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Saisinajumi

ABL-H - Augsta blivuma lipoproteinu holesterins

AKEI - Angiotenzinu konvertgjosa enzima inhibitori

AKS - Akts koronars sindroms

ANOVA - Variacijas analize (statistikas metode; anglu val., analysis of variance)

BB - Beta blokatori

BSTE - [AKS] bez ST segmenta elevacijas

CD - Cukura diabéts

CRP - C-reaktivais proteins

DNS - Dezoksiribonukleinskabe

EDTA - Etiléndiamintetraacetats (antikoagulants)

FG - Fibrinogéns

GDE - Géna devas efekts

HZ - Homozigoti

IL - Interleikins

IL-1B - Interleikina-1p géns

IL-1B - Interleikins-13

IL-1Ra - Interleikina-1 receptora antagonists

IL-1RN - Interleikina-1 receptora antagonista géns

IL-6 - Interleikins-6

IVUS - Intravaskulara ultrasonoskopija

KAS - Koronaro arteriju slimiba

KH - Kopgjais holesterins

KSS - Koronara sirds slimiba

LD - Nelidzsvarota saistiba (anglu val.; linkage disequillibrium)

MI - Miokarda infarkts

mRNS - Matricas ribonukleinskabe

MV - Daudzmainigs/a (anglu val., multivariate)

MVA - Daudzmainigo analize (anglu val., multivariate analysis)

NS - Statistiski nenozimigs (anglu val., non-significant)

NSt - Nestabila stenokardija

OR - [zredzu attieciba (anglu val., odds ratio)

PCR - Polimerazu kézu reakcija (anglu val., polymerase chain reaction)

PK - Slimnieku kontroles grupa

PTCA - Perkutana transluminala koronara angioplastija (anglu val.,
percutaneous transluminal coronary angioplasty)

RF - Riska faktors

SD - Standarta deviacija

SK - Standarta kltida

SNP - Viena nukleotida polimorfisms (anglu val., single nucleotide
polymorphism)

SSt - Stabila stenokardija

TG - Trigliceridi

TI - Ticamibas intervals

uv - Vienmainigs (anglu val., univariate)

UVA - Vienmainiga analize (anglu val., univariate analysis)

VNTR - Mainiga skaita tandému atkartojumi (anglu val., variable number
tandem repeat)

Vs. - Salidzinot ar; pret (latmu val., versus)

ZBL-H - Zema blivuma lipoproteinu holesterins



1. Ievads

Ateroskleroze ir izplatitaka no sirds-asinsvadu slimibam, kuras lokalizacija
vainagarterijas (koronara sirds slimiba, KSS) ir pasi bistama, jo ir saistita ar lielu
kardialas un peksnas naves risku. Latvija ir viens no augstakajiem kardiovaskularas
mirstibas raditajiem Eiropa (Sans et al., 1997), tad€] plasas izplatibas un smagas gaitas
del, KSS ir kluvusi ne tikai par medicinisku, bet arT nopietnu socialekonomisku
problemu.

Koronaras aterosklerozes pamata ir hronisks sirds vainagart€riju subintimals
iekaisums ar holesterina akumulaciju un aterosklerotiskas pangas veidoSanos. Atkara
no ta, ka notiek pangas evoliicija, KSS kliniska manifestacija var bt radikali atSkiriga.
Pangas pakapeniska progreséSana lidz kritiskam art€rijas sasaurinajumam noved pie
attiecigas miokarda zonas iSemizacijas paaugstinatu skabekla prasibu apstaklos,
pieméram, fiziskas slodzes laika, kas klasiski izpauzas ka stabila slodzes stenokardija.
Alternativa pangas evoliicija ir agrina fibromuskularas kapsulas pliSana, ka rezultata
pangas lipidu serdes saskarsme ar trombocitiem inducé tromba veidoSanos un akiita
koronara sindroma (AKS) attistiSanos: vainagartérijas pekSnas totalas okliizijas
gadijuma attistas attiecigas miokarda zonas nekroze jeb akiita miokarda infarkts (MI),
bet tranzitoras vai subtotalas okliizijas gadijuma - akiita iS€mija bez nekrozes
veidoSanas, kas kliniski izpauzas ka mnestabila stenokardija. AtSkira no stabilas
stenokardijas, MI gadijuma pastav loti augsts naves risks (apmeéram 30% viena gada
laika pec pirma MI, salidzinot ar 2% gada slimniekiem ar stabilu stenokardiju), tadel §1
slimnieku grupa pieder pie visaugstakas riska kategorijas (Gibbons et al., 2003; Thom
et al., 2006), kuras savlaiciga identific€Sana, ka ar1 efektiva profilakse un arstéSana
pieder pie musdienu kardiologijas galvenajam prioritatem.

Iekaisuma aktivitate panga ir centralais patogenétiskais process, kas izraisa
pangas ruptiiru un KSS nestabilu norisi (Ross, 1999). Interleikini (IL) ir starpStnu
mediatoru (citokinu) grupa, kas uztur un regulé iekaisuma aktivitati, savukart IL-1p,
IL-1 receptora antagonists (IL-1 Ra) un IL-6 pieder pie grupas parstavjiem, kuriem ir
aprakstita loma aterosklerozes patogenézeé (von der Thusen et al., 2003). Ta ka nosliece
uz agrinu KSS attistiSanos var but genétiski parmantota un MI patogenéze liela nozime
ir iekaisuma aktivitatei, $aja darba tika parbaudita hipotéze, vai IL genétiskas variacijas
var ietekmét KSS kliisko gaitu.

2. Darba aktualitate un novitate

Pasreiz nav pilniba skaidri iemesli, kadé] KSS slimibas sakotngja gaita
slimniekiem var noriteét tik atSkirigi — gan ka relativi labveliga ilgstoSi stabila
stenokardija bez AKS vairaku gadu garuma, gan ari ka MI (biezi bez stenokardijas
prodroma vai art agrini kops pirmo stenokardijas simptomu paradiSanas) ar lielu naves
risku. Ja izdotos noskaidrot faktorus, kas ietekme& KSS gaitu labvéligi vai nelabvéligi,
tam butu vairaki praktiski pielietojumi. Pirmkart, paveértos iespgjas attistit jaunus
terapijas virzienus AKS arstéSana un profilakse. Otrkart, KSS nestabilas gaitas riska
faktorus varétu izmantot koronaro notikumu un kardialas naves riska aprékinasanai gan
primaras, gan sekundaras profilakses konteksta. Sadu faktoru identificéSanas aktualitati
uzsver ar1 zinamo tradicionalo KSS riska faktoru vaja korelacija ar slimibas gaitu.

Lidz Sim publicétajos pétijjumos ir mekletas IL atsevisku polimorfismu
asociacijas ar KSS vai MI, bet nav pieversta uzmaniba KSS kliiskajai gaitai. Slimibas
gaitas ignoréSana var radit klidainu atrasto asociaciju interpretaciju, tadeé] darba
galvena novitate, pirmkart, ir genétisko variaciju salidzinasana starp KSS slimnieku
apaksgrupam ar krasi atskirigu slimibas norisi. Otrkart, miisu darba ir analizeti ne tikai
individuali polimorfismi, bet ar1 IL-6 promotera haplotipi. Lidz Sim literatiira IL-6



haplotipi ir aprakstiti tikai nelielam veselu individu vai slimnieku grupam, tomér
neviena no public€tajiem pétijumiem nav bijusi pieveérsta uzmaniba KSS kliniskas
gaitas aspektam.

3. Darba meérkis
Noskaidrot, vai interleikinu genétiskas variacijas ietekmeé KSS klinisko gaitu.

4. Darba uzdevumi

1. Salidzinat IL-1p, IL-1Ra un IL-6 genétisko variaciju prevalenci slimniekiem ar
stabilu un nestabilu KSS sakotn&jo gaitu.

2. Analizet, vai pastav S$o genétisko variaciju saistiba ar citiem kliniskiem
krit€rijiem - MI risku un vecumu, kad attistfjas pirmie KSS simptomi vai
pirmais MI.

3. Analizéet IL-1pB, IL-1Ra un IL-6 genétisko variaciju saikni ar angiografiskam
vainagartériju bojajuma pazimém - aterosklerotisku vainagartériju slimibu un
vainagarteriju totalu okliiziju.

4. Noskaidrot IL genétisko variaciju ietekmi uz iekaisuma aktivitati, analizgjot to
saistibu ar sensitiva iekaisuma markiera - C reaktiva proteina - Iimeni.

S. Darba struktiura un apjoms

Promocijas darbs uzrakstits latvieSu valoda, ta apjoms ir 138 lappuses. Darbs
sastav no 10 nodalam: ievada, literatiras apskata, darba mérku un uzdevumu, ka ar1
pétijuma metozu izklasta, rezultatiem, diskusijas, aizstav@Sanai izvirzitajam te€ze€m,
secingjumiem un citétas literatiras saraksta. Nodalas sadalitas kopsumma 29
apak$nodalas. Darbs satur 24 tabulas, 27 diagrammas un 3 att€lus. Literatiiras saraksts
(veres) sastav no 145 atsaucém.

6. Zinatniska darba aprobacija
Darba rezultati ir zinoti viena starptautiski cit€§jama publikacija, ka ar1 18
referatu veida starptautiskas un Latvijas zinatniskas konferences, no kuriem 8 referatu
abstrakti ir publicéti starptautiski cit€jamu zurnalu pielikumos un 5 — citos izdevumos.
Latvijas Zinatnu akadémija darba ietvaros giitos rezultatus ir atzinusi par vienu
no desmit visievérojamakajiem Latvijas zinatnes sasniegumiem 2005. gada.

7. Darba metodes

Zinatniskais darbs tika veikts Paula Stradina Kliniskas universitates slimnicas
Latvijas Kardiologijas centra sadarbiba ar Latvijas Biomedicinas pétijumu un studiju
centru (BMC, Dr. biol. Normunds Licis). Kopuma laika no 2000. Iidz 2004. gadam
pétijuma datubaze tika ieklautas 970 personas, par kuram bija apkopota detaliz€ta
mediciniska informacija. No tiem, 686 slimniekiem ir veiktas ari DNS analizes un
noteiktas pétamas genétiskas variacijas: IL-1B (+3954) C/T, IL-1B (-511) C/T, IL-1RN
(VNTR), IL-6 (-596) G/A, IL-6 (-572) G/C, IL-6 (-373) AnTn un IL-6 (-174) G/C
polimorfismi, ka arT IL-6 haplotipi. Darba tiek apskatiti §is 686 slimnieku grupas un
dazadu tas apaksgrupu analizu rezultati.



Pétijuma dizains un kopéjas slimnieku grupas atlases principi

P&ttjuma tika ieklauti slimnieki, kas tika stacionéti Latvijas Kardiologijas centra
koronaro artériju angiografijas (koronarografijas) veikSanai, lai butu precizi zinama
aterosklerotiska bojajuma esamiba un pakape koronaras artérijas, kas samazinatu citu
koronara rakstura sapju (pieméram, miokarda tiltina vai mikrovaskularas i§€mijas) vai
nekoronaru iemeslu ietekmi uz rezultatiem. Tika izmantots vienmomenta (cross-
sectional) peétljuma dizains, kura ietvaros bija iesp&jams veikt arT retrospektivas datu
analizes. P&tfjumu apstiprinaja Latvijas Medicinas akademijas (Rigas Stradina
universitates) etikas komiteja. Slimnieku ieklausanas kritériji bija: (i) vecums <70
gadiem, (i1) KSS raksturiga klinika, (iii) stacionara tiek planota un veikta koronara
angiografija un (iv) slimnieka rakstiska informé&ta piekriSana dalibai pétijuma.
IzslegSanas kriteriji: (i) iepriekS veiktas koronaras revaskularizacijas (PTCA un/vai
CABG) un/vai (ii) slimnieka nevéleésanas piedalities p&tijuma.

Apkopota informacija par fenotipu

Par visiem slimniekiem tika iegiita detalizéta fenotipiska informacija, ka ari
veiktas laboratoriskas un genétisko polimorfismu analizes. Tika registréti
konvencionalie riska faktori: vecums, dzimums, informacija par smék&Sanas statusu,
arterialo hipertensiju, cukura diab&tu un ta tipu, ka art par agrinu miokarda infarktu vai
peksnu kardialu navi gimenes anamnézé pirmas pakapes radiniekiem. Loti riipigi tika
apkopota informacija par KSS klisko gaitu: vecums, kad slimnieks ievéroja pirmos
simptomus; pirmas manifestacijas veids (slodzes vai miera stenokardija, miokarda
infarkts utt.); vai ir bijuSi miokarda infarkti un to skaits; vecums, kad attistijies pirmais
MI; laiks kop$ pirmo simptomu sakuma lidz pirmajam miokarda infarktam; kopgjais
KSS anamnézes ilgums; laiks kops pédgja MI vai nestabilas stenokardijas (biitisks
iekaisuma markieru analizei). Lai uzlabotu datu ticamibu, katra atbildé uz jautajumiem
1pasi tika atzZiméts, ja informacija nebija parliecinosa. Tika atzZim&ta farmakoterapija, ko
slimnieks bija lietojis regulari peédéja ménesa laika, ka art stacionara noziméta terapija.
Slimniekiem noteica svaru un augumu un aprékinaja kermena masas indeksu.

No laboratoriskajiem raksturlielumiem seruma tika noteikts lipidu (KH, ABLH,
TG, ZBLH) un glikozes limenis (registréjot arT informaciju, cik stundas péc pedgjas
maltites pemti asins paraugi). Citrétd plazma tika noteikts fibrinogéna Iimenis un
EDTA asinis — hemoglobins un asins $tinu (eritrocttu, leikocitu un trombocttu) skaits,
ka arT atseviSki eritocitu grimSanas atrums.

Pirms angiografijas slimniekiem EDTA vakutaineros tika nemti ari plazmas
paraugi, kas tulit péc separacijas ar centriftigu tika sasaldéti un glabati -20 °C
temperatira. Atkaus€tos paraugos 14 dienu laika tika noteikts augstas sensitivitates
CRP (hs-CRP) ar imiinnefelometrijas metodi (reagents N High Sensitivity CRP, Dade
Behring, Marburga, Vacija; nefelometrs BNA/BN 100, Behring, Vacija). NoteikSanas
diapazons ar So metodi bija 0,20 — 220 mg/l, un rezultatu variacijas koeficients bija
5,2%.

Visiem slimniekiem tika veikta koronarografija, un tas dati registréti pétijjuma
anketa, atzim@jot galveno vainagarteriju (kreisas vainagarterijas stumbrs, kreisa
priekseja lejup€ja, kreisa apliecosa un laba artérija) un to lielako zaru (intermedianais
zars, diagonalie, marginalie, mugur&jais lateralais un mugur&jais lejup&jais zars)
bojajumu pakapi procentos atbilstosi invaziva kardiologa veért€jumam. Par parliecinosu
vainagarteriju slimibas kritériju tika wuzskatita stenoze, kas kompromit€ja
vainagartérijas vai nozimiga zara lumenu par >50%. Gadijumos, kad $ada stenoze
netika atrasta, tika speciali atziméta diftuzas aterosklerozes vai sakotn€ju
aterosklerotisku bojajumu esamiba.



Analizéjamo slimnieku apak$grupu atlases un izslégSanas kriteriji

Darba uzdevumiem nepiecieSamajam datu apstrades analizém (piemé&ram,
polimorfismu saistibai ar sakotngjo KSS gaitu, CRP Ilimeni utml.) no pétijuma
datubazes tika atlasitas dazadas slimnieku apaksgrupas, kuru dati atbilda katra konkréta
jautajuma noskaidroSanai. Turpmak aprakstiti So apakSgrupu atlases kriteriji.

Klinisko un angiografisko kritériju analize

e Stabila un nestabila KSS sakotngja gaita (tikai slimnieki ar precizi zinamu
anamnézi):

o

Stabilas gaitas grupa - slimnieki ar stabilu stenokardiju bez MI un ar
kop€jo KSS anamnézi vismaz 1 gadu, kam koronarografija tika
konstatéta parliecino$i nozimiga stenoze (KAS >75%, proti, tadas
pakapes stenoze, kas var but stenokardijas klinikas iemesls) un nav
nevienas koronaras art€rijas oklizijas (kas var€tu noradit uz iesp&jamu
asimptomatiski parciestu MI);

Nestabilas gaitas grupa — slimnieki, kam MI attistijas pirma viena gada
laika kop$ pirmo KSS simptomu sakuma vai MI bija pirma slimibas
izpausme un angiografiski tika apstiprinata KAS (stenoze >50%);

Veselo kontroles grupa — slimnieki, kam angiografiski nebija nekadas
norades par koronaro arteriju aterosklerozi (ar1 pangas/stenozes <50%)
un nav bijis MI vai aizdomas par to.

e Laiks lidz pirmajam MI:

@)
©)

Pieradita KAS >50%;

Skaidri zinama KSS sakotngja gaita — cik ilgs laiks pagajis Iidz 1. MI
attistibai (<1 diena, <1 nedgla, <1 ménesis, <lgads vai >1 gads) vai ari
MI nav bijis.

e Koronaro artériju oklizija

@)
©)

Visi slimnieki;
ApakSanalizes atkariba no MI anamnézes (ir vai nav bijis MI) visa
slimnieku grupa un tikai slimniekiem ar koronaro arteriju stenozi >50%.

e Slimnieki ar un bez KSS

@)
@)

o

KSS grupa — slimnieki ar pieraditu KAS>50%;

Kontroles grupa - slimnieki bez jebkadiem angiografiskiem
noradijumiem par KAS.

Netika ieklauti slimnieki, kam angiografiski bija aizdomas par pangam,
kas stenozgja lumenu par mazak ka 50%.

e Vecums, kad pirmo reizi kliniski manifestgjas KSS:

@)
©)
@)

Slimnieki ar koronaro art€riju stenozi >50%;
Skaidri zinams vecums, kad paradijas pirmie KSS simptomi;
Kopgjais KSS anmnézes ilgums <20 gadiem.

e Vecums, kad attistijies pirmais miokarda infarkts:

©)
@)

(@]

Slimnieki ar angiografiski apstiprinatu koronaro arteriju stenozi >50%;
Slimnieki ar neSaubigi zinamu miokarda infarktu anamn€z€ un precizi
zinamu vecumu, kad attistijies pirmais miokarda infarkts;

Izslegti slimnieki ar Saubigu MI anamnézi vai pirma MI attistiSanas
vecumu.



e Slimnieki ar miokarda infarktu:
o Analizgta visa slimnieku kopa;
o MI kriteériji:
= Angiografiski apstiprinata koronaro artériju stenoze >50%;
= Skaidri zinama MI anamnéze.
Iekaisuma markieru analize
e Sakotngja pilotprojekta analize:
o leklauti slimnieki ar angiografiski apstiprinatu koronaro artériju stenozi
>50%;
o IzslégSanas kritériji:
= CRP Iimenis >15 mg/L (n=6), nemot véra, ka tik augsts CRP
Iimenis var noradit uz sléptu aktivu iekaisuma slimibu (Ridker,
2001);
= Slimnieki ar nesen notikuSu MI vai nestabilu stenokardiju
(pedgjo 3 nedelu laika; n=16);
= Zinama hroniska aktiva iekaisuma slimiba (viens slimnieks ar
HodzZkina slimibu).
¢ Pilnas slimnieku kopas analize:
o No visiem slimniekiem, kam bija zinams CRP (n=671), $ai datu analizei
tika atlasiti 624 slimnieki
o Netika ieklauti 47 slimnieki $adu iemeslu dgl:
= P&dgjo tris ned€lu laika parciests MI (n=33);

B Aktiva iekaisuma slimiba (n=4);
B Seviski augsts CRP limenis, definéts ka >3SD (26,4 mg/L;
n=10).

Biomolekularas analizes

Genomiskas DNS iegiiSana no asins paraugiem un genotipéSana tika veikta
Latvijas Universitates Biomedicinas pétijumu un studiju centra. Personals, kur§ veica
DNS analizes, nezinaja klinisko informaciju par slimniekiem. DNS tika genotipéta,
izmantojot uz PCR balstitu metodi un negativa kontrole (reakcijas maisijums bez DNS)
tika ieklauta katra eksperimenta. Reakcijas rezultati tika analizéti elektroforétiski 2%
agarozes gela, kas saturgja etidija bromidu (10 pg/ml), un tas produkti, iznemot IL-1RN
VNTR gadijumu, tika attiriti ar DNS ekstrakcijas komplektu (DNA extraction kit;
Fermentas, Lietuva). IL-IRN VNTR polimorfisms tika noteikts tiesi, balstoties uz
elektroforézes datiem par PCR produktu garumu. Par&o IL-1 grupas polimorfismu
noteikSanai PCR produkti péc to attiriSanas tika Skelti ar specifiskam restrikcijas
endonukleazém un SkelSanas produkti analizeti elektroforetiski 2% agaroze€. IL-6
genétisko variaciju skrinings tika veikts ar sekvencéSanu.

Interleikina-6 polimorfismu un haplotipu noteiksanas metodologija

Pirmaja posma, lai iegitu eksperimentali pamatotu informaciju par alélu
izdaritu, vispirms tika iegtta genomisko PCR produktu sekvence. Lai noskaidrotu
parauga haplotipu kompoziciju heterozigotiskem paraugiem, kam haplotipus nevargja
skaidri noteikt, genomiskas PCR produkti tika klonéti un iegiitie kloni sekvencéti.
Alternativi, individualie haplotipi tika noteikti, balstoties uz al€lu specifiskam PCR un
sekojosu sekvencéSanu. Otraja posma par pétijuma kopas haplotipiem tika secinats no
genomiskas PCR produktu sekvences. Gadijumos, kad par paraugu haplotipu
kompoziciju nevar€ja spriest, balstoties uz sakotngja skrininga datiem, tika lietota

10



ieprieks aprakstita klon€Sanas vai al€]specifiskas PCR metode. Visbeidzot, 45 nejausi
atlasitiem paraugiem haplotipu datu precizitate tika parbaudita, atdalot un sekvencgjot
individualus haplotipus.

Statistiskas apstrades metodes

Visas statistiskas kalkulacijas (Daly, Bourke & McGilvray, 1991; Field, 2000;
Petrie & Sabin, 2000; Pallant, 2001) tika veiktas ar SPSS programmu (12.0 versiju),
iznemot y atbilstibas testu diviem polimorfismiem, kad tika izmantots interaktivs
interneta pieejams kalkulators (sikak sk. Genotipu biezuma atbilstiba Hardija-
Veinberga lidzsvaram). Atbilstosi visparpienemtiem principiem p vértiba 0,05 tika
uzskatita par divpusg€jo testu rezultatu statistiskas ticamibas slieksni.

Mainigo raksturojums

Kvantitativie mainigie tika aprakstiti ar aritmétisko vidéjo un standarta
deviaciju, iznemot gadijumus, kad to sadalijums krasi atS$kiras no normala (pieméram,
CRP), un tade] tika aprékinata mediana veértiba un standartkliida vai starpkvartilu
intervals. Kategoriskie jeb kvalitativie mainigie tika raksturoti ar procentualo
proporciju. Mainigie, kuru dispersija krasi atSkiras no normalas (vertgjot ar
histogrammam un Kolmogorova-Smirnova testu), tika transformeéti tuvinot dispersiju
normalai, un talakajos aprékinos tika izmantotas tikai transform@tas vertibas.
Pieméram, CRP tika transforméts logaritmiski (log-CRP). Labakas datu uzskatamibas
nolukos, atseviSkos gadijumos rezultatos tika uzraditas no log-CRP atgriezeniski
retransformétas vai medianas CRP vértibas.

Vienmainigas analizes (UVA)

Normali sadalito kvantitativo mainigo salidzinajumi tika veikti ar Stjudenta t-
testu starp divam grupam vai ANOVA metodi starp tris un vairak grupam. Multiplu
salidzinajumu korekcijai post hoc analizé, lai mazinatu statistiskas o klidas
iesp&jamibu, tika veikta korekcija ar Bonferoni (Bonferoni) vai Takija (Tukey) testu.
Saistiba starp diviem kvantitativajiem mainigajiem, ka arT starp genétisko variaciju
grupam un kvantitativo mainigo tika analiz€ta ar linearas regresijas metodi.
Kategoriskie mainigie tika salidzinati ar Pirsona (Pearson) * testu vai Fisera (Fisher)
eksakto testu atbilstosi testu lietoSanas nosacijumiem (FiSera tests tika izmantots 2x2
tabulam, ja gaidamais gadijumu skaits katra kategorija bija mazaks par pieciem).
Analizgjot genotipu saistibu ar kategoriskajiem mainigajiem, génu devas efekta (GDE)
modelt (ar trim genotipu variantiem — diviem homozigotu un vienu heterozigotu) tika
aprékinata Spirmana (Spearman) korelacija (un tas r (ro) koeficients), kas tiek
izmantota ordinalo mainigo linearas saistibas analizei un atspogulo “géna devas”
efektu. Dominantajos modelos (salidzinot vismaz vienas al€les n€satajus ar tiem, kam
nav §Ts aléles) tika analizéta atskiriba starp divam grupam ar Pirsona y” testu vai Fisera
eksakto testu. Gadijumos, kad x* Pirsona tests tika izmantots 2x2 tabulam, tika veikta
kontinuitates korekcija péc Jeitsa (Yates) metodes un aprékinata ari izredZzu attieciba
(Odds ratio, OR).

Daudzmainigas analizes (MVA)

Lai noteiktu genétisko faktoru ietekmi uz analiz€jamiem parametriem, nemot
véra ar1 zinamos fenotipiskos faktorus, tika veiktas daudzmainigas analizes
(multivariate analyses, MVA). Kvantitativo mainigo analizei tika izmantota multipla
lineara regresija un ANCOVA metode. Kategoriskie mainigie tika analiz&ti ar
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logistiskas regresijas analizi, kura tika iegita Exp(B) vértiba, kas raksturo korigéto
genétiska faktora OR.

MVA modeli

Ar atpakalejosas (backward) atlases metodi tika noskaidroti mainigie, kas
statistiski ticami korelja ar atkarigo mainigo, kad tika analiz&ta saistiba ar iekaisuma
markieriem pilotanalizé. Nozimigie mainigie tika ieklauti modeli kopa ar genétiskajiem
faktoriem attiecigajos linearas vai logistiskas regresijas modelos. Kvantitativajiem
mainigajiem, izmantojot ANCOVA metodi (SPSS programmas general linear model,
GLM, opcija), tika aprekinati koriggtie atkariga mainiga vidgjie lielumi.

Gadijumos, kad nozimigie negenétiskie faktori bija zinami jau no literatiiras,
modeli tika veidoti ar ievades (enter) pieeju, proti, neveicot negenétisko neatkarigo
faktoru selekciju. Sada pieeja tika izmantota klinisko un angiografisko kritériju analizei
- visos multiplas (gan linearas, gan logistiskas) regresijas modelos par negenétiskiem
mainigiem faktoriem tika ievaditi visi konvencionalie riska faktori: vecums, dzimums,
holesterina ltmenis, cukura diabéts, arteriala hipertensija, smékéSana un pozitiva
gimenes anamnéze (agrins MI pirmas pakapes radiniekiem).

Génu devas efekta vertésana

Lai noteiktu al€lu vai haplotipu skaita (“géna devas”) ietekmi uz kvantitativiem
un kvalitativiem parametriem génu devas efekta (GDE) modeli, genotipi tika kod&ti ka
0 (nav nevienas al€les vai haplotipa), 1 (viena al€le vai haplotips, proti, heterozigoti) un
2 (abas alélés vai haplotipi, proti, homozigoti). Pargjos (dihotomiskos) gadijumos
genotipi tika kodéti ka 0 un 1.

Genotipu biezuma atbilstiba Hardija-Veinberga lidzsvaram

Novéroto genotipu atbilsttba Hardija-Veinberga (H-W) lidzsvaram (Hardy-
Weinberg equilibrium) tika parbaudita ar y* atbilstibas testu (Chi-Square Goodness of
Fit test), kura tika salidzinats noveroto genotipu biezums ar gaidamo genotipu biezumu.
Gaidamais genotipu biezums tika aprékinats péc novéroto alélu bieZuma un to
kombinaciju varbiitibas. Bialeliskiem polimorfismiem gaidamais genotipu biezums tika
aprekinats pec formulas: (p x q)° = p> + 2pq + ¢, kur p ir izplatitakas alcles
sastopamibas biezums, q — retakas al€les sastopamibas biezums un pp, pq un qq abu
alelu attiecigas genotipus veidojosas kombinacijas. Polimorfismiem ar vairak neka
divam alélem gaidamais genotipu sadalijums tika aprékinats p&c attiecigi korigétas
lidzigas formulas, piem&ram, IL-1RN (VNTR) polimorfismam ar cCetram alélém (ar
alelu E)ieiumu attiecigi p, ¢, runs): (p x q X rx s)> = p> + 2pq + 2pr + 2ps + q> + 2qr +
e o O

Polimorfismiem ar divam alg€lém $ai noliika tika izmanota SPSS programma. Ta
ka polimorfismiem ar vairak neka divam alélém (IL-1RN (VNTR) un IL-6 (-373)
AnTn) dazi teor€tiski iesp&jamie retie genotipa varianti parauga netika noveroti, ar
SPSS programmu nebija iesp&jams parbaudit So variaciju genotipu atbilstibu H-W
lidzsvaram. Tadel So abu polimorfismu gadijuma tika izmantots interneta pieejams
interaktivs y” atbilstibas testa kalkulators (GraphPad Software, 2005). Abu metozu
kontroles noliika, ar kalkulatoru parbaudot iegiitos rezultatus arT bial€liskiem
polimorfismiem, tika iegiti analogiski rezultati ka ar SPSS programmu.
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8. Rezultati

8.1. Pétijuma grupas fenotipiskais un genétiskais raksturojums

Visas pétijuma kopas (n=686) fenotipiskais raksturojums (demografiskie un
riska faktori, laboratoriskie riska faktoru un ickaisuma markieru raksturlielumi,
prehospitala terapija, koronara anamnéze un angiografiska atrade) apkopots 1. tabula.
Jaatzime, ka parliecinoSa KSS (defingjot peéc angiografiskas atrades ka vismaz 50%
stenozi vismaz viena vainagartérija) tika konstatéta 83,2% (n=571) slimnieku, kas tika
izmantots ar1 par atlases krit€riju atseviSku apakSgrupu padzilinata izp&te.

1. tabula. Pétijuma personu kopas (n=686) negenétisko parametru raksturojums

Riska faktori
Vecums (vidgjais, SD) 55,8482
Viriesi (n, %) 519 (75,7)
KH, mmol/l (vidgjais, SD) 5,5£1,3
<5 mmol/l (n, %) 228 (33,2)
5,0-7,0 mmol/l (n, %) 376 (54,8)
>7,0 mmol/l (n, %) 82 (12,0)
ABLH, mmol/l (vidgjais, SD) 1,4+0,7
TG, mmol/I (vidgjais, SD) 2,2+1,5
ZBLH, mmol/l (vid&jais, SD) 3,2+1,1
Arteriala hipertensija (n, %) 431 (62,8)
Cukura diabgts (n, %) 66 (9,6)
KMI, kg x m™(vidgjais, SD) 28,4443
Adipozitate (KMI >30 kg x m?) (n, %) 208 (30,3)
SmekeSanas statuss
Aktivs smeketajs (n, %) 203 (29,6)
Izbijis smeketajs (n, %) 242 (35,3)
Nesmékétajs (n, %) 241 (35,1)
Agrins MI gimeng (n, %) 134 (19,5)

Iekaisuma markieri

CRP, mg/l (medianais, SK) 1,8 (0,3)
CRP >3 mg/I (n, %) 65 (9,5)
FG, g/L (vidgjais, SD) 3,3£1,0

KSS raksturojums

Angiografiski apstiprinata KSS (n, %) 571 (83,2)
Vidgjais KSS ilgums (gados)
<1 gads (n, %) 287 (50,3)
1-5 gadi (n, %) 179 (31,3)
6-10 gadi (n, %) 64 (11,2)
>10 gadi (n, %) 41(7,2)
Miokarda infarkts anamnéze 421 (61,4)

Prehospitala terapija

Aspirins (n, %) 600 (87,5)
Klopidogrels (n, %) 53 (7,7)

Statini (n, %) 286 (41,7)
AKEI (n, %) 387 (56,4)
BB (n, %) 541 (78.,9)
Kalcija antagonisti (n, %) 186 (27,1)
Nitrati (n, %) 438 (63,9)
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2. tabula. Pétijjuma kopas analizéto genétisko variaciju raksturojums

Polimorfisms Alele Prevalence (n) Genotips Prevalence (n) P vertiba
(H-W)*
IL-1B (-511) C 0,673 (923) CC 0,448 (307) 0,830
T 0,327 (449) CT 0,450 (309)
TT 0,102 (70)
IL-1B (+3954) C 0,758 (1040) CC 0,583 (400) 0,501
T 0,242 (332) CT 0,350 (240)
TT 0,067 (46)
IL-1RN (VNTR) 1 0,691 (948) 11 0,474 (325) 0,527
2 0,288 (395) 12 0,413 (283)
3 0,020 (28) 13 0,020 (14)
4 0,001 (1) 14 0,002 (1)
22 0,071 (49)
23 0,020 (14)
IL-6 (-596) G 0,502 (689) GG 0,233 (160) 0,139
A 0,498 (683) AG 0,538 (369)
AA 0,229 (157)
IL-6 (-373) 8/12 0,494 (678) 11 0,226 (155) 0,605
9/11 0,209 (287) 12 0,212 (145)
10/11 0,152 (209) 13 0,152 (104)
10/10 0,138 (189) 14 0,163 (112)
9/12 0,007 (9) 15 0,010 (7)
22 0,045 (31)
23 0,071 (49)
24 0,044 (30)
25 0,002 (1)
33 0,023 (16)
34 0,035 (24)
44 0,016 (11)
45 0,001 (1)
IL-6 (-572) G 0,939 (1288) GG 0,882 (605) 0,983
C 0,061 (84) GC 0,114 (78)
CC 0,004 (3)
IL-6 (-174) G 0,499 (684) GG 0,230 (158) 0,162
C 0,501 (688) GC 0,537 (368)
CC 0,233 (160)

* Salidzinot ar sagaidamajiem genotipiem atbilstosi Hardija-Veinberga lidzsvaram.

Visi analizétie polimorfismi bija Hardija—Veinberga lidzsvara (sk 2. tabulu).
Pretstata vairumam citu personu kopu, kuras IL-6 (-174) G aléle ir izplatitaka
(Humphries et al., 2001; Jones et al., 2001; Margaglione et al., 2001; Vickers et al.,
2002; Bennet et al., 2003; Chapman et al., 2003 u.c.), misu analiz€tajos paraugos
biezak sastopama bija IL-6 (-174) C alele (50,1%). Veicot IL-6 g€na promotora
apvidus secibas analizi, tika identificéti devini haplotipu varianti (sk 3. tabulu), no
kuriem pieci bija plasi izplatiti (>1%), bet pargjie Cetri - reti (noveroti tikai 21
personai). Haplotipu prevalence bija lidziga ka ieprieks literatiira min€tajos zinojumos
(Terry et al., 2000; Acalovshi et al., 2003; Kelberman et al., 2004a), iznemot biezak
novéroto pirmo haplotipa variantu, kura ietilpst ar1 (-174) C aléle. Pie tam, tika
konstatets jauns haplotipa variants (Hap*6; sk. 3. tabulu), kas iepriek§ nav aprakstits,
bet misu paraugos bija visizplatitakais no retajiem haplotipiem.
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3. tabula. Interleikina-6 géna promotora rajona haplotipu raksturojums pétijjuma kopa

Nr. Haplotips* Prevalence (n) Haplotipu Prevalence (n)
kombinacijas

1 AG8/12C 0,493 (677) 11 0,224 (154)

2 GGY/11G 0,201 (276) 12 0,203 (139)

3 GG10/11G 0,152 (209) 13 0,152 (104)

4 GG10/10G 0,077 (105) 14 0,089 (61)

5 GC10/10G 0,061 (84) 15 0,074 (51)

6 GGY/12G 0,007 (9) 16 0,010 (7)

7 GGY/11C 0,004 (6) 17 0,006 (4)

8 AGY/11C 0,004 (5) 18 0,003 (2)

9 AG8/12G 0,001 (1) 19 0,001 (1)
22 0,041 (28)
23 0,069 (47)
24 0,031 (21)
25 0,013 (9)
26 0,001 (1)
27 0,001 (1)
28 0,003 (2)
33 0,023 (16)
34 0,013 (9)
35 0,022 (15)
37 0,001 (1)
38 0,001 (1)
44 0,007 (5)
45 0,004 (3)
46 0,001 (1)
55 0,004 (3)

* Polimorfismu seciba: (-596) G/A, (-572) G/C, (-373) AnTn, (-174) G/C

8.2. Interleikinu genétisko variaciju saistiba ar KSS Kkliniskiem un
angiografiskiem Kkritérijiem

Slimnieki ar stabilu un nestabilu KSS sakotnéjo gaitu

Analizes mérkis bija noskaidrot, vai kads no genétiskajiem faktoriem varétu
veicinat MI attistiSanos jau agrina slimibas etapa vai ar, gluzi pretéji, sekmét labveligu
slimibas gaitu ar ilgstosi stabilu stenokardiju bez MI riska. Atbilstosi metodologija
aprakstitajiem kliniskiem un angiografiskiem krit€rijiem, tika atlasitas divas KSS
kliniskas apakSgrupas — ar klasisku stabilu vai nestabilu KSS norisi, ka ar1 kontroles
(veselo cilvéku) grupa.

No visiem $ai analizei derigiem cilvékiem (n=334; 48,7% visas pétijuma kopas)
klasiski stabilas KSS gaitas grupai atbilda 50 slimnieki (15,0%), nestabilas norises
kriterijiem - 201 slimnieks (60,2%), bet 83 personam (24,9%) KSS angiografiski netika
apstiprinata (4. tabula).

Vertejot slimnieku anamnézi, konvencionalos RF un sanemto farmakoterapiju
(sk. 3. tabulu), redzams, ka nestabilas gaitas slimnieku grupa bija par aptuveni tris
gadiem jaunaka neka stabilo slimnieku grupa, un ari KSS anamn@zes ilgums Siem
cilvékiem bija 1saks. Abi nov€rojumi bija gaidami, jo slimniekiem ar stabilu KSS gaitu
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parasti paiet ilgaks laiks Iidz nonakSanai mediku redzesloka tieSi slimibas relativi
labdabigas sakotngjas gaitas d&l. Tapat ar1 izskaidrojams fakts, ka MI grupa KH Iimenis
bija zemaks, visticamak, tiesi aktivas statinterapijas de] (51,2% vs. 30,0%, p=0,007) -
Sie slimnieki atrak nonak stacionara un biezak sanpem savlaicigu agresivu
hipolipidemizgjosu arsteésanu.

Nestabilo slimnieku grupa bija vairak virieSu (85,1% vs. 64,0% stabilo
slimnieku grupa, p=0,001). Citi RF starp abam KSS apakSgrupam statistiski ticami
neatSkiras. Tomer jaatzimé, ka stabilas gaitas grupa bija par aptuveni diviem gadiem
vecaka, un, lai gan §1 atSkiriba nebija statistiski ticama (p=0,142), ta ir saprotama —
ateromas pakapeniskas progreséSanas gadijuma pirma manifestacija gaidama vélak.
Veicot MVA ar negenétiskiem riska faktoriem, tikai arteriala hipertensija, sievieSu
dzimums un holesterina [imenis bija statistiski ticami saistiti ar stabilu sakotn&jo gaitu
(sk. 5. tabulu).

4. tabula. Negenétisko riska faktoru un sapemtas terapijas salidzinajums starp trim kliniski
angiografiskam slimnieku grupam

Kontrolgrupa bez Stabilas Nestabilas p
KSS stenokardijas gaitas grupa (starp
(n=83) grupa (n=50) (n=201) grupam)
Vecums (vidgjais=SD) 55,3+9,1 58,3+6,9 55,0+8,7* 0,052
KSS ilgums (gados, vidgjais£SD) - 4,2432 2,6+5,4% 0,131
Vecums, kad attistjas pirmie KS¢ - 54,2+7,5 52,249,1 0,142
simptomi (gados, vid&jais+SD)
RF* skaits (vidgjais+SD) 2,3£1.2 2,7+1,1 2,8+1,2f 0,016
KH (mmol/l, vidgjais+SD) 5,4+1,2 5,8+1,5 5,3+1,3* 0,025
KMI (kg x m?, vidgjais+SD) 28,2+4,1 28,2443 28,3+4,5 0,975
CRP (mg/l, medianais=SK) 1,3+0,5 2.240,9" 2,4+0,7" 0,003
FG (vidgjais+SD) 3,2+1,7 3,3+1,2 3,2+0,9 0,858
Viriesi (%) 60,2 64,0 85,1%" <0,001
CD (%) 8,4 12,0 9,0 0,765
Hipertensija (%) 66,3 84,0 59,2% 0,004
Smék&sana (%) 45,8 64,0 76,17 <0,001
Agrins MI gimené (%) 18,1 20,0 18,9 0,963
Prehospitala terapija
Aspirins (%) 75,9 80,0 89,17 0,014
Statini (%) 21,7 30,0 51,2%" <0,001
AKEI (%) 53,0 58,0 58,2 0,713
BB (%) 53,0 76,0 82,17 <0,001

* p<0,05, salidzinot ar stabilas stenokardijas slimniekiem.

T p<0,05, salidzinot ar kontrolgrupu bez KSS.

* Kategoriskie riska faktori: vecums (>55 gadi sievietei vai >45 gadi virietim) saslim$anas bridi,
arteriala hipertensija, KH >5 mmol/l, CD, smékéSana, KMI >30 kg/mz, agrins MI gimene.

5. tabula. Negenétisko riska faktoru saistiba ar stabilu, salidzinot ar nestabilu, KSS gaitu (MVA)

Mainigais raksturlielums Exp(B) p

Konstante 1,35 0,091
Vecums 1,04 0,121
KH Iimenis 1,35 0,019
KMI 0,93 0,105
Sievie$u dzimums 0,38 0,031
CD 1,24 0,690
Arteriala hipertensija 3,06 0,011
Smékésana 1,10 0,835
Agrins MI gimené 0,80 0,614
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Genétisko varidaciju atskiribas starp kliniski angiografiskam slimnieku grupam

Salidzinot slimniekus ar angiografiski neapstiprinatu KSS ar katru no pargjam
kliniski angiografiskam grupam, netika konstat€tas statistiski nozimigas genotipu
atSkiribas. Savukart starp slimniekiem ar stabilu un nestabilu KSS gaitu (sk. 6. tabulu)
butiski atskiras Hap*1 homozigotu ipatsvars (sk. 1. diagrammu). Starp slimniekiem,
kam MI bija attistijies jau pirma gada laika, Hap*1 homozigoti bija gandriz divreiz
retak neka starp slimniekiem ar ilgstosi stabilu stenokardiju (attiecigi 16,4% un 30,0%;
OR=0,458; nekoriggtais p=0,029, ar Jeitsa korekciju p=0,047).

Atskiribas starp abam KSS kliniskam grupam Hap*1 heterozigotu un
homozigotu zina atainotas 2. diagramma (Pirsona y2 atSkiribas p=0,070; Spirmena
ordinalas korelacijas p=0,243). Veicot MV analizi, atSkirigda homozigotu proporcija
abam kliniskam grupam saglabajas statistiski ticama, arT nemot véra visus tradicionalos
RF (Exp(B)= 0,41 nestabilai gaitai vai 2,41 stabilai gaitai; p=0,027; sk. 6. tabulu).

1. diagramma. IL-6 promotora Hap*1 homozigotu prevalence starp personam ar
angiografiski neapstiprinatu KSS, slimniekiem ar stabilu un nestabilu slimibas
gaitu

100%
79.5% p=0,518 83,6%
80%- 1p=0,301 70,05
60%' P=0,027*
PR
20 30.0% EHAP -/- vai 1/-
o EHAP 1/1
16,4%
20%-
0%

KSS nav Stabila Ml 1. gada
stenokardija

* Nemot véra negenétiskos riska faktorus (MVA): vecums, KH Iimenis, KMI,
dzimums, CD, arteriala hipertensija, sméké$ana un agrins MI gimené.
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6. tabula. Gengetisko variaciju salidzinajums slimniekiem ar stabilu (n=50) un nestabilu (n=201) KSS sakotné¢jo gaitu.

Modelis* N* %' Vienmainiga analize Daudzmainigo analize’
R OR P vertiba Exp(B) P vertiba
(Spearman)
IL-1B (-511) C/T
CcC GDE 91/112 81,3% -0,014 - 0,820 0,833 0,505
CT 90/115 78,3%
TT 20/24 83,3%
CCHCT (vs. TT) D (C) 181/227 79,7% - 0,787 0,794 1,317 0,653
CT+TT (vs. CC) D (T) 110/139 79,1% - 0,875 0,797 0,812 0,551
IL-1B (+3954) C/T
CcC GDE 125/157 79,6% 0,018 - 0,771 1,224 0,500
CT 65/81 80,2%
TT 1113 84,6%
CCHCT (vs. TT) D (C) 190/238 79,8% - 0,720 1,000 0,646 0,609
CT+TT (vs. CC) D (T) 76/94 80,9% - 1,081 0,941 1,236 0,556
IL-1RN (VNTR)
IL-1RN(VNTR)*1
-/- GDE 20/26 76,9% 0,065 - 0,307 1,405 0,185
1/- 80/103 77,7%
1/1 101/122 82,8%
Vismaz viena *1 (vs.-/-) D 181/225 80,4% - 1,234 0,868 1,365 0,562
Nav 1/1 (vs. 1/1) R 100/129 77,5% - 1,395" 0,375 1,649" 0,159
IL-1RN(VNTR)*2
-/- GDE 105/130 80,8% -0,313 - 0,626 0,745 0,265
2/- 80/99 80,8%
2/2 16/22 72,7%
Vismaz viena *2 (vs.-/-) D 96/121 79,3% - 0,914 0,900 0,772 0,461
Nav 2/2 (vs. 2/2) R 185/229 80,8% - 0,634 0,402 0,508" 0,217
IL-1RN(VNTR)*3
-/- D 194/240 80,8% - 0,415 0,237 0,531 0,368
3/- 7/11 63,6%
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6. tabula (turpinajums).

IL-6 (-596) G/A
AA
AG
GG
AA+AG (vs. GG)
AG+GG (vs. AA)
IL-6 (-572) G/C
GG
GC
CcC
GG+GC (vs. CC)
GC+CC (vs. GG)
IL-6 (-373) AnTn
AS8TI2 (*1)
/-
1/-
1/1
Vismaz viena *1 (vs. -/-)
Nav 1/1 (vs. 1/1)
A9TII (*2)
/-
2/-
2/2
Vismaz viena *2 (vs. -/-)
Nav 2/2 (vs. 2/2)

AI0TI1 (*3)
/-
3/-
373
Vismaz viena *3 (vs. -/-)
Nav 3/3 (vs. 3/3)

GDE
D (A)
D (G)

GDE

D (G)
D (C)

GDE

GDE

D
R

33/49
117/139
51/63
150/188
168/202

177/224
22/25
2/2
199/249
24/27

51/64
117/138
33/49
150/187
168/202

123/155
68/84
10/12

78/96
191/239

139/177
58/70
4/4
62/74
197/247

67,3%
84.,2%
81,0%
79,8%
83,2%

79,0%
88,0%
100,0%
79,9%
88,9%

79,7%
84,8%
67,3%
80,2%
83,2%

79,4%
81,0%
83,3%
81,3%

79,9%

78,5%
82,9%
100,0%
83.,8%
79,8%

0,098

0,929
2,396

2,124

1,033
0,417

1,127
1,2578

1,412

0,120

0,986
0,022

0,222

1,000
0,338

0,178

1,000
0,022

0,697

0,839
1,000

0,313

0,437
0,587

1,480

0,992
2,638

2,050

2,003
0,708
1,088
0,3798

1,259

1,349
1,1598

1,506

1,441

0,129

0,985
0,014

0,244

0,999
0,298

0,175

0,829
0,014

0,454

0,410
0,859

0,274

0,355
0,999
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6. tabula (turpinajums).

AI0TI10 (*4)
-/- GDE 142/180 78,9% 0,036 - 0,571 0,945 0,861
4/- 55/64 85,9%
4/4 4/7 57,1%
Vismaz viena *4 (vs.-/-) D 59/71 83,1% - 1,316 0,564 1,104 0,805
Nav 4/4 (vs. 4/4) R 197/244 80,7% - 0,318% 0,144 0,407% 0,288
A9TI12 (*5)
-/- GDE 199/249 79,9% - - - - 0,999
5/- 2/2 100%
5/5 0/0 0%
Vismaz viena *5 (vs.-/-) D 2/2 100% - - 1,000 - 0,999
Nav 5/5 (vs. 5/5) R 251/251 100% - - - - -
IL-6 (-174) G/C
GG GDE 50/62 80,6% -0,090 - 0,156 0,694 0,155
GC 116/138 84,1%
cC 35/51 68,6%
GG+GC (vs. CO) D (G) 166/200 83,0% - 2,232 0,036 2,503 0,019
GC+CC (vs. GG) D (C) 151/189 79,9% - 0,954 1,000 1,010 0,981
IL-6 haplotipi
Hap*1
-/- GDE 51/64 79,7% -0,074 - 0,243 0,737 0,233
1/- 117/139 84,2%
1/1 33/48 68,8%
Vismaz viens *1 (vs.-/-) D 150/187 80,2% - 1,033 1,000 1,088 0,829
Nav 1/1 (vs. 1/1) R 168/203 82,8% - 0,458° 0,047 0,414° 0,027
Hap*2
-/- GDE 125/158 79,1% 0,037 - 0,555 1,407 0,292
2/- 67/83 80,7%
2/2 9/10 90,0%
Vismaz viens *2 (vs.-/-) D 76/93 81,7% - 1,180 0,737 1,436 0,325
Nav 2/2 (vs. 2/2) R 192/241 79,7% - 2,297 0,692 1,991% 0,531
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6. tabula (turpinajums).

Hap*3
-/- GDE
3/-
3/3
Vismaz viens *3 (vs.-/-) D
Nav 3/3 (vs. 3/3) R
Hap*4
-/- GDE
4/-
4/4
Vismaz viens *4 (vs.-/-) D
Nav 4/4 (vs. 4/4) R
Hap*5
-/- GDE
5/-
5/5
Vismaz viens *5 (vs. -/-) D
Nav 5/5 (vs. 5/5) R
Hap*6
-/- D
6/-
Hap*7
-/- D
7/-
Hap*8
-/- D
8/-
Hap*9
-/- D
9/-

139/177
58/70
4/4
62/74

197/247

166/206
33/41
2/4
35/45
199/247

177/224
22/25
2/2
24/27
199/249

199/249
2/2

198/247
3/4

201/250
0/1

201/250
0/1

78,5%
82,9%
100%
83,8%
79,8%

80,6%
80,5%
50,0%
77,8%
80,6%

79,0%
88,0%
100%
88,9%
79,9%

79,9%
100%

80,2%
75,0%

80,4%
0%

80,4%
0%

0,059

1,412

0,843
0,2418

2,124

0,742

0,313

0,437
0,587

0,613

0,825

0,178

0,222

0,338

1,000

1,000

1,000

0,199

0,199

1,506

1,441

1,276
0,679
0,235%

2,050

2,003

0,569

0,274

0,355
0,999

0,244

0,379

0,197

0,244

0,298

0,999

0,999

0,649

1,000

1,000

* ,Géna devas” modelis: GDE — géna devas efekts, D — dominants, R — recesivs.
1 Slimnieki ar nestabilu gaitu no visiem slimniekiem ar attiecigu genotipu.
T Modeli ieklautie mainigie: vecums, dzimums, KH, KMI, CD, arteriala hipertensija, smékéSana, MI gimene un genétiska variacija.

§ Homozigotu OR vai Exp(p), salidzinot ar parejiem slimniekiem.
9 Ar trekniem burtiem atziméti statistiski ticamie rezultati (p<0,05).



2. diagramma. Hap*1 skaita sadalijjums slimniekiem ar stabilu un nestabilu KSS
sakotnéjo gaitu

100% - Pirsona p=0,070*
90%- Spirmena p=0,243'
80%
70% 58,2%
60%
50%
40%-
30%
20%
10% -

0% -

m-/-
Oa1/-
w11

Stabila stenokardija (n=50) Ml pirmaja gada (n=201)

* Pirsona y2 tests (atSkiriba starp grupam).
t Spirmena ordinalas korelacijas tests (lineara tendence).

No Hap*1 veidojosam al€lém visspilgtaka korelacija ar KSS gaitu bija vérojama
IL-6 (-596) A un IL-6 (-373) A8T12 homozigotiem (abiem polimorfismiem p=0,022 un
0,014 attiecigi vienmainiga un daudzmainigo analiz€s; sk. 6. tabulu). Papildinot MVA
modeli ar vecumu, kad attistijas pirma KSS kliniska manifestacija, Hap*1 homozigotu
saistiba ar retaku nestabilu KSS gaitu butiski nemainijas (Exp(p)=0,421; p=0,030), kas
lauj izslégt vecumu ka iesp&jamo rezultatus ietekméjoSo faktoru. Ari vecums, kad
manifestéjas pirmie KSS simptomi, Hap*1 homozigotiem Sai analizé neatSkiras no
pargjiem slimniekiem (attiecigi 52,149,1 un 52,7+8,8 gadi; p=0,671).

Vienmainigaja analiz€ Hap*1 homozigotu biezums kontrolgrupa nebija
statistiski ticami atSkirigs no §a haplotipa sastopamibas stabilas (p=0,301) vai
nestabilas gaitas (p=0,518) slimniekiem. Ar1 MV analizé §is atSkiribas nekluva
nozimigas (attiecigi p=0,188 un p=0,570).

Laiks lidz pirmajam MI

Ta ka ieprieks€ja analiz€ tika atklats, ka Hap*1 homozigotiem biezak ir stabila
sakotngja slimibas gaita pirma gada laika, tika veikti papildaprékini, lai noskaidrotu,
vai viena gada izv€le par laika krit€riju MI grupa nav radijusi slimnieku atlases un lidz
ar to aprekinu klidu. Sim nolikam atseviski tika salidzinats intervals lidz pirma MI
attistibas bridim Hap*1 homozigotiem un pargjiem slimniekiem. Analizei tika atlasiti
slimnieki ar KSS (n=571), starp tiem 381 (66,7%) slimniekam bija MI anamn&ze, un
259 slimniekiem (45,4% no visiem jeb 68,0% MI slimnieku) precizi zinams laiks, kas
pagajis no pirmajiem simptomiem lidz pirmajam MI.

Hap*1 homozigotiem visos analiz&tajos laikposmos kops KSS pirmo simptomu
sakuma bija ve€rojama tendence MI attistities retak neka par€jiem slimniekiem (sk. 3.
diagrammu), un §T atSkiriba sasniedza statistiskas ticamibas robezu pirma ménesa laika
(p=0,050) un 1pasi nozimiga kluva péc pirma ménesa (p<0,01).
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3. diagramma. Pirma miokarda infarkta attistibas laiks kop§ KSS Kkliniskas
izpausmes sakuma IL-6 promotora 1. haplotipa homozigotiem, salidzinot ar
paréjiem slimniekiem: kumulativa incidence*

70%-

p=0,003
n=571 p=0,009
60%
p=0,050 48,6"/’0—‘
50% p=0,269
= 38,2%
40% p=0,338 ’—‘ ’—‘

27,3%
30%-

20%

10%-

Ml 1. diena Ml 1. nedéla MI 1. ménesi Ml 1. gada Ml péc >1 gada

B HAP -/- vai 1/- BHAP 1/1

* No visiem slimniekiem ar angiografiski pieraditu KSS nemti veéra tikai gadijjumi
ar skaidru slimibas sakotnéjo gaitu.

Vainagarteriju okliizija

Analizgjot kop€jo pé€tijuma grupu (n=686), 255 slimniekiem (37,2%) tika
atrasta vismaz vienas vainagartérijas okltizija. No visam genétiskajam variacijam ar
okliiziju no géna devas atkariga veida korel§ja Hap*1: okltziju biezums angiogramma
slimniekiem bez Hap*1 bija 31,9%, ar vienu Hap*1 — 36,6% un ar abiem Hap*1 —
44,2% (Spirmena ordinalas korelacijas r=0,086 un p=0,025; sk. 4. diagrammu).
Homozigotiem okluzijas OR bija 1,46 salidzinot ar par&jiem slimniekiem (p=0,052).
Péc MV analizes Hap*1 skaita un okluzijas korelacijas statistiska ticamiba mazinajas
(Exp(B)=1,221; p=0,097).

No visiem slimniekiem ar vainagarterijas okliziju 246 (96,5%) gadijumos bija
skaidri zinama informacija par MI anamnézi. No tiem savukart 196 slimniekiem
(79,7%) bija pozitiva un 50 slimniekiem — negativa MI anamnéze (19,6%). Vismaz
viena vainagarterija bija okludéta 29,4% (50/170) KSS slimnieku bez MI anamnézes un
51,4% (196/381) slimnieku ar parciestu MI.

Analizgjot atseviSki slimniekus ar zinamu parciestu MI (n=381), Hap*1
homozigotiem bija statistiski ticami daudz biezakas oklazijas (67,9%) neka
slimniekiem ar vienu (48,1%) vai nevienu (43,4%) So haplotipa variantu (r=0,163;
p=0,001; sk. 4. diagrammu). Salidzinot Hap*1 homozigotus ar pargjiem genotipiem
kopuma (recesiva efekta modelis), statistiska ticamiba saglabajas (p=0,001). Lai gan
starp slimniekiem bez MI (n=170) Hap*1 homozigotiem okluizijas atrada retak (23,3%,
salidzinot ar 31,4% un 31,7%), $1 atSkiriba nebija statistiski ticama ne géna devas (r=-
0,066; p=0,391), ne recestva modelt (p=0,406).
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4. diagramma. Vainagarteriju okliiziju bieZums atkara no IL-6 Hap*1 skaita

80%-

m-/-
0a1/-
w1

Visi slimnieki (n=686) Slimnieki ar parciestu Slimnieki ar KSS un
MI (n=381) bez MI (n=170)

Slimnieki ar MI un vainagarterijas okliiziju

No visiem slimniekiem 195 (28,4%) bija neSaubiga parciesta MI diagnoze, kas
tika apstiprinata ari angiografiski, konstat€jot vainagartérijas okliziju. Analiz€jot
kombingta kriterija (MI anamnéze un vainagart€rijas okltizija) biezumu visa slimnieku
grupa (n=686), IL-6 promotora apvidus pirmais haplotips stipri korel&ja ar MI/okltziju
no géna devas atkariga veida. Slimniekiem bez Hap*1, ar vienu un abiem Hap*1
Ml/okliizijas biezums proporcionali pieauga: attiecigi 22,1%, 27,6% un 37,0%
slimnieku (r=0,112; p=0,003; sk. 5. diagrammu). Hap*1 homozigotiem MI/okluzijas
varbiitiba bija par 68% lielaka neka par€jiem slimniekiem (OR=1,678, p=0,007).
Parliecino$a Hap*1 saistiba ar biezaku Ml/okluziju saglabajas, arT veicot MV analizi
(Exp(B)=1,391; p=0,011). Jaatzimé, ka no visiem regresijas modell ievaditiem
tradicionaliem RF tikai smekéSanas Exp(B) koeficients (1,576) bija lielaks neka Hap*1,
kas liecina, ka atrastajai sakaribai ir ne tikai statistiska ticamiba, bet ar1 liels ietekmes
speks.

No citiem polimorfismiem statistiski ticami retaku MI un okliizijas kombinaciju
noveroja A10T11 (Hap*3) nésatajiem: attiecigi 30,8%, 22,6% un 18,8% slimnieku bez
nevienas, ar vienu un abam alélém (r=-0,086; p=0,024; sk. 6. diagrammu). Salidzinot
vismaz vienas A10T11 aleles n€satajus ar tiem, kas nebija $as aleles n€sataji, atskiriba
(attiecigi 22,3% un 30,8%) bija joprojam nozimiga (OR=0,643; p=0,032). Ta ka
A10T11 homozigotu skaits kopa bija neliels (16 slimnieki), nav iesp&ams
neparprotami spriest par al€les ietekmes veidu, tomér absoliitie procentualie rezultati un
fakts, ka homozigoti butiski neatskiras no heterozigotiem, liecina par al€les dominanto
efektu. Ari MV analizé AI10T11 saistiba ar retakam okluzijam p&c MI saglabaja
statistisku ticamibu (Exp(p)=0,664; p=0,024).
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5. diagramma. Kombinéta kritérija (vainagartérijas okluzija péc parciesta
miokarda infarkta) prevalence atkara no Hap*1 skaita (n=686)

50%- r=0,112
p=0,003 37,0%

40%-

30%-

20%-

10%-

0%
-/~ 1/- 7

6. diagramma. Kombinéta Kkritérija (vainagarterijas oklizija péc parciesta
miokarda infarkta) prevalence atkara no Hap*3 skaita (n=686)

50%- r=-0,086
p=0,024

40%-

30%-
° 18,8% m--
0o3/-

m3/3

20%+

10%

0%-

-/~ 3/- 313

Citi kliniskie kriteriji

Tika veiktas arT vairakas papildanalizes, kuru mérki bija divi:

1. Izslegt varbutibu, ka ieprieks atklatas saistibas ir netiesi saistitas ar citiem KSS
norises faktoriem, pieméram, KSS attistibas risku (neatkarigi no kliniskas
gaitas).

2. Analizet citas potencialas polimorfismu saistibas ar KSS un tas izpausmeém.
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Slimnieki ar un bez KSS

Lai salidzinatu genétisko variaciju atSkiribas starp slimniekiem, kam
angiografiski tika apstiprinata KSS (stenoze >50%; n=571; 87,3%) un slimniekiem bez
jebkadiem angiografiskiem noradijjumiem par KSS (n=83; 12,7%), atseviski tika
analiz€tas So slimnieku apakSgrupas (n=654). Netika ieklauti slimnieki, kam
angiografiski bija aizdomas par pangam, kas stenoz&ja limenu par mazak neka 50%.

Vismaz viena Hap*1 nésatajiem biezak tika atklata KSS (88,7% vs. 82,8%; sk.
7. diagrammu), lai gan S$1 sakariba nesasniedza statistisko ticamibu (OR=1,636;
p=0,071) un MV analizé kluva vajaka (Exp(B)=1,575; p=0,086). No citam genétiskam
KAS (66,7% vs. 87,8%; OR=0,28; p=0,031; sk. 8. diagrammu), un S§1 korelacija
saglabaja statistisku ticamibu arT pec MVA (Exp(B)=0,234; p=0,015). Japiebilst, ka visi
Sie slimnieki bija arT IL-6 (-373) A10T11 homozigoti un to kopgjais skaits bija neliels
(n=15).

7. diagramma. Angiografiski apstiprinatas vainagartériju slimibas biezums atkara
no Hap*1 skaita (n=654)

100%- | 88,8% 88,5%
p=0,071 82,8%
80%-
60%- m-
o 01/
40%- 1/

20%-

0%-

KAS (-) KAS (+)

8. diagramma. Angiografiski apstiprinatas vainagartériju slimibas biezums atkara
no Hap*3 skaita (n=654)

100%-
90%-
80%-
70%-
60%-
50%-
40%
30%-
20%-
10%1"

0%-

/-
a3/-
m3/3

KSS (-) KSS (+)
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KSS attistibas vecums

Sai analizei tika atlasiti slimnieki (n=474), kam angiografiski bija apstiprinata
KAS, bija zinams vecums, kad radusies pirmie KSS simptomi. No visam analiz€tajam
polimorfismu - T homozigotiem KSS pirmie simptomi bija attistijusies par vid€ji 3,6
gadiem vélak neka C al€les nésatajiem (56,5+7,9 vs. 52,9£8,7 gadi; t=-2,338; p=0,020).
St atskiriba pec MVA saglabajas tuvu statistiskai ticamibai (p=-0,040; p=0,058) un
atbilda 1,3 gadu starpibai (sk. 9. diagrammu).

Lidziga sakariba tika novérota ari Hap*2 homozigotiem. Lai gan UVA
nekonstatéja statistiski ticamas atSkiribas (p=0,197), péc MVA ta kluva ticama un
atbilda divu gadu starpibai (B=0,042; p=0,046; sk. 10. diagrammu). No Hap*2
komponentiem analogiska un visizteiktaka saistiba bija novérojama IL-6 (-373) A9T11
al€les homozigotiem: lai gan UVA nebija statistiski ticamas atSkirtbas no pargjiem
slimniekiem, par spiti 3,4 gadu vecuma starpibai (t=1,666; p=0,096), toties pec MVA §1
atSkirtba kluva nozimiga (2 gadi, p=0,045; p=0,034). Savukart IL-6 Hap*1 bija
tendence no géna devas atkarigd veida korelét ar agraku KSS sakumu (r=-0,083;
p=0,071), tom&r peéc MVA $1 saistiba nebija parliecinosa (f=-0,030; p=0,153; sk. 10.
diagrammu).

9. diagramma. Koronaras sirds slimibas pirmo simptomu vélaka attistiSanas
slimniekiem ar IL-1B (+3954) TT genotipu (videjais vecums gados, péc MVA)

01| h=a74 p=0,058 !
54,1

52,8 52,7

Gadi

CcC CT T

10. diagramma. Koronaras sirds slimibas pirmo simptomu manifestacijas vecums
(gados) atkara no Hap*1 un Hap*2 skaita (pec MVA)

60+ p=0,046

p=0,153
54

55+

534 528 526 53,0 52,3

W Hap(-)
O Heterozigoti
B Homozigoti

50+

Gadi

45-

40+

Hap*1 Hap*2
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IL-6 Hap*3 homozigotiem KSS saka izpausties krietni (6,9 gadus) vélak ka
pargjiem slimniekiem (t=2,094; p=0,037), tomér ST starpiba krietni samazinajas un
nebija statistiski ticama péc MVA (1,3 gadi; =0,018; p=0,400).

Pirma MI attistibas vecums

Sis kritérijs sakotngji tika apliikots pilotanalizé ar mazaku slimnieku skaitu (n=193).
Par rezultatiem zinots starptautiska konferencé (Latkovskis et al., 2004b). Galigas
statistiskas analizes atlases krit€rijiem atbilda 364 cilvéki. Lai gan UV analizé IL-6
pirma haplotipa kopiju skaits bija statistiski gandriz ticami lineari saistits ar MI attistibu
agraka vecuma (r=-0,102; p=0,052), MVA &1 sakariba nebija statistiski ticama (B=-
0,040; p=0,122; sk. 11. diagrammu).

11. diagramma. I1L-6 Hap*1 kopiju skaits un pirma MI attistibas vecums (MVA;
n=364)

60+ r=-0,102
53,7 p=0,122

53,1 52,6

55

50

Gadi

45

40-

Lai gan vienmainigaja analiz€ IL-1B (+3954) un IL-6 (-572) polimorfismi
nekorelgja ar pirma MI attistibas vecumu, MV analizé paradijas statistiski ticama
saistiba IL-1B (+3954) T aléles n&satajiem ar agraku un IL-6 (-572) C aléles n€satajiem
ar velaku pirma MI attistibu (sk. 12. un 13. diagrammu). Slimniekiem ar IL-1B (+3954)
T aleli (CT vai TT genotipu) pirmais MI bija attistijies videji par 1 gadu agrak ka
slimniekiem ar CC genotipu: attiecigi 52,6+0,5 gados un 53,6+0,5 gados (f=-0,057;
p=0,028). Turpretim IL-6 (-572) C aléles (un 5. haplotipa) n€satajiem (ar GC vai CC
genotipu) pirmais MI bija attistijies par 1,5 gadiem vélak neka par&jiem slimniekiem,
kam bija GG genotips: attiecigi 54,5+0,8 un 53,0+0,5 gados (B=0,053; p=0,040).
Jaatzime, ka abos gadijumos netika noveérota lineara géna devas efekta sakariba, ko
varétu skaidrot ar aléles dominantam ipaSibam un/vai sam&a mazam So alélu
homozigotu grupam — 22 slimnieki ar IL-1B(+3954) TT un tris slimnieki ar IL-6(-572)
CC genotipu.
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12. diagramma. IL-1B (+3954) genotipi un pirma MI attistibas vecums (MVA;
n=364)

55+ 3=-0,045 B=-0,057
p=0,077 p=0,028
544 53,6 53,6
L 22 acc
534
é BECT
— BTT
© 521 :
CcC
517 BCT+TT

50-

IL-1B(+3954)

13. diagramma. IL-6 (-572) genotipi un pirma MI attistibas vecums (MVA; n=364)

60- $=0,045 $=0,053

58. p=0,082 p=0,040

56'/ con ‘

541 ¥ mGG
= 927 BGC
o d
® 50-

& v mCC
48 HGG
461 B GC+CC
44y
id
40-

IL-6 (-572) GIC

Miokarda infarkts anamneéze

No visiem 686 slimniekiem 380 gadijumos (55,4%) anamnéz€ bija MI un
angiografiski apstiprinajas vanagartériju stenoze >50%. Analiz&jot genétisko variaciju
saistibu ar MI anamnézi visa slimnieku grupa, neviens polimorfisms vai haplotips
nebija statistiski ticami saistits ar MI, iznpemot VNTR 3. al€les n€satajiem MI bija retaki
neka pargjiem slimniekiem UVA (attiecigi 37,0% un 62,1%; OR=0,36; p=0,009). St
sakariba saglabajas ticama art MVA (Exp(B)=0,353; p=0,012), tom&r $adu personu
nebija daudz (n=27; 4%), tadel nevar izslégt atrades nejausibu.

29



8.3. Interleikinu genétiskas variacijas un CRP limenis

IL genétisko polimorfismu saistibas ar CRP Iimeni analize tika veikta divreiz.
Sakuma pilotpetijums tika izdarits, balstoties uz mazaku slimnieku skaitu (n=160) bez
IL-6 haplotipu analizes (Latkovskis et al., 2004a). Tomér, nemot véra sakotngja datu
analize bija veikta ar saméra nelielu slimnieku skaitu, atrade tika parbaudita atkartoti ar
lielaku slimnieku skaitu (n=624; Latkovskis et al., 2005a), kas lava mazinat potencialo
statistisko a un B klidu varbitibu, analizé€t haplotipu ietekmi, ka arT noskaidrot
iesp&jamo mijiedarbibu un atskiribas noteiktas slimnieku apakSgrupas.

Pilotpetijuma rezultati

Si analize ietvéra 160 slimniekus (sk. 7. tabulu), kas tika atlasiti no 198
slimniekiem, lai padaritu grupu homogéniskaku un mazinatu nejausibas ietekmi uz
rezultatiem, pemot v&ra samérd nelielo slimnieku parauga lielumu. Atlases un
izslegSanas kriteriji aprakstiti sadala Metodes. Visu analiz€to polimorfismu genotipu
sadalfjums atbilda Hardija—Veinberga Iidzsvaram (sk. 8. tabulu). Vienmainigajas
analiz€s par véra pemamiem nozimigiem negenétiskiem faktoriem tika identific&ti:
smékeSana (p<0,001), KMI (p=0,005), KH (p=0,018) un CD (p=0,056).

7. tabula. Pilotpétijuma ietverto slimnieku raksturojums

Viriesi (%) 71,5
Smekeétaji (%) 36,3

Cukura diabéts (%) 8,1
Hipertensija (%) 56,9
Vecums, gados (vidgjais = SD) 53,2+7,7
KMI, kg x m™ (vidgjais + SD) 28,47 + 4,02
KH, mmol/l (vidgjais £ SD) 5,80+ 1,30
CRP, mg/l (medianais, SK) 1,70 (0,16)
Log-CRP (vidgjais = SD) 0,23 +0,45

8. tabula. Pilotpétijuma ietverto slimnieku genétisko variaciju raksturojums

Alele Prevalence (n)  Genotips Prevalence (n) P vertiba
(H-W)*
IL-1B(+3954) C 0.72 (230) CC 0.52 (83) 0,990
T 0.28 (90) CT 0.40 (64)
TT 0.08 (13)
IL-1B(-511) C 0.65 (209) CC 0.44 (70) 0,825
T 0.35(111) CT 0.43 (69)
TT 0.13 (21)
IL-1IRN(VNTR) 1 0.72 (229) 1/1 0.51 (81) 0,998
2 0.27 (88) 1/2 0.41 (65)
3 0.01 (3) 1/3 0.01 (2)
2/2 0.07 (11)
2/3 0.01 (1)
1L-6(-174) C 0.53 (170) CC 0.27 (43) 0,790
G 0.47 (150) CG 0.52 (84)
GG 0.21 (33)
IL-6(-572) G 0.94 (301) GG 0.88 (141) 0,598
C 0.06 (19) GC 0.12 (19)

* Salidzinot ar sagaidamajiem genotipiem atbilstosi Hardija-Veinberga lidzsvaram.
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Genétiskie polimorfismi un CRP

Analizéjot CRP atSkiritbas UVA starp genotipiem ar ANOVA metodi,
nozimigas atSkiribas bija vérojamas starp IL-1B (+3954) genotipiem (p=0,014) un IL-
IRN (VNTR) genotipiem (p=0,048). Lai precizetu, vai atrastais génu efekts saglabajas
arT péc tam, kad nemti véra negenétiskie faktori, tika veikta MV analize ar ANCOVA
metodi, kura tika izveidoti divi modeli (sk. 9. tabulu). Pirmaja modelr tika ieklauts tikai
viens polimorfisms un Cetri negenétiskie mainigie, lai precizétu katra polimorfisma
individualo nozimi. Turklat tika salidzinati ar1 dazadi géna devas modeli — recesivais,
géna devas efekts un dominantais. Otraja modeli tika ievaditi abi polimorfismi
vienlaikus, lai precizetu, vai tiem saglabajas ticama saistiba ar CRP, ja tiek nemts vera
ar1 otrs polimorfisms. Pirmaja modeli (sk. 9. tabulu) IL-1B (+3954) T aléle bija
parliecino$i saistita ar augstaku CRP Iimeni un Sai alélei bija dominants efekts
(p=0,002). Savukart IL-IRN (VNTR) 2. al€le bija saistita ar zemaku CRP Itmeni, un
bija verojama al€les devas ietekme (p=0,023), lai gan statistiski ticamaks bija
dominantais modelis (p=0,009). Kad modeli tika ieklauti abi polimorfismi (sk. 9.
tabulu, 2.A un 2.B modelis), statistiski ticama saistiba ar CRP saglabajas tikai IL-1B
(+3954) T alelei (p<0,05), bet ne II-1RN (VNTR) 2. alelei (p>0,05).

9. tabula. C-reaktiva proteina limenis atkara no IL-1B (+3954) un IL-1RN (VNTR)

polimorfismiem
Polimorfisms Modelis* Salidzinatie Log-CRP CRP' P
genotipi Vidgjais (SK; 95% TI) mg/L vertiba®
1. modelis®
IL-1B (+3954) D CC 0.240 (0.067; 0.107-0.373) 1.74 0.002
CT, TT 0.443 (0.067; 0.311-0.574) 2.77
GDE CC 0.240 (0.068; 0.106-0.374) 1.74 0.007
CT 0.445 (0.071; 0.304-0.585) 2.79
TT 0.434 (0.119; 0.198-0.670) 2.72
R CC,CT 0.331 (0.062; 0.208-0.455) 2.14 0.370
TT 0.439 (0.123: 0.197-0.682) 2.75
IL-1RN D 1/1,1/3 0.421 (0.066; 0.290-0.552) 2.64 0.009
(VNTR) 1/2,2/2,2/3 0.252 (0.069; 0.115-0.388) 1.79
GDE 1/1,1/3 0.418 (0.067; 0.287-0.550) 2.62 0.023
1/2,2/3 0.266 (0.071; 0.126-0.406) 1.85
2/2 0.148 (0.135; -0.119-0.415) 1.41
R 1/1,1/2,1/3,2/3 0.352 (0.061; 0.232-0.472) 2.25 0.119
2/2 0.151 (0.137; -0.120-0.422) 1.42
2.A modelis!
IL-1B (+3954) D CC 0.253 (0.067; 0.120-0.386) 1.79 0.012
CT,TT 0.420 (0.067; 0.287-0.553) 2.63
IL-1RN D 1/1,1/3 0.395 (0.066, 0.265-0.526) 2.48 0.076
(VNTR) 1/2,2/2,2/3 0.277 (0.069; 0.142-0.413) 1.89
2.B modelis!
IL-1B (+3954) D CC 0.216 (0.074; 0.071-0.362) 1.64 0.016
CT, TT 0.378 (0.081; 0.219-0.538) 2.39
IL-1RN GDE 1/1,1/3 0.395 (0.066; 0.264-0.526) 2.48 0.179
(VNTR) 1/2,2/3 0.285 (0.070; 0.147-0.424) 1.93
2/2 0.212 (0.136; -0.056-0.480) 1.63

* - Retas aléles ,,gena devas” modelis: D — dominants, GDE — géna devas efekts, R — recesivs.

" No videja log-CRP retransformétas CRP vértibas.

* Balstoties uz log-CRP salidzinjumiem.
¥ Faktori, kas tika ieklauti 1. modeli: smekésana, KMI, KH, CD, viens polimorfisms.

Y Faktori, kas tika ieklauti 2.A un 2.B modelos: sméekésana, KMI, KH, CD, abi polimorfismi.
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PaplaSinata datu analize

Péc lielakas personu grupas apkopoSanas tika atlasiti slimnieki pec Metodés
aprakstitiem kritérijiem. Sai analizei bija derigi 624 slimnieki (sk. 10. tabulu), no
kuriem angiografiski pieradita KAS bija 513 slimniekiem (82,2%) un 80 slimniekiem
(12,8%) KSS diagnoze tika izslégta (angiografiski nebija datu par ateromu, un nebija
MI anamnézes). Pargjie slimnieki nebija skaidri klasificgjami viena vai otra grupa
(n=31; 5%).

10. tabula. PaplaSinatas analizes slimnieku kopas raksturojums (n=624)

Kardiovaskularie riska faktori

Viriesi (n, %) 473 (75,8)
Vecums gadi (vidgjais = SD) 55,79 + 8,05
Smekesana (n, %) 183 (29,3)
Cukura diabéts (n, %) 60 (9,6)
Arteriala hipertensija (n, %) 396 (63,5)
KH, mmol/l (vidgjais + SD) 5,55+1,28
Hiperholesteringmija” (n, %) 397 (63,3)
KMI, kg x m™ (vidgjais + SD) 28,40 £ 4,14
Adipozitate' (n, %) 204 (67,3)
Agrins MI gimeng (n, %) 119 (19,1)
KSS raksturojums
Angiografiski*
KSS apstiprinata (n, %) 513 (82,2)
KSS neapstiprinata (n, %) 80 (12,8)
KSS saubiga (n, %) 31(5,0)
Parciests MI (n, %) 378 (60,6)
Prehospitala farmakoterapija (n, %)
Aspirins 531 (85,1)
Klopidogrels 31(5,0)
Statini 248 (39,7)
AKE inhibitori 344 (55,1)
Béta blokatori 479 (76,8)
lekaisuma markieri
CRP, mg/l (medianais, SK) 1,70 (0,16)
FG, g/l (vidgjais = SD) 3,15+0,73

* KH >5 mmol/L

" KMI >30 kg x m™

* Apstiprinata KSS — angiografiski stenoze >50%, neapstiprinita KSS — angiografiski nav
parliecinoSu aterosklerozes pazimju; Saubiga KSS - stenozes <50% vai iespéjamas
aterosklerotiskas pangas.

Negenétisko faktoru saisttba ar CRP

Veicot atpakalejoSo (backward) multiplo linearo regresiju, par statistiski ticami
nozimigiem mainigiem, kas bija saistiti ar CRP Itmeni tika identificéti sadi faktori:
fibrinogéns (p=0,424; p<0,001), KMI (p=0,134; p<0,001), smekeSana (B=0,128;
p=0,001), viriesa dzimums (Bf=0,126; p=0,001), hipertensija (f=0,104; p=0,004) un
aspirina lietosana (B=0,085; p=0,017). Sie mainigie tika izmantoti turpmakas MV
analiz€s (multipla lineara un logistiskas regresijas analiz€), izmantojot piespiedu
ievadiSanas (forced entry) modeli.

Genétiskas variacijas un CRP

C reaktiva proteina Iimenu salidzinaSana atkara no analiz€tiem genotipiem un
haplotipiem tika veikta, izmantojot gan logaritmiski transformé&tas CRP (Log-CRP)
vertibas, gan kategorisko mainigo (CRP >3 mg/l), nenemot (UVA) un nemot (MVA)
vera negenctiskos faktorus. Apméram 1/3 slimnieku (n=210; 33,7%) CRP bija
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paaugstinats (>3 mg/l). Atskira no pilotanalizes papildus tika noteikti ari AnTn
polimorfisms un IL-6 promotora haplotipi. Par analizes preliminariem rezultatiem
zinots starptautiska konferenceé (Latkovskis et al., 2005a).

Hap*1 un Hap*2

nésatajiem (UVA p=0,048), tomé&r MVA S§is sakaribas ticamiba izzuda (p=0,063).
Otrkart, UVA tika nov@rota lineara saistiba starp Hap*1 skaitu un augstaku CRP limeni
(p=0,061), tacu ar1 ta MVA zaudgja statistisko ticamibu (retransformétas vidéjas CRP
vertibas attiecigi 1,53 mg/L, 1,56 mg/L un 1,82 mgL; p=0,123; 14. diagramma), lai gan
homozigotiem, salidzinajuma ar pargjo slimnieku grupu, bija verojama statistiskas
ticamibas tendence gan UVA (p=0,055), gan MVA (p=0,073). Padzilinati analiz&jot
CRP Itmeni atkariba no So haplotipu skaita, tika novérots, ka slimniekiem ar vismaz
vienu Hap*2 bija zemaks CRP limenis ka slimniekiem ar nevienu vai diviem Hap*2
(14. diagramma). Retransformetas CRP vertibas slimniekiem bez Hap*2, ar vienu un
abiem Hap*2 attiecigi bija 1,71 mg/L, 1,45 mg/L un 1,69 mg/L. Analogiskas, bet
Hap*1 gadijuma statistiski parliecinosas sakaribas, noveroja salidzinot slimniekus ar
paaugstinatu CRP (>3 mg/L; 15. diagramma). Hap*1 homozigotu biitiska atskiriba no
pargjiem slimniekiem gan UV analiz€ (p=0,019), gan MV analizé (p=0,016), liecina
par $1 haplotipa recesivo ietekmi.

14. diagramma. Log-CRP atkara no 1. un 2. haplotipu skaita (pec MVA)

0,400

0,350 p=0,123 p=0,135
0,300 0,260 0,232

0,250-
0,200-
0,150-
0,100-
0,050-
0,000-

M Hap(-)
O Heterozigoti

Log-CRP

B Homozigoti

Hap*1 Hap*2

15. diagramma. Augsts CRP (>3 mg/L) atkara no 1. un 2. haplotipu skaita (péc
MVA)

60%- p=0,013 p=0,112
50%-

48,0%

37,3%

40%-

W Hap(-)

o/
30% O Heterozigoti

20%-

B Homozigoti

10%-

0%-
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Lai gan Hap*2 klatiene no statistiska viedokla bija nozimigi saistita ar zemaku

CRP, ta nelinearajai saistibai ar CRP Iimeni tika pielauti vairaki iesp&amie
skaidrojumi (sk. diskusiju). No visiem slimniekiem, kas bija Hap*2 heterozigoti
(n=202), tikai 127 gadijjumos (62,9%) otrs bija Hap*1. Lai noskaidrotu Hap*2
ietekmi uz CRP uz Hap*1 fona, tika analizeti 297 slimnieki, kas bija tikai Hap*1 vai
Hap*2 nésataji.
Tapat ka visa kopa, ar1 Sai apakSgrupa netika iegita lineara sakariba starp Hap*2
skaitu un CRP Iimeni (p=0,948; sk. 16. diagrammu), kas noradija, ka Hap*2 saistiba
ar zemaku CRP nav izskaidrojama ar Hap*2 heterozigotiem, kas nav Hap*1 né&sataji
(2/3, 2/4 u.c.). Slimnieku apakSgrupas ar KSS un bez KSS abiem haplotipiem tika
noverotas lidzigas sakaribas, lai gan mazo grupu del statistiska ticamiba mazinajas.

16. diagramma. CRP Iimenis (Log-CRP) slimniekiem tikai ar 1. un/vai 2.
haplotipu: 1/1 (n=145), 1/2 (n=127), 2/2 (n=25)

0,500 P=0,948

0,400 0,336 0,318

0,300+

N\

0,200

Log-CRP

0,100+

0,000+
17 1/2 2/2

6. haplotips un A9T12 aléle

No visiem polimorfismiem unifaktoriala analiz€ statistiski visticamaka saistiba
ar CRP limeni bija vérojama slimniekiem ar 6. haplotipu (n=9), no kuriem visi bija art
vienigie A9T12 aléles n&sataji $ai parauga. STm personam (visi tikai heterozigoti), CRP
limenis bija krietni augstaks (sk. 17. diagrammu) neka slimniekiem bez Hap*6
(retransformétas CRP vertibas attiecigi 4,78 mg/l un 1,86 mg/l; p=0,008). Kad tika
veikta MV analize ar multiplo linearo regresiju, Hap*6 saistiba ar augstu CRP limeni
kluva tikai nozimigaka: retransformétais CRP bija vidgji 4,07 mg/l Hap*6 n&satajiem,
salidzinot ar 1,60 mg/l pargjiem slimniekiem (p=0,003). Sai genctiskaja apaksgrupa
paaugstinatu CRP (>3 mg/l) noveéroja divreiz bieZzak neka par€jiem slimniekiem
(attiecigi 66,7% vs 33,2%; OR=4,03; p=0,067; sk. 18. diagrammu), kas MV analizé
kluva statistiski ticami (Exp(p)=4,631; p=0,037). Tomér nevar izslégt, ka Hap*6
(A9T12) saistiba ar CRP ir nejausa parak mazas sadu slimnieku apaksgrupas del.

AnTn polimorfisma loma

Lai noskaidrotu izolétu AnTn polimorfisma ietekmi uz CRP limeni, ja tiek
nemti vera ar1 pargjie promotera haplotipu komponenti, CRP Iimenis tika salidzinats
starp haplotipiem *2, *3, *4 un *6, kas visi satur G aléli -596, -572 un -174 pozicijas,
bet atSkiras tikai ar AnTn attiecigi sekojosa veida: 9/11, 10/11/, 10/10 un 9/12.
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17. diagramma. Log-CRP atkara no 6. haplotipa klatbuitnes (péc MVA)

0,800+
’ 0,610
p=0,003
0,600
o
14
Q 0,400
b4 0,205
-
0,200
0,000
Hap*6 (-) Hap*6 (+)

18. diagramma. Slimnieki ar CRP>3 mg/L atkara no 6. haplotipa klatbiitnes (péc

MVA)
90%- 66,7%
p=0,037
60% 33,2%
Hap*6 (-) Hap*6 (+)

P&c literatura aprakstitas metodes (Kelberman et al., 2004a) Sim nolikam tika
atlastti 279 heterozigotiski slimnieki, kas visi bija Hap*1 nesataji un attiecigi Hap*2
(n=127; 45,5%), Hap*3 (n=92; 33,0%), Hap*4 (n=53; 19,0%) vai Hap*6 (n=7; 2,5%)
nésataji, proti, ar haplotipu kombinacijam 1/2, 1/3, 1/4 un 1/6. Tap&c viens haplotips
visiem slimniekiem bija identisks, bet otrs at$kiras tikai AnTn pozicija. Slimniekiem ar
A9T12 bija statistiski ticami augstaks log-CRP (retransformé&tais CRP 5,82 mg/l),
salidzinot ar visiem pargjiem haplotipu variantiem (log-CRP salidzinajumu sk. 19.
diagramma): A9T11 (1,59 mg/l; p=0,002), A10T11 (1,93 mg/l; p=0,010) un A10T10
(1,74 mg/l; p=0,006). Statistiski ticams rezultats saglabajas ar1 tad, ja rezultati tika
korigéti, nemot véra multiplo salidzinasanu ar Takija HSD metodi (p vértiba attiecigi:
0,012; 0,048 un 0,002). Starp A9T11, AIOTI1 un A10T10 savstarpgji statistiski
ticamas CRP atSkiribas netika novérotas.

Salidzinot Hap*1 raksturigo A8T12 aléli (kas ir stipri nelidzsvaroti saistita ar1 ar
-174C un -596A aleli) ar pargjam AnTn alelém, statistiski ticamas atSkiribas tika
konstatetas ar A9T12 (p=0,020) un A9T11 (p=0,020) aleli (sk. 19. diagrammu).
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19. diagramma. Log-CRP vidéjas vertibas atkara no AnTn variantiem (UVA)~

0,900+

0,765

0,600+

Log-CRP

0,300+

0,000- -
ABT12 A9T11 A10T11 A10T10 A9T12

* Visiem slimniekiem otrs bija Hap*1 - atlasiti slimnieki ar 1/1 (n=145), 1/2 (n=127), 1/3
(n=92), 1/4 (n=53) un 1/6 (n=7) haplotipiem.

" Atbilsto$as retransformétas CRP vertibas un statistiskas p vértibas sk. teksta.

* Personam ar A8T12 aléli atSkiras ari SNP polimorfismi -174 un -596 pozicija.

MVA tika veikta, lietojot divus modelus — ieklaujot Hap*1 homozigotus un bez
tiem — §adu apsvérumu del:

1. lai salidzinatu izoléto AnTn ietekmi starp retakajiem variantiem;

2. AS8TI12 ietekmi uz CRP nav iesp€jams nodalit no -596A un -174C;

3. MVA korigétas vidgjas log-CRP vertibas atkarigas no modeli ievadito

haplotipu skaita.

Veicot MVA bez Hap*1 homozigotiem (proti, ar visiem AnTn variantiem,
iznemot biezako AS8T12), AnTn detri varianti kopa ar seSiem negenétiskajiem
faktoriem loti nozimigi prognoz€ja CRP Ilimeni (F=5,137; p=0,002), saglabajoties
lidzigam atsSkiribam starp alélém (sk. 20.diagrammu). Starp A9T12 un pargjiem trim
variantiem starpiba bija statistiski ticama (A9T11, p=0,0001; A10T11, p=0,0003;
A10T10, p=0,0004) (ar Bonferoni korekciju: p attiecigi 0,001; 0,002 un 0,003). Starp
pargjam aleélem (A9T11, AI0T11 un A10T10) savstarp&ju nozimigu atSkiribu nebija
(p>0,05).

20. diagramma. Log-CRP salidzinajums slimniekiem ar 1/2, 1/3, 1/4 un 1/6
haplotipu variantiem (MVA)

0,900+
0,651*

0,600+

Log-CRP

0,300+

0,000-

A9T11 A10T11 A10T10 A9T12

* P<0,001 - salidzinot A9T12 ar katru no paréjam AnTn alélem (MVA). Atbilstosas
retransformetas CRP vertibas attiecigi: 1,18 mg/L, 1,30 mg/L, 1,28 mg/L un 4,48 mg/L.
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Ieklaujot MV A ari Hap*1 homozigotus, statistiski nozimigas atSkiribas bija
verojamas starp A9T12 un ar katru no pargjam alélem: A8T12 (p=0,004), A9TI11
(p=0,0003), A10T11 (p=0,001) un A10T10 (p=0,001; sk. 21. diagrammu). No citam
alelém statistiski nozimiga atSkiriba bija tikai starp A8T12 un A9T11 (p=0,022).

21. diagramma. AnTn Cetru reto variantu Log-CRP vidéjas vertibas salidzinajums
ar biezako A8T12 aléli (MVA)*"

0,900 -

0,672

0,600 -

Log-CRP

0,300+ 0,213
0,133

0,000

A8T12 A9IT11 A10T11 A10T10 A9T12

* p<0,01 - salidzinot A9T12 ar visam paréjam alelem; p<0,05 — salidzinot A8T12 ar
AIT11.

T Atbilsto3as retransformétas CRP vertibas attiecigi: 1,63 mg/L, 1,25 mg/L, 1,39 mg/L,
1,36 mg/L un 4,70 mg/L.

IL-1B (+3954) C/T un ta mijiedarbiba ar KSS

Tapat ka pilotanalizé (sk. ieprieks), arT visa 624 slimnieku kopa saglabajas T
aleles saistiba ar augstaku CRP Itmeni, tomer $1 sakariba nebija statistiski ticama un
noradija uz iesp&jamu T al€les ietekmi recesiva veida (sk. 6.3.5. tabulu). Slimniekiem
ar TT genotipu paaugstinatu CRP limeni (>3 mg/l) sastapa biezak ka slimniekiem ar
CT un CC genotipu (attiecigi 46,3%, 33,8% un 32,2%), un $§1 atSkiriba starp
slimniekiem ar TT un CT/CC genotipiem bija tuvu statistiski ticamai (p=0,075 UVA un
p=0,070 MVA).

Lai noskaidrotu iesp&amos c€lonus, kade] ieprieks atrasta T al€les saistiba ar
augstaku CRP Iimeni nebija tik parliecinoSa paplaSinataja analiz€, tika veikti
papildaprékini, analiz&jot vairakus potencialos skaidrojumus:

(1) Atskira no pilotanalizes paplasinataja analizé tika ieklauti slimnieki arT ar
augstaku CRP Itmeni (>15 mg/l), bet tika izslégti tikai slimnieki ar CRP >3
SD (26,4 mg/l). Ierobezojot datu analizi vienigi uz slimniekiem ar CRP <15
mg/l (n=909; 97,1%), rezultats biitiski neatSkiras. Tatad ar CRP limena
atSkirtbu nevar izskaidrot statistiskas ticamibas mazinasanos.

(i)  Par iespgjamu rezultatu neprecizas atbilstibas c€loni tika pielauta vairaku
(seSu) negenétisko faktoru ieklauSsana MVA modelos paplasinataja analizé
ka pilotanalizé (Cetri negenétiskie faktori). Pret to liecinaja fakts, ka
paplasinataja analizé art UVA netika konstatéta augsta statistiska ticamiba.
Turklat, parbaudot MVA ar sakotngja analizé izmantotajiem Ccetriem
mainigajiem, rezultati butiski neatSkiras.

(iii)  Pilotanalizé tika ieklauti tikai slimnieki ar angiografiski pieraditu KSS,
savukart paplasinatas analizes kopa angiografiski ta bija pieradita 513
(82,2%) personam. Veicot atseviSku analizi slimniekiem ar pieraditu KSS
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(iv)

un personam bez KSS (n=80, 12,8%), atklajas mijiedarbiba ar KSS - IL-1B
(+3954) T aléles saistiba ar CRP abas grupas bija pilnigi pret€ja.
Slimniekiem ar KSS un TT genotipu CRP limenis bija augstaks ka C al€les
nésatajiem (p=0,093 peéc MVA; sk. 22. diagrammu) un biezak CRP bija >3
mg/l — 50,0% vs. 37,2% CT un 33,2% CC genotipam (p=0,054 peéc MVA;
sk. 23. diagrammu). Personam bez KSS CRP limena inversa korelacija ar T
alelu skaitu bija statistiski ticama (p=0,013), tom&r nebija statistiski
nozimigu atskiribu starp genotipiem augsta CRP (>3 mg/l) zina, ko varétu
izskaidrot ar nelielajam apaksgrupam (11. tabula). ST atrade izskaidro, kadg]
kopgja grupa statistiski ticams rezultats netika iegtts: abas kliniski
angiografiskajas apaksgrupas pret€jas korelacijas savstarpgji izlidzinajas.
Par vel vienu potencialu faktoru jamin iesp&jama haplotipu ietekme. Ir
zinams, ka IL-1B (+3954) C/T polimorfisms ir nelidzsvaroti saistits ar IL-
IB (-511) C/T un IL-1RN (VNTR) polimorfismu (Santtila et al., 1998;
Hurme & Santtila, 1998). Analizgjot relativi nelielus paraugus, katra no
attiecigajam haplotipu alélém var uzradit saistibu ar CRP. To dalgji balsta
fakts, ka Sai analiz€ statistiski ticamaka sakariba paradas art ar IL-1B (-511)
C/T polimorfismu, kas balsta nepiecieSamibu analizét So tris polimorfismu
kooperativo ietekmi. Sa pétfjuma ietvaros IL-1 génu klastera haplotipi
netika noteikti.

22. diagramma. Log-CRP limenis slimniekiem ar (n=513) un bez (n=80) KSS
atkara no IL-1B(+3954) genotipa (MVA)*

Log-CRP

0,600+

p=0.093

—— 0,353
0,233 0,231

p=0,013

ECC
ocT
ETT

KSS(+) KSS(-)

* Atbilstosas retransformétas CRP vértibas attiecigi slimniekiem ar KSS: 1,71 mg/L, 1,70
mg/L un 2,26 mg/L. Slimniekiem bez KSS: 1,54 mg/L, 0,97 mg/L un 0,66 mg/L.

38




23. diagramma. Paaugstinats CRP limenis >3 mg/L slimniekiem ar (n=513) un bez
(n=80) KSS atkara no IL-1B(+3954) genotipa (MVA)

o/ _

0% o0sa
|

= 60%; — 50,0% p=0.336
< 50%
E=)
E 40%1 mcC
A
o 30% 20,7% 20,0% oer
o mTT
© v

20%

10%1"

0%

KSS(+) KSS(-)

11. tabula. IL-1B (+3954) genotipu sadalijjums personam ar KSS un bez KSS.

Genotips Slimnieki ar KSS Personam bez KSS
CC 301 (58,7%) 46 (57,5%)
CT 178 (34,7%) 29 (36,2%)
TT 34 (6,6%) 5(6,3%)

IL-1B (-511) C/T

Lai gan vidgjais CRP Iimenis starp genotipiem neatskiras, slimniekiem ar CC
genotipu augsts CRP Itmenis >3 mg/I bija vérojams biezak (37,6% vs. 30,4%; p=0,064
p€c MVA) un tas saglabajas statistiski ticams KSS apaksgrupa (41,1% vs. 31,6%;
p=0,021).

IL-1RN (VNTR)

Ne kopgja petijuma grupa, ne kliniski angiografiskas apaksgrupas statistiski
ticama atSkiriba starp genotipiem netika konstatéta.
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9. Diskusija

Sa darba galvenais mérkis bija noskaidrot, vai IL genétiskie polimorfismi ir
saistiti ar KSS stabilu vai nestabilu gaitu. Vienlaikus tika veiktas ari vairakas
papildanalizes.
stabilu KSS sakotngjo gaitu parliecinosi bija saistits IL-6 promotora biezak sastopamais
Hap*1 (AG8/12C) recesiva veida. Sa haplotipa homozigoti gandriz divreiz biezak tika
konstatéti starp slimniekiem ar stabilu sakotngjo slimibas gaitu (stenokardiju) bez MI
pirma gada laika, salidzinot ar slimniekiem, kam MI bija attistijies agrini jau pirma
gada laika (attiecigi 30% un 16%; OR=2,41; p=0,027). Bitiski, ka $1 pati sakariba tika
konstatéta ar1 papildanalizé ar atSkirigu pieeju, kura atklajas, ka pirma gada laika
Hap*1 homozigotiem MI attistijas retak neka pargjiem slimniekiem. P& mums
pieejamas informacijas, starptautiski cit€jama literatiira pasreiz nav atrodami pétijumi,
kuros biitu analizéta IL polimorfismu saistiba ar KSS sakotn&jo gaitu.

Darba rezultati norada, ka IL-6 Hap*1 klatiene saistita ar zemaku
aterosklerotiskas pangas destabilizacijas risku un attiecigi retakiem akiitiem koronariem
notikumiem. Proti, Hap*l homozigotiem iekaisums aterosklerotiskd panga retak
sasniedz kritisku iekaisuma aktivitati, kas var izraisit fibromuskularas kapsulas
izdilSanu un pangas ruptiru. Tomer, interpretgjot So atradi, nepiecieSams iztirzat ari
pargjos miisu analizu rezultatus un literatiira pieejamos eksperimentalo un klinisko
pétijumu datus. Divi galvenie $ai darba iegiitie papilddati ir atklatas Hap*1 saistibas ar
biezaku vainagart€riju okliiziju un paaugstinatu CRP Iimeni.

Ka jau sakuma tika minéts, darbs balstijas uz hipotézi, ka IL polimorfismi var
ietekmét iekaisuma intensitati un ar1 aterosklerotiskas pangas stabilitati. Ja ta, tad butu
gaidams, ka al€les vai haplotipi, kas pastiprinatu iekaisuma aktivitati, veicinatu
nestabilu KSS gaitu un agraku MI attistibu. No §a viedokla sakotngji pretruniga Skiet
atrade, ka IL-6 pirmais haplotips bija saistits arT ar augstaku CRP limeni un tomér
sakotngji stabilaku KSS gaitu. Sa haplotipa saistiba ar CRP limeni speciali lidz §im ir
minimali pétita. Ir tikai viens neliels darbs, kura AG8/12C haplotipa n&satajiem CRP
Itmenis bija nenozimigi zemaks akiita insulta grupa (n=34) un nozimigi zemaks
kontrolgrupa (n=21) (Acalovschi et al., 2003). No Hap*1 raksturigajam sastavdalam -
174 C algle citos p€tijumos vai nu nav bijusi saistita ar CRP parmainam (Burzotta et
al., 2001; Nauck et al., 2002; Basso et al., 2002; Eklund et al., 2003), vai ar1 bijusi
saistita ar paaugstinatu CRP ltmeni (Humphries et al., 2001; Jenny et al., 2002; Vickers
et al., 2002), kas saskan ar §a darba novérojumiem.

Viens no ticamakajiem $as Skietami pretrunigas atrades skaidrojumiem ir IL-6
géna bazalas un aktivétas ekspresijas atSkirigds parmainas Hap*1 gadijuma.
Eksperimetalaja in vitro pétijjuma ar ECV304 Siinam S§is haplotips noteica augstaku
bazalo IL-6 transkripciju, bet ne ar IL-1 stimul&to ekspresiju (Terry et al, 2000).
Savukart cita petijuma slimniekiem p&c insulta in vivo IL-6 Iimenis bija zemaks neka
personam ar citiem haplotipu variantiem, turklat in vitro ar adenozina analogu
ierosinata IL-6 transkripcija $a haplotipa klatiené art bija reducéta (Acalovschi et al.,
2003). Ar1 citi petijumi, kuros analiz€ts nevis viss haplotips, bet viens vai dazi tam
raksturigie polimorfismi, norada uz lidzigu sakaribu. Pieméram, AGC haplotipa
(attiecigi -596 A, -572 G un -174 C) klatiené LPS stimulétais IL-6 Iimenis
paaugstinajas mazak neka ar pargjiem diviem haplotipu variantiem (Rivera-Chavez et
al., 2003). Lai gan -174 G/C saistibas ar bazalo un ierosinamo ekspresiju ir pretruniga
(sk. sadalu literatiiras apraksta), loti svarigs ir noverojums, ka -174 C al€lei piemit
vajaka afinitate pret nuklearu proteinu, ko producgja ar LPS stimul&ti monociti (Rivera-
Chavez et al., 2003).
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Tapéc, ekstrapoljot ieprickSmin€to petjjumu rezultatus uz aterosklerozes
modeli, var pienemt, ka Hap*1 labveéligak ietekmé sakotn&jo KSS gaitu (kas izpauzas
ka stabila stenokardija), jo iekaisumu trigergéjoso faktoru iespaida, atSkira no citiem
haplotipiem tas nereageé ar tik spilgtu IL-6 producéSanas un tai sekojosas
iekaisumreakcijas amplifikaciju. Attiecigi aterosklerotiskas pangas iekaisums retak
izraisitu ruptiru un akiitu vainagartérijas trombozi. No otras puses, ja Hap*1 nosaka
stipraku bazalo IL-6 producésanu, ari CRP bazalais Itmenis biis augstaks, kas art tika
konstatéts Sai darba. Tapat ar augstaku bazalo iekaisuma aktivitati var skaidrot ari
noveérojumu, ka Hap*1 n€satajiem bija tendence uz angiografiski biezak apstiprinatu
KSS, kas norada, ka Hap*1 var€tu biit saistits ar nedaudz paaugstinatu KSS attistibas
risku, pat ja sakotngja gaita ir labvéligaka.

Diskusijas vérta ir arT noveérota Hap*1 saistiba ar biezaku vainagartériju
okluziju angiogramma, 1pasi slimniekiem ar MI anamnézi. Visticamakais skaidrojums
ir pilniga saskana ar to pasu koncepciju: aterosklerotiska panga Hap*1 klatiené var
ilgstosak progresét bez ruptiiras, un bridi, kad notiek artérijas trombozeSanas, lielaku
oklizijas dalu aiznem ateroma un relativi mazaku - trombs. Tap&c spontanas vai
medikamentozas fibrinolizes efektivitate ir mazaka un art€rijas rekanalizacija notiek
retak neka gadijumos, kad panga plist agrini un lielako liimena dalu aiznem trombs. So
sakaribu var salidzinat ar novérojumiem, ka smé&ketajiem fibrinolitiska terapija un
prognoze péc MI ir relativi labaka neka nesmekétajiem, jo akuitas okluzijas vieta
proporcionali lielaka ir tromba dala (Gottlieb et al., 1996).

Petijuma dizaina de] izoléta MI un vainagarterijas okliiziju analize var but

problematiska. P&tot abu $o mainigo savstarp&jo saistibu bija redzams, ka gandriz 1/3
slimniecku bez MI anamnézes tika konstatéta vainagarterijas okliizija, savukart
slimniekiem ar parciestu MI — okluzija tika konstatéta tikai apméram 1/2 gadijumu.
Tapec okliizija, lai art slikts prognostisks raksturlielums, nevar tikt izmantota par akiita
notikuma surogatmarkieri. Lai gan dalai slimnieku MI var attistities asimptomatiski, ne
visas okliizijas saistamas ar akiitu notikumu, jo pakapeniska augstas pakapes stenozes
progres€Sana ar1 var izraisit okluiziju bez miokarda nekrozes. Ievérojot iepriek$ minéto,
tika veikta papildanalize, kura nemta véra gan MI anamnéze, gan okliizijas klatiene
koronara angiografija. Art Sai analizei ir zinami trukumi, proti, slimniekiem p&c akita
MI spontani vai terapijas gaitd notiek reperfuzija un ne visiem saglabajas hroniska
pilniga okliizija. Ta ka vainigas (culprit) art€rijas okliizija saistita ar sliktaku ilglaika
prognozi, jebkura gadijuma konstateta statistiski parliecino$a Hap*1 saistiba ar biezaku
okluziju pec MI ir kliniski potenciali svariga.
Darba netika konstatéta Hap*1 saistiba ar retaku vai biezaku MI attistibu, kas norada,
ka MI kopgjo risku tas neietekm@ vai arT $ada ietekme ir krietni mazaka un to bitu
iespgjams konstatet, tikai balstoties uz lielaku slimnieku skaitu. Viens no
skaidrojumiem vartu but tads, ka Hap*1 klatiene KSS attistas atrak, bet, ta ka
sakotngja slimibas gaita ir stabila un pirmais MI attistas vélak, MI risks nav tik krasi
atSkirigs no pargjiem haplotipiem. Abas §a pétijjuma analizes, kuras tika salidzinats
vecums, kad attistijas pirmais MI un pirmas KSS izpausmes, Hap*1 n&satajiem bija
statistiski nenozimiga tendence uz KSS attistibu jaunaka vecuma, lai gan MV analize to
neapstiprinaja.

Hap*1 komponentes

No §a petfjuma nav iesp&jams izdarit secinajumus, kura Hap*1 veidojosa aléle
(iznemot —572G) atbild par novérotajiem biologiskajiem efektiem, jo starp -596 A, -
373 A8TI12 un -174 C aleli pastav stipri nelidzsvarota saistiba. No visam parauga
atrastajam Sadam alélém gandriz visas bija Hap*1 sastava (attiecigi 99,1%, 99,9% un
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98,4%). Nelielas atSkiribas, kas, analiz€jot dazados raksturlielumus (pieméram, KSS
sakotngjo gaitu, CRP Iimeni u.c.), paradijas starp Stm alélém, var biit pilniba
skaidrojamas ar nejausam atsSkiribam kliidas robezas. Nelielais pirmaja haplotipa
neietilpstoso tam raksturigo al€lu skaits nelauj izdarit statistiski ticamus aprékinus, lai
precizétu So al€lu individualo nozimi. Literatura ir dati, ka -174 C algle, to analizgjot
izoleti no -596 A un A8TI12 (proti, salidzinot AG8/12C haplotipu ar AGS8/12G
haplotipu), bija saistita ar stipraku IL-1 stimuléto ekspresiju (Terry et al., 2000). Tapéc
nav izslégts, ka iepriek$ minéta atrade, kura C al€le bija saistita ar vajaku afinitati pret
monocitu nuklearo proteinu (Rivera-Chavez et al., 2003), varétu biit skaidrojama ne
tiesi ar pasu -174 C aléli, bet ar kadu citu Hap*1 sastavdalu. No otras puses, $o alélu
stipra savstarpgja saistiba $adu analizi no kliniska viedokla padara par ne tik kritiski
svarigu. Ja Hap*1 tiek izmantots par genétisku riska markieri, tad, nosakot jebkuru no
Stm alélém, ar aptuveni 99% varbiitibu ta biis saistita ar abam pargjam Hap*1
raksturigajam alélém, lai gan gaidams, ka A8TI12 specifitate varétu bt augstaka.
Rezumgjot, Hap*1 $a darba ietvaros ir interpretgjams par vienotu veselu un nav
iesp&jams interpretét -596 A, -373 A8T12 un -174 C aléles atsevisko ietekmi.

Citi polimorfismi
Nevienam no pargjiem IL-6 haplotipiem, ka arT nevienai no analiz&to pargjo IL
polimorfismu alélém netika konstatéta saistiba ar KSS sakotnéjo klinisko gaitu. Tomér

laboratoriskiem raksturlielumiem.

IL-6 Hap*2 un IL-6 (-373) A9T11

Sa haplotipa un tam raksturigas A9T11 aléles homozigotiem bija vérojama
veélaka KSS pirmo simptomu attistiba un A9T11 nésatajiem — tendence uz pirma MI
attistibu vélaka vecuma. Kopuma Sie rezultati, lai gan ne parliecinos$i, noradija uz
iesp&jamu Hap*2 un A9T11 vaju protektivu efektu.

Lai gan tika noverota no statistikas viedokla ticama /L-6 Hap*2 saistiba ar
zemaku CRP limeni, ko galvenokart vargja skaidrot ar A9T11 aléles (96,2% no visam
A9TI11 alelem bija Hap*2 sastava) efektu, tomér $1 sakariba nebija parliecinosa. Starp
Hap*2 skaitu un CRP Iimeni nebija vérojama lineara sakariba, jo Hap*2 homozigotiem
CRP Iimenis bija augstaks neka heterozigotiem un apméram tikpat augsts ka tiem, kas
nebija Hap*2 nésataji. Sai atradei bija iesp&jami vairaki skaidrojumi:

1. Ta ka Hap*l un Hap*2 ir biezakie haplotipu varianti, starp kuriem pastav
izteikta apgriezta korelacija (Spirmena r=-0,358; p<0,0001), Hap*2 klatiene
varétu but saistita ar zemaku CRP, galvenokart salidzinajuma ar Hap*1
homozigotiem (ziid Hap*1 recesivais efekts).

2. Slimniekiem, kam ir vismaz viens Hap*2, iesp&jams, zemaku CRP Iimeni
nosaka to saistiba ar citiem (ne Hap*1) haplotipu variantiem (pieméram, 2/3,
2/4 u.c.).

3. Ta ka Hap*2 homozigotu ir krietni mazak (n=25) neka 1/1 un 1/2 grupa,
paaugstinats CRP Itmenis var&tu biit gadijuma rakstura dél.

Tomér papildanalizes neapstiprinaja pirmos divus skaidrojumus, tadé] nevar izdarit
neparprotamus secinajumus par Hap*2 ietekmi uz iekaisuma aktivitati.

Ar1 literatiiras dati neliecina par $a haplotipa saistibu ar vajaku bazalo
ieksaisuma aktivitati, bet vairak par spilgtaku ierosinamo ekspresiju. Neliela petijuma
ar personam bez hroniska periodontita (n=77) A9T11 al€les n€satajiem atklats zemaks
IL-6 limenis (Komatsu et al., 2005), savukart $as al€les homozigotiem bija krietni
augstaks IL-6 Iimenis peéc CABG operacijas (Kelberman et al., 2004a). Cita in vitro
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petijuma S$is haplotips neatSkiras bazalas transkripcijas zina, bet bija saistits ar
pastiprinatu IL-1 ierosinato IL-6 ekspresiju (Terry et al., 2000). Tapat in vitro LPS
ierosinata IL-6 transkripcija bija spilgtaka G-G-G haplotipa (attiecigi -596 G, -572 G
un -174 G) gadijuma, lai gan taja tikai dala slimnieku atbilst 2. haplotipam (Rivera-
Chavez et al.,, 2003). Literatura nav datu par $a haplotipa saistibu ar KSS kliniski
angiografiskiem kritérijiem.

IL-6 Hap*3 un IL-6 (-373) A10T11

Starp Hap*3 (GG10/11G) haplotipu un A10T11 aleli pastavéja 100% abpusgja
korelacija, un, ta ka Hap*3 atS$kiras no Hap*2, *4 un *6 tikai ar AnTn aléli, visas
atSkirtbas no Siem haplotipiem skaidrojamas tikai ar A10T11 efektu. Lai gan saistibas
ar klinisko gaitu un CRP Iimeni nebija, vairakas analizes tika iegiita norade uz Hap*3
iespgjamam protektivam ipasSibam - retdk konstat€ja angiografiski apstiprinatu KSS,
okluizijas un MI kombinaciju, ka ar1 bija tendence uz vélaku KSS sakumu. Tomér daZzas
no S§m sakaribam bija spéka tikai homozigotiem, kuru bija nedaudz (n=16), tadel
pastav statistiskas alfa kliidas risks, skaidrojot Sos rezultatus. Eksperimentalo p&tijumu
dati literatlira saskan ar So noverojumu tada aspekta, ka viena petijuma ierosinama IL-6
ekspresija GG10/11G haplotipa gadijjuma vieglak paklavas deksometazona supresijai
(Terry et al., 2000) un cita petijuma A10T11 konstat€ja zemaku ekspresijas Itmeni neka
A9TI11 alelei (Kelberman et al., 2004a).

IL-6 Hap*4, IL-6 Hap*5, IL-6 (-373) AI10T10 un IL-6(-572) C

Gan Hap*4 (GG10/10G), gan Hap*5 (GC10/10G) satur A10T10 aléli, un
atSkiriba starp abiem haplotipiem izpauzas tika -572 pozicija ar G (Hap*4) vai C
tikai Hap*5 (-572 C) bija konstat€jama saistiba ar pirma MI attistibu vélaka vecuma,
bet neviena no citam analiz€m. Ar1 publicétajos haplotipu analizes petijumos nav
parliecinoSas norades uz to nozimigu ietekmi uz IL-6 transkripciju (Zerry et al., 2000;
Acalovschi et al., 2003; Rivera-Chavez et al., 2003; Kelberman et al., 2004a).

IL-6 Hap*6 un IL-6 (-373) A9T12

Lai gan §a reta haplotipa nésatajiem tika konstatéts krietni paaugstinats CRP
Itmenis, tomér saistiba ar kltniski angiografiskiem kriterijiem netika atrasta. Ta ka Sadu
slimnieku bija loti maz (devini heterozigoti jeb 0,7% visu haplotipu) pastav gan alfa,
gan béta kliidas iesp&jamiba, attiecigi vedinot domat par nejausi atklatu saistibu ar
augstu CRP Iimeni vai ar1 neidentificétu nozimigu ietekmi uz KSS attistibu un slimibas
gaitu. Nemot véra $a haplotipa retumu, ta gaidama kliniska nozime, vismaz visas
populacijas meroga, ir nieciga. Vienigi jaatzime, ka cit€jama literatlira Iidz Sim nav
atrodami zinojumi par $adas IL-6 (-373) aléles un attiecigi arT haplotipa varianta
esamibu.

IL-1B (+3954) C/T

Lai gan sakuma tika konstatéta T al€les parliecinosa saistiba ar augstaku CRP
Itmeni (Latkovskis et al., 2004a), velaki aprekini ar lielaku slimnieku grupu apliecingja,
ka $ada sakariba pastav tikai slimniekiem ar KSS, savukart personam bez KSS pastav
tendence uz zemaku CRP limeni. Literatiira Iidz §im nav zigots par §adu mijiedarbibu,
tomer atrade ilustré petamas kopas atlases ietekmi uz rezultatiem, kas var skaidrot
atSkiribas starp dazadu autoru grupu zinojumiem. Mijiedarbiba starp polimorfismu un
KSS un tas ietekme uz CRP nebija §a darba galvenais uzdevums. Tom@r var pienemt,
ka Sis polimorfisms atSkirigi modulé bazalo iekaisuma aktivitati personam ar
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aterosklerozi vai bez tas, kas savukart varétu but atkarigs no diferencétas dazadu
transkripcijas faktoru ietekmes.

Pétijuma netika atrasta sakariba starp So polimorfismu un KSS klinisko gaitu,
tomer bija dazas norades par iespgjamu T aléles asociaciju ar vélaku KSS sakumu
(homozigotiem) un pirma MI attistibu agraka vecuma (tikai MVA). Kopuma dati par §a
polimorfisma ietekmi uz kliniskiem notikumiem nav parliecinosi.

IL-1B (-511) C/T
Ar So polimorfismu neviena analizé neparadas statistiski parliecinosa korelacija
ne ar CRP Iimeni, ne ar jelkadu kliniski angiografisko kritériju.

IL-1RN (VNTR)

No visiem trim alglu variantiem tikai retakajai treSajai al€lei tika konstateta
saistiba ar vienu raksturlieclumu — retaku MI anamnéz€. Ta ka §1 aléle ir reta (28
heterozigoti jeb 2% visu al€lu), $ai atradei visdrizak ir nejausibas raksturs. Ari pretgja
gadijuma tas gaidama potenciala kliniska nozime nav liela.

Peétijuma novitate un priekSrocibas
Salidzinot ar publicétajam analiz€ém, Sim darbam ir vairakas nozimigas
prieksrocibas.

1.  Lidz $im ir tikai dazi pétijumi, kuros biitu analiz&ta jebkada faktora saistiba ar
KSS sakotngjo klmisko gaitu. Tradicionali p&tijumos tiek salidzinatas personas
ar KSS vai bez tas, un nereti par kritériju tiek izmantots MI, retak ari
angiografiski konstat€tais bojato vainagartériju skaits. KSS gaitas un/vai pirmas
manifestacijas ignorésana var biit viens no pétijumos atklato pretrunu céloniem,
jo sai aspekta slimnieki var biitiski atSkirties cits no cita. Vel vairak, péc misu
riciba esosas informacijas, 11dz Sim nav public@ts neviens pétijums, kura biitu
mekl&ta saikne starp genétiskajiem faktoriem un KSS gaitu.

2. Lai gan ir saméra daudz pétijjumu, kuros aplikota IL-6 g€na promotora
atsevisku polimorfismu ietekme uz IL-6 ekspresiju, iekaisuma aktivitati un
kliniskiem vai angiografiskiem raksturlielumiem, ir tikai dazas publikacijas, kur
analiz&ti pilni vai nepilni (tikai p&c trim SNP) IL-6 haplotipi (Terry et al., 2000;
Acalovschi et al., 2003; Rivera-Chavez et al., 2003; Kelberman et al., 2004a),
un literatiira nav datu par KSS vai tas gaitas saistibu ar IL-6 haplotipiem. Bez
tam misu darba ir vienlaikus analiz€tas gan IL-6, gan IL-1B un IL-1RN
genétiskas variacijas.

3. Peétfjuma tika ieklauts daudz lielaks cilveéku skaits (n=686) neka minétajos IL-6
haplotipu analizes pétijumos (no 49 lidz 182 personam) (Terry et al., 2000;
Acalovschi et al., 2003; Rivera-Chavez et al., 2003; Kelberman et al., 2004a),
kas krietni palielina statistisko speku un rezultatu ticamibu.

4. Visam 686 personam haplotipi tika noteikti tie$a veida, sekvencgjot attiecigo
promotora apvidu, nevis rekonstruéti ar datorprogrammas palidzibu, tatad
informacija par haplotipiem bija loti kvalitativa.

5. Loti batisks ir novérojums, ka vienam un tam paSam haplotipam (Hap*1) tika
atklatas statistiski nozimigas saistibas, analiz&jot dazadus kritérijus (sakotn€jas
kliniskas gaitas gadijumu-kontrolgrupu salidzinajums; laiks lidz pirmajam MI;
angiografiski konstateta okliizija; CRP Iimenis). P&tijjuma par atskaites
punktiem tika nemti ne tikai klmniski anamnestiskie dati, bet arT objektiva
vainagartériju bojajuma atrade. KSS diagnoze tika apstiprinata ar koronaro
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angiografiju, kas pasSreiz kliniska praksé un ari zinatniskos pétijumos ir
visplasak izmantota KSS diagnozes apstiprinaSanas metode. Tap&c statistiskas
nejausibas varbitiba ir praktiski izslégta. Turklat atrastas genétisko variaciju
sakaribas ar CRP Iimeni bija 1paSi parliecinoSas, kad tika salidzinati tieSi
slimnieki ar paaugstinatu CRP Itmeni (>3 mg/l) - tatad §1 ietekme uz iekaisuma
aktivitates Itmeni ir potenciali kliniski svariga.

6. Tika veiktas arT rupigas daudzmainigo analizes, modelos ievadot virkni
negenétisko faktoru, lai p&c iesp€jas mazinatu asociaciju kliidas un noskaidrotu
genétisko faktoru ictekmi ari papildus tradicionaliem KSS riska faktoriem.

7. Peétijumam tika atlasiti tikai slimnieki, kam lidz $Sim nav veikta nekada veida
revaskularizacija, kas butu var@usi ietekmé&t slimibas dabisko klmiskas
manifestacijas gaitu.

Pétijuma iespéjamie tritkumi

Viens no iespgjamiem trikumiem ir datu par KSS sakotngjo gaitu
retrospektivais iegtiSanas cel§ — tap€c slimnieku sniegta informacija par sakotngjo gaitu,
it Tpasi par pirmo stenokardijas simptomu manifestacijas laiku, var nebit absoliti
preciza. Slimnieku sniegto zigu klidu mazinaSanas noltika anketds speciali tika
atziméts, vai slimnieki ir noteikti parliecinati par savu pirmo simptomu izpausmju
hronologiju. ST informacija tika nemta véra, analiz&jot slimibas sakotngjo gaitu, jo no
Siem aprekiniem tika izslégti to slimnieku dati, par kuru pirmajiem simptomiem
informacija bija Saubiga vai nezinama. Japiebilst, ka vairumam slimnieku KSS
anamnéze nebija ilga (50% ne vairak ka viens gads un 82% ne vairak ka pieci gadi), kas
papildus liecina par anamnestisko datu ticamibu.

Ka tas ir raksturigi visiem retrospektiviem pétjjumiem, ari Sai gadijuma
jaapzinas, ka notikusi zinama slimnieku selekcija, jo slimniekus péc fatala iznakuma
nav iesp&jams ieklaut. Tapat janem vera, ka bez pangas evollicijas pastav arl citi
faktori, kas var ietekmét klinisko manifestaciju, pieméram, sapju slieksnis un
kolateralas asinsrites veidoSanas. Tomér par KSS klinisko ainu ir iesp&jams spriest tikai
péc anamnézes, kas iegiita no slimniekiem, bet prospektivs KSS gaitu noverojoss
petfjums misu dienas biitu loti problematisks tiesi &tisku apsvérumu dél. Slimniekiem
ar stabilu stenokardiju nebiitu pielaujama ilgstoSa noveroSana, neveicot koronaro
angiografiju, kam ar lielu varbiitibu sekotu revaskularizacija (PTCA vai CABQG), kas
var modificét turpmako slimibas klinisko gaitu.

Lai gan pétjjuma rezultatiem mazsvariga, tomér veselo cilvéku kontrolgrupa,
kas tika definéta ka personas, kam angiografiski netika atrasta nozimiga koronaro
artériju slimiba, jainterpret€ ar lielu piesardzibu. Pirmkart, Sie cilvéki ir samera
selektiva kopa, kam kliniski ir bijuSas aizdomas par KSS un kas var atkirties no
vidusméra veselam personam gan genétiski, gan fenotipiski. Pieméram, starp Siem
slimniekiem ar lielaku varbiitibu var biit mikrovaskularas stenokardijas gadijumi, kuras
etiologija nav pilniba skaidra. Otrkart, ar angiografiju nav iesp&jams pilniba izslégt
koronaro aterosklerozi ari Siem slimniekiem. Precizaka metode — intravaskulara
ultrasonoskopija — savukart netiek izmantota kliniska praksé par rutinas izmekl&umu
augsto izmaksu un, mazaka meéra, ar1 nedaudz paaugstinata komplikaciju riska del.
MgEginot péc iesp&jas padarit tiraku $o kontrolgrupu, no tas tika izslégti slimnieki ar
noradi uz aterosklerotiskam pangam bez nozimigi kompromitéta limena. Treskart, §1
grupa bija sam@ra neliela, kas paaugstina statistisku klidu varbiitibu. Nobeiguma
velreiz jauzver, ka darba galvenie rezultati nebalstas uz §a grupas analizes datiem.
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Darba un peétijuma rezultatu nozime

Darba rezultati apliecina divus biitiskus KSS dabiskas gaitas ietekm&joSus
patogenézes faktorus — gan ieckaisuma nozimi, gan ari ta genctiskas regulacijas ietekmi.
Bitiski, ka neviens tiem pasreiz netiek nemts vera kliniska prakse, vertgjot slimnieku
risku. Nove€rojumi, ka starp slimniekiem ar stabilu un nestabilu KSS gaitu pastaveja
atskirbas IL-6 genétisko variaciju zina, papildus uzsver iekaisuma un ta genétiskas
regulacijas Tpaso nozimi. Sie novérojumi palidz labak izprast koronaras ateromas
destabilizacijas patogenétiskos un biomolekularos mehanismus, kas savukart var klit
par atbilstoSas arstnieciskas iejaukSanas mérki. Lai gan multifaktorialam slimibam
jebkura atseviska inovativa riska faktora potenciala ietekme uz absoliito slimibas risku
ir relativi maza, miisu pétijums apliecina, ka IL-6 promotora haplotipi pieder pie
perspektivam kardiovaskulara riska genétiska skrininga sastavdalam. Katra zina IL-6 ir
svarigs kandidatgéns, kura promotora haplotipu analizes klmiska lietderiba ir
japarbauda ar citos pétijumos dazadas grupas.

Ne mazsvarigs ir fakts, ka §as darba (un Latvijas Genoma pilotprojekta) ietvaros
pirmo reizi Latvija izveidota no fenotipiska viedokla loti detalizeta liela KSS slimnieku
kopa, kuras dati var€s tikt izmantoti gan $o, gan citu slimibas gené&tisko faktoru izp&te.
Katras kopas genétiskas izpétes nozimi raksturo ari novérojums, ka IL-6 Hap*1
sastopamiba misu slimnieku kopa (49,3%) bija krietni biezaka neka citas populacijas
(33-43%; Terry et al., 2000; Acalovschi et al., 2003; Kelberman et al., 2004a). Ari
Hap*1 raksturiga IL-6 (-174) C al€le $ai petijuma bija biezaka (50,1%) par G aléli, kas
ir pretstatd vairumam citu datu (35%-41%) (Brull et al., 2001; Basso et al., 2002;
Kelberman et al., 2004). Ka liecina IL-6 (-174) SNP analizes aptuveni 100 etnisko
latvieSu paraugos, C al€les relativi augsta frekvence ir Latvijas iedzivotaju ipatniba
(miisu nepublicétie dati).

Sai konteksta izkristaliz&jas darba papildu aktualitate, proti, nozimiga sakariba
tika atrasta biezi sastopamam haplotipam. No visiem p&tamas kopas personam 22,4%
bija Hap*1 homozigoti. Ka zinams, multifaktorialo slimibu genétiskos faktorus par
klmiski svarigiem var uzskatit tikai gadijumos, ja tie ir biezi sastopami vai ari tiem
piemit liela ietekme uz fenotipu. Runajot par IL-6 Hap*1 ietekmes speku, ar1 tas bija
nozimigs. Piem&ram, daudzmainigo analizé IL-6 Hap*1 homozigotiskas formas
saistiba ar stabilu sakotn&jo gaitu (OR=2,41; p=0,027) bija tresa spécigaka no visiem
modela faktoriem aiz arterialas hipertensijas (OR=3,52; p=0,006) un sievieSu dzimuma
(OR=2,47; p=0,44), atstajot aiz sevis tadus riska faktorus ka smék&Sana, holesterina
Itmenis un cukura diab&ts. Tapat, salidzinot Hap*1 homozigotiskas formas relativo
ietekmi uz kombinéto MI un vainagarteérijas okliizijas kritériju (OR=1,57; p=0,023) ar
negenétiskajiem faktoriem, ta bija otra spilgtaka aiz smékésanas (OR=1,61; p=0,034),
bet neviens no pargjiem riska faktoriem statistiski ticami ar So kritériju nekorelgja.
Tapéc ir atklata sakariba ar genétisko faktoru, kas ir gan biezi izplatits, gan ar nozimigu
ietekmi uz klinisko gaitu.

Rezultatu iespejamais praktiskais lietojums

Pirmkart, iegitie rezultati apstiprina pienémumu, ka IL-6 ir svarigs KSS
patogengzg iesaistits citokins, un izvirza IL-6 génu par svarigu kandidatgénu koronaras
aterotrombozes genétikas turpmakaja izpéte.

Otrkart, tiek uzsvérta nepiecieSamiba padzilinati analizét $a géna ekspresiju
ietekméjosos faktorus. Ja tiktu noskaidroti géna ekspresiju regul&josie mehanismi, kas
savukart var ietekm& promotora haplotipu apvidus variacijas, tiktu iegiita teorétiska
baze, lai varétu uz Siem faktoriem iedarboties ar farmakologiskiem Iidzekliem.
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Jauzsver, ka atklata sakariba ar CRP [imeni var biit nozimigas ne tikai KSS, bet arT citu
iekaisigo slimibu patogenézes izpgtei.

Treskart, jaanalizé IL-6 haplotipu izmantoSana ka viens no genctiskiem
kardiovaskulara riska markieriem gan primaras, gan sekundaras profilakses aspekta.
Teorétiski IL-6 haplotipus, tapat ka citas gené&tiskas variacijas, biitu iesp&jams izmantot
par markieriem papildus tradicionalajiem riska faktoriem, kad tiek vértéts slimnieku
risks un lemtas indikacijas savlaicigas farmakoterapijas sakSanai. Zinot, ka dzivibai
bistamas ir tieSi KSS nestabilas izpausmes, markieris, kas saistits ar augstaku agrinas
nestabilas gaitas risku, mudinatu izvéleties atraku farmakoterapijas sakSanu. Lietojumu
Sads markieris noteikti iegtitu arT sekundara profilakse, izv€loties preventivas terapijas
intensitati.

Diemzel lidzsingjie méginajumi atrast kliniski lietojamus genétiskos KSS
markierus pagaidam vél nav sniegus$i gaiditos rezultatus, jo 1) to absoliita ietekme uz
kopgjo risku parasti bijusi maza un/vai 2) nav bijusi veikti pietieckami lieli prospektivi
pétTjumi, kas apstiprinatu izvirzito markieru nozimi dazadas populacijas. Sai konteksta
arl attiecigi javerte pasSreizgjie dati. Tadeél nevar neatzimét, ka, péc misu darba
aprékiniem, Hap*1 gaidama absoluta ietekme uz klinisko gaitu joprojam nav
pietiekami liela, lai paSreiz to varétu ieteikt par rutinu izmekl&jumu kardiovaskulara
riska vértéSana. Logistiskas regresijas analizes modelis ar negenétiskajiem faktoriem un
Hap*1 homozigotu statusu izskaidroja ne vairak ka 20% sakotngjas kliniskas gaitas
varidciju (péc atdkirigdm metodem rékinot, R*=0,125 un R?=0,198), kas
multifaktorialas patologijas gadijuma ir saméra labs raksturlielums. Ta ka starptautiski
citgjama literatiira nav atrodami 11dzigi dati, loti svarigi ir atrasto saistibu reproducét art
citos, vélams vel plasakos pétijumos dazadas populacijas.

Nakotnes plani

Izveidota datubaze tiks izmantota turpmakas pé&tniecibas noluka, turpinot
analizét gan IL, gan citu genétisko variaciju saistibu un mijiedarbibu ar riska faktoriem
un farmakoterapiju. Tiek planots noskaidrot arT to ietekmi uz kliniskiem notikumiem
prospektiva slimnieku noveérojuma (,,follow-up”). No pirmam iestradém S$ais virzienos
minami pétijumi, kuros analiz€ta IL polimorfismu mijiedarbiba ar tradicionalajiem
riska faktoriem (Latkovskis et al., 2004c) un farmakoterapiju (Latkovskis et al., 2006),
ka arT to saistiba ar insulinrezistenci (Latkovskis et al., 2005b). Pasreizgja datubazes
informacija tiks izmantota arT dazados sadarbibas projektos ar citam zinatnieku grupam
Latvijas Genoma pilotprojekta ietvaros.

10. Aizstavesanai izvirzitas tezes

1. IL-6 promotera rajona izplatitakais haplotips AGS8/12C (Hap*1) veicina
stabilaku KSS sakotnéjo klinisko gaitu.

2. Ir konstatéta IL-1B (3954) C/T un IL-6 genétisko variaciju saistiba ar vairakiem
kliniskajiem KSS kritérijiem.

3. Pastav asociacija starp IL-6 haplotipiem un angiografiski diagnosticétam
koronaro art€riju oklizijam.

4. IL-1B un IL-6 genétiskas variacijas ietekmé ickaisuma markiera hs-CRP Itmeni.

47



11. Secinajumi

1.

IL-6 promotera rajona haplotipi ietekmé KSS sakotné&jo klinisko gaitu. Izplatitakais
haplotips Hap*1 (AG8/12C) recesiva veida veicina stabilaku sakotngjo KSS gaitu
un zemaku MI attistiSanas risku pirma slimibas gada laika.

IL-6 Hap*1 piemit neitrala vai vaja veicinoSa ietekme uz kop€jo KSS attistiSanas
risku, neatkarigi no sakotngjas kliniskas gaitas.

KSS kritérijiem:

a. IL-6 Hap*3 (GGI10/11G) ar retaku angiografiski konstatetu KSS
(homozigotiem).

b. IL-6 Hap*2 un IL-1B (+3954) T alélei ar vélaku KSS sakumu
(homozigotiem).

c. IL-1B (+3954) T un IL-6 (-572) C alélem ar attiecigi agraku un vélaku
pirma MI attistiSanos.

IL-6 promotera rajona Hap*1 homozigotiem biezak saglabajas hroniskas okliizijas
péc MI, ko varétu izskaidrot ar koronaras art€rijas trombozes attistiSanos uz
augstakas pakapes stenozes fona. Hap*3 skaita korelacija ar okliizijam savukart ir
apgriezti proporcionala.

Interleikinu polimorfismi ietekme& bazalo iekaisuma aktivitati, par ko liecina to
asociacija ar hsCRP Iimeni:

a. Visspilgtaka saisttba ir verojama IL-6 promotera haplotipiem -
biezakajam Hap*1 ar paaugstinatu CRP Iimeni kodominanta veida un
Hap*6 (GGY/12G) ar ievérojami paaugstinatu CRP Iimeni dominanta
veida.

b. Slimniekiem ar KSS IL-1B (+3954) T al€le recesiva veida ir saistita ar
augstaku, bet slimniekiem bez KSS — kodominanta veida ar zemaku
hsCRP limeni.

Konstatéta Hap*1 asociacija ar augstaku bazalo iekaisuma Itmeni un stabilu
sakotngjo klinisko gaitu atbalsta hipote€zi par haplotipa ambivalentu ietekmi uz
bazalo un inducéto iekaisuma aktivitati.

Darba rezultati parada, ka iekaisuma reakciju regul€josa citokina IL-6 gena
promotera rajona variacijas ietekmé iekaisuma aktivitati, koronaras aterosklerozes
evoliiciju un KSS kliisko gaitu.
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1. Introduction

Atherosclerosis is the most common cardiovascular disease, and its location in
coronary arteries (leading to coronary heart disease, CHD), is particularly dangerous
because of high risk of cardiac death. Cardiovascular mortality in Latvia is among
highest in Europe (Sans et al., 1997) and has become both medical and economic
problem.

The underlying pathology of coronary atherosclerosis is chronic subintimal
inflammation accompanied by deposition of cholesterol and formation of
atherosclerotic plaque. Depending on evolution of plaque, CHD manifestation may be
entirely different. Gradual progression to critical coronary artery stenosis leads to
myocardial ischemia under circumstances of increased oxygen demand such as exertion
or emotional stress, and clinical manifestation will be stable effort angina.
Alternatively, fibromuscular cap of the plaque may rupture early and exposure of lipid
core to blood initiates thrombus formation and development of acute coronary
syndrome (ACS): total coronary artery occlusion leads to myocardial infarction (MI)
while transient or subtotal occlusion will manifest as unstable angina. In contrast to
stable angina, mortality in case of MI is very high (around 30% at one year compared
with 2% in stable angina patients) (Gibbons et al., 2003; Thom et al., 2006). Prevention
and treatment of MI therefore is one of the top-priorities in contemporary cardiology.

Inflammatory reaction within atherosclerotic plaque is a key process leading to
plaque rupture and unstable course of CHD (Ross, 1999). Interleukins (IL) are
cytokines that maintain and/or regulate inflammation. IL-1p, IL-1 receptor antagonist
(IL-1Ra) and IL-6 are involved in pathogenesis of atherosclerosis (von der Thusen et
al., 2003). Considering that predisposition to CHD is frequently genetically determined
and inflammation plays a major role in development of MI, we tested hypothesis that
IL genetic variations may affect clinical course of CHD.

2. Actuality and novelty of the research

Currently it is not clearly known, why initial clinical course of CHD may vary
considerably among patients. The first manifestation can range from stable angina
lasting for several years (with relatively benign prognosis) in some individuals to MI
without any preceding symptoms and high mortality rates in others. Identification of
factors and mechanisms responsible for development of stable or unstable course would
have several practical implications. First of all, new treatment and prevention strategies
could be developed for ACS. Secondly, risk factors for unstable initial course could be
incorporated in risk stratification models in order to identify high-risk individuals both
in primary and secondary prevention. The potential relevance of such novel markers is
underlined by the fact that conventional risk factors weakly correlate with initial
clinical course of CHD.

In previous studies reported in indexed literature individual polymorphisms
typically were analyzed in relation to presence or absence of CHD or MI, with no
information on initial presentation and clinical course of CHD. Failure to take into
account also initial clinical course may potentially lead to biased findings. The main
novelty of the work therefore is comparison of genetic variations between patient
subgroups having completely different initial manifestation.

Secondly, in this study not only individual polymorphisms, but also IL-6
promoter haplotypes were analyzed, which so far have been described in smaller
samples of patients or healthy controls and, to best of our knowledge, never reported in
association with clinical course of CHD.
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3. Aims
To determine whether IL genetic variations affect initial clinical course of
CHD.

4. Objectives

5. To compare prevalence of genetic variations of IL-1p, IL-1Ra and IL-6 in
patients with stable and unstable initial course of CHD.

6. To search for potential associations with other clinical criteria such as risk of
MI and age when first symptoms of CHD or MI developed.

7. To analyze correlation of IL genetic variations with angiographic evidence for
CHD - atherosclerotic coronary artery disease and total coronary artery
occlusion.

8. To clarify effect of IL genetic variations on inflammatory activity by analyzing
their association with levels of highly sensitive inflammatory marker C-reactive
protein (CRP).

5. Structure and extent of the work

Theses are written in Latvian, total volume is 138 pages. It consists of the
following 10 chapters: introduction, literature review, aims, objectives, materials and
methods, results, discussion, thesis to defend, conclusions and list of cited literature.
There are 29 subchapters, 24 tables, 27 charts and 3 figures as well as 145 citations.

6. Approval of the work

The results are published in one internationally index journal and reported in 18
abstracts in international and local scientific conferences. Eight abstracts are published
in supplements of internationally indexed journals and five abstracts are published in
other publications.

Findings of this work were nominated by Latvian Academy of Sciences as one
of the ten most important scientific achievements in Latvia in 2005

7. Materials and methods

The work was accomplished in the Latvian Centre of Cardiology at Paula
Stradina Clinical University Hospital in collaboration with the Latvian Biomedical
Research and Study Centre (Dr. Biol. Normunds Licis). In total 970 patients were
included in the database from year 2000 to 2004, and in 686 patients the following
genetic variations were analyzed: IL-1B (+3954) C/T, IL-1B (-511) C/T, IL-1RN
(VNTR), IL-6 (-596) G/A, IL-6 (-572) G/C, IL-6 (-373) AnTn and IL-6 (-174) G/C
polymorphisms as well as IL-6 haplotypes. The results of this work are based only on
analyses of these 686 patients and their subgroups.
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Design and selection criteria for the total sample

We selected patients among those who were referred to the Latvian Centre of
Cardiology for scheduled coronary angiography. The study design was cross-sectional
which allowed also for retrospective case-control analysis. The study was approved by
Ethics committee. Inclusion criteria were as follows: (i) age <70 years, (ii) clinical
symptoms typical for CHD, (iii) coronary angiography scheduled and performed during
hospitalization, and (iv) written informed consent by patient. Exclusion criteria: (i)
previous coronary revascularization (PTCA and/or CABG) and/or (ii) patient’s refusal
to participate in the study.

Phenotype data

For all patients detailed information was gathered and it included conventional
risk factors (age, gender, smoking status, diabetes, arterial hypertension, lipid levels,
family history), data on the initial course of CHD, type of the first manifestation, time
from the first symptoms to first MI, history and number of previous myocardial
infarctions, age when first MI or first CHD symptoms developed, time of the last MI or
unstable angina. When initial clinical course was evaluated, any uncertain data were
marked and excluded from analyses. Pre-hospital and in-hospital treatment was
recorded as well. Other measurements included height, weight, body mass index, serum
lipids and glucose, plasma CRP, fibrinogen and full blood count.

Blood samples for CRP and DNA analysis were collected in EDTA containing
tubes by standard venipuncture on the day of angiography. Plasma was separated
within 60 minutes after collection and immediately stored frozen at -20° C until
analyzed. C-reactive protein was measured within 14 days in thawed EDTA-plasma
using validated N High Sensitivity CRP assay based on immunonephelometry (Dade
Behring, Marburg, Germany) and Behring Nephelometer BNA/BN 100. The overall
measuring range of the assay was 0.20-220 mg/L and inter-assay coefficient of
variation was 5.2%.

Inclusion and exclusion criteria for analyzed patient subgroups
Different selection criteria as defined below were applied for patients’ subgroup
analyses depending on objective in each particular case:
Clinical and angiographic criteria.
e Stable and unstable initial course of CHD (only patients with definitely clear
history):

o Stable group — patients with stable angina without MI for at least one
year, with significant stenosis (>75%) and no occlusion in a coronary
artery;

o Unstable group — patients, in whom MI developed within first year after
the first manifestations of CHD or MI was the first manifestation of
CHD, and at least 50% stenosis present in a coronary artery;

o Healthy control group — patients with no angiographic evidence of
atherosclerotic coronary artery disease and no history of previous or
suspected MI.

e Time from the first symptoms of CHD to first MI:

o Coronary artery stenosis >50%;

o Clearly known initial course of CHD — time from the first symptoms
(angina) to first MI (<1 day, <1 week, <1 month, <1 year or >1 year) or
no ML

e (Coronary artery occlusion
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o All patients;
o Subgroup analysis according to positive or negative history of MI.
e Patients with and without CHD
o CHD group defined as those with coronary artery stenosis >50% in at
least one coronary artery;
o Healthy controls — patients with no evidence of coronary atherosclerosis;
o Patients with plaques or stenoses <50% were excluded.
e Age when first CHD manifestation occurred:
o Patients with coronary artery stenosis >50%;
o Clearly known age, when first CHD symptoms developed;
o Total history of CHD <20 years.
e Age when first MI developed:
o Patients with coronary artery stenosis >50%;
o Definite history of MI and clearly known age, when first MI developed.
e Patients with MI:
o All patients;
o MI criteria:
= Angiographic stenosis >50%;
= Definite previous M1
Inflammatory markers
e Initial pilot analysis:
o Patients with CHD confirmed by angiography (stenosis >50%);
o Exclusion criteria:
= CRP levels >15 mg/L (n=6), as high levels may indicate latent
chronic inflammatory condition (Ridker, 2001);
= Recent MI or unstable angina (within previous 3 weeks; n=16);
= Known chronic inflammatory condition (one patient with
Hodgkin’s disease).
e Extended analysis:
o Out of all patients with known CRP levels (n=671), 624 patients were
selected.
o Exclusion criteria for 47 patients:
= Recent MI within previous 3 weeks (n=33);

®  Active inflammatory disorder (n=4);

®  OQutlying CRP values (outlier defined as >3SD or 26.4 mg/L;
n=10).

Biomolecular analyses

Genomic DNA was obtained from blood samples and genotyping was
performed at the Latvian Biomedical Research and Study Centre (Dr. Biol. Normunds
Licis). Personal conducting DNA analysis was blinded to phenotype data. DNA was
genotyped by PCR-based methods, and negative controls (reaction mixture with no
DNA) were included in all reactions. PCR results were analyzed by electrophoresis in
2% agarose gel containing ethidium bromide. Products were purified with DNA
extraction kit (Fermentas, Lithuania) in all cases except for IL-IRN VNTR
polymorphism, which was determined directly based on length of PCR products. IL-
IRN (VNTR) alleles were coded in accordance with existing nomenclature: allele 1
(*1) = 4 repeats (410 bp PCR product), allele 2 (*2) = 2 repeats (240 bp), allele 3 =5
repeats (500 bp); allele 4 = 3 repeats (325 bp). Other IL-1 cluster polymorphisms were
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determined through digestion with specific restriction endonucleases followed by end-
product electrophoresis in 2% agarose. Genetic variations of IL-6 were screened with
sequencing.

IL-6 haplotyping methodology

(1) Initially, to obtain experimentally justified information on the allelic associations of
IL-6 promoter polymorphisms in Latvia, we directly determined haplotypes among
more than 100 individuals. This pilot step was accomplished as follows. First,
sequences of the genomic PCR products were determined. Then, for heterozygotes,
these PCR products were cloned and individual clones were sequenced to resolve
haplotype composition of each ambiguous sample. Alternatively, individual haplotypes
were determined using allele-specific PCR followed by sequencing. (ii) Haplotypes in
population of the present study were mostly deduced from sequence of the genomic
PCR products. If, however, a DNA sequence could not be interpreted basing on the
data of the initial screening, either cloning or allele-specific PCR approach to determine
individual haplotypes was undertaken. (iii) Finally, after collecting all haplotype data,
their accuracy was checked for 45 randomly chosen individuals through allele specific
PCR and sequencing.

Statistical methods

All statistical calculations (Daly, Bourke & McGilvray, 1991; Field, 2000;
Petrie & Sabin, 2000; Pallant, 2001) were performed with SPSS software (version
12.0), with exception of x> goodness-of-fit test for two polymorphisms when on-line
calculator was used (GraphPad Software, 2005). Two-sided p value <0.05 was regarded
as statistically significant result. CRP values were transformed with logarithm in order
to normalize the distribution (log-CRP).

Univariate analyses (UA) for continuous variables were performed with
Student’s t-test (for two groups) or ANOVA (for >2 groups). Statistical significance
was adjusted with Bonferroni or Tukey methods when multiple comparisons in post-
hoc analyses were done. Associations between two continuous variables as well as
between genetic subgroups and a continuous variable were tested with linear regression
analysis. Categorical variables were compared with Pearson y test or Fisher exact test
as appropriate. When gene dose effect was analyzed, Spearman correlation and r
coefficient was calculated. Dominant and recessive models were analyzed with Pearson
y* test (with Yates continuity correction for 2x2 tables) or Fisher exact test, and odds
ratio (OR) was calculated.

In multivariate analyses (MVA) adjustment for non-genetic covariates was
performed with multiple linear regression analysis and ANCOVA method for
continuous dependent variables. Categorical variables were adjusted with logistic
regression analysis in which Exp(B) value characterized adjusted OR of genetic factor.
Models were tested with backward selection approach in order to identify significant
covariates. When covariates were already known from the literature, forced entry
approach was used. Adjusted mean values of continuous variables were obtained with
ANCOVA method (General Linear Model option in SPSS).

Correspondence of genotype distribution to Hardy-Weinberg equilibrium was
tested with Chi-Square Goodness of Fit test. Since some rare genotypes of
polymorphisms with more than 2 alleles (IL-1RN (VNTR) and IL-6 (-373) AnTn) were
not present in the sample, SPSS software was not suitable for these variations, and an
online-calculator was used instead (GraphPad Software, 2005).
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8. Results

8.1. Phenotype and genetic characterization of the study sample

Summary of the phenotype data and treatment is given in Table 1. It should be
noted that definite CHD (defined as coronary stenosis >50%), which was used as a
selection criterion for several subanalyses, was present in 83.2% (n=571) of patients.

Table 1. Non-genetic characteristics of the study population (n=686).

Risk factors
Age (mean, SD) 55.848.2
Men (n, %) 519 (75.7%)
TC, mmol/L (mean, SD) 5.5+1.3
<5.0 mmol/L (n, %) 228 (33.2%)
5.0-7.0 mmol/L (n, %) 376 (54.8%)
>7.0 mmol/L (n, %) 82 (12.0%)
HDL-C, mmol/L (mean, SD) 1.4+0.7
TG, mmol/L (mean, SD) 2.2+1.5
LDL-C, mmol/L (mean, SD) 3.2+1.1
Hypertension (n, %) 431 (62.8%)
Diabetes (n, %) 66 (9.6%)
BMI, kg x m™ (mean, SD) 28.4+4.3

Obesity (BMI >30 kg x m™) (n, %)
Smoking status

Active (n, %)

Ex-smoker (n, %)

Non-smoker (n, %)
Premature MI in family (n, %)

Inflammatory markers
CRP, mg/L (median, SE)
CRP >3 mg/L (n, %)
FG, g/L (mean, SD)

Characterization of CHD

Confirmed on angiography (n, %)
Mean duration of CHD (years)

<1 year (n, %)

1-5 years (n, %)

6-10 years (n, %)

>10 years (n, %)
History of MI

Pre-hospital therapy

Aspirin (n, %)

Clopidogrel (n, %)

Statins (n, %)

ACEI (n, %)

BB (n, %)

Calcium channel blockers (n, %)
Nitrates (n, %)

208 (30.3%)

203 (29.6%)
242 (35.3%)
241 (35.1%)
134 (19.5%)

1.8 (0.3)
65 (9.5%)
3.3+1.0

571 (83.2%)

287 (50.3%)
179 (31.3%)
64 (11.2%)
41 (7.2%)
421 (61.4%)

600 (87.5%)
53 (7.7%)

286 (41.7%)
387 (56.4%)
541 (78.9%)
186 (27.1%)
438 (63.9%)
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Table 2. Characterization of genetic variations of the patient sample.

Polymorphism Allele Frequency (n) Genotype Frequency (n) P value*
IL-1B (-511) C 0.673 (923) CcC 0.448 (307) 0.830
T 0.327 (449) CT 0.450 (309)
TT 0.102 (70)
IL-1B (+3954) C 0.758 (1040) CcC 0.583 (400) 0.501
T 0.242 (332) CT 0.350 (240)
TT 0.067 (46)
IL-IRN (VNTR) 1 0.691 (948) 11 0.474 (325) 0.527
2 0.288 (395) 12 0.413 (283)
3 0.020 (28) 13 0.020 (14)
4 0.001 (1) 14 0.002 (1)
22 0.071 (49)
23 0.020 (14)
IL-6 (-596) G 0.502 (689) GG 0.233 (160) 0.139
A 0.498 (683) AG 0.538 (369)
AA 0.229 (157)
IL-6 (-373) 8/12 0.494 (678) 11 0.226 (155) 0.605
9/11 0.209 (287) 12 0.212 (145)
10/11 0.152 (209) 13 0.152 (104)
10/10 0.138 (189) 14 0.163 (112)
9/12 0.007 (9) 15 0.010 (7)
22 0.045 (31)
23 0.071 (49)
24 0.044 (30)
25 0.002 (1)
33 0.023 (16)
34 0.035 (24)
44 0.016 (11)
45 0.001 (1)
IL-6 (-572) G 0.939 (1288) GG 0.882 (605) 0.983
C 0.061 (84) GC 0.114 (78)
CC 0.004 (3)
IL-6 (-174) G 0.499 (684) GG 0.230 (158) 0.162
C 0.501 (688) GC 0.537 (368)
CC 0.233 (160)

* Compared to expected distribution predicted by Hardy-Weinberg equilibrium.

All analyzed polymorphisms were in Hardy-Weinberg equilibrium (Table 2). In
contrast to majority of other populations, in which IL-6 (-174) G allele was wild-type
allele, (Humphries et al., 2001; Jones et al., 2001; Margaglione et al., 2001; Vickers et
al., 2002; Bennet et al., 2003; Chapman et al., 2003 and others), in our sample IL-6 (-
174) C allele was more common (50.1%). When IL-6 gene promoter region was
sequenced, nine haplotypes were identified (Table 3), and five of these were common
(>1%), while the other four haplotypes were found only in 21 patients. Overall
haplotype prevalence was similar to that reported in literature (7Terry et al., 2000;
Acalovshi et al., 2003; Kelberman et al., 2004a). The most common haplotype
containing IL-6 (-174) C allele, however, was more frequent in our sample. In addition,
we found new haplotype (Hap*6, Table 3) previously not reported in literature, which
was the most common among rare haplotypes.

62



Table 3. IL-6 promoter region haplotypes found in the study population.

No Haplotype* Frequency (n) Haplotype Frequency (n)
combinations

1 AG8/12C 0.493 (677) 11 0.224 (154)

2 GGI/11G 0.201 (276) 12 0.203 (139)

3 GG10/11G 0.152 (209) 13 0.152 (104)

4 GG10/10G 0.077 (105) 14 0.089 (61)

5 GC10/10G 0.061 (84) 15 0.074 (51)

6 GGY/12G 0.007 (9) 16 0.010 (7)

7 GGY/11C 0.004 (6) 17 0.006 (4)

8 AGY/11C 0.004 (5) 18 0.003 (2)

9 AG8/12G 0.001 (1) 19 0.001 (1)
22 0.041 (28)
23 0.069 (47)
24 0.031 (21)
25 0.013 (9)
26 0.001 (1)
27 0.001 (1)
28 0.003 (2)
33 0.023 (16)
34 0.013 (9)
35 0.022 (15)
37 0.001 (1)
38 0.001 (1)
44 0.007 (5)
45 0.004 (3)
46 0.001 (1)
55 0.004 (3)

* Sequence of polymorphisms: (-596) G/A, (-572) G/C, (-373) AnTn, (-174) G/C

8.2. Association of interleukin genetic variations with clinical and angiographic
CHD criteria

Patients with stable and unstable initial course of CHD

Among all patients meeting criteria for this analysis (n=334; 48.7% of the total
sample) 50 patients (15.0%) had stable initial course of CHD and 201 (60.2%) patients
had unstable initial clinical course, while 83 (24.9%) patients had no evidence of CHD
(Table 4). In MVA only three non-genetic variables were associated with stable initial
course of CHD: hypertension, female gender and TC (Table 5).
Comparison of genetic variations between patient subgroups

No significant genetic differences from control group were observed for either
CHD groups. When stable angina group was compared with unstable group (Table 6),
significantly different prevalence of Hap*1 homozygotes was found (Chart 1). Among
patients with unstable initial course of CHD, Hap*1 homozygotes were almost twice
less frequently found compared with stable angina group (16.4% and 30.0%,
respectively; OR=0.458; p=0.029; Yates corrected p=0.047). In MV analysis different
proportions of Hap*1 homozygotes in the two clinical groups remained statistically
significant after adjustment for non-genetic factors (Exp(p)= 0.41 for unstable course or
2.41 for stable course; p=0.027; Table 6).
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Table 4. Comparison of non-genetic factors and drug therapy in the three clinically-angiographic
patient groups.

Controls Stable angina Unstable P value
without CHD group Group (among all
(n=83) (n=50) (n=201) groups)
Age (mean+SD) 55.349.1 58.3+6.9 55.0+8.7* 0.052
Duration of CHD (years, - 4.2+43.2 2.6+5.4% 0.131
mean+SD)
Age, when first CHD symptoms - 54.2+7.5 52.249.1 0.142
developed (years, mean+SD)
Number of RF* (mean+SD) 2.3+1.2 2.7+1.1 2.8+1.2° 0.016
TC (mmol/L, mean+SD) 5.4+1.2 5.8+1.5 5.3+1.3% 0.025
BMI (kg x m™,mean+SD) 28.2+4.1 28.2+4.3 28.3+4.5 0.975
CRP (mg/L, median+SE) 1.3+0.5 2.2+0.9" 2.4+0.7" 0.003
FG (mean£SD) 3.2+1.7 3.3+1.2 3.2+0.9 0.858
Men (%) 60.2% 64.0% 85.1%*" <0.001
DM (%) 8.4% 12.0% 9.0% 0.765
Hypertension (%) 66.3% 84.0%" 59.2%* 0.004
Smokers (%) 45.8% 64.0%" 76.1%" <0.001
Premature MI in family (%) 18.1% 20.0% 18.9% 0.963
Pre-hospital therapy
Aspirin (%) 75.9% 80.0% 89.1%" 0.014
Statins (%) 21.7% 30.0% 51.2%*,T <0.001
ACEI (%) 53.0% 58.0% 58.2% 0.713
BB (%) 53.0% 76.0%" 82.1%" <0.001

* p<0.05 compared with stable angina group

T p<0.05 compared with control group

* Risk factors: age (>55 for women or >45 for men) at the time of CHD onset, hypertension, TC >5
mmol/L, DM, smoking, BMI >30 kg/mz, premature MI in family.

Table 5. Association of non-genetic risk factors with stable versus unstable course of CHD
(multivariate analysis).

Variable Exp(p) P value
Constant 1.35 0.091
Age 1.04 0.121
TC level 1.35 0.019
BMI 0.93 0.105
Female gender 0.38 0.031
DM 1.24 0.690
Hypertension 3.06 0.011
Smoking 1.10 0.835
Premature MI in family 0.80 0.614
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Chart 1. Prevalence of IL-6 promoter Hap*1 homozygotes among patients with
no CHD on angiography and patients with stable or unstable course of CHD.

100%-
90%-
80%-
70%-
60%-
50%-
40%-
30%-
20%-
10%-

79.5% p=0.518 83.6%

|P=°-3°1 70.0%

P=0.027*
—

30.0%

0%-

No CHD Stable angina Unstable group
group

B HAP -/-or 1/-
EHAP 11

* After adjustment for non-genetic factors in MVA: age, TC, BMI, gender, DM,

hypertension, smoking and family history of premature MI.
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Table 6. Comparison of genetic variations in patients with stable (n=50) and unstable (n=201) initial course of CHD.

Model* N* %' Univariate analysis Multivariate analysist
R OR P value Exp(B) P value
(Spearman)
IL-1B (-511) C/T
CcC GDE 91/112 81.3% -0.014 - 0.820 0.833 0.505
CT 90/115 78.3%
TT 20/24 83.3%
CCHCT (vs. TT) D (C) 181/227 79.7% - 0.787 0.794 1.317 0.653
CT+TT (vs. CC) D (T) 110/139 79.1% - 0.875 0.797 0.812 0.551
IL-1B (+3954) C/T
CcC GDE 125/157 79.6% 0.018 - 0.771 1.224 0.500
CT 65/81 80.2%
TT 1113 84.6%
CCHCT (vs. TT) D (C) 190/238 79.8% - 0.720 1.000 0.646 0.609
CT+TT (vs. CC) D (T) 76/94 80.9% - 1.081 0.941 1.236 0.556
IL-1RN (VNTR)
IL-1RN(VNTR)*1
-/- GDE 20/26 76.9% 0.065 - 0.307 1.405 0.185
1/- 80/103 77.7%
1/1 101/122 82.8%
At least one *1 (vs. -/-) D 181/225 80.4% - 1.234 0.868 1.365 0.562
No 1/1 (vs. 1/1) R 100/129 77.5% - 1.395" 0.375 1.649" 0.159
IL-1RN(VNTR)*2
-/- GDE 105/130 80.8% -0.313 - 0.626 0.745 0.265
2/- 80/99 80.8%
2/2 16/22 72.7%
At least one *2 (vs. -/-) D 96/121 79.3% - 0914 0.900 0.772 0.461
No 2/2 (vs. 2/2) R 185/229 80.8% - 0.634% 0.402 0.508" 0.217
IL-1RN(VNTR)*3
-/- D 194/240 80.8% - 0.415 0.237 0.531 0.368
3/- 7/11 63.6%
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Table 6 (continued).

IL-6 (-596) G/A
AA
AG
GG
AA+AG (vs. GG)
AG+GG (vs. AA)
IL-6 (-572) G/C
GG
GC
CcC
GG+GC (vs. CC)
GC+CC (vs. GG)
IL-6 (-373) AnTn
AS8TI2 (*1)
/-
1/-
1/1
At least one *1 (vs. -/-)
No 1/1 (vs. 1/1)
A9TII (*2)
/-
2/-
2/2
At least one *2 (vs. -/-)

No 2/2 (vs. 2/2)

AI0TI1 (*3)
/-
3/-
373
At least one *3 (vs. -/-)
No 3/3 (vs. 3/3)

GDE
D (A)
D (G)

GDE

D (G)
D (C)

GDE

= O

GDE

GDE

D
R

33/49
117/139
51/63
150/188
168/202

177/224
22/25
2/2
199/249
24/27

51/64
117/138
33/49
150/187
168/202

123/155
68/84
10/12

78/96
191/239

139/177
58/70
4/4
62/74
197/247

67.3%
84.2%
81.0%
79.8%
83.2%

79.0%
88.0%
100.0%
79.9%
88.9%

79.7%
84.8%
67.3%
80.2%
83.2%

79.4%
81.0%
83.3%

81.3%
79.9%

78.5%
82.9%
100.0%
83.8%
79.8%

0.098

-0.085

0.929
2.396"

2.124

1.033
0.417%

1.127
1.2578

1.412

0.120

0.986
0.022

0.222

1.000
0.338

0.178

1.000
0.022

0.697

0.839
1.000

0.313

0.437
0.587

1.480

0.992
2.638

2.050

2.003
0.708
1.088

0.379%

1.259

1.349
1.1598

1.506

1.441

0.129

0.985
0.014

0.244

0.999
0.298

0.175

0.829
0.014

0.454

0.410
0.859

0.274

0.355
0.999

67



Table 6 (continued).

AIOTIO0 (*4)
/-
4/-
4/4
At least one *4 (vs. -/-)
No 4/4 (vs. 4/4)
A9TI2 (*5)
/-
5/-
5/5
At least one *5 (vs. -/-)

No 5/5 (vs. 5/5)

IL-6 (-174) G/C
GG
GC
CcC
GG+GC (vs. CO)
GC+CC (vs. GG)
IL-6 haplotypes
Hap*1
/-
1/-
1/1
At least one *1 (vs. -/-)
No 1/1 (vs. 1/1)
Hap*2
/-
2/-
2/2
At least one *2 (vs. -/-)
No 2/2 (vs. 2/2)

GDE

= O

GDE

GDE

D (G)
D (C)

GDE

142/180
55/64
4/7
59/71
197/244

199/249
2/2
0/0

2/2
251/251

50/62
116/138
35/51
166/200

151/189

51/64
117/139
33/48
150/187
168/203

125/158
67/83
9/10
76/93
192/241

78.9%
85.9%
57.1%
83.1%
80.7%

79.9%
100%
0%
100%
100%

80.6%
84.1%
68.6%
83.0%

79.9%

79.7%
84.2%
68.8%
80.2%
82.8%

79.1%
80.7%
90.0%
81.7%
79.7%

0.036

-0.074

1.316
0.318%

2.232
0.954

1.033
0.458%

1.180
2.2978

0.571

0.564
0.144

1.000

0.156

0.036
1.000

0.243

1.000

0.047

0.555

0.737
0.692

0.945

1.104
0.407%

0.694

2.503
1.010

0.737
1.088
0.4148

1.407

1.436
1.991%

0.861

0.805

0.288

0.999

0.999

0.155

0.019
0.981

0.233

0.829

0.027

0.292

0.325
0.531
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Table 6 (continued).

Hap*3
-/- GDE 139/177 78.5% 0.059 - 0.313 1.506 0.274
3/- 58/70 82.9%
3/3 4/4 100%
At least one *3 (vs. -/-) D 62/74 83.8% - 1.412 0.437 1.441 0.355
No 3/3 (vs. 3/3) R 197/247 79.8% - - 0.587 - 0.999
Hap*4
-/- GDE 166/206 80.6% -0.032 - 0.613 1.276 0.244
4/- 33/41 80.5%
4/4 2/4 50.0%
At least one *4 (vs. -/-) D 35/45 77.8% - 0.843 0.825 0.679 0.379
No 4/4 (vs. 4/4) R 199/247 80.6% - 0.241% 0.178 0.235" 0.197
Hap*5
-/- GDE 177/224 79.0% 0.077 - 0.222 2.050 0.244
5/- 22/25 88.0%
5/5 2/2 100%
At least one *5 (vs. -/-) D 24/27 88.9% - 2.124 0.338 2.003 0.298
No 5/5 (vs. 5/5) R 199/249 79.9% - - 1.000 - 0.999
Hap*6
-/- D 199/249 79.9% - - 1.000 - 0.999
6/- 2/2 100%
Hap*7
-/- D 198/247 80.2% - 0.742 1.000 0.569 0.649
7/- 3/4 75.0%
Hap*8
-/- D 201/250 80.4% - - 0.199 - 1.000
8/- 0/1 0%
Hap*9
-/- D 201/250 80.4% - - 0.199 - 1.000
9/- 0/1 0%

* Model: GDE - gene dose effect, D — dominant, R — recessive.

1 Patients with unstable course out of all patients with genotype.

T Variables included in the Model: age, gender, TC, BMI, DM, hypertension, smoking, family history of premature MI and genetic variation.
§ OR or Exp(p) for homozygotes compared with the other patients.

9 Statistically significant results (p<0.05) are given in bold.



Time from the first symptoms of CHD to the first M1

This analysis was performed for 571 patients with CHD confirmed by
angiography. Among 381 patients (66.7%) with history of MI, only for 259 patients
(45.4% of all patients or 68.0% of patients with MI) time from the first CHD symptoms
to the first MI was known precisely. When the time interval elapsing from the initial
symptoms to the first MI was compared in Hap*1 homozygotes with the other patients,
there was a trend of lower MI incidence, which was borderline significant at one month
(p=0.05) and became highly significant (p<0.01) after the first month since the first
symptoms (Chart 2).

Chart 2. Time from the first symptoms of CHD to occurrence of the first MI in
Hap*1 homozygotes compared with others. Cumulative incidence.
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Coronary artery occlusion

In 255 patients (37.2% of all 686 patients) occlusion of at least one coronary
artery was found. Number of Hap*1 correlated directly with presence of coronary
artery occlusion: it was present in 31.9%, 36.6% and 44.2% of patients with none, one
and two Hap*1, respectively (r=0.086, p=0,025; Chart 3). Homozygotes had OR=1.46
(p=0.052) to have coronary artery occlusion in UV analysis and Exp(B)=1.22 (p=0.097)
in MV analysis.

In 246 patients (96.5%) history of MI was clearly known: 196 patients (79,7%)
had previous MI and 50 patients (19.6%) had no history of MI. At least one coronary
occlusion was present in 51.4% (196/381) and 29.4% (50/170) of patients with and
without history of MI, respectively. In patients with history of MI, Hap*1 correlated
with more common occlusions (r=0.163; p=0.001), while opposite though non-
significant trend was seen in subgroups without history of MI (Chart 3).



Chart 3. Coronary artery occlusions according to number of IL-6 Hap*1 in the
total sample and subgroups of patients with and without history of MI.
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When combined criterion of MI and coronary occlusion was analyzed in the total
sample, IL-6 Hap*1 strongly correlated with it in a gene-dose dependent way (Chart 4)
in UV (r=0.112; p=0.003) and MV (Exp(B)=1.391; p=0.011) analyses. In MV model
only smoking was stronger predictor (Exp(p)=1.576) than Hap*1. Opposite association
was found for Hap*3 or A10T11 (Chart 5) in UV (r=-0.086; p=0.024) and MV analyses
(Exp(B)=0.664; p=0.024).
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Chart 4. Prevalence of combined criterion (coronary artery occlusion and history
of myocardial infarction) according to number of Hap*1 (n=686).
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Chart 5. Prevalence of combined criterion (coronary artery occlusion and history
of myocardial infarction) according to number of Hap*3 (n=686).
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Other clinical criteria
In addition to previous analysis several other criteria were investigated for two
reasons:

3. To exclude possibility, that associations found for clinical course are
indirectly associated with other CHD characteristics (such as risk of CHD in
general irrespective to initial clinical course).

4. To search for other potential influences of IL genetic variations on CHD
manifestations.

Patients with and without CHD

In carriers of at least one Hap*1, CHD was found on angiography more often
than in non-carriers (88.7% vs. 82.8%, respectively; Chart 6), although it was not
statistically significant difference neither in UVA (OR=1.636; p=0.071) nor in MVA
(Exp(B)=1.575; p=0.086). Homozygotes of Hap*3 had opposite association (66.7% vs.
87.8%; OR=0.28; p=0.031; Chart 7), which remained significant in MVA
(Exp(p)=0.234; p=0.015). All Hap*3 carriers were the only IL-6 (-373) A10T11
carriers, and number of homozygotes was relatively small (n=15).

Age of onset of CHD

Homozygotes of IL-1B (+3954) T allele correlated with approximately 3.6
years later onset of first CHD symptoms than in carriers of C allele (56.5+£7.9 vs.
52.948.7 years, respectively; t=-2.338; p=0.020). This difference was almost close to
statistical significance in MVA (B=-0.040; p=0.058) and corresponded to 1.3 years
difference (Chart 8). Similar association was found also for Hap*2 homozygotes.
Although UVA did not show statistically significant difference (p=0.197), in MVA it
became significant and corresponded 2 years (=0.042; p=0.046; Chart 9). In contrary,
Hap*1 had a trend to be linearly associated with earlier onset of CHD (r=-0.083;
p=0.071), which was more non-significant in MVA ($=-0.030; p=0.153; Chart 9). For
Hap*3 homozygotes first manifestations of CHD developed substantially earlier (6.9
years; t=2.094; p=0.037), but this difference was not significant in MVA (1.3 years;
=0.018; p=0.400).



Chart 6. Prevalence of CHD confirmed on angiography according to number of
Hap*1 (n=654).
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Chart 7. Prevalence of CHD confirmed on angiography according to number of
Hap*3 (n=654).
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Chart 8. Development of first CHD symptoms at later age in patients with IL-1B
(+3954) TT genotype (mean age, MVA).
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Chart 9. Age of development of first CHD symptoms according to number of
Hap*1 and Hap*2 (MVA).
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This parameter was first analyzed in a pilot study on smaller sample (n=193) of
patients (Latkovskis et al., 2004b). The final analysis (n=364) showed near-significant
correlation between Hap*1 and development of first MI in earlier age in UVA (r=-
0.102; p=0.052), which was non-significant in MVA (f=-0.040; p=0.122; Chart 10).

Chart 10. Number of IL-6 Hap*1 and age when first MI developed (MVA; n=364).
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This criterion did not correlate with IL-1B (+3954) and IL-6 (-572)
polymorphisms in UV analysis. In MV analysis, however, carriers of IL-1B (+3954) T
allele and carriers of IL -6 (-572) C allele (or Hap*5) had earlier (p=-0.057; p=0.028)
and later (=0.053; p=0.040) onset of first MI, respectively (Charts 11 and 12).



Chart 11. Genotypes of IL-1B (+3954) and age when first MI developed (MVA;
n=364).
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Chart 12. IL-6 (-572) genotypes and age when first MI developed (MVA; n=364).
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No significant associations for any of the studied genetic variations were found,
except for carriers of IL-1RN (VNTR) allele 3, in whom history of MI was positive in
fewer cases in UVA (37.0% vs. 62.1%; OR=0.36; p=0.009). This association remained
significant after MVA (Exp(B)=0.353; p=0.012), but it should be noted that number of
such patients was small (n=27; 4%)).



8.3. Interleukin genetic variations and CRP level

Analysis was performed twice: (i) initial pilot analysis was performed only with
polymorphisms in a smaller sample (n=160) without IL-6 haplotypes (Latkovskis et al.,
2004a), and (ii) extended analysis repeated on larger sample (n=624) in which IL-6
haplotypes were considered as well (Latkovskis et al., 2005a).

Results of pilot analysis

Characteristics of patients are summarized in Table 7. None of the genotype
frequencies (Table 8) deviated significantly from Hardy-Weinberg equilibrium. In
univariate analysis, smoking (p<0.001), BMI (0.005), TC (p=0.018) and diabetes
(0.056) showed significant or near-significant association with CRP levels.

Table 7. Characterization of patients included in the pilot study.

Men, % 71.5
Smokers, % 36.3
Diabetes, % 8.1
Hypertension, % 56.9

Age, years (mean + SD) 532177
BMI', mean + SD 28.47 £4.02
TC', mean + SD 5.80+1.30
CRP, mg/L (median, SE) 1.70 (0.16)
Log-CRP (mean + SD) 0.23 +£0.45

Table 8. Genetic variations of patients included in the pilot study.

Allele Frequency (n) Genotype Frequency (n) P value*
IL-1B(+3954) C 0.72 (230) CC 0.52 (83) 0.990
T 0.28 (90) CT 0.40 (64)
TT 0.08 (13)
IL-1B(-511) C 0.65 (209) CC 0.44 (70) 0.825
T 0.35(111) CT 0.43 (69)
TT 0.13 (21)
IL-1IRN(VNTR) 1 0.72 (229) 1/1 0.51 (81) 0.998
2 0.27 (88) 1/2 0.41 (65)
3 0.01 (3) 1/3 0.01 (2)
2/2 0.07 (11)
2/3 0.01 (1)
1L-6(-174) C 0.53 (170) CC 0.27 (43) 0.790
G 0.47 (150) CG 0.52 (84)
GG 0.21 (33)
IL-6(-572) G 0.94 (301) GG 0.88 (141) 0.598
C 0.06 (19) GC 0.12 (19)

* Compared to expected distribution predicted by Hardy-Weinberg equilibrium.



Genetic variations and CRP

Two variations, IL-1B(+3954)C/T and IL-1RN(VNTR), exerted significant
association with CRP levels in univariate analysis (p=0.014 and 0.048, respectively).
The influences of IL-1B(+3954)T and IL-1RN(VNTR)*2 alleles on CRP levels were
adjusted with ANCOVA for confounding variables (smoking, BMI, TC and diabetes).
The adjustment was performed to test whether the true associations of the two genetic
variations with CRP levels were still significant after effects of the known confounders
were statistically eliminated. The adjusted CRP levels according to genotype with
assumption of different effects of minor alleles (recessive, gene dose effect or
dominant) are summarized in Table 9. Each genetic variation was adjusted only for
non-genetic confounders in Model 1 and for non-genetic confounders as well as for the
other polymorphism in Model 2 (Table 9). Model 2 was created to test significance of
each polymorphism when the other polymorphism is considered in addition to
nongenetic factors.

After adjusting for nongenetic confounders in the Model 1, IL-1B(+3954)T
remained strongly associated with higher CRP levels when dominant (p=0.002) or gene
dose effect patterns (p=0.007) of gene-dose effects were assumed (Model 1, Table 9).
Post-hoc comparisons using the Bonferroni test indicated that mean CRP levels in
patients with CT genotype were significantly different from those with CC genotype
(p=0.008), but not for CT versus TT genotype (p=1.00), suggesting dominant effect of
the T allele. The difference of CRP levels between CC and TT genotypes did not reach
statistical significance (p=0.327) in the post-hoc analysis, which may be attributed to
small number of patients with TT genotype. Conversely, CRP levels were significantly
lower in carriers of IL-IRN(VNTR)*2 (p=0.009) and tended to correlate with number
of IL-IRN(VNTR)*2, suggesting a gene-dose effect. No significant differences,
however, were found among the three IL-IRN(VNTR) genotypes in the post-hoc
analysis.

In the Model 2, both polymorphisms were entered with assumption of the most
relevant patterns - dominant pattern for IL-1B(+3954)T and dominant (Model 2A,
Table 9) or gene-dose effect (Model 2B, Table 9) patterns for IL-IRN(VNTR)*2. IL-
1B(+3954)T remained significantly associated with higher CRP levels (p<0.05)
irrespective to the entered IL-IRN(VNTR)*2 patterns. The association of IL-
IRN(VNTR)*2 with lower CRP levels did not reach statistical significance in either
dominant (p=0.076) or gene-dose (p=0.179) pattern after adjustment for IL-
1B(+3954)T.



Table 9. Levels of C-reactive protein according to polymorphisms of IL-1B (+3954) and IL-1RN
(VNTR).

Polymorphism  Pattern*  Genotypes Log-CRP CRP' P
compared Mean (SE; 95% CI) mg/L valuet
Model 1°
IL-1B (+3954) D CC 0.240 (0.067; 0.107-0.373) 1.74 0.002
CT, TT 0.443 (0.067; 0.311-0.574) 2.77
GDE CcC 0.240 (0.068; 0.106-0.374) 1.74 0.007
CT 0.445 (0.071; 0.304-0.585) 2.79
TT 0.434 (0.119; 0.198-0.670) 2.72
R CC,CT 0.331 (0.062; 0.208-0.455) 2.14 0.370
TT 0.439 (0.123: 0.197-0.682) 2.75
IL-1RN D 1/1, 173 0.421 (0.066; 0.290-0.552) 2.64 0.009
(VNTR) 1/2,2/2,2/3 0.252 (0.069; 0.115-0.388) 1.79
GDE 1/1, 173 0.418 (0.067; 0.287-0.550) 2.62 0.023
1/2,2/3 0.266 (0.071; 0.126-0.406) 1.85
2/2 0.148 (0.135;-0.119-0.415) 1.41
R 1/1,1/2,1/3,2/3 0.352 (0.061; 0.232-0.472) 2.25 0.119
2/2 0.151 (0.137; -0.120-0.422) 1.42
Model 2AY
IL-1B (+3954) D CC 0.253 (0.067; 0.120-0.386) 1.79 0.012
CT, TT 0.420 (0.067; 0.287-0.553) 2.63
IL-1RN D 1/1,1/3 0.395 (0.066, 0.265-0.526) 248 0.076
(VNTR) 1/2,2/2,2/3 0.277 (0.069; 0.142-0.413) 1.89
Model 2B*
IL-1B(+3954) D CC 0.216 (0.074; 0.071-0.362) 1.64 0.016
CT, TT 0.378 (0.081; 0.219-0.538) 2.39
IL-1RN GDE 1/1,1/3 0.395 (0.066; 0.264-0.526) 248 0.179
(VNTR) 1/2,2/3 0.285 (0.070; 0.147-0.424) 1.93
2/2 0.212 (0.136; -0.056-0.480) 1.63

* Effect of minor allele: D — dominant, GDE — gene dose effect, R — recessive.

" CRP values back-transformed from mean log-CRP.

* Based on comparison of log-CRP.

¥ Factors included in Model 1: smoking, BMI, TC, diabetes, one polymorphism

9 Factors included in Model 2A and 2B: smoking, BMI, TC, diabetes, both polymorphisms.

Extended analysis

For this analysis 624 individuals were selected (Table 10). CHD was confirmed
by angiography in 513 patients (82.2%) and it was ruled out in 80 individuals (12.8%).
Other patients were not clearly classified in any of the two groups (n=31; 5%).

Non-genetic factors and CRP

The following variables significantly associated with CRP levels were identified
with backward multiple linear regression analysis: fibrinogen (f=0.424; p<0.001), BMI
(B=0.134; p<0.001), smoking (f=0.128; p=0.001), male gender (=0.126; p=0.001),
hypertension ($=0.104; p=0.004) and aspirin usage ($=0.085; p=0.017). These
variables were included in further multivariate analyses with forced entry models.

Genetic variations and CRP

Comparison of CRP levels was performed both for transformed CRP (Log-
CRP) values as continuous variable and for elevated CRP (>3 mg/L, present in 210 or
33.7% of patients) as categorical variable. In contrast to pilot study, in this analysis also
IL-6 (-373) AnTn polymorphism and promoter haplotypes were evaluated (Latkovskis
et al., 2005a).



Table 10. Characterization of patient sample included in the final analysis (n=624).

Cardiovascular risk factors
Men, (n, %)
Age, years (mean + SD)
Smoking, (n, %)
Diabetes, (n, %)
Hypertension, (n, %)
TC, mmol/L (mean + SD)
Hypercholesterolemia,” (n, %)
BMI, kg x m™ (mean + SD)
Obesity' (n, %)
Premature MI in family (n, %)
Characterization of CHD
Angiographic
CHD confirmed (n, %)
CHD ruled out (n, %)
CHD uncertain (n, %)
Previous MI (n, %)
Pre-hospital pharmacotherapy (n, %)
Aspirin
Clopidogrel
Statin
ACEI
BB
Inflammatory markers
CRP, mg/L (median, SE)
FG, g/L (mean + SD)

473 (75.8%)
55.79 + 8.05
183 (29.3%)
60 (9.6%)
396 (63.5%)
555+ 1.28
397 (63.3%)
28.40 + 4.14
204 (67.3%)
119 (19.1%)

513 (82.2%)
80 (12.8%)
31 (5.0%)
378 (60.6%)

531 (85.1%)
31 (5.0%)

248 (39.7%)
344 (55.1%)
479 (76.8%)

1.70 (0.16)
3.15+0.73

* TC >5 mmol/L
" BMI >30 kg x m™

Hap*1 and Hap*2

Among the most common variations Hap*2 carriers had lower CRP levels in
UV analysis (p=0,048), but this association was not significant after adjustment in
MVA (p=0,063). In UV analysis, there was a trend of direct linear association between
number of Hap*l and CRP levels (p=0.061 and p=0.123 in UVA and MVA,
respectively (Chart 13). Hap*1 was significantly associated with more frequently
increased CRP levels (p=0.019 and p=0.016 in UVA and MVA, respectively; Chart
14). No linear relationship was observed for number of copies of Hap*2 and CRP
levels or increased CRP >3 mg/L (Chart 13 and 14). No linear association was seen

either when analysis was limited to carriers of Hap*1 or Hap*2 (Chart 15).

Chart 13. Log-CRP according to Hap*1 and Hap*2 (MVA).
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Chart 14. Increased CRP levels (>3 mg/L) according to Hap*1 and Hap*2 (MVA).
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Chart 15. Levels of CRP (log-CRP) in carriers of haplotype 1 and/or haplotype 2:
1/1 (n=145), 1/2 (n=127), 2/2 (n=25).
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Haplotype 6 and A9T12 allele

Carrier status of IL-6 Hap*6 (n=9) showed the strongest association with high
CRP levels (p=0.008 and p=0.003 in UVA and MVA, respectively; Chart 16). All these
patients were also carriers of all IL-6 (-373) A9T12 alleles. Increased CRP levels were
approximately two times more common in presence of Hap*6 (66.7% vs. 33.2%;
OR=4,03; p=0,067; Chart 17), which was significant in MVA (Exp(p)=4,631;
p=0,037).

Role of AnTn polymorphism

In order to clarify isolated effect of AnTn polymorphism on CRP levels, we
compared CRP levels in patients with Hap*2, Hap*3, Hap*4 and Hap*6. All of these
haplotypes have the same G allele in positions -596, -572 and —174, hence the only
difference among them is AnTn polymorphism: 9/11, 10/11/, 10/10 and 9/12,
respectively.

According to a method described in literature (Kelberman et al., 2004a) we
selected 279 Hap*1 heterozygotes who also had one of the following other haplotypes:
Hap*2 (n=127; 45.5%), Hap*3 (n=92; 33.0%), Hap*4 (n=53; 19.0%) or Hap*6 (n=7;
2.5%). Patients with A9T12 allele (Hap*6) had significantly higher Log-CRP (re-
transformed CRP value 5.82 mg/L), compared with all other AnTn alleles (Chart 18):
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A9TI11 (1.59 mg/L; p=0.002), A10T11 (1.93 mg/L; p=0.010) un A10T10 (1.74 mg/L;
p=0.006). No significant mutual differences were found among A9T11, A10T11 and
A10T10 alleles. When A8TI12 allele of Hap*1 was compared with other alleles,
significant differences were found only with A9T12 (p=0.020) and A9T11 (p=0.020)
alleles (Chart 18). Similar results were obtained in MV analysis.

Chart 16. Log-CRP according presence of haplotype 6 (MVA).
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Chart 17. Patients with CRP >3 mg/L according to presence of haplotype 6
(MVA).
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Chart 18. Log-CRP according to AnTn variations (UVA).
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* Patients had the following haplotype combinations, respectively: 1/1 (n=145), 1/2
(n=127), 1/3 (n=92), 1/4 (n=53) and 1/6 (n=7). See text for statistical significance.
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IL-1B (+3954) C/T, and interaction with CHD.

Extended analysis showed similar, but non-significant association of T allele
with higher CRP levels as observed in pilot study, and supported recessive effect of the
allele. Increased CRP levels (>3 mg/L) were more frequently found for TT genotype
(46.3%) compared with CT (33.8%) and CC (32.2%) genotypes (p=0,075 in UVA and
p=0,070 in MVA, respectively). When analysis was performed separately in patients
with (n=513, 82.2%) and without (n=80, 12.8%) CHD, interaction of the SNP with
CHD was found. In presence of CHD, TT genotype was associated with higher and
more frequently increased (>3 mg/L) CRP levels, while inverse correlation of number
of T alleles and CRP levels was seen in individuals without CHD (Chart 19 and 20).
Distribution of genotypes in both groups is given in Table 11.

Chart 19. Log-CRP in patients with (n=513) and without (n=80) CHD depending
on IL-1B (+3954) genotype (MVA).*
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* Corresponding re-transformed CRP values in patients with and without CHD,
respectively: 1.71 mg/L, 1.70 mg/L, 2.26 mg/L and 1.54 mg/L, 0.97 mg/L, 0.66 mg/L.

Chart 20. High CRP levels (>3 mg/L) in patients with (n=513) and without (n=80)
CHD depending on IL-1B(+3954) genotype (MVA).
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Table 11. Distribution of IL-1B (+3954) genotypes in patients with and without CHD.

Genotype Patients with CHD Patients without CHD
CcC 301 (58.7%) 46 (57.5%)
CT 178 (34.7%) 29 (36.2%)
TT 34 (6.6%) 5(6.3%)

9. Discussion

The aim of the study was to determine whether IL genetic variations were
associated with stable or unstable clinical course of CHD. Several additional analyses
were performed as well.

As it can be concluded from the findings, among genetic variations analyzed in
the study, IL-6 promoter region Hap*1 (AG8/12C) was significantly associated with
stable initial clinical course of CHD with recessive pattern. Homozygotes of Hap*1
were almost two times more frequently found among patients with stable initial course
without MI as opposed to those who developed MI within first year (30% and 16%,
respectively; OR=2.41; p=0.027). Importantly, the same association was confirmed
with other analysis that demonstrated less frequent cumulative incidence of myocardial
infarctions during the first year in Hap*1 homozygotes. To the best of our knowledge
no such findings have been previously reported in the indexed literature.

The results indicate that in presence of IL-6 Hap*1 inflammatory activity less
frequently attains critical levels and therefore is associated with lower probability of
atherosclerotic plaque destabilization and rupture, hence later development of acute
coronary events. Interpretation of the main findings, however, merits more detailed
discussion in the context of other results of this and other studies. Two major other
findings of the study are associations of Hap*1 with coronary artery occlusions and
elevated CRP levels.

As the work was based on hypothesis that IL genetic variations are able to
influence inflammatory activity and stability of atherosclerotic plaque, it would be
expected that variations associated with higher CRP levels and coronary occlusions are
associated also with unstable initial course of CHD. Yet, in case of Hap*1 there were
significant associations with higher CRP levels and more frequent coronary occlusions,
but stable initial clinical course.

Effect of this haplotype on CRP levels has been minimally studied. There is
only one small study in which haplotype AG8/12C was associated with non-
significantly lower CRP levels in patients with acute stroke (n=34) and significantly
lower in controls (n=21) (Acalovschi et al., 2003). In other studies -174C allele has
been found to have no association (Burzotta et al., 2001; Nauck et al., 2002; Basso et
al., 2002; Eklund et al., 2003) or association with higher CRP levels (Humphries et al.,
2001; Jenny et al., 2002; Vickers et al., 2002), which consists with our data.

The likely explanation for increased CRP levels and lower risk of unstable
course is the different effects of Hap*1 on basal and induced expression of IL-6. It has
been previously found in vitro that this haplotype determined higher basal transcription
of IL-6 in ECV304 cells, but after stimulation with IL-1 expression increased to a lesser
degree than with other haplotypes (Terry et al., 2000). In another study, levels of IL-6
in vivo were lower for carriers of Hap*l among patients with stroke, and IL-6
transcription activity was reduced also after stimulation with adenosine analogue in
vitro (Acalovschi et al, 2003). Other studies in which only individual IL-6
polymorphisms or incomplete haplotypes were analyzed also have found similar
associations. For instance, haplotype AGC (-596A, -572G and -174C) has been less

13



responsive to stimulation with LPS than other two haplotypes found in the study
(Rivera-Chavez et al., 2003). Although associations of IL-6 (-174) G/C with basal and
stimulated expression have been contradictory, important observation further
supporting weaker response to stimulation for this variation was finding that C allele
has less affinity to a nuclear protein produced by monocytes stimulated by LPS
(Rivera-Chavez et al., 2003).

If extrapolated to atherosclerosis model, these data suggest that mechanism why
Hap*1 has beneficial effect on stable course of CHD is due to it’s lower responsiveness
to factors that trigger IL-6 transcription compared to other common haplotypes. As a
result, inflammatory reaction is less amplified and atherosclerotic plaque less prone to
rupture. Since non-stimulated expression of IL-6 is higher with Hap*1, increased basal
levels of CRP can be expected, which was observed in our study. Likewise, such
constantly elevated inflammatory activity may be a possible explanation for the non-
significant trend of more frequent CHD in carriers of Hap*1.

The significant association of Hap*1 with coronary artery occlusions after MI
goes in line with the same mechanism. As plaque rupture in presence of Hap*1 occurs
later, it is more likely to develop on the background of higher-degree stenosis. As
demonstrated with smokers, effectiveness of spontaneous or drug-induced reperfusion
is inversely related to non-thrombotic part of occlusion (Gottlieb et al., 1996), hence
persistent total occlusion is more frequently found after MI.

We did not find significant associations with MI risk in general, although mild
effect cannot be excluded taking into account sample size. It is also possible that
Hap*1 slightly promotes CHD development, but as the first manifestation is more
stable, effect on total risk of MI risk is relatively small.

Other variations

None of the other haplotypes or alleles was associated with initial clinical
course. Several variations, however, were found to correlate with other clinical,
angiographic or laboratory parameters as summarized in Results section.

Novelty and advantages of the study
Compared to other published data, this work has several advantages.

1. So far there have been very few studies in which initial clinical course of CHD
has been analyzed. Traditionally patients were compared for presence or absence
of CHD, MI or coronary stenoses on angiography. Failure to take into account
initial course of CHD may be one of the potential reasons for inconsistent
findings. Moreover, to our knowledge there are no published studies in which
genetic factors were analyzed in association with clinical course of CHD.

2. In spite of substantial number of studies performed on individual polymorphisms
of IL-6, there are very few reports in which complete or incomplete haplotypes
were analyzed as well (Terry et al., 2000; Acalovschi et al., 2003; Rivera-Chavez
et al., 2003; Kelberman et al., 2004a). There are no published studies focusing on
IL-6 haplotypes and risk or course of CHD. In addition, we analyzed genetic
variations of three IL genes — IL-6, IL-1B and IL-1RN.

3. The study sample was larger (n=686) than in other IL-6 haplotype studies in
which sample sizes ranged fro 49 to 182 individuals (Zerry et al, 2000;
Acalovschi et al., 2003; Rivera-Chavez et al., 2003; Kelberman et al., 2004a).

4. Haplotypes were determined directly with sequencing in all 686 patients, and not
reconstructed by software, which means that information on haplotypes in this
study was highly accurate.
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5. Very important is the observation that several significant associations (clinical
course, coronary occlusion and CRP levels) were found for the same Hap*1, and
therefore possibility that statistically significant results were found by chance is
very low. In addition, coronary angiography data were available for all patients,
which allowed confirming CHD status objectively.

6. Results were adjusted for several non-genetic factors with multivariate analyses,
which allowed minimizing potential bias of covariates.

7. Only patients with no previous revascularization were included in the study, as
such interventions may interfere with the natural history of the disease.

Potential disadvantages of the study

One of the potential caveats of the study is retrospective collection of
information from the patients about their initial symptoms and timing until the first MI.
In order to perform as accurate analysis as possible, only data of patients with clearly
known initial course of CHD were included. It should be noted that in majority of
patients history of CHD was not long (no more than 1 and 5 years for 50% and 85%,
respectively). As for all retrospective and case-control studies, selection bias may
occur, as patients cannot be included after a fatal event. Other factors affecting clinical
course cannot be dismissed, such as threshold of pain perception or development of
collaterals. Nevertheless, patients’ history is the most important tool to judge about
clinical course of CHD. It should also be recognized that prospective study could not be
possible due to ethical reasons, because patients with first symptoms of CHD are
typically referred for coronary angiography and revascularization that may influence
course of CHD.

Control group of patients without CHD on angiography, is rather selective
sample and should be interpreted cautiously as for some reason all of them had some
symptoms resembling CHD. It should be stressed, however, that none of the main
results are based on this subgroup.

Relevance and implications of the results

The findings reinforce importance of two factors involved in pathogenesis and
clinical course of CHD — inflammation and genetic predisposition. They will also help
to understand pathogenetic and biomolecular mechanisms regulating inflammatory
activity in atherosclerotic plaque, which may become targets for pharmaceutical agents.

Although for multifactorial disease such as CHD any novel genetic marker is
likely to have little additive effect in risk estimation, these results indicate that IL-6
haplotypes are potentially perspective candidates for such implications. IL-6 is an
important candidate gene that merits further investigations in other studies, which
should include also other and larger populations.

It is also important that during this work (as a part of the Latvian Genome Pilot
Project) for the first time large database with well-characterized CHD patients has been
created in Latvia. The importance to take into account each population characteristics is
underlined by an example of IL-6. In our sample Hap*1 was more common (49.3%)
than in any other study (33-43%; Terry et al., 2000; Acalovschi et al., 2003; Kelberman
et al., 2004a). IL-6 (-174) C allele was even more common (50.1%) than G allele in our
population, while it was clearly the minor allele in all other studies (35%-41%; Brull et
al., 2001; Basso et al., 2002; Kelberman et al., 2004a). Unpublished data on 100 native
Latvians suggest that it is a peculiarity of the Latvian population and not a selection
bias.
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In this context, another very important aspect is that significant associations are
found for a very common genetic variation. In fact, 22.5% or every fifth individual of
our sample were Hap*1 homozygotes. It is known that genetic variations should be
common or have strong effect in order to have substantial effect on multifactorial
disease. As to the strength of associations, IL-6 Hap*1 was the third strongest predictor
of stable course of CHD (OR=2.41; p=0.027) after hypertension (OR=3.52; p=0.006)
and female gender (OR=2.47; p=0.044). For combined MI and coronary artery
occlusion criterion Hap*1was the second strongest predictor (OR=1.57; p=0.023) after
smoking (OR=1.61; p=0.034). Hence, we have found an association for a variation that
is both common and has also substantial effect on the clinical course.

Future plans

The database will be used for further research that will include genetic
variations of IL and other candidate genes, as well as their interaction with risk factors
and drug therapy. It is planned to perform a prospective follow-up study to test long-
term effects on clinical endpoints. Some of other associations and interactions have
been already reported (Latkovskis et al., 2004c; Latkovskis et al., 2006; Latkovskis et
al., 2005b). The database will be used also for collaboration with other research groups
within Latvian Genome Pilot Project.

10. Theses to defend.

1. The most common haplotype AG8/12C (Hap*1) of IL-6 promotes stable initial
clinical course of CHD.

2. There are associations of IL-1B (+3954) C/T and IL-6 genetic variations with
several clinical criteria.

3. There is a strong association between IL-6 haplotypes and coronary artery
occlusions on angiography.

4. Genetic variations of IL-1B un IL-6 have effect on high sensitivity CRP levels.

11. Conclusions

1. Haplotypes of IL-6 promoter influence initial clinical course of CHD. The most
common haplotype Hap*1 (AG8/12C) recessively promotes more stable initial
clinical course of CHD and lower risk of MI within first year since onset of CHD
symptoms.

2. IL-6 Hap*1 has a neutral or mild enhancing effect on the total risk of CHD
irrespective of the initial clinical course.

3. There are indications about association of other genetic variations with several
clinical criteria:

i. IL-6 Hap*3 (GG10/11G) is associated with less frequently found
CHD on angiography (homozygotes).
ii. IL-6 Hap*2 and IL-1B (+3954) T allele are associated with later
first manifestation of CHD (homozygotes).
iii. IL-1B (+3954) T and IL-6 (-572) C alleles are associated with
development of first MI at earlier and later age, respectively.

4. In homozygotes of IL-6 promoter Hap*1 there are more common persistent total
coronary artery occlusions after MI. It can be explained with development of
coronary thrombosis on the background of higher-degree stenosis. There is also
inverse correlation of Hap*3 with coronary artery occlusions.

5. IL genetic variations have an effect on basal inflammatory activity as shown by
association with CRP levels:
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1. The most prominent association is seen for IL-6 haplotypes —
with higher CRP levels for Hap*1 (with gene dose effect) and
Hap*6 (GG9/12G) in dominant way.

ii. IL-1B (+3954) T allele is associated with higher and lower CRP
levels in patients with and without CHD, respectively.

6. Observations, that IL-6 Hap*1 is associated with stable initial course of CHD and
higher basal CRP levels, support previously postulated hypothesis of ambivalent
effect of the haplotype on basal and induced inflammatory activity.

7. Results indicate that IL-6 promoter genetic variations affect inflammatory activity
and are able to modulate evolution of coronary atherosclerosis and clinical course
of CHD.

12. Literature

Acalovschi, D., Wiest, T., Hartmann, M., Farahmi, M., Mansmann, U., Auffarth, G.U., Grau, A.l.,
Green, F.R., Grond-Ginsbach, C. & Schwaninger, M. (2003) Multiple levels of regulation of the
interleukin-6 system in stroke. Stroke, 34, 8, 1864-9.

De Backer, G., Ambrosioni, E., Borch-Johnsen, K., Brotons, C., Cifkova, R., Dallongeville, J., Ebrahim,
S., Faergeman, O., Graham, 1., Mancia, G., Cats, V.M., Orth-Gomer, K., Perk, J., Pyorala, K.,
Rodicio, J.L., Sans, S., Sansoy, V., Sechtem, U., Silber, S., Thomsen, T. & Wood, D.; European
Society of Cardiology Committee for Practice Guidelines. (2003) European guidelines on
cardiovascular disease prevention in clinical practice: third joint task force of European and other
societies on cardiovascular disease prevention in clinical practice (constituted by representatives of
eight societies and by invited experts). European Journal of Cardiovascular Prevention and
Rehabilitation, 10, 4, S1-S10.

Basso, F., Lowe, G.D., Rumley, A., McMahon, A.D. & Humphries, S.E. (2002) Interleukin-6 -174G>C
polymorphism and risk of coronary heart disease in West of Scotland coronary prevention study
(WOSCOPS). Arteriosclerosis Thrombosis and Vascular Biology, 22, 4, 599-604.

Bennet, A.M., Prince, J.A., Fei, G.Z., Lyrenas, L., Huang, Y., Wiman, B., Frostegard, J. & Faire, U.
(2003) Interleukin-6 serum levels and genotypes influence the risk for myocardial infarction.
Atherosclerosis, 171, 2, 359-67.

Brull, D.J., Montgomery, H.E., Sanders, J., Dhamrait, S., Luong, L., Rumley, A., Lowe, G.D. &
Humphries, S.E. (2001) Interleukin-6 gene -174g>c and -572g>c promoter polymorphisms are
strong predictors of plasma interleukin-6 levels after coronary artery bypass surgery.
Arteriosclerosis Thrombosis and Vascular Biology, 21, 9, 1458-63.

Burzotta, F., Tacoviello, L., Di Castelnuovo, A., Glieca, F., Luciani, N., Zamparelli, R., Schiavello, R.,
Donati, M.B., Maseri, A., Possati, G. & Andreotti, F. (2001) Relation of the -174 G/C
polymorphism of interleukin-6 to interleukin-6 plasma levels and to length of hospitalization after
surgical coronary revascularization. American Journal of Cardiology, 88, 10, 1125-8.

Chapman, C.M., Beilby, J.P., Humphries, S.E., Palmer, L.J., Thompson, P.L. & Hung, J. (2003)
Association of an allelic variant of interleukin-6 with subclinical carotid atherosclerosis in an
Australian community population. European Heart Journal, 24, 16, 1494-9.

Daly, L.E., Bourke, G.J. & McGilvray, J. (1991) Interpretation and Uses of Medical Statistics, 4th
edition. Blackwell Science, Oxford.

Eklund, C., Jahan, F., Pessi, T., Lehtimaki, T. & Hurme, M. (2003) Interleukin 1B gene polymorphism is
associated with baseline C-reactive protein levels in healthy individuals. European Cytokine
Network, 14, 3, 168-71.

Field, A. (2000) Discovering Statistics Using SPSS for Windows. SAGE Publications Ltd., London.

Fishman, D., Faulds, G., Jeffery, R., Mohamed-Ali, V., Yudkin, J. S., Humphries, S. & Woo, P. (1998)
The effect of novel polymorphisms in the interleukin-6 (IL-6) gene on IL-6 transcription and plasma
IL-6 levels, and an association with systemic-onset juvenile chronic arthritis. Journal of Clinical
Investigation, 102, 1369-1376.

Gibbons, R.J., Abrams, J., Chatterjee, K., Daley, J., Deedwania, P.C., Douglas, J.S., Ferguson, T.B. Jr,
Fihn, S.D., Fraker, T.D. Jr, Gardin, J.M., O'Rourke, R.A., Pasternak, R.C., Williams, S.V., Gibbons,
R.J., Alpert, J.S., Antman, E.M., Hiratzka, L.F., Fuster, V., Faxon, D.P., Gregoratos, G., Jacobs,
A.K. & Smith, S.C. Jr. American College of Cardiology; American Heart Association Task Force on
Practice Guidelines. Committee on the Management of Patients With Chronic Stable Angina. (2003)

17



ACC/AHA 2002 Guideline Update for the Management of Patients With Chronic Stable Angina—
Summary Article: A Report of the American College of Cardiology/American Heart Association
Task Force on Practice Guidelines (Committee on the Management of Patients With Chronic Stable
Angina). Circulation, 107, 149-158.

Gottlieb, S., Boyko, V., Zahger, D., Balkin, J., Hod, H., Pelled, B., Stern, S. & Behar S. (1996) Smoking
and prognosis after acute myocardial infarction in the thrombolytic era (Israeli Thrombolytic
National Survey). Journal of the American College of Cardiology, 28, 6, 1506-13.

GraphPad  Software. (2005). [Online].  Available  from:  <http://www.graphpad.com/
quickcalcs/chisquared1.cfm> [July 2005]

Humphries SE, Luong LA, Ogg MS, Hawe, E. & Miller GJ. (2001) The interleukin-6 -174 G/C promoter
polymorphism is associated with risk of coronary heart disease and systolic blood pressure in
healthy men. European heart journal, 22, 24, 2219-20.

Hurme, M. & Santtila S. (1998) IL-1 receptor antagonist (IL-1Ra) plasma levels are co-ordinately
regulated by both IL-1Ra and IL-1beta genes. European Journal of immunology, 28, 8, 2598-602.

Jones, K.G, Brull, D.J., Brown, L.C., Sian, M., Greenhalgh, R.M., Humphries, S.E. & Powell, J.T.
(2001) Interleukin-6 (IL-6) and the prognosis of abdominal aortic aneurysms. Circulation, 103, 18,
2260-5.

Kelberman, D., Fife, M., Rockman, M.V, Brull, D.J., Woo, P. & Humphries, S.E. (2004a) Analysis of
common IL-6 promoter SNP variants and the AnTn tract in humans and primates and effects on
plasma IL-6 levels following coronary artery bypass graft surgery. Biochimica et biophysica acta,
1688, 2, 160-7.

Kelberman, D., Hawe, E., Luong LA, Mohamed-Ali, V., Lundman, P., Tornvall, P., Aillaud, M.F.,
Juhan-Vague, 1., Yudkin JS, Margaglione, M., di Minno, G., Tremoli, E. & Humphries SE;
HIFMECH study group. (2004b) Effect of Interleukin-6 promoter polymorphisms in survivors of
myocardial infarction and matched controls in the North and South of Europe. The HIFMECH
Study. Thrombosis and haemostasis, 92, 5, 1122-8.

Kishimoto, T. (1989) The biology of interleukin-6. Blood, 74, 1-10.

Komatsu, Y., Tai, H., Galicia, J.C., Shimada, Y., Endo, M., Akazawa, K., Yamazaki, K. & Yoshie H.
(2005) Interleukin-6 (IL-6)--373 A9T11 allele is associated with reduced susceptibility to chronic
periodontitis in Japanese subjects and decreased serum IL-6 level. Tissue Antigens, 65, 1, 110-4.

Latkovskis, G., Licis, N. & Kalnins U. (2004a) C-reactive protein levels and common polymorphisms of
the interleukin-1 gene cluster and interleukin-6 gene in patients with coronary heart disease.
European journal of immunogenetics, 31, 5, 207-13.

Latkovskis, G., Licis, N., Berzina, M., Berzina, L. & Kalnins, U. (2004b) Association of IL-1 beta
(+3954) T allele with development of myocardial infarction in younger age [abstract].
Atherosclerosis Supplements, 5, 1, 85.

Latkovskis, G., Licis, N., Berzina, M., Kreicburga, L. & Kalnins, U. (2004c) Association of IL-1B
(+3954) T allele with development of myocardial infarction in younger age interacts with
hypercholesterolemia and family history of myocardial infarction [abstract]. Atherosclerosis
Supplements, 5, 4, 17-18.

Latkovskis, G., Licis, N., Juhnevica, D., Berzina, M., Zabunova, M., Erglis, A. & Kalnins, U. (2005a)
Haplotypes of promoter region in interleukin-6 gene and levels of C-reactive protein and fibrinogen
[abstract]. European Heart Journal, 26 (Abstract Supplement), 137.

Latkovskis, G., Tretjakovs, P., Licis, N., Jurka, D., Juhnevica, D., Berzina, M., Kreicburga, L.,
Zabunova, M. & Kalnins, U. (2005b) Interleukin-6 (-174) G/C polymorphism and insulin resistance
in patients with coronary heart disease [abstract]. Atherosclerosis Supplements, 6, 1, 58.

Latkovskis, G., Licis, N., Zabunova, M., Berzina, M. & Erglis, A. (2006) Haplotypes of interleukin-6
promoter correlate with cholesterol levels in patients treated with statins [abstract]. Atherosclerosis
Supplements [in print].

Margaglione, M., Bossone A., Cappucci, G., Colaizzo, D., Grandone, E. & Di Minno, G. (2001) The
effect of the interleukin-6 c¢/g-174 polymorphism and circulating interleukin-6 on fibrinogen plasma
levels. Haematologica, 86,2, 199-204.

Nauck, M., Winkelmann, B.R., Hoffmann, M.M., Bohm, B.O., Wicland, H. & Marz, W. (2002) The
interleukin-6 G(-174)C promoter polymorphism in the LURIC cohort: no association with plasma
interleukin-6, coronary artery disease, and myocardial infarction. Journal of molecular medicine, 80,
8, 507-13.

Pallant, J. (2001) SPSS Survival Manual: A Step by Step Guide to Data Analysis Using SPSS for
Windows (Version 10) p.304. Open University Press, Buckingham.

Petrie A. & Sabin C. (2000) Medical statistics at a glance. Blackwell Science, Oxford.

18


http://www.graphpad.com/quickcalcs/chisquared1.cfm
http://www.graphpad.com/quickcalcs/chisquared1.cfm

Ridker, P.M. (2001) High-sensitivity C-reactive protein: potential adjunct for global risk assessment in
the primary prevention of cardiovascular disease. Circulation, 103, 13, 1813-8.

Rivera-Chavez, F.A., Peters-Hybki, D.L., Barber, R.C. & O'Keefe, G.E. (2003) Interleukin-6 promoter
haplotypes and interleukin-6 cytokine responses. Shock, 20, 3, 218-23.

Ross, R. (1999) Atherosclerosis: an inflammatory disease. New England Journal of Medicine, 340, 115-
126.

Sans, S., Kesteloot, H. & Kromhout D. (1997) The burden of cardiovascular diseases mortality in
Europe. Task Force of the European Society of Cardiology on Cardiovascular Mortality and
Morbidity Statistics in Europe. European Heart Journal, 18, 1231-1248

Santtila, S., Savinainen, K. & Hurme, M. (1998) Presence of the IL-1RA allele 2 (ILIRN*2) is
associated with enhanced IL-1beta production in vitro. Scandinavian journal of immunology, 47, 3,
195-8.

Terry, C.F., Loukaci, V. & Green FR. (2000) Cooperative influence of genetic polymorphisms on
interleukin 6 transcriptional regulation. The Journal of Biological Chemistry, 275, 24, 18138-44.
Thom, T., Haase, N., Rosamond, W., Howard, V.J., Rumsfeld, J., Manolio, T., Zheng, Z.J., Flegal, K.,
O'Donnell, C., Kittner, S., Lloyd-Jones, D., Goff, D.C. Jr, Hong, Y., Adams, R., Friday, G., Furie,
K., Gorelick, P., Kissela, B., Marler, J., Meigs, J., Roger, V., Sidney, S., Sorlie, P., Steinberger, J.,
Wasserthiel-Smoller, S., Wilson, M. & Wolf, P.; American Heart Association Statistics Committee
and Stroke Statistics Subcommittee. (2006) Heart disease and stroke statistics--2006 update: a report
from the American Heart Association Statistics Committee and Stroke Statistics Subcommittee.

Circulation. 113, 6, €85-151.

von der Thusen, J.H., Kuiper, J., van Berkel, T.J. & Biessen, E.A. (2003) Interleukins in atherosclerosis:

molecular pathways and therapeutic potential. Pharmacological reviews, 55, 133-166.

13. Publications on the subject of the thesis

Full publications in internationally indexed journals

Latkovskis, G., Licis, N. & Kalnins, U. (2004) C-reactive protein levels and common
polymorphisms of interleukin-1 gene cluster and interleukin-6 gene in patients with
coronary heart disease. European Journal of Immunogenetics, 31, 5, 207-213.

Abstracts published in internationally indexed journals

Latkovskis, G., Licis, N., Berzina, M., Berzina, L. & Kalnins, U. (2004) Association of IL-1
beta (+3954) T allele with development of myocardial infarction in younger age [abstract].
Atherosclerosis Supplements, 5, 1, 85.

Latkovskis, G., Licis, N., Berzina, M., Kreicburga, L. & Kalnins, U. (2004) Association of IL-
1B (+3954) T allele with development of myocardial infarction in younger age interacts
with hypercholesterolemia and family history of myocardial infarction [abstract]. (2004)
Atherosclerosis Supplements, 5, 4, 17-18.

Erglis, A., Kalnins, U., Licis, N., Narbute, 1., Jegere, S. & Latkovskis, G. (2004) Interleukin-1
receptor gene polymorphism and neointimal proliferation in patients who underwent PCI
with reduced barotraumas [abstract]. Atherosclerosis Supplements, 5, 4, 12.

Latkovskis, G., & Kalnins, U. (2004) Inflammation and atherosclerosis [abstract of the
lecture]. Atherosclerosis Supplements, 5, 4, 34-35.

Latkovskis, G., Tretjakovs, P., Licis, N., Jurka, D., Juhnevica, D., Berzina, M., Kreicburga, L.,
Zabunova, M. & Kalnins, U. (2005) Interleukin-6 (-174) G/C polymorphism and insulin
resistance in patients with coronary heart disease [abstract]. Atherosclerosis Supplements,
6,1,58.

Latkovskis, G., Licis, N., Juhnevica, D., Berzina, M., Zabunova, M., Erglis, A. & Kalnins, U.
(2005) Haplotypes of promoter region in interleukin-6 gene and levels of C-reactive protein
and fibrinogen [abstract]. European Heart Journal, 26 (Abstract Supplement), 137.

19



Erglis, A., Licis, N., Narbute, 1., Jegere, S. & Latkovskis, G. (2005) Interleukin-1 genes
cluster polymorphisms and the degree of neointimal proliferation after percutaneous
coronary intervention [abstract]. European Heart Journal, 26 (Abstract Supplement), 153.

Latkovskis, G., Licis, N., Zabunova, M., Berzina, M. & Erglis, A. (2006) Haplotypes of
interleukin-6 promoter correlate with cholesterol levels in patients treated with statins
[abstract]. Atherosclerosis Supplements [in print].

Abstracts published in other publications or proceedings of conferences.

Latkovskis G., Licis N., Kalnins U. Association of common polymorhisms of interleukin-1
genes with C-reactive protein levels in patients with coronary heart disease. 1% Baltic
Cardiology Conference, Parnu, Estonia, September 18-19.

Latkovskis G., Licis N., Kalnins U. C-reactive protein levels in relation to common
polymorphisms of interleukin-1 and interleukin-6 genes in patients with coronary heart
disease. XIX Nordic Congress of Cardiology, Odense, Denmark. 04-06.06.2003.

Latkovskis G., Licis N., Juhnévi¢a D., Berzina M., Kreicburga L., Zabunova M., Erglis A,
Kalnins U. Interleikina-6 promotera haplotipu saistiba ar C-reaktiva protena un
fibrinogéna limeni. Latvijas Universitates 63. zinatniskas konferences tézes. Riga,
11.02.2005.

Latkovskis G., Tretjakovs P., Licis N., Jurka D., Juhn&vic¢a D., Berzina M., Kreicburga L.,
Zabunova M., Kalnins U. Interleikina-6 (-174) G/C polimorfisms un insulina rezistence
adipoziem pacientiem ar koronaro sirds slimibu. Latvijas Universitates 63. zinatniskas
konferences tezes. Riga, 11.02.2005.

Latkovskis, G., Licis, N., Zabunova, M., Berzina, M., Juhnevica D. & Erglis, A. (2006)
Association of interleukin-6 promoter haplotype with coronary artery occlusions
[submitted abstract]. Transcatheter Cardiovascular Therapeutics, Washington,
USA, October 22-27, 2006.

Presentations at conferences and meetings in Latvia

Latkovskis G., Kalnins U., Licis N. C-reaktiva proteina Iimena saistiba ar IL-1B un IL-1RA
genétisko polimorfismu 160 pacientiem ar koronaro sirds slimibu. Latvijas Universitates
61. zinatniskas konferences tezes. Riga, 07.02.2003.

Latkovskis G., Licis N., Maca A., Kamzola G., Berzina M., Kalnins U. Gen&tisko un
fenotipisko faktoru saistiba ar miokarda infarkta attistiSanos jaunaka vecuma. Latvijas
Universitates 62. zinatniskas konferences tezes. Riga, 06.02.2004.

Latkovskis G., Licis N., Zabunova M., Berzina M., Juhnevi¢a D., Erglis A Interleikina-6
promotera polimorfisma saistiba ar koronaro artériju okliiziju. Latvijas Universitates 64.
zinatniskas konferences t€zes. Riga, 03.02.2006.

Latkovskis G., Licis N., Zabunova M., Berzina M., Juhnevi¢a D., Erglis A Interleikina-6
promotera polimorfismi un koronaras sirds slimibas gaita. Latvijas Universitates 64.
zinatniskas konferences t€zes. Riga, 03.02.2006.

Latkovskis G., Licis N., Zabunova M., Berzina M., Juhnevi¢a D., Erglis A Statinu interakcija
ar interleikina-6 promotera rajona polimorfismiem: ietekme uz lipidu I[tmeni. Latvijas
Universitates 64. zinatniskas konferences tézes. Riga, 03.02.2006.

20



	Gustavs Latkovskis
	Darbs veikts Paula Stradiņa Klīniskās Universitātes slimnīca
	Darba zinātniskie vadītāji / Research supervisors :
	Asoc. prof., Dr. med. Uldis Kalniņš†
	Dr. biol. Normunds Līcis
	Dr. habil. med. Andris Vītols
	Pateicības
	2. Darba aktualitāte un novitāte
	4. Darba uzdevumi
	Darba rezultāti ir ziņoti vienā starptautiski citējamā publi
	7. Darba metodes
	Analizējamo slimnieku apakšgrupu atlases un izslēgšanas krit





	Klīnisko un angiogrāfisko kritēriju analīze
	Biomolekulārās analīzes
	Mainīgo raksturojums
	Vienmainīgās analīzes (UVA)
	Daudzmainīgās analīzes (MVA)
	Genotipu biežuma atbilstība Hārdija-Veinberga līdzsvaram
	8.1. Pētījuma grupas fenotipiskais un ģenētiskais raksturoju



	Riska faktori
	Iekaisuma marķieri
	KSS raksturojums
	Prehospitālā terapija
	3. tabula. Interleikīna-6 gēna promotora rajona haplotipu ra
	Alēle
	Genotips
	1. modelis§
	2.A modelis¶
	2.B modelis¶







	Citi polimorfismi
	IL-6 Hap*2 un IL-6 (-373) A9T11
	IL-6 Hap*3 un IL-6 (-373) A10T11
	13. Publikāciju un ziņojumu saraksts par darba tēmu
	Starptautiski citējamas pilnas publikācijas
	Starptautiski citējamos žurnālos publicētie abstrakti
	Latvijas un citos izdevumos publicēto vai konferencēs ziņoto
	2. Actuality and novelty of the research
	4. Objectives
	The results are published in one internationally index journ
	Findings of this work were nominated by Latvian Academy of S
	7. Materials and methods






	Clinical and angiographic criteria.
	Biomolecular analyses
	IL-6 haplotyping methodology
	8.1. Phenotype and genetic characterization of the study sam
	Risk factors
	Inflammatory markers
	Characterization of CHD
	Pre-hospital therapy
	Table 3. IL-6 promoter region haplotypes found in the study 
	Allele
	Genotype
	Model 1§
	Model 2A¶
	Model 2B¶







	Other variations
	13. Publications on the subject of the thesis
	Full publications in internationally indexed journals
	Abstracts published in internationally indexed journals
	Abstracts published in other publications or proceedings of 



<<
  /ASCII85EncodePages false
  /AllowTransparency false
  /AutoPositionEPSFiles true
  /AutoRotatePages /All
  /Binding /Left
  /CalGrayProfile (Dot Gain 20%)
  /CalRGBProfile (sRGB IEC61966-2.1)
  /CalCMYKProfile (U.S. Web Coated \050SWOP\051 v2)
  /sRGBProfile (sRGB IEC61966-2.1)
  /CannotEmbedFontPolicy /Warning
  /CompatibilityLevel 1.4
  /CompressObjects /Tags
  /CompressPages true
  /ConvertImagesToIndexed true
  /PassThroughJPEGImages true
  /CreateJDFFile false
  /CreateJobTicket false
  /DefaultRenderingIntent /Default
  /DetectBlends true
  /ColorConversionStrategy /LeaveColorUnchanged
  /DoThumbnails false
  /EmbedAllFonts true
  /EmbedJobOptions true
  /DSCReportingLevel 0
  /EmitDSCWarnings false
  /EndPage -1
  /ImageMemory 1048576
  /LockDistillerParams false
  /MaxSubsetPct 100
  /Optimize true
  /OPM 1
  /ParseDSCComments true
  /ParseDSCCommentsForDocInfo true
  /PreserveCopyPage true
  /PreserveEPSInfo true
  /PreserveHalftoneInfo false
  /PreserveOPIComments false
  /PreserveOverprintSettings true
  /StartPage 1
  /SubsetFonts true
  /TransferFunctionInfo /Apply
  /UCRandBGInfo /Remove
  /UsePrologue false
  /ColorSettingsFile ()
  /AlwaysEmbed [ true
  ]
  /NeverEmbed [ true
  ]
  /AntiAliasColorImages false
  /DownsampleColorImages true
  /ColorImageDownsampleType /Bicubic
  /ColorImageResolution 300
  /ColorImageDepth -1
  /ColorImageDownsampleThreshold 1.50000
  /EncodeColorImages false
  /ColorImageFilter /DCTEncode
  /AutoFilterColorImages true
  /ColorImageAutoFilterStrategy /JPEG
  /ColorACSImageDict <<
    /QFactor 0.15
    /HSamples [1 1 1 1] /VSamples [1 1 1 1]
  >>
  /ColorImageDict <<
    /QFactor 0.15
    /HSamples [1 1 1 1] /VSamples [1 1 1 1]
  >>
  /JPEG2000ColorACSImageDict <<
    /TileWidth 256
    /TileHeight 256
    /Quality 30
  >>
  /JPEG2000ColorImageDict <<
    /TileWidth 256
    /TileHeight 256
    /Quality 30
  >>
  /AntiAliasGrayImages false
  /DownsampleGrayImages true
  /GrayImageDownsampleType /Bicubic
  /GrayImageResolution 300
  /GrayImageDepth -1
  /GrayImageDownsampleThreshold 1.50000
  /EncodeGrayImages false
  /GrayImageFilter /DCTEncode
  /AutoFilterGrayImages true
  /GrayImageAutoFilterStrategy /JPEG
  /GrayACSImageDict <<
    /QFactor 0.15
    /HSamples [1 1 1 1] /VSamples [1 1 1 1]
  >>
  /GrayImageDict <<
    /QFactor 0.15
    /HSamples [1 1 1 1] /VSamples [1 1 1 1]
  >>
  /JPEG2000GrayACSImageDict <<
    /TileWidth 256
    /TileHeight 256
    /Quality 30
  >>
  /JPEG2000GrayImageDict <<
    /TileWidth 256
    /TileHeight 256
    /Quality 30
  >>
  /AntiAliasMonoImages false
  /DownsampleMonoImages true
  /MonoImageDownsampleType /Bicubic
  /MonoImageResolution 1200
  /MonoImageDepth -1
  /MonoImageDownsampleThreshold 1.50000
  /EncodeMonoImages true
  /MonoImageFilter /CCITTFaxEncode
  /MonoImageDict <<
    /K -1
  >>
  /AllowPSXObjects false
  /PDFX1aCheck false
  /PDFX3Check false
  /PDFXCompliantPDFOnly false
  /PDFXNoTrimBoxError true
  /PDFXTrimBoxToMediaBoxOffset [
    0.00000
    0.00000
    0.00000
    0.00000
  ]
  /PDFXSetBleedBoxToMediaBox true
  /PDFXBleedBoxToTrimBoxOffset [
    0.00000
    0.00000
    0.00000
    0.00000
  ]
  /PDFXOutputIntentProfile ()
  /PDFXOutputCondition ()
  /PDFXRegistryName (http://www.color.org)
  /PDFXTrapped /Unknown

  /Description <<
    /FRA <>
    /JPN <FEFF3053306e8a2d5b9a306f30019ad889e350cf5ea6753b50cf3092542b308000200050004400460020658766f830924f5c62103059308b3068304d306b4f7f75283057307e30593002537052376642306e753b8cea3092670059279650306b4fdd306430533068304c3067304d307e305930023053306e8a2d5b9a30674f5c62103057305f00200050004400460020658766f8306f0020004100630072006f0062006100740020304a30883073002000520065006100640065007200200035002e003000204ee5964d30678868793a3067304d307e30593002>
    /DEU <>
    /PTB <>
    /DAN <>
    /NLD <>
    /ESP <>
    /SUO <>
    /ITA <>
    /NOR <>
    /SVE <>
    /ENU <>
  >>
>> setdistillerparams
<<
  /HWResolution [2400 2400]
  /PageSize [612.000 792.000]
>> setpagedevice


