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1. UVOD

1.1. Ateroskleroza véncitych tepen a jeji komplikace

Aterosklerotické postiZzeni cévni stény je priCinou fady chorob. V koronérni lokalizaci
se ateroskleroza miize manifestovat jako ischemicka choroba srde¢ni (ICHS), a to
jak v podobé chronickeé (stabilni) tak i v akutnich forméch. Vznik a progrese
aterosklerozy jsou podminény mnoha pfi¢inami, mezi zakladni patfi hlavné
hyperlipoproteinemie, diabetes mellitus, hypertenze a koufeni [1,2,3]. Z dalSich
faktor(l je nutné jmenovat renalni insuficienci, kterd zejména v poslednim stadiu, tedy
u pacientll v predialyzacni fazi a u chronicky dialyzovanych predstavuje zavazné
riziko progrese aterosklerozy [4,5]. Naproti tomu vliv poCatecnich stadii renalni
nedostatecnosti, sérové hladiny kyseliny mocové a rliznych genovych polymorfismi
je stale pfedmétem vyzkumu [6 - 9].

Ateroskleroza se vyviji v nékolika fazich, klasifikace American Heart
Association popisuje déleni aterosklerotickych 1ézi na 6 typ(. Prvnim stadiem jsou
pénové bunky (Iéze typu I), které jsou viditelné pouze mikroskopicky v intimé cév.
DalSim stadiem jsou tukové prouzky, které uz jsou patrné jako Zlutavé tecky a
prouzky na povrchu intimy. Tyto zmény mohou byt pfitomny uz od prvni dekady
Zivota Clovéka. Od tfeti dekady Zivota se objevuje tfeti stadium, které pfedstavuiji tzv.
intermediarni |éze a &tvrty stupen jsou ateromy — kde dochazi k dalSimu hromadéni
lipidd a formovani lipidového jadra. Mezi lipidovym jadrem a endotelem se nachazi
makrofagy a pénové burky, ojedinélé burky hladké svaloviny a malé mnozstvi
kolagenu. Ve Ctvrté dekadé se potom objevuiji 1éze typu V, které se podle mnozstvi
pojivové tkané déli na podtypy. Va (fibroaterom), ktery ma lipidové jadro, Vb —
kalcifikovana léze, Vc — déli se na 2 skupiny: bez lipidového jadra, ktery byva

pri¢inou vyznamnych koronarnich stenoz a tzv. gelatinozni Iéze s obsahem



edematozni tekutiny a fibrinogenu. Posledni stadium, charakterizované typem VI, ma
podtypy Vla — |éze s rupturou, VIb — s hemoragii (krvacenim/hematomem v platu) a
VIc — kde jsou pfitomny vSechny pfedchozi komplikace [10,11]. Na rozvoji
aterosklerozy podileji mechanismy genové, molekularni a bunécné, které predstavuiji
dlouhodoby soubor reakci s primarné zanétlivym charakterem. V ¢asnych stadiich se
projevuji zanétlivé mechanismy v kombinaci s usazovanim lipid( ve sténé cévy, které
mohou byt dale potencovany i dalSimi lokalnimi a systé movymi infekcemi. Pfitomné
dalSi rizikové faktory jako hypertenze, diabetes mellitus a samoziejmé
hyperlipoproteinemie dale podporuji aktivitu aterosklerotického procesu. Zanétlivé
reakce maji i hlavni podil na komplikacich aterosklerozy, tj. hlavné rozvoji akutnich

koronarnich syndromi.
1.1.2. Stabilni ischemicka choroba srdecni

Casna manifestace onemocné&ni koronarnich tepen se u vétsiny pacient( projevuje
jako endotelialni dysfunkce a mikrovaskularni postizeni [12,13]. Endoteliélni
dysfunkce je stav poSkozeni funkce endotelu se zvySenou permeabilitou cévni sténé
a nerovnovahou mezi vazodilatacnimi a vazokonstrik&nimi eventualné
protrombogennimi a antitrombogenimi faktory [11]. Na dysfunk&ni endotel adheruji
leukocyty a tato adheze je usnadnéna zvySenou expresi tzv. adhezivnich molekul.
Tento déj nastava obzvlasté v mistech s naruSenym laminarnim proudénim krve a
zvySenym smykovym napétim (napf. bifurkace tepen). To ma za nasledek snizeni
produkce oxidu dusnatého (NO), ktery ma protizanétlivé acinky. Leukocyty
(monocyty) migruji dale do intimy, akumuluji oxidované LDL ¢astice a méni se na
pénové burky. S narlstajicim zuZzovanim lumen koronarni tepny se pridavaji projevy

ischemie myokardu jako kontraktilni dysfunkce myokardu, arytmie a angina pectoris.



1.1.3. Akutni koronarni syndromy

~rw

Nejcastéjsi pricinou akutnich koronarnich syndromd je snizeni perfuze myokardu pfi
vyznamné koronarni ateroskleroze se sou€asnou pfitomnosti trombu. Tyto
komplikace vznikaji nejCastéji na tzv. vulnerabilnim aterosklerotickém platu.
Vulnerabilni ateroskleroticky plat je charakterizovan hlavné svym sloZzenim —
obsahuje velké lipidové jadro pokryté tenkou fibrozni ¢epic¢kou a pritomnosti velkého
mnoZzstvi zanétlivych bunék (makrofagd a neutrofild) [11]. Aktivované buriky
produkuji nékteré enzymy, napf. matrixmetalloproteinazu (MMP), coZz mé4 za
nasledek oslabeni fibrozni Cepicky platu a tedy vétsi sklon ke vzniku ruptury. DalSimi
zmeénami, které zplsobuji progresi nestability aterosklerotického platu jsou

kalcifikace a krvaceni do platu.
1.2. Genové polymorfismy u vybranych gen(

Genové polymorfismy jsou varianty sekvence deoxyribonukleoveé kyseliny (DNA),
které se nazyvaji alely. Misto v sekvenci DNA je polymorfni, pokud vyskyt vzacnéjsi
alely v populaci pfesahuje 1%. Efekty genovych polymorfism{ mohou byt pozitivni,
negativni nebo neutrdlni. Jednonukleotidové polymorfismy (SNP — single nucleotide
polymorphism) jsou substituce jedné nukleotidové baze v fetézci DNA s frekvenci
nad 1% v populaci. Jejich celkovy pocet se odhaduje na 10 milion{ a jsou
povazovany za jednu z pfi¢in multifaktorialnich onemocnéni (hypertenze,
ateroskler6za apod.) [14]. U téchto onemocnéni dochazi k souc¢asnému ovliviujicimu
se plsobeni mnoha relativné ¢astych genovych variant a interakci z prostredi a

k postupnému rozvoji patologickych stavi [11].



1.2.1. Endotelialni NO syntaza (eNOS)

Endotelialni NO syntaza je jednou ze tfi izoforem tohoto enzymu, dalSimi jsou
neuronalni NOS a inducibilni NOS. Za normalnich podminek se eNOS podili na
regulaci cévniho tonu, proliferace bunék, adheze leukocytl a agregaci trombocytd
[15]. Z téchto Gcink(d vyplyva protektivni vliiv eNOS na kardiovaskularni systém. Je
znamo nékolik hlavnich SNP v genu pro eNOS, které mohou ovliviiovat aktivitu
enzymu a produkci NO. Jeden z nich, T-786C polymorfismus ma thymin nahrazen
cytosinem v nukleotidu -786 v 5" regionu eNOS genu [16]. Tato varianta genu
zpUsobuje redukci aktivity promotoru genu a byla popséana jako rizikovy faktor pro
ICHS v japonské populaci [16]. DalSi polymorfismus — opakovaci (repeat) 27 pard
bazi (bp) je lokalizovan v intronu 4 eNOS genu - 4a4b polymorfismus, byla
publikovana souvislost se zménami v plazmatickych hladinach NO [17]. U tohoto

polymorfismu jsou publikované Udaje o vztahu k ICHS rozporné [18, 19, 20].

1.2.2. Eotaxin

Eotaxin (CCL 11) je chemokin, ktery ma atrak&ni vlastnost pro fadu krevnich bunék,
popsan byl v 90. letech 20.stoleti pro eozinofily [21,22] a pozdéji i pro neutrofily,
bazofily, makrofagy a prekurzory mastocytli [23, 24, 25]. Tato latka byla
identifikovana jako jeden z mediator(i zanétu cévni stény [25]. Gen pro eotaxin je
lokalizovan na 17. chromozomu v regionu q21.1-q21.2 [26]. Byl zkouman vliv
nékolika polymorfisml v genu pro eotaxin na rozvoj ICHS. Prvni z nich se nachazi
VvV prvnim exonu genu, jedna se o 67G>A polymorfismus, vedouci k nahrazeni
aminokyselinu alaninu na pozici 23 threoninem. DalSi dva polymorfismy jsou

promotorové: —426C>T a —384A>G [27]. U 67G>A polymorfismu jsou popsané



vysledky ve vztahu k ICHS rozporné [28, 29, 30] a zavisi na pouZzitém modelu
dédi¢nosti. U promotorovych polymorfismi neni dostatek praci na toto téma, v nasi
praci [31] jsme pfimy vztah mezi vyskytem a rozsahem ICHS a -426C>T a —384A>G
polymorfismy neprokéazali. U polymorfismu 67 G>A byl nalezen signifikantné ¢asté;jsi

vyskyt varianty GG u pacientl s akutnim koronarnim syndromem.

1.2.3. Matrix metaloproteinaza 13

Tato metaloproteinaza (MMP-13) je jednou ze skupiny metaloproteinaz, coz jsou
enzymy schopné Stépit struktury kolagenu, a tim se podilet na rozvoji aterosklerozy,
rupture aterosklerotického platu a vzniku aneuryzmat [32,33]. Exprese rliznych
podtypl MMP a jejich inhibitor( je rozdilna v zavislosti na stupni aterosklerotické Iéze
[34]. Matrix metaloproteindza 13 je aktivni proti typu kolagenu typu | a Il [35,36] a m&
zasadni Ulohu v pfeméné kolagenu v organismu [36]. Hlavnim producentem MMP-13
jsou makrofagy v intimé cév [34,37]. U aterosklerotickych plat( byly nejvyssi hodnoty
MMP-13 a také MMP-1 zjistény u fibroznich plak{ coZ odpovida vy$Simu zastoupeni
makrofagu [37]. Dal$im zvazovanym G¢inkem MMP-13 je preventivni vliv na
ateroskleroticky plat na zakladé stépeni molekuly ICAM-1 pomoci aktivity MMP-13
[38]. Tato molekula je spojena s rozvojem aterosklerozy a vyskytem ICHS, gen pro
MMP-13 je lokalizovan na chromozomu 11 (11 q22.2—g22.3) [33]. Exprese MMP-13
témér neprobihd v normalni sténé arterii, ale je zvySena v narlstajicich

aterosklerotickych lézich [34,37].

1.3. Laboratorni markery u ICHS

Byla popséana rfada marker( vztahujicich se k vyskytu, zavaznosti a klinickému

pribéhu koronarni aterosklerozy a ICHS. Vzhledem k tomu, Ze ateroskleroza je
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povaZzovana za primarné zanétlivy proces, jsou publikované prace zameéreny
zejména na pfimé a nepfimé markery zanétu jako jsou hs-CRP, hladina leukocytl a
fibrinogen [39-41]. Z dalSich parametrl mizZeme potom uvést kyselinu mocovou [42]

nebo kreatinin [43].
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2. Vlastni prace

2.1. Vztah polymorfismi eNOS 4a/b a -786T/C k ischemické chorobé srdeéni,

obezité a diabetes mellitus

Cilem prace bylo zjistit eventualni zavislost rliznych variant eNOS 4a/b a -786T/C
polymorfism( k angiograficky prokazané ICHS a k dalSim rizikovym faktorim, jako

jsou obezita a diabetes mellitus.

2.1.1. Soubor a metodika

V této studii bylo zahrnuto 1313 pacient(, ktefi podstoupili koronarografické vysSetieni
na lLinterni kardioangiologické klinice FN U sv. Anny v Brné. U pacient( bylo dale
provedeno zakladni fyzikalni vySetfeni, anamnéza, EKG, odbéry krevniho obrazu a
zakladni biochemické vySetfeni. VSichni pacienti podepsali informovany souhlas se
zafazenim do studie a s obérem krevniho vzorku na genetickou analyzu a studie byla
schvalena ustavni etickou komisi. Pacienti se selhanim jater, ledvin, téZkou anémii,
zavaznymi neurologickymi nebo endokrinnimi onemocnénimi a malignitami byli
vyfazeni. Po koronarografickém vysSetfeni byli dale vyfazeni pacienti s nevyznamnou
ateroskler6zou nebo spastickou anginou pectoris. Nasledny pocet zafazenych
pacientd byl 1161. Zakladni klinicka charakteristika souboru pacient( je zachycena

v tab.1.

Koronarografie

Koronarografické vySetfeni bylo provedeno standardni technikou, Iékafri
specializovanymi v invazivni a intervencni kardiologii. Stenotické léze byly

hodnoceny ve vice projekcich k co nejpfesnéjsi kvantifikaci. S ohledem na morfologii

koronarnich tepen byli pacienti rozdéleni do dvou skupin; 1) pacienti s vyznamnou
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koronarni aterosklerdzou, tj. alespon jedna koronarni tepna se stendza =50%, 2)

pacienti s hladkosténnymi véncitymi tepnami.

Kardiovaskularni rizikové faktory

Rizikoveé faktory ICHS byly definovany nasledovné: hypercholesterolemie jako
probihajici [é€ba hypolipidemiky nebo hladina celkového cholesterolu nad 5,0mmol/l
pfi vySetfeni, diabetes mellitus jako probihajici IéCba inzulinem, peroralnimi
antidiabetiky nebo dietou nebo lacna glykemie nad 7,0mmol/l za hospitalizace,
hypertenze jako terapie antihypertenzivy, nebo opakovana hodnota TK nad 140/90,

obezita jako body mass index (BMI) nad 30kg/m?.

Geneticka analyza

Deoxyribonukleova kyselina (DNA) byla extrahovana z leukocyt( v periferni krvi

S pouzitim proteinazy K, a vysrazena isopropanolem a chloroformem. Isolované
vzorky DNA byly testovany na polymorfismy eNOS 4a/b a -796T/C pomoci
polymerazové fetézové reakce (PCR). Tato byla provedena pro polymorfismus 4a/b
s pouzitim DNA primer(i 5- ACCTCAG-CCCAGTAGTG-3"sense, 5'-
GCAAGTGTCAGATAGGATT-3  antisense a Taq polymerézy. Produkty PCR mély
573 parl bazi (bp) pro genotyp aa, 604 bp pro bb a 573+604 bp pro ab alely. Tyto
fragmenty byly rozdéleny elektroforézou na agarozovém gelu s pfidavkem ethidium
bromidu. Pro analyzu polymorfismu -796T/C byly pouZzity primery 5" -
TGGAGAGTGCTGGTGTACCCCA-3 sense, 5-GCCTCCACCCCCACCCTGTC-3
antisense a Taq polymeraza. Produkty PCR o velikosti 180bp byly inkubovany

s restrikéni endonukleazou Msp | pfi 37 °C po dobu 5 hodin. Konecné fragmenty
mély 140+40 bp pro TT genotyp, 90+50+40 pro CC genotyp a 140+90+50+40 pro

TC alely a byly rozdéleny elektroforézou na agarozovém gelu s ethidium bromidem.
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Statisticka analyza

Vztahy mezi genotypy a angiograficky potvrzenou ICHS a dalSimi rizikovymi faktory
byly uréeny pomoci multivariantni analyzy (WilksQv test), vyznamné zavislosti mezi
genotypy nebo alelami a onemocnénimi byly hodnoceny pomoci x2 a Fisher exact

testu, s pouzitim sofware Statistica (verze 8.0, StatSoft, Tulsa, USA).

Pocet pacientd / muzi 1161 /813
Pramérny vék (roky) 64,2

ICHS/ hladkosténné koronarni tepny (n) 939 /222
Hypertenze (n/%) 906 / 78%
Hyperlipoproteinemie (n/%) 712 /61,3%
Diabetes mellitus (n/%) 348 / 30%
Obezita (n/%) 345/29,7%
Celkovy cholesterol (primér+SD) 4,53+1,1 mmol/l
Body mass index (pramér+SD) 28,7+4,2

Tabulka 1. Demografick& a klinicka charakteristika souboru
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2.1.2. Vysledky

Distribuce genotypl v celém souboru byla nasledujici: CC =13 %, CT =50 %, TT =
37 %; frekvence T alely 62.5 %, C alely 37.5 % pro -786T/C polymorfismus. Pro
intronovy 4a/b polymorfismus byla distribuce: aa = 3.8 %, ab = 28.8 %, bb = 67.4 %.
Alelova frekvence byla 81.8 % pro b a 18.2 % pro a. Genotypy obou polymorfismd
byly v Hardyho-Weinbergové rovnovaze.

Multivariantni analyza neprokazala Zzadnou vyznamnou interakci mezi -786T/C
polymorfismem a samotnou ICHS nebo ICHS v kombinaci s diabetem,
hyperlipoproteinemii nebo obezitou. Pro 4a/b polymorfismus, nebyla prokazéan vztah
mezi timto polymorfismem a samostatnou ICHS (Tabulka 2) nebo ICHS v kombinaci
s obezitou (Tabulka 3). Naproti tomu byly nalezeny vyznamné interakce mezi
genotypy a diabetes mellitus. Genotypy aa+ab byly témér trojnasobné CastéjSi u
diabetik( bez ICHS proti nediabetickym pacientlim bez ICHS - OR 2.79; 95% CI

1.27-6.07, P = 0,009, Pcorr = 0,03 (Tabulka 4).

Celkova tabulka ¢etnosti — 4 a/b polymorfismus a ICHS

ICHS | 4a/b —ab | 4a/b —bb | 4a/b —aa | Celkem

1 272 632 35 939
2 63 150 9 222
All 1335 782 44 1161

Tabulka 2 - Vztah mezi 4a/b polymorfismem a ICHS, pocty pacient( podle
genotypu; p pro genotypy = 0,964, p pro alely =0,987

ICHS 1 =ICHS ano ICHS 2 =ICHS ne
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Souhrnnd tabulka €etnosti — 4 a/b polymorfismus a ICHS a obezita

Gr. ICHS Obezita| &P = | 43D = ib — aa Radek celkem
ab bb
111 1 83 190 6 279
21 2 189 442 29 660
Celkem 272 632 35 939
3 2 1 20 45 1 66
4 2 2 43 105 8 156
Celkem 63 150 9 222
Sloupec celkem 335 782 44 1161

Tabulka 3 - 4a/b polymorfismus a ICHS a obezita, pocty pacientl podle genotypu —
neprokdzan vyznamny vztah

ICHS 1 = ICHS ano, ICHS 2 = ICHS ne, Obezita 1 = obézni , obezita 2 = neobézni
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Souhrnna tabulka ¢etnosti — 4 a/b polymorfismus a ICHS a diabetes mellitus

Gr. ICHS Diabetes |4a/b - ab 4a/b - bb |4a/b - aa Rada - celkem
1 1 1 92 215 11 318
2 1 2 180 417 24 621
Celkem 272 632 35 939
3* 2 1 15 14 1 30
4* 2 2 48 136 8 192
Celkem 63 150 9 222
Sloupec celkem 335 782 44 1161

Tabulka 4 - 4a/b polymorfismus a ICHS s diabetes mellitus, pocty pacientl podle
genotypu

*Vyznamné rozdily mezi skupinami 3 a 4 pro ab+aa: 16/14 vs. 56/136, OR=2.79,
95% ClI 1.27-6.07, P=0,009, Pcorr=0,03

ICHS 1 = ICHS ano, ICHS 2 = ICHS ne, Diabetes 1 = diabetici, Diabetes 2 = pacienti
bez diabetu

Byl rovnéz nalezen vztah mezi 4a/b polymorfismem a ICHS v kombinaci s obezitou a
diabetem. Genotyp bb je signifikantné castéjsi u pacientl s ICHS, obezitou a
diabetem ve srovnani s obéznimi diabetiky bez ICHS (OR=3.63, 95% CI 1.23-10.67,
Pcorr=0.05); a rovnéz u ischemikll bez obesity a diabetu proti obéznim diabetikiim
bez ICHS (OR=3.38, 95% CI 1.21-9.46, Pcorr=0.05). Déle byl nalezen rozdil u
pacientll bez ICHS, obesity a diabetu, proti obéznim diabetikim bez ICHS (OR=3.59
(1.23-10.50), Pcorr=0.05) (Tabulka 5).
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Souhrna tabulka Cetnosti — 4 a/b polymorfismus a ICHS s obezitou a diabetes
mellitus

Sk. ICHS Diabetes |Obezita |4a/b - ab [4a/b - bb |4a/b - aa |Radek celkem
11 1 1 39 87 1 127
2 1 1 2 53 128 10 191

Celkem 92 215 11 318
3 1 2 1 44 103 5 152
4 11 2 2 136 314 19 469
Celkem 180 417 24 621
5 2 1 1 10 6 0 16
6 2 1 2 5 8 1 14
Celkem 15 14 1 30
7 2 2 1 10 39 1 50
8 2 2 2 38 97 7 142
Celkem 48 136 8 192
Sloupec celkem 335 782 44 1161

Tabulka 5 - 4a/b polymorfismus a ICHS s obesitou a diabetes mellitus, pocty pacientll podle
genotypl

Vyznamné rozdily:

Skupina 1 vs 5 pro bb: 87/40 vs. 6/10, OR=3.63, 95% CI 1.23-10.67, Pcorr=0.05
Skupina 4 vs 5 pro bb: 314/155 vs. 6/10, OR=3.38, 95% CI 1.21-9.46, Pcorr=0.05
Skupina 5vs 7 pro bb : 6/10 vs 39/11, OR =5.91 (1.76-19.88), Pcorr=0.01

Skupina 5 vs 8 pro bb : 6/10 vs. 97/45, OR=3.59 (1.23-10.50), Pcorr=0.05

ICHS 1 = ICHS ano, ICHS 2 = ICHS ne, Diabetes 1 = diabetici, Diabetes 2 = nediabetici, obezita 1 =
obézni, obezita 2 = neobézni pacienti
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2.1.3. Diskuse

Vztah mezi T-786C polymorfismem a ICHS byl zkouman v mnoha pracich, ale
vysledky jsou stale rozporné [1-4]. Autofi Fatini a kol. [1] zjistili, Ze genotyp 4a/a je
nezavisly predisponujici faktor k akutnim koronarnim syndromdm (ACS) (OR 2,5,
95% Cl 1,1-5,4, p=0,02), ale nebyla nalezena Zadna spojitost u polymorfismd eNOS -
786CC and 894TT, pouze pritomnost genotypu -786CC zesilovala predispozici k
ACS u 4a/a homozygotd.

Metanalyza 26 studii zahrnujicici 23028 subjektd [2] , ukazala vyznamné vySSi riziko
ICHS u 4a/a homozygotll, aviak ne u homozygotnich nosi¢l -786C alely. Dalsi
prace [4] zjistila vice kardiovaskularnich amrti u -786TT neZ u -786 TC + CC nosicl
ve follow-up studii na vice nez tisicovce pacient(. Autofi predpokladaji, Ze tato
geneticka varianta je spojena vysSi aktivitou NO, coZz znamena zvySenou produkci
reaktivnich forem kysliku a dusiku. To vede k aktivaci matrix metalloproteinaz a
nasledné predispozici k ruptufe aterosklerotického platu. V nasi studii, multivariantni
analyza neprokazala vyznamnou spojitost mezi -786T/C polymorfismem a samotnou
ICHS, nebo ICHS v kombinaci s obezitou a diabetes mellitus.

Vliv intronového polymorfismu 4a/b na plasmatické hladiny NO zkoumalo nékolik
praci [5,6], jejich vysledky vSak nebyly potvrzeny dalSimi studiemi [7,8]. Tento
polymorfismus je lokalizovan v intronu genu, a je tedy nepravdépodobné, Ze by
ovliviioval strukturu proteinu, ale mize hréat roli jako marker vazebné nerovnovahy

s jinymi variantami eNOS genu [8,9].

Alvarez a kol. [10] popsali, Ze CC varianta polymorfismu T-786C zvySuje riziko Casné
ICHS u kanadské populace, ale 4a/b polymorfismu nikoliv. Naproti tomu, dalSi autofi
[1] popsali, Ze nachylnost ke vzniku ICHS je specificky podpofena kombinaci

genotypl 4a/a a 786CC.
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Vztah mezi intronovym polymorfismem 4a/b a diabetes mellitus byl popséan
Galanakisem a kol.[11], autofi nalezli vyznamnou zavislost mezi pfitomnosti a alely a
diabetem, bez ohledu na to jestli jde o diabetes 1. nebo 2. typu. Tyto vysledky jsou

v souladu s nasimi, kde jsme potvrdili vy$Si zastoupeni aa a ab genotypu u pacient(
s diabetes mellitus bez ICHS ve srovnéni s pacienty bez ICHS a bez diabetu. Vztah
mezi eNOS genem a diabetem stale neni pfesné objasnén. Laboratorni studie

s microarray prokazaly, Ze u inzulin produkujicich bunék stimulovanych cytokiny je
asi 50% genl ovlivnénych cytokiny NO — dependentnich [12].

Interakce mezi 4a/b polymorfismem a obezitou rovnéz nebyla pfilis zkoumana,
Hofmann a kol. [13] neprokazali vyznamny vztah mezi obezitou nebo zvySenou
lacnou glykemii, krevnim tlakem a 4a/b nebo Glu298Asp polymorfismem. Tento
nalez je rovnéz ve shodé s nasimi vysledky, kdy obezita ani u pacienti s ICHS ani u
kontrol nekorelovala s 4a/b polymorfismem. Limitaci naSi prace byla selektovana
populace, jednalo se o pacienty prijaté k provedeni koronarografie, a dalsi limitaci byl
mensi pocet pacientl v nékterych podskupinach.

Zavérem lze konstatovat, Ze v nasi studii jsme nalezli vyznamnou zavislost mezi 4a/b
polymorfismem a diabetes mellitus u pacientl bez ICHS, a dale mezi 4a/b
polymorfismem a ICHS v kombinaci s diabetem a obezitou. Nebyla nalezena

vyznamna zavislost mezi timto polymorfismem a samotnou ICHS.

26



2.1.4. Literatura k praci Vztah polymorfismd eNOS 4a/b a -786T/C k ischemické

chorobé srdecni, obezité a diabetes mellitus

1) Fatini C, Sofi F, Sticchi E, Gensini F, Gori AM, Fedi S, Lapini I, Rostagno C,
Comeglio M, Brogi D, Gensini G, Abbate R, Influence of endothelial nitric oxide
synthase gene polymorphisms (G894T, 4a4b, T-786C) and hyperhomocysteinemia

on the predisposition to acute coronary syndromes Am Heart J 2004;147:516-21

2) Casas JP, Bautista LE, Humpries SE, Hingorani AD. Endothelial nitric oxide

synthase genotype and ischemic heart disease. Circulation 2004;109:1359-1365

3) Colombo MG, Paradossi U, Andreassi MG, Botto N, Manfredi S, Masetti S, Biagini
A, Clerico A. Endothelial nitric oxide synthase gene polymorphisms and risk of

coronary artery disease. Clin Chem 2003;49 (3): 389-395

4) Rossi GP, Maiolino G, Zanchetta M, Sticchi D, Pedon L, Cesari M, Montemurro D,
De Toni R, Zavattiero S, Pessina AC. The T-786C endothelial nitric oxide synthase
genotype predicts cardiovascular mortality in high risk patients. J Am Coll Cardiol

2006;48:1166-1174

5) Tsukada T, Yokoyama K, Arai T, Takemoto F, Hara S, Yamada A, Kawaguchi Y,
Hosoya T, Igari J.. Evidence of association of the eNOS gene polymorphism with
plasma NO metabolite levels in humans. Biochem Biophys Res Comun.

1998;245:190-193

6) Wang XL, Sim AS, Wang MX, Murrell GAC, Trudinger B, Wang J. Genotype
dependent and cigarette specific effects on endothelial nitric oxide synthase gene

expression and enzyme activity. FEBS Lett. 2000;471:45-50

27


http://apps.isiknowledge.com/DaisyOneClickSearch.do?product=WOS&search_mode=DaisyOneClickSearch&db_id=&SID=W2nnAgIJnEID7NP4h5i&name=Gensini%20F&ut=000220539400028&pos=4
http://apps.isiknowledge.com/DaisyOneClickSearch.do?product=WOS&search_mode=DaisyOneClickSearch&db_id=&SID=W2nnAgIJnEID7NP4h5i&name=Gori%20AM&ut=000220539400028&pos=5
http://apps.isiknowledge.com/DaisyOneClickSearch.do?product=WOS&search_mode=DaisyOneClickSearch&db_id=&SID=W2nnAgIJnEID7NP4h5i&name=Fedi%20S&ut=000220539400028&pos=6
http://apps.isiknowledge.com/DaisyOneClickSearch.do?product=WOS&search_mode=DaisyOneClickSearch&db_id=&SID=W2nnAgIJnEID7NP4h5i&name=Lapini%20I&ut=000220539400028&pos=7
http://apps.isiknowledge.com/DaisyOneClickSearch.do?product=WOS&search_mode=DaisyOneClickSearch&db_id=&SID=W2nnAgIJnEID7NP4h5i&name=Rostagno%20C&ut=000220539400028&pos=8
http://apps.isiknowledge.com/DaisyOneClickSearch.do?product=WOS&search_mode=DaisyOneClickSearch&db_id=&SID=W2nnAgIJnEID7NP4h5i&name=Comeglio%20M&ut=000220539400028&pos=9
http://apps.isiknowledge.com/DaisyOneClickSearch.do?product=WOS&search_mode=DaisyOneClickSearch&db_id=&SID=W2nnAgIJnEID7NP4h5i&name=Brogi%20D&ut=000220539400028&pos=10
http://apps.isiknowledge.com/DaisyOneClickSearch.do?product=WOS&search_mode=DaisyOneClickSearch&db_id=&SID=W2nnAgIJnEID7NP4h5i&name=Gensini%20G&ut=000220539400028&pos=11
http://apps.isiknowledge.com/DaisyOneClickSearch.do?product=WOS&search_mode=DaisyOneClickSearch&db_id=&SID=W2nnAgIJnEID7NP4h5i&name=Abbate%20R&ut=000220539400028&pos=12
http://apps.isiknowledge.com/DaisyOneClickSearch.do?product=WOS&search_mode=DaisyOneClickSearch&db_id=&SID=W2nnAgIJnEID7NP4h5i&name=Andreassi%20MG&ut=000181193900005&pos=3
http://apps.isiknowledge.com/DaisyOneClickSearch.do?product=WOS&search_mode=DaisyOneClickSearch&db_id=&SID=W2nnAgIJnEID7NP4h5i&name=Botto%20N&ut=000181193900005&pos=4
http://apps.isiknowledge.com/DaisyOneClickSearch.do?product=WOS&search_mode=DaisyOneClickSearch&db_id=&SID=W2nnAgIJnEID7NP4h5i&name=Manfredi%20S&ut=000181193900005&pos=5
http://apps.isiknowledge.com/DaisyOneClickSearch.do?product=WOS&search_mode=DaisyOneClickSearch&db_id=&SID=W2nnAgIJnEID7NP4h5i&name=Masetti%20S&ut=000181193900005&pos=6
http://apps.isiknowledge.com/DaisyOneClickSearch.do?product=WOS&search_mode=DaisyOneClickSearch&db_id=&SID=W2nnAgIJnEID7NP4h5i&name=Biagini%20A&ut=000181193900005&pos=7
http://apps.isiknowledge.com/DaisyOneClickSearch.do?product=WOS&search_mode=DaisyOneClickSearch&db_id=&SID=W2nnAgIJnEID7NP4h5i&name=Biagini%20A&ut=000181193900005&pos=7
http://apps.isiknowledge.com/DaisyOneClickSearch.do?product=WOS&search_mode=DaisyOneClickSearch&db_id=&SID=W2nnAgIJnEID7NP4h5i&name=Clerico%20A&ut=000181193900005&pos=8
http://apps.isiknowledge.com/DaisyOneClickSearch.do?product=WOS&search_mode=DaisyOneClickSearch&db_id=&SID=W2nnAgIJnEID7NP4h5i&name=Sticchi%20D&ut=000240701500009&pos=4
http://apps.isiknowledge.com/DaisyOneClickSearch.do?product=WOS&search_mode=DaisyOneClickSearch&db_id=&SID=W2nnAgIJnEID7NP4h5i&name=Pedon%20L&ut=000240701500009&pos=5
http://apps.isiknowledge.com/DaisyOneClickSearch.do?product=WOS&search_mode=DaisyOneClickSearch&db_id=&SID=W2nnAgIJnEID7NP4h5i&name=Cesari%20M&ut=000240701500009&pos=6
http://apps.isiknowledge.com/DaisyOneClickSearch.do?product=WOS&search_mode=DaisyOneClickSearch&db_id=&SID=W2nnAgIJnEID7NP4h5i&name=Montemurro%20D&ut=000240701500009&pos=7
http://apps.isiknowledge.com/DaisyOneClickSearch.do?product=WOS&search_mode=DaisyOneClickSearch&db_id=&SID=W2nnAgIJnEID7NP4h5i&name=De%20Toni%20R&ut=000240701500009&pos=8
http://apps.isiknowledge.com/DaisyOneClickSearch.do?product=WOS&search_mode=DaisyOneClickSearch&db_id=&SID=W2nnAgIJnEID7NP4h5i&name=Zavattiero%20S&ut=000240701500009&pos=9
http://apps.isiknowledge.com/DaisyOneClickSearch.do?product=WOS&search_mode=DaisyOneClickSearch&db_id=&SID=W2nnAgIJnEID7NP4h5i&name=Pessina%20AC&ut=000240701500009&pos=10
http://apps.isiknowledge.com/DaisyOneClickSearch.do?product=WOS&search_mode=DaisyOneClickSearch&db_id=&SID=W2nnAgIJnEID7NP4h5i&name=Murrell%20GAC&ut=000086423600009&pos=4
http://apps.isiknowledge.com/DaisyOneClickSearch.do?product=WOS&search_mode=DaisyOneClickSearch&db_id=&SID=W2nnAgIJnEID7NP4h5i&name=Trudinger%20B&ut=000086423600009&pos=5
http://apps.isiknowledge.com/DaisyOneClickSearch.do?product=WOS&search_mode=DaisyOneClickSearch&db_id=&SID=W2nnAgIJnEID7NP4h5i&name=Wang%20J&ut=000086423600009&pos=6

7) Yoon Y, Song J, Hong SH, Kim JQ. Plasma nitric oxide concentrations and nitric
oxide synthase gene polymorphisms in coronary artery disease. Clin Chem.

2000;46:1626-1630

8) Jeerooburkhan N, Jones LC, Bujac S, Cooper JA, Miller GJ, Vallance P,
Humphries SE, Hingorani AD. Genetic and environmental determinants of plasma
nitrogen oxides and risk of ischemic heart disease. Hypertension. 2001;38:1054-

1061

9) Yoshimura M, Yasue H, Nakayama M, Shimasaki Y, Ogawa H, Kugiyama K, Saito
Y, Miyamoto Y, Ogawa Y, Kaneshige T, Hiramatsu H, Yoshioka T, Kamitani S,
Teraoka H, Nakao K. Genetic risk factors for coronary artery spasm: signigicance of
endothelial nitric oxide synthase gene T-786C and missense Glu298Asp variants. J

Investig Med 2000;48:367-74

10) Alvarez R, Gonzales P, Batala A, Reguero JR, Iglesias-Cubero G, Hevia S,
Cortina A, Merino E, Gonzalez I, Alvarez V, Coto E. Association between the NOS3
(-786T/C) and the ACE (1/D) DNA genotypes and early coronary artery disease. Nitric

oxide 2001:5:343-8

11) Galanakis E, Kofteridis D, Stratigi K, Petraki E, Vazgiourakis V, Fragouli E,
Mamoulakis D, Boumpas DT, Goulielmos GN. Intron 4 a/b polymorphism of the
endothelial nitric oxide synthase gene is associated with both type 1 and type 2
diabetes in a genetically homogeneous population. Human Immunol 2008;69 (4-

5):279-283

12) Kutlu B, Cardozo AK, Darville MI, Kruhoffer M, Magnusson N, Orntoft T, Eizirik
DL., Discovery of gene networks regulating cytokine-induced dysfunction and

apoptosis in insulin-producing INS-1 cells, Diabetes 52 (2003), p. 2701-2719

28


http://apps.isiknowledge.com/DaisyOneClickSearch.do?product=WOS&search_mode=DaisyOneClickSearch&db_id=&SID=W2nnAgIJnEID7NP4h5i&name=Kim%20JQ&ut=000089844100016&pos=4
http://apps.isiknowledge.com/DaisyOneClickSearch.do?product=WOS&search_mode=DaisyOneClickSearch&db_id=&SID=W2nnAgIJnEID7NP4h5i&name=Cooper%20JA&ut=000172471500012&pos=4
http://apps.isiknowledge.com/DaisyOneClickSearch.do?product=WOS&search_mode=DaisyOneClickSearch&db_id=&SID=W2nnAgIJnEID7NP4h5i&name=Miller%20GJ&ut=000172471500012&pos=5
http://apps.isiknowledge.com/DaisyOneClickSearch.do?product=WOS&search_mode=DaisyOneClickSearch&db_id=&SID=W2nnAgIJnEID7NP4h5i&name=Vallance%20P&ut=000172471500012&pos=6
http://apps.isiknowledge.com/DaisyOneClickSearch.do?product=WOS&search_mode=DaisyOneClickSearch&db_id=&SID=W2nnAgIJnEID7NP4h5i&name=Humphries%20SE&ut=000172471500012&pos=7
http://apps.isiknowledge.com/DaisyOneClickSearch.do?product=WOS&search_mode=DaisyOneClickSearch&db_id=&SID=W2nnAgIJnEID7NP4h5i&name=Hingorani%20AD&ut=000172471500012&pos=8
http://apps.isiknowledge.com/DaisyOneClickSearch.do?product=WOS&search_mode=DaisyOneClickSearch&db_id=&SID=W2nnAgIJnEID7NP4h5i&name=Saito%20Y&ut=000089038200011&pos=7
http://apps.isiknowledge.com/DaisyOneClickSearch.do?product=WOS&search_mode=DaisyOneClickSearch&db_id=&SID=W2nnAgIJnEID7NP4h5i&name=Saito%20Y&ut=000089038200011&pos=7
http://apps.isiknowledge.com/DaisyOneClickSearch.do?product=WOS&search_mode=DaisyOneClickSearch&db_id=&SID=W2nnAgIJnEID7NP4h5i&name=Miyamoto%20Y&ut=000089038200011&pos=8
http://apps.isiknowledge.com/DaisyOneClickSearch.do?product=WOS&search_mode=DaisyOneClickSearch&db_id=&SID=W2nnAgIJnEID7NP4h5i&name=Ogawa%20Y&ut=000089038200011&pos=9
http://apps.isiknowledge.com/DaisyOneClickSearch.do?product=WOS&search_mode=DaisyOneClickSearch&db_id=&SID=W2nnAgIJnEID7NP4h5i&name=Kaneshige%20T&ut=000089038200011&pos=10
http://apps.isiknowledge.com/DaisyOneClickSearch.do?product=WOS&search_mode=DaisyOneClickSearch&db_id=&SID=W2nnAgIJnEID7NP4h5i&name=Hiramatsu%20H&ut=000089038200011&pos=11
http://apps.isiknowledge.com/DaisyOneClickSearch.do?product=WOS&search_mode=DaisyOneClickSearch&db_id=&SID=W2nnAgIJnEID7NP4h5i&name=Yoshioka%20T&ut=000089038200011&pos=12
http://apps.isiknowledge.com/DaisyOneClickSearch.do?product=WOS&search_mode=DaisyOneClickSearch&db_id=&SID=W2nnAgIJnEID7NP4h5i&name=Kamitani%20S&ut=000089038200011&pos=13
http://apps.isiknowledge.com/DaisyOneClickSearch.do?product=WOS&search_mode=DaisyOneClickSearch&db_id=&SID=W2nnAgIJnEID7NP4h5i&name=Teraoka%20H&ut=000089038200011&pos=14
http://apps.isiknowledge.com/DaisyOneClickSearch.do?product=WOS&search_mode=DaisyOneClickSearch&db_id=&SID=W2nnAgIJnEID7NP4h5i&name=Nakao%20K&ut=000089038200011&pos=15
http://apps.isiknowledge.com/DaisyOneClickSearch.do?product=WOS&search_mode=DaisyOneClickSearch&db_id=&SID=W2nnAgIJnEID7NP4h5i&name=Cortina%20A&ut=000170392800006&pos=7
http://apps.isiknowledge.com/DaisyOneClickSearch.do?product=WOS&search_mode=DaisyOneClickSearch&db_id=&SID=W2nnAgIJnEID7NP4h5i&name=Merino%20E&ut=000170392800006&pos=8
http://apps.isiknowledge.com/DaisyOneClickSearch.do?product=WOS&search_mode=DaisyOneClickSearch&db_id=&SID=W2nnAgIJnEID7NP4h5i&name=Gonzalez%20I&ut=000170392800006&pos=9
http://apps.isiknowledge.com/DaisyOneClickSearch.do?product=WOS&search_mode=DaisyOneClickSearch&db_id=&SID=W2nnAgIJnEID7NP4h5i&name=Alvarez%20V&ut=000170392800006&pos=10
http://apps.isiknowledge.com/DaisyOneClickSearch.do?product=WOS&search_mode=DaisyOneClickSearch&db_id=&SID=W2nnAgIJnEID7NP4h5i&name=Coto%20E&ut=000170392800006&pos=11
http://apps.isiknowledge.com/DaisyOneClickSearch.do?product=WOS&search_mode=DaisyOneClickSearch&db_id=&SID=W2nnAgIJnEID7NP4h5i&name=Mamoulakis%20D&ut=000256465200008&pos=7
http://apps.isiknowledge.com/DaisyOneClickSearch.do?product=WOS&search_mode=DaisyOneClickSearch&db_id=&SID=W2nnAgIJnEID7NP4h5i&name=Boumpas%20DT&ut=000256465200008&pos=8
http://apps.isiknowledge.com/DaisyOneClickSearch.do?product=WOS&search_mode=DaisyOneClickSearch&db_id=&SID=W2nnAgIJnEID7NP4h5i&name=Goulielmos%20GN&ut=000256465200008&pos=9
http://apps.isiknowledge.com/DaisyOneClickSearch.do?product=WOS&search_mode=DaisyOneClickSearch&db_id=&SID=W2nnAgIJnEID7NP4h5i&name=Eizirik%20DL&ut=000186268100009&pos=7
http://apps.isiknowledge.com/DaisyOneClickSearch.do?product=WOS&search_mode=DaisyOneClickSearch&db_id=&SID=W2nnAgIJnEID7NP4h5i&name=Eizirik%20DL&ut=000186268100009&pos=7

13) Hoffmann IS, Tavares-Mordwinkin R, Castejon AM, Alfieri AB and Cubeddu LX.
Endothelial nitric oxide synthase polymorphism, nitric oxide production, salt sensitivity
and cardiovascular risk factors in Hispanic. J Human Hypertension (2005) 19, 233—

240.

29



2.2. Souvislost rs640198 polymorfismu v genu pro matrix metaloproteinazu

13 a zdvaznosti ICHS

Cilem prace bylo zjistit vztah rs640198 polymorfismu k rozvoji ICHS a jeji zavaznosti

2.2.1 Soubor a metodika

Studie zahrnula 1071 pacientl se suspektni nebo znamou ICHS, pfijatych na I.
Interni kardioangiologickou kliniku FN U sv. Anny k provedeni koronarografie. B€hem
kratkodobé hospitalizace pacienti podstoupili vySetfeni a odbéry jak popisovano

v predchozi praci (viz vySe). Byly definovany 2 skupiny pacientd podle nalezu na
koronérnich tepnach: 1) pacienti s vyznamnou ICHS (tj. alespon jedna koronarni
tepna se stendzou nad 50 %) 2) pacienti s nesignifikantni ateroskler6zou — tj.
sten6zami do 50% a pacienti s hladkosténnymi koronarnimi tepnami. Dale byl
stanoven celkovy pocet vyznamnych koronarnich stenoz bez ohledu na pocet
postizenych tepen. Déle bylo do analyzy zahrnuto 203 dobrovolnik(l bez anamnezy Ci

rizikovych faktor(l ICHS z ordinace praktickych lékafru.

Analyza MMP-13 polymorfismu (rs640198)

Krevni vzorky ziskané pro analyzu polymorfismu byly uchovavany pfi -18°C.

Z leukocytl periferni krve byla ziskana DNA pomoci proteinazy K a vysrazena
isopropanolem a chloroformem. Byla hodnocen polymorfismus rs640198, T/G na
pozici 6373 v genu pro MMP-13. Genotypizace polymorfismu rs640198 byla
provedena pomoci 5° exonukledzy (Tagman®) na pfistroji ABI Prism® 7000 (Applied
Biosystems, USA). VSechny analyzy byly verifikovany pomoci pfimého sekvenovani

s pouzitim Big Dye v 1.1 pripravkl (Applied Biosystems).
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Analyza plazmatickych hladin MMP-13

Plazmatické koncentrace MMP-13 byly stanoveny metodou ELISA u 20 zdravych

dobrovolnikd.

Statisticka analyza

Spoijité veli€iny jsou prezentovany jako median a rozsah, kategorické veli¢iny jako
pocty (procenta). Pro analyzu rozdilu mezi skupinami byly pouzity neparametrické
testy (Mann-Whitney U-test, Kruskal-Wallis ANOVA test nebo Fisher(lv exaktni test).
Distribuce genotypU a alelickych Cetnosti a jejich rozdill byla vypod&itana pomoci x-
square testu. Bonferroniho korekce (Pcorr) byla pouzita pro mnohocetna srovnani,
pokud to bylo nezbytné. Linearni regresni model byl pouZzit k vytvoreni
multivariantniho modelu vztah mezi MMP-13 genotypy (GG+GT vs TT), vékem,
pohlavim, hladinou HDL cholesterolu, CRP a terapii statiny. Pro analyzy byl pouZzit
softwarovy balik Statistica verze 9. Hodnota p< 0,05 byla povaZzovana za

vyznamnou.

2.2.2. Vysledky

Zéakladni popis souboru pacientll podle zkoumaného genotypu je v Tabulce 1, byly
shledany hrani¢né vyznamné rozdily v MMP-13 polymorfismu mezi pacienty s ICHS

a zdravymi kontrolami (Pg = 0,06, Pa = 0,04, Tabulka 1) .
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MMP-13 GG MMP-13 GT MMP-13 TT P-hodnota
(N = 521) (N = 459) (N =91)
Vék (median, |41 (12-94) 41 (18-104) 40 (18-61) 0.582
rozsah)
Pohlavi (M/Z, | 360 (69%) 309 (67%) 65 (71%) Pg =0.689
% muz() Pa =0.975
Hyperlipidemie | 325 (62%) 270 (59%) 57 (63%) Pg =0.490
Pa = 0.547
Hypertenze 418 (80%) 357 (78%) 75 (82%) Pg =10.481
Pa =0.840
Diabetes 154 (30%) 143 (31%) 30 (33%) Pg = 0.752
mellitus Pa = 0.455
Obezita 172 (33%) 123 (27%) 31 (34%) Pg = 0.08
Pa =0.230
Koureni 66 (13%) 65 (14%) 19 (21%) Pg=0.113
Pa =0.07
Rodinna anamnéza | 98 68 14 Pg =0.188
RS nebo OMP 1 (N = 420, 23%) | (N = 373, 18%) | (N = 75, 19%) | Pa = 0.108
(do 60 let)
ICHS 398 (76%) 368 (80%) 79 (87%) Pa =0.02
Pg = 0.06

Tabulka 1. Popisna statistika hlavnich parametr(i souboru. ICHS = ischemicka

choroba srde¢ni, CMP = cévni mozkova pfihoda, Pg-pravdépodobnost rozdilu mezi

genotypy, Pa- pravdépodobnost rozdilu mezi alelami
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Pocet postizenych | MMP-13-TT MMP-13-TG MMP-13-GG | Cetnost alel Pg Pa Pg-corr Pa-corr
tepen T/G

ICHS1 (N=252) 24 (10%) | 101 (40%) | 127 (50%) | 0,296/0,704 | 0,104 | 0,125

ICHS2 (N=252) 20 (8%) 108 (43%) | 124 (49%) | 0,294/0,706 | 0,199 | 0,139

ICHS3(N=272) 29 (11%) | 127 (46%) | 116 (43%) | 0,340/0,660 | 0,01 | 0,006 0,05 0,03
ICHS4 (N=69) 6 (9%) 32 (46%) | 31 (45%) |0,319/0,681 | 0,176 | 0,104

Non-ICHS5 (N=106) | 8 (8%) 41 (39%) |57 (53%) |0,269/0,731 | 0,364 | 0,508

Non-ICHS6 (N=120) | 4 (3%) 50 (42%) | 66 (55%) | 0,248/0,758

VSechny skupiny | 91 (8%) 459 (43%) | 521 (49%) | 0,300/0,700

(N=1071)

Zdraveé kontroly 21 (10%) | 79 (39%) | 103 (51%) | 0,298/0,702 | 0,07 | 0,122

(N=203)

Tabulka 2 — pocty postizenych tepen a MMP-13 genotypy

ICHS1-postiZeni 1 koronarni tepny, ICHS2-postiZeni 2 tepen, ICHS3-postiZzeni 3 tepen, ICHS4-postizeni kmene levé véncité tepny,

Non-ICHS5-ateroskleroza véncitych tepen bez vyznamné stenozy, Non-ICHS6-hladkosténné véncité tepny, Pg-pravdépodobnost
rozdilu mezi genotypy, Pa- pravdépodobnost rozdilu mezi alelami, Pgcorr, Pacorr- P hodnoty korigované pro vicecetna srovnani




PoCetvyzn. | MMP-13-TT | MMP-13-TG | MMP-13-GG | Frekvence Pg Pa Pg-corr Pa-corr
stenoz alel T/G

>5(N = 163) | 14 (9%) 86 (53%) 63 (38%) 0.350/ 0.750 | 0.008 0.004 0.04 0.02
4(N = 123) 10 (8%) 54 (44%) 59 (48%) 0.301/ 0.699 | 0.308 0.188

3(N=187) |22 (12%) 67 (36%) 98 (52%) 0.297/0.703 | 0.06 0.174

2(N=167) |12 (7%) 76 (46%) 79 (47%) 0.299/0.701 | 0.346 0.162

1(N =205) |21 (10%) 85 (42%) 99 (48%) 0.310/ 0.690 | 0.120 0.07

O(N=226) |12 (5%) 91 (40%) 123 (54%) | 0.254/ 0.746

Vsechny 91 (8%) 459 (43%) 521 (49%) 0.300/ 0.700

skupiny (N =

1071)

Tabulka 3. Pocet vyznamnych stenéz a MMP-13 genotypy

Pg-pravdépodobnost rozdilu mezi genotypy, Pa- pravdépodobnost rozdilu mezi alelami
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OR (95% CI) P - hodnota
Nosicstvi T- alely (TT 1,34 (0,76-2,38) 0,31
nebo TG)
Pohlavi (Zeny vs muzi) 0.19 (0.10-0.37) <0.001
Veék 1.06 (1.04-1.09) < 0.001
HDL 0.26 (0.12—0.56) < 0.001
CRP 1.03 (1-1.06) 0.006

Tabulka 4. Multivariantni logisticka regresni analyza pro interakce mezi MMP-13
genotypy a rozvojem ICHS, s Upravou na dalSi faktory (HDL — high density

lipoprotein, CRP — C reaktivni protein)

KdyZ byla provedena dalSi stratifikace rizika ICHS skupiny podle po&tu postizenych
tepen, byly nalezeny vyznamné rozdily v distribuci genotypu MMP-13 stejné jako

v alelickych frekvencich mezi pacienty s postizenim 3 koronarnich tepen (ICHS3) a
skupinou s hladkosténnymi koronérnimi tepnami (Non-ICHS6); Pgcorr = 0.05, Pacorr
= 0.03, Tabulka 2. V kodominantnim modelu dédi¢nosti byly genotypy TT a TG
spojeny s vyznamné vysSSim rizikem postizeni 3 tepen ve srovnani s pacienty bez
aterosklerotickych 1ézi (odds ratio 1,64, 95% CI 1,07-2,53; Pcorr = 0.05, senzitivita
0.57, specificita 0.55). Nebyly pozorovany vyznamné rozdily mezi zdravymi osobami
a osobami bez postiZzeni koronérnich tepen (Tabulka 2).

Pokud byl dan do souvislosti celkovy pocet stenoz koronarnich tepen a MMP-13
polymorfismu, byla nalezen vyznamny vztah mezi distribuci genotypt a ¢etnosti alel

mezi pacienty s 5 a vice stendézami ve srovnani s pacienty bez aterosklerotického
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postizeni (Pg corr = 0,04, Pa corr = 0,02, Tabulka 3). ZvySené riziko pfitomnosti 5 a
vice stenoz (odds ratio = 1,90, 95% CI 1,26-2,86, P corr = 0,004) bylo pozorovano u
TT a TG nosi¢d. Tento marker ma senzitivitu 0,61 a specificitu 0,54. Pokud byl pouZit
linearni regresni model k vytvoreni multivariantniho modelu vztah mezi MMP-13
genotypy (GG+GT vs TT), vékem, pohlavim, hladinou HDL cholesterolu, CRP a
statinovou terapii, genotyp MMP-13 nebyl potvrzen jako vyznamny prediktor ICHS
(Tabulka 4).

Dale byl analyzovan vztah mezi cévnimi abnormalitami a MMP-13 genotypem v naSi
skupiné pacientll. Pfestoze aneuryzma aorty se vyskytovalo pouze u 7 pacientd
(0,7%), byla v této malé skupiné zjisténa vyssi frekvence T alely (Pa = 0,03).
Plazmatické hladiny MMP-13 byly analyzovany u zdravych jedinct bez ICHS, byly
namereny jen nizké hladiny MMP-13 (0.021 £ 0.01 ng/mL). V této skupiné nebyly

nalezeny Zadné vyznamné rozdily mezi MMP-13 genotypy (P =0.571).

2.2.3. Diskuze

V jedné z pfedchozich praci byly popsany dva haplotypy v promotoru genu pro MMP-
2, které byly signifikantné vice nebo méné casté u pacientd s onemocnénim 3
koronarnich tepen ve srovnani s osobami bez ICHS [1]. V soucasné studii byl
rs640198 (intronovy) polymorfismus v MMP-13 genu spojeny s postizenim 3
koronarnich tepen a také s pfitomnosti 5 a vice stenoz v koronarnim recisti. Mizeme
zde zvazovat funkéni souvislosti mezi MMP-2 a MMP-13, protoZze MMP-2 je schopna
aktivovat MMP-13 z proMMP-13 a pUsobit vzajmené pomoci svych proteolytickych
aktivit na extracelularni matrix [2]. UZ dfive bylo popsano, Ze remodelace cévni stény
bé&hem aterosklerotického procesu (kolagen-elastin) je ur€ena pomérem celkova
MMP/TIMP. Tato souvislost byla potvrzena pokusem na potkanech [3]. Na zakladé

této prace lze konstatovat, Ze nejen exprese MMP nebo hladiny MMP a jejich
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inhibitor( v krvi, ale také charakteristiky krevniho toku ovliviiuji proces remodelace a
progresi aterosklerozy [3]. DalSim aspektem dUleZitosti MMP-13 je prenatalni role

v priibéhu organogeneze kardiovaskularniho systému [4]. Matrix metalloproteinaza -
13 (RNA i protein) byla vyrazné potlacena béhem druhého a tfetiho trimestru
téhotenstvi, v porovnani s mnozstvim metaloproteinaz jako celku, které jsou
vytvareny v decidua a trofoblastu [4]. To by mohlo znamenat, Ze MMP-13 ucinkuje
predevsim v Casnych fazich vyvoje kardiovaskularniho systému [4]. Pfedpokladana
snizena funkce T alely v rs640198 MMP-13 polymorfismu je spojena se ztratou
lokusu transkripéniho faktoru Pbx-1 a mdze mit vztah ke snizené expresi MMP-13
bé&hem Casnych fazi vyvoje srdce a kardiovaskularniho systému [5]. Podle této
hypotézy a na zakladé zde prezentovanych vysledkd je otazkou, zda je mozny vztah
mezi ICHS a vrozenymi abnormalitami kardiovaskularniho systému, i kdyZ s nizkou
klinickou vyznamnosti. Pfi pouZziti multidetektorové vypocetni tomografie jako
screeningu ICHS u velkého souboru pacientdl (N=4 543) byly nalezeny
neateroskleroticka postizeni kardiovaskularniho systému u 200 pacientd (4,4%) [6].
NejCastéjCi koronarni anomalie byly: vrozené variety koronarnich tepen (38%, odstup
pravé koronarni tepny z levého koronérniho sinu), aneuryzma ascendentni aorty >
40mm (22%), hypertroficka kardiomyopatie s apikalnim zesilenim myokardu (14%),
chlopenni vady (8%), vrozené srdec¢ni vady, jako defekt sinového septa (6%), a dale
non-kompaktni kardiomyopatie LK, myxom levé siné ¢i aneuryzma hrotu LK (po 2%).
V nasi studii byla frekvence T alely ¢ast&jSi u pacientd s anamnézou plicni embolie a
aneuryzmatu aorty. Tento nalez je v souladu se sou¢asnymi poznatky, Zze
polymorfismy v genech pro MMP-2, MMP-3, MMP-13 a ELN se m{iZou nezavisle
podilet na patogenezi aneuryzmatu abdominalni aorty [7,8]. Strukturalni zmény v Zilni

stény soucasné se zvySenou expresi MMP-2, MMP-9 a MMP-13 u Zilni dilatace a
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trombembolické choroby mohou svédcit pro moznou roli téchto metaloproteinaz

v patogenezi téchto stavi [9].

U jinych polymorfismd v dalSich genech pro MMP, zvlasté MMP-3 a MMP-9, byl uz
dfive popsan jejich vztah ke vzniku koronarni aterosklerozy a/nebo k jeji progresi,

ke vzniku restenozy po korondrnich intervencich a k rozvoji nestability
aterosklerotickych platd vedouci k infarktu myokardu [10-13]. Urcité genotypy MMP-
1, MMP-3 a MMP-9 s nizsi transkrip&ni aktivitou byly rovnéz spojeny s vysSSim
vyskytem selhani arteriovenoznich shuntli u hemodialyzovanych pacient(, coz mize
byt zplisobeno vétsim nahromadénim extracelularni matrix vedoucim ke stenoze
shuntu [14]. O souvislosti MMP-13 a ICHS u lidi bylo dosud znamo velmi malo.
Exprese MMP-2 i MMP-13 byla popsana rozdilna v aorté, karotidach, femoralni tepné
a dolni duté Zile na zvifecim modelu [3], coZ zfejmé sniZuje prediktivni hodnotu
hladiny MMP-13 v krvi. V dalSi publikované praci byla hladina MMP-8 spojena

s vyskytem ICHS [15]. Pozdéji byla publikovana komplexni analyza komponent
extracelularni matrix v€etné cévniho proteomu [16]. Proteomické metody umoznily
identifikaci proteind pritomnych v extracelularnim prostoru, novych glykoprotein( a
objasnéni fizeni proteolytické aktivity ve tkanich interakci proteolytickych enzymi a
degradacnich produktl. To mize teoreticky byt podkladem pro nové terapeutické

pristupy v l1écbé kardiovaskularnich nemoci [16].

Zaveérem lze konstatovat, Ze nosicstvi T alely v rs640198 polymorfismu genu pro
MMP-13 bylo v této studii spojeno se zavaZznosti ICHS vyjadfenou poctem
postizenych koronarnich tepen stejné jako celkovym poétem stenoz v koronarnim

feCisti. Je vSak potfeba dalSiho vyzkumu role MMP-13 v patogenezi abnormalit

kardiovaskularniho systému a aterosklerotického postiZeni.
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2.3. Vztah mezi tfemi jednonukleotidovymi polymorfismy v genu pro eotaxin

(CCL 11), hexanukleotidovym opakujicim Fetézcem a zdvaznosti ICHS

Cilem prace bylo zjistit zavislost mezi 3 jednonukleotidovymi polymorfismy
(promotorovymi —426C>T a 384A>G, v prvnim exonu 67G>A), hexanukleotidovym

fetézcem (GAAGGA)Nn 10.9 kb a rozvojem koronarni aterosklerozy

2.3.1 Soubor a metodika

Bylo zahrnuto 1050 pacient( z linterni kardioangiologické kliniky FN U sv. Anny

v Brné pfijatych k provedeni koronarografie. Ischemické choroba srde¢ni byla
definovéana jako alespon jedna sten6za koronarni tepny >50% v jakémkoliv
segmentu. Skupiny s postizenim 1, 2 nebo 3 koronarnich tepen byly definovany jako
postiZzeni hlavnich segment( ramus interventricularis anterior, ramus circumflexus
nebo pravé koronarni tepny se stenézou =50%. Pacienti s hladkosténnymi tepnami
byli pouZiti jako kontrolni skupina, pacienti se sten6zou do 50% byli vyfazeni, stejné
jako pacienti s vazospastickou anginou a po srdec¢ni transplantaci. Pacienti

s bronchidlnim astmatem byli rovnéz vyfazeni pro mozny vliv eotaxinovych
polymorfism{ na toto onemocnéni. Ve zbylé skupiné 933 pacienti mélo 760
angiograficky prokdzanou ICHS a 172 bylo zafazeno jako kontroly s hladkosténymi
koronarnimi tepnami. Podle klinickych pfiznak( a laboratornich hodnot byli pacienti
rozdéleni na skupinu se stabilni anginou pectoris (N=529) nebo s akutnim
koronarnim syndromem (AKS). Ode vSech subjektll byl ziskan pisemny informovany

souhlas a studie byla schvalena Ustavni etickou komisi.

Laboratorni metody

Genova DNA byla izolovana z leukocytll periferni krve standardni metodou

s pouzitim fenol-chloroformové extrakce. Byly zkoumany 2 jednonukleotidové
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polymorfismy (SNP) v promotoru genu pro eotaxin a jeden SNP v exonu 1: C>T v
pozici —426 (rs16969415), A>G v pozici —384 (rs17809012) a SNP 67 G>A
(rs1129844). Jednonukleotidové polymorfismy byly analyzovano pomoci
polymerazové fetézové reakce (PCR) a nasledné restrikéni enzymové analyzy.
Kazda PCR byla provedena v objemu 25uL s pouzitim Taq polymerazy (Finzymes).
VSechny restrikEni enzymové analyzy byly provedeny v objemu 10 pL. Restrikéni
analyzy C>T v pozici =426 a A>G v pozici —384 byly provedeny s pouzitim Taq|
restrikEniho enzymu podle instrukci vyrobce (NEB, UK). V pfipadé SNP C>T -426
byla délka vyslednych fragment(i 204 a 41 bp pro -426C, 245 bp pro -426T. U
polymorfismu A>G —-384 délka fragment( byla 204 bp pro 384A, 184 bp pro -384G.
Polymorfismus 67G>A byl stanoven pomoci restrikéni endonukleazy Bsrl podle
pokyn( vyrobce (NEB, UK). Genotypy byly uréeny pomoci elektroforézy. Analyza
repetitivnich sekvenci byla provedena pouze u 472 subjektll. Pfipravky pro PCR
reakci byly nasledujici: Tag® polymeraza s Tag® 10X PCR Buffer (bez Mg2+,
Fermentas), 1.5 mM Mg2+, dNTPs (dATP + dCTP + dGTP + dTTP, 200 uM kazdy,
Fermantas), pocate¢ni primer (5'AGCCTAACATTCAAGCCTCACA-3), reverzni
primer (5'-GACCACAGCCCAAGTTTCTTTC-3’), 10 pmol/ul kazdy v 20ul reakénim
objemu. Reakéni podminky PCR: 95 °C/1 min, 30x (95 °C/30 s, 58 °C/30 s, 72 °C/60
S, 72 °C/30 min, 4 °C/ ochlazeni). Reakéni smés 10 pL pro analyzu fragmentl se
skladala z 0.5 pl GeneScan™ — 400 HD ROX® Size Standard (Applied Biosystems),
0.5 pl of 10x fedéného PCR produktu a 9 pl HIDI™ Formamide (Applied Biosystems).
Vzorek byl pak denaturovan po dobu 5 minut v 95°C nasledované 5 minutovou
inkubaci na ledu. Analyza fragment( byla provedena pomoci 4-kapilarniho
automatického analyzatoru ABI PRISM 3100 (Applied Biosystems). Vysledky byly

analyzovany pomoci GeneMapper v. 3.5 software (Applied Biosystems).
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Pro dalSi hodnoceni byly hodnoceny sekvence <8 repetici jako kratké, =9 repetici

jako dlouhé. Tato hrani¢ni hodnota odpovida medianu celkového poctu alel.

Statisticka analyza

Statisticka analyza byla provedena pomoci s pouzitim programu Statistica (StatSoft,
verze 11). Fisherlv exaktni test byl pouZit pro kategoricka data, Mann-Whitney U-test
pro spoijité veli¢iny. Logisticka regrese byla pouZita pro vypocet odds ratio a interval(
spolehlivosti. Byly srovnany frekvence genotypll ve skupinach s akutnim koronarnim
syndromem, stabilni ICHS a kontrolni skupiné. Pro vyhodnoceni genetického vlivu na
rozsah ICHS byli srovnavani pacienti s postizenim jedné véncité tepny proti tém

s postizenim 3 tepen. ProtoZe nebyly znamy Zadné informace o vlivu rliznych
genotypl v eotaxinovém genu na ICHS, byly zkoumany 4 rlizné modely dédi¢nosti:
alelovy aditivni (jedna alela proti ostatnim), genotypovy dominantni (Castéjsi
homozygot proti nosiCi vzacnéjsi alely), recesivni (vzacnéjsi homozygot proti nosici
obvyklejsi alely) a kodominantni model (oba homozygoti pro heterozygotlim). Ko-
dominantni model je charakterizovan vyhodou heterozygot( proti homozygottim [1,2].
U polymorfismi 67 G>A a —426 C>T nebyl pouzit recesivni model z dlivodu nizkého
poctu vzacnych homozygotl v kazdé skupiné, stejny pristup byl pouZit v pripadé
hodnoceni vlivu repetitivnich sekvenci. Bonferroniho test byl pouZzit pro mnohocetné

testovani korekci v pfipadé hodnoceni vlivu rliznych polymorfismd.

2.3.2. Vysledky

Charakteristika souboru pacientl je popsana v Tabulce 1. Dva ze zkoumanych SNP
(-426C>T a 67G>A) byly v Hardyho-Weinbergové rovnovaze. Mezi genotypy byla
vyznamna vazebna nerovnovaha (p<0.005). Frekvence -384A>G nebyly v Hardyho-

Weinbergové rovnovaze.
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Pacienti s ICHS

Kontroly

Celkem (muzi)

760 (562)

173 (88)

Kuraci

107 (14,1%)

18 (10,4%)

Veék (roky)

66 (59-74)

61 (54-67)

Systolicky krevni tlak

(mmHg)

140 (130-150)

135 (120-140)

Cholesterol (mmol/l)

4,30 (3,12-5,70)

4,73 (4,09-5,46)

HDL (mmol/l)

1,08 (0,93-1,26)

1,27 (1,07-1,60)

LDL (mmol/l)

2,35 (1,92-3,09)

2,75 (2,20-3,21)

Triacylglyceroly (mmol/l)

1,52 (1,19-2,08)

1,27 (0,86-1,89)

Diabetes mellitus (%

z celkového poctu)

259 (34,1%)

23 (13,3%)

C-reaktivni protein

4,2 (1,9-8,3)

2,6 (1,3-4,8)

Tabulka 1. Zakladni charakteristika souboru. VSechny spojité veli¢iny s normalnim

rozloZzenim jsou prezentovany jako median (dolni-horni kvartil).

Pocet opakovani

Akutni ICHS

Chronicka ICHS

Kontroly

3 28 (12.4 %) 84 (16.9 %) 34 (15.3 %)
6 30 (13.3 %) 52 (10.5 %) 34 (15.3 %)
7 4 (1.7 %) 8 (1.6 %) 3 (1.4 %)

8 28 (12.4 %) 72 (14.5 %) 24 (10.8 %)
9 51 (22.6 %) 79 (15.9 %) 34 (15.3 %)
10 55 (24.3 %) 119(24.0 %) 57 (25.7 %)
11 30 (13.3 %) 82 (16.5 %) 36 (16.2 %)
celkem 226 496 222

Tabulka 2. PoCet (GAAGGA)n hexanucleotidovych opakovani ve zkoumaném souboru
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Pocet (GAAGGA)Nn opakovani v nasem souboru byl v rozsahu 3 az 12. Zadny pacient
nemél 4 nebo 5 opakovani. Frekvence rozdilnych alel je uvedena v Tabulce 2.
Distribuce tfi SNP a kratké/dlouhé varianty (GAAGGA)n je uvedena v Tabulce 3.
Rozdily mezi pacienty s ICHS a kontrolami nebyly vyznamné, p hodnoty jsou
prezentovany v Tabulce 4. Hodnoty p ukazujici rozdily mezi akutni a chronickou
ICHS (CHICHS) jsou uvedeny v Tabulce 5. Exonovy polymorfismus 67 G>A byl
vyznamné spojen s formou ICHS, pacienti s GG genotypem byli vyznamné Castéji
zastoupeni ve skupiné akutnich koronarnich syndrom( ve srovnani se skupinou se
stabilni ICHS (p=0.0011, pcorr=0.0044, OR=1.86, 95 % CI 1.28-2.69), a také ve
srovnani s kontrolni skupinou (p=0.0075, pcorr= 0.03, OR=1.87, 95 % CI 1.19-2.95).
ZAavislost byla vyznamnéjSi pfi pouZziti kodominantniho modelu (AKS vs. CHICHS:
p=0.0004, pcorr=0.0016, OR=1.97, 95 % CI 1.34-2.90, AKS vs. kontroly: p=0.0029,
pcorr=0.0116, OR= 2.05, 95 % CI 1.28-3.27) (Graf 1). U Zadnych dalSich
zkoumanych alel nebyl zaznamenan vyznamny rozdil. PocCet postiZzenych tepen u
rliznych genotypl je uveden v Tabulce 6. Hodnoty p popisujici rozdily mezi pacienty

s postiZzenim jedné koronarni tepny a tfi tepen prezentuje Tabulka 7.

SNP (GAAGGA)N 67 G>A —426 C>T -384 A>G Celkem

skupina long/short*

SIS |S/IL |LIL |GG |GA |AA |CC |CT |TT |AA |AG |GG

AKS 17 55 39 185 | 41 5 206 |24 1 62 124 | 45 231

CHICHS | 47 114 | 79 362 | 158 | 9 449 | 74 6 119 | 292 | 118 | 529

Kontroly | 13 34 22 118 | 53 2 150 | 21 2 42 97 34 173

Celkem 77 203 | 140 |665 | 252 |16 | 805 |119 |9 223 | 513 | 197 | 933

Tabulka 3. Distribuce 3 SNP a dlouhé/kratké varianty (GAAGGA)n
hexanukleotidového opakovani u pacientli s akutnim koronarnim syndromem,

chronickou ICHS a kontrolami (* poCet (GAAGGA)n byl stanoven jen u ¢asti souboru)
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Model (GAAGGA)n | -426C>T -384 A>G 67 G>A
dédicnosti long/short*

Dominantni 0.8890 0.9032 0.9214 0.3519
Aditivni 0.8507 1.0000 0.7209 0.4568
Recesivni 0.8663 - 0.6799 -
Kodominantni | 0.8957 0.8012 0.7996 0.2550

Tabulka 4. Hodnoty p ve vztahujici se k frekvencim 3 SNP a poctu (GAAGGA)n

opakovéni, ICHS pacienti vs. kontroly. Nebyl nalezen Zadny rozdil mezi ICHS

pacienty (n=760) a kontrolami (n=173).

Model (GAAGGA)n | -426C>T -384 A>G 67 G>A
dédicnosti long/short*

Dominantni 0.7161 0.1371 0.1965 0.0011
Aditivni 0.4598 0.0887 0.2001 0.0048
Recesivni 0.3749 - 0.4422 -
Kodominantni | 0.7318 0.1961 0.7514 0.0004

Tabulka 5. Hodnoty p ve vztahujici se k frekvencim 3 SNP a poctu (GAAGGA)n

opakovani, pacienti s AKS (n=231) vs. CHICHS (n=529). Byl nalezen vyznamny

rozdil v Cetnosti 67 G>A genotypll mezi pacienti s AKS a CHICHS. Skupina s AKS se

rovnéz vyznamné liSila od kontrolnich subjektl bez ICHS.
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SNP (GAAGGA)n |67 G>A -426 C>T -384 A>G Celkem
long/short*

Pocet SIS|S/IL |LIL |GG |GA |AA|CC [CT|TT |AA | AG |GG

postizenych

tepen

1 12 |53 |44 |154 |72 |3 199 {28 |2 |53 |128 |48 | 229

2 22 |61 |41 | 174|59 |5 |207|30 |1 |55 |129 |54 | 238

3 30 |55 |33 |219|68 |6 24940 |4 |73 |159 |61 |293

Celkem |64 |169 | 118 | 547|199 |14 | 655 |98 |7 |181|416 |163| 760

Tabulka 6. Distribuce tfi SNP a dlouhé/kratkeé varianty (GAAGGA)N

hexanukleotidového opakovani u pacientl s postizenim 1, 2 nebo 3 koronarnich

tepen.

Model (GAAGGA)n | -426C>T -384 A>G 67 G>A
dédicnosti long/short*

Dominantni 0.0512 0.6133 0.6807 0.0640
Aditivni 0.0043 0.4120 0.8029 0.1394
Recesivni 0.0060 - 1.0000 -
Kodominantni | 0.7912 0.6949 0.7237 0.0370

Tabulka 7. Hodnoty p vztahujici se k ttem SNP a poc¢tu (GAAGGA)n opakovani,

pacienti s onemocnénim 1 korondrni tepny vs pacienti s onemocnénim 3 tepen.

Kratka varianta (GAAGGA)n byla spojena s postizenim 3 tepen. U 67 G>A byl rovnéz

zachycen trend, ktery byl po korekci nevyznamny. Frekvekce genotypl u postizeni 2

tepen byla v obou pfipadech mezi hodnotami pro 1 a 3 tepny.
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Graf 1. Cetnosti 67 G>A genotyp( a klinické formy ICHS. Graf ukazuje vy3si
frekvenci GG homozygotl u pacientl s akutnim koronarnim syndromem ve srovnani
s kontrolami [p=0.0075, p(corr) = 0.03] a skupinou s chronickou ICHS [p=0.0011,
p(corr) = 0.0044]. V kodominantnim modelu, byl GA heterozygotni genotyp méné
Casty u pacientl s AKS ve srovnani jak s kontrolni skupinou [p=0.0029], pcorr =

0.0116 tak se skupinou s CHICHS [p=0.0004, p(corr) = 0.0016].
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Frekvence kratkych variant (GAAGGA)n opakovani vzristal s po¢tem postizenych
tepen. NosicCi obou kratkych alel meéli ¢astéji postizeni 3 koronarnich tepen ve
srovnani s nosici s alespon jednou dlouhou alelou (1 vs. 3 postizené tepny: p=0.006,
pcorr=0.024, OR=2.76, 95 % CI 1.33-5.71). A naopak zde byl trend pro méné
postizenych tepen u nosicl 2 dlouhych variant. Alelové zavisly efekt (predpokladajici
aditivni efekt 2 kratkych/dlouhych variant na fenotyp) byl jesté vice vyznamny
(pcorr=0.017) (Graf 2). Rovnéz byl zachycen trend u nosicli 67 GG genotypu pro
postizeni vice tepen (1 vs. 3 postiZené tepny: p= 0.064), tento trend byl vice zjevny
pfi pouziti kodominantniho modelu, i kdyZ hodnota p=0,037 nebyla po Bonferroniho
korekci vyznamna. Cetnost genotypil u postizeni 2 tepen byla mezi ostatnimi 2
skupinami. Zadny ze dvou promotorovych SNP (-426 C>T nebo —384 A>G) nemél
vyznamny vztah k typu ICHS nebo poctu postiZzenych tepen. Hlavnim vysledkem je
tedy efekt (GAAGGA)n opakovani na pocet postizenych tepen a vztah 67 G>A
polymorfismu k vyskytu akutniho koronarniho syndromu. Zadny vztah k ICHS nebyl

nalezen pro polymorfismy —426 C>T nebo —-384 A>G.

Graf 2 - frekvence genotypll (GAAGGA)n podle poctu
postizenych koronarnich tepen
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2.3.3. Diskuze

Vztah hladiny eotaxinu, réiznych variant jeho genu a zanétlivého procesu v cévni
sténé byl zkouman od prvni dekady 21. stoleti. V mnoha studiich byla zvySena
hladina eotaxinu spojena s pfitomnosti a rozsahem ischemické choroby srdecni [3-7],
ale jiné prace tuto souvislost nepotvrdily [8,9]. Exprese eotaxinu je lokalné zvySena
v mistech zanétu cévni stény [10], a jeho hladina je rovnéz zvySena v krvi u pacient(
s akutnim koronarnim syndromem [11]. Kromé svého atrak¢niho Uc€inku na leukocyty
stimuluje tento protein i migraci bunék hladkého svalstva z medie do intimy u
narusené arterialni stény [12]. Tento proces je povazovan za jeden z hlavnich krokd
v progresi aterosklerozy a restenozy [13,14]. Také 67 G>A polymorfismus byl
zkouman ve vztahu k ICHS s rliznymi vysledky. V prospektivni studii Zee a kol. [15]
popsali vliv AA genotypu na riziko infarktu myokardu, coz neni v souladu s naSimi
vysledky. AvSak tato studie pouzila recesivni model dédi¢nosti, Cetnost A alely byla
nevyznamneé CastéjSi u kontrol ve srovnani s pacienty s AKS pokud byl pouZzit
dominantni model. V nasi studii nizky poc¢et AA homozygotd nedovolil pouziti
validniho recesivniho modelu. NejvyznamnéjSi spojitost byla nalezena pfi pouZiti
kodominantniho modelu, tj. Ze heterozygotni populace ma nizsi vyskyt AKS nez AA i
GG homozygoti dohromady. Tento model dédi¢nosti mél nejlepsi vysledky, kdyZ byli
pacienti s AKS srovnavani s pacienty s CHICHS (p=0.0004, pcorr=0.0016, OR=1.97,
95 % CI 1.34-2.90) i s kontrolami (p=0.0029, pcorr=0.0116, OR=2.05, 95 % CI 1.28-
3.27). Dominantni model (A alela vs GG homozygoti) ukazoval jen mirné slabsi
vyznamnost. Vzhledem k tomu, Ze nebyl nalezen vyznamny rozdil mezi pacienty

s chronickou ICHS a kontrolami, tato prace ukazuje vétSi nachylnost pacient(

s genotypem 67 GG ke vzniku AKS. Akutni koronarni syndrom je, na rozdil od

chronické ICHS, vétSinou spojen s rupturou aterosklerotického platu [16], a ruptura
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platu je zase spojena s vétsi zanétlivou reakci [17,18], proto se da oCekavat vétsi viv
genetickych variant ovliviiujich zanétlivou odpovéd organismu. DalSi studie ovsem
nepotvrdily zavislost 67 G>A polymorfismem a ICHS, i kdyZ genetické varianty
ovliviiovaly hladinu cirkulujiciho eotaxinu [19,20]. Tyto prace se ale nezabyvaly
klinickou formou ICHS, pouze jeji pfitomnosti ¢i rozsahem. KdyZ jsme v této praci
zkoumali souvislost mezi rozsahem ICHS ve smyslu postizenych tepen, poskytoval
kodominantni model nejlepsi vysledky — ve srovnéni s heterozygoty méli pacienti

s ICHS s genotypy AA a GG casté&jsi vyskyt postizeni 3 tepen proti pacient(l

s postizenim jedné tepny (p=0.037). Toto dale podporuje hypotézu, ze GA
kombinace je vyhodnéjsi ve smyslu rozvoje ICHS. Promotorové polymorfismy -426
C>T a —384 A>G, nebyly do publikace této prace blize zkoumany ve vztahu k ICHS.
V nasi studii jsme souvislost mezi témito polymorfismy a ICHS nepotvrdili, ale byl
nalezen vyznamny vztah mezi -426 C>T polymorfismem a laboratornimi markery
metabolického syndromu u pacientl s ICHS, CC homozygoti méli vyznamné vyssi
plazmatické hladiny kyseliny mocové (p<0.001), fibrinogenu, triglycerid(l, a CRP
(p<0.05), méli vySsi télesnou hmotnost (p<0.01) a body mass index (p<0.05). Tyto
abnormality jsou obecné povazovany za prozanétlivé [21]. Rovnéz studie zkoumajici
vztah hexanukleotidového opakovani (GAAGGA)n nebyla do publikace této prace
zvefejnéna. Vysledek této prace ukazuje na mozny vliv poCtu opakovani na pocet
postizenych koronarnich tepen. Podle nékterych Gdaj z literatury mize mit pocet
opakovani vliv na sekundarni strukturu DNA [22] a Ize tedy spekulovat, Ze rlizna

délka opakovani ma rlizny vliv na expresi DNA.

2.3.4. Zavér

V této praci byla nalezena vyznamna souvislost mezi po¢tem (GAAGGA)n

hexanukleotidovych opakovéani a rozsahem ICHS ve smyslu poctu postiZzenych
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tepen. MoZné mechanismy zahrnuji zmény v sekundarni struktufe DNA ovliviujici
expresi eotaxinu a zanétlivé procesy v cévni sténé. DalSi dva promotorové SNP
nemély vztah k ICHS, genotyp GG v exonovém polymorfismu 67 G>A byl spojen

s akutnimi formami ICHS.
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2.4. Laboratorni markery u pacientl s ICHS

Cilem prace bylo popsat vztah mezi nékterymi zakladnimi laboratornimi parametry
jako je pocet leukocytd, vysoce senzitivni C- reaktivni protein (hs-CRP), fibrinogen,
kreatinin a kyselina moc¢ova u pacientl s akutnimi koronarnimi syndromy a stabilni

ICHS a s postiZzenim jedné nebo vice tepen u stabilni ICHS.

2.4.1. Soubor a metodika

Studie zahrnula 1254 pacient( pfijatych se znamou &i suspektni ICHS k provedeni
koronarografie. Skupina pacientl s ICHS byla tvofena pacienty jak s chronickou
ICHS, tak s akutnimi formami jako nestabilni angina pectoris Ci akutni infarkt
myokardu. Pacienti podstoupili kardiologické vySetfeni v€etné anamnezy, fyzikalniho
vySetieni, EKG, laboratornich odbérd, koronarografie a u nejasnych diagnoz
echokardiografie. VSechny laboratorni odbéry byly odebrany rano po celono¢nim
lacnéni. Analyza krevniho obrazu byla provedena na pfistroji SysMed XE 2100,
Japonsko, fibrinogen byl stanoven podle Clauseho metody systémem BCS XP,
Siemens, Némecko. Hodnoty CRP, kreatininu, lipidového spektra a kyseliny mocové
byly méfeny na analyzatoru Advia 1650, Siemens, Némecko, s pouzitim kitll BLW a
BioVendor. Pacienti s téZkou renalni (hodnota kreatininu nad 200 umol/l), jaterni
nedostate¢nosti, anemii, endokrinnimi nebo neurologickymi poruchami nebo
malignitami byli vyfazeni. Rovnéz jsme vyradili pacienty s anamnézou infarktu
myokardu a hladkosténnymi koronarnimi tepnami, pacienty se spastickou anginou
pectoris nebo pacienty s nekompletnimi laboratornimi nebo jinymi vySetfenimi.
Anamneza infarktu myokardu nebo nestabilni anginy pectoris do 1 mésice byla
hodnocena jako akutni koronérni syndrom. Hyperlipoproteinemie byla definovana

jako znama diagnoza hyperlipoproteinemie z dokumentace pacienta a/nebo terapie
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hypolipidemiky nebo hodnota celkového cholesterolu nad 5 mmol/l, diabetes mellitus
jako soucasna terapie peroralnimi antidiabetiky nebo inzulinem nebo opakovana
lacna glykemie nad 7,0 mmol/l za hospitalizace, hypertenze jako I1éCba
antihypertenzivy nebo opakovany klidovy krevni tlak nad 140/90 mmHg za
hospitalizace. VSichni pacienti zahrnuti do této studie poskytli informovany souhlas a

studie byla schvalena mistni etickou komisi.

Koronarografie

Koronarografie byla provedena z femoralniho nebo radialniho pfistupu na pfistroji
Philips Allura Xper FD 10 (Philips, The Netherlands)a vySetfeni byla hodnocena
dvéma zkuSenymi intervencnimi kardiology. Vyznamné ICHS byla definovana jako
>50% stendza lumina alespon 1 koronarni tepny. Pacienti s ICHS byli rozdéleni do
skupin s akutni a chronickou ICHS, pacienti ve skupiné stabilni ICHS dale na
podskupiny se sten6zou 1 nebo vice koronarnich tepen. Pacienti s nevyznamnou
ateroskler6zou (zuzeni lumen <50%) byli hodnoceni jako oddélena skupina. Pacienti

s hladkosténnymi koronérnimi tepnami byli pouZiti jako kontroly.

Validace dat a statisticka analyza

Do studie bylo zahrnuto celkem 1254 pacientl. Po zhodnoceni v8ech udajl bylo 133
pacientd vyfazeno pro nekompletni Gdaje nebo nevyhovujici laboratorni hodnoty. Pfi
hodnoceni dat byly hlavni parametry vék, pohlavi, body mass index, udaje

z anamnézy (hypertenze, hyperlipoproteinemie, diabetes mellitus, cévni mozkovéa
prihoda, onemocnéni perifernich tepen, renalni insuficience a koufeni) a laboratorni
hodnoty (hemoglobin, leukocyty, trombocyty, fibrinogen, protrombinovy test, celkovy
cholesterol, LDL cholesterol, HDL cholesterol, triacylglyceroly, kyselina moc€ova,

kreatinin, glykemie, CRP. Pacienti u nichZ nebyla k dispozici hodnota ejek¢ni frakce
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z ventrikulografie pfi koronarografii nebo z echokardiografie byli rovnéz vyrazeni.

Podty pacient( v jednotlivych skupinach udava Tabulka 1a.

Skupina Podskupina | Pfed validaci Po validaci Pocet
pocet % pocet % vyfazenych
pacient(
Akutni ICHS 270 215 249 22,2 21
Chronicka 642 51,2 568 50,7 74
ICHS
Postizeni 1 | 206 16,4 177 15,8 29
tepny
Postizeni 436 34,8 391 34,9 45
vice tepen
Nevyznamna 126 10 109 9,7 17
ateroskleroza
Kontrolni 216 17,2 195 17,4 21
skupina
Celkem 1254 100 1121 100 133

Tabulka 1a — pocty pacientll v jednotlivych skupinach, pred a po validaci dat

Kategorické veli¢iny jsou v analyze uvedeny jako procentualni hodnoty, spojité

veli¢iny jako priimér a 95% interval spolehlivosti nebo median a percentilovy rozsah.

Vyznamné rozdily mezi skupinami byly hodnoceny pomoci ANOVA a Bonferroniho

testu pro spoijité veli¢iny a chi-square testu pro kategorické veli¢iny. Bonferroniho

post-hoc test byl pouzit jako feSeni pro problematiku mnohocetného testovani.

Prediktory v logistické regresi byly ureny pomoci jejich odds ratio a intervalu
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spolehlivosti, jejich statisticka vyznamnost byla urena pomoci Wald testu, coz je
standardni test k ureni statisticky vyznamného vztahu mezi zavisle a nezavisle
proménnou veli€inou. Statistick& vyznamnost celého modelu byla testovana pomoci
Hosmer-Lemeshow testu, p<0,05 bylo hodnoceno jako statisticky vyznamné. Analyza

byla provedena pomoci programu SPSS 12.0 a Statistica 8.0.
2.4.2. Vysledky

Podty pacient( podle pfitomnosti nebo nepfitomnosti ICHS a jeji zavaZnosti ukazuje
tabulka la. Pacienti jak s akutni tak chronickou ICHS méli vyznamné Castéji
hypertenzi, hyperlipoproteinemii, diabetes, cévni mozkovou pfihodu, onemocnéni
perifernich tepen, koufeni cigaret v anamneze a byli vyznamné starSi. Rovnéz
ejekéni frakce levé komory byla vyznamné nizsi u pacientll s ICHS (Tabulka 1b).
Zakladni rozdily v laboratornich parametrech udava Tabulka 2. Pacienti s akutnimi
formami ICHS méli vyznamné vyssi hladinu leukocytdl, C- reaktivniho proteinu,
fibrinogenu a rovnéz glukézy. Toto je zfejmé, nebot’ zanétlivé procesy jsou
fyziologické v pfipadé ruptury aterosklerotického platu nebo nekr6zy myokardu.

V téchto zanétlivych parametrech byl rovnéz nalezen rozdil mezi pacienty

s chronickou ICHS a kontrolami, coZ demonstruje zanétlivé pozadi vzniku a rozvoje
aterosklerozy. Z ostatnich parametrd, pacienti s chronickou ICHS méli vyssi hladiny
kyseliny mocové, kreatininu a nizsi HDL cholesterol. Ostatni hodnoty lipidového
spektra mohou pUlsobit paradoxné&, nebot’ pacienti s ICHS méli niZsi celkovy a LDL
cholesterol, to je ale zplsobeno vlivem hypolipidemické IéCby, ktera byla u nich
vyznamné CastéjSi. Prevalence hypolipidemické terapie byla nasleduijici: ve skupiné
chronické ICHS mélo 548 pacientt (96,5%) hypolipidemickou lé¢bu (530 pacient
uzivalo statin, 1 fibrat a 17 kombinaci statin + fibrat). Ve skupiné s akutni ICHS bylo
na terapii 243 pacient( (97,6%, 239 statin, 1 fibrat, 3 kombinaci).
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VSichni Akutni ICHS | Chronicka Nevyznamna Kontrolni
pacienti ICHS ateroskleroza skupina
(N =1121) | (N = 249) (N = 568) (N = 109) (N = 195)
Muzi # 70.0 70.7 77.5 64.2 50.8
Vék (roky) # 64.8 65.9 65.7 65.7 (64;67,3)* | 60
(64.2;65.4) | (64.6,67.2)* | (64.9;66.5)* (58,6;61.4)
Vyska (cm) 1713 1713 171.9 170.7 (168.9;172.5) | 170
(170.8,171,8) | (170.2;172.4) (171.2,172.6) (168.7;171.2)
Vaha (kg) 84.2 84.2 84.7 83.7 (81;86.3) | 83.2
(83.4;85.1) | (82.4;86) (83.5;85.9) (81.2;85.3)
EF (%) 53.4 48.8 527 (51.6; 58.9 (56.7 ; 61.1) 58.2 (56.5;
(52.6;54.2) (47.3,50.4)*§+ | 53.8)*+ 59.9)
BMI (kg/m?) 28.7 28.6(28.1,29.2) | 28.6 28.7(27.9;29.5) 28.8
(28.4;28.9) (28.3;28.9) (28.1;29.4)
Hypertenze # 78.1 79.1 79.8 81.7 69.7
Diabetes mellitus # 28.4 34.5 315 22.9 14.4
Hyperlipoproteinemie # 78.5 79.9 84.3 67.0 66.2
Onemocnéni perif. tepen | 8.1 15.3 8.6 0.9 15
#
Anamnéza CMP # 9.6 14.1 10.7 55 3.1
Koufeni (i stopkuraci) # 47.1 52.6 50.7 36.7 35.4

Tabulka 1b. Popis pacientll ve studii podle skupin s akutni a chronickou ICHS

Kategorické veli¢iny jsou uvedeny v % spaijité veli¢iny jako primeér (95% interval

spolehlivosti). EF — ejek¢ni frakce LK, CMP — cévni mozkova pfihoda. # vyznamny

rozdil mezi skupinami p<0.05, * vyznamy rozdil proti kontrolni skupiné p<0.001, §-

vyznamny rozdil proti chronické ICHS p<0.001, + vyznamny rozdil proti ateroskleroze

p<0.001
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Ve skupiné pacientll s nevyznamnou ateroskler6zou uZivalo hypolipidemika 83
pacientd (76,1%, vSichni statin) a kontrolni skupiné 49 pacientl ( 25,2%, 47 statin, 1
fibrat, 1 kombinaci). Vyznamné rozdily mezi skupinou aterosklerozy a kontrolni byly
pouze v hodnotach kreatininu a fibrinogenu. Detailni rozdéleni na skupiny

s postizenim jedné nebo vice tepen u chronické ICHS je uvedeno v Tabulce 3.
Zanétlivé markery, kyselina mocova a glukdza byly rovnéz vyznamné vysSi u
pacientll jak s onemocnénim jedné tak i vice tepen proti kontrolam, a HDL
cholesterol byl u téchto dvou skupin také nizsi. U podskupin s onemocnénim jedné
nebo vice tepen navzjem nebyly vyznamné rozdily v biochemickych nebo
zanétlivych markerech. Linearni logisticka regrese ukazuje vztah biochemickych
marker( u pacientd k pritomnosti ICHS (Tabulka 4). Jak akutni tak chronicka ICHS
byly spojeny s hladinou leukocytli CRP, fibrinogenu, kyseliny mo¢ové, kreatininu,
HDL cholesterolu, triglyceridll a gluk6zy. Naproti tomu, u pacientll s nevyznamnou
ateroskler6zou byla nalezena zavislost pouze na fibrinogenu, kreatininu, HDL
cholesterolu a glukéze. Z klinickych faktord byl vyznamny vztah nalezen u véku,
muzského pohlavi, hypertenze, diabetu, hyperlipidemie, anamnézou CMP,
onemocnénim perifernich tepen a anamnézou kuractvi vzhledem k akutni i chronické
ICHS, u chronické jak s postizenim jedné tak i vice tepen. U nevyznamné

aterosklerozy byl nalezen vztah pouze k véku, muzskému pohlavi a hypertenzi.
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VSichni Akutni ICHS Chronicka Nevyznamna | Kontroly
pacienti ICHS ateroskleroza
(N = 1121) (N = 249) (N = 568) (N = 109) (N = 195)
Leukocytyt [x | 7.5(7.3;7.6) |8.2(7.9;85)§ | 7.5(7.3;7.6)* | 7(6.7;7.3) 6.7 (6.5;7)
109/ R
C-reaktivni 4.3 (4;4.6) 7.9(6.8;9.3)§ |3.8(35;4.1)* [35(29;4.2) |28(25;3.2)
proteint ¥
[mg/l]
Fibrinogentt | 4 (4;4.1) 4.4 (4.3; 4(3.9;4)* 39(3.8;4)* [3.7(3.6;3.8)
[0/ 4.5)8+*
Kys.mocovat | 355.2(349.6; | 356.2 362.5 352.7 335.1
[umol/l] 361) (343.5;369.3) | (354.7;370.6)* | (336.7;369.4) | (322.4;348.3)
Kreatinint 100.3 (99.3 102.4 102.1 98.7 (95.9; 93.3
[umol/l] 1101.2) (100.3;104.5)* | (100.7;103.5)* | 101.7)* (91.3;95.3)
Cholesterolt | 4.5(4.4;4.6) |4.4(4.3;4.6)* |44 (4.4;45)* | 4.6(4.4;48) |4.7(4.64.8)
[mmol/l]
LDL [mmoll] | 25(2.4;25) |25(2.4;26) |24(24;25)* |25(2.4;27) |26(25:2.7)
HDLT [mmol/] | 1.1(1.1;1.2) |11(1;1.1)+ |11(1.1;11) |1.2(1.2;1.3) |1.3(1.3;1.4)
*
Triglyceridyt | 1.5(1.5;1.6) |1.6(1.5;1.6)* |1.6(1.5;1.7)* |1.5(1.3;1.6) | 1.4(1.3,15)
[mmol/l]
Glukézat 57(56;58) |6.1(59;6.4)§ |57(56;5.8)* |55(5.2;5.7) |5.2(55.3)
[mmol/l] +*
Trombocytyt 202.1 214.7 (206.6 ; | 196.4 (191.9; 199.5 (189 ; 204.7
[x 109/1] (198.7;205.4) | 223)§ 201) 210.5) (197.7;211.9)

Tabulka 2. Laboratorni markery ve skupinach akutni a chronické ICHS. T vyznamné rozdily mezi

skupinami (ANOVA/Chi-square test, p<0.05),* vyzamny rozdil proti kontrolni skupiné (Bonferroni test,

p<0.05), + vyznamny rozdil proti nevyznamné ateroskleroze (Bonferroni test, p<0.05), § vyznamny

rozdil mezi akutni a chron.ICHS (Bonferroni test, p<0.05)
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VSichni pacienti Chron. ICHS -1 Chron. ICHS - Kontrolni skupina
tepna vice tepen

(N=763) (N=177) (N=391) (N=195)
LeukocytyT [x 73(7.2;7.4) 7.6 (7.3;7.9)8 7.4(7.2;,7.6)8 6.7 (6.5;7)
109/
C-reaktivni 3.5(3.3;3.8) 3.8(3.3;4.5)8 3.8(3.4;4.2)8 2.8(2.53.2)
proteint [mo/l]
Fibrinogent [g/l] | 3.9(3.9; 3.9) 3.9(3.8;4)8 4(3.9;4.1)8 3.7 (3.6;3.8)
Kys. Mocova t 355.3(348.5; 369 (353.9; 359.6 (350.5; 335.1
[umol/l] 362.2) 384.7)8 369)§ (322.4;348.3)
Kreatinint [umol/l] | 99.8 (98.6 ; 101) | 100.9 (98.6 ; 102.7 (101 ; 93.3. (91.3;95.3)

103.2)§ 104.5)§

Celk. cholesterolt | 4.5 (4.4 ; 4.6) 45 (4.3;4.6) 4.4 (4.3;4.5)8 4.7 (4.6;4.8)
[mmol/l]
LDL [mmol/l] 25(2.4;2.5) 25(2.3;2.6) 2.4(2.3;25) 2.6 (2.5;2.7)
HDLT [mmol/l] 1.2(1.1;1.2) 1.2 (1.1;1.2)§ 1.1(1.1;1.1)8 1.3 (1.3;1.4)
Triglyceridy T 1.6 (1.5; 1.6) 1.5(1.5; 1.6) 1.6 (1.6; 1.7)§ 1.4 (1.3;1.5)
[mmol/l]
Glukéza T 5.6 (5.5 5.6) 5.5 (5.4;5.7)§ 5.8(5.6;5.9)8 5.2 (5,5.3)
[mmol/l]

Tabulka 3. Laboratorni markery v podskupinach chronické ICHS s onem. 1 nebo vice tepen.

vyznamné rozdily mezi skupinami (ANOVA/Chi-square test p<0.05), * vyznamny rozdil mezi chron.

ICHS s onem. 1 tepny a s onem. vice tepen (Bonferroni test, p<0.05), 8 vyznamny rozdil proti

kontrolni skupiné (Bonferroni test, p<0.05)
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Akutni ICHS Chronicka Nevyznamna | Chron. ICHS — | Chron. ICHS -
ICHS ateroskleroza | 1 tepna vice tepen
(N = 249) (N = 568) (N = 109) (N =177) (N = 391)
Leukocyty 1.45 (1.30; 1.26 (1.14; 1.08 (0.95; 1.29 (1.15; 1.24 (1.12;
1.61) t1 1.39) t1 1.24) 1.45) t1 1.38) 11
C-reaktivni 1.13 (1.08; 1.05 (1.01; 1.03 (0.99; 1.04 (1.00; 1.05 (1.01;
protein 1.17) Tt 1.08) t 1.07) 1.07) t 1.09) t
Fibrinogen 4.23 (3.06; 1.95 (1.50; 1.73 (1.2; 1.65 (1.21; 2.16 (1.62;
5.86) 11 2.54) t1 2.51) t 2.26) t 2.88) 11
Kys.mo&ova 1.27 (1.05; 1.38 (1.15; 1.21(0.94 ; 1.46 (1.18; 1.34 (1.1;
(100 pmol) 1.54) t 1.65)t 1.56) 1.82)tt 1.62)t
Kreatinin 1.04 (1.02; 1.04 (1.03; 1.02 (1.01; 1.03 (1.02; 1.04 (1.03;
1.05) t1 1.05) t1 1.04) t 1.05) t1 1.05) t1
Celk.cholesterol | 0.79 (0.66; 0.78 (0.67; 0.88 (0.69; 0.78 (0.64; 0.77 (0.65;
0.95) t 0.91) t 1.12) 0.97) t 0.91) t
LDL 0.89 (0.72; 0.79 (0.66; 0.89 (0.66; 0.78 (0.60; 0.79 (0.65;
1.09) 0.96) t 1.2) 1.02) 0.96) 1
HDL 0.07 (0.04; 0.12 (0.07; 0.50 (0.26; 0.23 (0.12; 0.08 (0.04;
0.15) 11 0.20) t1 0.98) t 0.43) t1 0.15) 11
Triglyceridy 1.4 (1.06; 1.52 (1.19; 1.09 (0.78; 1.33 (0.99; 1.57 (1.22;
1.84) t 1.94) t1 1.53) 1.79) 2.02) t1
Glukéza 1.56 (1.33; 1.39 (1.20; 1.23 (1.02; 1.30 (1.09; 1.42 (1.22;
1.82) t1 1.61) t1 1.48) t 1.55) t 1.65) 11

Tabulka 4. Vliv biochemickych parametr(l na pfitomnost onemocnéni podle linarni logistické regrese.

Data jsou prezentovana jako odds ratio s 95% intervalem spolehlivosti t vyznamnost p<0.05 Wald

test, T vyznamnost p<0.001 Wald test
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2.4.3.Diskuze

V této nasi studii jsme zkoumali vztah nékterych laboratornich parametrd

k pfitomnosti a zdvaznosti aterosklerozy koronarnich tepen. Potvrdili jsme, Ze
zanétlivé parametry jako je hladina leukocytd, C-reaktivniho proteinu a fibrinogenu
jsou primarné spojeny s akutnimi formami ICHS a rovnéz s pfitomnosti chronické
ICHS, avSak ne s po¢tem postizenych tepen. Rovnéz dalSi parametry jako kreatinin,
kyselina mocova, lipidy a glukbéza nebyly vyznamné spojeny s poctem postizenych
tepen. VSechny zminéné parametry se vyznamneé liSily u pacientll s ICHS a
kontrolami, pouze fibrinogen a kreatinin i mezi osobami s nevyznamnou ICHS a
kontrolami. NaSe prace tedy nepotvrzuje pfedchozi vysledky (Cavusoglu et al.,
Sabatine et al. [1,2], kde byl popsan vztah mezi hladinou leukocyt( a po¢tem
postizenych tepen. Naopak zavislost mezi nevyznamnymi aterosklerotickymi
zménami a hladinou fibrinogenu a kreatininu je v souladu s pfedchozimi studiemi.
Levenson et al. [3,4] popsali, Ze pfitomnost aterosklerotickych plakd je silngjsi se
vzrlstajicim tercilem hladiny fibrinogenu. Autofi rovnéz popsali synergicky efekt mezi
hladinou fibrinogenu a pomérem celkovy/HDL cholesterol ve vzniku subklinické
extrakoronarni a koronarni aterosklerozy. Role renalnich funkci byla popsana

v nékolika studiich, Bartnicky et al. [5] popsali vzristajici riziko ICHS u pacienttl

s klesajici glomerularni filtraci. Cerne et al. [6] popsali, Ze mirné zvySena hladina
kreatininu je spojena s koronarni aterosklerézou, bez ohledu na tradi¢ni rizikové
faktory. Mirna renalni insuficience je rovnéz spojena se snizenym koronarnim
pratokem u pacientl s neobstruktivni formou koronarni aterosklerozy. Toto mize byt
zplUsobeno podobnymi zmé&nami v renalni a koronarni mikrocirkulaci [7]. Zavérem,
laboratorni parametry jako hladina leukocytli, C-reaktivni protein a kyselina mocova

jsou spojeny s pritomnosti jak akutni, tak chronické ICHS ale ne s poctem
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postizenych tepen. Fibrinogen a kreatinin maji dale navic souvislost i s nevyznamnou

ateroskler6zou.
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2.5 Vztah mezi dlouhodobymi klinickymi vysledky pacient(l a eNOS -786 C/T, 4

a/b, MMP-13 rs640198 G/T, Eotaxin 426 C/T, —-384 A/G, and 67 G/A polymorfismy

Cilem prace bylo zhodnotit vztah mezi polymorfismy v genu pro eotaxin (67 G/A,
-384 A/G, and —426 C/T), matrix metaloproteinazu 13 (rs640198) a endotelialni NO-
syntazu (-786C/Tand4a/b) a dlouhodobymi klinickymi vysledky u pacient(

s ischemickou chorobou srdecni.
2.5.1 Soubor a metodika

Studie zahrnula 532 pacientl s ICHS, ktefi byli ziskani ze souboru 1161
konsekutivnich pacientd pfijatych k provedeni koronarografie po aplikaci
nésledujicich vyfazovacich kriterii: znama malignita, pokrocila renalni insuficience
(hladina kreatininu nad 200umol/l), hladkosténné koronarni tepny nebo nevyznamna
ateroskler6za nebo ocekavana délka zivota pod 1 rok. Od vSech pacientl byla
ziskana osobni a rodinna anamnéza, a podstoupili fyzikalni vySetfeni, laboratorni
odbéry, EKG a koronarografii. Ischemicka choroba srdecni byla definovana jako
>50% zUzeni lumen alespori jedné koronarni tepny. Krevni vzorky pro DNA analyzu
byly rovnéz odebrany. Vybér DNA polymorfism(, analyza, vysledky a vliv na vyskyt a

zavaznost ICHS byly publikovany v pfedhozich studiich [1,2,3].
Sledovani

Klinicky osud pacientd byl vyhodnocen v roce 2014 pomoci nemocni¢ni databaze.
Byly zaznamenavany nésledujici pfihody: akutni infarkt myokardu, nestabilni angina
pectoris, nutnost revaskularizace myokardu (perkutanni intervence nebo
aortokoronarni bypass), hospitalizace pro srde¢ni selhani a implantace

kardioverteru/defibrilatoru. Pacienti, ktefi nebyli ve sledovani v nasi nemocnici,
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pacienti bez angiograficky potvrzené ICHS a pacienti u kterych nebyla provedena

DNA analyza byly vyfazeni z hodnoceni.

Statisticka analyza

Byl pouzit multivariantni Cox(v regresni model pro stanoveni podilu genovych
polymorfisml a ostatnich faktor(i na preziti. Genové varianty byly pfedselektovany
z 8 polymorfisml v kandidatnich genech s pouzitim Kaplan-Meierovy metody a log-
rang testu v dominantnim, recesivnim a kodominantnim modelu exprese alel.
Hodnota p 0.05 byla uznana jako statisticky vyznamna pro zahrnuti do Coxovy
analyzy. Hardy-Weinbergova rovnovaha byla vypocitana pro kazdy polymorfismus
s pouzitim X2 testu. Negenetické veliCiny zahrnuté do analyzy byly nasledujici: vék
pfi vstupu do studie, pohlavi, diagnéza akutniho koronarniho syndromu pfi zarazeni
do studie, infarkt myokardu v osobni anamnéze, ejekéni frakce, poCet postizenych
tepen, obezita, hypertenze, hyperlipoproteinemie, diabetes mellitus, souCasna
diagndza dilatacni kardiomyopatie, vyznamna chlopenni vada a kufactvi. Byly
sledovany dva end-pointy: umrti, a sloZzeny kardiovaskularni end-point (infarkt
myokardu, nestabilni angina pectoris, koronarni revaskularizace a hospitalizace pro
srdecni selhani). Byly pouzity 3 modely dominance alel: dominantni, recesivni a
aditivni. Postupna konstrukce Coxova modelu s hrani¢ni hodnotou p=0.05 byla
finalné pouZita pro uréeni vSech nezavislych faktor( podilejicich se na preziti nebo
na vyskytu kardiélnich pfihod. Software STATISTICA (StatSoft, verze 12) byla

pouZita pro statistickou analyzu.
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2.5.2. Vysledky

Celkem 532 pacientll s vyznamnou ICHS bylo nakonec zahrnuto do analyzy.
Zakladni charakteristika souboru je uvedena v Tabulce 1. Dvacet devét pacientd
zemrelo, zaznamenano dale bylo 271 kardialnich pfihod (26 pacient( s nestabilni
anginou pectoris, 44 akutnich infarktli myokardu, 154 revaskularizaci myokardu, 26
hospitalizaci pro srde¢ni selhani a 21 implantaci ICD). Priimérna doba sledovani byla
77 mésicl. Kaplan-Meierovy krivky ukazujici podil preZiti a preziti bez kardialni

pfihody jsou uvedeny na Grafu 1 a 2.

Celkem/muzi [n] 532/407

Vek [roky] 65.4+9.6

BMI [kg/im?] 28.7+4.0

Kuféci (%) 52 %

Hypertenze (%) 80 %

Diabetes (%) 34%

EF (%) 55 % (45 % — 60 %)

Tabulka 1. Zakladni charakteristika souboru pacient(. Data jsou prezentovana jako priimér = SD
BMI- body mass index, EF — ejekcni frakce levé komory

Seznam zkoumanych polymomorfismi je na uveden v Tabulce 2. Preselekce
kandidatnich polymorfism( byla provedena na zakladé p-hodnot log-rank testu.
Polymorfismy eNOS 4 a/b, eotaxin—426 C/T, eotaxin —384 A/G, a eotaxin 67 G/A byly
vyznamné spojeny s Umrtim, eotaxin —384 A/G s kardialnimi pfihodami. Byl rovnéz
zaznamenan nevyznamny trend pro eotaxin 67 G/A a kardiélni pfihody. Kompletni
data jsou uvedeny v tabulkach 3 a 4. Nasledné byl pouzit CoxUyv regresni model pro
stanoveni vlivu konkrétnich genovych variant na preZiti a preziti bez kardialni
pfihody. Eotaxin 67 G/A a eotaxin -384 A/G byly hodnoceny jako vyznamné pro
preziti, respektive preZiti bez kardialni pfihody (Tabulka 5 a 6). Multivariantni Cox(v
postupny regresni model identifikoval vék, koufeni a onemocnéni 3 koronarnich

tepen (v porovnani s postizenim jen jedné tepny) jako nezavislé prediktory umrti z
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jakékoliv priciny. Spolu s témito factory byl eotaxin 67 G/A vyznamny prognosticky
faktor po pfidani do tohoto modelu (Tabulka 7, Graf 3). Pokud byl pouZzit misto
eotaxinu 67 G/A eotaxin -384 A/G, model poskytl podobné vysledky se stejnymi
prognostickymi factory, avSak hazard ratio bylo ponékud nizsi (GG versus GA+AA,;

HR = 2.63; 95%CI = 1.19-5.83; @ = 0.017)..
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Graf 1: Kaplan-Meierova analyza preziti v souboru pacientt
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Graf 2: Kaplan-Meierova analyza preziti bez kardialni pfihody

Polymorfismus rs MAF (%) n Distribuce HWE
genotypli
MMP 13 G/T rs640198 G>T;0.32 | 470 220/198/52 Ano
eNOS -786 C/T rs2070744 T>C,; 0.37 | 317 126/148/43 Ano
eNOS 4 a/b VNTR * b>a; 0.19 | 520 342/159/19 Ano
Eotaxin -426 C/T | rs16969415 | C>T; 0.07 | 445 384/56/5 Ano
Eotaxin -384 A/G | rs17809012 | A>G; 0.48 | 518 127/281/110 | Ano
Eotaxin 67 G/A rs1129844 G>A; 0.15 | 532 391/125/16 Ano

Tabulka 2. Preselekce kandidatnich polymorfism( pro amrti, dle log-rank p-hodnot,

polymorfismy zahrnuté v Coxoveé regresnim modelu jsou tu¢nou kurzivou * VNTR =
variabilni pocet tandemovych repetic, distribuce genotypi vyjadfena jako dominantni
homozygot, heterozygote, recesivni homozygot, HWE — Hardy-Weinberg equilibrium
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Polymorfismus n Log rank p Log rank p Log rank p
(celkem) (dominantni) | (recesivni)
MMP 13 G/T 470 0.941 0.811 0.909
eNOS -786 C/T 317 0.200 0.129 0.720
eNOS 4 a/b 520 0.458 0.025 0.419
Eotaxin -426 C/T 445 0.033 0.152 0.175
Eotaxin -384 A/G | 518 0.084 0.533 0.050
Eotaxin 67 G/A 532 0.020 0.013 0.210

Tabulka 3. Preselekce kandidatnich polymorfism( pro tmrti podle log-rank p-hodnot. Polymorfismy

zahrnuté v Coxoveé regresnim modelu jsou tu¢nou kurzivou.

Polymorfismus n Log-rank p Log-rank p Log-rank p
(celkem) (dominantni) (recesivni)
MMP 13 G/T 470 0.677 0.710 0.526
eNOS -786 C/T 317 0.603 0.959 0.711
eNOS 4 a/b 520 0.937 0.910 0.642
Eotaxin -426 C/T 445 0.922 0.882 0.874
Eotaxin -384 A/G 518 0.009 0.548 0.002
Eotaxin 67 G/A 532 0.098 0.496 0.343

Tabulka 4. Preselekce kandidatnich polymorfism( pro kardialni pfihody podle log-rank p-hodnot.

Polymorfismy zahrnuté v Coxoveé regresnim modelu jsou tu¢nou kurzivou.

Model dominantni recesivni aditivni
Polymorphism | HR (95% | p- HR (95% | p- HR (95% | p-

Cl) value | CI) value | Cl) value
eNOS 4 a/b NS NS NS NS NS NS
Eotaxin -426 NS NS NS NS NS NS
CIT
Eotaxin -384 NS NS 2.60 0.022 | NS NS
AIG (1.15-

5.87)

Eotaxin 67 3.36 0.0017 | NS NS 2.43 0.0019
G/A (1.57- (1.39-

7.19) 4.26)

Tabulka 5. Predikce amrti pomoci réiznych modelll dédiénosti, multivariantni Coxova regrese
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Model dominantni recesivni aditivni
Polymorfismus | HR (95% | p- HR (95% p- HR (95% | p-

Cl) value | CI) value | Cl) value
Eotaxin -384 NS NS 1.59 (1.20- | 0.001 | 1.28 0.006
AIG 2.10) (1.07-

1.54)

Eotaxin 67 NS NS NS NS NS NS
G/A

Tabulka 6. Predikce kardidlni pfihody pomoci riznych modell dédi¢nosti, multivariantni Coxova regrese

Faktor HR (95% ClI) P-value
Veék (na 10 let) 2.32 (1.44-3.84) 0.0007
Koureni 3.84 (1.66-8.87) 0.002
Onemocnéni 3 tepen vs. 3.89 (1.15-13.18) 0.029
onem. 1 koronarni tepny

Onemocnéni 2 tepen vs. 1.32 (0.32-5.55) 0.701 (NS)
onem. 1 koronarni tepny

Eotaxin 67 G/A (GA+AA vs. 2.81 (1.35-5.85) 0.006

GG)

Tabulka 7. Postupny multivariantni CoxGv regresni model pro preziti
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Graf 3. Kaplan-Meierova analyza preziti podle 67 G/A genotypu.
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Oba polymorfismy byly ve vyznamné vazebné nerovnovaze, a rizikové alely byly
Casto dédény spolecné. V multivariantni postupné regresni analyze kardialnich
pfihod byl poCet postizenych koronarnich tepen (dveé vs. jedna : HR=1.86 ; 95% CI =
1.23-2.79; @ = 0.003, tfi vs. jedna: HR = 4.80; 95% CIl = 3.32—6.94; @< 0.001)
jedinym nezavislym prognostickym faktorem, pfidani polymorfismu -384 A/G
nezmeénilo vysledky i kdyZ byl tento polymorfismus spojen s vySSim rizikem
kardialnich pfihod, neposkytoval lepSi prognostickou informaci nez pocet postizenych
tepen. Déle byl u sledovanych polymorfismd hodnocen vyskyt vazebné rovnovahy.
Byla zjiSténa vazebna nerovnovaha mezi polymorfismy —-426 C/T and -384 A/G

Vv promotoru genu pro eotaxin stejné jako —384 A/G a 67 G/A v tom samém genu.
Rizikova alela A z 67 G/A byla Casto dédéna spolecné s rizikovou alelou G z -384

G/A. Naopak polymorfismy — 426 C/T a 367 G/A byly ve vazebné rovnovaze.

2.5.3. Diskuse

Bylo publikovdno mnoho studii zabyvajicich se vlivem plasmatickych hladin eotaxinu
a variant v genu pro eotaxin na vyskyt a zavaznost aterosklerozy, ale vysledky jsou
rozporné. Néktefi autofi popsali vztah vysSi hladiny eotaxinu k aterosklerotickému
postiZzeni [4-6], dalSi studie ale toto nepotvrdily [7,8]. VySSi koncentrace eotaxinu byla
zjiSténa v krevnich vzorcich pacientl s akutnim koronarnim syndromem [9]. Byl
popsan vliv polymorfisml v genu pro eotaxin u ¢inskych diabetickych pacientt [10],
hlavni vysledek byla zvy$ena morbidita u pacientli homozygotnich pro G alelu v 67
G/A polymorfismu, tato alela je spojena s vySSi produkci a koncentraci eotaxinu
[11,12 ]. Podobné v nasi pfedchozi studii [2] byla nalezena souvislost GG genotypu a
akutniho koronarniho syndromu. To je zdanlivé v rozporu se zde prezentovanymi
vysledky, kde alela G ma spiSe protektivni efekt. AvSak v této praci jsou zkoumani

pouze pacienti s ICHS, ktefi podstuoupili koronarografické vySetfeni, tedy vysoce
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selektovana skupina, a jejich terapie, zvlasté farmakoterapie statiny, mohla ovlivnit
vysledky. Byly publikovany prace popisujici vyznamnou redukci hladin chemokin
vCetné eotaxinu, a to jak u lidi, tak na zvifecich modelech [13-15]. ProtoZe nosici
alely A maji nizsi hladiny eotaxinu [16], protektivni efekt terapie statiny mize byt
snizeny ve srovnani s GG homozygoty. Tento mechanismus se jevi jako
pravdépodobna pficina i u nasich pacientll s ICHS, kde prevalence terapie statiny
byla velmi vysoka (514/532,96.6%).

Na velké studii s 14 916 americkych muz( Zee a kol. [17] zkoumal tento
polymorfismus s odliSnymi vysledky. Autofi srovnali Gidaje od 523 pacientl po infarktu
myokardu a 2092 osob bez kardiovaskularniho onemocnéni béhem sledovaciho
obdobi (priimérné 13,2 roku). Popsali, Ze homozygoti 67AA méli vyznamné vyssi
riziko infarktu myokardu ( OR 1.86; 95% CI 1.15-3.01; p = 0.012), a tento efekt z(stal
i po Upravé na body mass index, hypertenzi, pfitomnost diabetu. Nebyly vyznamné
rozdily mezi GG homozygoty a heterozygoty. | kdyZ nebyla popsana lé¢ba pacient

v této studii, jeji vliv nelze vyloucit. Recesivni model (AA versus GA+GG) v nasi studii
mél relativné nizkou silu, bylo pouze 16 AA homozygot(. Vazebna nerovnovaha mezi
67G/A a —384 A/G musi byt rovnéz brana v potaz, nebot protektivni a ,rizikové" alely
jsou Casto dédény soucasné. Vliv genovych variant v genech pro matrix
metaloproteinazu napf. MMP-9 [18,19] a MMP-3 [20] na klinické vysledky pacient

s ICHS byl popsan v pfedchozich studiich. V naSi sou€asné studii nebyl zjistén vliv
polymorfismu rs640198 v genu pro matrix metaloproteinazu 13 na vyskyt
kardiovaskularnich prihod nebo celkovou mortalitu. Podle téchto nasSich vysledkd
mlzeme tedy usoudit, Ze rs640198 polymorfismus pro MMP-13 neovliviiuje celkovou
progndzu pacientd, i kdyZ jsme v nasi predchozi praci nalezli vyznamnou souvislost

mezi timto polymorfismem a onemocnénim 3 tepen [1]. PostiZzeni 3 koronarnich
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tepen je ale samo o sobé vyznamnym prediktorem jak kardialnich pfihod, tak
mortality, a vztah gen-prognéza mlize byt ovlivnén taktéz poskytnutou terapii, stejné
jako u eotaxinu. Vztah eNOS polymorfismu a ICHS byl popisovan v mnoha studiich.
Velk& metaanalyza zahrnujici celkem 69 235 subjektd [21] potvrdila souvislost tFi
NOS3 polymorfismi (Glu298Asp, =786 T/C, a 4 a/b) s pfitomnosti ICHS, ale Zadna
souvislost nebyla nalezena u 4 a/b polymorfismu v subanalyze evropské populace.
NaSe studie nenalezla Zadnou souvislost mezi =786 T/C a 4 a/b polymorfismy a
prognézou pacientl s ICHS.

Zavérem lze fici, Ze v této nasi praci jsme potvrdili vyznamny vztah mezi alelou A

v 67 G/A polymorfismu v genu pro eotaxin a vy$3i mortalitou u pacientli s ICHS i po
korekci na dalSi rizikové faktory. Podobné vliv byl pozorovan i u r —384A/G
polymorfismu, ktery byl spojen i s vys§Sim vyskytem kardiovaskularnich pfihod. Jsou

v3ak potfebné dalSi rozsahlé studie k objasnéni této problematiky.
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3. Abstrakt/shrnuti

Tato klinicky-experimentélni prace pfinasi souhrn analyz vybranych genovych
polymorfisml a jejich vztahu k ICHS u relativné rozsahlého souboru subjekt, kde byl
zkouman vztah genotypU a klinického nalezu. U zkoumanych polymorfism( pro
endotelialni NO syntazu se nepotvrdil jejich vztah k vyskytu nebo zavaznosti ICHS.

S rozsahem ICHS ve smyslu poc&tu postizenych tepen souvisi polymorfismy
(GAAGGA)N hexanukleotidové opakovani v genu pro eotaxin a rs640198
polymorfismus v genu pro MMP-13. U polymorfismu 67 G>A genotypu GG
eotaxinového genu byl prokazan vyznamny vztah k vyskytu akutnich koronérnich
syndromU. Na popisné studie navazala studie se sledovanim vztahu klinickych pfihod
a genotypl u stejnych pacient(, coz predstavuije relativné ojedinélou koncepci a
moznou dalSi perspektivu geneticko-klinickych studii. V této nasledné studii byl u
pacientd s ICHS prokazan vliv na mortalitni prognézu u 67 G/A polymorfismu v genu

pro eotaxin.

Tato prace potvrzuje teorii, Ze ischemicka choroba srdecni je multifaktorialni
onemocnéni, kde se vliv genetickych predispozic vzajemné dopliuje s dalSimi
rizikovymi faktory a mlze byt i vyznamnym faktorem podporujicim rozvoj
aterosklerozy coz v kone¢ném dlsledku vede k progresi aterosklerotickych |ézi az do

stadia hemodynamicky vyznamnych stenoz v koronarnim fecisti.
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4. Abstract

Background: this work is summary of several studies of selected genetic
polymorphisms and laboratory markers and their relation to coronary artery disease.
Patients and methods: Over 1200 patients referred to coronary angiography (final
numbers are different in each study) were comprised into studies. The blood samples
were colected, and analysis of selected DNA polymorphisms (eNOS -786 C/T, 4 a/b;
MMP 13 G/T; eotaxin -426C/T, -384 A/G, 67 G/A, (GAAGGA)n hexanucleotide

repetition) was performed.

Results: There was not significant association of tested eNOS polymorphisms to
presence or extend of CAD. The extend od CAD by means of number of affected
coronary arterie sis related with GAAGGA)n hexanucleotide repetition in eotaxin
gene and MMP 13 G/T in matrix metalloproteinase gene. There was found significant
association of acute coronary syndromes and GG genotype of eotaxin 67 G/A
polymorphisms. The descriptive studies were replenished by one follow-up study with
assessment of the relation of clinical events and genotypes in same patients. In this

study was found significant relation of 67 G/A eotaxine polymorphism and mortality.

Conclusion: This work confirms a multi-factorial origin of coronary artery disease, the
influence of genetic predispositions is mutual with traditional risk factors and also

may be a significant factors supporting occurence of atherosclerotic lesions.
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Association of the eNOS 4a/b and -786T/C Polymormphisms
with Coronary Artery Disease, Obesity and Diabetes Mellitus

(coronary artery disease / nitric oxide synthase / polymorphism / obesity)
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Abstract: The aim was to assess the relationship be-
tween e/NOS 4a/b and -786T/C polymorphisms with
coronary artery disease (CAD), obesity and diabetes
mellitus. Total number of 1313 patients underwent
coronary angiography, 939 had significant CAD (ste-
nosis of > 1 coronary artery >50%), 222 had smooth
coronary arteries. Patients with insignificant athero-
sclerosis were excluded, the study finally comprised
1161 patients. The analysis of eNOS 4a/b and -786T/
C polymorphisms was performed by polymerase
chain reaction. No significant interaction was found
between -786T/C polymorphism and solitary CAD
or CAD with diabetes and obesity. For 4a/b polymor-
phism, genotypes aa+ab were almost three times
more frequent in diabetic patients without CAD ver-
sus patients without CAD and without diabetes — OR
2.79; P =0.009, Pcorr = 0.03. In 4a/b polymorphism
and CAD with obesity and diabetes: bb genotype was
significantly more frequent: in patients with CAD,
diabetes and obesity in comparison with obese dia-
betic patients without CAD (OR = 3.63, Pcorr =
0.05); in non-diabetic non-obese patients with CAD,
versus diabetic and obese patients without CAD (OR
= 3.38, Pcorr = 0.05); in obese non-diabetic patients
without CAD vs. obese diabetic patients without
CAD (OR =5.91, Pcorr = 0.01); in patients without
CAD, obesity and diabetes vs. obese diabetic patients
without CAD (OR = 3.59, Pcorr = 0.05). The eNOS
4a/b polymorphism has significant association with
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diabetes mellitus in CAD-negative patients, and with
CAD in combination with obesity and diabetes mel-
litus. No association between 4a/b or -786T/C poly-
morphism and solitary CAD was found.

Introduction

The cardiovascular diseases, especially the coronary
artery disease (CAD), represent the most frequent mor-
tality cause in developed countries. There are many risk
factors of CAD, but the genetic background that under-
lies the susceptibility, occurrence and severity of CAD
is still poorly elucidated. Endothelial dysfunction is one
of the conditions that determine the occurrence of
atherosclerosis (Hingorani, 2001).

Nitric oxide (NO), which is a powerful endothelial
relaxing factor, is produced by NO synthase (NOS).
This enzyme has three isoforms — inducible (iNOS),
neuronal (nNOS) and the most important endothelial
(eNOS). NO has more effects than endothelial relaxa-
tion including limitation of leukocyte adhesion (Lefer,
1997), platelet-vessel wall interaction (Radomski et al.,
1987), smooth muscle cell proliferation and migration
(Garg et al., 1989), and scavenging superoxide radicals
(Loscalzo et al., 1995). There are some single nucleotide
polymorphisms (SNP) in the eNOS gene, which may in-
fluence the activity of eNOS and NO production.

One of them, the T-786C polymorphism, has thymi-
dine replaced by cytosine at nucleotide -786 in the 5'-
flanking region of the eNOS gene (Nakayama et al.,
1999). This variant causes reduction of eNOS gene pro-
moter activity and has been reported as a risk factor for
coronary spasm in the Japanese population (Nakayama
et al., 1999). The second one, 27-base pair (bp) repeat
polymorphism is located in intron 4 of the eNOS gene
(4a4b polymorphism) and has been associated with
changes in plasma NO levels (Wang et al., 1997). Some
studies (Wang et al., 1996) showed influence in predic-
tion of smoking-dependent risk of CAD, but other
studies have not described association between this poly-
morphism and CAD in German (Gardemann et al.,
2002) and Taiwanese (Hwang et al., 2003) population.
Patients with diabetes mellitus have decreased NO gen-
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eration and increased degradation of the NO (Bucala et
al., 1991) and also have more frequent vascular compli-
cations that could be facilitated by impaired NO produc-
tion (Pieper, 1999). In our study we investigated the as-
sociation of these two polymorphisms with CAD,
diabetes mellitus, and obesity.

Material and Methods

Patients

The study comprised 1313 patients referred to the 1%
Department of Internal Medicine/Cardioangiology for
coronary angiography. During the short-term hospitali-
zation the patients underwent full cardiologic investiga-
tion (history, physical examination, electrocardiography,
biochemical and haematological screening and coronary
angiography). All patients gave informed consent to ex-
aminations and genetic analysis of blood samples and
the study was approved by the institutional ethics com-
mittee. Patients with renal or hepatic failure, anaemia,
endocrine or neurological diseases or malignancy were
excluded. We also excluded patients with insignificant
atherosclerosis, unclear diagnosis or suspected spastic
angina pectoris. Finally we analysed 1161 patients.
Clinical characteristics of the patients’ cohort are pre-
sented in Table 1.

Coronary angiography

Coronary angiography was performed using the
standard technique by experienced investigators. The
coronary lesions were visually analysed in multiple pro-
jections. Based on morphology of coronary arteries, two
patient groups were defined: 1, patients with significant
coronary atherosclerosis (at least one coronary artery
with luminal diameter narrowing of 50 % or more, CAD
group) and 2, patients with normal smooth coronary ar-
teries.

Definitions of cardiovascular risk factors

Clinical risk factors for CAD were defined subse-
quently: hypercholesterolaemia as current treatment
with hypolipidaemic drugs or diet or total plasma cho-
lesterol > 5.0 mmol/l on hospital admission, diabetes
mellitus as current treatment with insulin or oral antidi-
abetic drugs or diet or repeated fasting glucose > 7.0
mmol/l during hospitalization, hypertension as current

Table 1. Demographic and clinical characteristics of the
patient cohor

Number of patients / men 1161/813
Age, mean (y) 64.2
CAD/ smooth coronary arteries (n) 939 /222
Hypertension (n/%) 906 /78 %
Hyperlipoproteinaemia (n/%) 712/61.3 %
Diabetes mellitus (n/%) 348 /30 %

Obesity (n/%)
Total cholesterol (mean + SD)
Body mass index (mean + SD)

345/29.7 %
4.53 £ 1.1 mmol/l
28.7+4.2

treatment with antihypertensive drugs or repeat resting
blood pressure > 140/90 mmHg during hospitalization,
obesity as body mass index higher than 30 kg/m>.

Genetic analysis

The DNA was extracted from peripheral blood leuko-
cytes using proteinase K and precipitated by isopropa-
nol and chloroform. Isolated DNA samples were tested
for eNOS 3 intron 4a/b polymorphism and eNOS
-796T/C polymorphism by polymerase chain reaction
(PCR). The PCR of 4a/b polymorphism was performed
in DNA thermocycler using following primers: 5'- AC-
CTCAG-CCCAGTAGTG-3'sense,5 -GCAAGTGTCA-
GATAGGATT-3" antisense, and Taq polymerase. The
PCR products had 573 bp for aa, 604 bp for bb and
573+604 bp for ab alleles. These fragments were sepa-
rated and analysed by electrophoresis in 1.5% agarose
gel with ethidium bromide.

For -786T/C polymorphism, primers 5 -TGGAGA-
GTGCTGGTGTACCCCA-3" sense, 5'-GCCTCCAC-
CCCCACCCTGTC-3" antisense and Taq polymerase
were used. The PCR products of 180 bp were incubated
with Mspl restriction endonuclease at 37 °C for 5 h. The
final fragments had 140+40 bp for TT, 90+50+40 for CC
and 140+90+50+40 for TC alleles and were resolved by
electrophoresis in 4% agarose gel with ethidium bro-
mide.

Statistical analysis

The interactions between genotypes and coronary ar-
tery disease or other comorbidities were identified by
multivariation analysis — Wilk’s test, General Linear
Models; significant asociations between genotypes or
alleles and diseases were verified by x*>and Fisher exact
test, program package Statistica (version 8.0, StatSoft,
Tulsa, OK).

Results

The distribution of genotypes of the whole cohort of
patients was CC =13 %, CT =50 %, TT =37 %; T allele
frequency was 62.5 %, C allele frequency 37.5 % for
-786T/C polymorphism. For intron 4a/b polymorphism
the following distribution was found: aa = 3.8 %, ab =
28.8 %, bb = 67.4 %. The frequency of alleles was 81.8
% for b and 18.2 % for a. Both polymorphisms geno-
types were in Hardy-Weinberg equilibrium.

The multivariate analysis did not identify any signifi-
cant interaction between -786T/C polymorphism and
solitary CAD or CAD in combination with diabetes, hy-
perlipoproteinaemia or obesity. For the 4a/b polymor-
phism, no significant interaction was found between
4a/b polymorphism and solitary CAD (Table 2) or CAD
in combination with obesity (Table 3). On the other
hand, significant interactions of CAD were found in
combination with diabetes. Genotypes aa+ab were al-
most three times more frequent in diabetic patients with-
out CAD in comparison with patients without CAD and
without diabetes — OR 2.79; 95% CI 1.27-6.07, P =





Vol. 55 eNOS 4a/b and -786T/C Polymormphisms with Coronary Artery Disease, Obesity and Diabetes Mellitus 189

Table 2. Association between the 4a/b polymorphism and
CAD, counts of patients according to genotypes, P for gen-
otypes = 0.964, P for alleles = 0.987

Summary Frequency Table — 4 a/b polymorphism and CAD
CAD 4a/b—ab 4a/b—-bb 4a/b—aa Row - Totals

1 272 632 35 939
2 63 150 9 222
All 335 782 44 1161

CAD 1 = CAD-positive; CAD 2 = CAD-negative controls

0.009, Pcorr = 0.03 (Table 4). Association between the
4a/b polymorphism and CAD in combination with obes-
ity and diabetes mellitus was found as well. The bb gen-
otype was significantly more frequent: in patients with
CAD, diabetes and obesity in comparison with obese
diabetic patients without CAD (OR = 3.63, 95% CI
1.23-10.67, Pcorr = 0.05); in non-diabetic non-obese
patients with CAD, versus diabetic and obese patients
without CAD (OR = 3.38, 95% CI 1.21-9.46, Pcorr =
0.05); in obese non-diabetic patients without CAD in
comparison with obese diabetic pacients without CAD
(OR = 5.91 (1.76-19.88), Pcorr = 0.01); in patients
without CAD, obesity and diabetes versus obese dia-
betic patients without CAD (OR = 3.59 (1.23-10.50),
Pcorr = 0.05) (Table 5).

Discussion

The association between T-786C and coronary artery
disease was investigated in many reports, but the results

remain controversial (Colombo et al., 2003; Casas et.
al., 2004,; Fatini et al., 2004; Rossi et al., 2006). Fatini
et al. (2004) found that the eNOS 4ada genotype was an
independent predisposing factor for acute coronary syn-
dromes (ACS) (OR 2.5, 95% CI 1.1-5.4, P = 0.02) but
there was no association between the eNOS -786CC and
894TT genotypes. The presence of the -786CC geno-
type intensified the predisposition to ACS in 4a4a ho-
mozygotes.

Meta-analysis of 26 studies involving 23,028 subjects
(Casas et al., 2004) showed significantly increased risk
of CAD in 4ad4a homozygotes but not in homozygous
carriers of the -786C allele. Rossi et al. (2006) found
more cardiovascular deaths in -786TT than in -786 TC +
CC carriers in the follow-up study of more than one
thousand patients. These authors suppose that this ge-
netic variant is associated with higher NO bioactivity,
which means increased production of reactive oxygen
and nitrogen forms. This results in activation of matrix
metalloproteinases and following predisposition to rup-
ture of the atherosclerotic plaque. In our study, multi-
variate analysis did not confirm any significant associa-
tion between the -786T/C polymorphism and solitary
CAD or CAD in combination with obesity and diabetes
mellitus.

The influence of the intron 4a/b polymorphism on
plasmatic NO level was presented in several reports
(Tsukada et al., 1998, Wang et al., 2000), but this has not
been confirmed by other studies (Wang et al., 1997,
Yoon et al., 2000; Jeeroburkhan et al., 2001). This poly-
morphism is located in the intron of the gene, so it is

Table 3. The 4a/b polymorphism and CAD and obesity, counts of patients according to genotypes — no significant interac-

tion was found

Summary Frequency Table — 4a/b polymorphism and CAD and obesity

Group CAD Obesity 4a/b — ab 4a/b — bb 4a/b — aa Row — Totals
1 1 1 83 190 6 279
2 1 2 189 442 29 660
Total 272 632 35 939
3 2 1 20 45 1 66
4 2 2 43 105 8 156
Total 63 150 9 222
Column Total 335 782 44 1161

CAD 1 = CAD-positive; CAD 2 = CAD-negative; Obesity 1 = obese, Obesity 2 = non-obese

Table 4.The 4a/b polymorphism and CAD with diabetes mellitus, counts of patients according to genotypes

Summary Frequency Table — 4a/b polymorphism and CAD and diabetes mellitus

Group CAD Diabetes 4a/b — ab 4a/b — bb 4a/b — aa Row — Totals
1 1 1 92 215 11 318
2 1 2 180 417 24 621
Total 272 632 35 939
3* 2 1 15 14 1 30
4% 2 2 48 136 8 192
Total 63 150 9 222
Column Total 335 782 44 1161

*Significant differences between groups 3 a 4 for ab+aa: 16/14 vs. 56/136, OR =2.79, 95% CI 1.27-6.07, P = 0.009, Pcorr = 0.03
CAD 1 = CAD-positive; CAD 2 = CAD-negative; Diabetes 1 = diabetic patients; Diabetes 2 = non-diabetic patients
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Table 5. The 4a/b polymorphism and CAD with obesity and diabetes mellitus, counts of patients according to genotypes

Summary Frequency Table — 4a/b polymorphism and CAD with obesity and diabetes mellitus

Group CAD Diabetes Obesity 4a/b — ab 4a/b —bb 4a/b — aa Row — Totals
1 1 1 1 39 87 1 127
2 1 1 53 128 10 191
Total 92 215 11 318
3 1 2 1 44 103 5 152
4 1 2 2 136 314 19 469
Total 180 417 24 621
5 2 1 1 10 6 0 16
6 2 1 5 8 1 14
Total 15 14 1 30
7 2 2 1 10 39 1 50
8 2 2 38 97 7 142
Total 48 136 8 192
Column Total 335 782 44 1161

Significant differences:

Group 1 vs. 5 for bb: 87/40 vs. 6/10, OR = 3.63, 95% CI 1.23-10.67, Pcorr = 0.05

Group 4 vs. 5 for bb: 314/155 vs. 6/10, OR = 3.38, 95% CI 1.21-9.46, Pcorr = 0.05

Group 5 vs. 7 for bb: 6/10 vs. 39/11, OR = 5.91 (1.76-19.88), Pcorr = 0.01

Group 5 vs. 8 for bb: 6/10 vs. 97/45, OR = 3.59 (1.23-10.50), Pcorr = 0.05

CAD 1 = CAD-positive; CAD 2 = CAD-negative; Diabetes 1 = diabetic patients; Diabetes 2 = non-diabetic patients; Obesity 1 =

obese; Obesity 2 = non-obese patients

unlikely to influence the protein structure, but it may
play a role as a marker in linkage disequilibrium with
other variants of the eNOS gene (Wang et al., 1997;
Yoshimura et al., 2000; Jeeroburkhan et al., 2001).

Alvarez et al. (2001) found the CC variant of the
T-786C polymorphism to increase risk of early CAD in
a Caucasian population, but not the 4a/b polymorphism.
In contrast, as mentioned above, Fatini et al. (2004) doc-
umented that susceptibility to acute coronary syndromes
is markedly influenced by the haplotype-specific pattern
4a4a/786CC.

Association between intron 4a/b polymorphism and
diabetes mellitus was described by Galanakis et al.
(2008). These authors found a significant relationship of
the presence of the a allele and diabetes mellitus with no
difference between type I and II diabetes. This conforms
with our results, which show significantly higher fre-
quency of the aa and ab genotype in diabetic patients
without CAD in comparison with patients without CAD
and without diabetes. The relation between diabetes and
eNOS polymorphisms has not yet been elucidated. Lab-
oratory studies by microarray analysis of insulin-pro-
ducing cells treated by cytokines found that about 50 %
of the genes influenced by cytokines were NO-depend-
ent (Kutlu et al., 2003).

The relation of the 4a/b polymorphism and obesity
was not investigated, either. Hoffmann et al (2005) did
not find significant association between eNOS 4a/b and
Glu298Asp polymorphisms and either obesity or fasting
glucose and blood pressure. This finding is also con-
cordant with our work; obesity either in CAD patients or
in controls did not show significant association with the
4a/b polymorphism. The limitation of our study was es-
pecially selected population, so that it does not represent
common population but patients refferred for coronary

angiography, and also a low number of patients in some
subgroups.

In conclusion, our study demonstrates that the eNOS
4a/b polymorphism has significant association with
diabetes mellitus in CAD-negative patients, and with
coronary artery disease in combination with obesity and
diabetes mellitus. No association between the 4a/b poly-
morphism or -786T/C polymorphism and solitary CAD
was found. However, more detailed genetic analyses are
necessary to elucidate the associations of genetic abnor-
malities and CAD and its risk factors.
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Abstract. Atherosclerosis as a main etiopathogenetic source for coronary artery disease (CAD) development is intimately related
to dynamic changes in the extracellular matrix (ECM). Elevated levels of MMP-13 have been observed in human atherosclerotic
plaques which could also involve variability in MMP-13 gene. The aim of the study was to associate rs640198 polymorphism
with CAD and/or with its severity.

The study comprised 1071 consecutive patients with suspected or known coronary artery disease (CAD), confirmed by coronary
angiography.

Genotyping for the rs640198 polymorphism in MMP-13 gene was performed using Tagman® assay. The TT and TG genotypes
of rs640198 polymorphism in MMP-13 gene confer the significantly increased risk of triple vessel disease compared to patients
without atherosclerotic lesions in coronary arteries (odds ratio = 1.64, Pcorr = 0.05). Furthermore, an increased risk of having 5
and more stenoses (odds ratio = 1.90, Pcorr = 0.004) was observed in TT and TG carriers (sensitivity of 0.613 and a specificity
of 0.544; power of the test is 0.87).

The T allele of MMP-13 intron polymorphism rs640198 is associated with the severity of coronary artery disease, represented by

the number of affected arteries as well as by the number of stenoses confirmed by coronarography.

Keywords: MMP-13, CAD, rs640198, severity

1. Introduction

The cardiovascular diseases, especially the coronary
artery disease (CAD), represent one of the most com-
mon causes of mortality in developed countries. The
genetic background that underlies the susceptibility, oc-
currence and severity of CAD, however, is still poorly
elucidated [10].

Atherosclerotic process as a base for CAD onset is
intimately related to dynamic changes in the extracel-
lular matrix (ECM) and its associated proteins: the re-

*Corresponding author: Prof. Anna Vask 101 Department of Patho-
logical Physiology, Faculty of Medicine, Masaryk University Brno,
University Campus Bohunice, A18, Kamenice 5, 62500 Brno, Czech
Republic. Tel.: +420 549 498 299; Fax: +420 549 494 340; E-mail:
avasku@med.muni.cz.

tention of lipoproteins by proteoglycans leads to the
development of atherosclerotic lesions, but ultimate-
ly, it is the breakdown of ECM that facilitates plaque
ruptures, triggering the onset of clinical symptoms of
CAD [8]. The stability of the plaque depends on its
collagen content; degradation of the collagen leads to
a vulnerable plaque that is prone to rupture [4]. There-
fore, matrix metalloproteinases (MMPs) which are able
to cleave collagens should play an important role in
the pathogenesis of atherosclerosis, plaque rupture and
aneurysm [16,21]. The expression of various MMPs,
along with their endogenous inhibitors, seems to be
differentially regulated dependently on the lesion pro-
gression [30].

MMP-13 is active against types I and III colla-
gens [11,18]. MMP-13 can be further distinguished
from other interstitial collagenases by its ability to
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cleave gelatin, proteoglycans, tenascin, fibronectin, as
well as its capacity to activate latent proMMPs [13]. It
seems to have a unique role in the accelerated collagen
turnover associated with various conditions [18].

The intimal macrophages seem to be the major
source of MMP-13 production [27,30]. MMP-13 colo-
calized with MMP-1 in human atheroma is localized
mostly in the shoulder region of the plaques as well as
in areas surrounding the lipid core. Levels of MMP-1
as well as MMP-13 in atheromatous plaques exceed
those in fibrous plaques, corresponding to the content of
macrophages [27]. The increased expression of MMPs
in the atheroma also leads to increased MMP levels in
the circulation [4].

Late AT II (angiotensin II) treatment was reported
to augment lesion size of fully developed atherosclero-
tic plaques with macrophage-rich phenotype in ApoE
null mice atherosclerotic model [6]. Amplified collagen
type I degradation in this case is related to increase of
active MMP-8 and MMP-13 levels in the macrophage —
rich plaque [6].

However, MMP-13 was also proposed as ano-
ther possible candidate for the NO-mediated preven-
tion of atherosclerosis in the model of atherosclero-
tic NOS3/apoE-null mice: MMP-13 is able to cleave
ICAM-1, both in vivo and in vitro [28]. Increased levels
of soluble ICAM-1 (together with VCAM-1, E-selectin
and P-selectin) as markers of inflammation were as-
sociated with the development of atherosclerosis and
clinical expression of CAD [16]. An antiatherogenic
effect of MMP-13 is further documented by its ability to
process human prolactin in vitro to a 16-kDa fragment
with strong antiangiogenic properties [17] and by de-
grading MCP-3 which is functioning as a potent proin-
flammatory stimulus in atherosclerotic lesions [19].

MMP13 gene is encoded by a 10.5 kilobase gene
located on human chromosome 11q22.2—q22.3 [21].
Sequence analysis of the 5°- flanking region of the gene
revealed the presence of a TATA box, an AP-1 motif, a
PEA-3 consensus motif, an osteoblast specific element
(OSE-2) and a TGF-/3 inhibitory element [20,22].

MMP-13 expression was observed to be nearly ab-
sent in the normal arterial wall, but was found to be re-
markably increased with atherosclerotic lesion progres-
sion [27,30] which could be caused by variability of
MMP-13 gene. So far, six polymorphisms in MMP-13
gene were identified (ALFRED, http://alfred.med.yale.
edu/alfred/recordinfo.asp?condition=sites.site_uid=
’S1001554P). The intron rs640198 polymorphism was
chosen for sufficiently high frequency of the polymor-
phism in European population (ALFRED). Further-

more, in case of rs640198, the important difference
can be found in transcription profiles of both alleles
of the polymorphism in silico: the transcription factor
Pbx1 factor can bind to the allele G, not to the allele
T. It is known that the homeodomain transcription fac-
tor Pbx 1 orchestrates separate transcriptional pathways
to control great-artery patterning and cardiac outflow
tract septation in mice [5]. Pbx1-null embryos display
anomalous great arteries owing to a failure to establish
the initial complement of branchial arch arteries in the
caudal pharyngeal region. Pbx1 deficiency also results
in the failure of cardiac outflow tract septation [5]. In-
teractions between alleles of 3 Pbx genes, which en-
coded homeodomain transcription factors, were shown
to be sufficient to determine the phenotypic presenta-
tion of congenital heart diseases in mice [26]. From
this point of view, absence of Pbx 1 binding sequence in
the T allele of MMP-13 gene can modify the collagen
cleaving activity of MMP-13 during development and
thus, to take part in suboptimal development of cardio-
vascular system including coronary artery network in
the T allele carriers.

The aim of the study was to associate rs640198
polymorphism with CAD and/or its severity and also
with congenital vascular abnormalities in the Central-
European patients with CAD.

2. Materials and methods
2.1. Experimental subjects

The study comprised 1071 consecutive patients of
Central-European, Caucasian origin with suspected or
known CAD referred to the 1st Department of Inter-
nal Medicine/ Cardioangiology for coronary angiogra-
phy between October 2005 and February 2007. Dur-
ing the short-term hospitalization the patients under-
went full cardiologic investigation (history, physical
examination, electrocardiography, laboratory examina-
tion, coronary angiography, echocardiography in pa-
tients with unclear diagnosis). The study was approved
by the institutional ethics committee; informed consent
of all patients is archived.

Coronary angiography was performed using the stan-
dard technique. The coronary lesions were visually
analyzed in multiple projections. Based on morpholo-
gy of coronary arteries, 2 patient groups were defined:
1, patients with significant coronary atherosclerosis (at
least one coronary artery with luminal diameter narrow-
ing of 50% or more, CAD group) and 2, patients with
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Table 1
Descriptive statistics of major variables in different MMP-13 genotypes
MMP-13 GG MMP-13 GT MMP-13 TT P-value
(N =521) (N =459) (N =91)

Age (median, range) 41 (12-94) 41 (18-104) 40 (18-61) 0.582

Sex (M/F, % of men) 360 (69%) 309 (67%) 65 (71%) Pg = 0.689
Pa=0.975

Hyperlipidemia 325 (62%) 270 (59%) 57 (63%) Pg = 0.490
Pa = 0.547

Hypertension 418 (80%) 357 (78%) 75 (82%) Pg =0.481
Pa = 0.840

Diabetes mellitus 154 (30%) 143 31%) 30 (33%) Pg =0.752
Pa = 0.455

Obesity 172 (33%) 123 (27%) 31 (34%) Pg = 0.08
Pa = 0.230

Smoking 66 (13%) 65 (14%) 19 (21%) Pg=0.113
Pa = 0.07

Family history of CAD 98 (N =420,23%) 68 (N =373,18%) 14 (N =75,19%) Pg=0.188

or stroke before age of Pa=0.108

60 years (N = 868)

CAD 398 (76%) 368 (80%) 79 (87%) Pa = 0.02
Pg = 0.06

CAD = coronary artery disease.

Pg: probability of a difference in genotype distribution.
Pa: probability of a difference in allelic frequencies.

insignificant coronary atherosclerosis (stenoses with lu-
minal diameter narrowing below 50% or luminal irreg-
ularities), and patients with normal smooth coronary
arteries. In addition, the absolute number of significant
coronary artery stenoses (irrespective of the vessels in-
volved) was calculated.

Another 203 healthy individuals with negative car-
diovascular disease history were recruited from general
practitioner office.

2.2. Analysis of MMP-13 polymorphism (rs640198)

To analyse polymorphism, blood samples were
drawn and stored at a temperature below —18°C. The
DNA was extracted from periphery blood leukocytes
using proteinase K and precipitated by isopropanole
and chloroform. DNA was extracted from peripheral
leukocytes by using the standard proteinase K method.
MMP-13 gene polymorphism rs640198, T/G in posi-
tion 6373, on the chromosome 11 was detected in the
study.

Genotyping of rs640198 polymorphism in MMP-13
gene was performed using 5’exonuclease (Tagman®)
chemistry on the ABI Prism® 7000 (Applied Biosys-
tems, Foster City, CA). All assays were validated by di-
rect sequencing using Big Dye v 1.1 terminator chem-
istry (Applied Biosystems).

2.3. Analysis of MMP-13 plasma levels

Plasma concentrations of MMP-13 were determined
by ELISA in 20 healthy individuals.

2.4. Statistical analysis

Continuous variables are given as a median and
range; categorical variables are presented as numbers
(percentage). For analysis of differences among the
groups, non-parametric test (Mann-Whitney U test,
Kruskal-Wallis ANOVA test) or Fisher’s exact test were
chosen. The distributions of genotype and allelic fre-
quencies and their differences were calculated using
chi-square test. The Bonferroni correction (Pcorr) for
multiple comparisons was used when necessary.

Linear regression model was used to create multi-
variate model of relationships among MMP-13 geno-
type (GG+GT vs. TT), age, sex, HDL, CRP and statins
therapy.

Statistical package Statistica, Version 9 was used for
analyses. A p < 0.05 was considered significant.

3. Results

Basic description of the study cohort according to
the genotyped of investigated polymorphism is given
in Table 1, we found a marginally significant differ-
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Table 2

Number of affected arteries and MMP-13 genotypes

No of affected arteries

MMP-13-TT MMP-13-TG  MMP-13-GG

Frequency of Pa-corr

alleles T/G

Pg Pa Pg-corr

CADI1 (N = 252) 24 (10%) 101 (40%)
CAD2 (N =252) 20 (8%) 108 (43%)
CAD3 (N = 272) 29 (11%) 127 (46%)
CAD4 (N = 69) 6 (9%) 32 (46%)
Non CADS5 (N = 106) 8 (8%) 41 (39%)
Non CAD6 (N = 120) 4 (3%) 50 (42%)
All groups (N = 1071) 91 (8%) 459 (43%)
Healthy control group (N = 203) 21 (10%) 79 (39%)

127 (50%) 0.296/0.704  0.104  0.125

124 (49%) 0.294/0.706  0.199  0.139

116 (43%) 0.340/0.660  0.01 0.006 0.05 0.03
31 (45%) 0.319/0.681  0.176  0.104
57 (53%) 0.269/0.731  0.364  0.508
66 (55%) 0.242/0.758

521 (49%) 0.300/ 0.700

103 (51%) 0.298/0.702  0.07  0.122

CADI1 - coronary artery diseases with one affected vessel.
CAD?2 - coronary artery disease with two affected vessels.
CAD3 — with three affected vessels.

CAD4 — with truncal affection.

Non-CADS - without significant stenosis.

Non-CADG6 — only smooth arteries.

Pg: probability of a difference in genotype distribution.

Pa: probability of a difference in allelic frequencies.
Pgcorr, Pacorr: P-values corrected for multiple comparison.

ence in MMP-13 polymorphisms between patients with
clinically manifest CAD compared to those without the
disease (Pg = 0.06, Pa = 0.02, Table 1).

When CAD group had been further stratified accord-
ing to the number of affected arteries, significant dif-
ferences in MMP-13 genotype distribution as well as
in allelic frequency between patients with triple vessel
disease (CAD 3) and persons without affection of coro-
nary arteries (Non-CAD 6) were observed (Pgcorr =
0.05, Pacorr = 0.03, Table 2). In codominant model
of heredity, the TT and TG genotypes are associated
with significantly higher risk of triple vessel disease
compared to patients without atherosclerotic lesions
(oddsratio = 1.64,95% confidential interval 1.07-2.53,
Pcorr = 0.05, sensitivity 0.57, specificity 0.55, power
test 0.62). No significant differences were observed
between healthy individuals and patients without affec-
tions of coronary arteries (Table 2).

When the number of significant stenoses had been as-
sociated with MMP-13, significant differences in geno-
types distributions as well as in allelic frequencies be-
tween patients with 5 and more stenoses compared to
the patients without atherosclerotic lesions were found
(Pgcorr = 0.04, Pacorr = 0.02, respectively, Table 3).
Also, an increase risk of carrying five and more stenoses
(oddsratio = 1.90,95% confidential interval 1.26-2.86,
Pcorr = 0.004) was observed in TT and TG carriers.
This potential marker has a sensitivity of 0.61 and a
specificity of 0. 54; the power test is 0.87.

When linear regression model was used to create
multivariate model of relationships among MMP-13
genotype (GG+GT vs. TT), age, sex, HDL, CRP and
statins therapy, the MMP-13 genotype was not found

to be a significant independent predictor of CAD (Ta-
ble 4).

Furthermore, we evaluated the prevalence of congen-
ital vascular abnormalities and their association with
rs640198 polymorphism in our group of patients. Al-
though aortic aneurysm was identified only in 7 pa-
tients (= 0.7%), the increased frequency of the T al-
lele was observed in this small group (Pa = 0.03, data
not shown). The GT genotype was almost four times
more frequent in 23 (2%) patients with pulmonary em-
bolism (OR = 3.88, Pcorr = 0.007) compared to CAD
patients without pulmonary embolism with sensitivity
0.74, specificity 0.59; power test was 0.84 (data not
shown).

The MMP-13 plasma levels were evaluated in
20 healthy individuals: only very low levels of the
matrix metalloproteinase-13 were detected (0.021 £
0.01 ng/mL). No significant differences among MMP-
13 genotypes were observed in the group (P = 0.571).

4. Discussion

In our previous study, two different haplotypes in
promoter of MMP-2 gene were observed to be signif-
icantly more or less frequent in persons with coronary
triple vessel disease compared to non-ischemic per-
sons [29]. In the present study, the rs640198 (intronic)
polymorphism in MMP-13 gene was associated with
triple vessel disease and also with presence of five and
more stenoses of coronary arteries. Functional con-
sequence between MMP-2 and MMP-13 can be con-
sidered, as MMP-2 is able to activate MMP-13s from





V. Anna et al. / Matrix metalloproteinase 13 genotype in rs640198 polymorphism is associated with severe coronary artery disease

Table 3

47

Number of significant stenoses and MMP-13 genotypes

No of significant stenoses ~MMP-13-TT MMP-13-TG ~ MMP-13-GG  Frequency of Pg Pa Pg-corr  Pa-corr
alleles T/G

= 5(N =163) 14 (9%) 86 (53%) 63 (38%) 0.350/0.750  0.008  0.004 0.04 0.02

4 (N =123) 10 (8%) 54 (44%) 59 (48%) 0.301/0.699  0.308  0.188

3 (N =187) 22 (12%) 67 (36%) 98 (52%) 0.297/0.703  0.06 0.174

2 (N =167) 12 (7%) 76 (46%) 79 (47%) 0.299/0.701 0346  0.162

1 (N =205) 21 (10%) 85 (42%) 99 (48%) 0.310/0.690  0.120  0.07

0 (N =226) 12 (5%) 91 (40%) 123 (54%) 0.254/0.746

All groups (N = 1071) 91 (8%) 459 (43%) 521 (49%) 0.300/ 0.700

Pg: probability of a difference in genotype distribution.
Pa: probability of a difference in allelic frequencies.
Pgcorr, Pacorr: P-values corrected for multiple comparison.

Table 4
Multiple logistic regression analysis for the association between
MMP-13 15640198 genotypes and susceptibility to CAD adjusting
for confounding factors

Adjusted OR (95% CI) P -value
MMP-13 1.34 (0.76-2.38) 0.31
T allele
carriage
(TT and GT)
Sex (women vs. men) 0.19 (0.10-0.37) < 0.001
Age 1.06 (1.04-1.09) < 0.001
HDL 0.26 (0.12-0.56) < 0.001
CRP 1.03 (1-1.06) 0.006
Statins (yes/no) 57.78 (31.97-104.43) < 0.001

HDL - high density lipoproteins.
CRP - C-reactive protein.

proMMP-13 and coordinate their proteolytic activities
on extracellular matrix [3]. It has been reported previ-
ously that the structural remodelling of vessel wall dur-
ing atherosclerotic process (elastin: collagen) is dicta-
ted by total MMP:TIMP ratio; this relation was shown
to be substantially affected by blood flow in experimen-
tal study on adult male Sprague-Dawley rats [2]. Based
on the results of this study, it can be concluded that not
only MMPs expression or the blood levels of MMPs
and their inhibitors, but also blood flow characteristics
must be considered when vascular remodelling during
atherosclerosis is evaluated [2].

Another aspect of great importance could be the pre-
natal role of the MMP-13 during organogenesis of car-
diovascular system [1]. Recently, the MMP-13 (RNA
as well as protein) was observed to be significantly
downregulated during the second and the third trimester
of pregnancy with respect to diversity and amount of
matrix metalloproteinases produced and secreted by
human decidua and invasive trophoblast [1]. This could
have crucial effects on embryogenic development of
cardiovascular system, as MMP13 may be involved in
early stages of cardiovascular development [1]. The
supposed decreased function of the T allele of rs640198

MMP-13 polymorphism associated with the loss of
Pbx-1 transcription factor site [5] could be related to
suboptimal MMP-13 expression and therefore could
play a role in early stages of heart development.

Based on this hypothesis and also on results of the
presented study, another question arises as for possible
consequence of CAD with some congenital heart mal-
formations, even though below clinical significance.
Recently, when the multidetector computed tomogra-
phy MMDCT) angiography was used for CAD screen-
ing in a large general cardiology cohort (/N = 4,543),
other clinically relevant nonatherosclerotic cardiovas-
cular diseases were visualized and identified unex-
pectedly [14] in 4.4% of investigated subjects (N =
200). Most common abnormalities were: congenital
coronary artery anomalies (38%; largely right coro-
nary artery from the left aortic sinus); ascending aor-
tic aneurysms > or = 45 mm (22%); hypertrophic
cardiomyopathy with apical left ventricular (LV) wall
thickening (14%); valvular heart diseases (8%), con-
genital heart diseases, including ventricular septal de-
fect (6%); pulmonary embolus (6%); as well as LV
noncompaction, left atrial myxoma, and LV apical
aneurysm (2% each).

In our study, the T allele of the investigated polymor-
phism in MMP13 gene was more frequent in patients
with aortic aneurysma and pulmonary embolism. This
is in agreement with the recent findings that polymor-
phisms in MMP2, MMP3, MMP-13, and ELN genes
may independently contribute to the pathogenesis of
abdominal aortic aneurysma [23,24]. The structural
changes in the venous wall in addition to the increased
expression of MMP-2, MMP-9 and MMP-13 in venous
aneurysm with pulmonary embolism compared to nor-
mal saphenous vein and varicous vein suggest a possi-
ble causal role for these MMPs in pathogenesis of these
states [12]. Even though there is no evidence of the
functional impact of the investigated polymorphism,
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based on the results of the presented studies, we believe
that these findings support functional, not only statis-
tical association of rs640198 MMP-13 polymorphism
with coronary artery disease and pulmonary embolism
and aortic aneurysm, observed in our study.

Moreover, other polymorphisms in other MMP
genes, especially in MMP-3 and MMP-9 gene, have
been previously reported to associate with the mani-
festation of coronary atherosclerosis and/or its progres-
sion, coronary restenosis development after therapy and
plaques instability responsible for myocardium infarc-
tion development [7,9,25,31]. Certain genotypes of
MMP-1, MMP-3 and MMP-9 with lower transcription-
al activity were also associated with higher frequencies
of arteriovenous fistula (AVF) failure in hemodialysis
patients which may result from more accumulation of
extracellular matrix, leading to AVF stenosis [15].

No information about MMP-13 levels in CAD have
been reported so far in humans. However, MMP-2 as
well as MMP-13 expression was found to be different
in aorta, carotid artery, femoral artery and vena cava
in animal model [2] which seemed to decrease the po-
tential predictive value of MMP-13 blood levels. In a
nother study, plasma levels of MMP-8 were associated
with CAD [11].

Recently, a comprehensive analysis of extracellu-
lar matrix components comprising the vascular pro-
teome in humans was performed [8]. The proteomics
method allowed for the identification of scarce proteins
present in the vascular extracellular space, identifica-
tion of novel glycoproteins, and interrogation of prote-
olytic activity within tissues based on the identification
of proteolytic enzymes and corresponding degradation
products. These facts, if comprehensively character-
ized, could lead to development of the new therapeutic
options for cardiovascular diseases [8].

In conclusion, the T allele of rs640198 polymor-
phism in MMP-13 gene was in our study associated
with the severity of coronary artery disease characte-
-rized by the number of affected arteries as well as by
the number of confirmed stenoses. More research into
the pathophysiological role of MMP13 in early devel-
opment of cardiovascular system as well as in patho-
physiology of coronary artery disease and other adverse
cardiovascular conditions is necessary.
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Abstract The impact of three single-nucleotide polymor-
phisms in eotaxin (SCYA11) gene promoter (—426C>T and -
384A>Q) and first exon (67G>A) and recently described
hexanucleotide (GAAGGA),, 10.9 kb upstream on coronary
atherosclerosis was investigated. Elective coronary angiog-
raphy of 1050 consecutive subjects was performed. All
patients were genotyped for the three SNPs. In a subset of
the first 472 samples, the number of (GAAGGA), repeti-
tions was determined. For further evaluation, short and long
variants were distinguished; the borderline corresponded
with the median value of all alleles: <8 repetitions were
considered as short sequence, >9 repetitions as long.
Patients with bronchial asthma or insignificant atherosclero-
sis were excluded; the remaining group of 933 subjects was
further investigated. Patients were grouped according to the
form of CAD (ACS vs. stable angina) and the number of
diseased vessels. The GG variant of 67 G>A polymorphism
was associated with acute form of CAD compared to stable
angina (p=0.0011, p¢orr.=0.013). The number of
(GAAGGA), repetitions in our set of patients ranged from
3 to 12. There were no subjects with 4 or 5 repetitions. The
frequency of short repetition alleles increased with the num-
ber of affected vessels (1 vs. 3 diseased vessels: p=0.0043,
Peorr=0.034). In our study, the (GAAGGA), hexanucleotide
was associated with the severity of CAD. The 67 GG was

J. Méchal (D<) - A. Vasku -+ M. Hlavna + V. Bartakova + M. Jurajda
Department of Pathophysiology, Faculty of Medicine, Masaryk
University,

Brno, Czech Republic

e-mail: jamac@atlas.cz

V. Kincl - J. Meluzin

1st Department of Internal Medicine and Cardioangiology,
International Clinical Research Center — ICRC, St. Anne’s
Hospital and Faculty of Medicine, Masaryk University,
Brno, Czech Republic

associated with acute form of CAD. None of the two SNPs
in eotaxin promoter had any relation to CAD. The number
of (GAAGGA), repetitions can thus be a novel genetic
marker of the extent of CAD.

Keywords Atherosclerosis - Coronary artery disease -
Eotaxin gene - Inflammation - SCYA11 polymorphism

Introduction

Coronary artery disease (CAD) is the leading cause of
both morbidity and mortality worldwide (WHO 2011).
Various approaches to its actiology and pathophysiolog-
ical pathways are employed in extensive investigation of
environmental and genetic risk factors. The promising
view of atherosclerosis as an inflammatory disease has
been given special attention since the 1980s (Hansson
1993; Munro and Cotran 1988; Schwartz et al. 1985).
The role of various cytokines in the development of
atherosclerosis has been investigated since then (Tedgui
and Mallat 2006; Ait-Oufella et al. 2011), and some of
them have been proposed as potential targets for pre-
vention and treatment of atherosclerosis as reviewed by
Little et al. (2011).

Chemokine eotaxin (CCL 11) is a cytokine with
eosinophil attracting properties known since the 1990s
(Griftiths-Johnson et al. 1993; Ponath et al. 1996). It is
also potent chemoattractant of basophils (Yamada et al.
1997), neutrophils, macrophages (Menzies-Gow et al.
2002), Th2 lymphocytes (Sallusto et al. 1997) and mast
cell precursors (Haley et al. 2000). Eotaxin has been
identified as participating mediator in the inflammation
of arterial wall (Haley et al. 2000). Its gene SCYAI11 is
located in the region g21.1-q21.2 of chromosome 17
(Garcia-Zepeda et al. 1997).
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Aim

The impact of various polymorphisms in SCYAII in
coronary artery disease development was investigated.
The first one was 67G>A single nucleotide polymor-
phism (SNP) in the first exon of the gene, leading to
amino acid change of Ala at position 23 to Thr (A23T)
in resulting protein. The other two analysed SNPs are situated
in the promoter: C to T at position —426 (—426C>T) and A to
G at position —384 (—384A>G) (Miyamasu et al. 2001). The
effect of recently described (Batra et al. 2007) hexanu-
cleotide repetition (GAAGGA), 10.9 kb upstream was
also evaluated. The study primarily focused on eventual
difference between the subjects with acute coronary
syndrome (ACS group), those with stable angina (SA
group) and without coronary artery disease (no CAD
group), as those groups are reported to differ in the
level of arterial wall inflammation (Tedgui and Mallat
2006; Choi and Mintz 2010). A possible impact of
these polymorphisms on the number of diseased vessels
was also evaluated.

Material and methods
Study group

Our study group consisted of 1050 consecutive patients
of the Ist Dep. Internal Med.& Cardioangiology, St.
Anne’s University Hospital in Brno, who were referred
for coronary angiography. CAD was defined as a pres-
ence of at least 50 % stenosis of any segment of
coronary arteries. One, two and three-vessel disease
groups were defined by any major segment of left
anterior descendent branch (LAD), left circumflex
branch (LCx) or right coronary artery (RCA) being
affected by >50 % stenosis. Patients with no narrowing
of coronary arteries were used as control group, those
with <50 % stenosis were excluded, as well as the
patients with suspected vasospastic angina pectoris and
patients after heart transplantation. Patients with bron-
chial asthma were also excluded because of possible
impact of eotaxin polymorphisms on this disease, which
can imitate the symptoms of [HD. The remaining group
of 933 subjects consisted of 760 patients with angio-
graphically proven IHD and 173 control subjects.
According to clinical and laboratory criteria, patients
were divided into stable angina pectoris (n=529) or
acute coronary syndrome (n=231) group. The laboratory
and clinical markers of the subjects were determined.

Informed consent was obtained from all subjects. The
research was approved by ethical commission of St.
Anne’s University Hospital in Brno.

@ Springer

Laboratory methods

Genomic DNA was purified from peripheral blood leuko-
cytes by the standard method using the phenol-chloroform
extraction.

We investigated two single nucleotide polymorphisms
(SNP) within eotaxin promoter and one SNP in exon 1
of eotaxin gene: C>T at position —426 (rs16969415),
A>G at position —384 (rs17809012) and SNP 67 G>A
(rs1129844). SNPs were analysed using PCR followed
by restriction enzyme analysis. Each PCR was carried
out in the volume of 25 pl using Taq polymerase
(Finzymes).

All restriction enzyme analyses were carried out in
the volume of 10 pl. Restriction analyses of of C>T at
position —426 and A>G at position —384 were per-
formed using Taql restriction enzyme according to man-
ufacturer’s instructions (NEB, UK). In the case of SNP
C>T —426, the length of the fragments was 204 and
41 bp for -426C, 245 bp for -426T. In the case of A>G
—384, the length of the fragments was 204 bp for -
384A, 184 bp for -384G. The SNP 67G>A was deter-
mined using restriction endonuclease Bsrl according to
manufacturer’s instructions (NEB, UK). Genotypes were
determined by electrophoresis.

The analysis of repetitive sequence was performed
only in a sample of 472 subjects. Chemicals used for
PCR reaction were as follows: Taq® polymerase with
Taq® 10X PCR Buffer (without Mg2+, Fermentas),
1.5 mM Mg2+, dNTPs (dATP + dCTP + dGTP +
dTTP, 200 uM each, Fermantas), forward primer (5°-
AGCCTAACATTCAAGCCTCACA-3’), reverse primer
(5“GACCACAGCCCAAGTTTCTTTC-3), 10 pmol/pl
each in 20 pl reaction volume. PCR reaction condition:
95 °C/1 min, 30x (95 °C/30 s, 58 °C/30 s, 72 °C/60 s,
72 °C/30 min, 4 °C/forever). 10 pl reaction mixture for
fragment analysis consisted of: 0.5 ul GeneScan™ —
400 HD ROX® Size Standard (Applied Biosystems),
0.5 pl of 10-times diluted PCR product and 9 pl Hi-
Di™ Formamide (Applied Biosystems). The sample was
then denaturated for 5 min in 95 °C followed by 5 min
incubation on ice. Fragment analysis was done using 4-
capilar automatic genetic analyzer ABI PRISM 3100
(Applied Biosystems). Results were analysed by
GeneMapper v.3.5 software (Applied Biosystems). The
sequence of four homozygous samples was determined
by sequenation for result validation on ABI PRISM
3100 (Applied Biosystems).

For further analysis, we considered the sequence of
<8 repetitions as short, >9 repetitions as long. This
borderline corresponded with the median value of total
number of alleles. The genotyping was performed with-
out prior knowledge of the subject’s status.
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Statistical analysis

Statistical analysis was performed using STATISTICA soft-
ware (StatSoft, version 11). Two-tailed Fisher exact test was
used for all categorical data, Mann—Whitney U-test for con-
tinuous data. Logistic regression was used for odds ratio and
confidence intervals estimation. The genotype frequencies in
ACS group, SA group and control group were compared. For
the evaluation of genetic impact on the extent of coronary
artery disease, patients with one diseased artery were com-
pared to those with three diseased arteries. The genotype
frequencies in two vessel disease group were also evaluated
and it was checked, whether they are situated in a range
defined by the two other groups. In such a case, an overall
trend (positive or negative) in genotype frequencies through-
out groups could have been supposed, and only under this
condition the statistical testing was considered as significant.
Because no assumption about possible effects of different
genotypes in SCYA11 gene on CAD could have been made
based on accessible literature, four different modes of inheri-
tance were tried: allele-based additive model (one allele vs. the
other), genotype-based dominant (more common homozygote
vs. rarer allele carrier), recessive (rarer homozygote vs. com-
mon allele carrier) and overdominant model (both homozy-
gotes vs. heterozygote). The overdominant model is
characterised by an advantage of heterozygous genotype
(Kojima 1959; Buzbas et al. 2009). In the 67 G>A and —426
C>T SNPs, the recessive model was not applied because of
low number of rarer homozygotes in each group. The same
attitude was used for evaluating the impact of repetitive se-
quence previously identified as long or short. Bonferroni test
was used for multiple testing corrections when the testing was
performed for different polymorphisms.

Results

Patients’ characteristics are described in Table 1 .

Two of investigated SNPs -426C>T and 67G>A were in
Hardy-Weinberg equilibrium. There was a significant link-
age disequilibrium between the genotypes (p<0.005). The
frequencies of -384A>G genotypes were not in Hardy-
Weinberg equilibrium.

The number of (GAAGGA), repetitions in our sample of
patients ranged from 3 to 12. Interestingly, there were no
subjects with 4 or 5 repetitions. The frequencies of different
alleles are listed in Table 2.

The distribution of the three SNPs and long/short variant
of the (GAAGGA), hexanucleotide repetition is described
in Table 3.

Differences between the patients with CAD altogether
and controls were not significant. The p values are shown
in Table 4.

Table 1 Basic characteristics of the subjects. All continuous variables
with normal distribution are described as median (lower—upper

quartile)

Patients with CAD Controls
Total/men 760/562 173/88
Smokers 107 (14.1 %) 18 (10.4 %)
Age (years) 66 (59-74) 61 (54-67)

BMI

Systolic blood pressure
(mm Hg)

Diastolic blood pressure
(mm Hg)

Cholesterol (mmol/l)

HDL (mmol/l)

LDL (mmol/l)
Triglycerides (mmol/l)
Diabetes mellitus

28.3 (25.8-31.1)
140 (130-150)

80 (80-90)

4.30 (3.12-5.70)
1.08 (0.93-1.26)
2.35 (1.92-3.09)
1.52 (1.19-2.08)
259 (34.1 %)

28.4 (25.8-31.4)
135 (120-140)

80 (80-90)

4.73 (4.09-5.46)
1.27 (1.07-1.60)
2.75 (2.20-3.21)
1.27 (0.86-1.89)
23 (13.3 %)

(n/% of total)

CRP 42(1.9-8.3) 2.6 (1.3-4.8)

P values corresponding to differences between an acute
and chronic form of CAD are listed in Table 5.

The 67 G>A exon polymorphism was significantly asso-
ciated with the form of coronary artery disease: the subjects
with GG genotype in 67 G>A polymorphism were signifi-
cantly more frequent in the ACS group compared to stable
angina group (p=0.0011, p.o=0.0044, OR=1.86, 95 % CI
1.28-2.69), and also to the control group (p=0.0075, peorr=
0.03, OR=1.87, 95 % CI 1.19-2.95). The association was
even tighter when the overdominant model was employed
(ACS vs. SA: p=0.0004, pcorr=0.0016, OR=1.97, 95 % CI
1.34-2.90, ACS vs. controls: p=0.0029, pcor=0.0116, OR=
2.05, 95 % CI 1.28-3.27) (Graph 1).

There was no difference in the distribution of other alleles
which were investigated.

The number of diseased vessels in different genotypes
among the patients with CAD is shown in Table 6.

P values corresponding to differences in genotypes be-
tween one-vessel and three-vessel disease groups are listed
in Table 7.

Table 2 The number of (GAAGGA), hexanucleotide repetitions in
studied population

No. of repetitions Acute IHD Chronic IHD Controls

28 (124 %)
30 (13.3 %)

3 84 (16.9 %)
6

7 4(1.7 %)

8

9

52 (10.5 %)
8 (1.6 %)

72 (14.5 %)
79 (15.9 %)

34 (153 %)
34 (153 %)
3 (1.4 %)

24 (10.8 %)
34 (153 %)

28 (124 %)
51 (22.6 %)

10 55243 %)  119024.0 %) 57 (25.7 %)
11 30 (133 %) 82 (16.5 %) 36 (16.2 %)
total 226 496 222
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Table 3 The distribution of the three SNPs and long/short variant of the (GAAGGA), hexanucleotide repetition in patients with acute coronary

syndrome, stable angina and control subjects

SNP (GAAGGA), long/short* 67 G>A —426 C>T —384 A>G Total**
Group S/S S/L L/L GG GA AA CcC CT TT AA AG GG

ACS 17 55 39 185 41 206 24 1 62 124 45 231
Stable angina 47 114 79 362 158 449 74 6 119 292 118 529
Controls 13 34 22 118 53 150 21 2 42 97 34 173
Total 77 203 140 665 252 16 805 119 9 223 513 197 933

* The number of (GAAGGA), repetitions was determined only in a subset of all the subjects
** -426C>T, -384A>G and 67G>A SNPs were determined in total number of subjects

Frequency of short variants of the (GAAGGA), hexanu-
cleotide repetitive sequence increased with the number of
affected vessels. The carriers of two short alleles were more
likely to have a three-vessel disease compared to carriers of at
least one long allele (1 vs. 3 diseased vessels: p=0.006,
Peorr=0.024, OR=2.76, 95 % CI 1.33-5.71). Reciprocally,
there was a trend towards lower number of affected vessels
in patients with two long variants. The allele-dependent effect
(assuming the additive effect of two short/two long alleles on
phenotype) was even more significant (pco,=0.017)
(Graph 2).

There was also a trend for 67 GG carriers towards more
diseased vessels (1 vs. 3 diseased vessels: p=0.064), the trend
was more apparent when the overdominant model was used;
however the p-value (0.037) was non-significant after
Bonferroni correction.

The genotype frequencies in the two-vessel disease group
were in range defined by the two other groups.

Neither of the two promoter SNPs (—426 C>T or —384
A>G) was significantly associated with the type of IHD or
the number of diseased vessels.

We then focused on laboratory and other markers that
could be relevant for CAD progression. Autosomal domi-
nant model was used for =384 A>G and -426C>T (AAvs. G
carriers in the first case, CC vs. T carriers in the latter). Both
dominant and overdominant models were used in 67 G>A
(AA vs. G carriers, GA vs. AA+GG). The patients with two

Table 4 P values corresponding with frequencies of the three SNPs
and the number of (GAAGGA) repetitions, CAD patients vs. no CAD
group. No significant difference was found in CAD patients altogether
(n=760) and no CAD group (n=173). The models (modes of inheri-
tance) are explained in “Material and methods”

long variants (GAAGGA), repetitive sequence were com-
pared to those with two short variants, representing the
opposite extremes in additive model of inheritance, which
suited best to our data. The carriers of different alleles of
67 G>A, -426C>T and (GAAGGA), repetition did not
significantly differ in any feature that was investigated.
There was a difference in CAD patients carrying different
variants in —426 C>T: CC homozygotes had increased
plasmatic concentrations of uric acid (p<0.001), fibrinogen,
triglycerides, and CRP (p<0.05), body weight (p<0.01) and
BMI (p<0.05). However, no impact of -426C>T on CAD was
observed.

The key finding was thus an effect of the number of
(GAAGGA), hexanucleotide repetitions on the number of
diseased vessels and the association of 67 G>A polymor-
phism with acute coronary syndrome. No such association
was found in =426 C>T or —384 A>G.

Discussion

The association of eotaxin levels, different variants of its
gene and the inflammation of arterial wall has been studied
since early the 2000s. In many studies, higher eotaxin con-
centration in plasma has been associated with presence and

Table 5 P values corresponding with frequencies of the three SNPs
and the number of (GAAGGA) repetitions, patients with ACS (n=231)
vs. stable angina (n=529). There was a significant difference in fre-
quencies of 67 G>A genotype between the patients with ACS and
stable angina. The ACS group significantly differed also from no CAD
group (see in text). The modes of inheritance are explained in “Material
and methods”

Mode of (GAAGGA), —426C>T -384A>G 67 Mode of (GAAGGA), —426C>T 384 67 G>A
inheritance long/short* G>A inheritance long/short* A>G

Dominant 0.8890 0.9032 0.9214 0.3519 Dominant 0.7161 0.1371 0.1965  0.0011
Additive 0.8507 1.0000 0.7209 0.4568 Additive 0.4598 0.0887 0.2001  0.0048
Recessive 0.8663 - 0.6799 - Recessive 0.3749 - 0.4422 -
Overdominant ~ 0.8957 0.8012 0.7996 0.2550 Overdominant ~ 0.7318 0.1961 0.7514  0.0004
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Graph 1 The frequency of 67 100%

G>A genotypes and the clinical
form of IHD. The graph shows
higher frequency of GG
homozygote genotype in the
patients with acute coronary
syndrome compared to control
group [p=0.0075, p(corr) =
0.03] and stable angina group
[p=0.0011, p(corr) = 0.0044].
In overdominant model, GA
heterozygote genotype was less
frequent in patients with ACS
compared to both control group
[p=0.0029], pcorr =0.0116 and
stable angina group [p=0.0004,
p(corr) = 0.0016]
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extent of coronary artery disease (Emanuele et al. 2006;
Raaz-Schrauder et al. 2012; Kaehler et al. 2006; Ardigo et
al. 2007; Economou et al. 2001), however some do not
report such a correlation (Mosedale et al. 2005; Canoui-
Poitrine et al. 2011). While eotaxin is locally overexpressed
during arterial wall inflammation (Haley et al. 2000), it is
also present in higher concentration in local blood samples
during ACS (Wyss et al. 2010). Besides its leukocyte
attracting properties, the protein stimulates the migration
of smooth muscle cell from media to intima of the injured
arterial wall (Kodali et al. 2004). This process is thought to
have a crucial role in the development of atherosclerotic
plaque and restenosis (Hao et al. 2003; Schwartz et al.
1995).

The 67 G>A exon polymorphism has already been asso-
ciated with different forms of CAD with various results. In
their prospective study, Zee et al. found the negative impact
of AA genotype on the risk of incident myocardial infarc-
tion (Zee et al. 2004), which seemingly does not correspond
with our results. However, the study used recessive model of
inheritance, the A allele carriers being actually insignificant-
ly more frequent in controls compared to subjects that
developed myocardial infarction if the dominant model
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was used. In our study, low number of AA homozygotes
did not allow reasonable use of recessive model. The most
significant association was obtained with the overdominant
model, i.e. the heterozygous population had lower suscepti-
bility to ACS compared to both AA and GG homozygotes
together. This mode of inheritance gave the best results
when the patients with ACS were compared to those with
SA (p=0.0004, pcor=0.0016, OR=1.97, 95 % CI 1.34-2.90)
and also to the control group (p=0.0029, p.o=0.0116,
OR=2.05, 95 % CI 1.28-3.27). The dominant model (A
allele carriers vs. GG homozygotes) gave only slightly less
significant results. While there was no difference between
the patients with stable angina pectoris and controls, our
study suggests greater susceptibility to acute coronary syn-
drome in subjects with 67 GG genotype. The ACS is, unlike
stable angina, usually linked to the rupture of atherosclerotic
plaque (Hong et al. 2004), while the plaque rupture is
associated with higher inflammatory reaction (Tedgui and
Mallat 2006; Choi and Mintz 2010), and thus the connection
with different genetic variations in inflammatory pathways
can be expected to be more pronounced.

Other studies do not report any clear association between
67 G>A polymorphism and CAD, although the genetic

Table 6 The distribution of the three SNPs and long/short variant of the (GAAGGA),, hexanucleotide repetition in patients with one-vessel, two-

vessel and three-vessel disease

SNP (GAAGGA), long/short* 67 G>A —426 C>T —384 A>G Total
No. of vessels S/S S/L L/L GG GA AA CcC CT TT AA AG GG

1 12 53 44 154 72 3 199 28 2 53 128 48 229
2 22 61 41 174 59 5 207 30 1 55 129 54 238
3 30 55 33 219 68 6 249 40 4 73 159 61 293
Total 64 169 118 547 199 14 655 98 7 181 416 163 760
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Table 7 P values corresponding with frequencies of the three SNPs
and the number of (GAAGGA) repetitions, patients with one-vessel
disease vs. three-vessel disease. The short variant of (GAAGGA) ,
hexanucleotide repetition was associated with three-vessel disease.
There was a trend in 67 G>A genotype, insignificant after multiple
testing correction. In both cases, the genotype frequencies in two-
vessel disease group were in range between one-vessel and three-
vessel disease groups

Mode of (GAAGGA), —426C>T 384 A>G 67
inheritance long/short* G>A
Dominant 0.0512 0.6133 0.6807 0.0640
Additive 0.0043 0.4120 0.8029 0.1394
Recessive 0.0060 - 1.0000 -
Overdominant  0.7912 0.6949 0.7237 0.0370

variant seems to influence the circulating level of eotaxin
(Sheikine et al. 2006; Rosner et al. 2005). The first study
was designed as case—control study and did not evaluate
either clinical or morphological form of CAD, the second
one, which also focused on the extent of CAD, used smaller
number of patients compared to our study. When the extent
of CAD expressed by number of diseased arteries (1, 2, or 3)
was evaluated in our group of patients, the overdominant
model also suited the best: compared to heterozygous
patients with CAD, there was a trend for AA and GG
carriers to be more likely to have three diseased arteries than
one (p=0.037). This further support the hypothesis, that the
GA heterozygous combination may be advantageous
concerning the development of CAD.

To our knowledge, the two promoter SNPs investigated
in our study, -426 C>T and —384 A>G, have not been
investigated in relation with coronary artery disease yet,
although there are studies affirming their effects on allergic
disorders (Chang et al. 2005; Rigoli et al. 2008; Raby et al.
2006). In our study, we did not find any association of these
polymorphisms with coronary atherosclerosis. Interestingly,

Graph 2 The number of 100% -

diseased vessels and the
number of (GAAGGA) repeti-
tions. The graph shows higher
number of patients with two
short variants in three-vessel
disease group [1 vs. 3 diseased
vessels: p=0.006, p(corr) =
0.024]. Opposite trend can be
seen in the carriers of two long
variants (p=0.051)
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in the patients with CAD but not in controls, -426 C>T
polymorphism was associated with several clinical and lab-
oratory markers that are consistent with so-called metabolic
syndrome: CC homozygotes had increased plasmatic concen-
trations of uric acid (p<0.001), fibrinogen, triglycerides, and
CRP (p<0.05), body weight (p<0.01) and BMI (p<0.05).
This set of conditions is generally considered to be pro-
inflammatory as reviewed by (Fulop et al. 2006).

The (GAAGGA), hexanucleotide repetition was only
investigated by Batra et al. in relation to bronchial asthma
(Batra et al. 2007). The study used higher number of con-
trols but smaller number of patients (ours was primarily
designed as a case-case study). The studied population was
of Northern Indian origin and the allelic distribution in the
control group showed some similarities, but also some dif-
ferences, from our sample of subjects. Range varied from 4
to 13 repetitions while in our population we found the
number to be between 3 and 11. The most frequent variant
was 10 repetitions in both populations. Also, in cited study
there was only one patient carrying one 4 repetitions variant,
which was completely missing in our set. However, other
variants occurred often in much different frequencies.
Generally the frequency of short (<8 repetitions) variants
was notably lower in Indian population compared to ours
(both cases and controls).

No study examining the association of (GAAGGA),
hexanucleotide repetition with CAD has been performed
yet. The results of our study suggest a possible impact of
the number of repetitions on the number of diseased vessels.
Batra et al. suggest a possible mechanism of altering the
DNA secondary structure based on the forming of chromo-
somal loops caused by (TCCTTC), and (CTTCCT), repet-
itive sequences, as was described earlier (Hampel et al.
1994). Moreover, (GAAGGA), repetition have been found
to be capable of anti-paralel self-pairing (other lengths were
not investigated), which can also contribute to the changes

0%

@ Springer

Number of diseased vessels

Btwo short variants E 1 short/ 1 long variant @ two long variants






J Appl Genetics (2012) 53:271-278

271

of DNA secondary structure (Rippe et al. 1992). We can
therefore speculate that such changes might be depen-
dent on the length of repetitive sequence, and that the
different length can result in varied expression by that
mechanism. Analyses of protein expression are needed
to elucidate this effect.

Conclusions

In our study, the number of (GAAGGA), hexanucleotide
repetitions 10.9 kb upstream of eotaxin gene (SCYA11) was
associated with severity of CAD. Possible mechanisms
could involve differences of the DNA secondary structure
affecting eotaxin expression and inflammation of arterial wall.
The 67 GG was associated with the acute form of CAD. The
other two SNPs in eotaxin promoter had no relation to CAD,
as our study is the first one that investigates this eventual
association. The number of (GAAGGA), repetitions can thus
be a novel genetic marker of the extent of CAD.
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The aim of this paper is to elucidate the relation between laboratory markers and coronary artery disease (CAD).

Methods. The study involved 1254 consecutive patients with suspected or known CAD referred for coronary
angiography. The blood samples including blood cell count, C-reactive protein, fibrinogen, uric acid, creatinine, and
lipid spectrum were obtained after overnight fasting. One hundred and thirty-three patients were excluded due to
incomplete records or inacceptable laboratory values. Differences among groups were tested with one-way ANOVA
and Bonferroni post-hoc test for continuous variables and with chi-square test for categorical variables. Univariate and
multivariate logistic regression was adopted for the analysis of risk factors and development of models for classifica-
tion of patients into clinical categories.

Results. The linear logistic regression showed association of patient’s biochemical markers with the presence of
disease. Both acute and chronic CAD were associated with leukocyte count (Odds ratios 1.45 and 1.26), CRP (1.13;
1.05), fibrinogen (4.23; 1.95), uric acid (1.27; 1.38), creatinine (1.04; 1.04), HDL cholesterol (0.07; 0.12), triglycerides
(1.4; 1.52) and glucose (1.56; 1.39). Presence of insignificant atherosclerosis was influenced only by fibrinogen (OR
1.73), creatinine (1.02), HDL cholesterol (0.5) and glucose level (1.23). There was no difference between one- and

multivessel disease in laboratory values.

Conclusion. Leukocyte count, CRP level, triglycerides and uric acid are associated with the presence of both acute
and chronic ischaemic heart disease, but not with number of stenosed vessels. In addition, glycemia, HDL cholesterol
and namely fibrinogen and creatinine have relation to occurence of insignificant atherosclerosis.

INTRODUCTION

The coronary artery disease (CAD) is one of the most
frequent causes of mortality and morbidity in developed
countries!. Coronary artery disease is caused by progress
of atherosclerotic plagues in coronary arteries. The com-
mon risk factors of CAD are hypertension, hyperlipo-
proteinaemia, smoking and diabetes mellitus and also
determined factors as age and male sex. Atherosclerosis
is a complex process and it is considered to have an in-
flammatory background, so the association between levels
of various inflammatory markers and occurence, sever-
ity, and clinical form CAD have been studied?-®. There
are many evidences that inflammation plays a key role
in the patogenesis of stable CAD®?® and acute coronary
syndromes® 2. The most frequently studied parameters
were leukocyte count>>¢81113-15 ' C-reactive protein (CRP)
(ref.3+"19) fibrinogen'®, and also uric acid7-"°. There
were found association of high hs-CRP levels and in-
creased risk of further coronary events™'®. Danesh et al.!®
also found significant association of fibrinogen, CRP, al-
bumin and leukocyte count with coronary artery disease
by metaanalysis of prospective studies of CAD. Relation
between increased level of uric acid and increased mortal-

ity in CAD patients was also described by Bickel et al.”.
The aim of this study was to evaluate the association of
leukocyte count, high sensitivity CRP (hsCRP), fibrino-
gen, and other laboratory parameters like creatinine and
uric acid in patients with acute coronary syndromes and
stable CAD and with multi - and singlevessel disease in
stable CAD subgroups.

METHODS

Study population

The study involved 1254 patients with suspected or
known CAD referred for coronary angiography. The group
of patients with CAD consisted of those with chronic sta-
ble CAD and acute coronary syndromes as well.

During the hospitalization the patients underwent full
cardiologic investigation (history, physical examination,
electrocardiography, laboratory examination, coronary
angiography, echocardiography in patients with unclear
diagnosis). All blood samples were taken after overnight
fasting. The analysis of blood count was performed on
analyzer SysMed XE 2100, Japan, fibrinogen level was
determined according to Clause method on system BCS
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XP, Siemens, Germany. The values of CRP, creatinine,
lipid spectrum, uric acid were determined on analyzer
Advia 1650, Siemens, Germany, by using kits BLW and
BioVendor. Patients with severe renal (creatinine over 200
umol/1) or hepatic failure, anemia, endocrine or neuro-
logical diseases or malignancies were excluded. We also
excluded patients with smooth coronary arteries having
the evidence of myocardial infarction or spastic angina
pectoris or patients with uncomplete laboratory and other
examinations results. The history of myocardial infarcion
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or unstable angina within one month was classified as
acute coronary syndrome. The hyperlipoproteinemia was
defined as known diagnosis of hyperlipoproteinemia in
patient’s documentation and/or hypolipidemic treatment
or total cholesterol level above 5 mmol/l in blood samples,
diabetes mellitus as current treatment with hypoglycemic
drugs or diet or repeat fasting glucose > 7.0 mmol/l during
hospitalization, hypertension as current treatment with
antihypertensive drugs or repeat resting blood pressure
> 140/90 mmHg during hospitalization. All patients in-

Table 1a. Proportion of patients in groups according to CAD presence or absence and severity
before and after data validation.

Before validation After validation No of
Group Sub-group excluded
N % N % patients
Acute CAD 270 21.5 249 22.2 21
Chronic CAD 642 51.2 568 50.7 74
Singlevessel chronic CAD 206 16.4 177 15.8 29
Multivessel chronic CAD 436 34.8 391 34.9 45
;?ﬁﬁ‘;‘sfg:rnotm 126 10.0 109 9.7 17
Control group 216 17.2 195 17.4 21
Total 1254 100.0 1121 100.0 133

CAD - coronary artery disease, insignificant atherosclerosis - stenosis < 50%

Table 1b. Description of patients in study with comparison of acute and chronic CAD
(basic characteristics and risk factors).

All patients Acute CAD Chronic CAD In51gmf1cant. Control group
atherosclerosis
(N =1121) (N = 249) (N = 568) (N = 109) (N = 195)

Male sex’" 70.0 70.7 71.5 64.2 50.8
Age Grs)" 64.8 65.9 65.7 65.7 60

2 (64.2;654) | (64.6;67.2)* | (64.9:66.5)* | (64:67.3)* (58.6 ; 61.4)
% Height (cm) 171.3 171.3 171.9 170.7 170

£ (170.8;171.8) | (170.2;172.4) | (171.2:172.6) | (168.9;172.5) | (168.7;171.2)
£ . 84.2 84.2 84.7 83.7 83.2

£ | Weight (ke) (83.4:85.1) (82.4 ; 86) (83.5; 85.9) (81:86.3) (81.2 ; 85.3)
'% EF (%) 53.4 48.8 52.7 58.9 58.2

& (52.6:54.2) | (47.3:50.4)*§+ | (51.6;53.8)*+ | (56.7:6L.1) | (56.5;59.9)
28.7 28.6 28.6 28.7 28.8

BMI (kg/m?) (28.4:28.9) | (28.1:29.2) | (28.3:28.9) | (27.9:29.5) | (28.1;29.4)
< Hypertension® 78.1 79.1 79.8 81.7 69.7
g Diabetes mellitus’™ 28.4 34.5 31.5 22.9 14.4
& | Hyperlipoproteinemia'® 78.5 79.9 84.3 67.0 66.2
& Perifery artery disease'’ 8.1 15.3 8.6 0.9 1.5
"2 | History of stroke ' 9.6 14.1 10.7 5.5 3.1
R Smoking experience’’ 47.1 52.6 50.7 36.7 35.4

cathegorical variables are presented in %, continuous variables as mean (95% confidence interval)
 significant difference among groups - ANOV A / Chi-square test (p<0.05),
¥ significant difference among groups - ANOVA / Chi-square test (p < 0.001),

* significant difference vs. control group - Bonferroni test (p<0.001)
§ significant difference vs. chronic CAD - Bonferroni test (p<0.001)

+ significant difference vs. insignificant atherosclerosis - Bonferroni test (p<0.001)

EF - left ventricular ejection fraction, BMI - body mass index
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volved in this study gave informed consent and study was
approved by institutional ethics comittee.

Coronary angiography

The coronary angiography was performed by femo-
ral or radial artery approach using angiographic device
Philips Allura Xper FD 10 (Philips, The Netherlands).
The examinations were evaluated by two experienced car-
diologists. Coronary artery disease was defined as more
than 50% luminar diameter stenosis of at least one coro-
nary artery. Patients with CAD were divided into groups
of chronic stable CAD and acute coronary syndromes
as described above, patients in stable CAD group were
divided into subgroups with single- or multivessel disease.

Patients with insignificant atherosclerosis (luminal
diameter narrowing below 50%) were given into separate
group. Patients with smooth coronary arteries were taken
as controls.

Data validation and statistical analysis:

One thousand two hundred and fifty-four patients were
included into the study. After data evaluation 133 patients
were excluded due to incomplete records or inacceptable
laboratory values. In data evaluation crucial parameters
were age, gender, body mass index (BMI), data from pa-
tient’s history (history of hypertension, diabetes melli-
tus, stroke, known hyperlipoproteinemia, perifery artery
disease, renal insufficiency and smoking) and biochemi-
cal parameters (hemoglobin, leucocytes, trombocytes, fi-
brinogen, prothrombin test, total cholesterol, low density
lipoprotein (LDL) cholesterol, high density lipoproteid
(HDL) cholesterol, triglycerides, uric acid, creatinine,
glycemia, CRP). Finally, patients without performed
examination from ventriculography were excluded due
to not accessible value of left ventricular ejection frac-
tion. Number of patients in the groups are presented in
Table la.

Table 2. Laboratory markers in groups of acute and chronic CAD.

All patients Acute CAD Chronic CAD In51gn1f1cant‘ Control group
atherosclerosis
(N =1121) (N =249) (N =568) (N =109) (N =195)
Leukocytes®* 7.5 8.2 7.5 7 6.7
[x 10°/1] (7.3;7.6) (7.9 ; 8.5)§ ++** (7.3;7.6)** (6.7;17.3) (6.5;7)
C-reactive protein®*f 4.3 7.9 3.8 3.5 2.8
[mg/1] (4;4.6) (6.8;9.3)§ ++** (3.5;4.1)* (2.9;4.2) (2.5;3.2)
Fibrinogen'? 4 4.4 4 3.9 3.7
[g/1] (4;4.1) (4.3;4.5)§++** (3.9; 4)** (3.8;4)* (3.6;3.8)
Uric acid®*t 355.2 356.2 362.5 352.7 335.1
[umol/1] (349.6 ; 361) (343.5;369.3) (354.7;370.6)* (336.7;369.4) (322.4;348.3)
” Creatinine®'" 100.3 102.4 102.1 98.7 93.3
E [umol/1] (99.3;101.2) | (100.3;104.5)** (100.7;103.5)** (95.9; 101.7)* (91.3;95.3)
= | Cholesterol 4.5 4.4 4.4 4.6 4.7
i [mmol/l] (4.4;4.6) (4.3;4.6)* (4.4;4.5)* (4.4;4.8) (4.6 ;4.8)
 [LoL: 2.5 2.5 2.4 2.5 2.6
5 | [mmol/l] (2.4;2.5) (2.4;2.6) (2.4;2.5)* (2.4;2.7) (2.5;2.7)
= [HDL L1 L1 L1 1.2 1.3
[mmol/1] (1.1;1.2) (1; L1) ++%= (L1; 1.1) ++%= (1.2; 1.3) (1.3; 1.4)
Triglycerides®" 1.5 1.6 1.6 1.5 1.4
[mmol/1] (1.5;1.6) (1.5;1.6)* (L.5;1.7)* (1.3; 1.6) (1.3; 1.5)
Glucose' 5.7 6.1 5.7 5.5 5.2
[mmol/1] (5.6;5.8) (5.9;6.4)§ +** (5.6;5.8)** (5.2;5.7) (5;5.3)
Trombocytes*'t 202.1 214.7 196.4 199.5 204.7
[x 10°/1] (198.7;205.4) | (206.6;223)§ (191.9 ; 201) (189 ; 210.5) (197.7;211.9)
Hemoglobin® 138.1 135.1 139.5 138.5 137.5
[g/1] (137.2;138.9) | (133.1;137)§ (138.3;140.7) (136.3;140.7) (135.6;139.4)

cathegorical variables are presented in %, continuous variables as mean (95% confidence interval)

2 due to not normal distribution logaritmic transformation of the data was needed,

T significant difference among groups - ANOVA / Chi-square test (p<0.050),

* significant difference among groups - ANOVA / Chi-square test (p<0.001),

$significant difference between acute CAD and chronic CAD - Bonferroni test (p<0.001),
*significant difference vs. insignificant atherosclerosis - Bonferroni test (p<0.05),
**significant difference vs. insignificant atherosclerosis - Bonferroni test (p<0.001),

* significant difference vs. control group - Bonferroni test (p<0.05)

** significant difference vs. control group - Bonferroni test (p<0.001)
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Basic statistical description of study population adopt-
ed percentage proportions for categorical parameters
while the continuous variables were expressed as mean
and 95% confidence interval or median and percentile
range. Significant differences among groups were tested
with one-way ANOVA and Bonferroni post-hoc test for
continuous variables and with chi-square test for categori-
cal variables.

Bonferonni post-hoc test was adopted as a solution for
multiple testing problem; it is the correction for increased
level of type I error during multiple testing with objective
to reach=0.05 for all tests. Predictors in logistic regression
were described by their odds ratio and confidence inter-
val; their statistical significance was tested using Wald
test which is a standard test for testing whether an inde-
pendent variable has a statistically significant relationship

with a dependent variable. Statistical significance of the
whole logistic models was tested by means of Hosmer
and Lemeshow test; the null hypothesis of the test is that
there is no difference between the observed and predicted
values of the dependent variable. If its p>0.05 we fail to
reject the null hypothesis that there is no difference, im-
plying that the model’s estimates fit the data at an accept-
able level. Analyses were performed using SPSS 12.0 and
Statistica 8.0.

RESULTS

Proportion of patients in groups according to CAD
presence or absence and severity before and after data
validation shows Table la. Patients with both acute and

Table 3. Laboratory markers in subgroups of multivessel and singlevessel CAD.

. Singlevessel chronic Multivessel chronic
All patients CAD CAD Control group
(N=763) (N=177) (N=391) (N=195)
Leukocytes®* 7.3 7.6 7.4 6.7
[x 10°/1] (7.2;7.4) (7.3;7.9)8§§ (7.2;7.6)8§§ (6.5;7)
C-reactive protein®* 3.5 3.8 3.8 2.8
[mg/1] (3.3;3.8) (3.3;4.5)8§ (3.4;4.2)§ (2.5;3.2)
fibrinogen'" 3.9 3.9 4 3.7
[e/M (3.9;3.9) (3.8;4)§ (3.9;4.1)§§ (3.6;3.8)
uric acid** 355.3 369 359.6 335.1
[umol/1] (348.5;362.2) (353.9; 384.7)§ (350.5; 369)§ (322.4; 348.3)
Creatinine*'f 99.8 100.9 102.7 93.3
£| [umol/l] (98.6; 101) (98.6 ; 103.2)§§ (101 ; 104.5)§§ (91.3;95.3)
‘iﬁ Total cholesterol 4.5 4.5 4.4 4.7
i [mmol/1] (4.4;4.6) (4.3;4.6) (4.3;4.5)8 (4.6;4.8)
| oL 25 25 2.4 26
_’é [mmol/1] (2.4;2.5) (2.3;2.6) (2.3;2.5) (2.5;2.7)
S| HDL# 1.2 1.2 1.1 1.3
[mmol/1] (1.1;1.2) (1.1;1.2)8§8 (1.1; 1.1)§§ (1.3; 1.4)
Triglycerides® 1.6 1.5 1.6 1.4
[mmol/1] (1.5 1.6) (1.5;1.6) (1.6 ; 1.7)§§ (1.3; 1.5)
Glucose®' 5.6 5.5 5.8 5.2
[mmol/1] (5.5;5.6) (5.4;5.7)§ (5.6;5.9)8§ (5;5.3)
Trombocytes*t 198.5 203.8 193.1 204.7
[x 10°/1] (194.7 ; 202.4) (196.5; 211.4) (187.6;198.8)§ (197.7 ; 211.9)
Hemoglobin' 139 141.8 138.5 137.5
[e/M (138 ; 140) (140 ; 143.6)*§ (137 ; 139.9)* (135.6;139.4)

cathegorical variables are presented in %, continuous variables as mean (95% confidence interval)
2 due to not normal distribution logaritmic transformation of the data was needed,
 significant difference among groups - ANOVA / Chi-square test (p<0.050),

* significant difference among groups - ANOVA / Chi-square test (p<0.001),
“significant difference between singlevessel and multivessel chronic CAD - Bonferroni test (p<0.05),
S significant difference vs. control group - Bonferroni test (p<0.05)
$significant difference vs. control group - Bonferroni test (p<0.001)
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chronic CAD had significantly higher occurency of hyper-
tension, diabetes, hyperlipoproteinemia, perifery artery
disease, stroke, smoking experience and were markedly
older. The left ventricular ejection fraction was also sig-
nificantly lower in CAD patients (Table 1b).

The basic differences in laboratory parameters are
presented in Table 2. Patients with acute forms of CAD
had significantly higher leukocyte count, C-reactive pro-
tein and fibrinogen and also glucose. It is not surprising
because inflammatory reaction is physiological in case
of myocardial necrosis or atherosclerotic plaque rupture.
Otherwise, in this parameters are also significant differ-
ences between patients with chronic CAD and controls
that demonstrates the inflammatory background of
atherosclerosis progress and development. From other
parameters, patients with chronic CAD had higher lev-
el of uric acid, creatinine and lower HDL cholesterol.
Results of lipid spectrum may seem paradoxical, because
patients with CAD had lower total and LDL cholesterol,
but this is caused by present hypolipidemic medication
that was significantly more frequent in this group. The
prevalence of hypolipidemic therapy was as follows: in
chronic CAD group had 548 (96.5%) patients hypolipi-
demic drugs (530 had statin, 1 fibrate, 17 combination
statin+fibrate), in acute CAD group was on therapy 243

patients (97.6%, 239 statin, 1 fibrate, 3 combination), in
insignificant atherosclerosis group 83 patients (76.1%, all
83 had statin) and in control group had hypolipidemic
drugs 49 patients (25.2%, 47 statin, 1 fibrate, 1 combina-
tion). Significant differences were found between groups
with insignificant atherosclerosis and controls in fibrino-
gen and creatinine level only.

Detail division in subgroups with single- and multives-
sel chronic CAD is presented in Table 3. Inflammatory
markers, uric acid and glucose were again significantly el-
evated both in one- and multivessel disease group against
controls and HDL cholesterol was lower in this groups
too. There was no significant difference between single-
and multi vessel group in neither inflammatory markers
nor other biochemical parameters, except for hemoglobin.
This difference was probably casual, because patients with
singlevessel CAD had higher hemoglobin level than those
with multi-vessel but control group had lower than both
groups with CAD.

The linear logistic regression showed association of
patient’s biochemical markers on presence of CAD (Table
4). Both acute and chronic CAD were associated with
leukocyte count, CRP, fibrinogen, uric acid, creatinine,
HDL cholesterol, triglycerides and glucose. On the other

Table 4. Influence of patient’s biochemical parameters on presence of disease based on linear logistic regression.

Acute Chronic Insignificant Singlevessel ~ |Multivessel chronic
CAD CAD atherosclerosis chronic CAD CAD
(N = 249) (N =568) (N =109) (N =177) (N =391)

Leucocytes 1.45 1.26 1.08 1.29 1.24
(1.30; 1.61) (1.14; 1.39) 7 (0.95; 1.24) (1.15; 1.45) ™ (1.12; 1.38) 't

Coreactive protein 1.13 1.05 1.03 1.04 1.05
(1.08; 1.17) * (1.01; 1.08) (0.99; 1.07) (1.00; 1.07) (1.01; 1.09) f

Fibrinogen 4.23 1.95 1.73 1.65 2.16
(3.06; 5.86) 1 (1.50; 2.54) (1.2; 2.51)1 (1.21;2.26) (1.62; 2.88) '

Uric acid 1.27 1.38 1.21 1.46 1.34
(100 units) (1.05; 1.54) 1 (1.15; 1.65)f (0.94; 1.56) (1.18 ; 1.82)" (1.1; 1.62)*

| Creafinine 1.04 1.04 1.02 1.03 1.04
E (1.02; 1.05) * (1.03; 1.05) ' (1.01; 1.04) " (1.02; 1.05) * (1.03; 1.05) '

= Total cholesterol 0.79 0.78 0.88 0.78 0.77
i orte (0.66; 0.95)f (0.67;0.91)f (0.69; 1.12) (0.64; 0.97) (0.65;0.91)f

% LDL 0.89 0.79 0.89 0.78 0.79
_’g (0.72; 1.09) (0.66; 0.96) (0.66; 1.2) (0.60; 1.02) (0.65;0.96)

= HDL 0.07 0.12 0.50 0.23 0.08
(0.04; 0.15) * (0.07;0.20) (0.26; 0.98) * (0.12; 0.43) ' (0.04; 0.15) *

Triglycerides 1.4 1.52 1.09 1.33 1.57
(1.06; 1.84) (1.19; 1.94) (0.78; 1.53) (0.99; 1.79) (1.22; 2.02)

Glucose 1.56 1.39 1.23 1.30 1.42
(1.33; 1.82) 7t (1.20; 1.61) f* (1.02; 1.48)F (1.09; 1.55)* (1.22; 1.65)

Trombocytes 1.12 0.9 0.95 0.98 0.87
(50 units) (1.02; 1.38)* (0.79; 1.04) (0.77 ; 1.17) (0.81; 1.19) (0.76 ; 1.01)

Hemoglobin 0.99 1.01 1.01 1.03 1.00
(0.98; 1.00) (1.00; 1.02) (0.99; 1.02) (1.01; 1.04)* (0.99; 1.02)

Wald test, significance p<0.050
T Wald test, significance p<0.001
Data are presented as odds ratios with 95% confidence interval
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hand, presence of insignificant atherosclerosis was influ-
enced only by fibrinogen, creatinine, HDL cholesterol
and glucose level. From clinical factors, significant rela-
tionship was found between age, male sex, hypertension,
diabetes, hyperlipidemia, history of stroke, perifery artery
disease, smoking experience and CAD (acute and chron-
ic, singlevessel and multivessel as well). Insignificant
atherosclerosis was associated only with male sex, age
and hypertension.

DISCUSSION

In our study we tested several laboratory parameters
and their association with the presence and severity of
coronary atherosclerosis. We proved that elevated inflam-
matory markers as leukocyte count, C- reactive protein
and fibrinogen are associated primarily with acute forms
of coronary artery disease and presence of chronic CAD,
but not with the number of affected vessels in chronic
CAD. Patients with multivessel chronic CAD had rather
lower mean leukocyte count that those with single ves-
sel disease. Also other parameters (uric acid, creatinine,
blood lipids and glucose) failed to distinguish the number
of diseased coronary arteries. All mentioned parameters
were significantly different between CAD and control
group, only fibrinogen and creatinine also between insig-
nificant atherosclerosis and control group. So we cannot
confirm findings from previous studies, e.g. Cavusoglu
et al.2, Sabatine et al.’, that described the association be-
tween leukocyte count and the number of significantly
narrowed coronary arteries. The linkage between insignifi-
cant atherosclerosis and fibrinogen and creatinine level
corresponded to previous findings. Levenson et al.?*?!
demonstrated that prevalece of atherosclerotic plaques
was significantly more pronounced with increasing tertile
of fibrinogen levels. The authors also found the synergic
effect between fibrinogen and total/HDL cholesterol ratio
in formation of subclinical coronary and extracoronary
atherosclerosis. The role of renal function and creatinine
was described by several authors. Bartnicky et al.?? found
out the increased odds ratio of coronary artery disease
in patients with decreased glomerulal filtration. Cerne
et al.”® described the mildly elevated serum creatinine to
be associated with the extent of coronary atherosclerosis
independently of conventional risk factors. Mild renal in-
suficiency is also associated with reduced coronary flow
in patients with non-obstructive coronary artery disease.
That can be caused by synchronous changes in the renal
and coronary microcirculation®.

Our study has several limitations. The number of sub-
jects was relatively large, but it was selected population re-
ferred for coronary angiography. Also influence of blood
lipid spectrum could not be exactly examined due to the
present hypolipidemic medication in CAD patients.

In conclusion, laboratory parameters as leukocyte
count, CRP level, triglycerides and uric acid are associ-
ated with the presence of coronary artery disease (both
acute and chronic) but not with the number of diseased

V. Kincl, R. Panovsky, J. Meluzin, J. Semenka, L. Groch, D. Tomcikova, J. Jarkovsky, L. Dusek

vessels. In addition, glycemia, HDL cholesterol and name-
ly fibrinogen and creatinine have relation to the occurence
of insignificant atherosclerosis.
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Aim. The purpose of this study is to determine the association between eotaxin 426 C/T, =384 A/G, 67 G/A, eNOS -786 T/C,
4 a/b, and MMP-13 rs640198 G/T and prognosis of patients with known CAD. Methods. From total of 1161 patients referred to
coronary angiography, 532 patients with angiographically confirmed CAD were selected. Their long-term outcome was followed
up using hospital database. Subsequent events were assessed in this study: death or combined endpoint-myocardial infarction,
unstable angina pectoris, revascularization, heart failure hospitalization, and cardioverter-defibrillator implantation. Results. The
multivariate Cox regression model identified age, smoking, and 3-vessel disease as significant predictors of all-cause death. Further
analysis showed that eotaxin 67 G/A (GA + AA versus GG) and eotaxin —384 A/G (GG versus GA + AA) were significant
independent prognostic factors when added into the model: HR (95% CI) 2.81 (1.35-5.85), p = 0.006; HR (95% CI) 2.63 (1.19-
5.83), p = 0.017; eotaxin —384 A/G was significantly associated with the event-free survival, but it did not provide the prognostic
information above the effect of two- or three-vessel disease. Conclusion. The A allele in eotaxin 67 G/A polymorphism is associated

with worse survival in CAD patients.

1. Introduction

Cardiovascular diseases, particularly coronary artery disease
(CAD), are the leading cause of mortality in developed
countries. The aetiology of CAD is multifactorial and various
well-known risk factors have been described in previous
decades. Association of CAD prevalence and deoxyribonu-
cleic acid (DNA) polymorphisms in human genes has been
extensively studied [1, 2], but relation of these polymorphisms
to long-term prognosis of patients was reported less fre-
quently [3-6]. Some of the polymorphisms did not show
any significant association with the prognosis of CAD or
the results were controversial. On the other hand, several
papers reported promising results; for example, genome-wide
association study (GWAS) identified polymorphisms in loci
1p13.3 (rs599839), 141 (rs17465637), and 3q22.3 (rs9818870)
[7], or the variants of paraoxonase 1 gene (rs854560) [5]

and phospholipase A2 gene (rs1805017) [6]. These data were
repetitively confirmed by following studies [8-14]. However,
there are many variants in human genome influencing the
presence of CAD, of which their relationship to long-term
outcome in CAD patients is still not elucidated as the
information based on prospective studies is lacking.

Matrix metalloproteinases are zinc-dependent endopep-
tidases cleaving proteins of extracellular matrix [15]. Matrix-
metalloproteinase 13 (MMP-13) preferentially cleaves type
IT collagen and is produced by macrophages and smooth
muscle cells in atherosclerotic lesions [16]. This contributes to
restructuring of atherosclerotic plaque in animal models [17].
Polymorphisms of MMP-13 gene influencing its production
have been associated with an extent of atherosclerosis [18],
including rs640198 G/T intronic single nucleotide polymor-
phism (SNP) [19].
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Eotaxin (CCLIl) is a chemokine with pleiotropic proin-
flammatory effects produced by several cellular types present
in atherosclerotic lesion [20]. Studies in human subjects have
found eotaxin overexpression in atherosclerotic plaques [16]
or its elevated plasmatic concentration in the presence of
coronary atherosclerosis [21, 22]. Genetic variation of eotaxin
gene, SCYALI, has been found to contribute to CAD suscep-
tibility, most notably the first exon (67 G/A) polymorphism
leading into amino acid change Ala/Thr in site 23, where
secreted eotaxin is cleaved off from the signalling peptide
[23]. The association of eotaxin (CCL 11) Ala/Ala variant
and development of coronary artery disease was reported by
Wang et al. [24]. The authors performed a prospective study of
1297 Chinese patients with diabetes mellitus; median follow-
up was 8 years. The variant Ala/Ala of eotaxin Ala23Thr
polymorphism showed a hazard ratio of 1.7 (95% CI 1.10-2.61,
p = 0.037). Other functionally relevant polymorphisms were
identified in the promoter of the gene, as —384 A/G and —426
C/T [23], which has been associated with eotaxin levels and
asthma phenotype [25, 26].

Endothelial nitric oxide synthase (eNOS) is an enzyme
that constitutively produces nitric oxide from L-arginine,
mediating vasodilation and having other beneficial effects
on vessel wall [27]. The rate of NO synthesis by eNOS is
modulated by variability in eNOS gene, which is the case
of 27-bp tandem repetition in intron 4, where an “A allele”
(consisting of four repetitions) is associated with higher NO
production than a “B allele” (consisting of five repetitions)
[28]. Other polymorphisms, —786 T/C promoter SNP, have
been linked to changes in eNOS promoter activity and
coronary spasms [29].

The aim of our study is to assess the relationship between
polymorphisms in eotaxin gene (67 G/A, —384 A/G, and
—-426 C/T), MMP- 13 gene (rs640198), and endothelial NO-
synthase (eNOS) gene (-786 C/T and 4 a/b) and a long-term
outcome in Caucasian patients initially referred to coronary
angiography.

2. Patients and Methods

2.1. Patient Cohort and Genetic Analyses. The study com-
prised of 532 subjects suffering of CAD that were recruited
from the total number of 1161 consecutive patients referred to
coronary angiography after applying the following exclusion
criteria: known malignancy, advanced renal dysfunction
(blood creatinine level above 200 gmol/L), smooth coronary
arteries or insignificant atherosclerosis, or life expectancy
below 1 year. All patients gave their informed consent and
study was approved by the institutional ethic committee.
The personal and family history were obtained and all
patients underwent physical examination, electrocardiogra-
phy, haematological and biochemical blood tests, and coro-
nary angiography. Coronary artery disease was defined as
>50% stenosis of at least one coronary artery. Blood samples
for DNA analysis from peripheral blood leucocytes were also
taken. The selection of DNA polymorphism, analyses, results,
and impact on incidence and severity of CAD were described
in our previous publications [19, 30, 31].
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2.2. Follow-Up. The clinical outcome of patients was assessed
in 2014 using hospital database. The following events were
recorded: death, acute myocardial infarction (MI), unstable
angina pectoris, necessity of myocardial revascularization
(either percutaneous or coronary artery bypass graft), hos-
pitalization for heart failure, and cardioverter/defibrillator
(ICD) implantation. Patients who were not under clinical
observation in our hospital, patients without angiographi-
cally confirmed significant CAD, or those with unsuccessful
DNA analysis were excluded from the study.

2.3. Statistical Analysis. Multivariate Cox regression model
was used for estimating the contribution of genetic polymor-
phisms and other risk factors to survival. Genetic variants had
been preselected out of the total number of 8 polymorphisms
in candidate genes using Kaplan-Meier method and log-
rank tests in dominant, recessive, and codominant mode of
allelic expression. p value 0.05 was used as a cut-off for an
inclusion of variable in the Cox regression analysis. Hardy-
Weinberg equilibrium was calculated for each polymorphism
using x” test. Nongenetic variables included in the model
were the following: age on admission, sex, presence of
acute coronary syndrome, MI in personal history, ejection
fraction, number of diseased vessels, obesity, hypertension,
hyperlipidaemia, diabetes mellitus, concomitant presence of
cardiomyopathy, significant valvular disease, and smoking
status. Two endpoints were observed: all-cause death and
cardiac endpoint consisting of MI, unstable angina, coronary
revascularization, and rehospitalization for heart failure.
Supposing unknown dominance of alleles, three modes of
gene expressions were used: dominant, where minor allele
carriers were compared with major allele homozygotes; reces-
sive, where major allele carriers were compared with minor
allele homozygotes; and additive, gene dose-based model,
where the values 0, 1, and 2 were attributed to major allele
homozygote, heterozygote, and minor allele homozygote.
Stepwise construction of a Cox regression model with p
value to include 0.05 and p value to remove 0.051 was finally
employed to determine all significant independent factors
(clinical and genetic) contributing to patients’ survival or the
incidence of cardiac event. STATISTICA software (StatSoft,
version 12) was used for statistical analysis. MIDAS software
version 1.0 [32] was used for Hardy-Weinberg and linkage
disequilibrium determination. Generally, p values < 0.05
were considered to be statistically significant.

3. Results

Five hundred thirty-two patients with significant CAD were
finally comprised into analysis. The basic characteristics are
listed in Table 1. Twenty-nine patients died and 271 cardiac
events were recorded (26 patients with unstable angina,
44 acute MI, 154 myocardial revascularization, 26 hospital-
ization for heart failure, and 21 ICD implantation) during
follow-up, median follow-up period was 77 months. Kaplan-
Meier curves presenting proportion of survival and event-
free survival can be seen in Figures 1 and 2. The list of studied
polymorphisms and their genotype distribution are shown
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TABLE 1: Basic characteristics of patients. Data are shown as mean +
SD.

Total/men [n] 532/407
Age [years] 65.4 +9.6
BMI [kg/m’] 28.7 + 4.0
One-vessel/two-vessel/three-vessel disease [n] 142/164/226
Smokers (%) 52%
Hypertension (%) 80%
Diabetes (%) 34%

EF (%) 55% (45%-60%)
Renal insufficiency: serum creatinine

105-200 ymol/L (men) or 85-200 ymol/L 23%

(women) (%)
Creatinine [pgmol/L] 101 (92-113)
376 +£ 106
5.4 (4.9-6.5)
4.36 (4.72-5.10)
2.38 (1.94-3.01)
1.08 (0.93-1.27)

1.55 (1.20-2.09)

Uric acid [gmol/L]
Plasma glucose [mmol/L]
Cholesterol [mmol/L]
LDL [mmol/L]

HDL [mmol/L]
Triacylglycerols [mmol/L]

CRP [mg/L] 4.0 (1.8-7.4)

Medication (%):
ASA 92%
Other antiplatelet 54%
Warfarin 3%
B-blocker 94%
ACE-inhibitor 65%
AT1-blocker 20%
Statin 97%
Other antilipids 3%

in Table 2. The preselection of candidate polymorphisms was
based on log-rank p values. The eNOS 4 a/b, eotaxin —426
C/T, eotaxin —384 A/G, and eotaxin 67 G/A were found to
be significantly associated with death, as well as eotaxin —384
A/G with cardiac events. There was also nonsignificant trend
for eotaxin 67 G/A to influence the event-free survival.
Complete data are shown in Tables 3 and 4. Subsequently,
the multivariate Cox regression model was used to reveal
potential effects of selected variants on survival and cardiac
endpoint-free survival. The eotaxin 67 G/A and eotaxin
—384 A/G were considered significant for survival and event-
free survival, respectively (Tables 5 and 6). The multivariate
stepwise Cox regression model identified age, smoking, and
three-vessel disease (compared to one vessel disease) as
significant predictors of all-cause death. Together with those
factors, eotaxin 67 G/A was a significant independent prog-
nostic factor when added into the model (Table 7, Figure 3).
When eotaxin —384 A/G was added into the stepwise Cox
regression model instead of 67 G/A, the model gave similar
results with the same prognostic factors; however, hazard
ratio for the given polymorphism was slightly lower (GG
versus GA + AA; HR = 2.63; 95% CI = 1.19-5.83; p = 0.017).
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F1GURE 1: Kaplan-Meier analysis of survival in patients cohort.
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FIGURE 2: Kaplan-Meier analysis of event-free survival in patients
cohort.
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FI1GURE 3: Kaplan-Meier analysis of survival by 67 G/A genotype.





4 Disease Markers

TaBLE 2: Studied polymorphisms and genotype distribution (expressed as major allele homozygote/heterozygote/minor allele homozygote).

Polymorphism rs MAF (%) n Genotype distribution HWE
MMP 13 G/T rs640198 G>T;0.32 470 220/198/52 yes
eNOS -786 C/T rs2070744 T>C; 0.37 317 126/148/43 yes
eNOS 4 a/b VNTR" b>a; 0.19 520 342/159/19 yes
Eotaxin -426 C/T 1516969415 C>T; 0.07 445 384/56/5 yes
Eotaxin -384 A/G rs17809012 A>G;0.48 518 127/281/110 yes
Eotaxin 67 G/A rs1129844 G>A;0.15 532 391/125/16 yes

*Variable number of tandem repeats.

TaBLE 3: The preselection of candidate polymorphisms for death prediction based on log-rank p values; polymorphisms included in the Cox
regression model construction are in bold italics.

Polymorphism n Log-rank p (overall) Log-rank p (dominant) Log-rank p (recessive)
MMP 13 G/T 470 0.941 0.811 0.909
eNOS -786 C/T 317 0.200 0.129 0.720
eNOS 4 a/b 520 0.458 0.025 0.419
Eotaxin -426 C/T 445 0.033 0.152 0.175
Eotaxin -384 A/G 518 0.084 0.533 0.050
Eotaxin 67 G/A 532 0.020 0.013 0.210

TABLE 4: The preselection of candidate polymorphisms for cardiac events prediction based on log-rank p values. Polymorphisms included in
the Cox regression model construction are in bold italics.

Polymorphism n Log-rank p (overall) Log-rank p (dominant) Log-rank p (recessive)
MMP 13 G/T 470 0.677 0.710 0.526
eNOS -786 C/T 317 0.603 0.959 0.711
eNOS 4 a/b 520 0.937 0.910 0.642
Eotaxin -426 C/T 445 0.922 0.882 0.874
Eotaxin -384 A/G 518 0.009 0.548 0.002
Eotaxin 67 G/A 532 0.098 0.496 0.343

TABLE 5: Multivariate Cox regression, prediction of death by different models of inheritance.

Model
Polymorphism Dominant Recessive Additive
HR (95% CI) p value HR (95% CI) p value HR (95% CI) p value
eNOS 4 a/b NS NS NS NS NS NS
Eotaxin -426 C/T NS NS NS NS NS NS
Eotaxin -384 A/G NS NS 2.60 (1.15-5.87) 0.022 NS NS
Eotaxin 67 G/A 3.36 (1.57-7.19) 0.0017 NS NS 2.43 (1.39-4.26) 0.0019

TABLE 6: Multivariate Cox regression, prediction of cardiac endpoint by different models of inheritance.

Model
Polymorphism Dominant Recessive Additive
HR (95% CI) p value HR (95% CI) p value HR (95% CI) p value
Eotaxin -384 A/G NS NS 1.59 (1.20-2.10) 0.001 1.28 (1.07-1.54) 0.006

TABLE 7: Stepwise multivariate Cox regression model for survival.

Factor HR (95% CI) p value
Age (per 10 years) 2.32 (1.44-3.84) 0.0007
Smoking 3.84 (1.66-8.87) 0.002
Three vessel disease (versus one vessel disease) 3.89 (1.15-13.18) 0.029
Two vessel disease (versus one vessel disease) 1.32 (0.32-5.55) 0.701 (NS)

Eotaxin 67 G/A (GA+AA versus GG) 2.81 (1.35-5.85) 0.006
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As shown below, both polymorphisms were in significant
linkage disequilibrium, and the “risky” alleles of both SNPs
were frequently inherited together. In the multivariate step-
wise Cox regression analysis of cardiac endpoints, a number
of diseased coronary arteries (two versus one: HR =1.86; 95%
CI = 1.23-2.79; p = 0.003, three versus one: HR = 4.80;
95% CI = 3.32-6.94; p < 0.001) was the only significant
independent risk factor. Adding eotaxin —384 A/G into the
model did not change the results; that is, although the —384
A/G polymorphism was associated with the hazard of cardiac
endpoint both with and without adjustments, it does not
provide the prognostic information above the effect of two- or
three-vessel disease. Finally, it was determined, whether the
variants in eotaxin and eNOS gene were or were not in linkage
equilibrium. The analysis revealed modest, but significant
linkage disequilibrium (LD) between polymorphisms —426
C/T and -384 A/G in eotaxin gene promoter (D' = 0.43;
2 = 0.0 p = 0.01), as well as between —384 A/G and 67
G/A in the same gene (D' = 0.69; 7> = 0.09; p = 107'%).
In this polymorphism, the risky A allele of 67 G/A was more
often inherited together with the risky G allele of 384 A/G,
suggesting the possible role of LD in resulting effects. On the
other hand, —426 C/T and 67 G/A were in linkage equilibrium
with each other. In eNOS gene, the eNOS -786 C/T and eNOS
4 a/b polymorphisms were also in significant LD with each
other (D' = 0.72; 7% = 0.23; p= 107'%). The B allele of eNOS
4 a/b polymorphism tended to be inherited with the T allele
of —=786 C/T, while the A allele of the former polymorphism
was associated with the C allele of the latter in most cases.

4, Discussion

Many studies have been published about the influence of
plasma eotaxin levels and variants of eotaxin gene on pres-
ence and severity of atherosclerosis but the results are con-
troversial. Several authors reported an association of higher
plasma levels with atherosclerotic burden [21, 22, 33]; on the
other hand, other studies did not prove this [34, 35]. Higher
eotaxin concentration was found in local blood samples from
patients with acute coronary syndrome [36]. Among other
effects, eotaxin was proved to stimulate migration of smooth
muscle cells from media to intima of injured arterial wall
[37]. This mechanism is considered to have an impact on
atherosclerotic plaque progress and restenosis formation [38,
39]. Influence of eotaxin gene polymorphisms on cardiac
events in Chinese diabetic patients was reported in the
abovementioned paper [24]; the main result was increased
morbidity in patients homozygote for the G allele of 67 G/A
SNP in the first exon of the gene corresponding to alanine in
resulting protein; this allele is associated with higher produc-
tion and concentration of eotaxin [40, 41]. Likewise, in our
previous study [30], there was greater susceptibility to acute
coronary syndromes in subjects with homozygous 67 G/A
GG genotype. This seemingly contradicts our current results,
where GG genotype showed protective effect. However, given
all subjects in our study suffered from CAD, our study group
consisted of highly selected patients and their treatment may
have been responsible for the results. Actually, the influence

of A allele on prognosis can be explained by an effect of statin
therapy. There is some evidence from both human patients
and animal models of substantial chemokine levels reduction
after statin treatment, including eotaxin [42-44]. Because A
allele carriers have lower eotaxin levels [45], the protective
effect of statin therapy may be reduced in comparison with
GG homozygotes. This mechanism seems to be likely in our
population of CAD patients, where the prevalence of statin
therapy was very high (514/532, 96.6%).

In a large study with 14,916 American men, Zee et al.
[46] studied the same polymorphism with different results.
Authors compared data from 523 patients with myocardial
infarction and 2092 persons who were free from cardiovas-
cular disease during a follow-up (mean period 13.2 years).
They reported that T23 (67 A) homozygotes had significantly
higher risk of myocardial infarction: odds ratio (OR) 1.86;
95% confidence interval (CI), 1.15-3.01; p = 0.012; the
effect remains significant even after adjusting for body mass
index, history of hypertension, the presence of diabetes, and
randomized treatment assignment. There was no significant
difference between GG homozygotes and heterozygotes.
Since there was no information about a treatment in that
study, its impact cannot be excluded. The recessive model
(AA versus GA + GG) in our study had relatively low power
in all cases, there were only 16 AA homozygotes, to detect
eventual risky effect of AA homozygote genotype. The linkage
disequilibrium between 67 G/A and —384 A/G must be taken
into account as well. Unlike the former one, the latter SNP
was associated also with cardiac events and the “protective”
and “risky” alleles were frequently inherited together.

The influence of genetic variants of different matrix
metalloproteinase genes, such as MMP-9 [47, 48] or MMP-3
[49], on clinical outcome of CAD was described in previous
studies. In our current study, no effect of rs640198 polymor-
phism in MMP-13 gene on either cardiac events or all-cause
mortality was found both with and without adjustments. As
no other study associating MMP-13 genetic variants and CAD
exists so far, we can thus conclude that MMP-13 does not
predict the prognosis of CAD, even when in our previous
study based on the same population we found significant
association of rs640198 with triple vessel disease. However,
triple vessel disease itself was a significant predictor of both
cardiac events and all-cause mortality. The gene-prognosis
relation may be modified by commonly used treatment, as in
the case of eotaxin.

The association of eNOS polymorphisms with CAD was
reported in many studies. The large meta-analysis involving a
total sample size of 69,235 subjects [50] confirmed the asso-
ciation of the three NOS3 gene polymorphisms (Glu298Asp,
—-786 T/C, and 4 a/b) with the presence of CAD, but no
significance was found for 4 a/b polymorphism in European
population. No impact of -786 C/T or 4 a/b on CAD
prognosis was found in our study.

In conclusion, a significant association between A allele
in eotaxin 67 G/A single nucleotide polymorphism (SNP) in
the first exon of the gene and lower survival rate in patients
with coronary artery disease was found with and without
adjustments for other factors. Similar results were observed
for —384 A/G polymorphism in the same gene, which was also





associated with cardiac events. Further studies will be needed
to elucidate the mechanism of this effect.
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