Ateroskleroza




Ateroskleroza - definice

m Athera — kase, sclerosis — ztvrdnuti

m Jedna se o zanétlivé onemocnéni cévni
stény (zejm. tepenné) charakterizované
akumulaci lipidt v preménénych
makrofazich — penovych bunkach

m Vznika tak ateroskleroticky plat, ktery v
zavislosti na své stabilité mize zpUsobit
akutni Ci chronickou okluzi




Ateroskleroza - epidemiologie

Kardiovaskularni choroby
tvori celosvetove asi 1/3
vsech umrti (nejcastejsi
pficina)

¥CR a Evropé je podil cca
2

Z toho asi 80% pripada na
nemoci spojene s
aterosklerdzou, zejména
srdce a mozku'

Jedna se také o
nejrozsirenéjsi pricinu
morbldlw a invalidity.

U Zen nastupuje v prumeru
cca 0 10 let pozdéji nez u
muzl, v celkovém souctu je
incidence i dmrtnost
podobna

Distribution of major causes of death including CVDs (7).

Other NCDs
33%

Injuries
9%

Cardiovascular
diseases
31%

Communicable, maternal, perinatal
and nutritional conditions
27%




Patogeneze — uhly pohledu

V patogenezi aterosklerdzy se uplatiuje vice mechanismu
Je tedy mozné zaujmout vice Uhlt pohledu na aterosklerézu

»endotelialni®™ (,response to injury® - zejm. snizena schopnost
vasodilatace, zvysena propustnost endotelu, zvysena cytoadheze
— protromboticke nastaveni) — Russell Ross, 1973

»(auto)imunitni® (infiltrace subendotelialniho prostoru leukocyty,
zejm. T-lymfocyty a makrofagy, prevaha zanetlivych molekul a
cytokint, vychytavani oxidovanych lipoproteinti makrofagy a jejich
premena v penove bunky, migrace hladkych svalovych bunek,
destabilizace a ruptura zaniceneho aterosklerotickeho platu) —
Rudolf Virchow, 1856

Jlipidovy" (poskozeni endotelu tepen oxidovanymi 5
lipoproteinovymi Casticemi, zejm. LDL a remnanty VLDL Ci
chylomikrond, proBagace aterosklerozy v dlsledku jejich
dysfunkcnich vazeb) — Nikolaj Anickov (Anitschkowg, 1913




Cévni sténa




Ad 1): endotelialni poskozeni a dysfunkce

Endotelialni dysfunkce casove predchazi rozvoiji aterosklerozy

Projevuje se zejmena snizenou syntézou NO  -> vasokonstrikce,
snizenou syntézou antikoagulacnich faktor( (TFPI,
trombomodulm)

Dale: zvysena exprese cytokugu a adhezivnich molekul, zvysena
propustnost — , prosakovani* castic (zejm. Ilpoprotemu) z krve do
subendotelidlniho prostoru

K poskozem endotelu dochazi plisobenim nasledujicich
mechanismd:
Mechanické namahani pti hypertenzi

Nizké nebo proménlivé ,stfizné napéti™ (shear stress) cévni stény — urcuje
predilekéni lokality

Neenzymova glykace proteind endotelu pfi hyperglykémii

Slozky cigaretového koure (zejm. dehet) — zvysSuji riziko aterosklerézy 3-6x,
nejsilnéjsi rizikovy faktor aterosklerozy tepen dolnich koncetin

Zanét o nizké intenzité (low grade inflammation)

Lipotoxicita — poskozeni oxidovanymi lipoproteiny, zejm. LDL — ty pak dale
pronikaji do subendotelialniho prostoru




Ad 2): uloha zanétu v ateroskleroze
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Endotelialni dysfunkce, oxLDL a zanét
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Full, L. E., Ruisanchez, C., Monaco, C. (2009), 'The inextricable link between atherosclerosis and prototypical
inflammatory diseases rheumatoid arthritis and systemic lupus erythematosus', Arthritis Res Ther, 11 (2), 217.




Zanét cevni stény

Makrofagy v cevni sténe vychytavaji poskozené (oxidovane)
lipoproteiny (zejm. LDL) pomoci svych ,scavengerovych" (Cisticich)
receptord

Tak vznikaji pénové bunky, produkuijici fadu zanétlivych mediatort
DalSim autoantigenem mtzou byt heat shock proteiny (Hsp 60)
Pénovée bunky podporuji migraci dalSich leukocytarnich populaci
Navic dochazi k migraci bunék hladke svaloviny z medie do intimy a
jejich proliferaci — mUze vést az k okluzi cévniho lumen

Hladke svalove bunky v ateroskleroticke l€zi jsou aligoklonalni
(,nadorova hypoteza™ — Benditt & Benditt, 1973), cast pochazi z
cirkulujicich prekurzort

V patogenezi se uplatnuji také T-lymfocyty — zejména typ Th1, Th17
— jejich cytokiny podporuji migraci monocytt

Naopak frakce Treg (CD25+) je antiaterogenni
V rozvinutém aterosklerotickém platu jsou i neutrofily




Infekcni agens asociovana s rozvojem aterosklerozy

Chlamydia (mozné kauzalni Gloha v cévn
hypotéza“ — Pekka Saiku, 1992)

HIV
CMV (Cytomegalovirus)
Staphyloccocus
Salmonella
Pneumococcus

Proteus
Herpes Simplex
Klebsiella
Meningococcus
Helicobacter Pylori
Hepatitis- C
Mycobacterium TB




Ad 3): poruchy lipidového metabolismu

. . Cholesterol
Phospholipids

Core containing
triacylglvcerols

and cholesteryl ~™~._
esters




Frakce lipoproteinQ

m Aterogenni: LDL, remnanta chylomikront a IDL,
Lp (a)

m Aterogenni modifikace (oxidace, glykace,
agregace)
— v cirkulaci
— v subendotelialnim prostoru

m Antiaterogenni: HDL
m Mutace v apolipoproteinech, jejich receptorech a

monogenni formy aterosklerozy




Metabolismus lipoproteinu
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* Pre-lesional susceptible area of the arierial wall
with diffuse intimal thickening (DIT)

= Lowering plasma apoB LPs and decreasing
risk factors will prevent future vascular disease

= Larly lipoprotein retention

* Lowerning plasma apoB LPs and decreasing
risk factors will readily promote removal of
atherogenic components and prevent
maladaptive responses and future disease

PRE-TEENS

Diffuse intimal

Atherothrombotic
vascular
disease
Plaque necrosis
Fibwous . with cholesterol

crystals

= Advanced responses to LP retention, including
maladaptive inflammation, M¢$ death, and plaque
Necrosis

= LP retention continues to accelerates

* Lowering plasma apoB LPs and reducing risk factors
can promote removal of atherogenic components and
promote regression, but reversal is more difficult and
prolonged, and vascular disease may still develop

» Early responses to LP retention,
e.g., monocyte entry

= Lowering plasma apoB LPs
and decreasing risk factors will
readily promote removal of athe
genic components and prevent
further responses and future
disease

SN331l

= Future strategies to prevent LP

retention are likely fo be most
Intima @ feasible up to this stage

TWENTIES AND BEYOND

« Continued responses to LP retention, e.g., M¢
foam cell formation and SMC migration

= LP retention starts to accelerate

« Lowering plasma apoB LPs and other risk
factors can still promote removal of atherogenic
components, promote regression, and prevent
further responses and future disease



Stadia aterosklerozy

m iniciace

m zanet

B remodelace cévni steny

m tvorba fibrozni Cepicky

m ruptura platu

m tromboza

m u stabilniho platu — chronicka okluze




Hyperkoagulace a tromboza

m Patologicka aktivace hemostazy v cévnim recisti nebo v
srdecnich dutinach

m MUZe vést k okluzi postizené casti cévniho recisté a/nebo
embolizaci a okluzi na vzdalenych mistech

m Pokud trombus vznikne v zilnim systému (nejcastéji),
embolizuje d
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EPCR — endothelial protein C receptor




Virchowova trias

m Stavy vedouci ke
vzniku trombu

1) porucha toku krve

- napr. stagnace pri
imobilizaci, fibrilace sini,

srdecni selhani

2) porucha cevni
vystelky

- napr. ruptura
aterosklerotického platu,
umélé povrchy, poskozeni

endotelu - |trombomodulin
Rudolf Virchow (1821-1902),

3) trombofilni Stavy némecky patolog a politik




Genetika aterosklerozy

Celkova heritabilita koronarni nemoci srdecni a cerebrovaskularni
aterosklerozy je asi 50%

U aterosklerdzy perifernich tepen méné (20-30%)

Polygenni determinace (s vyjimkou té€Zzkych vrozenych poruch
lipidového metabolismu a vaskulopatii na Cisté imunitnim podklade)

»Thrifty genotype hypothesis® — primarni nastaveni lidskeho organismu
je obezitogenni a prozanétlivé (pochazi z ,véku moru a hladu®)

Asi 300 kandidatnich gent, bézné varianty maji malé efekty

Genetické studie (v¢. celogenomovych) vysvetluji jen cca 25% z
celkové heritability — obdobné u jinych komplexnich chorob — co se
zbytkem?




Superior vena cava

Auricle of right atrium
Right atrium

Right coronary artery

Conus arteriosus brevis

Right ventricular
artery and vein

Right marginal artery

Right ventricle

Aorta
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Onemocnéni spojena s
aterosklerdzou

Anterior communicating artery
Anterior cerebral artery

Middle cerebral artery

Internal carotid artery

Posterior
communicating artery

Posterior
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cerebellar artery

Basilar artery

Anterior inferior
cerebellar artery
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cerebellar artery

Anterior spinal artery

Ischemicka cévni mozkova

Frontal lobe

Temporal lobe

Spinal cord

Cerebellum

Infarkt myokardu

Ischemicka choroba srdecni (s prihoda
anginou pectoris) Vaskularni demence

Srdecni selhani




Stable angina pectoris
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Formy koronarni aterosklerozy:
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ICHS a COM — mortalita (WHO 2011)

Figure l_'i?_] World map showing Ischemlbc heart disease mortality rates (age standardized, per 100 000) ().

Distribution of major causes of death including CVDs (7).
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Ischemicka choroba dolnich
koncetin

m Manifestace zpravidla bolesti pfi namaze (chlze,
béh) — claudicatio intermittens

m Pozdéji bolest trvala — kriticka ischémie, rozvoj
koznich defektll, mramorovana klize, gangréna

m FEtiologicky vyznamny vliv koureni a Spatné
kompenzovaného DM




DalSi onemocnéni spojena s
aterosklerozou

m Renovaskularni hypertenze
(unilateralni/bilateralni stendza —
Goldblatttiv model)

m Steal syndromy

m Infarkt streva, ledviny, abdominalni
angina...




Lecba

m Lécba rizikovych faktorl (Uprava zivotospravy,
antihypertenziva, antidiabetika)
m Systémova

— Lécba poruch lipidového metabolismu
= Statiny (blokuji syntézu cholesterolu)

= Ezetimib (blokuje absorpci cholesterolu)

= Inhibitory PCSK9 (zvySuji mnozstvi LDL-R)

= Fibraty (snizuji produkci VLDL)

= Genova terapie u monogenni dyslipidémie
— Lécba zanétlivé odpovedi

= Blokatory IL-1




Lecba 2

m Lokalni

— PTA — Perkutanni transluminalni angioplastika
= POBA: plain old baloon angioplasty
= BMS: bare metal stent
= DES: drug-eluted stent

— potazeny cytostatikem k Balloon angioplasty or
Lo, . o percutaneous transluminal angioplasty
zabraneni hyperplazie neointimy
a restenoze

= BVS: bio-vascular scaffold
— rozlozitelny, mensi zanétliva Balloon infiated

wit

odpovéd' a riziko trombdzy ® \
— Bypass
= Arterialni
= Zilni $t&p

Balloon-tipped
catheter
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Dékuji za pozornost




