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Summary |

According to the established medical knowledge, the atheromatous lesions occur in the arteries of large and
medium diameter. Their presence in the aorta, arteries of extremities as well as extracerebral and coronal arter-
ies is clinically relevant. The evolution of atherosclerotic plaques probably starts in the prenatal development,
what may be proved by the presence of the fatty streaks in endothelium of coronal arteries in some newborns.
Then it evolves through lipid accumulation, media inflammatory response, vasa vasorum proliferation, fibrina-
tion and calcification of plaques. Researches proved that the matter of atherosclerosis is exaggerated inflamma-
tory proliferative reaction to the arterial wall damage. The oxidative stress phenomenon and infections with
common pathogens play an undoubtful role in this process. Ultimately the direct damage is an effect of immune
response cells infiltration and secretion of cytokines and proinflammatory factors. Among the cells of immune
system responsible for formation and development of atheromatous plaque are considered: macrophages, den-
dritic cells, T and B lymphocytes, monocytes. Attention was also paid to the inflammatory mediators and
growth factors. Scientist are interested in unstable atherosclerotic plaque and accompanying inflammatory
process within the artery wall for a long time. Meanwhile, there are conducted researches on inflammation
markers underlying the destabilisation of plaques. Revealing the role of these cells in evolution of atherosclero-
sis would enable more complex understanding of the mechanism of lesions development. Then it would facili-
tate an introduction of the new and upgraded methods of treatment and prevention. Also the progress of imag-
ing examinations is meaningful for diagnostics and treatment. It is contributory to the choice of therapeutic
strategy and assessment of surgical intervention urgency. In the clinical practice there are recognized standards
of imaging the morphology of atheromatous plaque. Development of diagnostics aims the indirect assessment
of possible dynamics of lesions progression. Targeting the complex plaque analysis is based on excellence of
established standards such as ultrasound examination or computed tomography.

Key words: atherosclerosis, atheromatous/atherosclerotic plaque, inflammation, mediator, immune response cells,
unstable plaque, diagnostics, imaging

Streszczenie |

Wedtug powszechnej wiedzy medycznej zmiany miazdzycowe dotycza naczyfi tetniczych duzego i Sredniego
kalibru. Kluczowe kliniczne znaczenie ma ich powstawanie w aorcie i t¢tnicach konczyn dolnych, tetnicach
domozgowych czy tetnicach wieficowych. Ewolucja zmian miazdzycowych rozpoczyna si¢ prawdopodob-
nie juz w zyciu plodowym, czego dowodem moze by¢ istnienie u niektorych noworodkéw pasm ttuszczowych
(fatty streaks) w srédbtonku naczyn wienicowych. Obejmuje ona kolejno etapy gromadzenia lipidéw, odpo-
wiedZ immunologiczng blony srodkowej, proliferacj¢ vasa vasorum, widknienie oraz wapnienie blaszek. Bada-
nia naukowe wykazaty, iz istota miazdzycy jest nadmierna zapalno-proliferacyjna odpowiedz na uszkodzenie
Sciany tetnicy. Niekwestionowang role w tym procesie odgrywaja zjawisko stresu oksydacyjnego oraz infekcje
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powszechnie wystepujacymi patogenami. Jednak bezpoSrednie uszkodzenie jest efektem naptywu komorek
odpowiedzi immunologicznej oraz wydzielanych przez nie czynnikéw zapalnych. WSréd komorek ukiadu
immunologicznego zaangazowanych w proces tworzenia i rozwoju blaszki miazdzycowej na szczegdlng uwage
zastuguja m.in. makrofagi, komorki dendrytyczne, limfocyty T i B oraz monocyty. Zwrdcono réwniez uwage
na mediatory zapalne i czynniki wzrostu. Od dawna naukowcy zainteresowani sg niestabilng blaszka miazdzy-
cowa i zwigzanym z nig toczacym si¢ procesem zapalnym w obrebie Sciany naczynia. W chwili obecnej trwaja
poszukiwania markeréw zapalnych podioza destabilizacji blaszek miazdzycowych. Poznanie roli tych komérek
w procesach rozwoju miazdzycy w przyszioSci pozwolifoby na szersze oraz doglebne zrozumienie mechanizmu
powstawania blaszek miazdzycowych. To z kolei daje mozliwos¢ szybkiego wprowadzenia nowych i udosko-
nalonych metod leczenia tej choroby lub spowalniania jej rozwoju. Nie bez znaczenia dla diagnostyki i lecze-
nia pozostaje takze rozwoj badan obrazowych. Umozliwia on przede wszystkim wybor strategii terapeutycznej
i oceng pilnoSci interwencji chirurgicznej. Dotychczas podstawowa rolg odgrywaty badania okreslajace hemo-
dynamiczng istotno$¢ zmian. W praktyce klinicznej funkcjonuja ugruntowane standardy obrazowania morfo-
logii blaszki miazdzycowej. Celem diagnostyki jest jednak posrednie okreslanie mozliwej dynamiki jej zmian.
Dazy si¢ do coraz bardziej wnikliwej analizy zmian, doskonalac takie uznane metody, jak ultrasonografia czy
tomografia komputerowa.

Stowa kluczowe: miazdzyca, blaszka miazdzycowa, zapalenie, mediatory, komorki uktadu immunologicznego,
niestabilna blaszka miazdzycowa, diagnostyka, obrazowanie

FORMATION OF ATHEROSCLEROTIC
PLAQUE

cute cardiovascular incidents, i.e. sudden cardiac
death, myocardial infarction, ischaemic brain
troke and many others, develop as a result of the
stenosis of atherosclerotically altered artery supplying the
respective vascular bed”. Long-lasting studies indicate
that only a small percentage of sudden cardiovascular
incidents is triggered by such mechanism, and only 60%
result from intraluminal changes associated with sudden
rupture of atherosclerotic plaque or its ulceration®. It is
of crucial importance to carefully recognise the mech-
anisms responsible for the formation of atherosclerotic
plaque (fig. 1) and the cells involved in this process.
Previous studies demonstrated that it is a immune-in-
flammatory process that plays a key role in the develop-
ment of atherosclerosis”®. The basic role in the devel-
opment of such changes is attributed to the endothelial
dysfunction. The following factors are known to damage
the endothelium: oxidative stress associated with arte-
rial hypertension, diabetes mellitus and hypercholester-
olemia, elevated concentration of free radicals or toxins
released in patients smoking tobacco®!?. It is currently
well established that bacterial and viral infections, caused
most commonly by Helicobacter pylori, Chlamydia pneu-
moniae, herpesviridae, cytomegalovirus, mycobacteria,
initiate the atherogenesis®!'-'9. A very well understood
role in the development of arterial atherosclerotic lesions
is attributed to the lipid accumulation within the vascu-
lar endothelium, which results in the increased endothe-
lial permeability. It leads to lipid modifications, migration
and proliferation of myocytes and blood inflammatory
cells (T lymphocytes, macrophages) as well as to the pro-

44 | duction of proinflammatory cytokines®'®.

The structure of primary atherosclerotic lesions consists
of lipids accumulated in the intima and phagocytic cells,
i.e. peripheral blood macrophages and myocytes from
the media. Activated myocytes synthesise the extracel-
lular compounds of the connective tissue (i.e. collagen,
proteoglycans, elastin), which subsequently accumulate
within the plaque. It leads to the formation of lesions
with connective tissue fibres dominating over lipid com-
pounds, among which cholesterol crystallises. It results in
the formation of fibrous cap, consisting of collagen type
I'and III. The central part of the atherosclerotic lesion
is composed of lipid and destroyed-cells-containing ele-
ments (white, fatty-fibrous, fibrous plaques). The struc-
ture of such plaque is considered stable. They are formed
in the period of 20-30 years. Such plaque grows into the
lumen of the vessel, leading to its gradual stenosis and
blood flow impairment"”.

Sudden circulatory dysfunction is most commonly asso-
ciated with the phenomena resulting from atherosclerotic
plaque instability. Such lesions are formed mainly due to
the intensification of inflammatory process taking place
within the vessel wall”. Characteristic features of such
plaque include greater vascularisation, thinner and more
rupture-prone fibrous cap with increased component
of inflammatory cells (macrophages, T lymphocytes).
The lipid core becomes spacious and contains more and
more of liquid cholesterol esters'®2Y. The abnormal and
in-growing vessels are the main source of haemorrhage
into the plaque and its neighbourhood, which in conse-
quence leads to plaque rupture!'?. The significant role in
the plaque destabilisation is attributed to the IFN-y, which
deactivates myocytes, inhibit their proliferation and colla-
gen synthesis. It concomitantly stimulates macrophages,
which produce metalloproteinases (MMP), responsi-
ble for the degradation of connective tissue structures.
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The fibrous cap becomes thinner and thinner®!. The
T lymphocytes infiltrating the plaque stimulate mac-
rophages to produce MMP and lead to the formation
of unstable atherosclerotic plaques. IFN-y, secreted by
activated lymphocytes, intermediates in these phenom-
ena''*2223 The experimental studies reveal that most of
such lymphocytes is chronically activated®?.

The population of CD4+CD28- lymphocytes, which is
found only within the unstable atherosclerotic plaques,
is present in patients with instable coronary disease.
These cells play a significant role in the destabilisation
process. It is associated with the uncontrolled secretion
of excessive IFN-y, which stimulates the plaque-infiltrat-
ing macrophages. These cytotoxic cells directly dam-
age the endothelial cells via secreted perforins. These
are proteins, which inserted into the plasma membrane
form the canals enabling the inflow of sodium ions
(Na*) and water particles into the cell and in the con-
sequence lead to its destruction®2%, The presence of
helper lymphocytes (CD4+) within the atherosclerotic
plaque prove that the inflammatory process taking place
in the vessel wall is not only the cause of endothelial
damage, but also the result of immunological reaction
being a response to a specific antigen®!?. It was demon-
strated that the activated macrophages and myocytes
present in the plaque demonstrate the increased expres-
sion of MHC-II proteins. They are capable of presenting
antigens to the above-mentioned lymphocytes. The lym-
phocytes activation entails the secretion of proinflam-
matory cytokines and intensification of inflammatory
response taking place in the vessel wall®”?®. Apart from
focal effect, the proinflammatory cytokines secreted in
the atherosclerotic lesion play a systemic role as well.
They stimulate the liver to produce inflammatory mark-
ers (CRP, fibrinogen, serum amyloid protein)"®. Their
concentration reflect the intensity of the inflammatory
process32,

The formation of atherosclerotic lesions is signifi-
cantly influenced by heat shock proteins (Hsp). These
proteins, which are produced by human and micro-
organism, are normally present inside the mitochon-
dria. They are present in the endothelial cells of the
blood vessels, whereas the endogenous Hsp were also
found on the surface of the cells. The presence of Chla-
mydia pneumoniae-Hsps was additionally confirmed in
the macrophages extracted from human atherosclerotic
plaques3-2.

DESTABILISATION
OF THE ATHEROSCLEROTIC PLAQUE

Atherosclerosis is not limited to one organ or vascular
bed only, as it affects entire arterial bed, i.e. large and
medium-calibre vessels. The mechanism taking part in
the plaque destabilisation process are similar in vari-
ous regions®’32. The unstable atherosclerotic plaque is
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so-called rupture-prone. The rupture triggers the for-
mation of mural thrombus, which occludes the arterial
lumen. It leads to circulation deficiency in such place,
which results in acute ischaemia of the tissue supplied
by the respective artery®3%. Another cause for acute cir-
culation deficiency is an embolus originating from the
newly formed mural thrombus®>3®. The increased MMP
activity was demonstrated in the plasma of patients with
unstable plaques in the carotid arteries. The evaluation
of plasma activity of such enzymes could serve as an
instability marker of atherosclerotic plaques®”.

Many studies revealed the association between the
inflammation and plaque destabilisation in the extra-
cranial arteries. The close correlation was found
between the elevated level of inflammatory markers,
such as CRP, al-antitrypsin, fibrinogen, orosomucoid,
and the risk of acute vascular incidents, including isch-
aemic brain strokes®**. The isolated LDL-cholesterol
elevation does not pose a risk for brain stroke, yet it is
significantly increased by the concomitant presence of
hypercholesterolemia and elevated concentration of
inflammatory markers“?. High concentration of serum
homocysteine was observed to be one of the indepen-
dent risk factors for ischaemic stroke, promotes the for-
mation of unstable lesions due to increased secretion
and activation of MMP®D,

There are currently many methods available that enable
the visualisation and evaluation of atherosclerotic
plaques in the extracranial vessels. The Doppler ultra-
sound, new diagnostic modalities, such as optical coher-
ent tomography or magnetic resonance tomography
with modern contrast containing iron oxide (ultrasmall
superparamagnetic iron oxide, UPSIO), tend to become
a reliable imaging modalities of atherosclerosis within
the arterial wall. Such methods allow for the detailed
evaluation of plaque morphology and inflammatory pro-
cess as well4#,

Despite the fact that many studies were carried out con-
cerning the features of the structure of atherosclerotic

LA 1,

Fig. 1. The unstable atherosclerotic plaque removed from the in-
ternal carotid artery. Department of Vascular, General and
Oncologic Surgery, Copernicus Memorial Hospital, Lodz,
Poland
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plaque, which influence their instability, we still do not
know, which plaques demonstrate higher risk of causing
ischaemic lesions and neurologic symptoms. The rec-
ognition of the role the inflammatory process plays in
the pathogenesis of atherosclerosis and destabilisation
of atherosclerotic lesions as well as the determination
of the serum inflammatory markers of plaque destabi-
lisation would pose a significant completion of imag-
ing modalities in the diagnostic of unstable plaques.
It seems that the CRP is the best known marker®®.
Other proteins, such as P-selectin, IL-6, [L-12, MMP
and lipoprotein A are being subject of clinical studies“?.

MORPHOLOGIC STRUCTURE
OF THE ATHEROSCLEROTIC PLAQUES
INCLUDING ITS DIVISION
ACCORDING TO TYPE

The fully formed atherosclerotic plaque consists of con-
nective tissue elements, i.e. elastin, collagen, proteogly-
cans, which are produced mostly by smooth muscle cells
and form a plaque framework™. Cellular composition
and plaque morphology are the most important factors
influencing the patient’s clinical status, more significant
than the stenosis grade itself“®.

Human atherosclerotic plaques were classified by Ameri-
can Heart Association - Committee on Vascular Lesions
in 1994 and 1995 according to the characteristic mor-
phologic, structural, histochemical, histological and
ultrastructural features“™®. This classification was
revised in 20004

First three types of lesions are asymptomatic, which
can initiate the formation of more advanced athero-
sclerotic lesions as disease progresses. At first they are
of focal nature, cause the damage to the intima and
media. Their common feature is the abnormal accumu-
lation of cholesterol esters and lipoproteins as well as
the increase in the number of cells, mainly lipid-con-
taining macrophages. From the histological point of
view, the atherosclerotic lesions as type IV, V, VI, VII
and VIII are characterise by lipid, cell and mineral
accumulation, which leads to structure disorganisa-
tion and initiate reparative processes and thickening
of the intima.

The formation of the plaque was divided into the follow-
ing phases: I — primary, early lesions, which can undergo
fibrosis (phase II); III — the formation of thrombus or
haematoma; IV - the forming thrombus leads to the ves-
sel occlusion, which results in acute coronary incident;
phase III and IV plaques can undergo fibrosis, reach-
ing phase V, resulting in the vessel stenosis or occlusion.
Type I and II lesions are observed in infants and chil-
dren. Type III lesions appear during the puberty. Type IV
plaques are found in patients in their third decade of life,
whereas type V and VI are observed in mid-aged adults

46 | and elderly“®.

ATHEROSCLEROTIC PLAQUE
MINERALISATION

The calcification is the characteristic feature of athero-
sclerotic plaque, considered until recently as a passive,
incurable and unavoidable process, associated with the
advanced age. The studies of the recent years demon-
strated, however, that calcification is an active phenom-
enon in fact, regulated and organised®*>", in which the
calcium phosphate (hydroxyapatite), accumulating in the
vessel wall, is observed in the phases of formation and
remodelling of the bones as well®?. Electron microscopy
revealed the presence of so-called matrix vesicles in the
atherosclerotic plaque, which form the nucleus of hydroxy-
apatite crystals®*% as well as proteins of bone matrix,
such as Gla protein, type I collagen, osteonectin, osteo-
pontin and osteocalcin®-. It should be emphasised that
the detailed role of each of these protein in the above-men-
tioned process is being permanently under investigation.
The mineralisation of the atherosclerotic plaque has two
morphological variants®. The first one consists of point-
shaped calcifications within the inflammatory plaque con-
sisting of lipids and macrophages“”. In the second variant,
the area of calcification within the atherosclerotic plaque
reflects the area of connective tissue formation by SMC
(structural maintenance of chromosomes)©*¢¥. Calcium
concernments bind together into the larger formations,
which makes them visible in the radiological examina-
tions and leads to vessel stenosis®?. Arterial wall calcifica-
tions are observed as focal infiltration localised within the
atherosclerotic plaques. Both the acute, and the chronic
inflammation intensify the arterial calcification.

IMMUNE SYSTEM CELLS INVOLVED
IN ATHEROSCLEROSIS

Immune system (IS) cells, that are present in the athero-
sclerotic plaques and secrete growth factors and cytokines,
are responsible for the formation of the plaque. Recent
studies indicate that the following IS cells play the signifi-
cant role in the development of atherosclerosis: monocytes,
macrophages, mast cells, lymphocytes T and B, dendritic
cells and progenitor cells. The latter features the ability to
differentiate into various cell types®$9. As the latest stud-
ies emphasise the formation of atherosclerotic lesions may
be attributed to the leukocyte populations, which accumu-
late in the various phases of plaque development®®. Arte-
rial sclerosis is in fact the chronic inflammation. Therefore
a critical issue is to recognise the contribution each cell
type makes into the course of atherosclerosis®.

PROGENITOR CELLS
AND ATHEROSCLEROSIS

Circulating progenitor cells contribute to the devel-
opment of atherosclerosis®”. Two types of progenitor
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cells are distinguished in the peripheral blood of
human and mice: endothelial progenitor cells (EPC)
and smooth muscle progenitor cells (SPC)©%%®. More
studies were focused on EPC, identifiable in the bone
marrow, blood and adventitia®’?. The following fac-
tors trigger the secretion of EPC from the bone mar-
row: erythropoietin, vascular endothelial growth fac-
tor (VEGF), granulocyte colony-stimulating factor
(G-CSF), granulocyte/macrophage colony-stimulat-
ing factor (GM-CSF)©71.72),

SPC stemming from the bone marrow as well, contrib-
ute to the formation of the intima and stabilise the ath-
erosclerotic plaque. SPCs migrating to the atheroscle-
rotic plaque prevent the development of their instability
and rupture of the fibrous cap. The number of circulat-
ing SPCs increases in the patients with acute coronary
incident, therefore such cells play a protective role during
the formation of atherosclerotic plaques™ 0.

GRANULOCYTES
AND ATHEROSCLEROSIS

Granulocytes migrate to the arteries affected by the
chronic inflammation and secrete proinflammatory
mediators, which stimulates the growth of atherosclerotic
plaques. It was demonstrated that the products secreted
by the neutrophil granulocytes contribute to the attrac-
tion of macrophages to the atherosclerotic plaque’”.
The role of eosinophil granulocytes and basophil granu-
locytes in the course of atherosclerosis remains ambigu-
ous. The identification of eosinophil granulocytes within
the atherosclerotic plaque is difficult due to their lim-
ited half-life and early apoptosis””. Basophil granulo-
cytes constitute the low percentage of immune system
cells present in the atherosclerotic plaque and no suffi-
cient data is available to establish their role in the patho-
genesis of atherosclerosis®.

DENDRITIC CELLS
AND ATHEROSCLEROSIS

The number of conventional dendritic cells (cDC) grad-
ually increases with the growth of atherosclerotic plaque.
They are found clustering with T lymphocytes™4?. ¢cDC
of the adventitia stimulate T lymphocytes to colonise
this layer, secrete the [FN-y and consequently initiate the
inflammation®". Plasmacytoid DC (pDC) were identified
in the atherosclerotic plaques obtained from the carotid
arteries®?. T lymphocytes are stimulated weaker by pCD
than by cDC®283).

MAST CELLS
AND ATHEROSCLEROSIS

Mast cells that are found in the atherosclerotic plaques
from the carotid and coronary arteries are present in the
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areas of erosion, plaque rupture or the blood should the
plaque haemorrhage have taken place. These cells and
their products promote the progression of atherosclerotic
plaque, accumulation of lipids, stimulate the degrada-
tion of high-density lipoproteins (HDL), whereas the
latter have the protective features against atherosclero-
sis®-87. The secreted products, i.e. cytokines, proteases,
autacoids, being the mediators of inflammation, alter the
vessel permeability and lead to their remodelling. It was
shown that the secreted TNF and IL-6 contribute to the
formation of atherosclerotic plaques®®.

LYMPHOCYTES T AND B
AND ATHEROSCLEROSIS

The macrophages present in the atherosclerotic plaque
outnumber the T lymphocytes. Th2 lymphocytes, which
produce IL-4, IL-5 and IL-10, are present in the great
number in the atherosclerotic plaques. They stimulate
the synthesis of immunoglobulins G and M by lym-
phocytes B. These cells inhibit the process of athero-
sclerotic plaque formation on a murine experimental
model (hyperlipidaemia)®-°Y. Thl lymphocytes pro-
duce IFN-v, which stimulates the expression of MHC-II
molecules on APC. Regulatory T lymphocytes (Treg)
are also associated with atherosclerosis as they produce
the transforming growth factor beta (TGF-), which in
turn has a decisive influence on their anti-inflamma-
tory and anti-atherosclerotic activity®?. A specific type
of Tregs, i.e. type 1, is characterised by the capability to
produce TGF-f and large amounts of IL-10. The latter
plays an extremely important role in the elimination of
vessel inflammation and atherosclerosis?. Murine aor-
tic adventitia is an area, where local adaptive immuno-
logical reaction takes place during the atherosclerotic
plaque formation®. The splenectomy in mice increases
their susceptibility to atherosclerosis, which proves the
protective role of the spleen in the pathogenesis of the
disease.

MACROPHAGES/MONOCYTES
AND ATHEROSCLEROSIS

Monocytes and macrophages play a significant role in
the early stages of atherosclerotic plaque formation.
Monocytes habitually migrate to the plaque during their
growth. The number of these cells reflects the size of
the lesion®. Recent in vivo studies in mice revealed the
presence of two functionally different subpopulation of
such cells, i.e. inflammatory, short-living and perma-
nently colonising the non-inflammatory tissues“®. Both
populations may in vivo transform into antigen present-
ing cell (APC), e.g. macrophages®. The migration of
monocytes into the atherosclerotic plaques is observed
on every stage of atherosclerosis, which definitely indi-
cates their significant role in this process®@*93-.
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REGULATORY T CELLS
AND ATHEROSCLEROSIS

It should be emphasised that most studies concerning
the participation of Tregs in atherosclerosis was per-
formed on animal (murine) model, whereas atheroscle-
rotic lesions develop in human for many years (even few
dozen). It is not currently possible to reproduce such con-
ditions in mice. Such limitations do not, however, dep-
recate the attractiveness of such concept and the capa-
bility of studying the role of Tregs in the atherosclerosis
pathogenesis in human. The concept of the therapy of
pathological inflammation within the vessel wall with
Tregs may be realised in near future. The mechanism
of Treg-induced suppression of atherosclerotic lesions
remains unexplained, i.e. we still do not know whether it
depends on the cytokine production or cell-to-cell inter-
action, or both. Where does the regulation take place —
in the lymphoid tissue or in the arterial wall. The intro-
duction of Treg-therapy should be preceded by detailed
explanation of these mechanisms.

The concept of using regulatory T cells in autoimmune
diseases is based on increasing their number or on stim-
ulation of their function. In that way the researchers
would like to control the inflammatory reaction accom-
panying self-destruction. Most authors agree that the
depletion of Tregs, either genetically induced or with
the use antibodies leads to the intensification of ath-
erosclerotic lesions, whereas Treg transfer reduces their
size®”. Atherosclerotic studies are most commonly per-
formed basing on the experimental model with apoE-de-
ficient mice (ApoE-KO). In the experiments, basic for
the development of this field of science, a regulatory
T cells were generated and then transferred to the mice
in the experimental atherosclerosis model (apoE/-)10?.
The authors demonstrated the reduction of atheroscle-
rotic lesions in aorta, no change in the cholesterol con-
centration and the reduction of vessel wall destruction
inflicted by macrophages and T lymphocytes in ani-
mals receiving Treg-infusions. The presence of IL-10
was confirmed in aortic lesions of animals treated with
such immune therapy. It was one of the first evidence
of immune modulation in atherosclerosis. Mor et al.
have similarly demonstrated the reduction in the num-
ber of Tregs in atherosclerotic mice in comparison to
the control group of animals!®. By subsequent infu-
sion of Tregs they obtained a significant reduction of
such lesions. Therefore, it can be assumed that Tregs
play a protective role in the development of atheroscle-
rotic lesions, at least in murine model.

Other approach to the therapy of autoimmune dis-
eases includes the administration of monoclonal anti-
bodies against CD3-antigen, leading to the depletion
of T cells"%2. Such therapy resulted in the reduction
of atherosclerotic lesions, production of proinflam-

48 | matory cytokines, such as IFN-y and TNF-q, and the

stimulation of TGF-p secretion. Despite the fact, that
no increase in the percentage of CD44+CD25+ lympho-
cytes was observed, the expression of transcription fac-
tor FoxP3 was elevated both in the spleen and peripheral
blood. In the most recent experiments, apoE-defi-
cient mice were orally given an anti-T-cell antibody
(anti-CD3), which led to the increase in the regula-
tory T cell population, anti-inflammatory cytokine pro-
duction, the reduction of proinflammatory cytokines
secretion, and above all the reduction of atheroscle-
rotic lesion formation and macrophages infiltration®.
Among medicines with other mechanism of action, the
administration of pioglitazone (agonist of the peroxi-
some proliferator-activated receptor gamma — PPAR-y)
inhibited the development of atherosclerosis, due to the
influence on the balance between the effectors and reg-
ulatory cells in favour of the latter®¥.

DIAGNOSTIC MODALITIES
OF ATHEROSCLEROTIC PLAQUES

Currently there is no sole, fully reliable diagnostic
method, which would evaluate the atherosclerotic plaque
in respect of such criteria as: the presence of active
inflammation, thin fibrous cap with large lipid core,
endothelial erosion with mural plaque aggregation, the
presence of the fissure, plaque damage and critical ves-
sel stenosis.
Smaller (accessory) criteria are being used very often,
which comprise: superficially localised calcium con-
cernments, yellow colour (assessed in angioscopy), hae-
morrhage into the plaque, endothelial dysfunction and
positive vessel remodelling in the area of the plaque
(eccentric — positive remodelling).
Concomitant use of several currently used diagnostic
modalities significantly increases the possibility of detect-
ing “instable” lesion.
Coronary catheterisation still remains the irreplaceable
tool for evaluating lesions stenosing the lumen of the
vessel. Basing on such angiographic features as ulcer-
ation, presence of separated fragment of intima, irreg-
ular lumen contour, aneurysm or mural thrombus one
can conclude on the presence of already ruptured ath-
erosclerotic plaque. The study itself does not, however,
provide enough information on the vessel wall structure,
which would prospectively enable the detection of insta-
ble plaque.

Intravascular ultrasound - intravascular ultrasound

imaging (IVUS) allows for in vivo classification of ath-

erosclerotic plaques into three categories!*:

* | — soft plaques (hypoechoic), which corresponds to
plaques with high lipid content in histological exam-
ination;

* II - fibrous plaques with intermediate echo;

e III - calcified plaques with strong wave reflection and
acoustic shadow.
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Basing on their group of 106 patients undergoing IVUS
and subsequent clinical observation, Yamagishi et al.1%
prospectively proved that the eccentric, soft plaques are
associated with higher risk of future cardiovascular inci-
dent. The ultrasound image provide additional informa-
tion, helpful in precise evaluation of the size of the ath-
erosclerotic plaque, the presence of possible ruptures and
ulcerations and positive eccentric vessel remodelling in the
place of the plaque’”. Ruptured plaque presents in the
IVUS as: plaque ulceration and the presence of fragments
of the torn fibrous cap. The presence of the atheroscle-
rotic plaque fissure that does not communicate with the
vessel lumen is not considered as ruptured plaque.
Plaque instability and its thrombogenicity is directly con-
firmed by the presence of mural thrombus. It should be
emphasised, however, that in many cases soft, and newly
formed thrombi are characterised by echogenicity similar
to this of the blood and are not visible in IVUS1%®. Main
limitation of the IVUS is its imaging resolution, which
is ca. 150 nm, which does not allow for the visualisation
of the thin (<65 nm) fibrous cap and subjective nature
of the examination itself.
Virtual histology is a diagnostic method which was devel-
oped basing on the current IVUS technique. The addition
of spectral analysis of the frequency domain allows for
colour-coding of four basic tissue types within the ath-
erosclerotic plaque. The following tissue types are distin-
guished: fibrous tissue, fibro-fatty tissue, necrotic core,
calcifications. Criteria to recognise a lesion with plaque
morphology with thin connective tissue cap according to
this imaging modality include:
* well organised necrotic core;
* necrotic component covering over 10% of plaque sur-
face area;
e direct contact of the necrotic core with vessel lumen;
* no ultrasound features of connective tissue strip
between the necrotic core and vessel lumen.
The multicentre PROSPECT Study%” is currently being
carried out, in which proximal segments of 3 main cor-
onary arteries are imaged in patient with ACS using vir-
tual histology and palpography. The preliminary identi-
fication of atherosclerotic plaques will be attributed to
the results of prospective clinical observation and angio-
graphic evaluation®.
Angioscopy allows for in vivo visualisation of the inter-
nal surface of coronary arteries. It allows for the evalu-
ation of such parameters as: colour, presence of glossy
surface, surface regularity. Uchida et al."? proved that
the angioscopically observed yellow, glossy atheroscle-
rotic plaques is associated with increased risk of ACS.
The modality itself has some specific limitation, includ-
ing: need to occlude the vessel, subjective interpreta-
tion of the found lesions and possibility to visualise only
large-calibre vessels.
Thermography, basing on the elevated temperature,
may conclude about the inflammatory activity. The small
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intravascular thermodetector maps areas of differing
temperature. The prospective study carried out by Stefa-
nadis et al."'V on 86 patients proved the significantly
higher risk of ACS in patients with increased intracoro-
nary thermal heterogenicity.

Angiography is an imaging modality, allowing for the
visualisation of blood vessel lumen using the X-rays. The
examination requires an administration of the contrast
medium. It is most commonly performed once the vessel
(arterial, venous) stenosis is suspected (fig. 2). The exam-
ination is performed to visualise the vessel course, and its
lumen. It allows for a possible detection of stenoses, and
changes in the shape of arteries and veins. The examina-
tion may concomitantly be followed by the intravascular
treatment procedure of arterial angioplasty.

The Duplex ultrasound is a method of choice in the
examination of extra- and intracranial segments of the
carotid arteries. It enables concomitant imaging of tis-
sues and blood flow. Its essential advantage consists of
the assessment of arterial wall, i.e. pathological processes
taking place within it, such as atherosclerosis. The use of
high-frequency transducers allows for the highly sensi-
tive evaluation of plaque character, its size, surface area
and changes within its structure, such as ruptures, bleed-
ing, calcifications, ulcerations and mural thrombi. Due to
this fact, it is widely and commonly utilised to determine
its stability according to the certain criteria and validated
classifications. The addition of colour-coded flow imag-
ing increases the sensitivity and specificity of this vascular
imaging modality, especially when it concerns the iden-
tification of hypoechoic lesions, such as mural thrombi.

Fig. 2. Angiographic image of the extracranial segment of the left
carotid arteries (arrow indicates the critical stenosis of the
left internal carotid artery). Department of Vascular, Gen-
eral and Oncologic Surgery, Copernicus Memorial Hospi-
tal, Lodz, Poland
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Fig. 3. Duplex ultrasound of the left carotid artery. A critical stenosis in the ostium of the internal carotid artery. The Doppler-spectrum chart
indicates the abnormal, turbulent flow through the stenosed arterial segment. Department of Vascular, General and Oncologic Surgery,

Copernicus Memorial Hospital, Lodz, Poland

Basing on the blood flow velocity assessment and the
evaluation of its spectrum one can assess the arterial ste-
nosis grade or diagnose its occlusion with great accuracy.
Magnetic resonance angiography (MRA) increases its
significance in the diagnostic of carotid arteries, as its
sensitivity and specificity are comparable to those of
duplex ultrasound.

Due to its perfect technical potency the computed tomog-
raphy angiography (CTA) poses a completion of carotid
arteries diagnostic. The findings obtained with CTA cor-
relate strictly with those provided by intravascular ultra-
sound, in many cases eliminating the need to perform
arteriography (fig. 4).

CONCLUSION

Due to the current trend towards aging society, the ath-
erosclerosis becomes pathology of increasing signifi-
cance. Many significant issues concerning the pathogen-
esis of the disease still remain to be explained. Much has
recently been discussed about the role of the immune sys-
tem cells in the development of atherosclerosis. A mutual
interactions between various subpopulations of immuno-
logical cells contributing to the atherosclerosis develop-
ment was observed. It should be emphasised that most
of the observed interactions between the immune system
cells and atherosclerotic plaques were observed mainly in
experimental models. It seems that some of such results
cannot be clearly related to the human pathology, which
requires further studies in this field.

It seems that the described lesions and above-mentioned

50 | complications may pose a part of processes permanently

taking place within the plaque. Their course does not
have to indivertibly lead to the degradation of the plaque
structure. Healing in the form of vascular remodelling
takes place concomitant to the progression of the lesions
within the plaque. The arbitrariness of these processes
was presented in fig. 2. It should be judged that the mor-
phology of the atherosclerotic plaque will become one

) Mitrea®

: '{.‘:Jgagsf_mm:-rh

Fig. 4. Computed tomography angiography of the carotid arter-
ies (arrow indicates the critical stenosis of the left inter-
nal carotid artery. Department of Vascular, General and
Oncologic Surgery, Copernicus Memorial Hospital, Lodz,
Poland

AKTUALN NEUROL 2014, 14 (1), p. 4353




CHOROBY NACZYNIOWE

of the basic criteria in the process of establishing indi-
cations to carotid artery endarterectomy. The final aim
of the studies concerning the plaque instability will most
probably be the determination of the criteria of the mor-
phological evaluation of such lesions that would require
immediate or urgent surgery, and such that could be
operated in the elective manner. Most of the currently
available modalities of evaluating atherosclerotic plaque
instability were coronary catheterisation and grey-scale
IVUS. In the nearest future the virtual histology (due to
the automated and repeated evaluation) and optic coher-
ent tomography (due to its high resolution) will probably
become most perspective in respect to common usage in
the determination of plaque instability.

PISMIENNICTWO:
BIBLIOGRAPHY:

1. Hamby R\, Tabrah E, Wisoff B.G., Hartstein M.L.: Coronary
artery calcification: clinical implications and angiographic
correlates. Am. Heart J. 1974; 87: 565-570.

2. Naghavi M., Libby P, Falk E. et al.: From vulnerable plaque to
vulnerable patient: a call for new definitions and risk assess-
ment strategies: Part I. Circulation 2003; 108: 1664-1672.

3. Schmermund A., Erbel R.: Unstable coronary plaque and its
relation to coronary calcium. Circulation 2001; 104: 1682-1687.

4. Naghavi M., Libby P, Falk E. e al.: From vulnerable plaque to
vulnerable patient: a call for new definitions and risk assess-
ment strategies: Part II. Circulation 2003; 108: 1772-1778.

5. Maseri A, Fuster V.: Is there a vulnerable plaque? Circulation
2003; 107: 2068-2071.

6. Ross R.: Atherosclerosis — an inflammatory disease. N. Engl.
J. Med. 1999; 340: 115-126.

7. Pearson TA., Mensah G.A., Alexander R.W. er al.; Centers
for Disease Control and Prevention; American Heart Associ-
ation: Markers of inflammation and cardiovascular dis-
ease: application to clinical and public health practice:
a statement for healthcare professionals from the Centers
for Disease Control and Prevention and the American Heart
Association. Circulation 2003; 107: 499-511.

8. Libby P, Ridker PM.: Inflammation and atherosclerosis: role
of C-reactive protein in risk assessment. Am. J. Med. 2004:
116 suppl. 6A: 9S-16S.

9.  Ross R.: Rous-Whipple Award Lecture. Atherosclerosis: a defense
mechanism gone awry. Am. J. Pathol. 1993; 143: 987-1002.

10. Czlonkowska A., Gromadzka G.: Zwiazek czynnikow immu-
nologicznych z etiopatogeneza i przebiegiem klinicznym udaru
mozgu. Neurol. Neurochir. Pol. 2000; 34 supl.: 13-26.

11. Kazmierski R., Kozubski W.: Wplyw zakazenia bakteria Chla-
mydia pneumoniae na rozw6j miazdzycy tetnic domozgowych.
Neurol. Neurochir. Pol. 2002; 36: 131-142.

12. Kuvin J.T,, Kimmelstiel C.D.: Infectious causes of atheroscle-
rosis. Am. Heart J. 1999; 137: 216-226.

13. Libby P, Egan D., Skarlatos S.: Roles of infectious agents in
atherosclerosis and restenosis: an assessment of the evidence
and need for future research. Circulation 1997; 96: 4095-4103.

14. Ezzahiri R., Stassen ER.M., Kurvers HAJ.M. et al.: Chlamyd-
ia pneumoniae infection induces an unstable atherosclerotic
plaque phenotype in LDL-receptor, ApoE double knockout
mice. Eur. J. Vasc. Endovasc. Surg. 2003; 26: 88-95.

15. Kalimo H., Kaste M., Haltia M.: Vascular diseases. In: Gra-
ham D.I., Lantos P.L. (eds.): Greenfield’s Neuropathology.
7" ed., Arnold, London 2002: 281-355.

AKTUALN NEUROL 2014, 14 (1), p. 4353

16.

17.

18.

19.

20.

21.

22.

23.

24.

25.

26.

27.

28.

29.

30.

31.

32.

33.

34.

35.

36.

37.

Weissberg P: Mechanisms modifying atherosclerotic disease —
from lipids to vascular biology. Atherosclerosis 1999; 147
suppl. 1: S3-S10.

Beresewicz A., Kurzelewski M.: Patofizjologia ostrych zespo-
fow wieficowych. Medipress Kardiologia 2001; 8: 3—11.
Filipiak K.J., Opolski G.: Patofizjologia ostrych zespolow
wieficowych. In: Opolski G., Filipiak K.J., Polofiski L. (eds.):
Ostre zespoly wieficowe. 1% ed., Urban & Partner, Wroctaw
2002: 14-31.

de Boer O.J., van der Wal A.C., Teeling P, Becker A.E.: Leu-
cocyte recruitment in rupture prone regions of lipid-rich
plaques: a prominent role for neovascularization? Cardiovasc.
Res. 1999; 41: 443-449.

Jeziorska M., Woolley D.E.: Local neovascularization and cel-
lular composition within vulnerable regions of atherosclerotic
plaques of human carotid arteries. J. Pathol. 1999; 188: 189-196.
Anwar A., Zahid A.A., Scheidegger K.J. ef al.: Tumor necrosis
factor-o regulates insulin-like growth factor-1 and insulin-like
growth factor binding protein-3 expression in vascular smooth
muscle. Circulation 2002; 105: 1220-1225.

Gupta S., Pablo AM., Jiang X. et al.: IFN-gamma potentiates
atherosclerosis in ApoE knock-out mice. J. Clin. Invest. 1997;
99: 2752-2761.

Libby P,, Hansson G.K.: Involvement of the immune system in
human atherogenesis: current knowledge and unanswered
questions. Lab. Invest. 1991; 64: 5-15.

Nakajima T, Schulte S., Warrington K.J. ef al.: T-cell-mediat-
ed lysis of endothelial cells in acute coronary syndromes. Cir-
culation 2002; 105: 570-575.

Liuzzo G., Goronzy J.J., Yang H. e al.: Monoclonal T-cell
proliferation and plaque instability in acute coronary syn-
dromes. Circulation 2000; 101: 2883-2888.

Raines EW., Rosenfeld M.E., Ross R.: The role of macro-
phages. In: Fuster V., Ross R., Topol E.J. (eds.): Atheroscle-
rosis and Coronary Artery Disease. 1* ed., Lippincott-Raven,
Philadelphia 1996: 539-555.

Hansson G.K., Jonasson L., Seifert PS., Stemme S.: Immune
mechanisms in atherosclerosis. Arteriosclerosis 1989; 9: 567-578.
Lamb D.J., El-Sankary W., Ferns G.A.A.: Molecular mimicry
in atherosclerosis: a role for heat shock proteins in immunisa-
tion. Atherosclerosis 2003; 167: 177-185.

Lombardo A., Coli S., Natale L., Crea F.: Carotid plaque
inflammation in a patient with unstable angina. Ital. Heart J.
2003; 4: 125-128.

Silva J.A., White C.J.: Plaque instability in peripheral vessels.
Prog. Cardiovasc. Dis. 2002; 44: 429-436.

Espinola-Klein C., Rupprecht H.J., Blankenberg S. ef al.:
Manifestationen der Atherosklerose in verschiedenen Gefif3-
regionen. Gemeinsamkeiten und Unterschiede hinsichtlich
Epidemiologie, Atiologie und Prognose. Med. Klin. 2002;
97: 221-228.

Davies M.J.: Stability and instability: two faces of coronary
atherosclerosis. The Paul Dudley White Lecture 1995. Circu-
lation 1996; 94: 2013-2020.

Davies M.J., Thomas A.: Thrombosis and acute coronary-ar-
tery lesions in sudden cardiac ischemic death. N. Engl. J. Med.
1984; 310: 1137-1140.

Lammie G.A., Sandercock P.A., Dennis M.S.: Recently
occluded intracranial and extracranial carotid arteries. Rel-
evance of the unstable atherosclerotic plaque. Stroke 1999;
30: 1319-1325.

Hennerici M.G.: The unstable plaque. Cerebrovasc. Dis. 2004;
17 suppl. 3: 17-22.

Loftus .M., Naylor A.R., Bell PR., Thompson M.M.: Plasma
MMP-9 — a marker of carotid plaque instability. Eur. J. Vasc.
Endovasc. Surg. 2001; 21: 17-21.

Engstrom G., Lind P, Hedblad B. ef al.: Effects of cholesterol
and inflammation-sensitive plasma proteins on incidence of
myocardial infarction and stroke in men. Circulation 2002;
105: 2632-2637.

51



52

38.

39.

40.

41.

42.

43.

44.

45.

46.

47.

48.

49.

50.

S1.

52.

53.

54.

55.

56.

57.

CHOROBY NACZYNIOWE

Alvarez Garcia B., Ruiz C., Chacon P. et al.: High-sensitivity
C-reactive protein in high-grade carotid stenosis: risk marker
for unstable carotid plaque. J. Vasc. Surg. 2003; 38: 1018-1024.
Ridker PM.: Inflammatory biomarkers, statins, and the risk of
stroke: cracking a clinical conundrum. Circulation 2002; 105:
2583-2585.

Holven K.B., Halvorsen B., Schulz H. et al.: Expression of
matrix metalloproteinase-9 in mononuclear cells of hyperhomo-
cysteinaemic subjects. Eur. J. Clin. Invest. 2003; 33: 555-560.
Schmitz S.A.: Eisenoxidverstarkte MRT inflammatorischer
atherosklerotischer Lasionen: Ubersicht experimenteller und
erster klinischer Ergebnisse. Rofo 2003; 175: 469-476.
Tearney G.J., Yabushita H., Houser S.L. ef al.: Quantification
of macrophage content in atherosclerotic plaques by optical
coherence tomography. Circulation 2003; 107: 113-119.
Carbone G.L., Mauriello A., Christiansen M. ef al.: [Unstable
carotid plaque: biochemical and cellular marker of vulnerabil-
ity]. Ital. Heart J. Suppl. 2003; 4: 398-406.

Falk E., Shah PK., Fuster V.: Coronary plaque disruption. Cir-
culation 1995; 92: 657-671.

van der Wal A.C., Becker A.E., van der Loss C.M., Das PK.:
Site of intimal rupture or erosion of thrombosed coronary
atherosclerotic plaques is characterized by an inflammatory
process irrespective of the dominant plaque morphology. Cir-
culation 1994; 89: 36-44.

Stary H.C., Chandler A.B., Glagov S. et al.: A definition of ini-
tial, fatty streak, and intermediate lesions of atherosclerosis.
A report from the Committee on Vascular Lesions of the
Council on Arteriosclerosis, American Heart Association. Cir-
culation 1994; 89: 2462-2478.

Stary H.C., Chandler A.B., Dinsmore R.E. et al.: A definition
of advanced types of atherosclerotic lesions and a histological
classification of atherosclerosis. A report from the Committee
on Vascular Lesions of the Council on Arteriosclerosis, Amer-
ican Heart Association. Circulation 1995; 92: 1355-1374.
Stary H.C.: Natural history and histological classification
lesions: an update. Arterioscler. Thromb. Vasc. Biol. 2000; 20:
1177-1178.

Wexler L., Brundage B., Crouse J. et al.: Coronary artery cal-
cification: pathophysiology, epidemiology, imaging methods,
and clinical implications. A statement for health professionals
from the American Heart Association. Writing Group. Circu-
lation 1996; 94: 1175-1192.

Tintut Y., Demer L.L.: Recent advances in multifactorial reg-
ulation of vascular calcification. Curr. Opin. Lipidol. 2001; 12:
555-560.

Bostrom K., Watson K.E., Stanford W.P,, Demer L.L.: Athero-
sclerotic calcification: relation to developmental osteogenesis.
Am. J. Cardiol. 1995; 75: 88B-91B.

Tanimura A., McGregor D.H., Anderson H.C.: Calcification
in atherosclerosis. I. Human studies. J. Exp. Pathol. 1986; 2:
261-273.

Anderson H.C.: Mechanism of mineral formation in bone.
Lab. Invest. 1989; 60: 320-330.

Hirota S., Imakita M., Kohri K. ef al.: Expression of osteopon-
tin messenger RNA by macrophages in atherosclerotic plaques.
A possible association with calcification. Am. J. Pathol. 1993;
143: 1003-1008.

Rekhter M.D., Zhang K., Narayanan A.S. et al.: Type 1 colla-
gen gene expression in human atherosclerosis. Localization to
specific plaque regions. Am. J. Pathol. 1993; 143: 1634-1648.
Fitzpatrick L.A., Severson A., Edwards W.D., Ingram R.T.:
Diffuse calcification in human coronary arteries. Associa-
tion of osteopontin with atherosclerosis. J. Clin. Invest. 1994;
94: 1597-1604.

Fleet J.C., Hock J.M.: Identification of osteocalcin mRNA in
nonosteoid tissue of rats and humans by reverse transcrip-
tion-polymerase chain reaction. J. Bone Miner. Res. 1994; 9:
1565-1573.

58.

59.

60.

61.

62.

63.

64.

65.

66.

67.

68.

69.

70.

71.

72.

73.

74.

75.

76.

77.

78.

79.

80.

Shanahan C.M., Proudfoot D., Tyson K.L. ez al.: Expression
of mineralisation-regulating proteins in association with human
vascular calcification. Z. Kardiol. 2000; 89 suppl. 2: 63-68.
Berliner J.A., Navab M., Fogelman A.M. et al.: Atherosclero-
sis: basic mechanisms. Oxidation, inflammation, and genetics.
Circulation 1995; 91: 2488-2496.

Pawlikowski M., Pfitzner R., Wachowiak J.: Mineralization (cal-
cification) of coronary arteries. Mater. Med. Pol. 1994; 26: 3-8.
Proudfoot D., Shanahan C.M.: Biology of calcification in vas-
cular cells: intima versus media. Herz 2001; 26: 245-251.
Proudfoot D., Skepper J.N., Hegyi L. et al.: The role of apop-
tosis in the initiation of vascular calcification. Z. Kardiol.
2001; 90 suppl. 3: 43-46.

Mautner G.C., Mautner S.L., Froehlich J. e al.: Coronary
artery calcification: assessment with electron beam CT and
histomorphometric correlation. Radiology 1994; 192: 619-623.
Hansson G.K.: Inflammation, atherosclerosis, and coronary
artery disease. N. Engl. J. Med. 2005; 352: 1685-1695.
Weber C., Zernecke A., Libby P.: The multifaceted contribu-
tions of leukocyte subsets to atherosclerosis: lessons from
mouse models. Nat. Rev. Immunol. 2008; 8: 802-815.
Asahara T., Murohara T., Sullivan A. ef al.: Isolation of puta-
tive progenitor endothelial cells for angiogenesis. Science 1997;
275: 964-967.

Simper D., Stalboerger P.G., Panetta C.J. e al.: Smooth mus-
cle progenitor cells in human blood. Circulation 2002; 106:
1199-1204.

Urbich C., Dimmeler S.: Endothelial progenitor cells: char-
acterization and role in vascular biology. Circ. Res. 2004; 95:
343-353.

Zengin E., Chalajour F.,, Gehling U.M. et al.: Vascular wall
resident progenitor cells: a source for postnatal vasculogene-
sis. Development 2006; 133: 1543-1551.

Hristov M., Weber C.: Endothelial progenitor cells: charac-
terization, pathophysiology, and possible clinical relevance.
J. Cell. Mol. Med. 2004; 8: 498-508.

Hillebrands J.L., Klatter EA., Rozing J.: Origin of vascular
smooth muscle cells and the role of circulating stem cells in
transplant atherosclerosis. Arterioscler. Thromb. Vasc. Biol.
2003; 23: 380-387.

Sata M., Saiura A., Kunisato A. ef al.: Hematopoietic stem
cells differentiate into vascular cells that participate in the
pathogenesis of atherosclerosis. Nat. Med. 2002; 8: 403-409.
Sugiyama S., Kugiyama K., Nakamura S. ez al.: Characteriza-
tion of smooth muscle-like cells in circulating human periph-
eral blood. Atherosclerosis 2006; 187: 351-362.

Zoll J., Fontaine V., Gourdy P. ef al.: Role of human smooth
muscle cell progenitors in atherosclerotic plaque development
and composition. Cardiovasc. Res. 2008; 77: 471-480.
Sugiyama S., Kugiyama K., Aikawa M. ef al.: Hypochlorous
acid, a macrophage product, induces endothelial apoptosis
and tissue factor expression: involvement of myeloperoxidase-
mediated oxidant in plaque erosion and thrombogenesis.
Arterioscler. Thromb. Vasc. Biol. 2004; 24: 1309-1314.
Zernecke A., Bot 1., Djalali-Talab Y. et al.: Protective role of
CXC receptor 4/CXC ligand 12 unveils the importance of
neutrophils in atherosclerosis. Circ. Res. 2008; 102: 209-217.
Haley K.J., Lilly C.M., Yang J.H. ef al.: Overexpression of
eotaxin and the CCR3 receptor in human atherosclerosis:
using genomic technology to identify a potential novel pathway
of vascular inflammation. Circulation 2000; 102: 2185-2189.
Bobryshev Y.V.: Dendritic cells in atherosclerosis: current sta-
tus of the problem and clinical relevance. Eur. Heart J. 2005;
26: 1700-1704.

Yilmaz A., Lochno M., Traeg E ef al.: Emergence of dendritic
cells in rupture-prone regions of vulnerable carotid plaques.
Atherosclerosis 2004; 176: 101-110.

Han J.W,, Shimada K., Ma-Krupa W. et al.: Vessel wall-em-
bedded dendritic cells induce T-cell autoreactivity and initiate
vascular inflammation. Circ. Res. 2008; 102: 546-553.

AKTUALN NEUROL 2014, 14 (1), p. 4353




81.

82.

83.

84.

85.

86.

87.

88.

89.

90.

91.

92.

93.

94,

9s.

96.

97.

CHOROBY NACZYNIOWE

Niessner A., Shin M.S., Pryshchep O. et al.: Synergistic proin-
flammatory effects of the antiviral cytokine interferon-alpha
and Toll-like receptor 4 ligands in the atherosclerotic plaque.
Circulation 2007; 116: 2043-2052.

Niessner A., Sato K., Chaikof E.L. et al.: Pathogen-sensing
plasmacytoid dendritic cells stimulate cytotoxic T-cell function
in the atherosclerotic plaque through interferon-o.. Circulation
2006; 114: 2482-2489.

Jeziorska M., McCollum C., Woolley D.E.: Mast cell distribu-
tion, activation, and phenotype in atherosclerotic lesions of
human carotid arteries. J. Pathol. 1997; 182: 115-122.
Kovanen P.T.: Mast cells: multipotent local effector cells in
atherothrombosis. Immunol. Rev. 2007; 217: 105-122.
Kovanen PT,, Kaartinen M., Paavonen T.: Infiltrates of activated
mast cells at the site of coronary atheromatous erosion or rupture
in myocardial infarction. Circulation 1995; 92: 1084-1088.
Lee-Rueckert M., Kovanen PT.: Mast cell proteases: physio-
logical tools to study functional significance of high density
lipoproteins in the initiation of reverse cholesterol transport.
Atherosclerosis 2006; 189: 8-18.

Sun J., Sukhova G.K., Wolters P.J. et al.: Mast cells promote
atherosclerosis by releasing proinflammatory cytokines. Nat.
Med. 2007; 13: 719-724.

Furukawa Y., Becker G., Stinn J.L. ef al.: Interleukin-10 (IL-10)
augments allograft arterial disease: paradoxical effects of
IL-10 in vivo. Am. J. Pathol. 1999; 155: 1929-1939.

Mallat Z., Besnard S., Duriez M. et al.: Protective role of inter-
leukin-10 in atherosclerosis. Circ. Res. 1999; 85: e17-¢24.
Schulte S., Sukhova G.K., Libby P.: Genetically programmed
biases in Th1 and Th2 immune responses modulate athero-
genesis. Am. J. Pathol. 2008; 172: 1500-1508.

Vanderlaan PA., Reardon C.A.: Thematic review series: the
immune system and atherogenesis. The unusual suspects: an
overview of the minor leukocyte populations in atherosclero-
sis. J. Lipid Res. 2005; 46: 829-838.

Moos M.P, John N., Gribner R. ef al.: The lamina adventitia
is the major site of immune cell accumulation in standard
chow-fed apolipoprotein E-deficient mice. Arterioscler. Thromb.
Vasc. Biol. 2005; 25: 2386-2391.

Caligiuri G., Nicoletti A., Poirier B., Hansson G.K.: Protective
immunity against atherosclerosis carried by B cells of hyper-
cholesterolemic mice. J. Clin. Invest. 2002; 109: 745-753.
Swirski EK., Pittet M.J., Kircher M.E er al.: Monocyte accu-
mulation in mouse atherogenesis is progressive and propor-
tional to extent of disease. Proc. Natl Acad. Sci. USA 2006;
103: 10340-10345.

Swirski EK., Libby P, Aikawa E. et al.: Ly-6C" monocytes
dominate hypercholesterolemia-associated monocytosis and
give rise to macrophages in atheromata. J. Clin. Invest. 2007;
117: 195-205.

Tacke E, Alvarez D., Kaplan T.J. e al.: Monocyte subsets differ-
entially employ CCR2, CCRS, and CX3CRI to accumulate with-
in atherosclerotic plaques. J. Clin. Invest. 2007; 117: 185-194.
Hansson G.K., Libby P: The immune response in atherosclero-
sis a double-edged sword. Nat. Rev. Immunol. 2006; 6: 508-519.

98.

99.

100.

101.

102.

103.

104.

105.

106.

107.

108.

109.

110.

111.

Jozwicka M., Glabinski A.: Patogeneza rozwoju blaszki miaz-
dzycowej w tetnicach szyjnych. Aktualn. Neurol. 2011; 11:
265-273.

Ait-Oufella H., Salomon B.L., Potteaux S. et al.: Natural reg-
ulatory T cells control the development of atherosclerosis in
mice. Nat. Med. 2006; 12: 178-180.

Mallat Z., Gojova A., Brun V. et al.: Induction of a regulatory
T cell type 1 response reduces the development of atheroscle-
rosis in apolipoprotein E-knockout mice. Circulation 2003;
108: 1232-1237.

Mor A., Planer D., Luboshits G. ez al.: Role of naturally occur-
ring CD4+CD25* regulatory T cells in experimental athero-
sclerosis. Arterioscler. Thromb. Vasc. Biol. 2007; 27: 893-900.
Steffens S., Burger E, Pelli G. et al.: Short-term treatment with
anti-CD3 antibody reduces the development and progression
of atherosclerosis in mice. Circulation 2006; 114: 1977-1984.
Sasaki N., Yamashita T., Takeda M. ef al.: Oral anti-CD3 anti-
body treatment induces regulatory T cells and inhibits the
development of atherosclerosis in mice. Circulation 2009; 120:
1996-2005.

Tanigawa T., Iso H., Yamagishi K. ez al.: Association of lym-
phocyte sub-populations with clustered features of metabolic
syndrome in middle-aged Japanese men. Atherosclerosis 2004;
173: 295-300.

Mintz G.S., Nissen S.E., Anderson W.D. et al. American College
of Cardiology Clinical Expert Consensus Document on Stan-
dards for Acquisition, Measurement and Reporting of Intravas-
cular Ultrasound Studies (IVUS). A report of the American Col-
lege of Cardiology Task Force on Clinical Expert Consensus
Documents. J. Am. Coll. Cardiol. 2001; 37: 1478-1492.
Yamagishi M., Terashima M., Awano K. et al.: Morphology
of vulnerable coronary plaque: insights from follow-up of
patients examined by intravascular ultrasound before an acute
coronary syndrome. J. Am. Coll. Cardiol. 2000; 35: 106-111.
Maehara A., Mintz G.S., Bui A.B. et al.: Morphologic and
angiographic features of coronary plaque rupture detected
by intravascular ultrasound. J. Am. Coll. Cardiol. 2002; 40:
904-910.

Sukiennik A., Radomski M., Rychter M., Kubica J.: Useful-
ness of optical coherence tomography in the assessment of
atherosclerotic culprit lesions in acute coronary syndromes.
Comparison with intravascular ultrasound and virtual his-
tology. Cardiol. J. 2008; 15: 561-563.

Pracon R., Pregowski J.: Nowoczesne metody obrazowania
ranliwej blaszki miazdzycowej. Post. Kardiol. Interw. 2008;
4: 20-30.

Uchida Y., Nakamura F, Tomaru T. ez al.: Prediction of acute
coronary syndromes by percutaneous coronary angioscopy in
patients with stable angina. Am. Heart J. 1995; 130: 195-203.
Stefanadis C., Toutouzas K., Tsiamis E. ez al.: Increased local
temperature in human coronary atherosclerotic plaques: an
independent predictor of clinical outcome in patients under-
going a percutaneous coronary intervention. J. Am. Coll. Car-
diol. 2001; 37: 1277-1283.

Szanowni Prenumeratorzy!

Uprzejmie przypominamy, ze zgodnie z rozporzadzeniem Ministra Zdrowia z dn. 6 pazdziernika 2004 roku
w sprawie sposobow dopetnienia obowigzku doskonalenia zawodowego lekarzy i lekarzy dentystow
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