOR TREATING AAA
On the basis of basic investigations, many reseasdiiave searched
for new molecular targets, and novel therapeutategies have been
proposed to treat AAA.

Inhibitors of mast cell degranulation

The effects of mast cell stabilization on AAA foriom were

examined in an experimental study. Application oisodium

cromoglycate, an inhibitor of mast cell degranwlatireduced aortic
expansion by 40% in an elastase-induced mouse AAddefn

accompanied by the inhibition of recruitment of maells and
macrophage&.Similarly, Tsuruda T et &’ demonstrated that
treatment with tranilast attenuated AAA progressiona CaCl2-
induced rat AAA model. These mast cell stabilizease been used
clinically to control allergic disorders, such asofichial asthma.
Therefore, the impact of mast cell stabilizers gAANormation needs
to be clarified in a clinical study.
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c-Jun N terminal kinase inhibitor

Recently, pharmacological inhibition of c-Jun N nt@mal kinase
(JNK) has been reported to regress A&Ahe authors demonstrated
that phosphorylated JNK was elevated in human Assue, leading
to the activation of MMP-9 and pro-inflammatory rsdfing in
VSMC. In addition, selective inhibition of JNK ugina specific
inhibitor not only prevented AAA formation, but alscaused the
regression of established AAA in CaCl2-induced neodsAA and
Angll-induced ApoE-/- mouse AAA models. Importantly addition
to the suppression of MMP activation and migratdnnflammatory
cells, the inhibition of JNK restored the architeet of aortic tissue.
They demonstrated that the activation of JNK sugged genes
encoding extracellular matrix biosynthetic enzymescultured rat
VSMC. This study showed an important role of theegplation of
extracellular matrix protein synthesis in the tneamt of AAA. Thus, a
clinical trial using a JNK inhibitor is eagerly @ipated, because a
JNK inhibitor might regress AAA in humans as wedlia an animal
model.
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AIM OF THE WORK
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As we discussed, despite medical and surgical adgan
atherosclerotic and aneurysmatic diseases remailediding cause of
death in the Western world. Presently, the factesponsible for the
onset and the development of the atherosclerotmuya and the
aneurysmatic lesions are still unknown and onlyame cases they
are related to the so called risk factors (hypeiten diabetes,
dyslipidemya, smoke, obesity, stress, inactivitge,agender). Since
the incomplete understanding of the etiopathogsnesi these
pathologies, remains difficult to assess the ogtinr@atment
according to the disease state. About atherosaerosparticular, the
lesions with associated high risk of developinglstrare today still
difficult to identify especially for asymptomatiapents.

In fact, here are several reasons why isn't pasdibl predict the
behaviour of carotid atheroma in asymptomatic pédie

- Plaque rupture may remain an ‘asymptomatic’ phegmon, either
because systemic anti-coagulant factors minimisaonthus
development or because thrombus embolises to mically silent’
area of the brain.

- Multiple atheromatous plaques are commonly prieséam
combination. Studies in the coronary circulatiorvéhalemonstrated
that patients often have more than one rupturedquelan the artery
supplying an infarcted myocardium, although usuatily one site has
evidence of thrombosisAccordingly, any technique for identifying
rupture prone plague may have difficulty in ideyiif the most
clinically important anatomical lesion.

- Any plaque features that are to be useful in idgnt patients at
high risk of stroke must be present for a suffici@me period before
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the neurological event occurs in order to permiteci&on and
treatment. Some of the pathological features link@&t symptomatic
plaques (macrophage accumulation and proteolytayraa release)
are likely to be present only shortly before fibsaap rupture.

In order to reduce the percentages of death arabitity caused by
rupture of the atherosclerotic or aneurysmatiomlesi would be useful
the identification of susceptibility genes and tiwerelation between
imaging data related to pathological factors (suah plaque
echolucency, and molecular data) in order to assa&spre-
symptomatic diagnosis and more specific treatments.

So, the aim of this work was to characterize p#igene profiles in
order to understand the genetic factors involveithénpathologies and
to identify new potential biomarkers and therapeutrget. We
studied the expression levels of some genes delabe lipid
metabolism and inflammation. Our final goal wagripto develop a
Clinical Decision Support system to support theislen process
about the therapeutic strategy (surgical, pharneggohl) by means of
statistical models of the pathology based on thalyais of the
heterogeneous data sources: molecular analysisicalli analysis,

clinical imaging, patient anamnesis.
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METHODS
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BLOOD SAMPLES COLLECTION

Blood samples were taken from patients right befive surgical
procedure and collected in five BD Vacutai®esterile tubes :
3 tubes with citrate buffer (blue cap)
1 tube with EDTA (violet cap)
1 tube with spray-coated silica and a polymer fgel serum
separation (yellow cap)
Then, each sample was centrifuged:
samples contained in the violet and yellow cap duleere
centrifuged at 3000 rpm for 15’ and the resultingernatant
was collected in 2ml tubes and stored for furthralysis.
samples contained in the blue cap tubes were fieged at 1500
rom for 15'(in order to preserve the cellular inigg, the
resulting supernatant collected and the corpusediatction

used for PBMCs extraction.

Separation of blood leukocytes (PBMCs) by Ficoll grdient
The corpuscolate fraction obtained from centrifigatwas added

with an equal volume of PBS, and the mix stratifi@a a Ficoll
volume equivalent to 1/3 of the total mix volumetek centrifugation
for 30" it's possible to see in the tube a separatif different phases:

red blood cells phase

Ficoll phase

White blood cells phase

PBS phase
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The white blood cells ring was accurately collecéed washed with
PBS added with erythrocyte lysing solution, there thellular
suspension was centrifuged for 15 at 1500 rmp] &nally the
resulting pellet was added with PBS for viabiligsays. Cell viability
was evaluated adding 3ul of Trypan Blue to an aligof cell
suspension, and cells was counted in a Burker Caamb

Assessed the viability of the white blood celld|utar suspension was
washed once more time with PBS, the pellet waschddth 2ml of
FBS/DMSO (20%) solution and then stored in liquitdlagen.
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CLINICAL AND HAEMATOCHEMICAL
DATA COLLECTION

In collaboration with the Vascular Surgery Unit.G8rardo Teaching
Hospital, Monza, we have collected for each patigiormation about
the anamnesis, the recent clinical history and fllew up after

surgical treatment; we have so created a clinieadlthse useful to
accurately classify patients and also to definéedght experimental

subgroups in order to perform the following anaysi

ANAGRAPHIC DATA
First name and Second name, associated to a nuced& for
privacy reasons
Date of birth
Date of surgery
Age
Gender

Type of surgery

HAEMATOCHEMICAL DATA
WBC
RBC
Platelet count
total haemoglobin concentration
creatinemia
glycemia
triglycerides
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cholesterolemia
HDL
LDL

RISK FACTORS
hypertension
diabetes
dyslipidemia

tabagism

OTHER PATHOLOGY

CAD (Coronary Artery Disease): pathology characterized
insufficient coronary flow due to coronary athetesatic
lesions.

PAD or PVD (Peripheral Artery/Vascular Disease): pathology
caused by the obstruction of arms and legs largeies due to
atherosclerosis, inflammatory processes leadirsfetoosis and
thrombi formation.

COPD (Chronic Obstructive Pulmonary Disease): genernadfgrs
to chronic bronchitis and emphysema, leads to #atmon of
the pulmonary air flow and it's caused by a pulmgrehronic

inflammation.

GSM VALUE (only for patients with carotid stenosis)
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GRAY-SCALE MEDIAN (GSM) AND
THE ECHOLUCENCY EVALUATION

ECHOLUCENCY PREDICT THE RISK OF STROKE

Stroke is defined as a nontransient, acute neugabmjury resulting

from disruption of blood flow to cerebral tissueheT disruption of
blood flow is thought to be a result of embolizatiarising from

degenerative breakdown or thrombotic occlusionarhglex plaques
in the extracranial vessels,areas that are readdgessible to
ultrasound imaging. The spectrum of clinical préagon is probably
related to the size of the embolus, its composititenpropensity to
disaggregate, and the state of the collateral laticm. The European
Carotid Surgery Trial 6 and North American Sympttim&Carotid

Endarterectomy Trial 7 have shown the benefit ofrotd

endarterectomy in symptomatic patients with a rhgghde stenosis
(70%). Despite the relatively higher risk assodatéth high-grade
stenoses, evaluated in absolute numbers most {ssperiencing
neurological symptoms have stenoses of 50%.

Yk Hyperiemalon Dehaies Oeneiic pradmpsisnn A dpemiian Sk srpss Hyperipidemia

- _-.r-.‘ Y ’,".__J-_' -
Kiheroselerfe
a7 ) .,_'L
Benign course Malign course
W
Plaguse nupture

Nevrological
SYMpLoms

Fig.3: predisposing factors and sequelae of unstab&r@tiatous plaques
Marie-Louise M. GrgnholdArterioscler Thromb Vasc Bidl999;19;2-13
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Recent studies support the notion that not onlydixgree of stenosis
but also the morphology of the carotid artery p&cs evaluated with
ultrasound B-mode imaging, and surface charadiesitke ulceration
may be of pathogenetic importance. Concerning earfa
characteristics, ulceration is believed to be ingoarbecause it causes
exposure of the thrombogenic layers of the plaguth, the possibility
of subsequent thrombus adhering to the plaquejriga embolus
formation and resultant neurological symptoms. Woifwately, there
is no standardized definition of ulceration. Uldema can be classified
from ultrasonic and angiographic findings or fromaaroscopic or
microscopic  pathology of the endarterectomy spegime
Ultrasonographically, an ulceration is an irregijyaor break in the
echoreflective surface of the plague. Moore ét°défined ulcer size
on angiograms as the multiplication of length andtkvof a crater (in
millimeters), and these authors divided ulceratioto 3 groups
according to size. Macroscopically, Comerata eéf%défined ulcers
according to crater width and a depth of 1 mm omrenavhereas
O’Donnell et af*defined them as a definite surface irregularityhveit
punched-out characteristic.Seen microscopicallgenation according
to the definitions varies from loss of surface géhdbum to deep,
undermining depressions in the platft&3 However, the ability to
detect ulceration is affected by the degree ofostisn With the use of
B-mode ultrasound, the sensitivity for identificatiof ulceration was
77% in plagues with 50% stenosis or less but ot 4n plaques of .
50% stenosisR50.03).The sensitivity for arteriography was simila
77% and 48%, respectively.
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These findings indicate that the presence of uloemy be of
prognostic relevance, but if one considers the tiaat most patients
undergoing surgery have severe lesions in whiclrslare not easily
seen preoperatively, this parameter may be diffital use as an
indication for surgery.

Angiography merely yields information on the degaeel location of
the stenosis, whereas high-resolution B-mode ingagadlows
characterization of carotid plaques by echogenicitfefined as
reflectance of the ultrasound signal. Echogeniciéy be classified
according to the criteria of Johnson étlom 1985 (calcified, dense,
and soft, Fig.4) or alternatively, the criteria G@ray-Weale et
al?*from 1988 describing 4 plaque types, from dominaatholucent
with a thin, echogenic cap to dominantly echogemitth small areas

of echolucency, through 2 types of mixed echogénici

Risk Johnson™ Gray-Weale™ Reilly™ Ecps™

High risk Soft Echolucent (thin, echorich cap) Heterogeneous Echolucent Heterogeneous
(mixed-level echoes)

Dominantly echolucent
(small, echorich area)

Dense Intermediate

Dominantly echarich
(<-25% echolucent)

Low risk Calcified Echorich Homogene ous Echorich Homogeneous
(medium- or high-level echoes)

Fig.4 Classification of plague morphology in relatiorrik of neurological symptoms
Marie-Louise M. Grgnholdt Arterioscler Thromb Vaiol 1999;19;2-13

Most studies relating ultrasonic plaque morphology clinical
outcome agree that echolucent as well as ulcenalteglies carry a
higher risk of neurological symptoms compared wibkhorich
plagues. Summarizing, it appears clearly that ptgiewith an
echolucent and heterogeneous plaque evaluatedrbgaund B-mode

have a higher risk of developing neurological esghtan do patients
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with homogeneous, echorich plaques. The echolupkmues were
associated with a high content of lipid and hemagd) whereas
echorich plagues contained more calcification (cegsacoustic
shadowing) and fibrous tissue (collagen rich). &tbund could not
reliably distinguish between lipid and hemorrhagethe plaque; to
characterize B-mode images of plagues more obggtivdigital

image processing or videodensitometric analysis,GISM, has been

introduced.

GRAY-SCALE MEDIAN (GSM) CALCULATION

Biasi et aF®®, assessed for the first time, a study (ICAROS \stil
order to analyze the risk of stroke during caretitkry stenting (CAS)
using a new computer-assisted highly reproducibhelex of
echogenicity, namely the gray-scale median (GSMkreH is
summarized the GSM calculation.

Images acquisition

With the patient in the supine position, the catdtifurcation was
imaged in longitudinal (anterolateral, lateral, gmukterolateral) and
transverse projections. The transducer was keptlphto the vessel
so that the near and far wall adventitia was imagetyht angles. The
aim was to obtain a carotid plaque B-madege with a relatively
noiseless vessel lumen, with an echo-deare& of adventitia in the
vicinity of the plaque and with aachoically informative plaque that
can be outlined easily. Th@ojection that fulfilled these criteria was
chosen. Plaques includedan acoustic shadow were analyzed only if
>50% of theirarea depicted real acoustic information, and ohiy t
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areawas subjected to analysis (the number of pixelgha areaof
interest was at least half of the total numberigélg in the area of the
plaque, as calculated by the Adobe Photostudfware).

B-Mode Image Normalization

B-modeimages are digitized and transferred to a persooputer.
With the use of the software Adobe Photoshop (ver&.0 or later)
and the "histogram” facility, the gray scale med{@&@8EM) of the2
reference points (blood and adventitia) in the inagB-mode image
is defined. Algebraic (linear) scaling of the imageperformed with
the "curves" option of the software so that in tesultant imagehe
GSM of blood equals 0 to 5 and that of the advienggjuals 18%0
195. In this way, the gray scale values of allgh@lsin the image are
adjusted according to the input and outpaities of the 2 reference
points (blood: input value=measurgdSM before linear scaling;
output value=0 to 5; adventitinput value=measured GSM before
linear scaling; output value=18% 195) (Fig.5). The GSM of the
plaque (the median of tHeequency distribution of the gray levels of
the pixels in the plaguaph the normalized image (adjusted image
using linear scaling) igsed to quantify its echogenicity (Fig.6).

With this study it was been demostrated that gtieation by means

of GSM allows to use simplgatistics to assess variability and to
define easily the limits of experimental error. $lefindings may
have significant implications in reducing the vhiidy of plaque
characterization and quantifying true changes @hmsside the limits
of experimental error) of plaque echogenicity inogpective

multicenter studies.
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They concluding that carotid plague echolucency,mesasured by
GSM <25, increases the risk of stroke in CAS, and thatibclusion
of echolucency measured as GSM in the planningnpfeadovascular

procedure of carotid lesions allows stratificatiaf patients at

different risks of complications in CAS.

Fig.5 Normalization of the B-mode image using algehic (linear) scaling. Pixels’ gray
scale value in the whole image is adjusted accgrttinthe input and output values of the
reference echo structures (vessel lumen: input aotput value50; adventitia: input
value5124, output value5190) (black arrows).

Circulation. 2004 Aug 10;110(6):756-62
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Fig.6. Hypoechoic plague (GSM59) with the histogramof the gray tone frequency
distribution of the pixels in the selected area (plque) of the normalized image The
colored image is used as a guide to outline the af@terest.

Circulation. 2004 Aug 10;110(6):768-
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RNA EXTRACTION

For each patient, we have extracted RNA from PBME&asnples
previously collected and stored. After the cellprssion thawing, we
added immediately 10 ml of PBS in order to neuwtgathe toxicity of
DMSO. Then, we have centrifuged for 15 at 1500 rmnd the
resulting pellet used for the RNA extraction by §3en RNeasy Mini
Kit.This kit allows efficient purification of totaRNA (up to 100 ug of
RNA) from small amounts of starting material (1 kells); the

elution volume is about 30—-100 pl.

RNA EXTRACTION PROTOCOL
- after pelleting the appropriate number of célls(10 cells ), in
order to disrupt the cells we add 5000f Buffer RLT
previousy added with 10l of beta- mercaptoethanol (B-ME),

pipetting to mix;

- then we add 1 volume of 70% ethanol to the homizgel lysate,
and mix well by pipetting (without centrifuge thexy

- we transfer up to 700l of the sample, including any precipitate
that may have formed, to an RNeasy spin columreplat a 2
ml collection tube; then we centrifuge for 15s @t0D0 rpm
and discard the flow-through;

- in order to eliminate genomic DNA contaminatiare perform a
DNase digestion

- then, we add 700l of Buffer RW1 to the RNeasy spin column.
Close the lid gently, and centrifuge for 15s at000, rpm to
wash the spin column membrane, discarding the flowugh;
often is necessary to repeat this step one moee tim
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- At this point the extraction process is finish; arder to elute
RNA, we place the RNeasy spin column in a new 115 m
collection tube and Add 30-50 of RNase-free water directly
to the spin column membrane, centrifuging at léastL min

at 10,000 rpm.

77



MICROARRAY TECHNOLOGY

cDNA microrarray experiments typically involve hyizing two
MRNA samples, each of which has been converted dBfdA and
labelled with its own fluorophore, on a single glatide that has been
spotted with 10,000-20,000 cDNA probes. Data fromchs
experiments provide information on the relative reggion of the
sample genes, which correspond to the probes.

cDNA microarray experiment is a competitive hylration between
a sample that is labelled with the red-fluoresahm Cyanine 5 (Cyb5)
and a sample that is labelled with the green-flscgat dye Cyanine 3
(Cy3).Unlike gene-expression data from nylon memésa(filter) or
GeneChip (Affymetrix), cDNA microarray data are eméntly
comparative. This is because the filter or Affymetdlata measure
gene expression levels for each sample separatdigreas, in the
case of cDNA experiments, the pairing of target @as for
hybridization leads to relative expression valuad aonstrains the
types of design that can be considered. So, ea®Acicroarray
experiment gives us the relative abundance of &t® af mRNA.

For ours experiments, we have selected 2 groupatants, the AAA
group (Abdominal Aortic Aneurysm patients, n=10)daa CTRL
group (formed by healthy subjects, n=10), divideit isubgroups of 5

patients each:

Group A = AAA patients, n=5
Group B = AAA patients, n=5
Group C = CTRL subjects, n=5
Group D = CTRL subjects, n=5
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In the following table clinical data of subject lnded in the
experimental groups are reported.

About the microarray technique, we have chosenerfopn a Dye-
swap experiment in which each hybridization is domiee, with the
dye assignments reversed in the second hybridizafibis type of
experiments are useful for reducing systematic;biasfact, most
cDNA microarray experiments show systematic diffiees in the red
and green intensities, which require correctiorth& normalization
step. Using this strategy, we have compared thexpkramental
subgroups (group A Vs group C, group B Vs group D).

Arrays representing 14000 genes (70 mer oligontides, AROS
Humanv1.1, Operon Technologies,CA, USA); for each micrayan
internal normalization was performed, discardingv lor abnormal
signals by the use of the R packeg@A "Statisticsfor Microarray
Analysis'(http://www.stat.berkeley.edu/users/terry/zarray/Html/n
ormspie.html). Data analysis was performed using SAM “Significa
Analysis of Microarray” technique, a statisticatiia@ique established
in 2001 by Tusher, Tibshirani and Chu for determgniwhether
changes in gene expression are statistically sogmf, delta value
selected was 0.8, generating 91 differently expeggnes with FDR
(false discovery rate) of 2.2%.
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Table 1 Clinical data of subject included in the experimenal groups (CAD = Coronary
Artery Disease; CAS = Carotid Artery Stenosis; POADPeripheral Obstructive Artery
Disease; COPD = Chronic Obstructive Pulmonary Diseas
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RNA RETROTRANSCRIPTION: RT-PCR

RT-PCR analysis was performed on the haematic smmpf 3
patients groups (n=40 sbj each) in collaborationthwithe

Microbiology Laboratory - University of Milano-Biaea.

RNA VALIDATION

The first RNA validation was performed by UV speginotometric
analysis, considering only samples with ratio 26@8anm ranged
from 1.6 to 2.2. Then, RNA samples was analyzedh wgarosegel

electrophoresis (Fig.7), and we decided to useefach RT-PCR
reaction 100ng of RNA @Ong cDNA obtained with following

retrotrascription).

Fig.7 RNA analysis with agarose gelelectrophoresis
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RNA RETRO-TRANSCRIPTION

The retro-transcription was performed accordinglytthe standard

protocol of SuperScript™ Il RT, Invitrogen.
- in a nuclease-free microcentrifuge tube weeald
1 1 Oligo(dT) (concentration: 500g/ml)
4-5 g total RNA
12 | Milli-Q water
- we heated mixture to 65°C for 5 min and quick €ilbn ice;
- then we added:
4 | 5X First-Strand Buffer
21 0.1MDTT
11 10mM dNTP Mix, pH 7.5
- after an incubation for 2’ at 42°, we addedl 1200 units)of
SuperScript™ |l RT and incubated at 42°C for 50'.
- after the incubation and the inactivation of teaction by heating
at 70°C for 15 min, in order to remove RNA completaey to the
cDNA, we added 1 1(2 units) of E. coli RNase H and incubate at
37°C for 20 min; at this point, the cDNA was reattybe used as a
template for amplification in PCR.
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REAL -TIME PCR

Real-time PCR is quantitative PCR method for theemeination of
cope number of PCR templates such as DNA or cDNA iIRCR
reaction. There are two type of real-time PCR: prbhsed and
intercalator-based. Both methods require a spettiarmocycler
equipped with a sensitive camera that monitorsflilngescence in
each well of the 96-well plate at frequent intesvdluring the PCR
Reaction. Probe-based real-time PCR, also knowhagdlan PCR,
requires a pair of PCR primers as regular PCR andhdditional
fluorogenic probe which is an oligonucleotide witbth a reporter
fluorescent dye and a quencher dye attached. &i&toc-based
method, also known as SYBR Green method, requinstead a
double-stranded DNA dye in the PCR reaction whictd® to newly
synthesized double-stranded DNA and gives fluoresee

We performed a SYBR Green real-time PCR (Fig.8).
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Fig.8 The principle of SYBR Green detection in realime PCR . The fluorescent dye
SYBR Green is added to the PCR mixture (1) SYBR Giisea DNA binding dye that
fluoresces strongly when bound to double-strandlidh DAt the begin of the reaction, very
little double stranded DNA is present, and so theréscent signal detected is low (3). As
the reaction proceeds and PCR product accumuldtesarhount of double-stranded DNA
increases and with it the fluorescence signal (4-Bje signal is only detectable during
annealing and extension, since the denaturatign ciatains predominantly single-stranded
DNA (6).
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QUANTIFICATION

The diagram below shows a typical reading fromnglsi PCR cycle.
The vertical axis represents copy number (arbitnamyts) and the
horizontal axis shows the PCR cycle number. Theedothreshold
line is an arbitrary value, usually about 0.1 andhie “copy number”
used to determine Ct. The lower a Ct value, theemmpies are
present in the specific sample. When plotted onneat scale, as
below, the curve has a sigmoidal course with gmoegntial phase
and a platau phase. The platau phase is reallyndetd by the
amount of primer in the master mix rather than thecleotide

template. Theoretically, the amount of DNA doubkegery cycle

during the exponential phase, but this can affebtethe efficiency of
the primer used; for this reason, in addition toegative control that
is always performed with no template to show thek laf intrinsic

fluorescence, a positive control using a housekeegene (a gene
relatively abundant in all cell types) is performéa allow the

comparisons between samples. Typical housekeepngsginclude
18S rRNA, GAPDH and actin. The figure 9 shows adgpreading

from a single PCR cycle in a real-time PCR machine
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Fig.9 Typical reading from a single PCR cycle

In the diagram the three phases are evideBxmnential =the exact
doubling of product is accumulating at every cy@dssuming 100%
reaction efficiency). Winear = (High Variability) The reaction
components are being consumed, the reaction isrgipand products
are starting to degrade.Rtateau (End-Point) = the reaction has
stopped, no more products are being made and iblef enough, the

PCR products will begin to degrade.
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PLATE DESIGN

The plate design is shown in the pafebf the picture. For each gene, we
have used 40 samples taken from the 3 experimgraap (AAA patients,
TEA patients or CTRL subjects - red spag)ottedin duplicate,and the
remaining 16 wells were used for positive and rniggatontrols (blue spots).
We have performed 30 real-time PCR experimentse&mh group, overall
120 experimentsin the paneB of the picture is reported the Master Mix

composition of each well.

PRIMERS DESIGN

After the choice of candidate genes, we have paedrthe primers
selection using the software Primer3
(http://frodo.wi.mit.edu/primer3/ ); all the information about the

coding sequence of each gene were obtained by Bhstaabase
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(http://www.ensembl.org/index.html) and subsequertie primers
were verified with Primerblast
(http://www.ncbi.nlm.nih.gov/tools/primer-blast/).

The chosen primers anneal only on coding sequenceler to reduce
genomic DNA contamination as much as possible.
MONOGLYCERIDE LIPASE - MGLL

FREE FATTY ACID RECEPTOR 2 - FFAR2

ADIPONECTIN RECEPTOR 1 - ADIPOR1
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PHOSPHOLIPASE A2, (IB GROUP) — PLA2GIB

HYDROSTEROID (17-) DEIDROGENASE 14 - HSD17B14

ACYL-COENZYME A DEHYDROGENASE - ACADS
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LOW-DENSITY LIPOPROTEIN RECEPTOR-RELATED PROTEIN
5—-LRP5

TOLL-LIKE RECEPTOR ADAPTOR MOLECULE 1 -TICAM 1

INTERLEUKIN 1 RECEPTOR ACCESSORY PROTEIN-LIKE 1 —
ILIRAPL1
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TUMOR NECROSIS FACTOR TYPE 1 RECEPTOR ASSOCIATED
PROTEIN — TRAP1

GAPDH — Housekeeping gene

STATISTICAL ANALYSES

The primary data obtained from Microarray analysese normalized
using the SMA software (Statistical Microarray Aysmas —
www.stat.berkeley.edu/~terry/zarray/Software/smacod.html);
subsequently, the data were analyzed using SAM ritigo
(Significant Analysis of Microarray). About realkte PCR data, we
have used a two-tailed T Test.
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RESULTS
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SAMPLES COLLECTION AND
DATABASE CREATION

During the period 2006-2009, 420 haematic samplese wollected
from patients of the Vascular Surgery Unit - S.@awaTeaching

Hospital, Monza, subjected to surgical operation:

Abdominal Aortic Aneurysm (A.A.A.) surgery 77 pz
A.A.A. endovascular surgery 20 pz
Carotid Endoarterectomy (T.E.A.) 275 pz
Carotid stent surgery 39 pz
lliac Artery Aneurysm endovascular surgery 3 pz
Thoracic Aortic Aneurysm (T.A.A.) surgery 2 pz
Splenic Artery Aneurysm (S.A.A.) surgery 1 pz
Popliteal Artery Aneurysm (P.A.A) surgery 1 pz
Artery Ostruction surgery 1 pz
Carotid stent + A.A.A. surgery 1 pz
TOT: 420 pz

For each patient we have collected also informataiout the
anamnesis, the recent clinical history and theo¥olup after surgical
treatment; a clinical database was created in otdeaccurately
classify patients, defining different experimergabgroups in order to

perform the following genetic analysis.
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CLINIC DATABASE

Cardiovascular risk factars
dislipidemia: 32%
tabagism: 55%
diabetes: 29%
hypertension: 46%

Co-morbidity association

CAD (coronary artery disease): 28%
POAD (peripheral obstructive artery disease): 17%

COPD (chronic obstructive pulmonary disease): 32%

GSM values
In patients affected by carotid stenosis, the n8&M value was 22

and the percentage of stenosis 80.5% .
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Patients anamnesis
MICROARRAY ANALYSES

REAL-TIME PCR ANALYSES

96



MICROARRAY ANALYSES

Of all 14000 transcripts represented on the arrad981 resulted in a
positive hybridization after the normalization pedare; with the
analysis using SAM “Significant Analysis of Microay” technique,
91 genes differentially expressed in the 2 A.A.Atignts groups (A
and B) in comparison with the controls (C and D)swavealed, in
particular 76 upregulated and 15 downregualted ,@=abhd F.D.R =
2.2%). In the following tables the genes differaliyi expressed are

reported.

UPREGULATED GENES
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DOWNREGULATED GENES
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GENE SELECTION FOR REAL-TIME
PCR ANALYSIS

The 91 genes differentially expressed in the aremalysis are
primarily involved into the oxygen transport, thesfiive regulation of
the protein-kinases, the immunity and the lipid abelism.

Nevertheless, the microarray data referred on¢oA.A.A patients,
and because we were interested also in the castéidosis, we
selected some genes which regulate lipid metabadisthimmunity,

the biological processes primarily involved in bgihthologies, in
order to validate with real-time PCR analyses the@array data, and
also to test the expression levels of those gemether AAA patients
and in carotid stenosis patients.

For real-time PCR analysis we have selected thewoig genes:

LIPID METABOLISM
Monoglyceride lipase — MGLL — U67963 — 11343
Free fatty acid receptor 2 — FFAR2 — AF024690 —7286
Adiponectin receptor 1 — ADIPOR1 — AK001484 — 51094
Phospholipase A2, group IB (pancreas) — PLA2G1B —
M21054 — 5319
Hydroxysteroid (17-beta) dehydrogenase 14 — HSD47B1
NM_016246 — 3738
Acyl-Coenzime A dehydrogenase, C-2 to C-3 shorircha
ACADS — 780345 —- 682
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Low density lipoprotein receptor-related proteir BPR5 —
AF077820 — 4041

IMMUNITY
Toll-like receptor adaptor molecule 1 — TICAM1 —@F530
— 7746
Interleukin 1 receptor accessory protein-like 1 tRAPL1 —
AJ243874 — 11141
Tumor necrosis factor type 1 receptor-associatetepr —
TRAP1 - NM_016292 — 10131

MGLL: MONOGLYCERIDE LIPASE(3p13-q13.33)
Monoglyceride lipase, also called monoacylglycdipase, play an
important role in the hydrolysis of the monoglydexs formed during
the hydrolysis of triglycerides. In adipose tissuthe stored
triglycerides are hydrolyzed sequentially by trogyide lipase and
hormone sensitive lipase to diglycerides and momagides,
respectively. The monoglycerides formed are submseitu
hydrolyzed by MGLL to fatty acids and glycerol. MGLalso
catalyzes the hydrolysis of monoglycerides produlgdipoprotein
lipase activity on triglycerides of circulating dbgnicrons and very-
low-density lipoproteins. The free fatty acids esled from
triglycerides by these lipases are used as a safremergy in the
body. An additional role for MGLL, the participatioin the
metabolism of the endocannabinoid'2-arachidonoghyigl'(2-AG; 1)
has recently emerged, because seems to be rdsdpofwmi the low
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level of endocannabinoid activity in brain. Highvé¢ of MGLL are
therefore related to high levels of FFA which cdnite to the
activation of the immunity response and the atiwacbf monocytes to

the adipose rich zone and to the endothelial oélldood vessels.

FFAR2: FREE FATTY ACID RECEPTOR 2(19913.1)

This gene encodes a member of the GP40 family pfo®in-coupled

receptors that are clustered together on chromod@méFA2 mRNA

can be detected in a variety of tissues, but tlybdst expression is
found in immune cells such as neutrophils, monagyfeeripheral

blood mononuclear cells, B-lymphocytes, and polyhonuclear

cells (Brown et al., 2003; Le Poul et al., 2003lshkhn et al., 2003).
Considerable levels of FFA2 mRNA were detected oneb marrow

and spleen but these are thought to reflect theesgmn of the

receptor on immune cells (Le Poul et al., 2003),@heoded protein is
a receptor for short chain free fatty acids and tmaynvolved in the

inflammatory response and in regulating lipid pladevels.

ADIPO1: ADIPONECTIN RECEPTOR 1(1p36.13-g41)
Adiponectin receptor 1 is specific for adiponect@mn hormone
secreted by adipocytes that acts as an antidiadeti@anti-atherogenic
adipokine. Levels of adiponectin in the blood aexrdased under
conditions of obesity, insulin resistance and type diabetes.
Administration of adiponectin causes glucose-longreffects and
ameliorates insulin resistance. This insulin-sézieg effect of
adiponectin seems to be mediated by an increaséatig-acid
oxidation through activation of AMP kinase and PPARha.
Adiponectin acts by way of two receptors, ADIPORM ADIPOR2.
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AdipoR1 is abundantly expressed in skeletal muscldereas

AdipoR2 is predominantly expressed in the liver.

Fig.10. Action of adiponectin

Nevertheless, recent studies have demonstrateABH®ORL1 is also
expressed in peripheral mononuclear cells, apprataiy on 1% of T
cells, 93% of monocytes, 47% of B cells, and 21%N# cells.
Moreover, is well established that adiponectin litsi the vascular
endothelial adhesion molecules production and thgokmnes

production during the first phase of the atherasslis development.

PLA2G1B: PHOSPHOLIPASE A2, GROUP 1B (Pancreas)
(12923-qgter)

Phospholipases, in general, are enzymes which lyggranembrane
phospholipids to generate products that are ineblaethe regulation
of many cellular processes. Their activity is coléd by a wide
variety of agonists, including hormones, neurotmaitters, growth

factors, and cytokines. The principal phospholipase PLA, PLA,,
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PLC, and PLD, and they cleave phospholipids ateckffit sites.
Phospholipase A2 catalyzes the release of fatgysdcom glycero-3-
phosphocholines. The best known varieties are idpgestive enzymes
secreted as zymogens by the pancreas of mammadilsr @rms of
PLA2 have been isolated from brain, liver, lunglesp, intestine,
macrophages, leukocytes, erythrocytes, inflammat@yudates,
chondrocytes, and platelets. (Seilhamer et al.6198mong the fatty
acids produced by PLAZ2 there’s arachidonic acidoarega-6 fatty
acid transformed by COX1/2 into leukotrienes andstaglandins,
which are be able to modulate immune function e lymphocyte;
they are mediators of the vascular phases of imflaton and are

potent vasodilators, increasing vascular permegbili

HSD17B14: HYDROXYSTEROID (17- ) DEHYDROGENASE
14 (19913.33)

This enzyme is primarily involved in the metabolisinsteroids at the
C17 position and also of other substrates, suchfatty acids,
prostaglandins, and xenobiotics (Lukacik et al.020 Due to it’s
capacity of producing haematic prostaglandinsputi@¢ be involved in

the increase of haematic inflammatory state.

ACADS: ACYL-COENZYME A DEHYDROGENASE, C-2 to C-3
short chain (12924.31)
This gene encodes a tetrameric mitochondrial flam@mn, which is a

member of the acyl-CoA dehydrogenase family. Thiszyee
catalyzes the initial step of the mitochondriatyatcid beta-oxidation

pathway.
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LRP5: LOW DENSITY LIPOPROTEIN RECEPTOR-RELATED
PROTEIN 5 (11q13.4)

This gene encodes a transmembrane low-densityrbpaip receptor
that binds and internalizes ligands in the procéseceptor-mediated
endocytosis. This protein also acts as a co-recepith Frizzled
protein family members for transducing signals bytWroteins
(Fig.11) and was originally cloned on the basist®fissociation with

type 1 diabetes mellitus in humans.

Figure 11 Schematic representation of the canonit&/nt/b-catenin signaling pathway.

(a) In the absence of Wnt signal, b-catenin isuigad into the APC/ Axin/GSK3b complex,
and phosphorylated by GSK3b at the N-terminal idesion box’. The phosphorylated b-
catenin binds to b-Trcp of the proteosome machimew is targeted for degradation. As the
result, no free b-catenin enters nucleus to foangeriptional complex with LEF/Tcf and to
regulate downstream gene expression. (b) Wnt bimits Fz receptor and LRP5/6 co-recept-
or and activates Dvl, leading to the inhibition AP C/Axin/GSK3bmediated b-catenin de-
gradation. Stabilized b-catenin forms a transaipdl complex with LEF/Tcf and activates
downstream targets such as c-Myc. Negative regslasach as Dkks, WIF and FRPs, inhibit
the interactions between Wnt ligands and theirpeus. There is crosstalk between Wnts and

other signaling pathways, such as growth factatahtivate receptor tyrosine kinases.
PNAS , January 7, 2003, vol. 100, no. 1, 229-234
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The Wnt signaling pathway plays a pivotal role imbeyonic develop-
ment and oncogenesis through various signalinggoutgs including
Frizzled receptors, LRP5 and LRP6, and Dickkopftgins. In addi-
tion, the Wnt signaling is also involved in adipogsis by negatively
regulating adipogenic transcription factors (Tcfs);fact, Wnt sig-
nalling acts as an adipogenic switch, when it is afipogenesis is
repressed, wheit is off, adipogenesis is initiated. It was demon
strated that LRP5 is highly expressed in many éssincluding hep-
atocytes and pancreatic beta cells; moreover, L&dP5Sbind apolipo-
protein E (apoE), raises the possibility that LR®#&ys a role in the
hepatic clearance of apoE-containing chylomicrannmants, a major

plasma lipoprotein carrying diet-derived cholestero

TICAM1: TOLL-LIKE RECEPTOR ADAPTOR MOLECULE 1
(19p13.3)
Innate immunity against invading pathogens reliesensingpecific

molecular features expressed in microorganismsaltgimrecognition
receptors. This recognition is mediated by aoc$ajermline-encoded
receptors called Toll-like receptors (TLRS).

TICAML, better known in literature as TRIF, is alllt1R(TIR) do-
main-containing adaptor molecule which specificatiteracts with
TLR3 and activates nuclear factor kappa-B (NFKByucing inter-
feron-beta (IFN-B) transcription (Fig.12).



Fig. 12. TLR signaling pathway TLR signaling pathways originate from the cytcpiac
TIR domain. A TIR domain-containing adaptor, MyD&&sociates with the cytoplasmic TIR
domain of TLRs, and recruits IRAK to the receptormfigand binding. IRAK then activates
TRAF6, leading to the activation of the IjB kinadk&K) complex consisting of IKKa, IKKb
and NEMO/IKKc. The IKK complex phosphorylates lj@sulting in nuclear translocation of
NF-jB which induces expression of inflammatory dytes. TIRAP, a second TIR domain-
containing adaptor, is involved in the MyD88-depemidsignaling pathway via TLR2 and
TLR4. In TLR3- and TLR4-mediated signaling pathwaydjvation of IRF-3 and induction
of IFN-b are observed in a MyD88-independent manAethird TIR domain-containing ad-
aptor, TRIF, is essential for the MyD88-independmathway. Non-typical IKKs, IKKi/IKKe
and TBK1, mediate activation of IRF-3 downstream BiH. A fourth TIR domain-contain-
ing adaptor, TRAM, is specific to the TLR4-mediate¢D88-independent/ TRIF-dependent
pathway.

International Immunology, Vol. 17, No. 1, ppla
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ILLRAPL1: INTERLEUKIN 1 RECEPTOR ACCESSORY
PROTEIN-LIKE 1 (Xp22.1-p21.3)

The protein encoded by this gene is a member ofintezleukin 1

receptor family and is similar to the interleukiradcessory proteins.
This gene is located at a region on chromosomeaX ithassociated
with X-linked non-syndromic mental retardation. Bwns and
mutations in this gene were found in patients witntal retardation.
This gene is expressed at a high level in posti-imatan structures
involved in the hippocampal memory system, whiclggasts a
specialized role in the physiological processesugiohg memory and
learning abilities. Actually, the involvement of IRAPLLlin the

pathogenesis of atherosclerosis isn't still denranstl in literature,
but we could associate this gene with the pathologgyause of it's
linkage with IL-1, a pro-inflammatory cytokine inved in

inflammatory reactions.

TRAPL1: TNF RECEPTOR-ASSOCIATED PROTEIN 1(16p13.3)
TRAP1 encode a mitochondrial HSP90 protein; HSP@iems are
highly conserved molecular chaperones that haverdd®g in signal
transduction, protein folding, protein degradatiamd morphologic
evolution. HSP90 proteins normally associate witlteocochaperones
and play important roles in folding newly synthesizproteins or
stabilizing and refolding denatured proteins afttress. TRAP-1
MRNA expression is increased in tumor cells reststdo
chemotherapy. In fact, the stable clones expressingtitutively high
TRAP-1 levels are more resistant to H202-inducedARIdmage and

to apoptosis by cisplatin, contain higher reducédaghione (GSH)
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levels than control cells; and do not release theptosis-inducing
factor into the nucleus upon cisplatin treatmenirtfiermore, high
TRAP-1 levels interfere with caspase 3 activatidimese results
confirm the he protective role of TRAP-1 againsidative stress and
apoptosis (Montesano Gesualdi N. et al, Stress7 20fv;10(4):342-
50). TRAP1 also interacts with Exostosins-1 anBXX(1-2), the

enzymes responsible of the heparan sulphate (H&83ymthesis;
briefly, HS synthesis initiates by the formation aftetrasaccharide
(glucuronicacid—galactose—galactose—xylose,GBfBal 3Gal 4Xyl)

at specific serine residues of proteoglycan comeprs (Fig. 13).
This intermediate serves as a primer for the auditof N-

acetylglucosamine (GIcNAcal,4), the first committetep in HS

synthesis. Chain polymerization then takes placehey alternating
addition of GIcAhl,4 and GIcNAcal,4 from the copesding

nucleotide sugars (UDP-GIcA and UDP-GIcNACc, respety). HS is

involved in the coagulation cascade, because dotiecoagulation is
achieved mostly by heparan sulfate proteoglycansvet® from

endothelial cells.

Fig. 13. Heparan sulphate biosynthesis.HS is synthesized by the formation of a linkage
region on a proteoglycan protein core, followedplayymerization and sulfation of the chain.
The first committed reaction for HS assembly is #tachment of the first GICNAc unit
(filed squares) catalyzed by the initiating GlcNAtansferase (aGIcNACTI), possibly
represented by the genes EXTL2 and EXTL3. The gopetase complex elongates the chain
by alternating additions of h1,4GIcA and al,4GIcNAsidues catalyzed by EXT1 and EXT2.
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REAL-TIME PCR ANALYSES

In order to provide high specificity , the seleti@imers were first
controlled in-silico  with  the software primerBLAST
(http://www.ncbi.nlm.nih.gov/tools/primer-blast/), which is be able
to discover all the possible annealings betweenptimtaers and the

interesting sequence.

Correct annealing

Mismatched annealing

After the selection of two couples of primers faick gene, we have
performed a dissociation test, extremely usefuls&éect optimal
primer concentrations, especially to check for phesence of primer
dimer product and aspecific annealing (Fig,14).fdat, ideally the
experimental samples should yield a sharp peakhat melting

temperature of the amplicon, whereas the NAC (n@lification

controls) and NTC (non template controls) will ngenerate

significant fluorescent signal. This result indestthat the products
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are specific, and that SYBR Green | fluorescenca @rect measure
of accumulation of the product of interest. If tthssociation curve
reveals a series of peaks, it indicates that therewot enough
discrimination between specific and non-specifiacten products,
and so, to obtain meaningful data, optimizationhef RT-PCR would

be necessary.

Fig.14. Diagram of the dissociation test
We used GAPDH (Glyceraldehyde 3-phosphate dehydesg as a

housekeeping gene because is uniformly and higkpyessed in the
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hematopoietic lineage (mean Ct = 21). We used theparative
Method (or Ct method) for the gene expression quantificatims
technique is ideal for primer pairs with an effrueg of 90% or greater
and for genes that will show a large fold changgane expression (5-
fold or greater). For each sample, the PCR armalsis performed
two times, and the sample mean Ct (Ct = copy numbas compared
with the GAPDH mean Ct; the value obtained {St. The procedure
was repeated for the 10 selected genes on 120 esuf#l= ctrl, 40=
AAA pz, 40= TEA pz), obtaining a total of 1200Ct values. In order
to verify the significance of this data, for eaggne, the Ct values
were analyzed with a tw@iled T test (TEA pz vs ctrl and AAA pz
vs ctrl, p<0,05). Then, the Ct values were calculated for each gene
as the mean of theCt values of each experimental group (ctrl, AAA
pz and TEA pz) and then used in the following equat

X - 2 - Ct
X is a “fold” values that represent how every singene is differently
expressed in the 3 experimental groups (ctrl, A&fapd TEA pz).

The following tables show the obtained results.
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AAA pz

TEA pz

About AAA patients, this data confirmed the datatanted with
microarray analysis; moreover, an analogue sitoai® observed for
TEA patients, underling that the selected genes @otentially
involved in the pathogenesis of both pathologiexlo® the

amplification plots of the real-time PCR analysis eeported.
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GADPDH
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CTRL
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AAA PATIENTS



TEA PATIENTS
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CONCLUSIONS
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As we discussed, despite medical and surgical adgan
atherosclerotic and aneurysmatic diseases areetiing cause of
death in the Western world. Our work gets into there extensive
project which propose to develops a “Clinical Dams Support

system”, defined as a statistical models of théglagies, specific for
each patient, based on the heterogeneous datasi@néhyolecular
analysis, clinical analysis, clinical imaging, [eati anamnesis).

We focus our attention on patients affected byi@aaheurysmatic
abdominal disease and carotid stenosis. Our expatahwork can be
divided into 3 part: the first recruitment of patie and control
subjects, the subsequently study of the gene esipresamong
abdominal aortic aneurysm (AAA) patients with men@ay

technology, and the final evaluation of the différal gene expression
in both AAA patients and carotid stenosis patiertbout the first

part, we spent a lot of time in order to select lmmogeneous
experimental group of patients for each pathology,order to

minimize the intrinsic differences between the s and so to
obtain relevant data. Nowadays we have collecte@ H&ematic
samples tanks to the collaboration with professiorgto Maria Biasi

and the Vascular Surgery Unit - S.Gerardo TeacHiogpital, Monza.

The microarray analyses were performed by profeBsGiusti and

professor R.Abbate group, at Careggi Universitgpital, Firenze; in
the Laboratory of Molecular Medicine — Departmerit Qurgical

Sciences — University of Milano-Bicocca, Monza, tast part of this
work was developed. About the real-time PCR analyseme

observations must be done. First, cDNA used forathaysis comes
from RNA extract from PBMC's, even if we know th#te
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theoretically best material is the tissue samplagie or aortic
wall) .Our choice depends on the difficulty to ecll tissue samples in
patients and, mostly, in control subjects. In fatlying a surgical
intervention, the primary objective of the surgeento resolve the
artery occlusive problems damaging the vessel angarticular the
endothelium as little as possible, in order to dvbie development of
a subsequently restenosis. Moreover, in order v@ laacontrol group,
throughout a short period of time we should haviected tissue
samples from advanced-age non pathologic subjeesd dfor
traumatic events; instead, PBMC's are easily tkecbboth in patients
and controls subjects. Secondly, even if is repottgat TagMan
method is more accurate and reliable than the S¢YBfen method,
we have chosen the second one because of the essapnd the
quick realization of a qualitative method in comgpan with a
guantitative one. In fact, for this first screeninge decided to use a
gualitative method (SYBR green) which calculate thate of gene
expression between patients and controls sampldsnat the precise
amount of gene copies number for each analysistiggafrom the
data obtained with this method, we will use the NTag method for
the subsequently analysis on a bigger number gési#) referring to
the standard commercial curves in order to caleulat each sample
the gene copies number. Among the pull of geneslltieg
differentially expressed in microarray analysis, ha&ve chosen to
analyze with the real time PCR the expressionOofjdnes related to
lipid metabolism and inflammation; the data obtdicenfirm the role
of those mechanisms in the development of the aegltarosis and

aneurysm, and because of the presence of the sameeexpression
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alterations in both pathologies, ours results untethe possibility of
a common pathogenetic basis. Below, some considesatabout
those genes are reported. Starting with the lipetalolism related
genes, monoglyceride lipase, also called monoamggbl lipase
(MGLL), play an important role in the hydrolysis ofthe
monoglycerides formed during the hydrolysis of Iyegrides. In
adipose tissue, the stored triglycerides are hydeal sequentially by
triglyceride lipase and hormonesensitive lipasediglycerides and
monoglycerides, respectively. The monoglyceridesméxl are
subsequently hydrolyzed by MGL to fatty acids amgterol. MGL
also catalyzes the hydrolysis of monoglycerides dpced by
lipoprotein lipase activity on triglycerides of cidating chylomicrons
and very-low-density lipoproteins. The free fattjids released from
triglycerides by these lipases are used as a safremergy in the
body. High level of MGLL are therefore relatedhigh levels of FFA
which contribute to the activation of the immunrgsponse and the
attraction of monocytes to the adipose rich zortetarthe endothelial
cells of blood vessels. Moreover, recently has bdisnovered that
MGLL is highly expressed in CD16+ Mo, a minor subsH
monocytesexpanded in certain inflammatory conditions inchglisepsis
and HIV infectionand be able teigrates into tissues expressing CX3CL1
and producing pro-inflammatory cytokinekr ours patients MGLL is
overexpressed in comparison with control subjectand this is
consistent with the inflammatory state of patieAiso Free fatty acid
receptor 2, is overexpressed in ours patients impewison with
control subject. Has been demonstrated that FFAFRA2 mRNA
can be detected in a variety of tissues, but thh@dst expression is
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found in immune cells such as neutrophils, monagyfeeripheral
blood mononuclear cells, B-lymphocytes, and polyrhonuclear
cells (Brown et al., 2003; Le Poul et al., 2003lsklbn et al., 2003).
This protein is a receptor for short chain fre¢yfaids, linked to the
MGLL action, involved in the inflammatory responsand in
regulating lipid plasma levels. The upregulation FFAR2, as the
MGLL overexpression, confirm the immunity and lipmetabolism
involment in the aneurysm and carotid stenosis qughesis.
ADIPOR1 is an adiponectin receptor, an hormone etedr by
adipocytes that acts as an antidiabetic and amdragenic adipokine.
Is known that a decreased plasma level of adiponéxtassociated
with obesity and metabolic syndrome and correlatétd endothelial
dysfunction. Moreover, a recent publication previthe novel
evidence that upregulation of AdipoRs in ECs poses the
antiinflammatory effect of adiponectin, suggestihgt the modulation
of adiponectin receptors may have potential therpepplications
for cardiovascular desease. In ours patients ADIPOR
overexpressed in comparison with the control subjegnd so two
hypothesis could be formulated: the first one &t tihis upregulation
could be a cellular try to trigger a protective imagism increasing the
levels of adiponectin in the blood flow and consagly its receptor
expression, in contrast the second one is thatughiegulation could
be a consequence of the lower levels of adiponéctime blood flow.
PLA2G1B (phospholipase A2, grouplB) is a member tbé
Phospholipases family, enzymes that hydrolyze manwr
phospholipids to generate products that are ineblaethe regulation
of many cellular processes. Their activity is coléd by a wide
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variety of agonists, including hormones, neurotnaitters, growth
factors, and cytokines. The principal phospholipas® PLA, PLA;,
PLC, and PLD, and they cleave phospholipids ateckfiit sites.
Phospholipase A2 catalyzes the release of fattysdcom glycero-3-
phosphocholines. Among the fatty acids producedbf?2 there’s
arachidonic acid, an omega-6 fatty acid transforimgdCOX1/2 into
leukotrienes and prostaglandins, which are be ablemodulate
immune function via the lymphocyte; they are meamtof the
vascular phases of inflammation and are potent didors,
increasing vascular permeabilityin ours patients PLA2 is
overexpressed in comparison with control subjeatsl this correlate
with their pathological inflammatory state. Alscetlupregulation of
HASD17B14 (hydroxysteroid (17-beta) dehydrogenaggid linked
to the increase of haematic inflammatory statdaat, this enzyme is
primarily involved in the metabolism of steroidsthe C17 position
and also of other substrates, such as fatty apidstaglandins, and
xenobiotics (Lukacik et al.,, 2007), and it's be ealib produce
haematic prostaglandins. Acyl-Coenzyme A dehydnaege
(ACADS) is a tetrameric mitochondrial flavoproteimhich is a
member of the acyl-CoA dehydrogenase family. Thiszyee
catalyzes the initial step of the mitochondriatyfaicid beta-oxidation
pathway. The overexpression of ACADS in patientsidde related
to a higher lipids metabolic amount. Among the Hlidated genes,
the only one resulting downregulated in ours pasiésn LPR5 (Low-
density lipoprotein receptor-related protein.5fhis gene encodes a
transmembrane low-density lipoprotein receptor thewds and
internalizes ligands in the process of receptoriated endocytosis.
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This protein also acts as a co-receptor with Fezbrotein family
members for transducing signals by Wnt proteiris.kihown that the
Wnt signaling is also involved in adipogenesis bggatively
regulating adipogenic transcription factors (Tcfsy fact, Wnt
signalling acts as an adipogenic switch, when @nsadipogenesis is
repressed, whert is off, adipogenesis is initiated. A possible
explanation of LPR5 downregulation in ours patiestthat this could
be a cellular protective mechanism, in fact the Yathway inhibition
is related to an increase in adipogenesis, favgutite adipocytes
internalization of free fatty acids (FFAs) and ke tecrease of FFAs
haematic concentration which contribute to the amiinatory
response. Among the “immunity” related genes, weeoled an
upregulation of TICAM1 (Toll-like receptor adaptanolecule 1),
ILLIRAPL (Interleukin 1 receptor accessory protekedl) and TRAP1
(Tumor necrosis factor type 1 recepto-associatemtepr) in ours
patients in comparison with control subjects. TICAMetter known
in literature as TRIF, is a Toll/ILIR(TIR) domaimttaining adaptor
molecule which specifically interacts with TLR3 daractivates
nuclear factor kappa-B (NFKB), inducing interferbeta (IFNB)
transcription, which is responsible of the incragsi of
proinflammatory cytokines. An upregulation of TRt#éuld be so
related to the inflammatory state improvement. Aboilt1RAPL1,
even if its involvement in the pathogenesis of adkelerosis isn'’t still
demonstrated, we could associate the upregulafighi® gene with
the pathology because of it’s linkage with IL-1p®o-inflammatory
cytokine involved in inflammatory reactions. LasfhfRAP1 encode a
mitochondrial HSP90 protein, a molecular chaperahas have key
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roles in signal transduction, protein folding, @iatdegradation, and
morphologic evolution. TRAP-1 mRNA expression mereased in
tumor cells resistant to chemotherapy. In fact, gtable clones
expressing constitutively high TRAP-1 levels arerencesistant to
H202-induced DNA damage and to apoptosis by cisplabnfirmed
the he protective role of TRAP-1 against oxidatisress and
apoptosis (Montesano Gesualdi N. et al, Stress7 208/;10(4):342-
50). TRAP1 also interacts with Exostosins-1 and XX(E2), the
enzymes responsible of the heparan sulphate (HSyhihesis; HS is
involved in the coagulation cascade, because dodiecoagulation is
achieved mostly by heparan sulfate proteoglycansvete from
endothelial cells. So, we can assume that TRARbugh the action
of EXT and HS, is maybe involved in both coagulatiand
antioxidant processes related to the pathologies.

So concluding, those results show that we havetiigea pool of
disease related genes that could be involved indtheelopment of
atherosclerotic and aneurysmatic lesions; the stext will be to better
understand the role and the molecular mechanisactodn of each
genes, also still validating the genes expressiam bigger number of
patients. At the end, we would like to set up a elad the diseases
correlating the genetic data sources with all tlaeameters today
available and used for the diagnosis and treatmietite pathologies,
in order to help the decision process about theap®itic strategy
(pharmacological and/or surgical); in this way @g$ in the future
will be possible to personalize the therapy of gaatent according to

the molecular and clinical characteristic of théhpéogy.
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