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Abstrakt. Ateroskleréza a jej rizikové faktory su jednym z naj-
vyznamnejsich zdravotnych problémov zapadnej civilizicie. Mnohé
rizikové faktory, ktoré ovplyvriuju rozvoj aterosklerdzy a periférne-
ho artériového obliterujiceho ochorenia dolnych koncatin (PAOO
DK) (napriklad dyslipidémia, diabetes mellitus, hypertenzia), su
dedicné, pricom ide vacsinou o polygénovu dedi¢nost typicku
pre komplexné ochorenia. Predispozicia ku vzniku PAOO DK je tiez
pravdepodobne podmienena genetickymi variantmi, ktoré zvysuju
riziko jeho rozvoja a progresie aj bez ohladu na tradi¢né rizikové
faktory. Napriek tomu, Ze Zijeme v dekdde mnohych genetickych
objavov, doposial bolo objavenych iba relativne malo génovych
variantov, ktoré maju asociaciu k PAOO DK. Méze to byt spdsobené
vacsSou klinickou a genetickou heterogenitou typickou pre PAOO
DK. Identifikdcia genetickych variantov podmienujucich PAOO DK
by v budutcnosti mohla podporit vyvoj novych diagnostickych
a terapeutickych pristupov v jeho manazmente. Tab. 1, Lit. 18,
Online full text (Free, PDF) www.cardiology.sk
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Abstract. Atherosclerosis and its risk factors are one of the
major health problems of western civilization. A number of
risk factors that affect the development of atherosclerosis
and peripheral arterial occlusive disease (PAD) of the lower
extremities are inherited (e.g. dyslipidemia, diabetes mellitus,
hypertension). For PAD a polygenic pattern of inheritance
is typical, as for other complex diseases. Predisposition to
PAD development is also likely to be associated with genetic
variants that increase the risk of its development and prog-
ression, regardless of traditional risk factors. Despite the fact
that we live in a decade of many genetic discoveries, so far
only a few gene variants that are associated with PAD have
been discovered. This may be due to the greater clinical and
genetic heterogenity typical of PAD. Identification of genetic
variants that predispose to PAD could lead to the development
of new diagnostic and therapeutic approaches in its manage-
ment in the future. Tab. 1, Ref. 18, Online full text (Free, PDF)
www.cardiology.sk
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Ateroskleroza je chronické, systémové, zapalové ochorenie
stredne velkych a velkych tepien, ako su koronarne, karo-
tické, periférne tepny, tepny Willisovho okruhu a aorta. Ide
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Atherosclerosis is a chronic, systemic, inflammatory disease
of medium and large arteries, such as the coronary, carotid
and peripheral arteries, circle of Willis arteries and aorta. It
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o zapalovy proces, ktory vznika ako odpoved na poskode-
nie intimy (1). Obliterujica ateroskleréza je najcastejsou
pri¢inou (90 - 95 %) chronickych foriem PAOO DK (2).
Potvrdena aterosklerdza periférnych tepien je silnej$im pre-
diktorom kardiovaskularnych (KVS) a cerebrovaskuldrnych
prihod, ako dyslipidémia, hypertenzia alebo fajcenie (3).
PAOO DK sa spdja s vyznamnou morbiditou a mortalitou
a povazuje sa za marker systémovej aterosklerdzy. Objav
génovych variantov, ktoré by boli spojené s rozvojom PAOO
DK, by mohol viest k stratifikdcii pacientov a personalizacii
ich lie¢by (4).

Ludsky geném je kompletna sada genetickej informacie.
Tieto informécie st kddované ako sekvencie DNA v 23 paroch
chromozémov v bunkovych jadrach a malej molekule DNA
nachadzajtcej sa v mitochondridch. Ludsky geném obsahu-
je viac ako tri miliardy nukleotidov, ale len 1,5 % genému
su gény kodujuce bielkoviny (exdny). ZvySok predstavuju
intergénové oblasti (intrény), regula¢né oblasti, opakujice
sa elementy a podobne. Geneticka variabilita znamena, Ze
kazdy clovek je jedine¢ny vo svojej genetickej vybave. Nie
kazdy génovy polymorfizmus je vSak podkladom pre zme-
nu vo fenotype (v tomto pripade PAOO DK). Ako génovy
polymorfizmus sa oznacuje geneticka varidcia, ktorej menej
Casta alela ma frekvenciu vyskytu v populacii vy$siu ako 1 %.
Zriedkavejsie varidcie génov s jasnym fenotypovym obrazom
sa oznacuji ako mutdcie. Polymorfizmus jedného nukleotidu
(SNP - single nucleotide polymorphism) znamena bialelicka
varidciu, t. j. existenciu dvoch alternativnych alel - bezna/
rizikova alela, ktoré mézu byt v koédujucich aj nekddujacich
(regula¢nych) oblastiach.

V oblasti genomiky dnes prebieha velmi intenzivny vy-
skum pomocou tzv. celogendmovych asocia¢nych $tadii. Tieto
$tadie mapuji vyskyt SNP v Iudskom gendéme a snazia sa
ndjst spojenie s Casto sa vyskytujucim ochorenim. Pomocou
najnovsich metdd st sledované statisice SNP naraz a nasledne
je Statisticky hodnoteny ich vyskyt v pripadoch (skupin dob-
rovolnikov postihnutych $tudovanym ochorenim) a kontrol
(os0b, ktoré nie st choré). SNP, ktoré sa vyskytuju v skupine
chorych vyznamne castej$ie ako v skupine zdravych kontrol,
sa oznacuju ako kandidatske a Studuju sa dalej. Genetické
asociacné $tudie sa stali $tandardom na sledovanie vzajom-
nych stvislosti medzi polymorfizmami kandidatskych génov
a pritomnostou daného znaku, respektive ochorenia. Tento
typ Studil umoznuje sledovat vplyv jednotlivych génovych
variantov, ako aj interakciu gén — gén alebo gén - prostredie,
teda sluzi na zistovanie genetickej predispozicie k multifak-
toridlnym ochoreniam.

Genetické pozadie PAOO DK

Podla niektorych genetickych asocia¢nych studii su gene-
tické faktory zodpovedné za 21 - 48 % variability ¢lenkovo-
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is an inflammatory process that occurs as response to injury
of the intima (1). Occlusive atherosclerosis is the most com-
mon cause (90-95%) of chronic forms of PAD (2). Confirmed
atherosclerosis of peripheral arteries is a stronger predictor of
cardiovascular and cerebrovascular events than dyslipidemia,
hypertension and smoking (3). PAD is associated with sig-
nificant morbidity and mortality, and is considered a marker
of systemic atherosclerosis. The discovery of gene variants
that are associated with the development of PAD could lead
to stratification of the patients and personalization of their
treatment (4).

The human genome is a complete set of genetic informa-
tion. This information is encoded as a sequence of DNA in
23 pairs of chromosomes in the cell nuclei, and in a small
DNA molecule in the mitochondria. The human genome
contains more than 3 billion nucleotides, but only 1.5%
of the genome are genes encoding proteins (exons). The
rest are intergenic regions (introns), the regulatory areas,
repetitive elements etc. Genetic variability means that each
person is unique in its genetics. However, not every gene
polymorphism is the substrate for a change in the phenotype
(i.e. PAD). Gene polymorphism is a genetic variation that
is characterized by less frequent allele prevalence greater
than 1% in the population. Rarer variations of genes with
a clear phenotypic manifestation are referred to as mutations.
Single nucleotide polymorphism (SNP) is a biallelic varia-
tion, e.g. the existence of two alternative alleles - common
/ risk allele, which can be in the coding and non-coding
(regulatory) regions.

Nowadays very intensive research in the field of genomics
is carried out by genome - wide association studies (GWAS).
These studies map the occurrence of SNPs in the human
genome and try to find an association with the prevalent
disease. Using the latest techniques, thousands of SNPs are
investigated at once and then the incidence is statistically
evaluated in cases (study group of volunteers affected by dis-
ease) and controls. SNPs that occur in the group of patients
significantly more frequently than in the healthy controls are
referred to as candidate variants and they are further studied.
GWAS have become the standard for investigation of the ass-
ociations between polymorphisms of candidate genes and the
presence of a sign or disease. This type of study allows the
monitoring of the effects of individual gene variants and also
the interaction of gene-gene and gene-environment, and may
be used as a suitable tool to detect a genetic predisposition
to multifactorial diseases.

Genetic background of PAD

According to some genetic association studies genetic
factors are responsible for 21 — 48% of ankle - brachial index
(ABI) variability in diabetics. Gene variants with relation to
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-brachidlnych indexov (ABI) u diabetikov. Génové varianty so
vztahom k PAOO DK moézeme rozdelit na proaterosklerotické
a proaterotrombotické.

Endotelové dysfunkcia zohrava doleziti ulohu v inicia-
cii a progresii aterogenézy. Haplotyp eNOS -786C/4a génu
pre endotelovu syntazu oxidu dusnatého moze byt pric¢inou
znizenej syntézy NO, ¢im sa podiela na endotelovej dysfunkcii.
Dal$im podstatnym faktorom v patogenéze aterosklerdzy je
zapal. V jeho progresii sa uplatiuji viaceré cytokiny, che-
mokiny, adhezivne molekuly a proteolytické enzymy, ktoré
st ovplyvilované proaterosklerotickymi génovymi variantmi,
napriklad variantmi génu pre angiotenzin konvertujici enzym
(ACE), génu pre interleukin-6 (IL-6), E-selektin, génov pre
matrixové metaloproteinazy 1, 3, 9 (MMP-1,3,9), génu pre
konexin-37 C/T 1019.

Proaterotrombotické gény zohravaji v patogenéze atero-
sklerozy taktiez dolezitu tlohu cestou aktivacie hemokoagula-
cie. H2 alela génu pre ADP receptor na povrchu trombocytov
P2Y12 a polymorfizmus 677 C>T génu pre metyltetrahyd-
rofolat reduktdzu (MTHFR) sa spéjaju so zvySenym rizikom
rozvoja PAOO DK.

Stale este zostava velka skupina tzv. novych génovych
polymorfizmov, pri ktorych nie je presne zndma ich funkcia.

Prehlad kandidatskych génov asociovanych
kPAOO DK

Gén pre osteoprotegerin (OPG), oznalovany tiez
TNFRSF11B (tumor necrosis factor receptor superfamily
member 11B), je lokalizovany na chromozéme 8q23 - 24
(5). Osteoprotegerin je sekre¢ny glykoprotein, ktory chrani
kostné tkanivo pred resorpciou. Je syntetizovany oste-
oblastmi, ale aj bunkami, ktoré sa zucastiuji na tvorbe
a rozvoji ateromovych plakov, ako su hladké svalové bunky
artériovej steny a endotelové bunky (6, 7). V endotelovych
bunkach plni funkciu antiapoptotického faktora (5). Sérova
hladina OPG koreluje so zavaznostou aterosklerdzy, zvysené
koncentricie si spojené s asymptomatickou ischemickou
chorobou srdca (ICHS), zavaznostou nestabilnej anginy
pektoris, akatnym infarktom myokardu (IM), zavaznostou
PAOO DK, srdcového zlyhania, vulnerabilnymi karoticky-
mi plakmi, symptomatickou karotickou stenézou (6). OPG
sa povazuje za véasny prediktor KVS ochoreni (8), ma
potencialne vyuzitie ako biomarker osteopordzy, artritidy,
vaskularnej kalcifikdcie, nadorovych ochoreni kosti, rizika
rozvoja diabetickych komplikdcii, aterosklerdzy aj mortality
(5). Hladina OPG je vyssia u diabetikov 1. typu, u diabetikov
2. typu s mikrovaskularnymi komplikdciami, mikroalbumi-
nuriou aj makroalbuminuriou, u obéznych jedincov, pacien-
tov s metabolickym syndrémom aj hypertonikov. Lie¢ba
inzulinom, statinmi, glitazénmi a tiez redukcia hmotnosti
vedie k poklesu hladiny OPG (5).
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PAD can be divided into proatherosclerotic and proathero-
thrombotic.

Endothelial dystunction plays an important role in the initia-
tion and progression of atherogenesis. Haplotype eNOS -786C/4a
of the gene for endothelial nitric oxide may cause a reduced
nitric oxide (NO) synthesis and may influence the endothelial
dysfunction. Inflammation is another essential factor in the
pathogenesis of atherosclerosis. A lot of cytokines, chemokines,
adhesion molecules and proteolytic enzymes are involved in
the progression of inflammation. This process is affected by
proatherosclerotic gene variants, e.g. variants of the gene for
angiotensin converting enzyme (ACE), the gene for interleukin-6
(IL-6), E-selectin, the gene for the matrix metalloproteinases
1, 3,9 (MMP-1,3,9), and the gene for connexin-37 C/T 1019.

Proatherothrombotic genes also play an important role
in the pathogenesis of atherosclerosis by their influence
on the coagulation pathway. The H2 allele of the gene for
ADP receptor on the platelet surface (P2Y12), and the poly-
morphism 677C>T of the gene for methyltetrahydrofolate
reductase (MTHFR) are associated with an increased risk of
PAD development and progression.

The large group of so-called, “new” gene polymorphisms
related to PAD, in which the pathophysiologic function is not
exactly known, is still not elucidated.

Overwiew of candidate genes associated with PAD

The osteoprotegerin gene (OPG), also termed TNFRSI1B
(tumor necrosis factor receptor superfamily member 11B),
is a single copy gene cluster on chromosome 8q23 - 24 (5).
Osteoprotegerin (OPG) is a basic secretory glycoprotein and
presents as a soluble bone protector. OPG is highly expressed
in many different cell types such as osteoblasts, cells involved
in atheroma plaques development and progression such as
arterial smooth muscle cells and endothelial cells (6, 7). In
endothelial cells, OPG acts as a survival and antiapoptotic factor
(5). Serum OPG level has been demonstrated to be correlated
with the severity of atherosclerosis. Elevated OPG concentra-
tions have been documented to be related with the severity
of unstable angina, PAD and heart failure, vulnerable carotid
plaques, symptomatic carotid stenosis, asymptomatic coronary
artery disease (CAD), and acute myocardial infarction (MI)
(6). OPG is an early predictor of cardiovascular disease (8),
with potential use as a biomarker in a wide range of pathologic
conditions (osteoporosis, arthritis, vascular calcification, cancer
bone-related disease, diabetic complications, atherosclerosis and
mortality) (5). OPG levels are elevated in patients with type 1
and 2 diabetes mellitus (DM) with microvascular complications,
microalbuminuria and macroalbuminuria, in obese individuals,
patients with metabolic syndrome and hypertension. Insulin,
statin, glitazon treatment and weight reduction therapy result
in the decrease of OPG serum concentrations (5).



Recentné $tadie preukdzali, ze polymorfizmy génu
OPG 152073617 (C9507T, t. j. zamena tyminu za cytozin na
pozicii 950), rs2073618 (C1181G), rs3134069 (T245G) su
asociované s vulnerabilitou karotickych plakov a rizikom
cievnych mozgovych prihod (CMP) aj KVS ochoreni (8).
Pri polymorfizme rs2073618 sa zistilo, ze C alela pred-
stavuje rizikovy faktor (RF) pre rozvoj diabetickej nohy
u muzov, CC vs. CG + GG (OR 1,72; p = 0,035) (7).
Pacienti s C alelou rs2073617 aj rs2073618 maju vyssiu
hladinu cirkulujuceho OPG a ¢astejsi vyskyt KVS ochoreni
(6). Pacienti s artériovou hypertenziou a polymorfizmom
rs2073617 v géne OPG mali signifikantne vac¢$iu hrubku
intimo-medidlneho komplexu (IMT) v porovnani s nosi¢mi
genotypu TC alebo TT (5). Pri polymorfizme rs2073617
predstavuje A alela ochranu pred rozvojom diabetickej
nohy u zien, AA vs. AG (OR 0,45; p = 0,045) (7).

Haptoglobin (Hp) je plazmaticky protein, ktory viaze
extrakorpuskuldrny hemoglobin (Hb), a tak stabilizuje hé-
mové zelezo v jeho vnutri a chrani tkaniva pred oxida¢nym
poskodenim. Hp ovplyvniuje aj zdpalovy proces a funkciu
buniek imunitného systému. Gén Hp je lokalizovany na
chromozoéme 16 (16q22.2) a ma dve alely HpI a Hp2. Alela
Hp2 je mutovana verzia alely HplI a je unikdtna pre ludi.
Polymorfizmus rs72294371 vedie ku vzniku troch $truk-
turdlne a funk¢ne rozdielnych proteinov s genotypovou
frekvenciou v zépadnej Eurépe Hp 1-1 16 %, Hp 2-1 48 %,
Hp 2-2 36 %. Hp 2-2 ma niz$iu antioxidacnu aktivitu, lebo
je menej efektivny v naviazani volného hemoglobinu. Hp
2-2 je najviac angiogénny fenotyp, ¢o je spojené s dlhsou
klaudika¢nou vzdialenostou u pacientov s PAOO DK
a tymto genotypom (9). Epidemiologické $tudie dosiahli
rozporuplné vysledky. V niektorych §tudiach sa genotyp
Hp 2-2 spajal so zavaznostou IM a s Castej$im vyskytom
PAOO DK. Na druhej strane sa v inych §tadiach zistil
Castejsi vyskyt CMP, ICHS a tiez dvojndsobne vyssie riziko
umrti v suvislosti s ICHS u pacientov s genotypom Hp
I-1 (Framinghamskd Offspring $tadia; Brunecka $tudia).
Ako potencidlne vysvetlenie heterogenity vysledkov medzi
roznymi $tudiami v asocidcii génu Hp s KVS ochorenim
sa predpoklada vplyv metabolickej kompenzacie diabetu
vyjadrenej hladinou HbAlc (9).

Gén ATXN2 je lokalizovany na chromozéme 12q24-
-12q24.1. C alela intrénového SNP rs653178 sa vyskytuje
Castejsie u pacientov s PAOO DK (52 %) v porovnani
s kontrolami (47 %). Polymorfizmus rs653178 je v takmer
kompletnej vdzbovej nerovnovahe (r> = 0,99) s missense
polymorfizmom (rs3184504) v géne pre SH2B adaptorovy
protein 3, ktory zohrava klu¢ovu tlohu v imunitnej a za-
palovej odpovedi a vaskuldrnej homeostaze. Tento SNP
ma pleiotropny efekt, spaja sa s IM, KVS ochoreniami,
ovplyviiuje mnozstvo trombocytov a eozinofilov. Vyskytuje
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Previous studies have shown that the polymorphisms
of the rs2073617 (C950T, i.e. substitution of thymine for
cytosine at position 950), rs2073618 (C1181G), rs3134069
(T245G) are significantly associated with the vulnerability of
carotic plaques, increased risk of ischemic stroke and cardio-
vascular disease (CVD) (8). In the rs2073618 polymorphism,
the C allele was a risk factor for diabetic foot in men with
diabetes in the allelic variants CC vs. CG + GG (OR 1.72;
p=0.035) (7). Patients with C allele rs2073617 and rs2073618
have higher circulating levels of OPG and increased risk of
cardiovascular disease (6). Hypertensive subjects with the CC
genotype and polymorphism rs2073617 showed significantly
increased intimomedial thickness (IMT) compared to those
hypertensives with the TC and TT genotypes (5). The A allele
of the rs2073617 polymorphism protects women in variant
AA vs. AG against diabetic foot (OR 0.45; p=0.045) (7).

Haptoglobin (Hp) is a plasma protein that binds extracor-
puscular hemoglobin, stabilizes heme iron within hemoglobin
and prevents the infliction of iron-mediated oxidative tissue
damage. In addition, Hp has numerous functions apart from
hemoglobin clearance, taking part in inflammatory pathways
and interfering with the immune cells functions. The Hp gene
is located on chromosome 16q22.2 and has 2 major alleles, Hp1
and Hp2. Of these, Hp2 is a mutated version of the HpI and
is unique to humans. This common polymorphism rs72294371
leads to the synthesis of 3 structurally and functionally distinct
proteins Hp 1-1, Hp 2-1, and Hp 2-2, with reported genotype
frequencies in subjects of Western European descent of 16%,
48% and 36%. Hp 2-2 was reported to be less efficient than
Hp I-1 in the hemoglobin binding and prevents oxidation by
stabilizing heme iron within the hemoglobin molecule, thereby
displaying lower antioxidant activity. Hp 2-2 is the most an-
giogenic phenotype, which was discussed as an explanation
for the longer walking distance in Hp 2-2 peripheral vascular
disease patients (9). Epidemiological studies conducted in gen-
eral populations, however, have shown contradictary results.
On one hand, Hp 2-2 was linked to the severity of myocardial
infarction (MI) and to more frequent (but less severe) PAD. On
the other hand, other studies have found that the Hp I allele
was more frequent in patients with coronary artery disease
(CAD), lacunar stroke, and that these patients had a two-fold
risk for CAD (Framingham Offspring study, Bruneck study).
As a potential explanation for the substantial heterogenity in
the association Hp gene polymorphism-CVD between the
various studies, the effect of modification by levels of glycated
hemoglobin (HbAlc) has been proposed (9).

The ATXN2 gene is located on chromosome 12q24-12q24.1.
The C allele of the intronic SNP rs653178 at the ATXN2-SH2B3
locus on chromosome 12 was present more frequently in PAD
cases (52%) than in controls (47%) The SNP rs653178 is in
strong linkage disequilibrium with a missense SNP rs3184504
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sa v populdcii relativne Casto a je spdjany s protektivnym
efektom proti bakteridlnej infekcii, predstavuje pravdepo-
dobne seleké¢nd vyhodu (4).

Gén OSBPLI0 je lokalizovany na chromozéme 3p22.3
a koduje oxysterol binding protein like 10. Reguluje lipidovy
metabolizmus, spdja sa s vysokou hladinou triacylglycerolov
(TAG), s metabolizmom a transportom cholesterolu. Dysli-
pidémia je jednym z RF PAOO DK, a preto sa predpoklada,
ze polymorfizmy génu OSBPLIO su asociované s PAOO
DK, ICHS, CMP cestou dysregulacie sérovej homeostazy
lipidov (10). Celogenémova §$tudia asociacie lokusu OS-
BPL10 a PAOO DK v japonskej populacii identifikovala
polymorfizmy ovplyviiujuce rozvoj PAOO DK vnutri
intrénu 5 (rs1902341, rs6779621, rs2168422, rs2045298),
avsak tato asociacia nedosiahla celogendmovo vyznamnu
aroven (5 x 107 az 5 x 10°®) (10).

Gén DAB2IP je lokalizovany na chromozéme 9q33 a ko-
duje disabled homolog 2-interacting protein, ktory zohrava
dolezita ulohu pri vzniku metastdz pri karcindme prostaty.
Pokles mnozstva proteinu vedie ku vystupniovaniu bunkovej
proliferacie a redukcii apoptdzy (11). Sekvencény variant
v géne DAB2IP rs7025486(A) je silno asociovany s pritom-
nostou aneuryzmy abdominalnej aorty (OR na alelu 1,21; p =
4,6 x 107, Zistena bola aj suvislost s véasnym prejavom IM
(OR 1,18; p = 3,1 x 10°), IM v ktoromkolvek veku (OR =
1,08; p = 0,0012), PAOO DK (OR 1,14; p = 3,9 x 10°), ve-
néznym tromboembolizmom (OR 1,12; p = 0,0079), plicnou
emboliou (OR 1,20; p = 0,00030) (12).

Polymorfizmy génu 9p21 (rs1333040, rs2383207,
rs10757278 a rs1333049) su asociované s rizikom ateroskle-
rézy, ICHS, IM, ischemickej CMP aj artériovych aneuryziem
(12). V pripade SNP rs1333049 sa v troch $tadidch na
star$ich populdciach zistilo, Ze kazda kopia C alely naviac
zvysuje riziko PAOO DK (OR 1,34; p = 0,002). Po vyluceni
pacientov s anamnézou IM, polymorfizmus rs1333049 bol
aj nadalej signifikantne asociovany s niz$im ¢lenkovo-
-ramennym indexom (ABI) (p = 1,3 x 10*) a PAOO DK
(OR 1,29; p = 0,012). Asocidcia pretrvavala aj po tprave
vzhladom na DM, hypertenziu, hypercholesterolémiu
a fajciarsky status (13). Metaanalyza 21 celogenémovych
asociacnych §tadii skiimajica asociaciu variantov génu 9p21
s ABI preukazala, Ze v objavnej (discovery) analyze mal
SNP 1510757269 na chromozéme 9 v blizkosti CDKN2B
najsilnejsiu asociaciu s ABI (p = 2,46 x 10°®). V replikacnej
analyze bol vysledok podobny (p = 0,0176). Tato spojitost
bola este silnejsia, ked sa skombinovala objavna a repli-
ka¢na analyza (p = 2,65 x 107). Ked sa vylacili pacienti
s anamnézou ICHS a zistovala sa asocidcia tohto SNP
s ABI, vysledok sice dosiahol $tatisticki vyznamnost, ale
uz nie na celogenémovej urovni (14).
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in SH2B3, an adapter protein that plays a key role in immune
and inflammatory response pathways and vascular homeostasis.
This SNP exhibits significant pleiotropic effects and has been
previously associated with multiple phenotypes including
myocardial infarction, cardiovascular disease, and has been
implicated in the hematological parameters such as platelet
count, mean-platelet volume and eosinophil count. The rela-
tively high frequency of this SNP in the general population
is speculated to be due to a protective effect against bacterial
infection (principle of natural selection) (4).

The OSBPL10 gene is located on chromosome 3p22.3 and
encodes oxysterol binding protein like 10. OSBPL10 polymor-
phism is associated with a high triglyceride concentration
and regulates cellular lipid metabolism. Because dyslipidemia
is one of the risk factors of PAD, it can be speculated that
OSBPLI0 associates with PAD through the dysregulation of
serum lipid homeostasis. OSBPLI0 may be associated with
cholesterol metabolism or transport, suggesting that it may be
associated with CAD and/or ischemic stroke (10). Genome-
wide association studies of OSBPLI0 and PAD in the Japanese
population identified several candidate SNPs located within
introne 5 (rs1902341, rs6779621, rs2168422, rs2045298), but
the association has not reached a genome-wide significant
statistical level (p=5x107- 5x107%) (10).

The DAB2IP gene, located on chromosome 9q33, encodes
disabled homolog 2-interacting protein, which plays an im-
portant role in prostate cancer metastasis. A SNP in this gene
has been associated with aggressive prostate cancer, whereas
in vitro functional studies have demonstrated that loss of
the protein leads to enhanced cell proliferation and reduced
apoptosis (11). A recent GWAS found a sequence variant
in DAB2IP rs7025486(A) to be strongly associated with the
presence of abdominal aortic aneurysm (AAA) with a per
allelam OR of 1.21; p = 4.6x10"°. The authors also found an
association with early onset MI (OR 1.18; p= 3.1x10°), MI at
all ages (OR = 1.08; p=0.0012), PAD (OR 1.14; p=3.9x10"),
venous thromboembolism (OR 1.12; p=0.0079) and pulmo-
nary embolism (OR 1.20; p=0.00030) (11).

A recent discovery has noted that variation of SNPs
on chromosome 9p21 (rs1333040, rs2383207, rs10757278
ars1333049) is highly associated with the risk of atherosclerosis,
CAD, M], atherosclerotic stroke subtype and arterial aneurysms
(12). The C allele at rs1333049 is associated with an increased
prevalence of PAD (OR 1.34; p=0.002) and lower ABI. This
association was independent of the presence of diagnosed MI
and atherosclerotic risk factors in three previous Caucasian
population studies. This association remained significant after
adjustment for baseline and incident MI cases over a 6-year
follow up for both ankle-brachial indices (p=1.3x10") and
PAD (OR 1.29; p=0.012). The association also remained



Gén PAX2 (paired box gene 2) ovplyviuje formaciu tkaniv
a organov v priebehu embryonalneho vyvinu. V metaanalyze
21 celogenémovych asocia¢nych $tadii ziadna z asociacii
SNP a PAOO DK nedosiahla vyznamnost na celogenémo-
vej trovni. Najsilnejsia asocidcia bola u SNP rs6584389 na
chromozéme 10 pri géne PAX2 (OR 1,17; 95 % CI 1,10; 1,25;
p = 2,34x10°) (14).

Gén NOS3 je lokalizovany na chromozéme 7q35-7q36.
Variacie v géne pre endotelidlnu syntazu oxidu dusnatého
(NOS3) mozu ovplyvnit dostupnost oxidu dusnatého (NO)
a redukuju vaskuldrnu reaktivitu, a tak mozu predisponovat
k rozvoju aterosklerotického cievneho postihnutia ako je
PAOO DK (15). SNP rs891512 a rs1808593 vo vizbovej
nerovnovahe sa vyznamne spdjaju s ABL. Nosi¢stvo alely
jedného z tychto polymorfizmov moéze byt teda spojené so
zvy$enym rizikom PAOO DK. Haplotyp GG z SNP paru
rs1808593 - rs7830 je spojeny s niz§im ABI (15).

Gén CHRNA3 je lokalizovany na chromozéme 15q25.
Celogenomové a observa¢né $tidie dokazali, Ze varianty v géne
nikotinového acetylcholinového receptora (CHRNAS5, CHR-
NA3, CHRNB4) sa spdjaju s vys$ou kvantitou faj¢enia aj KVS
rizikovymi faktormi. U sucasnych faj¢iarov sa T alela poly-
morfizmu rs1051730 v géne CHRNA3 spdja s vy$$im poctom
vyfaj¢enych cigariet za den, niz$im indexom telesnej hmotnosti
(BMI), obvodom pésa a bokov, vy$sou pulzovou frekvenciou
v pokoji, niz§ou koncentraciou TAG aj s vyssou glomerulovou
filtraciou. Kazda T alela sa navyse spdja s nizsim systolickym
TK a nizs$im pulzovym tlakom, vy$$ou koncentraciou HDL
cholesterolu, vy$$im non-HDL cholesterolom. Podobne aj
v celogendmovej studii nikotinovej zavislosti a PAOO DK na
Islande sa zistilo, ze T alela SNP rs1051730 je signifikantne
asociovana s PAOO DK (OR 1,18; p = 5,3 x 10®) (16).

Gén pre LDL receptor (LDLR) je lokalizovany na
chromozéme 19p13.2. Celogenémové studie identifikovali,
ze polymorfizmy lokusu LDLR ovplyviuju hladinu faktora
VIII a su asociované s rizikom ICHS nezavisle od hladi-
ny plazmatickych lipidov. T alely polymorfizmov rs688
a rs2228671 sa spdjali s vy$$imi hladinami faktora VIII,
vy$$im vyskytom ICHS aj s nizSou hladinou celkového
a LDL cholesterolu. Vysoka hladina koagula¢ného faktora
VIII je nezavisly RF ICHS a je asociovana s vyskytom KVS
ochoreni (17).

Zaver

Doposial bol vyskum genetickych variantov asociova-
nych s PAOO DK menej tspe$ny ako v pripade genetiky
koronarnej choroby srdca. Je pravdepodobné, ze pri vzniku
a progresii PAOO DK je velmi vyznamny vplyv environ-
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significant after adjustment for known atherosclerosis risk
factors including DM, smoking, hypercholesterolemia and
hypertension (13). A metaanalysis of GWAS data from 21
population based cohorts that studied the association of 9p21
variants and ABI, identified the strongest association of SNP
rs10757269 on chromosome 9p21 near CDKN2B with ABI
(p=2.46x10®) in the discovery set. The magnitude and direction
of the association in the replication studies was similar to the
discovery set (p = 0.0176). In the combined study discovery
plus replication metaanalysis, the association between the ABI
values and SNP rs10757269 became stronger (p=2.65x107).
After excluding individuals with CAD, the association was
present but it was no longer genome-wide significant (14).

The PAX2 gene (paired box gene 2) influences the forma-
tion of tissues and organs during embryonal development. In
metaanalysis of 21 GWAS none of the SNP associations for
the PAD phenotype achieved genome-wide statistical signifi-
cance. The strongest association was found for rs6584389 on
chromosome 10 near the PAX2 gene (OR 1.17; 95% CI 1.10;
1.25; p=2.34x10°) (14).

NOS3 gene is located on chromosome 7q35-7q36. Varia-
tions in the endothelial nitric oxide synthase gene (NOS3) may
influence bioavailability of NO and reduce vascular reactivity,
thereby predisposing to the development of atherosclerotic
vascular diseases including PAD (15). Two SNPs rs891512
and rs1808593 in linkage disequilibrium were significantly
associated with ABI. The minor allele for one of these poly-
morphisms could be associated with an increased risk for
PAD. The GG haplotype from the SNP rs1808593 and rs7830
may be associated with lower ABI values (15).

The CHRNA3 gene is located on chromosome 15q25. GWAS
have provided strong evidence that common genetic variants
in the nicotinic acetylcholine receptor gene cluster (CHRNAS,
CHRNA3, CHRNB4) are associated with higher smoked ciga-
rette quantity and cardiovascular risk factors. Among smokers,
each T allele of the SNP rs1051730 in the CHRNA3 gene is
associated with increased intensity of smoking, lower body mass
index (BMI) and waist and hip circumferences, higher resting
heart rate and estimated glomerular filtration rate, and lower
triglyceride concentration. Each additional T allele is associ-
ated with lower systolic blood pressure and pulse pressure and
higher HDL and non-HDL cholesterol concentrations. Similarly,
in the GWAS of nicotine addiction and PAD in Iceland it was
confirmed that the T allele of SNP rs1051730 was significantly
associated with PAD (OR 1.18; p=5.3x10") (16).

The LDL receptor gene (LDLR) is located on chromo-
some 19p13.2. The GWAS identified that polymorphisms at
LDLR locus modulate coagulation factor VIII levels and may
be associated with CAD risk independently from plasma
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Tabulka 1 Polymorfizmy (SNP) asociované s PAOO DK v celogenémovych $tidiach (modifikované podla 18)
Table 1 SNPs associated with PAD in genome - wide association studies (modified according to 18)

SNP Lokus Pripady (n) Kontroly (n) OR (95 % CI) P RAF Najbliz$i gén
(Locus) (Cases) (n) (Controls) (n) (p value) (Nearest gene)
rs10757278-G 9p21 2599 15012 1,14 (1,07, 1,22) 6,1x10° 0,42-0,51 CDKN2A/ CDKN2B
rs1051730-C 15q24 2738 29964 1,19 (1,12, 1,27) 1,4x107 0,27-0,37 CHRNA
1s7025486-A 9q33 3690 12271 1,14 (1,07, 1,21) 3,9x10° 0,23 DABI2
rs1902341-G 3p23 195 1358 1,31 (1,18, 1,46) 5x107 0,397 OSBPL
699 1540
1rs6584389-C 10 3409 68002 1,17 (1,10, 1,25) 2,3x10°¢ 0,50 PAX2
rs653178-C 12q24 1641 1604 1,22 (1,13, 1,32) 6,46x107 0,49 SH2B3- ATXN
740 1051

SNP - single nucleotide polymorphism, OR - odds ratio; RAF - frekvencia rizikovej alely (risk allele frequency in controls)

mentalnych faktorov (najmi DM, faj¢enia). Fenotypovd he-
terogenita PAOO DK bude pravdepodobne hlavnou vyzvou
pri ozrejmovani genetickej podstaty PAOO DK. Na zaklade
vysledkov z doterajsich celogendmovych stadii vieme, Ze je
potrebny velky pocet pripadov a kontrol na identifikaciu
potencidlnych génovych variantov asociovanych s PAOO
DK. Metaanalyzy z celogenémovych stadii prinasaju dalsie
aditivne udaje v multidisciplindrnom manazmente pacientov
s PAOO DK a perspektivne umoznia personaliziciu terapie
(18) (tabulka 1).

Tato publikacia bola vytvorena s 50 % realizaciou
projektu ,,Centrum excelentnosti pre vyskum aterosklero-
zy (CEVA)” na zaklade podpory Opera¢ného programu
vyskum a vyvoj financovaného z Eurépskeho fondu regio-
nalneho rozvoja (¢islo zmluvy 034/2009/2.1/OPVaV) a 50 %
rieSenim projektu VEGA 1/0389/14.
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lipids. T alleles of polymorphisms rs688 a rs2228671 were
associated with higher coagulation factor VIII levels, higher
CAD incidence and reduced total and LDL cholesterol levels.
A high level of coagulation factor VIII is an independent risk
factor for CAD and is associated with CVD (17).

Conclusion

To date, the search for genetic susceptibility variants
of PAD has been less successful in comparison to genetics
of CAD. Possible reasons include a potentially stronger
environmental contribution to PAD (smoking and diabetes
mellitus). Phenotypic heterogeneity of the PAD appears
to be a major challenge in the investigation of the genetic
basis for PAD. Given the results of GWAS so far, it is clear
that large number of PAD cases and controls are needed to
identify gene susceptibility variants. Metaanalyses of GWAS
give additive data in the multidisciplinary management of
patients with PAD with a perspective for therapy personali-
zation (18) (Table 1).
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