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SEZNAM POUZITYCH ZKRATEK

CPB
HMG-CoA
ICAM-1
IFN
ICHS

IL

INOS
LDL
MCP
M-CSF
MIDCAB
MMP
MODS
MOFS
NFxB
NK
OPCAB
PDGF
PRR
PTCA
SIRS
TNF
TLR
VCAM-1

cardiopulmonary bypass, mimotélni obéh
3-hydroxy-3-methylglutaryl coenzyme A
intercellutar adhesion molecule 1
interferon

ischemicka choroba srdegni

interleukin

inducibiini NO syntaza

low density lipoprotein

macrophage chemoattractant protein
macrophage colony-stimulating factor
minimally invasive direct coronary artery bypass
matrix metalloproteinase

multiple organ dysfunction syndrome
multiple organ failure syndrom
transkripcni faktor

natural killer

off-pump coronary artery bypass
platelet-derived growth factor

pattern recognition receptor

perkutanni transluminalni koronarni angioplastika
systemic inflammatory response syndrom
tumor necrosis factor

TolHike receptor

vascular cell adhesion molecule 1



UvoD

Nemoci obéhové soustavy, zejména ischemické choroba srdeéni a cévni onemocnéni mozku,
predstavuji vzdy zasadni snizeni urovné zdravi a jsou také nejGastéjsi pfi¢inou smrti ve vech
evropskych zemich.

Chronicky zanét hraje vyznamnou Gfohu v patogenezi aterosklerdzy a zanétlivé markery jsou
povazovany za rizikovy faktor pro vznik ischemické choroby srdeéni. Svédéi pro to pfitomnost
zanétlivych bunék v poskozené arterialni sténé, systémové projevy zanétu, kieré predchazeji delsi
dobu vznik akutnich koronamich syndrom(, Castéj$i vyskyt nékterych chronickych infekci sou¢asné
s aterosklerozou i Castéji vyskyt koronarni aterosklerdzy u jedincll s geneticky determinovanym
prozanétovym fenotypem.

Projevy ischemické choroby srde¢ni lze pfiznivé ovlivnit fadou I1ékd a minimalizovanim
rizikovych faktorl vhodnou (pravou Zivotniho stylu. V pfipadé pacientd s trombem, zpisobujici uzavér
lumen cévy, je konzervativnim terapeutickym zakrokem trombolyticka 1é¢ba popf. mechanicka
reperfize pomoci perkutannich kardiologickych intervenci. Léebnym postupem tézkych forem ICHS
je chirurgicka lécba v podobé pfemosténi z(Zeného mista na véncité tepné provedenim tzv.
bypassové operace. Operace se provadi vcelkové anestézii, v mimotélnim obéhu a v celkovem
podchlazeni organismu. Stale ¢astéji se tyto operace provadéji tzv. na bijicim srdci* tj. bez pouziti
mimotélntho obéhu. V prdbéhu kardiochirurgické operace dochazi v disledku pisobeni ¢etnych
faktori k celé fadé zmén parametrd imunitniho systému. Tyto zmény z&sadnim zplsobem ovliviiuji
vyslednou zanétovou odpovéd. Z pohledu rozvoje zanétové reakce pieviada nézor, Ze operace na
bijicim srdci vede k mensi systémové zanétové odpovédi a je tak pro nemocného vétdinou méné
zatézujici. Jednoznacné dikazy podporujici toto tvrzeni v3ak dosud nejsou k dispozici.

Je potieba ziskat (daje zejména o imunitni odpovédi pacientd, u kterych dochazi k rozvoji
vaznych, zivot ohroZujicich pooperacnich komplikaci. DileZitym podkladem pro spravné terapeutické
zasahy je zhodnoceni stupné aktivace nebo suprese imunitniho systému. Nalezeni optimélnich
parametrd imunitniho systému, na zakladé kterych by bylo mozno provadét klinicka rozhodnuti, je
proto pfedmétem vyzkumu fady experimentéinich i klinickych studii.

Predkladana prace je zaméfena na sledovani dynamiky a intenzity produkce vybranych
parametr(i imunitniho systému v pribéhu kardiochirurgické operace. Cilem prace je zhodnotit viiv

rozdilnych operagniho pfistupil na rozvoj zanétové odpoveédi.



1. KARDIOVASKULARNI CHOROBY A IMUNITNi SYSTEM

Iunitni systém je schopen prostiednictvim solubilnich, biologicky aktivnich latek, cytokind
a dalSich mediator( i pfimym ptisobenim bunéénych slozek imunitni soustavy, pozitivné i negativné
zasahovat do fungovani viech télnich systémi. Pfedstavuje pro organismus jednu z rozhodujicich
integrujicich soustav. Patogeneze nemoci obéhového systému a srdce nebyla az donedavne doby
spojovana s funkcemi imunitniho systému, v soufasné dobé& je vdak na mnohé patofyziologické
situace spojené s poruchami kardiovaskularniho systému pohlizeno jako na zanétlivy proces, v némz

velkou roli hraje nepochybné imunitni systém.

1.1. ATEROSKLEROZA

Nemoci srdce a cév (fzv. kardiovaskulami choroby) jsou hlavni pficinou nemocnosti
a pfed€asnych umrti v primyslové vyspélych zemich. Pfestoze se nemoci obéhového systému
vyskytuji v riznych formach, spoleénym jmenovatelem mnoha z nich, zejména téch nejCastéjSich

a nejzavaznéjsich (ischemicka choroba srdecni a cévni mozkova piihoda), je ateroskleréza.

1.1.1. Aterosklerdza a zanétova odpovéd

Ateroskleréza byla kdysi chapana jako mechanicky proces prostého ukladani tuku do cévni
stény vedouci k jejimu uzavéru. Na zakladé rady experimentalnich i klinickych studii se vSak tato
piedstava zcela zménila. Dle soucasného pojeti je na aterosklerézu nahlizeno jako na chronicky
zanét, ktery je vysledkem interakci mezi chemicky modifikovanymi endogennimi strukturami
(lipoproteiny, produkty pokroilé glykace) a pravdépodobné, podle nékterych nepfimych dikazi,
exogennimi latkami mikrobialniho (infekéniho) plivodu, s bufikami imunitniho systému, zejména
makrofagy, T lymfocyty a dal$imi bunéénymi elementy, jakymi jsou endotelové burky, burky hladke
svaloviny, fibroblasty, mastocyty a trombocyty (1). Tento zanétovy proces vede v disledcich k tvorbé
komplexni 1éze nazyvané ateroskleroticky plat, ktery zasahuje do cévniho tumen. Ruptura platu
a nasledna tromboza zpusobujici uzavér lumen cévy vedouci k akutni hypoxii, se vdemi jejimi
disledky pro tkan. Mezi nejCastéjsi klinické komplikace patfi zejména akutni koronarni syndromy

{infarkt myckardu, nestabilni angina pectoris) a mozkova mrtvice.



1.1.2. Rizikové faktory aterosklerdzy

Ateroskleroza je disledkem dlouhodobého procesu, ktery mé nékolik fazi. Doposud neni
zcela objasnéna kauzalni pficina jejiho vzniku. Je v3ak znama cela fada fakford, kieré se na jejim
vzniku podileji, a které nazyvame rizikovymi faktory. Jedna se o faktory, kieré poskozuiji cévni endotel
a navozuji prvni stadium rozvoje aterosklerézy — dysfunkci cévniho endotelu (2). Jde o poskozeni, kdy
neni vétSinou porudena integrita endotelu, ale jsou alterovany jeho funkce. ZvySuje se adhezivita
endotelovych bunék vzhledem k leukocytiim a krevnim desti¢kam, roste permeabilita cévni stény pro
nékteré molekuly, endotelie ziskavaji prokoagulacni viastnosti, zvySuje se produkce vazoaktivnich
molekul, cytokinG, chemokind a ristovych faktord (1).

Endotelidlni dysfunkci navozuje celd fada podnétd. Velmi vyznamnym faktorem, kiery sam
0 sobé tuto dysfunkei vyvolava, je akumulace lipidi (pfedevsim LDL, low density fipoprotein) v cevnim
endotelu pfi jejich zvySené koncentraci v krvi (2). Po navazani LDL ¢astic popf. jinych lipoprotein( na
slozky mezibunééné hmoty dochézi k jejich velmi Ucinné chemické modifikaci. LDL Castice jsou
modifikovany bud enzymaticky, nebo oxidativné. Mimofadné potenfnim oxidantem jsou reaktivni
kyslikové radikaly produkované endotelovymi buitkami a makrofagy. K modifikaci dochazi také
pasobenim NO syntdzy a 15-lipooxygenazy. Na enzymatické modifikaci se podili zejmena
myeloperoxidaza &i sekreéni fospolipdza (3). LDL prodélavaji rovnéz modifikaci glykaci, agregaci,
asociaci s proteoglykany & inkorporact do imunitnich komplexd (4). Akumulace modifikevanych forem
LDL ¢astic vintimé artérii, zejména v mistech zvy$eného plsobeni hemodynamickych faktord, je
iniciaénim krokem zanétlivé odpovédi navozujici endotelidlni dysfunkci.

K zékladnim faktoriim, které zvy3uji riziko aterosklerézy, patfi take hyperienze, diabetes
mellitus a metabolicky syndrom v€etné inzulinové rezistence. Rizikovymi faktory jsou rovnéz zvysSena
hladina homocysteinu, zvy3eny oxidativni stres a pfimy toxicky viiv zplodin cigaretového koufe,
obezita a nizka fyzicka aktivita. Neovlivnitelnymi rizikovymi faktory jsou také vék (u muzi 45 let
a vy38i, u Zen 55 let a vy3Si) a pohlavi (ochranny viiv eétrogenﬁ). Pozitivni rodinna anamnéza svédgi
o viivech genetickych.

Piibyva rovnéz adajd, Ze na vzniku a rozvoji lokalni i systémové zanétové reakce typické pro
aterosklerdzu, se mohou podilet i chronické infekce virovymi nebo bakterialnimi agens. Ty mohou
aktivovat imunitni systém a vést ke zvysené tvorbé imunitnich komplexd, které zplsobuji kromé
dysfunkce endotelu i aktivaci zanétfivého procesu v cévni sténé se vSemi jeho disledky. Za mozné
etiologické agens jsou dnes povaZovany pfedevsim Chlamydia pneumoniae, Helicobacter pylori, dale

pak cytomegalovirus, jiné herpetické viry a dalsi.



Na rozvoji aterosklerotickeho loziska maji zasadni viiv také fyzikaini faktory - tlakové
a hemodynamické, smykové tieni (shear sfress), zmény v charakteru a rychlosti proudéni krve.
Plsobeni fyzikélnich sil smykového tfeni plisobi aktivaci bunéénych elementll, zmény cytoskeletu
a tvaru bunék. Obecné vede k zesileni proadheznich vlastnosti cévniho endotelu. Disledkem je
akumulace bunék zanétu preferenéné v mistech zvySeného plsobeni fyzikéini noxy. Fyziologickou
adaptaci na nékteré fyzikaini podnéty mize byt zesileni intimy se zmnoZenim bunék hladké svaloviny.
Pokrogilé aterosklerotické 1éze se vyvijeji Casto pravé na mistech tohoto adaptivniho zesileni intimy.
Jsou jimi pfedev3im mista vétveni artérii (2).

Pfi sou¢asném plisobeni nékolika rizikovych faktord se jejich nepfiznivy viiv nasobi. Rozvojem
aterosklerdzy jsou proto ohrozeni pfedev3im pacienti, u kterych je pfitomno nékolik rizikovych faktora
soucasné. Kromé klasickych" rizikovych faktor(l (Tab.1), jsou Gasto uvadény i nékteré dalSi a stale
jsou studovany faktory nové. Jedna se pfedeviim o riizné laboratorni ukazatele zanétlivé aktivity,
protrombotického stavu a dalsi. ZvySené zanétliveé markery jsou novym rizikovym faktorem pro vyskyt

komplikaci aterosklerézy.

Tab. 1: Zakiadni rizikove faktory aterosklerozy

Ovlivnitelné rizikové faktory Neovlivnitelné rizikové faktory
Hypercholesterolemie Vék > 45 let muZi, > 55 let Zeny
Koufeni Rodinna anamnéza pfedéasné ICHS
Hypertenze Muzské pohlavi

Diabetes mellitus,

porudeni glukézove tolerance

Fyzicka inaktivita

QObezita




1.1.3. Receptory pro nebezpecné vzory v rozvoji zanétové odpovédi

Jako disledek aktivace endotelu, k niz jako prvni pfispivaji zejména krevni desticky (5),
dochazi ke zvySené expresi adheznich molekul {VCAM-1, ICAM-1) na povrchu endotelovych bunék.
Nasleduje adherence leukocytl (zejména monocytl), jejich migrace do subendotelové vrstvy
a prohloubeni zanétlivé reakce v disledku lokalné produkovanych prozénétovych mediatori (TNF,
IFN). Cytokiny a ristové faktory indukuji diferenciaci monocytll na makrofagy. Vedou také ke zvysené
expresi povrchovych PRR (paftern-recognition receptor) receptorQ piirozené imunity, jejichz
prostfednictvim jsou identifikovany endogenni i exogenni (mikrobiaini) nebezpeéné vzory. Za
mimofadné vyznamné, s ohledem na vznik a rozvoj aterosklerotickeho procesu, jsou povazovany
povrchové molekuly z rodiny vychytavacich (scavenger) receptori a tzv. TLR (Toll fike receptors)
receptory.

Vychytavaci {,scavenger”) receptory U¢inné vazi, kromé& fragmentli apoptotickych bunék,
zejmeéna chemicky modifikované oxLDL (5). Vstup modifikovanych LDL Eastic cestou scavengerovych
receptoril vSak neaktivuje zpétnou vazbu, ktera by branila jejich dalSimu piijmu (2). Modifikované LDL
se proto v makrofazich neomezené hromadi (nejéastéji v podobé estert lipid() a indukuii tak pfeménu
makrofagu na pénové bunky (foamy cells), které dominuji zviasté v Easnych fazich aterosklerozy (1).

Prostfednictvim  TLR receptorl jsou identifikovany mimofadné rozmanité podnéty.
Rozeznavany jsou pfedevsim nebezpeéné vzory patogennich mikroorganismi a nebezpecné signaly,
které vznikaji patologicky ve vnitfnim prostiedi téla (6). Témi jsou také napf. stresové proteiny
hsp (heat shock proteins) ¢i modifikované molekuly mezibunéCné hmoty, produkovane v dusledku
prohlubujici se aterosklerotické 1éze (3). Identifikace nebezpeénych vzorll prostfednictvim receptori
TLR vede k iniciaci nitrobunécnych signalnich drah. Centraini Glohu pii bunécné transdukci signalli
odpovidajicich na aterogenni stimuly hraje draha transkripCni faktoru NFkB. Ten je ve své aktivni
formé translokovan do jadra, kde se vaZe na regulaéni sekvence a navozuje transkripci fady gend,
jeiichz produkty maji prozanétové (ginky a podileji se na rozvoji imunitni reakce. Jsou to zejmena
geny, které kéduji cytokiny s pfevazné prozanétovou aktivitou (IL-1, TNFar), chemokiny (IL-8, MCP-1),
adhezni molekuly (ICAM, VCAM), dale geny kodujici molekuly regulujici aktivaci buriky a bunétny
cyklus (7, 8, 9). |
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1.1.4. Vyvoj ateroskleroticke léze

Na zakladé morfologie (dané podilem nebunééné a bunééné slozky a pfevazujicim typem
bunék v platu), Ize dle konsenzu American Heart Association Committee on Vascular Lesions rozlisit
tfi zakladni stupné rozvoje aterosklercticke léze.

Casné stadium aterosklerdzy je charakterizovano ukladanim lipidovych prouzki (fatty streak)
v endotelu velkych artérii. Tukové prouzky se objevuji jiz v détském véku a mista Iokalizace tukovych
prouzk u déti jsou misty lokalizace pokro€ilejsich typl 1ézi u dospélych jedincl. Tukové prouzky
proto zcela nepochybné pledstavuji inicialni stupef aterosklerozy (10). Jsou tvofeny plevainé
makrofagy, fzv. pénovymi bunkami, s intraceluldrné akumulovanymi lipidy. V men3im mnoZstvi jsou
zde nachazeny také hladké svalové bufiky, které rovnéz mohou obsahovat kapénky lipidd. Ojedinéle
mohou byt pitomny také T-lymfocyty (2). Lipidy (nejastéji estery cholesterolu) jsou lokalizovany
predevsim intracelularné. Pfitomny jsou viak i extracelularni lipidové kapénky. Tukové prouzky nejsou
stabiini, mZe dochazet k jejich regresi az Gplnému vymizeni.

Dalsi vyvoj aterosklerotické léze zpocateéniho tukoveho prouzku do pokroCilejSich
vyvojovych stadii, je vysledkem interakci mezi makrofagovymi elementy a T lymfocyty, které se
akumuluji v misté poskozeni (1). Druhy stupen vyvoje aterosklerotické léze je charakterizovan
vyraznym ztlusténim intimy (diffuse intimal thickening). Vznika loZisko které mize uvnitf nekrotizovat
a postupné i kalcifikovat. K zesileni cévni stény dochazi v disledku migrace a proliferace bunék
hladké svaloviny. Dochézi k jejich aktivaci a zvySene syntéze extraceiulami matrix. V postizené cévni
sténé také piibyva mnoZstvi volné uloZenych lipidd a dochazi k hromadéni depozit z rozpadlych
pénovych bunék (11). Zesileni cévni stény je nejprve kompenzovano dilataci a lumen cévy zlstava
zpoCatku nezmenéno (tzv. fenomén remodelace). Aktivace hromadicich se makrofagli a T-lymfocytl
vede kdal$imu uvoltovani cytokinG (TNFor, IL-1), chemokinii (MCP-1), proteolytickych enzym(
(MMP) a ristovych faktor( (M-CSF, PDGF), které navozuji daldi poskozeni, eventuelné zplsobuji
nekrozu.

Postupujici akumulace monocytl/makrofagl, migrace a proliferace bunék hladké svaloviny,
tvorba fibrozni tkané a hromadénim extracelularnich lipidG, pravdépodobné v disledku rozpadu
pénovych bungk, vede k progresi do dalsiho stupné, oznagovaného jako fibrézni plét (fibrous plague,
atheroma). Tyto typy lézi jsou jiz charakierizovany pfitomnosti jadra a fibrozniho obalu.
Protrombogenni jadro je tvofeno bufikami (makrofagy, lymfocyty, buiiky hladké svaloviny, ve vétSim
mnozstvi pénové burky), vazivovou tkani a velkym mnoZstvim extracelularné ulozenych lipida (10).
Fibrozni obal (fibrous cap), izolujici trombogenni lipidové jadro od cirkulujicl krve, se sestava z bunék

hladkého svalstva a jimi tvofenymi kolagennimi viakny (2). Tyto typy platli jiz ¢asto vy€nivaji do lumen
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cévy, a tim zhorSuji pritok krve cévou. V pfipadé, Ze se jedna o plat se silnou a neporusenou
¢epickou, hovofime o platu stabilnim. Takovyto ateroskleroticky plat vétSinou neohroZuje pacienta na
Zivoté akutni koronarni pfihodou. Manifestuje se zpravidia ischemickymi pfiznaky, napf. stabilni
anginou pectoris {2). Za vétSinu akutnich koronarnich syndromi jsou zodpovédné nestabilni tzv.
vulnerabilni platy. Tento typ platu obsahuje velké mnozstvi zanétlivych bunék, tenky fibrozni kryt
a miva velké lipidové jadro. VétSina imunokompetentnich bunék pfitomnych vtéto 18zi vykazuje
znamky aktivace a produkuje Fadu mediatort, které se podileji na destabilizaci plétu (5). Na procesu
destabilizace dosud stabilniho platu se vyznamné padili makrofagy. Aktivované makrofagy produkuji
fadu proteolytickych enzymu ze skupiny matrixovych metaloproteaz MMP (kolagenazy, elastazy
a stromelysiny), jejich plsobenim dochazi k rozpousténi kelagenni matrix. Monocyty déle napomahaiji
destrukei ateromovych platl a aktivaci trombinu pomoci aktivace tvorby tkanového faktoru. Na
oslabeni fibrézniho krytu se podili také prozanétlivé cytokiny (pfedevsim IFN-y, produkovany
aktivovanymi T lymfocyty), které inhibuji syntézu kolagenu bufikami hladkého svalu. Dojde-li k ruptufe
platu, jsou krevnim slozkdm vystaveny subendoteliani struktury a je tak aktivovana koagulalni
kaskdda a agregace trombocytll stvorbou frombu. Nékteré tromby neokluduji artérii a jsou
inkorporovany do aterosklerotické léze. Pokud ale trombus nariista a uzavira prisvit arterie, rozviji se

ischemie s klinickym obrazem akutniho koronarniho syndromu (2).

1.2. KARDIOCHIRURGICKA OPERACE A ZANETOVA ODPOVED

Projevy ischemické choroby srdeéni |ze pfiznivé ovlivnit fadou |6kl (antiagregacni lécba,
B-blokétory, hypolipidemika) a minimalizovanim rizikovych faktorii vhodnou Upravou Zivotniho stylu.
V medikamentdzni 1&¢bé aterosklerozy dominuje feSeni jeji hlavni pficiny, tj. vysoké hladiny
cholesterolu. Standardni soucasti &by pacientl s ischemickou chorobou srdeéni nebo jinou
manifestaci aterosklerézy jsou statiny. Zakladem Gcinku statinli je kompetitivni inhibice klicového
enzymu biosyntézy cholesterolu, HMG-CoA reduktazy. Plsobenim statinG dochazi ke snizeni
koncentrace LDL cholesterolu v plazmé a minimalizaci jeho negativniho viivu na daisi pribéh
aterosklerézy. Vedle hypolipidemického (¢inku je dokumentovana také fada nelipidovych
tzv. pleiotropnich Ucinkd statind. Mezi nejdileZitéjsi byva fazena na lipidech nezévistd modulace

V pfipadé pacientl, u kterych trombdza zplsobuje uzavér lumen cévy, je konzervativnim

terapeutickym zakrokem trombolyticka |é¢ba popf. mechanicka reperflze pomoci perkutanni
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transluminélni koronarni angioplastiky (PTCA). Vyhodou PTCA je minimalni zatizeni, kratky pobyt
vnemocnhici a mensi riziko komplikaci. Problémem vSak zistavaji restenbzy po PTCA, které se
objevuji asi u 30 % takto oSetfenych nemocnych v pribéhu prvniho roku po zakroku. Procento vyskytu
restenéz po PTCA se snizuje katetrizatné zavadénymi stenty (13).

Lééebnym postupem  pro nemocné s nejzavaznéj§im a mnohoetnym postizenim
koronarniho fecidté je chirurgicka 1é¢ba v podobé pfemosténi korondrnich stendz zizeného mista na
véncité tepné tzv. bypassové operace. Operace se provadi v celkové anestézii, v mimotélnim obéhu
a v celkovém podchlazeni organismu. Stale ¢astéji se ale tyto operace provadéji tzv. na ,bijicim
srdci’ tj. bez pouZiti mimotéiniho obéhu.

Vétsina opera¢nich vykond na srdci je v dospélosti provadéna u osob, u kterych diouhodobé
probihé ateroskleroticky proces. Nemocni jsou doporuceni ke kardiochirurgické operaci nejCastéji ze
dvou diivodd. K feseni ischemické choroby srde€ni (k revaskularizaci myokardu — bypassové operaci)
nebo k operaci srde¢ni chlopné. Nékdy miiZe jit o kombinovany vykon.

Kardiochirurgicka operace je mimofadné naroénym vykonem. Piedstavuje zavazné naruseni
télni integrity, které se promitne do deregulace homeostazy a vede kiniciaci stresové kaskady.
Kardiochirurgicka operace pfedstavuje komplexni stresovou situaci. Mezi hlavni pficiny aktivace
imunitniho systému v diisledku kardiochirurgické operace patfi zejména chirurgické poSkozeni,
mechanickd manipulace na srdci, kontakt krevnich komponent s umélym povrchem mimotéiniho
obéhu, pfechodna endotoxemie a ischemicko-reperfuzni poskozeni srdce a plic (14).

Reakei na kardiochirurgickou operaci je komplexni zanétova odpovéd, ve které sehrava
nejvyznamnéj$i Ulohu imunitni systém. Rozvoj zanétové reakce u kardiochirurgickych nemocnych ma
zajistit obranu pfed infekénim agens endogenniho i exogenniho plvodu, podilet se na eliminaci
poskozenych vlastnich struktur a v neposledni fadé se zigastnit i procesu hojeni a reparace tkani.
Zanétova reakce provazejicl kardiochirurgickou operaci nema u vétsiny nemocnych bezprostiedni ani
dlouhodobé ucinky na zdravi pacient.

Prospésné (Cinky kazdé zanétové reakce jsou vSak neoddéliteind spojeny také
s poskozujicimi prvky (15). | ples terapeutické zasahy pusobici preventivné na rozvoj neZadouci
zanétové reakce stale zlistava malé procento kardiochirurgickych nemocnych, u kterych dojde
k deregulaci zanétové reakci vtakové mife, ze subklinickd forma systémové zanétové odpovedi
(SIRS) piechazi v naslednou organovou dysfunkci (MODS) a ¢asto i k organovému sethani (MOFS)
s nasledkem smrti (16). S cilem zabranit takovym nezédoucim sifuacim jsou dlouhodobé hledany
optimalni operatni postupy a je optimalizovana podpora nemocnych vpribéhu operace
i v pooperacnim cbdobi.
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1.2.1. Vliv operacnich postupli na rozvoj zanétové odpovédi

Kardiochirurgické zakroky jsou v soucasnosti provadény dvéma odliSnymi zplsoby. TradiCni
kardiochirurgicky pfistup pfedstavujl operace na srdci, které je vyfazeno z €innosti a jehoZ funkci
prebira podpldmé zafizeni, které zajidtuje cirkulaci krve v mimotélinim obéhu (GPB, cardiopulmonary
bypass) a jeji okysliceni v oxygenatoru. Novéjsim pristupem jsou kardiochirurgické operace, které jsou
provadény na bijicim srdci (OPCAB, off-pump coronary artery bypass ), které s minimalnim omezenim
vykonava své fyziologické funkce (17). S cilem co nejdetrn&jiho pfistupu jsou do Klinické praxe
zavadény i dalsi postupy, které eliminuji negativni viiv mimotéiniho obéhu, manipulace s ascendentni
aortou a sternotomii. Patfi mezi né zejména operace z miniinvazivniho pfistupu z malého fezu na
hrudniku (MIDCAB, minimally invasive direct coronary artery bypass) a pouziti miniinvazivniho
mimoté&lniho ob&hu (mini-CPB).

Z pohledu rozvoje zanétové reakce previada nazor, Ze operace na bijicim srdci vede k mensi
systémové zanétové odpovedi. Divody pro tuto skuteCnost jsou zfejmé. Pii pouZiti mimotéiniho obéhu
dochazi k masivni aktivaci humoralnich i bunéénych sloZek imunitniho systému kontaktem s umélymi
povrchy oxygenatoru a systému frubic, kierym je krev vedena (18). Proudéni krve je nejcastéji
nepulzatilni. Distedkem je Castecna ischemie organl, kterd se nejvyznamnéji projevuje v travicim
traktu. Dochazi zde zejména k negativnimu oviivnéni slizniéni bariéry ve smyslu moznosti prostupu
biologicky aktivnich tatek mikrobidlniho piivedu a s tim spojeného rizika systémove endotoxemie (8).

U pacientii operovanych na bijicim srdci je rovnéZ pozorovano nizsi podkozeni v disledku
ischemicko-reperflizni reakce. Soucasti ischemicko-reperfizniho poskozenti je tézky oxidativni stres
spojeny s tvorbou stresovych protein(i a produkci reaktivnich forem kysliku (19). Ty zapficinuji fadu
funk&nich, strukturnich a metabolickych zmén v organismu, zejména poskozeni membrany v diisledku
peroxidace lipidd. Volné kyslikové radikaly, produkované ve zvySené mife u pacientl operovanych
s CPB, zodpovidaji za systémovou zanétlivou odpovéd a jsou povaiovany za jednu
z nejvyznamnéjsich poskozujicich sloZek pii kardiochirurgickém vykonu, a to zejména z divodu jejich
padilu na rozvoji pooperaénich komplikaci (20).
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1.2.2. Zmény parametrli imunitniho systému v pribéhu kardiochirurgické operace

Kardiochirurgické operace predstavuje pro ¢lovéka komplexni stresovou situaci, pfi které je
naru$ena integrita tkani rozsahlym chirurgickym vykonem a tkané jsou poskozeny hypotermii, hypoxii
a snizenou krevni perfizi. Nasledkem je masivni aktivace humoralnich a bunégnych slozek piirozené
imunity, ke které dochazi jak expozici uvolnénym endogennim “nebezpednym vzorm’, tak kontakini
aktivaci v podplmych pfistrojich. Dal$imi imunomodulaénimi faktory jsou aplikace krve a krevnich
preparatl, anestézie, pfipadné medikace, v&etné podani kortikoid.

Expozice nezadoucim podnétim je v pribéhu kardiochirurgické operace tak velka, ze musi
byt spudtény kompenza¢ni tumivé imunitni mechanizmy, které zabréni nepfiméfené, poskozujici
aktivité pfirozené imunity. Nasledné dochazi i k depresi specifické, bufikami zprostfedkovanymi
odpovédi. Pooperaéni (tlum imunity musi byt pfiméfeny a nemél by zvySovat riziko infekénich
komplikaci v pooperaéni obdobi. Na zménach parametri imunitniho systému v priibéhu
kardiochirurgické operace se podili fada proménnych faktorl, které zasadnim zpisobem ovliviiuijt
vyslednou zanétovou odpovéd. Z pohledu rozvoje zanétové reakce pfevlada nazor, Ze operace na
bijicim srdci vede k mensi systémové zanétové odpovédi (21, 22).

Rada klinickych studii dokumentuje zmény jednotlivych sloZek pfirozené i adaptivni imunity.
Dokumentovany jsou kvantitativni i kvalitativni zmény parametrd jak burikami zprostfedkované, tak
humoralni imunity. PoCatek téchto alteraci je zaznamenavén jiz pfed zahajenim viastniho
chirurgického vykonu, bezprostiedné po ivodu do anestézie (23).

V disledku kardiochirurgické operace dochazi k leukocytoze. ZvySeni absolutniho poctu
leukocytl je zapri€inéno zvysenym podilem neutrofilnich granulocytdl (23, 24). Statisticky vyznamné
jsou také zmény v poétu jednotlivych lymfocytamich subpopulaci. Pozorovana je relativni a absolutni
lymfopenii zplsobena poklesem populace CD3+ T lymfocytl, a to zejména v subpopulaci
CD4+ T- lymfocytd. Zastoupeni CD8+ T-lymfocytl byva nezménéno nebo nepatrné zvyseno. Je tak
ovlivnén | CD4+/CD8+ pomér. Relativni podil i absolutni podet B lymfocytl je zvySen (24, 25). Tésné
po operaci vykazuje vétsina bunék fenotypové znamky aktivace, bez vyraznéjsi dodatené alterace
u pacientd operovanych s CPB. Tato pozorovani naznaCuji, Ze akfivace lymfocytl je podminéna
pievazné samotnym chirurgickym vykonem a efekt CPB je pouze miniméini (26). Bezprostiedné po
operaci dochazi ke zvy$eni zastoupeni NK bunék, které je nasledovano jejich depleci v pozdéjsim
obdobi (24, 27). Zvyeni pottu NK bunék v periferni krvi je zplisobeno jejich mobilizaci plsobenim
stresovych hormon( nadledvinek, predevsim kortizolu. Funkéni aktivita NK bunék v pooperacnim

obdobni neni zpravidia ovlivnéna (28).
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Zcela zasadni (lohu v rozvoji zanétové reakce u nemocnych s kardiochirurgickou operaci
sehravaji buriky monocyto-makrofagové linie. Jejich pocet v krvi je pooperatné snizen (24) nebo
zlistava nezménén (23). Buiky monocyto-makrofagové linie nejefektivngji identifikuji signaly
nebezpedi prostfednictvim dozorovych receptor(l a reaguji na né mimo jing tvorbou pluripotentnich
prozanétovych cytokinQ. V mnoha experimentech i v klinickych studiich je popsano zvySeni krevni
hladiny pluripotentnich prozéanétovych cytokind, pfedevsim TNFa, IL-1p, iL-6, ke kterému dochazi jiz
v pribéhu operace s dosazenim maxima obvykle prvni den po provedené operaci (29). Disledky
plisobeni pluripotentnich prozanétovych cytokinii jsou velmi rozmanité. Stimuluji kostni dieft ke
zvysené produkci myeloidnich elementl, aktivuji endotelové burfiky a leukocyty ke zmeéné
z antiadhezniho do proadhezniho fenotypu a indukuji v nich tvorbu cytokind. Stimuluji produkci
prozanétovych plsobkil tvofenych z kyseliny arachidonové inducibiini cyklooxygendzou COX-2.
Zesilenim aktivity oxidazového systému a iNOS zvySuji hladinu reaktivnich produktd kyslikového
a dusikového metabolismu. Jsou odpovédné za uvolnéni biologicky aktivnich pisobkl (napf. elastazy)
z neutrofilnich granulocytd. Moduluji funkci bunék prezentujicich antigen a tak ovliviiuji specifickou
imunitni odpovéd (30).

Intenzita aktivatnich podnétil, zejména v pripadé operace s pouZitim CPB, je tak vysoka, ze
rozvijejici se zanétové reakce musi byt zaroven negativné regulovana, aby nepfeviadly jeji poskozujici
slozky (31). Spolu s produkci prozanétiivych cytokind je tak zarovef zahajena také tvorba cytokind
s protizanétlivymi az imunosupresivnimi U¢inky. Za kli¢ovy regulaéni cytokin je povaZovan zejména
IL-10. Udaje o dynamice a kvantitd produkce jednotlivych cytokind u pacientl podstupujicich
kardiochirurgické operace jsou viak v rozporuplné a doposud v mnohém kontroverzni.

Vprilbéhu  kardiochirurgické operace je rovnéZz masivné aktivovan koagulacni
a fibrinolyticky systém krve, zviasté pfi pouziti CPB kontaktem sloZek krve sumélymi povrchy
pfistrojii. Produkty krevni koagulace a fibrinolyzy aktivuji endotelové vystelky. Vznikly trombin, ale
i Faktor IXa maji schopnost regulovat chemotaxi monocytd a neutrofilli. Samotné endotelove buiky
zvySuji expresi adheznich molekul a tvofi prozanétové cytokiny (32). Trombin zvySuje expresi
adheznich molekul P-selektinu na endotelovych buikach. To umozni G€innou adherenci neutrofilnich
granulocytii, které po aktivaci uvolfiuji plsobky poskozujici endotelie. Prostrednictvim trombinu mize
dochézet i k aktivaci a degranulaci Zirnych bunék se viemi fyziologickymi i patofyziologickymi
disledky. V mononuklearnich burkach dochazi ktvorbé tkahového faktoru, kiery zodpovida za
aktivaci vnéjsi cesty krevni koagulace (30).

Nepochybnou Ulohu ve zménach imunitni reaktivity u nemocnych se zatézi
kardiochirurgické operace sehrava také apoptéza. Apoptoza je indukovéna v kardiomyocytech,
buitkach plicniho parenchymu, endotelovych buiikach a dalsich burikach nehematopoetického pivodu
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hypoxii, plsobenim volnych radikald kysliku a dusiku. Apoptézou budou prochazet rovnéz bufiky
imunifniho systému, bud’ v disledku nepiiméfené aktivace nebo jako soucast fyziologickych regulaci
imunitni odpovédi (33).

1.2.3. Biomarkery zanétu a ateroskleréza

V rozsahlych klinickych studiich byl ovéfen vyznam mnohych ukazateli imunitniho systému,
popisujicich zanétovou odpovéd, jako biomarkerd s prediktivni vahou urujici klinické komplikace
aterosklerdzy. Jsou jimi zejména zvysené hladiny prozénétovych cytokini (IL-6, IL-1, IL-18, TNF o),
latek uvolfiovanych degranulaci bunék zanétu (myeloperoxidaza, metaloproteinazy), solubilni formy
regulacnich membranovych molekul (solubilni CD40L), solubilni formy adheznich molekul leukocytd
i endotelovych bunék (sVCAM-1, P-selektin, E-selektin, ICAM-1), fibrinogen, &i adipokiny nebo leptin
(3).

Uvedené biomarkery jsou tvofeny rliiznymi bun&nymi typy, kieré se podileji v patogenezi
aterosklerozy. Zdrojem nejsou pouze burky imunitniho systému, ale i jiné bunécné typy, napr.
endotelové burky, buiky hladké svaloviny, a pfedevSim hepatocyty. Hepatocyty jsou
nejvyznamnéjsim zdrojem bilkovin akutni faze, které se zde tvoffi po ovlivnéni prozanétovymi cytokiny,
zvlasté IL-6. Z bilkovin akutni faze ma nepochybné nejvétsi vyznam pentraxinové molekula CRP.
C-reaktivni protein je prokazatelny v aterosklerotickych placich, kde se vaZe na chemicky
modifikované LDL lipoproteiny. Svou vazbou, jako solubilniho receptoru PRR, stimuluji aktivaci
komplementové kaskady a zesiluji akumulaci monocytovych elementd. Navic CRP sniZuje tvorbu
oxidu dusnatého v endotelovych buikach a zesiluje tvorbu chemokind v burikach hladké svaloviny
a endotelovych buiikach. Postupné jsou ziskavany Gdaje o vyznamu dalSich pentraxinovych molekul,
zviasté dlouhého pentraxinu 3. Jeho zdrojem, na rozdil od CRP, jsou tkafové lokalizované makrofagy.
Dostupné vysledky viak zatim neumoZfiuji definitivné zhodnotit vyznam pentraxinu PTX3 jako

biomarkeru aterosklerozy (7).
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1.2.4. Kardiochirurgicka operace jako model zanétové odpovédi

Zanét je jedinetnym a fylogeneticky nejstar$im typem obranné a reparacni reakce, kterou
organismus odpovida na podkozeni nejriiznéj$imi noxami. Deregulované funkce imunitniho systému,
jako hlavni slozky zanétové odpovédi, maji mimoFadny potencial narusit integritu vnitfniho prostfedi
jedince a byt pficinou morbidity a mortality. Intenzita systémové zanétlivé odpovédi (SIRS) zavisi na
velikosti inzultu. PHi pfekrogeni urcité hranice intenzity zanétlivé odpovédi se méni zanét z obranného
na autoagresivni a dochazi k rozvoji sekundami multiorganové dysfunkce (sekundarni MODS) a casto
i korganovému selhani (MOFS) s nasledkem smrti. Hiuboké poznéni zanétu na Grovni gend,
signalnich drah, subcelulamich struktur, bunék, tkéni, organi a celého organismu umoziiuje lepsi
chapani patogeneze mnohych nemoci. To je predpokladem cilenych terapeutickych zasahil do
zaneétu.

Nejvyznamnéjsim zdrojem novych poznatk o vzniku, prib&hu a ukonéeni zanétove reakce
jsou experimentalni in vitro &i in vivo studie. Pfi téchto studiich jsou vyuZivany pfesné definovane
experimentalni systémy - tkafiové kultury ¢i zvifeci modely. Jsou obvykle pouZivany geneticky piné
definované bunééné linie nebo kmeny experimentalnich zvifat. Je moiné pfesné kvantifikovani
i Casovéani vyvolavajicich podnétd.

Nic ztoho neni k dispozici v klinickych studiich. Zde se vzdy jednd o geneticky vysoce
heterogenni skupiny jedincl, které se vyznaluji individuainim priibéhem zanétové reakce. Zcela
neznamé je Gasovani, kombinace a intenzita vyvolavajicich podnétl. Je opakované prokazano, Ze
pievod vysledki studia zanétu, ziskanych v in vifro &i in vivo experimentech do Klinickych aplikaci, je
mozny pouze nepfimo. Z téchto dilvodi je mimoradné zadouci sledovat zanét v klinicke situaci, na co
nejlépe definovaném modelu. Kardiochirurgické operace mé v tomto ohledu mnoho vyhod. Za nejvetsi
je mozné povafovat znalost casovani vychoziho inzultu. RovnéZ noxy, které provazeji
kardiochirurgickou operaci jsou podrobné definovany. S ohledem na univerzainost zanetové odpovedi
|ze vysledky ziskané v tomto modelu pfenaset i do jinych kiinickych situaci.

N&kolik desetileti trvajici Gsili o zlepSeni operacnich postupl i intenzivni podpory nemocnych
v pooperagnim obdobi vedlo k tomu, Ze kardiochirurgické operace nepfedstavuje ve velké vetsing
pfipadl piimé ohrozeni Zivota. Stale vSak ziistava mnoho nezodpovézenych otazek. Ziejmé prioritni
je rozhodnout, zda operace na bijicim srdci Ci operace vyuZivajici modifikovany mimotélni obéh
(mini-CPB), jsou vyhodnéj§i sohledem na intenzitu rozvoje zanétove reakce behem operace
a v pooperadnim obdobi. Pokud by se nové zavadéné postupy ukazaly jako vyhodnéjsi, byla by jim
davana prednost, a to nejen zdivodu vétsiho benefitu pro pacienta, ale i sohledem na jejich

ekonomickou vyhodu v porovnani se standardnim pfistupem. Podrobné poznani dynamiky zénétové
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vést k véasné identifikaci nemocnych, ktefi jsou ohroZeni nepfiméfenym rozvojem zanétové reakce,
ve kieré previadnou poskozujici prvky. U takovychto nemocnych by mohlo byt ¢asné Klinicky
intervenovano. Informace, které jsou v souCasné dobé shromazdovany v oblasti in vitro a in vivo
experimentech na zvifecich modelech, ukazuji, Ze charakteristiky zanétové odpovédi jsou vysoce
individualni a jsou vnemalé mife ureny genetickou dispozici Clovéka. Zviasté polymorfismy
v nékterych slozkach pfirozené imunity, napf. systém molekul TLR, urCuji dynamiku i intenzitu
zanétové odpovédi. V sougasnosti jiz neni piedCasné uvazovat i o vyhledavani rizikovych nemocnych
indikovanych ke kardiochirurgické operaci je$té pfed zahajenim viastni operace analyzou genetického
profilu (polymorfismu), ktery uréuje individuaini reaktivitu jedince. Poznatky, ziskané v kiinickém
modelu kardiochirurgické operace nepochybné povedou v neposiedni fadé i k terapeutickym
intervencim biopreparéty, kieré jsou schopny modifikovat zanétovou reakcei. Témito biopreparaty jsou
napf. monoklonalni protilatky, které inhibuji imunologicky vyznamné subsety bunék zanétu nebo
biopreparaty, které neutralizuji biologicky aktivni solubilni faktory s prozanétovym dcinkem.
Perspektivné se bude jednat o biopreparaty, které budou nahrazovat nebo mimikovat pisobeni

cytokind s protizanétovym Gginkem.
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2. CILE

Studie je zaméfena na zhodnoceni vybranych parametrd imunitniho systému v pribéhu
kardiochirurgické operace a nasledném tydennim pooperaénim obdobi. N&mi ziskané udaje by mély
prohloubit soucasné poznatky o viivu komplexni zatéze na imunitni systém s dlrazem na oziejméni
ulohy aktivace slozek piirozené imunity. Koneéné zhodnoceni zavislosti mezi parametry imunitniho
systému a klinickymi ukazateli ziskanymi béhem operace a v pooperaénim obdobi by mohlo vest
k nalezeni v klinické praxi rutinné pouZitelnych parametrii, které by predikovaly pacienty

s abnorméalnim priibéhem onemocnéni a umoznily véasné zahajeni imunomodulacni terapie.

Prace si klade za cil zejména:

1. sledovat vybrané parametry imunitniho systému u pacienti podstupujicich

kardiochirurgickou operaci v prib&hu operace a nasledném pooperaénim obdobi

2. zhodnotit viiv pouZiti mimotélniho ob&hu na dynamiku a intenzitu zmén parametri

imunitniho systému, a to zejména s ohledem na rozvoj zénétlivé odpovedi

3. nalezeni parametrll, které by uréily nemocné ohroZené rozvojem nezadouci

imunopatologické reakce po kardiochirurgické operaci.
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3. METODIKA

3.1. Soubor nemocnych (demograficka a klinicka data)

Soubor nemocnych zahmutych do studie tvofi 40 pacienti, kterym byl poprvé proveden
aortokoronami bypass. Nemocni podstoupili konvenéni myokardialni revaskularizaci, bud' s pouZitim
kardiopulmonalniho, nebo byli operovéani na bijicim srdci.

Obé skupiny pacienti se statisticky nelisily vékem, ani zastoupenim jednotlivych pohlavi. Mezi
obéma skupinami nebyl statisticky rozdil v poétu provedenych anastomoz, ani v hodnoté ejekni

frakce. Zakladni charakteristiky jednotlivych skupin pacientll uvadi tabulka (Tab. 2).

Tab. 2: Charakteristika pacientli

Operace Operace
s CPB bez CPB

Pocet n=20 n=20
Pohlavi 59,1648 49,163
Primérmy vék 6610 iet 697 let
Ejekeni frakce 65 % 85 %
Primérmy pocet 2 2
anastomo6z

Ze studie byli vyfazeni pacienti légeni protizanétlivymi pripravky (steroidy nebo NSAID),
nemocni s hodnotou sérového kreatininu > 130 umobil nebo poruchou jaternich funkci. Zadny pacient
netrpél malignim onemocnénim, ani neby! ve stavu akutni infekce.

Studie byla schvalena Etickou komisi Lékafské fakulty Univerzity Karlovy a Fakultni
nemocnice v Hradci Kralové. Kazdy pacient poskytl informovany souhlas se svou (casti ve studii.

21



3.2. Operacni postupy

Operatni postupy a postupy vedeni mimotéiniho ob&hu byly obdobné pro vSechny pacienty.
Pooperatni péce byla zajistovana na JIP kardiochirurgické kliniky, ze které byli pacienti v zavislosti na
zdravotnim stavu prekladani na standardni oddéleni. Vsichni pacienti prodélali ndsledné zotaveni bez

pooperacnich komplikaci.

3.2.1. Operace s pouZifim mimotélniho obéhu (,,on-pump*, s CPB)

Pfistroj pro mimotélni obéh (CPB, cardiopulmonary bypass) nahrazuje po dobu vlastniho
chirurgického vykonu na srdci funkci srdce a plic. Zajistuje tedy jak krevni obéh, tak i oxygenaci krve.
Zini krev je voxygenatoru (historicky bublinkovy, dnes prakticky vyhradbé membranovy) zbavena
CO2 a soucasné nasycen Q. Vsoutasné dobé jsou pouZivany pievazné rotacni pumpy, ktere
zajistuji nepulzni pritok krve pfistrojem pro mimotéini obéh. Mimotéini ob&h musi zajistit po dobu
srdedni zastavy dostatecnou perfizi vSech tkani a organd okysli¢enou krvi.

Mimotélni obéh (CPB) byl u vSech pacientli zavadén za pouZiti dvouetaZzové vendzni linky
s navratem do vzestupné aorty. Soucasti CPB byla peristaltickd pumpa (S3 Stécker®, Stocker
Instrumente GmBH, Miinchen, Germany) a membranovy oxygenator (Dideco Avant 903®, Dideco
Mirandola, Italy) v uzaviené modifikaci s odsavacim zafizenim, rezervoarem a arteriélnim filtrem
o velikosti porét 40 um (Dideco Micro 40®, Mirandola, italy). Vnitfni povrch mimotélniho obéhu nebyl
oetien zadnou hemokompatibilini latkou (heparin). SloZeni proplachovaciho roztoku bylo nasledujici:
500 ml Ringerova laktatu, 500 ml Rheodextranu, manitol (1g/kg télesné hmotnosti), 5000 IU heparin,
500 000 IU aprotinin, 80 ml 8,4% Na HCO3, 20 mi 10% suifatu hoiiku a 500 mg methylprednisolon.

Objem proplachovaciho roztoku byl korigovan tak, aby byl dosaZen hematokrit nad 0,22.
Intravendzné byl podan heparin vdavce 300 IU/kg hmotnosti, aby byl udrzovan koagulacni cas
(ACT - activated clotting time) nad 480 s v priibéhu celého mimot&iniho obéhu. U Zadného z pacientl
nebyly intravenézné aplikovany aprotinin ani kortikosteroidy. Priitok krve byl udrZovan na primémé
hodnoté 2,4 limin/m2 t&Intho povrchu stlakem mezi 50-60 mmHg. Nemocni byli operovani
v normotermii. Kardioplegie bylo dosaZenc za pomoci 800-1000 ml krystaloidniho kardioplegickeho
roztoku (St. Thomas), ktery byl podan antegradné do aortainiho kofene. Pokud bylo zapotiebi, byly
podavany dodatetné davky 200-300 ml kazdych 30 minut. VSem pacientim byla nadita mamarni

artérie (a. mammaria inferna) na levou predni sestupnou korondmi tepnu. Centrélni (aortalni)
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anastomézy vendznich $tépd byly naSity v pribéhu reperfazni faze mimotélniho obéhu na bijicim
srdci. Antikoagulaéni plisobeni heparinu bylo po ukonéeni mimotéiniho obéhu vyvazano podanim
protamin sulfatu v davce 1:1. Priméma doba uzavéru aorty svorkou byla ve studované skupiné
49 minut. Trvani mimotélniho obéhu bylo v priméru 84 minut.

3.2.2. Operace na bijicim srdci (,,off-pump*, bez CPB)

Vsechny operace byly realizovany ze stfedni {mediéini) sternotomie. Na postero-laterélnim
perikardiu byly zalozeny 2-3 trakéni sutury. Regionalni stabilizace myokardu bylo dosaZeno komeréné
dostupnymi podtlakovymi stabilizatory. Nebyl provadén preconditioning. Operovana koronami tepna
byla zachycena silikonovou Zilni smyckou proximainé k mistu anastomézy. B&hem naSivani
anastomdz byl pouZit intra-koronarni shunt (zkrat). Prvni (a v mnoha pfipadech jedinou) anastomézou
byla u véech nemocnych anastoméza levé mamarni tepny k levé pfedni sestupné koronarn{ aorté.
Centralni (aortalni) anastomdzy venodznich $tépd byly nasity s €asteCnou okluzi vzestupné aorty.
U nemocnych operovanych bez CPB byl Entraven()zné- podan heparin vdavce 200 IU/kg télesne
hmotnosti, aby bylo dosazeno ACT > 300 s. Po ukonéeni posledni anastomézy byl a€inek heparinu

vyvazan protaminem sulfatem v davce 1:1.

3.2.3. Vedeni anestézie

U véech pacientli byla vedena anestézie podle sou¢asného protokolu pouzivaného na
Kardiochirurgické klinice FN vHradci Krélové. Anestézie byla zahajena podanim thiopentalu
a midazolamu. Svalové relaxace bylo dosaZeno aplikaci cisatrakuria. Anestézie byla udrzovana
pomoci izofuranu a intermitentné sulfentanylem. Pokud bylo zapotfebi, byl kontinualné podavan
propofol. Nemocni byli na objemové fizené ventilaci s hodnotami FiO; 0,50. Primémy arterialni tiak
byl udrzovan nad 50 mmHg, pokud bylo zapotfebi aplikaci noradrenalinu.

3.3. Odbér vzorku

K analyze vybranych bunéénych a humoréalnich parametri byly odebirany vzorky arterialni
a Zilni krve.

Krevni vzorky byly u kazdého pacienta odebirany (1) pii ivodu do anesiézie, (2) po ukonceni
operace, (3) prvni, (4) tieti a (5) sedmy pooperaéni den z perifern Zily. U pacientd operovanych
s pouzitim mimotéiniho obéhu byly navic provedeny odbéry vzork( v pribéhu operace: (1a) ped
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naloZzenim svorky na aorfu, (1b) po uvolnéni svorky na aortu a {1c) po ukoncéeni mimoténiho obéhu
(Tab. 3)

Tab. 3: Odbérové schéma v priibéhu operace a pooperaénim obdobi

Operace s CPB Operace bez CPB

1 uvod do anestézie 1 uvod do anestézie

1a po naloZeni svorky na aortu

1b po sejmuti svorky z aorty

1c po ukenéeni mimotélniho obéhu

po ukondeni operace po ukonéeni operace

1. pocperaéni den 1. pooperaéni den

3. pooperacni den 3. pooperacni den

| | Wi M
i ) N

7. pooperacni den 7. pooperacni den

V priibéhu operace a prvni pooperaéni den byl provadén odbér centralni Zilni krve z arteria
pulmonalis ¢i pravé sing, pfi ivodu do anestézie a nasledném pooperacnim obdobi periferni vendzni
krev z antebrachialni Zily. Arteridini krev (arferia radialis) byla odebirana dle moznosti od uvodu do
anestézie aZ do prvniho pooperaéniho dne.

Odbér krve byl proveden do odbérovych zkumavek firmy Saarstedt (SRN). V kazdém
odbérovém intervalu byl proveden odbér nesrézliveé heparinizované krve pro analyzu bunécnych
parametrd. Pro vySetfeni sérovych parametri byl odebran vzorek srézlivé krve. Ta byla po koagulaci
centrifugovana a odebrané sérum bylo do doby naslednych analyz uloZzeno v alikvotnich objemech
pii -40°C.

3.4. Stanoveni bunéénych parametrii {prutokova cytometrie}

Hodnoceni parametri bunééné imunity bylo provedeno imunofluorescenéni analyzou na
pritokovém cytometru. Pritokova cytometrie {flow cytometry, FCM) je metoda, kterd umoznuje
simultanni méfeni a analyzu fyzikalnich a chemickych viastnosti bufiky nebo jinych biologickych Castic

béhem jejich prichodu laserovym paprskem. Nejastéji méfenymi parametry jsou rozptyl svétla
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v malém uhlu, tzv. forward scatter (je pfimo (imérny velikosti ¢astic), rozptyl svétla v 90¢ Ghlu, tzv. side
scatter (je ovlivnén granularitou) a fluorescence riizné vinové délky (18).

Imunofiucrescenéni analyza byla provadéna pomoci pritokového cytometru FACS Calibur
(Becton Dickinson, San Jose, USA) opatfenym vzduchem chlazenym argonovym laserem. K oviadani
cytometru, akvizici, uchovavani a nasledné analyze dat byl pouZit softwarovy program CELLQuest™
verze 3.3.

K detekci byla pouzita dvoubarevna analyza s vyuZitim monoklonalnich protilatek proti
povrchovym epitoplim, pfimo konjugovanych s FITC nebo PE (Beckman Coufter, Serotec). Na
zékladé stanoveni exprese vybranych povrchovych znaki byly detekovany jednotlivé leukocytami
subpopulace a hodnocena piftomnost povrchovych aktivaénich znaki souvisejicich s Casnou a pozdni
fazi zanétové reakce. Pomoci monoklonalnich protilatek byla hodnocena exprese nasledujicich
povrchovych znakd: CD3+ (Immunotech), CD4+ (Imuunotech), CD5+ (Immunotech), CD8+
{Immunotech), CD56+ (Immunotech), CD6%+ (Immunotech), CD18+ (Serotec), CD19+ (Immunotech),
TLR2+ (Serotec), TLR4+ (Serotec), CD38+ (Serotec), CD64 a CD163 (Leuko64 kit, Trillium
Diagnostics).

Cytometricka analyza byla provedena ze vzorku piné krve (vendzni i arteriélni) odebrané do
heparinu (Saarstedt, SRN). Zpracovani vzorkil bylo provedenc ihned po nabéru. Znadeni
monokionalnimi profilatkami bylo provedeno standardnim postupem: 25ul krve inkubovano s 3l
nefedéné protilatky pii laboratorni teploté po dobu 20 minut. Nasledovala lyza erytrocyti (OptiLyseC
Lysing Solution, Beckman Coulter) a 1x promyti v PBS (12000t/8minut). Takto pfipravené vzorky byly
nejpozdéji do 2 hodin po jejich zpracovani analyzovany standardnim zpdsobem pomoci pritokového
cytometru. Bylo analyzovano vzdy miniméalné 5 000 leukocyt(.

Pritokové cytometrickou analyzou byla hodnocena dynamika zmén jak v relativnim (%)
a absolutnim (podet bunék/l) zastoupeni jednotlivych leukocytarnich populaci, tak vintenzité
fluorescence hodnocenim indexu MFI {mean fluorescence index). Kdetekci CD64 a CD163
pozitivnich myelocytd byl pouzit komeréné dostupny kit Leuko64 (Trillium Diagnostics, |Q Products,
Nizozemi) vybaveny vlastnim analyzaénim softwarem pro kvantifikaci dat.

Stanoveni poctu leukocytl pro vyjadieni absolutniho poétu bunék bylo provedeno obarvenim
leukocytll Fedicim Tirkovym roztokem s néaslednym mikroskopickym zhodnocenim pocitanim

v Biirkerové komUrce.
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3.5. Stanoveni humoralnich parametrd (ELISA, nefelometrie)

VySetfované humoralni parametry byly zjiSfovany ve vzorku nesréZlivé krve odebirané do
odbérovych zkumavek firmy Saarstedt (SRN). Krev byla koagulovana a po centrifugaci bylo serum
rozdéleno do alikvotll. Do doby analyzy byly vzorky skladovany pfi -40°C. Vzorky byly zmraZeny
a rozmrazeny pouze jednou.

Sérové hladiny vybranych cytokin{i (Tab. 4) byly stanoveny komeréné dostupnymi ELISA kity.
Vysledné hodnoty byly odecteny na spektrofotometru (Photometer Multiscan) pii vinové délece
doporucené vyrobcem soupravy a analyzovany softwarem Genesis. C-reaktivni protein byl hodnocen
imunonefelometricky na analyzatoru IMMAGE 800 (Beckman Coulter, USA). Hladiny PTX3 byly
stanoveny za pomoci detekéniho setu (Alexis, Switzerland) obsahujiciho vazebnou monoklonalni
protilatku PTX3 (700 ng/mi), sekundarni polyklonalni protilatku PTX (25ng/ml) a rekombinantni lidsky
PTX3 standard.

Tab. 4: VySetiované humorélni parametry

Paramter Diagnosticky ELISA kit

IL-6 Human IL-6 Immunoassay, R&D Systems

[L-10 Human IL-10 immunoassay, R&D Systems

L-13 Human IL-13 Immunoassay, R&D Systems
sCD14 BioSource sCD-14 EASIA kit, BioSource

LBP Human LBP ELISA Kit, HyCult biotechnology
Hsp60, Hsp70 Hsp60/Hsp70 ELISA kit, Stressgen Bioreagents
Cu/Zn SOD Human Cu/ZnSCD ELISA, Bender MedSystems
PMN elastaza Human PMN elastase ELISA, Bender MedSystems
P-selektin Human sP-selectin Immunoassay, R&D Systems
PTX3 PTX {human) detection Set, Alexis Biochemicals
CRP Immunoassay reagents, Beckman Coulter
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3.6. Statistika

Zmény jak bunéénych, tak sérovych parametrd a rozdily mezi obéma skupinami pacientd byly
statisticky vyhodnoceny analyzou variance a naslednym mnohonasobnym porovnanim. Vysledky jsou
v krabicovych grafech vyjadfeny jako median a kvartily. Rozsah dosazenych hodnot bez odlehlych
a extrémnich hodnot je vyznacen vertikalni ¢arou.

Byla zhodnocena dynamika a kvantitativni zména jednotlivych parametrii v rdmci sledované
skupiny pacientl. Zmény v prGbéhu operace a nasledném pooperacnim obdobi byly hodnoceny
porovnanim vzhiedem k hodnotam naméfenym pii Gvodu do anestézie. Bylo provedeno vzijemné
porovnani obou skupin pacientd. Graficky znazornéné jsou pouze hodnoty naméfené ve venozni krvi.

Véechny testy byly provadény pfi a=0,05. Statistické hodnoceni bylo provedenc pomoci
statistického softwaru Statistica 5.5 (StatSoft, USA).

Vysvétlivky ke grafm:

maximalini hodnoty (neodlehlé)

25% kvantil

minimé&lni hodnoty (neodlehlé)

Dosazené hladiny vyznamnosti

-~ 0,05 - 0,01
%  001-0001
Jedkede <oo01

27



4. VYSLEDKY

4.1. Bunécné parametry

Hodnoceni parametrli bunééné imunity bylo provedeno imunofluorescenéni analyzou na
pritokovém cytometru FACS Calibur (Becton Dickinson, San Jose, USA). Na zakladé velikosti
a morfologie bunék (Obr.1) a stanoveni exprese vybranych povrchovych znakl byly detekovany
jednotlivé leukocytarni subpopulace (Obr, 2} a hodnocena pFitomnost povrchovyeh aktivadnich znaki
souvisejicich s ¢asnhou a pozdni fazi zanétové reakce.

Byla provedena analyza vzorki arterialni i vendzni krve. Exprese na bunkach lymfoidni nebo
myeloidni linie byla vyjadfena jako relativni nebo absolutni pocet pozitivnich bunék exprimujicich dany
znak. U vybranych znak(l byla intenzita exprese vyjadfena také v podobé MFI indexu {mean
fluorescence intensity).

U jednotlivych skupin pacientl byla sledovana zména v expresi vybranych povrchovych znaki
vzhledem k pfedoperaénim hodnotam. Bylo provedeno vzajemné porovnani obou skupin pacientd.

Graficky znazornéné jsou pouze hodnoty naméfené ve vzorcich vendzni krvi.

Scattegram FSC x SSC
. - - Leukegate CD45/CD14
5- " myeloidri burky - "  monaryty
4 MQ .
-
o
=R % =27 . granulocyly
1 G ST
T ymiooyty . ' -
=% 200 400 0t 00 1000 'D‘mﬂk 1%
S50+ DS FITC
QObr. 1: Scattegram periferni krve Obr. 2: Leukogate periferni krve
Odiigeni lymfocytl a myelodinich bunék na Oddéleni populace lymfocytd, monocytli a
zékladé odlidné hodnoty parametri FSC granulocyti na zakladé rozdill v expresi pan
(velikost) a SSC (granularita). leukocytarni molekuly CD45 a molekuly CD14
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4.1.1. Zmény v zastoupeni leukocytarnich subpopulaci

Imunitni reakce jsou zajiStovany mnoha rliznymi druhy bunék a molekul a jejich vzajemnymi
interakcemi. Bunécnou slozku imunity tvofi bilé krvinky - neboli leukocyty. Primémé mnoZstvi
leukocytli u dospélého Clovéka je 4-9.10%/ krve. Buriky imunitniho systému se vyvijeji v krvetvomych
organech diferenciaci pluripotentnich kmenovych bunék. Délenim kmenovych bun&k vznikaji dvé
zakladni linie — myeloidni a lymfoidni.

Véechny druhy myeloidnich bunék {monocyly, granulocyty, dendritické bufiky) tvofi zaklad
nespecifické Casti imunitniho systému. V&tdina z nich je nadana schopnosti fagocytozy a jsou
producenty cytokin{ a dalSich rozpustnych mediatorl. Pdsobi také jako velmi dllezité buriky
prezentujici antigen (APC, antigen presenting cells) T-lymfocytim.

Z lymfoidni linie se diferencuji T- a B- lymfocyty. T-lymfocyly jsou nezbyiné pro antigenné
specifické bunééné zprostiedkované i protilatkové imunitni reakce. Na zakladé exprese povrchovych
koreceptori je populace T-lymfocytl rozdélena na subpopulaci pomocnych induktorovych
CD4+ T- lymfocytl (rozpoznavaji antigenni fragment prezentovany molekulami HLA L. tfidy)
a subpopulaci tlumivych cytotoxickych CD8& T-lymfocytl ({rozpoznavaji antigenni fragment
prezenfovany molekulami HLA [, tidy).

Bunéénym zakladem specifické humoraini imunity jsou B-lymofocyty, exprimuijici specificky
membranovy znak CD19+ Populaci B-lymfocytl lze rozlisit na dvé subpopulace, oznacované jako
B1 a B2. B lymfocyty subsetu B1 jsou charakferistické koexpresi molekuly CD5. Protilatkova aktivita
B1 B-lymfocytd vede k tvorbé tzv. pfirozenych protilatek. Neni pfitom zavisla na regulaéni podpofe
T-lymfocytll. Piirozené protilatky predstavuji prvni bariéru protilatkové imunity a funkéné stoji na
rozhrani pfirozené a specifické imunity. Vazba pfirozenych protildtek spolu s navazanym CRP
usnadiiuje odstrafiovani apoptotickych télisek bez rozvoje nezadouci zanétové odpovédi. Tyto
vlastnosti pfirozenych protilatek jsou vyznamné napf. vinhibici neZadoucich zanétovych procesi
v cévni sténé, majici za nasledek rozvoj aterosklerotického platu (1). Znak CD5 se s vysokou denzitou
objevuie také na viech zralych T-lymfocytech. CD5 receptor se podili na pfenosu signalu
prostfednictvim TcR a BeR.

Viechny bufiky, které jsou schopné zprostfedkovat non-TcR cytotoxicitu (fj. cytotoxicita
nezavisia na pfitomnosti receptoru T-lymfocytll) v periferni krvi, maji na svém povrchu exprimovanu
molekulu CD56. Tato subpopulace obsahuje jak NK buiiky (CD3-/CD56+), tak malou subpopulaci
T-lymfocytli (CD3+/CD56+) tzv. NK-T bufiky. Znak CD56 neni exprimovan na ostatnich populacich
T- nebo B- lymfocytli, monocytd, granulocytll nebo erytrocyt.
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VYSLEDKY

Bylo sledovano zastoupeni jednotlivych leukocytamich a lymfocytamich subpopulaci
u nemocnych podstupujicich kardiochirurgickou operaci s pouZitim mimotéiniho obéhu (s CPB, n=20

osob) nebo operovanych na bijicim srdci (bez CPB, n=20 osob).

V disledku kardiochirurgické operace dochazi u obou skupin pacientl k vyrazné leukocytoze.

Maximéalnich hodnot absolutniho poétu leukocytia v krvi (17,7x10%9 bb./l u pacientl s CPB resp.

15,2x10*9 bb./ u pacientii bez CPB) bylo dosazeno prvni pooperaéni den (graf &.1).

Graf ¢.1

poéet bunék (10*9/1)

Zmeny absolutnho podt leukocytl
u pacientll operovanych s CPB a bez CPB

s CPB

Uvod do anestézie
ukonéeni operace
3 1. poperaéni den

L2 3. pooperadni den
&3 7. pooperadni den

bez CPB

Narist absolutniho podtu leukocytl je zplsoben zvydenym podilem neutrofilnich granulocytd.
Zvysené procentuélniho zastoupeni granulocyti je pozorovano jiz v pribéhu operace. U pacientl
operovanych s CPB je tento narlst z54,3 % (pfi Uvodu do anestézie) na 77,8 % (po ukonéeni
operace), u pacientll operovanych bez CPB z 52,3 % na 70,3 %. Maxima je u obou skupin pacient
dosazeno prvni pooperaéni den (80,3 % u pacientd s CPB resp. 75,0 % u pacientl bez CPB),

v daldim pooperatnim obdobi dochazi k normalizaci na vychozi hodnoty. ZvySeny podil granulocytl
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byl obdobny u obou skupin pacient(l. Statisticky vyznamny rozdil (p<0,05) mezi pacienty operovanymi

s CPB a bez CPB by! zaznamenan pouze bezprostiedné po ukonceni operace (graf &.2).

Graf &.2 Zmény relaivniho podtu granulocytl ' ‘o5 CPB j‘

u pacientl operovnych s CPB abez CPB ' .o.-- bez CPB }
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Zmény relativniho poétu monocytd (CD14+) jsou pouze minimalni a v celém sledovaném
obdobi se u obou skupin pacientl pohybuji v rozmezi 25 - 6,5 %. Nebyly zjiStény statisticky
vyznamné rozdily mezi pacienty operovanymi s CPB a bez CPB (graf £.3).

Graf¢. 3 Zmény relativniho pots monocytl __e sCPB
i u pacientd operovnych s CPB a bez CPB L .- -- bez CPB :
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Kardiochirurgické operace jsou provazeny poklesem relativniho podtu lymfocytd. Vyrazna
lymfopenie je u obou skupin pacientll pozorovana jiz po ukonéeni operace, u pacientl operovanych
s CPB dochazi k poklesu z vychozich 38,0 % na 14,3 % resp. z32,0 % na 21,5 % u pacient( bez
CPB. Minimalnich hodnot je dosaZeno prvni pooperaéni den (8,3 % u pacientd s CPB resp. 10,3 %
u pacientli bez CPB). Vnasledném pooperaénim obdobi dochazi opét k postupnému nérlstu
relativniho pottu lymfocytl. Snizeny podil lymfocytd v disledku kardiochirurgickych operaci byl
obdobny u obou skupin pacientit. Statisticky vyznamny rozdil (p< 0,05) mezi pacienty operovanymi

s CPB a bez CPB byl zaznamenan pouze bezprostfedné po ukonteni operace (graf €.4).

! Graf &. 4 Zmény relativniho poéhs lymiocytl 7. s CPB
i u pacientll opercvnych s CPB a bez CPB .. ... bez CPB -
40,0 e ,
| 30,0 -
|
i = 200 -
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1 2 3 4 5 ;
odbéry

U kardiochirurgickych pacientd byly sledovany také zmény v zastoupeni vybranych
lymfocytarnich subpopulaci. U obou skupin pacientd byt zaznamenén statisticky vyznamny pokles
lymfocytarniho subsetu CD3*CD4*. Pokles z vychozi hodnoty 43,5 % u pacientd s CPB resp. 50,0 %
u pacientl operovanych s CPB je statisticky vyznamny (p< 0,001) u pacientll bez CPB jiz béhem
operace, u pacientti bez CPB prvni pooperacni den. Minimalnich hodnot bylo u obou skupin pacientd
dosazeno prvni pooperaéni den (24,8 % u pacientd s CPB resp. 29,5 % u pacientl bez CPB). Treti

a sedmy den bylo pozorovano opétovné zvyseni relativniho poctu CD3+CD4+ lymfocyt.
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Statisticky vyznamny rozdil mezi skupinou pacientd operovanych s pouZitim CPB
a operovanych bez CPB byl zjistén po ukonceni operace (p<0,01) a 1. pooperaéni den {p<0,01).

V ostatnich sledovanych intervalech nebyl rozdil mezi skupinami statisticky vyznamny (graf ¢.5).

—e———— |

} Graf €. 5 Porovnani relativnho podtu CD3+4+ lymiocytli v periernikrvi - —e—s CPB H
\ u pacientli operovnych s CPB a bez CPB :---0--- bez CPB% I
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Relativn! potet CD8+ pozitivnich lymfocytl vykazuje plynuly pokles v celem pooperacnim
obdobi, a to u pacientl s CPB z vychozich 29,0 % na 23,8 % resp. z 29,8 % na 21,8 % u pacientil bez
CPB. U pacientd operovanych s pouZitim mimotéiniho obéhu predchazi tomuto poklesu statisticky
vyznamné zvyseni (p< 0,001) CD8* pozitivnich lymfocyti po ukongeni operace (41,0 %).

Mezi skupinou pacientl operovanych spouzitim CPB a bez pouZiti CPB nebyl zjistén

signifikantni rozdil v refativnim potu CD8* pozitivnich tymfocytd (graf €. 6).

Graf &. 6 Porovnani relatvnino pottu CD8+ lymbocytl v perifernikrvi | —e—5CPB ;

u pacientll operovnych s CPB a bez CPB ...a--- bez CPB |
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Relativni potet CD8- CD56* lymfocyt(l vykazuje obdobnou dynamiku u obou skupin pacientd.
V pritbéhu operace az do prvniho pooperaéniho dne dochézi k postupnému naristu relativniho poctu
CD8-CD56* lymfocytli. Maxima je dosazeno u pacientdl operovanych bez pouziti CPB prvni
pooperaéni den (8,8 %), u pacientll operovanych s pouZitim mimotéiniho obéhu jiz po ukonceni
mimotélniho obéhu (12,5 %). V pooperaénim obdobi je u obou skupin pozorovan pokles k vychozim
piedoperaénim hodnotam (5,8 % u pacientd s CPB resp. 5,0 % u pacientll bez CPB).

Nebyl zji§tén signifikantni rozdil v relativnim poctu CD856* pozitivnich lymfocytl mezi

skupinou pacientti operovanych s pouzitim CPB a bez pouziti CPB (graf €.7).

Graf¢.7  Porovnanirelatvniho pottu CD8-56+ lynocyt v periferni krvi L---- sCPB
u pacient operovnych s CPB a bez CPB ..0--- bez CPB
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U obou skupin pacientl je pozorovan pokles CD19* lymfocytd (z 9,0 % na 5,5 % u pacientd
s CPB resp. 288 % na 58 % u pacienti bez CPB), ktery je vpozdéjsim pooperaéni obdobi
nasledovan signifikantnim zvy$enim (1. pooperacni den p<0,001 resp. 3. a 7. pooperacni den
p<0,01). Maximalnich hodnot bylo dosaZeno u pacienti s CPB tfeti pooperatni den (19,8 %),
u pacientll bez CPB bylo maxima (13,5 %) dosaZeno jiZ prvni den po operaci.

Relativni potet CD19+ lymfocytil byl v celém pooperaénim obdobi statisticky vyznamné vyssi

ve skupiné pacient(i operovanych s CPB (graf £.8).
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Graf ¢.8  Porovnanirelaivniho podiu CD19+ lymiocytl v periferni krvi —o-_— s CPIg__i
u pacienti operovnych s CPB a bez CPB .-.o--- bez CPB i
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V pribéhu operace je pozorovan pokles relativniho poétu CD5* lymfocytd. U obou skupin bylo
minimalnich hodnot dosazeno prvni pooperaéni den (53,1 % u pacientd s CPB resp. 620 % u
pacientil bez CPB). Tento statisticky vyznamny (p<0,001) pokles v porovnani s pfedoperacnimi
hodnotami (73,5% u pacientt s CPB resp. 75,3 % u pacientll bez CPB) je nasledovéan opétovnym
vzestupem v celém pooperaéni obdobi.

Pfi porovnani jednoflivych skupin pacientl byl po ukonéeni operace zaznamenan signifikantni
vy$$i podil CD5* lymfocytl ve skupiné pacientl operovanych bez CPB (graf €. 9).
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4.1.2. Dynamika exprese membranové molekuly CD18

Molekula CD18, leukocytami adhezni B2 integrinova molekula asociovana s o integriny
CD11a, b nebo ¢, se zapojuje do adheznich interakci leukocytll. Zodpovida za pevné piilnuti
teukocytdl k endotelové vystelce a jejich migraci do subedoteliainiho prostoru. Adheze feukocytamich
elementi, zviasté monocytl a T lymfocytl, na aktivovanou endotelovou vystelku je podminkou rozvoje
zanétové reakce varteridlni sténé vprocesu ateroskierdzy (1). ZvySena exprese integrinovych
molekul je spojena s aktivaci buiiky a je nalézana u pacientil s ischemickou chorobou srdeéni.

K analyze exprese CD18 byla pouZita protilatka MEM-148, ktera specificky rozpoznava
zkracenou formu CD18 B2 integrinového fetdzce. Tato forma je ve zvySené mife exprimovana na

aktivovanych monocytech a neutrofilech (34).

VYSLEDKY

Byla sledovana povrchové exprese molekuly CD18 (MEM-148) u nemocnych podstupujicich
kardiochirurgickou operaci s pouZitim mimotélniho obéhu (CPB, n=20 osob) nebo operovanych na
bijicim srdci (n=20 osob).

Zmény relativniho poétu myeloidni bunék exprimujicich aktivaéni molekulu CD18 (MEM-148)
vykazovaly obdobny priibéh u obou skupin pacient (graf €. 10).

Graf¢. 10 Relativni potet CD18™ myeloidnich bunék v periferni krvi pacientl
100 operovanych s CPB a bez CPB
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Jak u pacientl operovanych s CPB, tak u pacientll operovanych na bijicim srdci bylo
v porovnani s pfedoperaénimi hodnotami (58,8 % u pacientt s CPB resp. 55,5 % u pacientli bez CPB)
pozorovano signifikantni snizeni jiz v pribéhu operace aZ po prvni pooperacni den (31,3% u pacientti
s CPB resp. 44,3 % u pacientll bez CPB). Treti pooperatni den nasiedovala normalizace k vychozim
hodnotam a sedmy pooperaéni den doSlo opét k signifikantné vyznamnému (p<0,001) sniZeni

relativniho po¢tu CD18+ lymfocytd,

Nebyly nalezeny statisticky vyznamné rozdily v relativnim poctu CD18+ myeloidnich bunék
mezi pacienty operovanymi s pouZitim CPB a operovanymi na bijicim srdci (graf €. 11).

Graf & 11 Porovnani relativniho potty CD 18+ myeloidnich bungk | —e—s CPB
v periferni krviu pacient] operovnych sCPB abezCPB  |...o--- bez CPB
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Publikace vysledkd:

Kudlova M., Kolatkova M., Kune$ P., Lonsky P., Mandak J., Andrys C., Krejsek J.. Expression of an activated form of
integrin Bz chain CD18 in cardiac surgical operations. Acta Medica, 2007, 50(3): 187-193,
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41.3.  Dynamika exprese membranové molekuly CD38

Molekula CD38, integraini membranovy glykoprotein typu Il, je exprimovan v rizné denzité na
vet§ing hematopoetickych bunék, pfevainé béhem asné diferenciace a dale po aktivaci. Je silné
exprimovan na plazmatickych buntkach. CD38 se uplatiuje jako ektoenzym s ADP-ribosyl-cykidzovou
aktivitu a vykazuje fadu imunoregulaénich funkei. Podili se na regulaci bunééne aktivace a proliferace,
adhezi leukocyt( k endotelovym bufikam, indukuje sekreci cytokinil, aktivaci kinaz a fosforylaci fady
bunéénych proteind (35).

VYSLEDKY

Byla sledovana povrchova exprese molekuly CD38 u nemocnych podstupyjicich
kardiochirurgickou operaci s pouzitim mimot&iniho obé&hu (CPB, n=20 osob) nebo operovanych na
bijicim srdci (n=20 osob).

Zmény relativniho poctu myeloidni bunék exprimujicich molekulu CD38 vykazovaly obdobny
priibéh u obou skupin pacientl (graf €. 10).

Graf £.12 Relativni potet CD38’ myeloidnich bunék v periferni krvi pacientQ
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Jak u pacientd operovanych s CPB, tak u pacientll operovanych na bijicim srdci bylo
v porovnani s piedoperacnimi hodnotami (40,5 % u pacientii s CPB resp. 32,8 % u pacient(i bez CPB)
pozorovano zvyseni relativniho poétu CD38+ myeloidnich bunék, signifikantné vyznamne zvySeni bylo
zaznamenano jiz v pribéhu (u pacientli s CPB) a po ukonéeni operace. Prvni poopera¢ni den byl
statisticky vyznamné vy$$i poCet CD38* myeloidnich bunék pozorovan jiz pouze u pacienti
operovanych s pouzitim CPB (49,3 %), u pacientd operovanych na bijicim srdci bylo naopak
obou skupin dosaZeno tieti pooperaéni den (28,3 % u pacientd s CPB resp. 28,0 u pacientil bez
CPB), tento pokies v3ak nebyl vzhledem k pfedoperanim hodnotam statisticky vyznamny.
K signifikantnimu zvjeni relativniho poétu CD38* myeloidnich bunék (62,8 % u pacientli s CPB resp.
40,5 % u pacientt bez CPB) doSlo opét az sedmy pooperacni den.

Pfi porovnani jednotlivych skupin pacientli byl zjistén signifikantné vyznamné (p< 0,05) vyssi
podil CD38* myeloidnich bunék u pacientl operovanych s pouzitim CPB, a to prvni a sedmy
pooperacni den (graf &. 13).

. Grafé. 13 Porovnani relavnino poctu CD38+ myeloidnich bunék W—-io—sCPB—
; v periferni krvi u pacient operovnych s CPB a bez CPB L -o--- bez CPB.
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Publikace vysledkd:;

Kolackova M., Kudiova M., Andrys C., Kunes P., Lonsky V., Krejsek J.: The impact of interleukin-10 on CD38 expression
in cardiac surgical patients {poster a abstrakE}, Infernational Conference of Analytical Cytometry |V, Bmo, 23.-26.6.2007.
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41.4. Dynamika exprese membranové molekuly TLR-2 a TLR-4

Prostfednictvim TLR receptor( jsou identifikovany mimofadné rozmanité podnéty exogenniho
i endogenniho plvodu, které obvykle pro organismus pfedstavuji signaly nebezpedi. Membranové
receptory TLR identifikuji signaly nebezpeli extracelulamé lokalizovanych patogend. Jsou v nejvétsi
mife vyjadfeny na klicovych burikach pfirozené imunity tj. na dendritickych burikach a makrofazich.
V mensi mife jsou piitomny také na epitelovych a endotelovych bunkach, adipocytech ¢i
kardiomyocytech. Nitrobunécné receptory TLR jsou zaméfeny na identifikovani nebezpeénych vzori
intracelulédrnich patogenl a jsou lokalizovany v endozomélnim kompartmentu. Prostfednictvim TLR
receptorl jsou rozeznavany pfedeviim nebezpetné vzory patogennich mikroorganismd
a nebezpeéné signaly, které vznikaji patologicky ve vnitfnim prostfedi téla (8). Témi jsou napf.
stresové proteiny hsp, modifikované molekuly mezibunééné hmoty ¢i oxidativné nebo enzymaticky
modifikované lipoproteiny vznikajici v disledku prohlubujici se aterosklerotické iéze (3).

Identifkace nebezpegnych vzord prostfednictvim receptori TLR vede kiniciaci
nitrobunécénych signalnich drah, které stimuluji pfepis gend kodujicich latky s prozanétovymi Géinky
podilejicimi se na rozvoji zanétové reakce {obr. 3) . Opakované byla prokazana dloha polymorfismu

TLR v progresi aterosklerézy rezultujici ve zvySenou incidenci kardiovaskularnich pfihod (36).

PEPTIBOGLIGAN hap s B R

Obr. 3: Aktivace makrofagh prostfednictvim receptord TLR
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Nejsirsi reaktivitu ma TLR-2, ktery je hlavnim receptorem rozpoznavajicim patogenni vzory
Gram-pozitivnich bakterii. Receptor TLR-2 mlize vytvéaret heterodimery s TLR-1 a TLR-6. Jako ligandy
receptoru TLR-2 byly prok&zany peptidoglykany, lipoteichoova kyselina, lipoarabinomanan a dalsi
bakterialni glykolipidy, glykoproteiny a lipoproteiny (6).

Nejlépe prozkoumanym receptorem ze skupiny Toll-like receptor(i je receptor TLR-4. Vaze
fadu ligandd, z nich nejdileZitdj8i je lipopolysacharid Gram-negativnich bakterii. TLR-4
zprostfedkovava rovnéz odpoved na nékteré endogenni signaly, jako je stresovy protein Hsp60, ktery
se uvoliiuje z vlastnich poskozenych bunék, fibrinogen nebo oligosacharidy vznikajici degradaci

hyaluronanu (37).

VYSLEDKY

Byla sledovana povrchova exprese receptoru TLR-2 2 TLR-4 u nemocnych podstupujicich
kardiochirurgickou operaci s pouzitim mimotélniho obéhu (CPB, n=20 osob} nebo operovanych na

bijicim srdci (n=20 osob).

Byly pozorovany obdobné zmény exprese TLR-2 a TLR-4 receptor(l na myeloidnich burkéach

u obou skupin pacient.

Graf¢. 14
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Jak u pacientli operovanjch s CPB, tak u pacientl operovanych na bijicim srdci bylo
v porovnani s piedoperacnimi hodnotami (19,0 % u pacientii s CPB resp. 25,5 % u pacient( bez CPB)
pozorovano sniZeni relativniho poctu TLR-2+ myeloidnich bunék {graf ¢. 14), signifikantné vyznamné
snizeni bylo zaznamenano jiZ v prib&hu (u pacientl s CPB} a po ukonéeni operace. Nejnizsich
hodnot (3,5 % u pacientl s CPB resp. 11,0 % u pacientl bez CPB} bylo dosaZeno u obou skupin
pacientd po ukonéeni operace. Pooperagni obdobi bylo naopak provazeno zvydenou expresi TLR-2
receptord. Toto zvySeni bylo u pacientll operovanych s pouZitim CPB statisticky vyznamné prvni
a sedmy pooperacni den. U pacientl operovanych na bijicim srdci byly pooperaéni zmény statisticky
nevyznamne.

Exprese TLR4* receptorG na myeloidnich burkéach vykazuje obdobnou dynamiku jako
exprese receptort TLR2+. Jak u pacient operovanych s CPB, tak u pacientdl operovanych na bijicim
srdci bylo v porovnani s predopera&nimi hodnotami (5,3 % u pacientd s CPB resp. 9,5 % u pacientt
bez CPB) pozorovano snizeni relativnino poétu TLR-4*+ myeloidnich bungk, signifikantné vyznamné
snizenf bylo zaznamenano jiz v priibéhu (u pacientd s CPB) a po ukonéeni operace. Nejniz$ich
hodnot (3,0 % u pacientd s CPB resp. 3,3 % u pacientll bez CPB) bylo dosazeno u obou skupin
pacient(l po ukonéeni operace. Pooperacni obdobi bylo naopak provazeno zvy$enou expresi TLR-4
receptor(l. V porovnani s predoperaénimi hodnotami bylo toto zvySeni u obou skupin pacientt

statisticky vyznamné vy33i prvni a tfeti pooperaéni den (graf &. 15).

Graf¢. 15 Relativiii poet TLR4™ myelcidnich bunék v periferni krvi pacientd
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Nebyly nalezeny statisticky vyznamné rozdily v expresi ani receptord TLR-2 (graf &.16), ani
TLR-4 {graf €. 17) mezi pacienty operovanymi s CPB a operovanymi na bijicim srdci.

Grafé. 16 Porovnani relaivniho potuTLR2+ myeloidnich bunék ;MSCPB '
v periflerni krvi u pacientit operovnych s CPBabez CPB .0--- bez CPB
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Graf &. 17 Porovnani relativniho pocki TLR4+ myeloidnich bunék | —e—s CPB
v periferni krvi u pacienti operovnych s CPBabezCPB !...o... bez CPB|
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41.5. Zmeény exprese aktivacni molekuly CD64 a vychytavaci molekuly CD 163
v prabéhu kardiochirurgické operace

CD64 (FcyR1) je receptor pro lgG. Vyskytuje se na dendritickych bunkach, NK burikach,
burikach kostni dfené, aktivovanych makrofazich a monocytech a aktivovanych granulocytech.
Prozanétlivé faktory jako INF-y a G-CSF zvy3uji jeho expresi na buikach. Zvy3ena exprese CD64 na
neutrofitech je pouzivana jako indikator zanétu a sepse (38).

CD163 je scavengerovy receptor pro hemoglobin. Vyskytuje se na aktivovanych monocytech
a makrofazich. Je uvoliiovan jako solubiini sCD163 do plazmy. V mensi mife se vyskytuje rovnéz na
lymfocytech a granulocytech. Jeho exprese je indukovana IL-6 a glukokortikoidy. Je exprimovén
hlavné ve stiedni a pozdni fazi zanétu. Ma obecné protizanétovy icinek. Podobné jako zvysena
exprese CD64 na neutrofilech, zvy§ena exprese CD163 na monocytech a makrofazich a vysoka
koncentrace v plazmé mize slouZit jako indikator zanétu a sepse.

LeukoB4 kit pfedstavuje komeréné dostupny diagnosticky set ke stanoveni povrchové exprese
CD64 (FITC) a CD163 (PE) na jednotlivich leukocytamich populacich za ucelem diferencialni
diagnostiky bakteridini sepse a ureni zanétové odpovédi jine etiologie. Soucasti kitu jsou
fluorescenéné znatené ,beads®, které jsou urené ke kalibraci pristroje a slouzi zaroven jako
kvantifikacni fluorescenéni standard. Exprese antigenu v piislusné populaci bunék je vyjadfena ve
formé indexu. Vzhledem k vysoké stabilité a reprodukovatelnosti, je mozné perspektivni pouziti tohoto

testu jako rutinniho klinického nastroje pro sledovani zanétové odpovedi.

VYSLEDKY

Byla sledovana povrchova exprese CD64 a CD163 u nemocnych podstupujicich
kardiochirurgickou operaci s pouzitim mimotélniho obéhu (CPB, n=20 osob) nebo operovanych na
bijicim srdci {(n=20 osob).

Povrchova exprese sledovanych znakii byla vyjadiena v podob& CD64 indexu a CD163

indexu zviast pro populaci monocyti a granulocytd.
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Kardiochirurgické operace jsou provazeny vyznamnou dynamikou exprese obou sledovanych
aktivaénich marker(.

V priibéhu operace nebyly zaznamenany statisticky vyznamné zmény v expresi znaku CD64.
K signifikantnimu zvy3eni monocytarniho (graf €. 18} i granulocytamiho (graf ¢, 19) CD64 indexu
v porovnani s pfedoperaénimi hodnotami dochazi u obou skupin pacientl az v pooperaénim obdobi.
Nejvyssich hodnot monocytarniho CD64 indexu (11,6 u pacientd s CPB resp. 13,0 u pacientl bez
CPB) bylo u obou skupin pacient(i dosaZeno prvni pocperaéni den. Toto zvySeni je u obou skupin
pacientll statisticky vyznamné jesté také tfeti a sedmy pooperatni den. NejvysSich hodnot
granulocytamiho CD64 indexu (1,5 u pacientl s CPB resp. 1,1 u pacientl bez CPB) bylo u obou
skupin pacientt dosaZeno tieti pooperaéni den.

Hodnota CD64 indexu v populaci monocytd byla fadové vyssi, nez hodnota tohoto indexu u
granulocytli. Zaroven nérust exprese CD64 na monocytech (1. pooperaéni den) €asové pfedchazi
zvydené expresi tohoto znaku na granulocytech (3. pooperaéni den).

Grafé.18.
Exprese povrchoveho antigenu CD64 v populaci monocytd u pacient
operovanych s CPB a bez CPB
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Graf¢.19 Exprese povrchového antigenu CD64 v populaci granulocytl u pacientd
29 operovanych CPB a bez CPB
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Mezi skupinou pacientd operovanych s pouzitim CPB a bez pouZiti CPB nebyl v Zadné
z bunéénych populaci zjigtén signifikanini rozdil v hednotach CD64 indexu (graf €. 20 a 21).

Graf &. 20 Porovnani exprese povrchového anfigenu CD64 | —e—s CPB
v populaci monocytl .-.D--- bez CPB
u pacientd operovnych s CPB a bez CPB
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Graf ¢. 21 Porovnani exprese povrchového antigenu CD64 | —a——s CPB

v populaci granulocyt ---p--- ber CPB
u pacientd operovnych s CPB a bez CPB
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Exprese znaku CD163 na monocytech {(graf. ¢ 22) a granulocytech (graf &. 23) vykazuje
obdobnou dynamiku jako exprese znaku CD64. Vpribéhu operace a po jejim ukonéeni je
zaznamenavan v obou bungénych populacich statisticky nevyznamny pokies intenzity fluorescence

znaku CD163. Nardst hodnoty indexu CD163 je pozorovan opét az v pooperaénim obdobi.

Graf¢. 22 Exprese povrchového antigenu CD163 v poputaci monocytl u pacientd
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Graf €. 23

Exprese povrchového antigenu CD163 v populaci granulocyt( u pacientd
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Signifikantné vySsi hodnoty monocytarniho i granulocytarniho CD163 indexu v porovnani
s predoperaénimi hodnotami jsou u pacientli operovanych s pouzitim CPB zjitény prvni a teti
pooperatni den. U pacientl operovanych na bijicim srdci jsou ve stejném Gasovém intervalu
statisticky vyznamné vy38{ hodnoty pozorovéany pouze v populaci monocytld. Zmény v expresi
povrchového antigenu CD163 v populaci granulocytd u pacientli operovanych bez pouZiti CPB byly
v celém sledovaném obdobi statisticky nevyznamneé.

Hodnota CD163 indexu v populaci monocytl byla, stejné jako v pfipadé indexu CD64, fadové
vy&8i, nez hodnota tohoto indexu u granulocytd.

Signifikantni rozdil v hodnoté CD163 indexu mezi skupinou pacienti operovanych s pouZitim
CPB a bez pouziti CPB byl Zji§tén prvni pooperaéni den v populaci monocytl {graf €. 24). V populaci
granulocytt (graf ¢. 25) byl rozdil mezi skupinami statisticky nevyznamny.
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Graf €. 24 Porovnéni exprese povrchového antgenu CD163 | —e—s CPB
v populaci monocytl ---0--- bez CPB |
u pacientl operovnych s CPB a bez CPB ‘
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Graf €. 25 Porovnéni exprese povrchového antigenu CD163 e SCPB |
v populaci granulocy ---0--- bez CPB|
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4.2.  Humoralni parametry

Vysetfované humoraini parametry byly zjistovany ve vzorku srazlive krve odebirané do
heparinizovanych odbérovych zkumavek firmy Saarstedt (SRN). Koagulovana krev byla
centrifugovana a sérum rozdéleno do alikvotl. Sérové hladiny vybranych cytokind byly stanoveny
komeréné dostupnymi ELISA kity. Vysledné hodnoty byly odeteny na spektrofotometru (Photometer
Multiscan) pii vinové délce doporucené vyrobcem soupravy a analyzovany softwarem Genesis.
C-reaktivni protein byl hodnocen imunonefelometricky na analyzatoru IMMAGE 800 (Beckman
Coulter, USA).

Graficky znazornéné jsou pouze hodnoty naméfené ve vendzni krvi

4.21. Dynamika sérové hladiny IL-6, IL-10 a IL-13

Interleukin-6 (IL-6), produkovany fadou bunék pfi odpovédi na prozanétiivé stimuly, je
pleiotropni cytokin, jehoz klicovou roli je indukce (za podpory IL-1 @ TNFo) proteind akutni faze
v hepatocytech. Pisobi dale jako signat pii aktivaci T-lymfocytli a neutrofild (39). Prispiva k terminalni
diferenciaci a sekreci protilatek B-lymfocyty a stimuluje hematopoézu (9). ZvySena hladina
cirkulujiciho IL-6 se pouziva jako prognosticky marker u sepse a srdeniho selhavani. Vysoke hladiny
jsou pfitomné v souvislosti s dysfunkci jater a ledvin. Zvy3ena hladina IL-6 je detekovana jiz 60 minut

po operacnim vykonu, a to imémé jejimu rozsahu (8).

Interleukin 10 (IL-10) je multifunkéni cytokin s plevladajicimi protizanétovymi a&inky, ktery je
zasadnim zplsobem zapojen do regulaci lokaini a systémové zanétove reakce. V monocyto-
makrofagovych bufikach pottacuje produkci prozanétovych cytokind, tvorbu kyslikovych radikalu
a oxidu dusnatého. Negativné ovliviiuje prezentaci antigenu snizenou expresi HLA molekul
a kostimulacnich molekul. V rdmci specifické imunity tlumi akfivitu Th1 subsetu a stimuluje rozvoj

-----

vede k (tlumu obrannych reakei. Je spojen s rizikem pooperaéni infekce a amrtim v disledku sepse.

Interleukin 13 (IL-13), produkovan zejména subsetem Th2 lymfocyti, bazofily a mastocyty.
Stimuluje produkci IgE, ktery je kli¢ovym mediatorem alergického zanétu. Spolu s interleukinem 4

moduluje funkce makrofagl, negativné ovliviiuje produkci NO a expresi prozanétovych cytokint (39).
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VYSLEDKY

Porovnali jsme sérové hladiny cytokind IL-8, IL-10, a IL-13 u nemocnych podstupujicich
kardiochirurgickou operaci s pouZitim mimotélniho obéhu (CPB, n=17 osob) nebo operovanych na
bijicim srdci (n=17 osob).

Koncentrace IL-6

Koncentrace IL-6 v séru se pohybovala v celém sledovaném obdobi mezi 0,3 - 30,8 pg/mil
(graf €. 26). Statisticky vyznamné zvySeni (p< 0,01} bylo prokazano u pacienti operovanych s CPB jiz
po odstranéni aortalni svorky (odbér 1b), u pacientll operovanych bez CPB po ukondeni operace.
Nejvy$3i koncentrace séroveho IL-6 byly naméfeny u pacientd operovanych s CPB bezprostiedné po
ukonceni operace (6,9 pg/ml}, v pfipadé pacientd operovanych na bijicim srdci prvni pooperaéni den
(9,5 pg/ml). Statisticky vyznamné {p< 0,01} zvy3eni hladiny IL-6 v porovnani s pfedoperaéni hladinou
pretrvava u obou skupin pacientl jesté prvni a tfeti pooperaéni den. Sedmy pooperaéni den je toto

zvyseni jiz statisticky nevyznamné.

Graf €. 26 L. L. .
Dosazené hodnoty IL-6 v séru pacientl operovanych s CPB a bez CPB
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U nemocnych s CPB je v porovnani s nemocnymi bez CPB hladina IL-6 vyznamné (p<0,05)
vy88i bezprostiedné po operaci. V prvni pooperaéni den je hladina IL-6 naopak vyznamné{p<0,01)
zvySena u nemocnych bez CPB. V ostatnich sledovanych odbérovych intervalech nejsou statisticky
vyznamné rozdily v sérové hiadiné IL-6 mezi pacienty operovanymi s pouzitim CPB a bez pouZiti CPB
(graf €. 27).

Graf €. 27 Porovnani sérove koncentrace iL-6 e _SCPB

u pacientil operovnych s CPB a bez CPB --.g--- bez CPB
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Koncentrace IL-10

Koncentrace IL-10 vséru se pohybovala vcelém sledovaném obdobi mezi 0,3 — 1570,6
pg/mi (graf &. 28). U pacientd operovanych s pouZitim CPB jsme pozorovali postupny narist sérové
hladiny IL-10 v pribéhu celé operace. Statisticky vyznamné (p<0,05) zvySeni hladiny IL-10
v porovnani s predoperacni hodnotou bylo zjisténo jiz po sejmuti aortalni svorky, maximalnich hodnot
(441,0 pg/ml) v produkei IL-10 bylo dosaZeno po ukonéeni operace. Signifikantni zvyeni (p<0,05)
v porovnani s predoperadni hladinou pietrvava jesté prvni a ffeti pooperaéni den. U pacientii
operovanych na bijicim srdci bylo prokazano statisticky vyznamné zvySeni hladiny IL-10 v porovnani
s predoperaéni hladinou jiz po ukonéeni operace. Vrcholu hladiny (15,8 pg/ml) u téchto nemocnych
bylo dosazeno prvni pooperacni den. Statisticky vyznamné zvy3ena hiadina IL-10 pfetrvava jeste treti
pooperaéni den. Sedmy pooperaéni den jiz nebyly vzadné skupiné pacientii zjistény statisticky

vyznamné rozdily v hladiné IL-10 v porovnani s pfedoperacni koncentraci.
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Grafc. 28
DasaZzene hodnoty IL-10 v séru pacient operovanych s CPB a bez CPB
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U nemocnych s CPB je vporovnani snemocnymi bez CPB hladina IL-10 vyznamné
{p< 0,001) vy35i bezprostfedné po operaci. V ostatnich sledovanych odbérovych intervalech nejsou
statisticky vyznamné rozdily v sérové hladiné IL-10 mezi pacienty operovanymi s pouzitim CPB a bez

pouziti CPB (graf . 29),

Graf &. 29 Poravnani sérové koncentrace [L-10 —e—35 CPB
u pacientll operovnych s CPB a bez CPB ---O---bez CPB
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Koncentrace IL-13

Koncentrace cytokinu IL-13 v séru se pohybovala mezi 1,2 — 157,4 pg/ml. Sérové hladiny cytokinu
IL-13 byly-u obou skupin pacientu na hranici detekovateosti a vykazuji pouze minimalni zmény

v celém sledovaném obdobi (graf €. 30).

Graf €. 30 DosaZené hadnoty IL-13 v séru pacient operovanych s CPB a bez CPB
120 1
100 t
80
T edr
g
o
o 40}
207
0 e
20 I 5 : T3 3 4 3
s CPB skupiny pacientd bez CPB

V Zadném z odbérd nebyl zjidtén statisticky vyznamny rozdil mezi pacienty operovanymi

s pouZitim CPB a bez pouziti CPB (graf €. 31).

Graf &. 31 Porovnani sérove koncentrace IL-13 —a»—35 CPB
u pacientll opergvnych s CPB a bez CPB ...o--- bez CPB
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4.2.2. Dynamika sérové hladiny PTX3 a CRP

Pentraxin 3 (PTX3) je nové objevenym proteinem akutni faze, ktery sdili casteCnou homologii
s dlouho znamym pentraxinem C-reaktivnim proteinem (CRP). Zatimco v pribéhu reakce akutni faze
je CRP wytvaren v jatrech a pfisobi na Growni celého organismu, PTX3 vznika pfimo v zanétlivem
loZisku a jeho plsobeni je lokalizované do postizené tkané. Spolegnou viastnosti obou pentraxinii je
aktivace komplementu klasickou cestou. Oba pentraxiny se podileji na patogenezi nékterych
zanétlivych onemocnéni s autoimunitni slozkou. Z tohoto pohledu se nejvétsi zajem soustiedi na
aterosklerozu a jeji komplikace. Jsou popsany (¢inky PTX3 v patogenezi revmatoidni attritidy, IgA
nefropatie a aterosklerozy. Dokumentovana je také prognostickd vypovédni hodnota PTX3
u nemocnych s akutnim infarktem myokardu, nemocnych v septickém Soku a nemocnych s plicni
tuberkulézou (40).

VYSLEDKY

Porovnali jsme sérové koncentrace proteind akutni faze - pentraxinu 3 (PTX3) a CRP
u nemocnych podstupujicich kardiochirurgickou operaci s pouzitim mimotéIniho ob&hu (CPB, n=17

osch) nebo operovanych na bijicim srdci (n=17 osob).

Koncentrace PTX3 vséru se pohybovala mezi 0,04 - 2,55 pg/ml. Ve skupiné pacient
operovanych s CPB i ve skupiné pacientl operovanych na bijicim srdci byl zaznamenan signifikantni
narist sérové hladiny PTX 3 (graf ¢. 32). U pacient(l operovanych s pouZitim CPB byl zaznamenan
signifikantni nariist koncentrace PTX3 jiz po ukonéeni mimotélnihc obéhu (odbér 1c), maximalnich

hodnot (1,6 pg/ml) bylo dosazeno prvni pooperacni den. U pacientii operovanych na bificim srdci bylo
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signifikantni zvyseni (p<0,001) a zarovedl nejvySSi koncentrace (1,1 pg/ml) dosaZeno az prvni
pooperacni den. Statisticky vyznamné vy33i hladina PTX3 v porovnani s pfedoperaéni trovni je
u pacientd operovanych bez pouziti CPB zaznamenéna je3té tieti pooperaéni den. Sedmy pooperaéni

den dochazi u obou skupin k poklesu sérové koncentrace PTX3 na piedoperadni (roves.

Graf¢. 32
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V naméfenych hodnotach PTX3 byl mezi pacienty operovanymi s pouZitim CPB a bez pouziti
CPB zjistén statisticky vyznamny rozdil po ukondéeni operace {(graf €. 33).

Graf &, 33 Porovnéni sérove koncenface PTX3 ~—a—35 CPB
u pacientli operovnych s CPB a bez CPB ---o--- bez CPB
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Koncentrace CRP v séru se pohybovala mezi 1,0 — 284,0 mg/l. Produkce CRP vykazovala
obdobnou dynamiku u obou skupina pacientli (graf €. 34). V priibéhu operacniho vykonu nebyla
zaznamenana zvysena hladina CRP. K signifikantné vyznamnému zvyseni (p<0,001) koncentrace
CRP v séru dochazi az prvni pooperacni den. Maximalnich hodnot (124,0 mg/l u pacienti s CPB resp.
170,0 mg/l u pacientli bez CPB) bylo u obou skupin pacientli dosazeno tfeti pooperaéni den. Sedmy
pooperacni den je pozorovan pokles sérové hladiny CRP, u obou skupin pacientl viak v porovnani
s pfedoperacni hodnotou ziistava i nadale koncentrace CRP statisticky vyznamné zvydena.
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V zadném ze sledovanych intervalll nebyl zjistén statisticky vyznamny rozdil v koncentraci
CRP mezi skupinou pacientl operovanych s pouzitim CPB nebo bez pouZiti CPB (graf ¢£.35). Je
zajimavé, Ze trend v tvorbé CRP byl vy8§i u nemocnych operovanych bez pouziti CPB, u kterych se

obecné predpoklada mensi zatéz,
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4.2.3. Dynamika sérove hiadiny Hsp60 a Hsp70

Proteiny teplotniho Soku (heat shock proteins, Hsp) patfi k evoluné starym proteindim, které
jsou strukturné velmi konzervované napfi¢ riiznymi druhy prokaryotickych i eukaryotickych organismd.
Jejich konstitutivni exprese je dilezitym homeostatickym mechanismem, ktery napomaha udrzet
stabilitu vnitfniho prostiedi organismu.

Zvysend produkce Hsp je soudasti komplexni stresové odpovédi vyvolané v disledku
plsobeni fady faktorl zevniho i vnitiniho prostiedi. Hsp jsou indukovény nejen zvydenou teplotou, jak
bylo zjisténo pfi prvotnich experimentech, ale také fadou dalSich stimull, jako je plsobeni vir,
riznych chemikalii, dale mechanickym stresem, anoxiii a vystavenim volnym radikatim
a prozanétovym cytokinim (41, 42).

Funkce Hsp proteind jsou velmi rozmanité. Podafilo se prokazat ochranné plsobeni proti
oxidaCnimu poskozeni lipidd, bilkovin, sloZek cytoskeletu i nukleovych kyselin. Podafilo se rovnéz
ozfejmit | ochranné plisobeni u chorobnych procesi s vyznamnou (éasti oxidacniho poskozeni, napf.
pfi poskozujicim zanétu, kancerogenezi, ischemickych poruchach a pfedéasném starnuti (43).

Zvysena exprese a reaktivita Hsp je davana také do souvislosti s iniciaci, ¢i naslednym
rozvojem aterosklerotického procesu. V fadé studii jsou prokazovany zvySené hiadiny protifatek proti

Hsp v souvislosti s vaskularmim poskozenim a pfitomnosti éasnych aterosklerotickych lézi (41).

VYSLEDKY

Porovnali jsme sérové koncentrace Hsp60 a Hsp70 u nemocnych podstupujicich
kardiochirurgickou operaci s pouzitim mimotélniho ob&hu (CPB, n=17 osob) nebo operovanych na
bijicim srdci (n=17 osob).

Koncentrace Hsp60 se pohybovaly v rozmezi 0,15 — 23,3 ng/ml. Byla pozorovana obdobna
dynamika vtvorbé Hsp60 u obou skupina pacientd (graf ¢. 36). V prib&hu operaéniho vykonu
a bezprostfednim pooperatnim obdobi nebyla zaznamenana signifikantni zména koncentrace Hsp60.
K statisticky vyznamnému snizeni (p<0,01) koncentrace Hsp60 dochazi aZz sedmy pooperatni den,

a to pouze ve skupiné pacientl operovanych bez pouziti CPB.
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Graf ¢. 36
DosaZene hodnoty Hsp60 v séru pacientl operovanych s CPB a bez CPB
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V zadném ze siedovanych intervall nebyl zjistén statisticky vyznamny rozdil v koncentraci

Hsp60 mezi skupinou pacientl operovanych s pouZitim CPB nebo bez pouziti CPB (graf &. 37).
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Koncentrace Hsp70 se pohybovaly v rozmezi 0,2 — 10,64 ng/ml. V celém sledovaném obdobi
byly v porovnéni s pfedoperalnimi hodnotami pozorovany pouze minimalni zmény (graf ¢. 38).
Statisticky vyznamny (p<0,001) narlst byl prokdzan pouze u pacienti operovanych s pouZitim CPB,
a to bezprostfedné po ukonéeni operace.

Graf &. 38 DosaZené hodnoty Hsp70 v séru pacientd operovanych s CPB a bez CPB
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Koncentrace Hsp70 se u pacientll operovanych s CPB a bez CPB vyznamné (p<0,05) liSila
bezprostiedné po ukondeni operaéniho zakroku, kdy u pacientl operovanych s CPB dochazelo

k vyraznému narlstu sérového Hsp70 v porovnani s pacienty operovanymi na bijicim srdci.
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4.24. Dynamika sérové hladiny LBP a sCD14

Identifikace bakterialnich lipopolysacharidd (LPS) je komplikovana a vyZaduje vazbu
plazmaticke bilkoviny LBP {lipopolysacharide binding protein). Komplexy LPS a LBP se vaZi na
molekulu CD14, ktera prostiednictvim extracelularni molekuly MD2 reaguje s TLR-4. TLR-4 je
klicovou molekulou v aktivaci bufiky po pusobeni LPS.

LBP, plazmaticky protein syntetizovany pfevazné v hepatocytech a plicich, vaze s vysokou
afinitou lipid A bakterialnich lipopolysacharid(i a katalyzuje vazbu LPS na CD14 receptor. Plazmaticka
hladina LBP rychle vzriista v prithéhu zanétové odpovédi (1).

Molekuta CD14 je membranovy protein, vazany fosfatidylinositolovou (GPI) kotvou, kiery
slouzi jako vysokoafinni receptor pro vazbu komplexd LPS-LBP. Je exprimovéan na fadé bunék,
zejména na povrchu monocyti/makrofagl a neutrofilnich granulocyti. Vtélnich tekutinach se
vyskytuji také solubilni formy sCD14, které vznikaji proteolytickym odStépovanim z povrchu bunék.
Solubilni molekuta sCD14 kompetitivné inhibuje vazbu LBP-LPS komplexu na membranové vazanou
formou CD14. Takto negativné regulaéné zasahuje do prozanétovych procesl. Zéroveit se
vkomplexu sLBP vaze na povrch bungk, které neexprimuji molekulu CD14, napf. na povrchu
endotelovych bunék a bunék hladké svaloviny. Po vazbé komplexu dochazi k aktivaci téchto bunék
s naslednym uvolnénim prozénétovych plisobki (1). Z uvedeného je zfejmé, Zze sCD14 vykazuje

z funkéniho hlediska pozoruhodné protichiidné regulaéni dlohy.

VYSLEDKY

Porovnali jsme sérové koncentrace LBP a sCD14 u nemocnych podstupujicich
kardiochirurgickou operaci s pouzitim mimotélniho obéhu (CPB, n=20 osob) nebo operovanych na
bijicim srdci (n=20 osob).
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Sérové koncentrace LBP se pohybovaly vrozmezi 14 - 74,8 ug/ml. Jak u pacientd
operovanych s CPB, tak u pacientd operovanych na bijicim srdci byly pozorovany pooperaéng
zvySené sérove hladiny LBP (graf &. 40).
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V porovnéni s predoperaéni Grovni (4,2 pug/m! u pacientd s CPB resp. 5,6 ug/ml u pacientd
bez CPB) bylo u obou skupin pacientil pozorovano statisticky vyznamné (p<0,05) zvydeni prvni
pooperaéni den. Maximalnich koncentraci (27,1ug/ml u pacientll s CPB resp. 37,3 pg/ml u pacientd
bez CPB) bylo dosazeno tfeti pooperaéni den a signifikantné vyssi hladiny byly naméfeny i sedmy

den po operaci.
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V zadném ze sledovanych intervald nebyl zjistén statisticky vyznamny rozdil v koncentraci
LBP mezi skupinou pacientil operovanych s pouZitim CPB nebo bez pouZiti CPB (graf €. 41).

- Parovnani serové koncentrace LBP 5 CPB |
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Sérové koncentrace sCD14 se pohybovaly v rozmezi 3,8 -24,3 pg/ml. Sérové koncentrace
sCD14 vykazovaly odliSnou dynamiku mezi porovndvanymi skupinami pacientl (graf €. 42).
U pacientl operovanych s pouZitim CPB bylo dosazeno maximalnich koncentraci (9,2 pg/ml} jiz prvni
pooperaéni den. U pacientl operovanych na bijicim srdci byl zaznamenan postupny narist sérové
hladiny sCD14 s maximem (11,6 ug/mi) dosaZenym aZ sedmy pooperacni den. Sedmy pooperacni
den pfetrvavala statisticky vyznamné (p< 0,01) vy3si hladina sCD14 v porovnani s pfedoperacni

koncentraci i u pacientll operovanych s pouZitim CPB.
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Graf¢. 42
DosaZené hodnoty sCD14 v séru pacient( operovanych s CPB a bez CPB
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V zadném ze sledovanych interval(i nebyl nalezen statisticky vyznamny rozdil v sérovych
konceniracich sCD14 mezi pacienty operovanymi s CPB a pacienty operovanymi na bijicim srdci (graf
¢. 43).
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5. SHRNUTI

Soubor nemocnych zahrnutych do studie tvofilo 40 pacientl, kterym byl poprve proveden
aortokoronarni bypass. Nemocni podstoupifi konvenéni myokardiaini revaskularizaci, bud s pouzitim
mimotélniho obéhu nebo byli operovani na bijicim srdci. Obé skupiny pacientd se statisticky neliSily
vékem, ani zastoupenim jednotlivych pohlavi. Mezi ob&ma skupinami nebyl statisticky rozdil v poCtu
provedenych anastomdz, ani v hodnoté ejekéni frakee.

K analyze vybranych bunéénych a humoralnich parametrii byly odebirany vzorky arterialni
a Zilni krve. Odbér vzorkli byl provadén jek v priibéhu operace, tak vnasledném sedmidennim
pooperacnim obdobi.

Hodnoceni parametrii bunétné imunity bylo provedeno dvoubarevnou imunofluorescencni
analyzou na pritokovém cytometru FACS Calibur {Becton Dickinson, San Jose, USA). K detekci
CD64 a CD163 pozitivnich myeloidnich bunék byl pouZzit komeréné dostupny kit Leuko64 (Trillium
Diagnostics, IQ Products, Nizozemi) vybaveny viastnim analyza&nim softwarem pro kvantifikaci dat.

Sérové hladiny vybranych cytokinG byly stanoveny komeréné dostupnymi ELISA Kkity.
Vysledné hodnoty byly odefteny na spekirofotometru (Photometer Multiscan) pfi vinové délce
doporudené vyrobcem soupravy a analyzovany softwarem Genesis. C-reaktivni protein byl hodnocen
imunonefelometricky na analyzatoru IMMAGE 800 (Beckman Coulter, USA). Hladiny PTX3 byly
stanoveny za pomoci detekéniho setu (Alexis, Switzerland).

U jednotlivych skupin pacientli byla sledovana zména vybranych parametrli vzhledem
k pfedoperaénim hodnotdm. Rovnéz bylo provedeno vzajemné porovnéni obou skupin pacient.
Zmény jak bunéénych, tak sérovych parametrii a rozdily mezi obéma skupinami pacientii byly
statisticky vyhodnoceny analyzou variance a naslednym mnohonasobnym porovnanim. Statisticke

hodnoceni bylo provedeno pomoci statistického softwaru Statistica 5.5 (StatSoft, USA).

V disledku kardiochirurgickych operaci dochazi k vyrazné leukocytoze. Maximéainiho poctu
leukocyti bylo dosazeno u obou skupin pacientl prvni pooperaéni den. Narlst absolutniho poctu
leukocytli je zpisobovan zvySenym podilem neutrofiinich granulocyti. ZvySené procentualni
zastoupeni granulocytd bylo pozorovano jiz po ukonéeni operace. Statisticky vyznamné vyssich
hodnot relativatho poétu granulocytil bylo dosahovano ve skupiné pacientil operovanych s pouZitim
CPB. Zmény relativniho podtu monocytd vykazovaly v celém sledovaném obdobi pouze minimalni
Zméany.

Jiz vpribéhu operace a zejména v pooperatni obdobi byla pozorovana vyznamna

leukopenie, a to zejména v subsetu CD3+CD4+, Statisticky vyznamné vy88i pokles jak celkového
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pottu lymfocyt, tak vsubsetu CD3+CD4+ byl zaznamenan ve skupiné pacientd operovanych
s pouzitim CPB.

Populace CD19+ lymfocytl byla naopak pooperatné signifikantné zvySena. Relativni pocet
CD19+ lymfocytd byl v celém pooperatnim obdobi statisticky vyznamné vy3si ve skupiné pacientd
operovanych s CPB. U Zadného z pacientd nebylo pozorovano zvy3ené procentudini zastoupeni
CD19+/CD5+ lymfocytii. Zmény relativniho poétu CD19+/CD5+ lymfocytd byly zaroven pod hranici
rozliSovaci schopnosti pfistroje a nebylo je tedy mozno statisticky vyhodnotit.

V pribéhu operace az do prvniho pooperacniho dne byl zaznamenan postupny narist

relativnino pottu CD8-CD56+ lymfocyt( nasledovany opétovnym poklesem k vychozim hodnotam.

Kardiochirurgické operace vedly k signifikantnimu poklesu relativniho poctu CD18+
myeloidnich bunék v pribéhu operace a ¢asném pooperaénim obdobi. Nebyly nalezeny statisticky
vyznamné rozdily vexpresi aktivatni molekuly CD18 mezi pacienty operovanymi s CPB

a operovanymi na bijicim srdci.

Jak u pacientl operovanych s CPB, tak u pacientd operovanych na bijicim srdci bylo
v porovnani s pfedoperaénimi hodnotami pozorovano signifikantné vyznamné zvySeni CD38+
myeloidnich bunék jiz v pribéhu operace. Pouziti mimotélntho ob&hu vedlo k signifikantné vyssi
expresi CD38 v pooperacnim obdobi. Statisticky vyznamné vy33i podil CD38+ myeloidnich bunék

u pacient( s CPB byl pozorovana prvni a sedmy pooperacni den.

Jak u pacienti operovanych s CPB, tak u pacientl operovanych na bijicim srdci bylo
v porovnani s pfedoperacnimi hodnotami pozorovano snizeni relativnino poftu TLR-2+ i TLR4+
myeloidnich bunék. Signifikantné vyznamné sniZeni bylo zaznamenano jiz v pribéhu operace.
V poopera¢nim obdobi byla naopak zaznamenana statisticky vyznamné vy3si exprese TLR-2 i TLR-4
na myeloidnich burikach u obou skupin pacientd. Nebyly nalezeny statisticky vyznamné rozdily
v expresi ani TLR-2, ani TLR-4 mezi pacienty operovanymi s CPB a pacienty operovanymi na bijicim

srdci.

Kardiochirurgicka operace je provazena vyznamnou dynamikou exprese aktivacnich markerdl
CD64 a CD163. U obou skupin pacientl dochazi v pooperacnim obdobi k signifikantnimu zvySeni
monocytarniho i granulocytamiho CD64 indexu, piicemZ narlst exprese CD64 na monocytech je
radové vy38i a casové predchazi zvysené expresi tohoto znaku na granulocytech. U obou skupin
pacientd je v poopera&nim obdobi pozorovan rovnéz statisticky vyznamny nariist hodnoty indexu
CD163. Signifikantni vy&§i hodnoty CD163 indexu u pacientli operovanych s pouzitim CPB
v porovhani s pacienty operovanymi na bijicim srdci byly zjiStény prvni pooperacni den v monocytami
populaci. Rozdily vexpresi povrchového antigenu CD163 vpopulaci granulocytdl jsou mezi
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jednotlivymi skupinami pacientli v celém sledovaném obdobi statisticky nevyznamné. Hodnota CD163
indexu v populaci monocytll byla, stejné jako v pfipadé indexu CD64, fadové vy3Si, nez hodnota
tohoto indexu u granulocyti.

Sérova hladiny IL-6 vykazovala vyraznou dynamiku vpribéhu operace i nasledném
pooperacnim obdobi. Provedeni kardiochirurgické operace vedlo k statisticky vyznamnému zvySeni
hiadiny IL-6 u obou skupin pacientd. Maximaini produkce IL-6 byla u pacientd operovanych s pouzitim
CPB naméfena po ukonéeni operace. U pacientil operovanych bez CPB bylo vrcholu dosazeno az
prvni pooperacni den. Bezprostfedné po operaci byla hladina IL-6 vyznamné vy3si u nemocnych
s CPB. Za originalni nélez Ize povazovat skutednost, Ze v prvnim pooperacnim dnu byla statisticky

vyznamné vys$i hladina IL-6 prokazana naopak u nemocnych operovanych na bijicim srdci.

Provedeni kardiochirurgické operace vedio u obou skupin pacienti k statisticky vyznamnému
narstu hiadiny IL-10 jiz v pribéhu operaéniho vykonu. Prokazali jsme odliSnou dynamiku a vyznamné
zvy$enou tvorbu protizanétového cytokinu IL-10 u pacientd operovanych s pouZitim CPB. Maximalni
hodnoty dosazené u pacienti s CPB byly az fadové vy3Si, nez u pacientll operovanych na bijicim

srdci.

Sérové hladiny cytokinu H-13 byly na hranici detekovatelnosti, nevykazovaly ¢asovou

zavislost a neodliovaly se mezi nemocnymi operovanymi s pouZitim a bez pouziti CPB.

U obou skupin pacientd jsme prokazali signifikantni nartst sérové hladiny PTX3 s maximem
dosaznym prvni pooperaéni den. U pacientd operovanych s CPB byla v porovnani s pacienty
operovanymi bez CPB zjisténa statisticky vyznamné vy3si hladina PTX3 po ukonceni operace.

V zadné skupiné pacientil nebyla zaznamenana zména hladiny CRP v pribéhu operacniho
vykonu. K nartistu koncentrace dochazi u obou skupin pacientd az prvni pooperaéni den. Porovnanim
hodnot CRP v séru pacient@ operovanych s pouzitim CPB a bez pouziti CPB nebyl mezi obéma

skupinami zjistén statisticky vyznamny rozdii.

V prithéhu operaéniho vykonu a v bezprostfednim peoperaénim obdobi nebyla zaznamenana
signifikantni zména koncentrace Hsp60. V zadném ze sledovanych intervalii nebyl zjistén statisticky
vyznamny rozdil v koncentraci Hsp60 mezi skupinou pacientdl operovanych s CPB nebo bez CPB.
V celém sledovaném obdobi byly v porovnani s pfedoperacnimi hodnotami pozorovany u obou skupin
pacientii pouze minimalni zmény koncentrace Hsp70. Vyjimkou byl odbér po ukongeni operace, kdy
byla prokazana statisticky vyznamné vy3Si koncentrace Hsp70 u kardiochirurgickych pacientii

operovanych s pouzitim CPB oproti pacientim operovanych na bijicim srdci.
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Jak u pacientli operovanych s CPB, tak u pacientl operovanych na bijicim srdci byly
pozorovany pooperacné zvySené sérové hladiny LBP a sCD14. Nebyly nalezeny statisticky vyznamné
rozdily mezi pacienty operovanymi s CPB a pacienty operovanymi na bijicim srdci.

Na zakladé provedenych analyz nebyl u Zzadného ze sledovanych parametrG zjistén

signifikantni rozdil mezi vzorky vendzni a arterialni krve.
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6. DISKUZE

Kardiochirurgické operace pfedstavuji naroény vykon, kiery je spojen s vaznym zasahem do
télni integrity, a i pfes velké pokroky v této oblasti je mnohdy spojen s fadou pooperagnich komplikaci.
V dilsledku operaéniho traumatu, mechanické manipulace se srdcem, aktivace koagulaéniho
a fibrinolytického systému krve, kontakini aktivace bunéénych i humoralnich slozek krve s umélym
povrchem pfistrojd, nasledné kaskady ischemicko-reperfuznich d&jd aj., je kardiochirurgicka operace
provazena vznikem fady rozmanitych podnétl, svou povahou tzv. nebezpecnych vzorl. Na jejich
piitomnost télo reaguje zanétovou reakci, ve které vyznamné postaveni zaujima imunitni soustava.
Rozvoj zanétové reakce u kardiochirurgickych nemocnych mé zajistit obranu pfed infekCnimi agens
endogenniho i exogenniho plivodu, podilet se na eliminaci poskozenych vlastnich struktur
a v neposledni fadé se zGcastnit i procesu hojeni a reparace tkani. Prospésné ucinky kazdé zanétové
reakce jsou v8ak neoddélitelné spojeny také s poSkozujicimi prvky. Ty mohou byt zplsobeny
nepfiméfenou aktivaci imunitniho systému a rozvojem syndromu systémove zanétlivé odpovedi
(SIRS), ¢ mohou byt naopak disledkem nadmémé kompenzatni imunosuprese, kiera zvySuje
frekvenci pooperacnich infekénich komplikaci. Sethani regulagnich mechanismil implikuje zavazné
poskozeni, ¢i dokonce smrt operovaného pacienta. Kvalitativni i kvantitativni parametry i dynamika
zanétové reakce proto musi byt (Cinné regulovany. Ztoho divodu jsou diskutovany i moznosti
imunomodulacni intervence (44).

Na zménach parametri imunitniho systému v prib&hu kardiochirurgické operace se podili
fada proménnych faktorii, které zasadnim zpisobem ovliviiuji vyslednou zanétovou odpovéd. Rada
klinickych studii dokumentuje zmény jednotlivych sloZek pfirozené i adaptivni imunity. Popisovany
jsou kvantitativni i kvalitativni zmény parametrQ jak bufikami zprostfedkované, tak humoréaini imunity.

Kardiochirurgické operace byvaji spojeny se zmeénami vimunitnich reakcich v ¢asném
pooperacnim obdobi (45, 46). Uvadi se, Ze jakykoliv operaéni zakrok a anestézie zplsobuje potlaceni
burikami zprostiedkovanych imunitnich reakci a lymfopenii (47). Celkova imunosuprese se projevuje
u kardiochirurgickych operaci vyuZivajicich CPB vyraznéji, v porovnani s jinymi chirurgickymi vykony.
Kardiochirurgické operace s pouzitim CPB mohou byt spojeny snékterymi pooperaCnimi
komplikacemi zpiisobenymi zmé&nami v imunitnich reakcich.

V disledku kardiochirurgickych operaci dochézi k vyrazné leukocytoze. Maximalniho poctu
leukocytll bylo dosazeno u obou skupin pacientd prvni pooperaéni den. Tato nase pozorovani
odpovidaji publikovanym (dajiim (48, 49). V literatufe je zvy3eny polet leukocytll spojovan se
zvySenym rizikem vyskytu infarktu myokardu (50), a také svy33i pooperatni mortalitou po

revaskularizaénim vykonu (48). V naem souboru pacientd byl narist absolutniho poétu leukocyti
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disledkem zvy$eného podilu neutrofilnich granulocyti. ZvySené procentualni zastoupeni granulocytl
bylo pozorovano jiz po ukongeni operace. Statisticky vyznamné vySSich hodnot relativnihc poctu
granulocyti bylo dosahovano ve skupiné pacientl operovanych s pouzitim CPB. Tato nase
pozorovani jsou v souladu s publikovanymi (daji {(51). Zmény relativniho poétu monocytl vykazovaly
v celém sledovaném obdobi pouze minimalnf zmény. Pozorovano bylo nevyznamné zvy3eni tieti az
sedmy pooperadni den v porovnani s pfedoperacni trovni. Nase vysledky jsou ¢asteéné v souladu
s tdaji uvadénymi v praci Weerasingheho a kol. (49), ktefi popisuji poopera¢ni zvySeni relativniho
poftu monocytli, a to u pacientll operovanych s pouzitim CPB i bez pouziti CPB. Vyrazngjsi
monocytoza je zde popisovana ve skupiné pacientd operovanych bez CPB. Na zakladé zmifiované
studie zde byla mira pooperacniho zvy$eni pottu monocytli asociovana také s vy3Si hodnotou BMI
{body mass index), diabetem, koufenim a vékem operovanych pacientl. Vnasi studii nebyly
v relativnim poétu monocyt zjistény statisticky vyznamné rozdily mezi pacienty operovanymi s CPB
a bez CPB.

Pomoci priitokové cytometrie jsme sledovali jednotlivé subpopulace lymfocytl. K nejvétsim
zménam dochéazelo prvni pooperaéni den u obou skupin pacientdl. U pacientd operovanych s CPB
byly zmény vyrazngj$i. To naznaluje, Ze operace na bijicim srdci pusobi mensi zmény
v subpopulacich lymfocytl nez operace s pouZitim CPB. V souladu s publikovanymi vysledky (52),
jsme prokéazali, Ze pooperaéné dochazi ke snizeni pottu T-lymfocyti v periferni krvi. U obou skupin
mUlZeme povazovat za skupinu cytotoxickych bunék zahrnujici Te/s lymfocyty a ¢ast NK bunék, tak u
NK bunék samotnych, jsme pozorovali pooperaéni pokles, aviak Zadny rozdil mezi skupinami
pacientl. Na rozdit od CD4+ lymfocytdl byl pokies relativniho poctu CD8* lymfocytd velmi pozvolny
a naméfené minimum bylo zaznamenano az sedmy pooperacni den. Z toho vyplyva, Ze v &asném
pooperacnim obdobi dochazelo k poklesu imunoreguiaéniho indexu, podobné jako je dolozeno
vijinych studiich (46, 53, 54, 55). Jako hlavni divod zmén vpoctu cirkulujicich lymfocytd byva
uvadéna redistribuce T-lymfocytd mezi periferni krvi a kostni dfeni (53, 56), ale i funkéni zmény
lymfocytll. Studie uvadi zvy$ené procento aktivovanych lymfocytd bezprostfedné po operaci s CPB
(27, 52, 54, 55).

Literatura se neshoduje v tom, zda operace na bijicim srdci zpiisobuje mensi zmény v poctu
lymfocytli nez operace s pouZitim mimotéiniho obéhu. Napf. Akbas (57) a Gasz (58) dokladaji, Ze
u pacientdl operovanych s pouZitim CPB dochézi k vét§im zménam imunitni odpovédi, nez u pacientl
operovanych bez CPB. Jini autofi uzaviraji, Ze zmény, které jsou po kardiochirurgické operaci patrneé,

jsou podobné u obou typli vedeni operace a souvisi spiSe s chirurgickym traumatem, neZ se
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zplisobem vedeni operace (26, 59). Z nasich vysledkd by se dalo shrnout, ze lymfocytami znaky,
které viivem operace prodélaly vyznamné zmény, vykazuji obdobnou dynamiku u obou skupin
pacient(, aviak u pacienti operovanych s pouzitim CPB byly tytc zmény vyraznéjsi. U obou skupin
pacient( byly nejvétsi zmény pozorovany prvni pooperaéni den. Nase prace naznacuije, ze alternativni
pfistup vedeni kardiochirurgické operace bez pouZiti CPB by mohl zmirnit nékteré negativni procesy
souvisejici se zménami poctu a funkce lymfocytii. Pochopeni zmén lymfocytarnich funkei v dusledku
kardiochirurgické operace je také dulezitym predpoktadem pro imunologické monitorovani rejekcnich
reakci pfi transplantacich srdce.

Adheze leukocytarnich elementll, zviasté monocyti a T-lymfocytd, na akfivovanou
endotelovou vystelku, je podminkou rozvoje zénétové reakce v arterilni sténé. Klicovymi molekulami,
které se Gcastni tohoto procesu, jsou adhezivni molekuly. Jejich zvy3ena exprese na leukocytech
i buiikach endotelu je vyvolana plsobenim fady prozanétlivych stimuld. Hlavni adhezni molekulou
leukocytll jsou leukocytarni integriny, které sdileji spole¢nou podjednotku CD18 fzv. Brintegriny.
Existuje fada vyzkumnych studii dokladajicich kli€ové postaveni Ba-integrind v procesu zanétlive
odpovédi. V omezené mife ize nalézt také prace, kieré se vénuji sledovani exprese Paz-integrinti
u kardiochirurgickych pacientd. Jejich vysledky jsou vak nejednotné. Asimakopoulos a kol. (60)
nalezli signifikantné zvySenou expresi Bo-integrinG CD11b/CD18 15 minut po zahajeni mimotélniho
obéhu. Gessler a kol. (61) naproti tomu dokumentuji redukovanou expresi CD11b/CD18 po ukonéeni
mimotéiniho obéhu. Podobny pokles jsme pozorovali i ve skupiné nadich pacientl, a to jak
v hodnotach relativniho i absolutniho poétu, tak v intenzité exprese vyjadiené hodnotou MFI. U obou
skupin pacient( bylo v porovnani s pfedoperaénimi hodnotami pozorovano signifikantni sniZeni jiz
v priibéhu operace. Snizeni pfetrvavalo az do prvniho pooperaéniho dne. Vysvétlenim pro tento
pokles, pozorovany ve vétsim rozsahu zejména u pacientli operovanych s CPB, mizZe byt skutecnost,
Ze aktivované bunky jsou ve zvySené mife zachytavany na wnitfnim povrchu trubic pfistroje pro
mimotélni obéh. Opétovné zvydeni CD18* myeloidnich bunék na piedoperaéni uroven bylo
pozorovano u obou skupin pacientll aZ tfeti pooperaéni den, a to pravdépodobné v dusledku
zvyseného vyplavovani granulocytl z kostni dfené. Sedmy pooperaéni den byl provazen opétovnym
poklesem CD18+ myeloidnich bunék v periferni krvi, a to nejpravdépodobnéji z divodu zvysené
sekvestrace aktivovanych myeloidnich bunék v zanétlivé tkani.

Nase zjisténi je zcela ve shodé s vysledky prace Tanroka a kol. (62), ktefi popisuji u pacientii
operovanych s CPB snizenou expresi povrchové molekuly CD18 v pritbéhu kardiochirurgické operace
az do druhého pooperacniho dne. | pfes véeobecné pfijimanou hypotézu, Ze operace s pouzitim CPB

jsou, vporovnani soperacemi na bijicim srdci, spojeny srozsahlejsi aktivaci bunék imunitniho
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systému, neprokazali jsme statisticky vyznamné rozdily vexpresi akfivatniho znaku CD18 mezi
pacienty operovanymi s pouzitim CPB nebo operovanymi na bijicim srdci.

Vy$3i podil aktivovanych bunék u pacientd operovanych s CPB byl viak pozorovan v pfipadé
dalsiho sledovaného aktivaéniho znaku, membrénového glykoproteinu CD38. Pfi porovnani
jednotlivych skupin pacient( byl zjistén signifikantné vyznamné vyssi podil CD38* myeloidnich bunék
u pacientl operovanych s pouZitim CPB, a to prvni a sedmy pooperacni den. Exprese znaku CD38
také ve srovnani s molekulou CD18 vykazovala odlisnou dynamiku. S vyjimkou tretiho pooperatniho
dne byl u obou skupin pacientll pozorovan zvySeny podil CD38* myeloidnich bunék. Nepodafilo se
nam nalézt literaturu popisujici expresi znaku CD38 u pacientli podstupujicich kardiochirurgickou
operaci. Je vSak zmifiovana zvySena exprese CD38 u pacientd podstupujicich koronarni angioplastiku
s katetrizaéné zavédén;?mi stenty (63).

Mezi hlavni pri¢iny akfivace imunitniho systému v disledku kardiochirurgické operace patri
zejména chirurgické poskozeni, mechanickd manipulace na srdci, kontakt krevnich komponent
s umélym povrchem mimotéiniho obéhu, prechodna endotoxemie a ischemicko-reperfuzni poskozeni
srdce a plic. Vdisledku téchto vlivi dochdzi vorganismu ktvorbé fady rozmanitych podnétl
endogenniho i exogenniho plvody. Tyto predstavuji pro organismus signély nebezpeci a jejich
identifikaci je v dominantni mife zprostfedkovana prostiednictvim Toll-like receptorl (TLR). Cela fada
podnétll, nap. hypoxie, pfitomnost prozanétovych cytokinG (TNF-cr, IL-6), chemokind &i mikrobialnich
soucasti, je schopna modulovat expresi téchto receptord, a tak vyznamnym zplsobem oviiviiovat
charakfer nasledné zanétové reakce. Nejlépe charakterizovanymi ze skupiny TLR receptori jsou
receptory TLR-2 a TLR-4. Jejich exprese byla sledovana i ve skupiné naSich kardiochirurgickych
pacientl. Zmény povrchové exprese TLR-2 a TLR-4 receptoril na myeloidnich burikach byly obdobné
u obou skupin pacientd. Jak u pacientd operovanych s CPB, tak u pacientl operovanych na bijicim
srdci, bylo v porovnani s pfedoperaénimi hodnotami pozorovano snizeni relativniho poétu TLR-2*
i TLR4+ myeloidnich bunék. Signifikantné vyznamné snizeni bylo u obou skupin pacientd
zaznamendano jiz v prib&hu a po ukonéeni operace. Podobny nalez publikuje také Sbrana a kol. (64),
ktefi nalezli u pacient(i, podstupujicich kardiovaskulami zakrok s pouZitim CPB, signifikantni snizeni
exprese TLR4 na monocytech vintervalu 24 h po ukoneni operace. Toto sniZeni zde vysvétluji
v souvislosti s dogasnym funkénim dtiumem cirkulujicich monocytll. Ve skupiné nasich pacientll byl
tento pokies, pozorovany v priibéhu operace, nasledné vystidan signifikantné zvySenou expresi obou
receptorl v pooperacnim obdobi. Tato dynamika exprese TLR-2 a TLR-4 u kardiochirurgickych
pacient(l se podoba dynamice exprese TLR popsané v experimentalni studii Whitteboleho a kol. (65),
kteFi sledovali soubor zdravych dobrovolnikd, kterym byl intravenézné aplikovan LPS. V nami
provadéné studii jsme rovnéz nalezli signifikantni korelaci v expresi TLR-2 a TLR-4. Tento nalez je ve
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shodé se skuteCnosti, ze za fyziologickych podminek je dynamika exprese obou znakil shodna. Nase
pozorovani, tykajici se exprese TLR receptorl u kardiochirurgickych pacientil, v3ak neni moZné
srovnavat s vysledky jinych autord, nebof nebyly nalezeny zadné daldi prace vénujici se této
problematice.

Dalgimi aktivaénimi znaky, ktery byly vna$i studii sledovany u kardiochirurgickych
nemocnych, byly aktivaéni molekula CD64 (FcyRI} a vychytavaci molekula CD163. ZvySena exprese
obou znak( slouzi jako indikator zanétu a sepse. Zmény exprese chou znak( jsme sledovali pomoci
Leuko64 kitu. Tento kit predstavuje komertné dostupny diagnosticky set ke stanoveni povrchove
exprese CD64 (FITC) a CD163 (PE) na jednotlivych leukocytarnich populacich. Exprese antigenu
v pfislusné populaci bunék je vyjadfena ve formé indexu. Stanoveni fohoto indexu napomaha
v rozhodovani, zda je pfitinou zanétu bakterialni sepse, ¢i se jedna o zanétovou odpoved jine, tzn.
neinfekéni etiologie. Soucasti kitu jsou fluorescentné znadené ,beads’, kieré jsou uréené ke kalibraci
piistroje a slouZi zaroven jako kvantifikadni fluorescencni standard. Tato skuteCnost je nespomym
kladem tohoto diagnostického setu, nebot umoZfiuje mezilaboratorni porovnani a je tak vhodnym
nastrojem pro rutinni klinické sledovani. Kardiochirurgické operace jsou provazeny vyznamnou
dynamikou exprese obou sledovanych aktivagnich markerl. V prilbéhu operace jsme v zadné skuping
pacientdl nezaznamenali statisticky vyznamné zmény v expresi znaku CD64, ani CD163. Signifikantni
zvy$eni v porovnani s predoperaénimi hodnotami bylo pozorovano prvni pooperacni den. Vyjimkou
byla exprese znaku CD163 v populaci granulocytl u pacientl bez CPB. Zde jsme v ceiém
sledovaném obdobi nepozorovali signifikantni zménu indexu vzhledem k pfedoperacnim hodnotam.
Hodnota obou indexdi vpopulaci monocytd byla fadové vy3Si, neZ hodnota tohoto indexu
u granulocytl. Za originaini nalez nasi prace lze povazovat zjisténi, Ze narist exprese CD64 na
monocytech (1. pooperacni den) ¢asové pfedchazi zvySené expresi tohoto znaku na granulocytech
(3. pooperacni den). Signifikantni rozdil mezi skupinami pacientt operovanych s pouzitim CPB a bez
pouziti CPB byl zjitén pouze v hodnoté monocytarniho CD163 indexu, a to prvni pooperacni den.
Tento index tak pravdépodobné jako jediny odrazi piimy dopad odlisSného operainiho pristupu.
Existuje pouze malo praci, které se vénuji sledovani exprese CD64 nebo CD163 v pribéhu
kardiochirurgické operace. V souladu s vysledky nasi prace jsou pozorovéni Goldsteina a kol. (66),
ktefi popisuiji signifikantné zvySenou expresi CD163 na monocytech prvni pooperacni den. V piipadé
exprese znaku CD64 se naSe zavéry odliSuji od studie Stefanoua a kol. (67), kteri
u kardiochirurgickych pacientll operovanych s CPB nezaznamenali zvySenou indukci monocytarni
exprese CD64. Zmifiovana studie véak zahmovala pouze 10 pacientli s urditymi odliSnostmi ve vedeni
mimotéiniho obéhu. Srovnani s vysledky jinych studii ma sva omezeni také z divodu odliSného

zplsobu vyjadfeni exprese sledovaného znaku.
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Zcela zasadni dlohu v rozvoji zanétové reakce u kardiochirurgickych nemocnych sehravaji
buriky monocyto-makrofagové linie. Ty nejefektivnéji identifikuji signaly nebezpeéi prostiednictvim
dozorovych receptort a reaguji na né mimo jiné tvorbou pluripotentnich prozénétovych cytokin(.
V mnoha experimentech i v klinickych studiich je popsano zvySeni krevni hladiny pluripotentnich
prozanétovych cytokinii, pfedevsim TNF-q, IL-1B, IL-6, ke kterému dochazi jiz v pribéhu operace
s dosazenim maxima obvykle prvni den po provedené operaci (29).

V nasi studii jsme nalezli vyznamny rozdil vtvorbé IL-6 mezi nemocnymi operovanymi
s pouzitim CPB a nemocnymi operovanymi na bijicim srdci bezprostiedné po operaci a prvni
pooperaéni den. U nemocnych s CPB bylo dosaZeno vrcholu jiz bezprostiedné po ukonéeni operace,
u pacientl operovanych bez CPB v prvni pooperalni den. Tyto nase vysledky jsou Castecné
v souladu s nélezy dalsich autoril {18, 29, 68, 69). Za originalni nalez |ze povazovat skutecnost, Ze
bezprostiedné po operaci je hiadina IL-6 vyznamné vy33i u nemocnych operovanych s pouZitim CPB,
zatimco vdaldim obdobi dochazi k Gplnému pfesmyku a v prvni pooperaéni den je hladina IL-6
signifikantné vy$8i u nemocnych operovanych bez pouZiti CPB.

Jednim zregulaénich prvki, které moduluji zanétovou reakci, je tvorba protizanétovych
cytokin{l, napf. IL-10, které regulaéné zasahuiji do funkei pfirozené i specifické imunity. V nasi studii
jsme prokazali zcela odli$nou dynamiku sérové hladiny IL-10 u jednotlivych skupin kardiochirurgickych
pacient(. U nemocnych operovanych bez pouziti CPB doséahla sérova hladiny IL-10 maxima v prvni
pooperaéni den. U nemocnych operovanych s pouzitim CPB jsme nalezli signifikantné zvySenou
maximalni hladinu IL-10 bezprostiedné po operaci. K naristu IL-10 dochazelo u nemocnych s CPB jiz
v prilbéhu operace a bezprostredné po operaci byly dosaZené sérové koncentrace IL-10 fadové vyssi
nez u nemocnych operovanych bez CPB. Nade vysledky odpovidaji nalezim studii (70, 71), ve
kterych je popisovana vyznamné vy3Si tvorba IL-10 bezprosifedné po operaci u nemocnych
operovanych s pouzitim CPB. Zaroveii v nich v3ak byla zjisténa pritomnost vys$sich koncentraci [L-10
také u nemocnych operovanych bez pouziti CPB. Pfes mnohokrat v piehledech citované ddaje, Ze po
kardiochirurgické operaci dochazi pravidelné ke zvySeni sérové hladiny IL-10 (15, 72), existuii
i rozporné nalezy. Napf. ve studii Giomarelliho et al. (73) byl zaznamenan nérist hladin IL-10
u nemocnych operovanych s mimotélnim ob&hem pouze u téch pacienti, kterym byl pied operaci
aplikovan methylprednisolon. Rozdily v hladinach I1L-10 mezi kardiochirurgickymi nemocnymi
operovanymi s pouzitim a bez pouziti CPB ize pouze obtizné interpretovat. Vy3si tvorbou {L-10 musi
imunitni systém nemocnych operovanych s CPB zfejmé reagovat na kontakini aktivaci leukocytd,
pfedevéim neutrofiinich granulocytli, na umélych powvrSich trubic CPB pfistrojd. Presmeérovani
podstatného objemu krve mimo télo u nemocnych operovanych s pouZitim CPB miZe simulovat
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i rozsahlejsi hemoragické poSkozeni. V experimentu na zvifatech dochézi v reakci na foto poskozeni
ke zvySeni tvorby IL-10 (71).

V nadi studii byla ovéfena také dynamika hladiny IL-13. Relevantni pro podil iL-13 na rozvoji
zanétové reakce po kardiochirurgické operaci je skutenost, Ze vyraznym zdrojem [L-13 jsou Zimé
burky, lokalizované ve sliznici plic, stfeva a pojivové tkani. Béhem kardiochirurgické operace jsou
mastocyty masivné stimulovany a uvolfuji vysoce potentni mediatory, které moduluji pribéh zanétové
reakee, ¢asto s negativnim dopadem na nemocného. Lze ofekavat, Ze k vyraznéjsi aktivaci mastocytd
bude dochdzet u nemocnych operovanych s pouzitim CPB. V pribéhu operace i v sledovaném
sedmidennim pooperaénim obdobi jsme zaznamenali pouze minimalni, statisticky nevyznamné,
zmény sérové hladiny IL-13. Nenadli jsme ani Zadné rozdily v sérovych hiadinach IL-13 mezi
nemocnymi operovanymi s pouzitim a bez pouZiti CPB. Pfitomnosti a uloze IL-13 u nemocnych
podstupujicich kardiochirurgickou operaci je dosud vénovana minimaini pozornost. Nalezli jsme
pouze jednu plivodni praci, ve které autofi rovnéz konstatuji pouze minimaini odpovéd' v hlading iL-13
po kardiochirurgické operaci (28). ZnaSich vysledkl |ze implikovat, Ze IL-13 pravdépodobné
nesehrava vyznamnéjsi dlohu v pribéhu kardiochirurgické operace.

Nade vysledky, které dokladaji rozdily v hladinach prozanétovych i protizanétovych cytokind
mezi kardiochirurgickymi nemocnymi operovanymi s pouZitim a bez pouZiti CPB, nelze jednoznatné
interpretovat. S jistymi omezenimi Ize ov8em shrnout, Ze dynamika protizanétového cytokinu 1L-10
zhruba kopiruje dynamiku tvorby prozanétovych cytokind (IL-6), nebo jejich produkei spise pfedchazi.
Prokazali jsme, Ze kvantitativni i kvalitativni zmény, ke kterym dochéazi v riizném odstupu od zakroku,
jsou odlisné u jednotlivych skupin pacientll. Tento nalez dokazuje, Ze rozdilny kardiochirurgicky
pistup vede k zasadné jinému pribéhu zanétové reakce. NaSe vystedky zaroven potvrdily skutecnost,
7e je dileZité sledovat dynamiku tvorby cytokind, nikoliv se zaméfit pouze na jejich izolované
stanoveni. Toto samo o sobé nepfinasi zadnou relevantni informaci. Stanoveni hladiny prozanétovych
i protizanétovych cytokinG v krvi u kardiochirurgickych nemocnych umoziuje zhodnotit stupen aktivace
nebo suprese imunitniho systému. MlzZe tak prispét ke zhodnoceni stavu imunitni kompetence
jednotlivich nemocnych a byt podkladem pro vhodnou klinickou intervenci.

Za jednu znejvyznamnéjSich poskozujicich slozek pfi kardiochirurgickem vykonu jsou
povaZovany volné kyslikové radikaly (74, 75). V buiikach myokardu, a také v bunéénych elementech
jinych t&lnich soustav vietné soustavy imunitni, vSak existuji nebo jsou indukovateingé nékteré
adaptaéni mechanismy, které jsou schopny ochranit bufiky pfed nezadoucimi Gcinky ischémie
a reperfaze. Vtéto souvislosti jsou uvadény jako jedny z nejdilezitéjSich stresove proteiny Hsp.
Nékteré studie se soustfedi na pochopeni jejich role v kardioprotekci (76, 77). Nejvétsi pozornost je
v souvislosti s onemocnénim srdce a obéhové soustavy vénovana proteinim Hsp60 a Hsp70. Hsp60
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byva exprimovan po plisobeni riznych stresovych faktorl véetné ischémie a reperfize (77). Byla
nalezena pozitivni korelace mezi sérovou koncentraci Hsp60 a TNFa. Hladiny cirkulujictho Hsp60 jsou
asociovany s ¢asnymi stadii kardiovaskularich onemocnéni. Nar(staji dikazy o tom, Zze Hsp60
uvolnény do obéhu je asociovan s rozvojem choroby véncitych tepen (78). Co se tycCe proteinu Hsp70,
bylo prokazéno, Ze extracelulami Hsp70 je povaZovan za urgity signal nebezpeci, kiery vede
k aktivaci imunitniho systému. In vifro bylo prokézano, Zze méa vyznamny imunoregulaéni potencial.
Mize byt 62 povazovan za marker, ktery odréZi stupef poSkozeni myokardu, kdy je do obéhu
uvoliiovan z nekrotickych ¢i poskozenych bunék. Zdrojem Hsp70 uvolnéného do ob&hu pak mohou
byt jak samotné buiiky myokardu, tak leukocyty, zejména poskozené monocyty a granulocyty (70).
V bunéénych kulturach koronamich endotelovych bunék a srde€nich myocytl, stejné jako
u experimentalnich zvifat, bylo potvrzeno, Zze zvy3ené hladiny Hsp70 vedou ke kardioprotekc
a k rezistenci k ischemii {79, 80). Prokazali jsme, Ze kardiochirurgicky vykon za pouziti CPB vedl
k v&ti indukci sérového Hsp70 v porovnani s koncentracemi u pacientdl operovanymi na bijicim srdci.
Podobné vysledky publikovali Dybdahl a kol. (68), ktefi nachazeli nejvy3si sérové koncentrace Hsp70
2 hod po operaci u pacientl operovanych s CPB. V naSem souboru byly rozdilné koncentrace Hsp70
nalezeny bezprostiedné po ukonéeni operace, kdy u pacientd operovanych s CPB dochazelo
k vyznamnému naristu tohoto proteinu. To odpovida skutegnosti, Ze pfi operaci s pouZitim CPB
dochazi k daleko véts§imu ischemicko-reperfliznimu poskozeni. V piipadé proteinu Hsp60, nebyly
nalezeny rozdily vkoncentraci mezi nemocnymi operovanymi s pouZitim CPB a nemocnymi
operovanymi na bijicim srdci. Zajimavé je pouze zjiSténi, Ze u pacientli operovanych na bijicim srdci
dochazi pii poslednim odbéru, tj. sedmy pooperatni den, k vyznamnému poklesu Hsp60 oprofi
pfedes$lym hodnotam. Z hlediska navozeni ochrany myokardu a dal3ich tkani je indukce Hsp
povazovana za pozitivni jev. Nékteré studie se zabyvaji aplikaci indukce Hsp vklinické praxi
a zkoumaiji rizné farmakologické postupy zvy3ujici expresi Hsp (81, 82).

Pentraxin 3 (PTX3) je nové objevenym proteinem akutni faze, ktery sdili ¢astenou homologii
s kratkym, tzv. klasickym pentraxinem, C-reaktivnim proteinem (CRP). Zatimco v pribéhu reakce
akutni faze je CRP vytvafen v jatrech a plsobi na drovni celého organismu, PTX3 vznika pfimo
v zanétlivem lozisku a jeho plisobeni je lokalizované do postizené tkéné. Spolecnou viastnosti obou
pentraxint je aktivace komplementu kiasickou cestou. PTX3 se uplatiiuje také jako solubiini receptor
pro nebezpetné vzory (83). Oba pentraxiny se podileji na patogenezi nékterych zanétlivych
onemocnéni s autoimunitni slozkou. Z tohoto pohledu se nejvétsi zajem soustfedi na aterosklerozu
a jeji komplikace (40). Hlavnimi bunéénymi elementy, které produkujici PTX3, jsou zejména
monocyty, dendritické a endotelové bufiky. Syntéza PTX3 je vnich indukovana po plsobeni

prozanétovych cytokini (TNF-o, IL-1B) a mikrobidlnich komponent {LPS). Synergisticky s UCinkem
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LPS se na zvy3ené produkei PTX3 podili také 1L-10. IFN-y, stejné jako IL-4 maji z hiediska produkce
PTX efekt inhibiéni (83). Zanedbatelny viiv na produkci PTX3 je popisovan i v pfipadé IL-6, hlavniho
induktoru syntézy hepatalnich protein(i (84). Z klinického hlediska je vyznamneé sledovani hladiny CRP
i PTX u pacientll s akutnim infarktem myokardu. Maximalnich hodnot PTX3 je dosahovano jiz nékolik
hodin po vyskytu prvnich pfiznakd infarktu myokardu, elevace hladiny CRP je pozorovan se
zpozdénim aZ v intervaiu 24-48 hodin od prvnich pfiznakii. Absoiutni hodnoty, kterych oba parametry
dosahuji, jsou rovnéz prognostickym parametrem mortality v nasledném tfimésicnim obdobi (85).
Vnasi studii jsme se zaméfili na sledovani dynamiky produkce PTX3 a CRP u pacientd
podstupujicich kardiochirurgickou revaskularizatni operaci. Zaznamenali jsme signifikantni narist
sérové hiadiny PTX3 ve skupiné pacientii operovanych s CPB, i ve skupiné pacientli operovanych na
bijicim srdci. Zvy$ené hladiny byly pozorovany iz v pribéhu operace, maximalnich hodnot bylo
u obou skupin dosaZzeno prvni pooperaéni den. Na konci sledovaného obdobi . sedmy pooperacni
den, dochazi u obou skupin kpoklesu sérové koncentrace PTX3 na pfedoperacni uroven.
Bezprostiedng po ukonéeni operace jsme nalezli signifikantné vy38i hladiny PTX3 u pacientd
operovanych s pouzitim CPB. | pfes signifikantni nar(st sérové hladiny PTX3 u obou skupin
kardiochirurgickych nemocnych, nebyla v zadném ze sledovanych odbérovych intervalll pfekrotena
fyziologicka hranice PTX3 v séru. Tato normalni hodnota PTX3 v séru, uréena v ramcei studia jinych
autor(l (86, 87), byla stanovena na 2 ng/ml. V prib&hu operaéniho vykonu jsme, na rozdil od PTX3,
nezaznamenali zvySenou hladinu CRP. K signifikantnimu zvy3eni koncentrace CRP v séru dochazi
u obou skupin aZ prvni pooperaéni den. V zadném ze sledovanych intervall nebyl rovnéz zjistén
statisticky vyznamny rozdil mezi skupinou pacientd operovanych s pouzitim CPB nebo bez pouZiti
CPB. Dosazeni obdobnych hodnot CRP u obou skupin pacientll poukazuje na srovnateiny rozsah
reakce akutni faze u odli$nych operaénich postupl. NaSe vysledky implikuji odfiSnou dynamiku tvorby
PTX3 a CRP. Bude velmi Zadouci ovéfit v dalSich studiich pouzitelnost PTX jako velmi ¢asného
markeru zanétu u nemocnych operovanych na srdci.

Plazmaticky protein LBP (lipopolysaccharide binding protein), membranovy receptor Toll-like
receptor-4 (TLR-4, CD284) a koreceptorova molekula CD14 jsou kli¢ovymi molekutami v procesu
identifikace bakterialniho endotoxinu (89). LBP, syntetizovany pfevazné v hepatocytech a plicich, vaze
s vysokou afinitou lipid A bakteriainich fipopolysacharidii a katalyzuje vazbu LPS na CD14 receptor.
Plazmaticka hladina LBP rychle vzriista v pribéhu zanétové odpovédi (88). Molekula CD14 je
membranovy protein, vazany fosfatidylinositolovou (GP!) kotvou, ktery slouZi jako vysokoafinni
receptor pro vazbu komplexi LPS-LBP. Je exprimovan na fadé bunék, zejména na povrchu
monocytli/makrofagil a neutrofilnich granulocytd. V téinich tekutinach se vyskytuji také solubilni formy

sCD14, které vznikaji proteolytickym odstépovanim z povrchu bunék nebo jsou de novo tvofeny
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hepatocyty jako proteiny akutni faze zanétu. Solubilni molekula sCD14 kompetitivné inhibuje vazbu
LBP-LPS komplexu na membréanové vazanou formou CD14. Zaroven se v komplexu s LBP vaze na
povrch bunék, které neexprimuji molekulu CD14, napf. na povrchu endotelovych bunék a bunék
hladké svaloviny. Po vazbé komplexu dochazi k aktivaci téchto bunék s néslednym uvolnénim
prozanétovych plsobkl (1). ZvySené hladiny LBP byly naméfeny v souvislosti s expozici bakteriainim
endotoxiniim (90) a bylo publikovano nékolik praci, jejichZ cilem je vyuziti LBP jako diagnostického
a prognostického markeru u pacientu se SIRS infekéniho a neinfekéniho piivedu (91). ZvySena sérova
hladina sCD14 je dokumentovana v klinickych stavech se zvySenou aktivaci monocyto/makrofagovych
bunék. Signifikantné vy$si koncentrace sCD14 jsou popisovany u pacientd s Kawasakiho chorobou
{92} a brucelozou (93). Publikovany byly rovnéz vysledky prokazujici korelaci mezi koncentraci sCD14
a stupném zavaznosti poskozeni u pacientil s polytraumatem (94). Existuje pouze nekolik malo studii,
které se vénuiji hodnoceni hladiny LBP a sCD14 v priibéhu kardiochirurgické operace. Franke a kol.
{21) popisuiji vzristajici hladinu LBP v priibéhu prvniho aZ patého pooperacniho dne po provedené
kardiochirurgické operaci. Pooperacni nartist LBP je dokumentovéan také v praci Lequiera a kol. {95),
ktefi ale soucasné popisuji pfechodné snizeni hladiny LBP po ukoneni mimotélniho obéhu. Také
u nasich pacientl bylo v porovnani s pfedoperacni Urovni pozorovano statisticky vyznamné zvySeni
serove koncentrace LBP a sCD14 v ¢asném pooperacnim obdobi a signifikantné vy3si hladiny obou
parametrl byly naméfeny i sedmy den po operaci. V zadném ze sledovanych intervail nebyl zjistén
statisticky vyznamny rozdil v koncentraci LBP ani sCD14 mezi skupinou pacientl operovanych
s pouzitim CPB nebo bez pouziti CPB. Na z&kladé statistického porovnani nebyla zjisténa korelace
ani LBP, ani sCD14 s hodnotami proteini akutni faze (IL.-6, CRP a PTX). Molekuly LBP a sCD14 tak
pravdépodobné neplisobi u kardiochirurgickych pacientd jako proteiny akutni faze. |
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7. ZAVER

Cilem této dizertalni prace bylo zhodnoceni viivu rozdilinych kardiochirurgickych operaénich
pristupl na dynamiku a intenzitu zmén parametri imunitniho systému.

Soubor nemocnych, zahmutych do studie, tvofilo 40 pacientl, kterym byl poprvé proveden
aortokoronarni bypass. Nemocni podstoupili konvenéni myokardialni revaskularizaci, bud' s pouZitim
mimotélniho obé&hu nebo byli operovani na bijicim srdci. Obé skupiny pacientl se statisticky nelisily
vékem, ani zastoupenim jednotlivych pohlavi. Mezi obéma skupinami nebyl statisticky rozdil v poétu
provedenych anastomdz, ani v hodnoté ejekEni frakce.

K analyze vybranych bunéénych a humoralnich parametril byly odebirany vzorky arterialni
a Zilni krve. Odbér vzorkd byl provadén jak v prib&hu operace, tak v nasledném sedmidennim
pooperaénim obdobi. Hodnoceni parametrl bunééné imunity bylo provedeno dvoubarevnou
imunofluorescenéni analyzou na pritokovém cytometru FACS Calibur (Becton Dickinson, San Jose,
USA). Sérové hladiny vybranych cytokini byly stanoveny komeréné dostupnymi ELISA kity.

| pfes vieobecné piijimanou hypotézu, Ze operace s pouZitim CPB jsou, v porovnani
s operacemi na bijicim srdci, spoieny s rozsahlejsi aktivaci bunék imunitniho systému, neprokazali
jsme u vétsiny bunéénych parametril statisticky vyznamny rozdil mezi sledovanymi skupinami
pacientl. Signifikantni rozdil mezi skupinami pacienti operovanych s CPB a bez pouZiti CPB byl
zjistén pouze v monocytami expresi aktivaéniho znaku CD38 a vychytavaci molekuly CD163.
Prokazali jsme statisticky vyznamné vy38i podil aktivovanych monocytd u pacientli operovanych
s pouzitim CPB. U obou znaki byl rozdil mezi skupinami pacienti pozorovan prvni pooperacni den,
v piipadé znaku CD38 také sedmy den po operaci. Rozdily v expresi dalsich sledovanych znak, tj.
CD18, TLR-2, TLR-4 a CD64, byly mezi skupinou pacienti operovanych s pouZitim CPB a bez CPB
nesignifikantni.

V pfipadé humoralnich parametril byly rozdily mezi skupinami pacientii pozorovany mnohem
¢astéji. V nadi studii jsme nalezii vyznamny rozdil vivorbé IL-6, IL-10, PTX3 a Hsp70. Jiz
bezprostfedné po ukonéeni operace jsme pozorovali signifikantné vy38i koncentrace téchto parametri
u nemocnych operovanych s pouzitim CPB. Za originalni nélez nasi prace |ze povazovat skutecnost,
Ze bezprostredné po operaci jsme prokazali vyznamné vy3si hladinu IL-6 u nemocnych operovanych
s pouzitim CPB, zatimco v dal§im obdobi dochazi k Uplnému pfesmyku a v prvni pooperacni den je
hladina IL-6 signifikantné vy3$3i u nemacnych operovanych bez pouziti CPB.

NaSe vysledky, které dokladaji rozdily v hladinach prozanétovych i protizanétovych cytokinti
mezi kardiochirurgickymi nemocnymi operovanymi s pouZitim a bez pouZiti CPB, nelze jednoznacné

interpretovat. S jistymi omezenimi Ize ovSem shmout, Ze dynamika protizanétového cytokinu IL-10
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zhruba kopiruje dynamiku tvorby prozanétovych cytokind (IL-6), nebo jejich produkei spie piedchazi.
Znasich vysledkil Ize také implikovat, ze IL-13 pravdépodobné nesehrava vyznamnéjsi Ulohu
v prilbéhu kardiochirurgické operace. Na zakladé provedenych korelaci lze rovnéZ konstatovat, Ze
molekuly LBP a sCD14 nepisobi u kardiochirurgickych pacientd jako proteiny akutni faze. NaSe
vysledky zaroven potvrdily skute€nost, Ze je dilezZité sledovat dynamiku tvorby cytokind, nikoliv se

zaméfit pouze na jejich izolované stanoveni.

Z nasich vysledkd by se dalo shmout, Ze sledované parametry prodélavaji béhem operace
vyznamné zmény a vykazuji obdobnou dynamiku u obou skupin pacientd. U vétSiny sledovanych
parametri jsme prokazali vyznamné zmény v pribéhu operace i nasledném pooperaénim obdobi.
Prokazali jsem, Ze kvantitativni i kvalitativni zmény bunéénych a humoralnich parametrd, ke kterym
dochazi vrizném odstupu od zékroku, jsou odliSné u jednotlivych skupin pacientli. Tento nélez
dokazuje, Ze rozdilny kardiochirurgicky pfistup vede k zasadné jinému pribéhu zanétové reakce.

Detailni znalost kvalitativnich a kvantitativnich zmén parametr(i zanétové reakce a jejich
podrobna korelace s klinickymi preoperaénimi i pooperaénimi ukazateli, by mohly vést k identifikovani
specifickych markeri, jejichz sledovani by mélo prediktivni silu ur€it rozvoj abnormalni, deregulované
zanétové odpovédi v pooperacnim obdobi. V kombinaci s rozSifujici se znalosti geneticky
podminénych odliSnosti, které uréuji parametry zanétové reakce (polymorfismus v TLR a pod.), by tyto
ukazatele mohly napomoci i vybéru optimalniho kardiochirurgického postupu s co nejmensim
dopadem na zdravi pacienta. V naSi studii prodélali vSichni pacienti nasledné zotaveni bez
pooperaénich komplikaci. VySe zminéné korelace tak nebylo mozZno provést. Vfadé sledovanych
parametril je viak nase studie pilotni praci a pfinasi nékteré originalni vysledky, které mohou pfispét

k detailnéjimu poznani zanétove odpovédi, at’ uz ve fyziologické &i patofyziologické podobé.
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Kardiochirurgické operace a jejich vliv na SErovou
hladinu protizanétového cytokinu interleukinu-190

Kudlova M., Kola¢kova M., 'Kune§ P., Andrys C., Jankovicova K., 'Mandék
J., 'onsky V., Krejsek J.

Ustav klinické imunologie a alergologie LF UK, Hradec Krdlové
Ikardigchirurgickd klinika LF UK a FN, Hradec Krdlové

ABSTRAKT

Vychodisko. Kardiochirurgickd operace vyvolava zdnétovou odpovéd, kterd zahmuije regulaéni mecha-
nizmy omezujici potencidlng potkozujici sloZky zangm. Jednim z dilezitych reguladnich mechanizmi
je tvorba protizanétovych cytokinil, napt. IL-10.

Metody a vysledky. Porovnali jsme sérové hladiny cytokind IL-10, 06 2 [i-13 1 nemocnych podstu-
pujicich kardiochirargickou operaci s pouZitim kardiopulmonélniho bypasu (CPB, n=17 osob) nebo ope-
rovanych na bijicim srdei (n=17 osob). Podafilo se ndm prokédzat vyznamné zvyenou tvorbn protizdng-
tového cytokinu [L-10 jiZ v pribhu operace s vicholem bezprostfedng po operaci u kardiochirurgickych
nemocnych operovangch s pouZitim CPB. U nemocnych operovanych na tepajicim srdci jsou zmény
sérovych hladin IL-10 vyznamné vy&§i po operact s vrcholem v prvai pooperacni den. Bezprostiedné po
operaci je hladina IE.-10 u nemocnych s CPB fidové vysi v porovadni s nemocnymi bez CPB. U nemoc-
ngch operovanych s pouZitim i bez pouziti CPB dochizi k vyznamnému zvy$eni tvorby pluripotentniho
prozénétového cytokinu [L-6 s vrcholy po operaci s pouZitim CPB, respektive prvai pooperatni den
v pipadé operace bez CPB. Sérové hladiny cytokinu IL-13, ktery je zapojen do regulaci aktivit subsetu
TH2, jsou na hranici detekovatelnosti, nevykazuji &asovou zavislost a neodlisuji se mezi nemocnymi
operovanymi s pouZitim a bez pouZiti CPB.

Zavéry. Operace s pouZitim CPB, pfi kterych dochazi k masivni kontaktni aktivaci humorélnich i bun€e-
nych slozek krve a k viraznym ischemicko-reperfiznim déjom v tkanich, stirnuluje tvorbu TL-10 s pro-
tizdnétovym plisobenim.

Kli¢ova slova: kardiochirurgicka operace, zangdt, interlenkin- 10, interleukin-6, interleukin-13.

ABSTRACT

Kudlovd M., Koldckovd M., Kunef P, Andrys C., Jankovidovd K., Mandik J., Lonsky V. Krejsek J.:
Cardiac Surgery Operations and Their Influence on Serum Level of Antiinflammarory Cytokine
Interleukin-10

Background. Cardiac surgical operation is followed by the development of inflammatory reaction. This
reaction is regnlated in many ways including the production of antiinflarnmatory cytokines such as IL-10
to aveid potentially barmful effects of inflammation.

Methods and Results. We compared serum levels of eytokines IL-10, IL-6, and 1L.-13 in the group of
patients undergoing cardiac surgical operation using either cardiopulmonary bypass (CPB, n=17) or
surged on the beating heart {n=17). We found significant elevation in the serum level of T.-10 during
surgery with the peak immediately after finishing surgery in CPB patients and at the first postoperative
day in non-CPB patients, respectively. There is statistically significantly higher level of IL-10 in CPB
patients in comparison with non-CPB patients at the end of surgery. Serum level of TL-6 is elevated in
both groups during surgery reaching maximum inumediately after surgery in CPB patients and at the first
postoperative day in patients without CPB, respectively. The serum levels of IL-13 are only
nonsignificantty changed during operation and in postoperative period in both groups.

Conclusions. The intensity of inflammaiory respounse in CPB patients which is enhanced by massive
contact activation of blood and extensive ischemia-reperfusion injury is regulated by the production of
antiiffammatory IL-10 cytokine.
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Pl‘es prudky rozvoj invazivai kardiologie zistiva pro
mnohé pacienty s onemocnénim srdce jedinym Fedeni
kardiochirurgicka operace. Fakdkoliv kardiochirurgické ope-
race je mimotadné ndroénym vykonem, kiery s sebou pfina-
81 i urCitd rizika. Pfedstavuje totiZ zdvaZné naruleni t&lni
integrity, které se promitne do deregulace homeostazy. Reak-
ci na kardiochirurgickou operaci je komplexni zantova
odpovéd, ve které imunitfii systém sehrdva nejvyznamnéjii
ilohu. Rozvoj zandtové reakce u kardiochirurgickych
nemocnych ma zajistit obranu pfed infekénim agens endo-
genniho i exogenniho pivodu, podilet se na eliminaci poko-
zenych vlastnich struktur 2 v neposledni tadé se zadastnit
i procesu hojeni a reparace tkani. Zandtova reakce provézeji-
ci kardiochirurgickou operaci neméd u vEiny nemocnych
bezprostfedni ani dlouhodobé iidinky na zdravi pacientd.
Stile viak zistdvd mald &4st kardiochirurgickych nemoc-
nych, u kterych dojde k deregulaci zdn&tové reakei v takové
mife, Ze subklinickd forma SIRS prechdzi v nislednou orga-
novou dysfunkci (MODS) a &asto i ke smrti (MOFS) (1).
S cilem zabrénit takovym neZadoucim situacim jsou dlouho-
dobg hleddny optimalni operacni postupy a je optimalizovi-
na pedpora nemocnych v pritb8hu operace i pooperadnim
obdobi. V poslednich letech je mimofddnd pozomost véno-
véna zvlalt€ fyziologii a patofyziologii zdndtové reakce (2,
3). Pravé v této oblasti jsou ofekdvana zasadni TeSeni (4).

Tradi¢ni kardiochirurgicky pfistup je pFedstavovan opera-
¢i na srdci, které bylo vyfazeno z &nnosti. Jeho funkce pre-
biré podpitrné zafizend, které zaji¥tuje cirkulaci krve v mimo-
t€lnim obéhu a jeji okyslieni v oxygendtoru. Nyni jsou
zavadény postupy, kdy se kardiochirurgické vykony prova-
dgji na tepajicim srdei, kieré s minimdlnimi omezenimi
vykondva své fyziologické funkce (5). Tento pistup nevyZa-
duje pouZiti kardiopulmondrniho bypassu (CPR), Uvedend
rozdilné pFistupy maji zdsadni dopad na rozvoj zdndtové
odpovédi. Lze urdit proz4nétové podnéty, které oba pristupy
nepochybné sdileji, napiiklad podnéty spojené s vlastnim
incisivnim vykonem. V jinych se zasadn® odli¥uji. Pfi pouZi-
ti CPB dochazi k masivni aktivaci humorilnich i bun&énych
sloZek imunitniho systému kontaktem s umélymi povrchy
oxygendtoru a systému trubic, kterym je krev vedena (6).
Proudéni krve je nej¢ast€ji nepulzatilni. Disledkem je &as-
teénd ischémie orgdnd, kterd se nejvyznamnéji projevuje
v travicim traktu, kde jsou negativng ovlivnény slizni¥ni
bariéry. U nemocnych operovanych s pouZitim CPB miZe
dochdzet na pfechodnou dobu k prostupu biologicky aktiv-
nich litek mikrobidlniho pivodu pfes slizniéni bariéry stre-
va. Systémové expozice mikrobidlnim substancim, mezi kte-
rymi jsou i bakteriilni lpopolysacharidy s mimofddnou
potenci stimulovat zdn&tovou reakci, pfispiva k aktivaci
zanétu. Reperfuze orgdnl po odstrandni svorky z aorty
u nemocnych operovanych za pouZiti CPB a v men#i mife
i po ukonéeni operace nemocnych operovanych na bijicim
srdei, vystavuje orgdny, zejména srdce a plice, reperfuznimu
poskozeni. Souédsti ischemicko-reperfuznich procesi je 87~
ky oxidativni stres, vedouci k modifikaci viastnich struktur
veetné tvorby stresovych proteind (7).

Lze shrnout, Ze imunitni systém nemocného podstupujici-
ho kardiochirurgickou operaci je vystaven mimofadnému
spekiru nebezpednych latek antigenntho charakteru exogen-
niho 1 endogenniho pveodu, které stimuluji pfirozenon imu-
nitu prostfednictvim receptori pro nebezpefné vzory,

respektive buiiky specifické imunity prostiednictvim recep-
tord pro antigen. Intenzita aktivadnich podnétd je tak vysoks,
Ze rozvijejici se zdn&tovd reakce musi byt negativnd regulo-
vana, aby nepievladly pokozujici sloZky zdndtu (8). Mezi
mnohymi regula&nimi prvky, které moduluji zdnétovou reak-
¢i, u osob podstupujicich kardiochinurgickou operaci, m4 své
podstatmé misto tvorba cytokindl s obecnd protizandtovymi
ucinky.

V nasi studii jsme se zaméfili na sledovani dynamiky cyto-
kinu interleukinu 10 (IL-10), ktery je povaZovan za kliovy
regulaéni cytokin, interleukinu 13 (IL-13), ktery sehravi
vyznarmnou roli v rozvoji aktivity subsetu TH2 T-lymfocyta,
a prozanétového cytokinu I1.-6 u reprezentativniho souboru
nemocnych operovanych na srdei s pouZitim nebo bez pou-
Ziti CPB, Prokdzali jsme, e u nemocnych operovanych
s pouZitim CPB, kteiff jsou ve zvyfené mife vystaveni rozvo-
ji poskozujici zdnétové reakce, dochazi k vyznamnému zvy-
Seni tvorby IL-10 bezprostfedné po operaci.

SOUBOR NEMOCNYCH
A POUZITE METODY

Byio sledovdno 34 nemocnych (26 mu# a § Zen), kierym byl
poprvé proveden aortokorondmni bypass. Studie byla schvalena etic-
kou komisi Lékarské fakulty Univerzity Karlovy a Fakultnf nemoc-
nice v Hradci Krilové. Podminkou zafazeni do studie byl informo-
vany souhlas kaZdého ticastnika. Nemocnf prodélali bud konvenéni
myokardidlni revaskularizaci s pouZitim kardiopulmonérniho
bypassu (n=17, pramérny vék: 70,5327,05 let), nebo byli operova-
ni na tepajicim srdci (n=17, primémy vék: 66,41::10,12 let). Sku-
piny nemocnych se od sebe vyznamné nelifily vékem, pohlavim ani
podtem anastomdz. Operacni postupy a postupy vedeni kardiopul-
mondlaiho bypassu byly obdobné pro viechny pacienty. Pooperad-
ni péfe pro pacienty byla zajiffovana na jednotce intenzivni péde
kardiochirurgické kliniky, ze které byli v zdvislasti na zdravoinim
stavu pfeklddani na standardni odd&leni.

Hladiny interleukinu-10, interlenkinu-6 a interleukinu-13 byly
stanoveny ve vzorcich séra, které byly ziskny z ¥ilnj krve. Zilni
krev byla odebirdna do odbé&rovych zlumavek firmy Saarstedt,
SRN. Po koagulaci a centrifugaci bylo sérum rozdéleno do alikvo-
t. Vzorky byly skladovany pii —40 °C. Byly zmraZeny a rozmra¥e-
ny pouze jednou, Hladina cytokinll byla stanovena pomoc{ souprav
ELISA firmy R&D Systems (USA).

Vzorky Zilni krve byly odebiriny u pemocnjch operovanych
s pouZitim mimotélnihe obghu pii dvodu do anestezie (vzorek 1),
po naloZeni svorky na aortu {vzorek la), po sejmuti svorky z aorty
(vzorek 1b), po ukonéeni mimot&lniho obéhu (vzorek 1c¢), po ukon-
Ceni operace {vzorek 2), prvai pooperaéni den (vzorek 3), tfeti po-
operalni den (vzorek 4) a sedmy pooperatni den (vzorek 5).
U nemocnych, ktefi byli operovani na tepajicim srdei, byl proveden
odbér vzorku pii tivodu do anestezie (vzorek 1), po ukonéeni ope-
race (vzorek 2}, prvni pooperaéni den (vzorek 3), tfeti den po ope-
raci (vzorek 4) a sedmy den po operaci (vzorek 5). Stanoveni viech
cytokind byle provedeno ve vzorcich odebranych pii dvodu do ane-
stezie, po ukondeni operace, prvni, tieti a sedmy pooperalni den.
V piipadé IL-6 a IL-10 byly v nemocnych operovanych za pouZiti
CPB vydetieny i vzorky odebrané pii naloZeni svorky na aortu,
sejmuti svorky z aorty, ukoneni mimotéinfho ob&hu a ukonéeni
operace.

Vystedky jsou v krabicovych grafech vyjadieny jakc medidn
a kvartily. Rozsah dosaZenych hodnot bez odlehlych a extrémnich
hednot je vyznafen vertikdlni aron. Naméfené koncentrace pro
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Jjednotlivé parametry byly vyhodnoceny neparametrickym Friedma-
novym testerm. Pro mnohonédsobni porovnani byl pouZit Wilcoxo-
ndv parovy test, pficemz dosaZené hodnoty pravdépodobnosti byly
upraveny Bonferonniho korekel. Skupiny pacientl operovanych
s pouZitim CPB a bez pouZiti CPB byly porovniny neparametric-
kym Mann-Whitney testern s Bonferonniho korekei. Viechny testy
byly provadény pii «=0,05. Statistické hodnoceni bylo provedeno
pomoci statistického softwaru Statistica 5.5 (StatSoft, USA),

-

VYSLEDKY

Vysledky stanoveni hladiny [1.-13 u nemocnych operova-
nych bez CPB jsou uvedeny v grafu 1. Koncentrace IL-13
se pohybovala v celém sledovaném obdobi mezi 1,2 aZ
157.4 pg/ml. Nezjistili jsme statisticky vyznamné zmény
v koncentraci IL-13 v porovnani s pfedoperafni hladinou.
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Graf 1. Zmé&ny koncentrace IL-13 v séru pacienti bez CPB
Friedman ANOVA Chi. Sqr. (N=11, df=4) = 3,798165, p<0,43402
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Graf 2. Zmé&ny koncentrace IL-13 v séru pacientl s CPB
Friedman ANOVA Chi. 8qr. (N=10, df=4} = 3,075377, p<0,54530

Koncentrace IL-13 v séru nemocnych operovanych s pou-
Zitim CPB jsou zndzornény v grafu 2. V prib&hu operace
nedochézelo k statisticky signifikantnim zmé&nam v porovnd-
ni s pfedoperaéni hladinou. Hladina IL.-13 byla u nemocnych
operovanych s poufitim CPB v rozmezi mezi 1,6 aZ
133,6 pg/ml. Porovnali jsme hladiny I.-13 v séru nemoc-
nych operovanych s pouZitim CPB a bez pouziti CPB (graf
3). Negzjistili jsme signifikantni rozdily v koncentraci IL-13

mezi nemocnymi operovanymi s pouZitim CPB a bez pouZi-
ti CPB v Zadném odbéru,

Zmény koncentrace -6 v séru nemocnych operovanych
bez pouZiti CPB jsou vyjadieny v grafu 4. Koncentrace IL-6 se
pohybuji od 0.4 do 30,8 pg/ml. Sérovd hladina IL-6 ma vyraz-
nou dynamiku v pribéhu operace, ke statisticky vyznamnérmu
zvy$eni dochdzi jiZ bezprostfedné po ukondent operace, hladi-
na je jeSi€ zvyiena prvii pooperadni den. Treti pooperaéni den
dochéz] ke sniZeni hladiny IL-6, ale stile je statisticky vyznam-
né vy83i, neZ je koncentrace {L-6 pred operaci.
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Graf 3. Porovadni sérovych koncentracf IL-13 mezi pacienty
operovanymi s CPB a bez CPB
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Graf 4. Zmény koncentrace IL-6 v séru pacient bez CPB
Friedman ANOVA Chi. Sqr. (N=17, df=4) = 46,77647, p<0,00000
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Graf 5, Zmény koncentrace IL-6 v séru pacientd s CPB
Friedman ANOVA Chi. Sqr. {N=13, df=7) = 63,61538, p<0,00000
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Graf 6. Porovnani sérovych koncentraci I1.-6 mezi pacienty
operovanymi s CPB a bez CPB
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Graf 7. Zmény koncentrace IL-10 v séru pacientit bez CPB
Friedman ANOVA Chi. Sqr. (N=15, df=4) = 36, 53512,
p<0,00000

Sérovd hladina IL-6 v pribé&hu operace u nemocnych ope-
rovanych s pouZitim CPB je vyjadiena v grafu 5. Sérové hla-
diny JL-6 se pohybuji zhruba mezi 0,3-20,9 pg/ml. V piipa-
d¢ nemocnych operovanych s pouZitim CPB byly vzorky
odebirdny také v priib&hu operace — pii naloZeni svorky na
aorte (vzorek la), sejmuti aortilni svorky (vzorek 1b)
a ukonfeni mimot&lniho ob&hu (vzorek 1c). Prokdzali jsme
zvySeni hladiny IL-6 jiZ po odstranéni aortilni svorky
v porovadni s pfedoperaéni hladinou. K dal¥imu statisticky
vyznamnému zvy$eni doslo po ukondeni mimot&lniho ob&hu
a vrcholu bylo dosaZeno bezprostfedné po ukondeni operace.
Statisticky vyznamné zvy3eni hladiny IL-6 pietrvavé jests
prvni a tfeti pooperaéni den.

Porovnali jsme sérové koncentrace IL-6 u nemocnych
operovanych s pouZitim CPB a bez pouZiti CPB. Vysledky
jsou vyjadieny v grafu 6. Prokazali jsme statisticky vyznam-
né zvySeni hladiny IL-6 po ukonéeni operace u nemocnych
operovanych s pouZitim CPB. Mimofddné zajimavy je na¥
nilez, ktery ukazuje, Ze v prvnim pooperaénim dnu je statis-
ticky vyznamngd vy§Si hladina I[L-6 prokazatelnid naopak
1 nemocnych operovanych bez pouZiti CPB. V ostatnich sle-
dovanych obdobich nejsou statisticky vyznamné rozdily
v sérové hladin€ I1.-6 mezi nemocnymi operovanymi s pou-
Zitim a bez pouZiti CPB.

Zmény sérové koncentrace IL-10 u nemocnych operova-
nych bez pouZiti CPB jsou uvedeny v grafu 7. Rozsah hod-
not se pohybuje od 0,7-58,9 pg/ml. Prokazali jsme statistic-
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Graf 8. Zmény koncentrace IL-10 v séru pacientii s CPB
Friedman ANOVA Chi. Sqr. {N=10, df=7) = 57.66667, p<0,00000
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Graf 9. Porovndni sérovych koncentraci IL- [0 mezi pacienty
operovanymi s CPB a bez CPB

ky vyznamné zvyZeni hladiny IL-10 v porovndni s predope-
raéni hladinou jiZ po ukonéeni operace. Vrcholu hladiny
IL-10 u t&chto nemocnych bylo dosaZeno prvni poopera&ng
den. Statisticky vyznamné zvySend hladina IL-10 pfetrviva
jeité tfet] pooperadni den.

Zmény v koncentraci IL-10 v séru nemocnych operova-
nych s pouZitim mimotélniho obdhu jsou uvedeny v grafu
8. Sérové hladiny dosahuji od 0,5 do 1570,6 pg/ml. Ke sta-
tisticky v¥znamnému zvySeni hladiny IL-10 dochdzi jiZ po
sejmuti aortdlni svorky. Sérovi koncentrace se dile zvySu-
Je a je statisticky vvznamné odli¥nd od pfedoperaéni trov-
né ve vzorcich odebranych po ukonéeni mimotélniho obé-
hu a po ukondeni operace. ZvySeni hladin v porovnéni
s pfedoperaéni hladinou pretrvavid az do prvniho a tfetiho
pooperalniho dne. Sedmy den po operaci jsme jif nezjisti-
li statisticky vyznamné rozdily v hlading IL-10 v porovna-
ni s pfedoperagni koncentraci. Je tfeba zdiraznit, Ze kon-
centrace IL-10 u nemocnych operovanych s pouZitim CPB
byly v nékterych intervalech aZ fadové vy3§i v porovnani
s nemocnymi operovanymi bez pouziti CPB, Porovnini
sérovych koncentraci 11.-10 mezi nemocnymi operovany-
mi s pouZitim a bez pouZiti CPB jsou vyjadiena na grafu 9.
Zde je statisticky vyznamné zvySend hladina IL-10
(p<0,001} nalezena bezprostiedné po ukondeni operace.
V jinych odbérovych intervalech jsme nezjistili rozdil
mezi nemocnymi operovanymi s pouZitim a bez pouZiti
CPB.
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DISKUZE

Kardiochirurgickd operace pfedstavuje vaZny zdsah do t&]-
ni integrity, ktery md za ndsledek vznik rozmanitych podné-
th, tzv. nebezpefnych vzort. Na jejich pfitomnost t8lo rea-
guje zan€tovou reakci, ve které vyznamné postaveni zaujima
imunitni soustava. Pfitomnost nebezpeénych vzorh je mimo

Jjiné diisledkem kombinace operaéniho traumatu, mechanic-

ké manipulace se srdecelm, kontakini aktivace bunéénych
i humordlnich sloZek krve s umélym povrchem pfistrojd,
ischemicko-reperfiiznich déji a pfechodnouw endotoxemii.
Prosp&né Gcinky kaZdé zdn&tové reakce jsou neoddélitelnd
spojeny s poskozujicimi prvky (9). Fyziologickd zan&tova
reakee (SIRS) se u nemocnych operovanych na srdei miiZe
zménit na pofkozujici patofyziologické reakce MODS
a MOFS. Kvalitativni a kvantitativni parametry i dynamika
zadnétové reakce musi byt proto idinné regulovany. Jednim
z regulaénich prvkid, které moduluji zdn&tovou reakci, je
tvorba protizdnétovych cytokind, napi. IL-10 (10).

IL-10 je multifunkéni cytokin s pievladajicimi protizané-
tovymi G¢inky, ktery je zdsadnim zpiisobem zapojen do regu-
laci lokalni a systémové zdnétové reakce. Regulaéné zasahu-
je do funkei pfirozené i specifické imunity. Stanoveni
hladiny I.-10 v krvi nebo v t&€lnich tekutinach miZe pfispét
ke zhodnoceni stavu imunitni kompetence jednotlivych
nemocnych (10). S ohledem na klidové postaveni TL-10
v regulaci zdn&tové odpovédi neprekvapi, Ze je produkovan
takika ubikvitdmé v&tSinou bun&énych typi téla po plisobe-
ni rozmanitych podnéti. Buiky imunitniho systému piispi-
vaji k celkové produkci IL~10 zdsadn{ mérou. Pivodné byla
vyznamnd tiloha v produkci IL-10 pfisuzovdna CD4+T-lym-
focytim TH2. Nyni je experimentaing doloZeno, Ze I ~10 je
spolu s transformujicim ristovym faktorem beta hlavni dvo-
jici cytokind produkovanych regulanim subsetem Trl
T-lymfocyti (11). Dal$imi zdroji jsou monocyty, makrofagy,
neutrofilni granulocyty, CD8+T-lymfocyty i B-lymfocyty.
IL~10 phsobi prostiednictvim vysokoafinniho receptoru,
ktery je ubikvitdrng vyjidfen na bufikdch imunitniho systé-
mu i na buiitkdch v&Siny daldich tkini. Vazba II.-10 na fetéz-
ce R1 a R2 receptort dsti ve vytvofeni funkéniho komplexu,
kterym je aktivovana signalni draha JAK/STAT. IL-14 inhi-
buje fadu funk&né€ vyznamnych molekul, napf. cytoplazma-
tické tyrozinové kindzy a transkripni faktory vetnd NFxB
(12). Vysledkem je funkéni deaktivace monocyto-makrofa-
govych bungk a neutrofild v rdmeci ptirozené imunity. V ram-
ci specifické imunity IL-10 tdumi aktvitu subsetn THI
T-lymfocytd, kieré reguluji potencionalné zat€Zujici cytoto-
xickou imunitni odpovéd. Naopak, stitnuluje B-lymfocyty
k ristu, diferenciaci v plazmatické bufiky a k tvorb€ imu-
noglobulindl. Lze struéng shrnout, Ze IL~10 tlumi buiikami
zprostfedkovanou odpoved piirozené i specifické imunity
a stimuluje rozvoj protilatkové odpovadi.

Zcela zasadni dlohu v rozvoji zdnétové reakce u nemoc-
nych s kardiochirurgickou operaci sehravaji buiiky monocy-
to—makrofigové linie. Ty nejefektivnéji identifikuji signaly
nebezpedi prostfednictvim dozorovych receptorli a reaguji
na n€ mimo jiné tvorbou pluripotentnich prozanétovych
cytokinil. V mnoha experimentech i v klinickych studiich je
popsdno zvyieni krevni hladiny pluripotentnich prozdnéto-
vych cytokingG, predev§im TNFa, [L-18, H~6, ke kterému
dochézi jiz v pribéhu operace s dosaZenim maxima obvykle

prvoi den po provedené operaci (13). Duasledky pasobeni
pluripotentnich prozan&tovych cytokinit jsou velmi rozmani-
t€. Stimulupi kostni dfefi ke zvy¥ené produkei myeloidnich
elementi, aktivuji endotelové buiiky a leukocyty ke zméné
z antiadhezniho do proadhezniho fenotypu a indukuji v nich
tvorbu cytokint. Stimuluji produkei prozdnétovych plisobki
tvofenych z kyseliny arachidonové. Zesilenim aktivity oxi-
dazového systému a INOS zvy3uji hladinu reaktivnich pro-
duktd kyslikového a dusikového metabolizmu. Jsou odpo-
védné za uvolnéni biologicky aktivnich plsobkd (napf.
elastazy) z neutrofilnich granulocyta. Moduluji funkci bunék
prezentujicich antigen, a tak ovliviiuji specifickou imunitni
odpovéd (14).

IL-10 thumi v monocyto—makrofagovych buiikdch pro-
dukei prozanétovych cytokind TNFa, IL-18 a zesiluje tvor-
bu solubilnich forem TNFaR a pfirozeného inhibitoru
IL1-Ra, které neutralizuji biologické u€inky prozandtovych
cytokinitt. TL~10 tlumi tvorbu kyslikovych radikdld, oxidu
dusnatého a prostaglandind v monocyto—makrofidgovych
bufikdch. SniZenim exprese molekul HLA I. tfidy a kosti-
mulacnich molekul CD80 a CD86 negativné regulyji prezen-
taci antigenu T-lymfocytiim. Podobny ddinek na specifickou
imunitu ma v dasledku i sniZeni tvorby IL~12 a IL—18 buii-
kami monocyto—makrofagové linie. Zdsahem do tvorby che-
mokint, napt. IL-8, MIP-1a, MCP, omezuje L~ 10 migracni
aktivity leukocyti. IL-10 brani tvorb& prozinétovych cyto-
kint i v neutrofilnich granulocytech. V nich dile tlumi funk-
ci NADPH oxidézy a proces degranulace. Zasahem do tvor-
by G-CSF a GM-CSF omezuje pfeZivani granulocytii a jejich
diferenciaci.

V rémci specifické imunity je zfejm€ nejvyznamnéjsi
omezeni produkce INFy TH1 T-lymfocyty a NK. buiikami.
Tim je indukovin pfesmyk k protilatkové imunit¢ s omeze-
nim cytotoxického piiscbeni TH! T-lymfocytd. IL-10 se
uplatiinje i v indukeci T-lymfocytdmni anergie indukované
antigenem (pfehledné viz 11).

V pritbéhu kardiochirurgické operace je masivné aktivo-
vin koagulaéni a fibrinolyticky systémn krve, zvi43té pii pou-
Ziti CPB kontaktem sloZek krve s umélymi povrchy piistro-
j&. Produkty krevni koagulace a fibrinolyzy aktivuji
endotelovou vystelku. Vznikly trombin, ale i faktor FiXa
maji schopnost regulovat chemotaxi monocytd a neutrofild.
Samotné endotelové buiiky zvy3uji expresi adheznich mole-
kul a tvofi prozanétové cytokiny (15). Trombin zvySuje
expresi adheznich molekul P-selektinu na endotelovych buii-
kach. To umoZni d¢innou adherenci neutrofilnich granulocy-
th, které po aktivaci uvoliiuji pisobky potkozujici endotelie.
Prostfednictvim trombinu miZe dochédzet i k aktivaci
a degranulaci Zirnych bunék se viemi fyziologickymi i pato-
fyziologickymi disledky. Tvorba tkafiového faktoru, ktery je
odpovédny za aktivaci vn&j§i cesty krevni koagulace, je
v mononukledmich buiikdch tlumena d&inky 1110 (14).

V nadi studii jsme prokazaii zcela odli¥nou dynamiku
sérové hladiny IL-10 u kardiochirurgickych nemocnych ope-
rovanych s pouZitim CPB nebo operovanych na tepajicim
srdci. Zatimeo u nemocnych operovanych bez pouiiti CPB
doséhla sérova hladina IL-10 maxima v prvni pooperaci
den, u nemocnych operovanych s poufitim CPB jsme nalez-
li signifikantné zvy$enou maximalni hladinu II.-10 bezpro-
stiedné po operaci. Také jsme nalezli statisticky signifikant-
né zvySenou hladinu IL~I0 pouze bezprosttedné po

(32)
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ukondeni operace u nemocnych s pouitim CPB v porovnani
§ nemocnyal bez pouZiti CPB (p<0,001). V ostatnich inter-
valech se hladiny IL-10 mezi skupinami vyznamné neligily.
K nariistu IL-10 dochazelo u nemocnych s CFB JiZ v pribé-
hu operace a bezprostfedn& po operaci byly fadové vy33i neZ
u nemocnych operovanych bez CPB. V dalfich pooperaénich
dnech jsme vidéli rychly ndvrat k vychozim hodnotam.

Nale vysledky se ddstedné odliduji od jinych autord. Volk
et al. (16) popisuji narGst sérové hladiny IL~10 po jednu
hodinu trvajicim CPB s maximem dosaZenym 60 minut po
odstranéni aortdlni svorky. Nasledoval prudky pokles
k €méf k pedoperagnim hodnotam ¢&tyfi hodiny po odstra-
néni svorky a 24 hodin po ukon&eni operace. U nagich
nemocnych je dynamika obdobpd s urditym zpoZd&nim.
Maximdlni hladiny IL-6 bylo v (o studii dosaZeno 4 hodi-
ny po odstranéni aortdini svorky. To zhruba odpovidd naSim
naleziim. Pfes mnohokrit v pfehledech citované ddaje, e po
kardiochirurgické operaci dochdzi pravidelng ke zvy3eni
sérové hladiny IL-10 (1, 17), existuji i rozporné nilezy.
Naptiklad Giomarelli et al (18) nezaznamenali u nemocnych
operovanych s mimotélnim obghem narist hladin IL-10 prv-
ni a &tvrty den po operaci. ZvySeni zaznamenali pouze
u nemocnych, kterym byl pfed operaci aplikovin metylpred-
nisolon. Nade vysledky odpovidaji naleziim, které publiko-
vali jini (19), a podobné praci Czemeho et al. (20), kteii
popsali vyznamné vy$§i tvorbu I1.-10 bezprostiedn& po ope-
raci u nemocnych operovanych s pouZitim CPB. Zaroveii zji-
stili i vysokou pfitomnost IL-10 i u nemocnych bez pouZiti
CPB.

Rozdily v hladinich IL-10 mezi kardiochirurgickymi
nemocnymi operovanymi s a bez pouZiti CPB lze pouze
obtiZn& interpretovat. Dynamika zantové odpovédi urdend
stanovenim prozénétovych cytokind je velmi obdobni,
Rychlejdi a vy$3§i tvorbou IL-10 musi imunitni systém
nemocnych operovanych s CPB ziejmé reagovat na kontakt-
ni aktivaci Jeukocytd, predeviim neutrofilnich granulocytd
umélymi povrchy CPB pfistrojii. Pfesmérovani podstatného
objemu krve mimo t€lo u nemocnych CPB mi¥e simulovat
i rozsahlejsi hemoragické poSkozeni. V experimentu na zvi-
fatech dochézi v reakci na toto poskozeni ke zvySent tvorby
IL-10(21).

Rozpornd je i udivand dynamika sérové hladiny IL~10
v porovnéni s dynamikou tvorby pluripotentnich prozénéto-
vych cytokinil (napf. TNFa, 11-6) a chemokinti (napf. IL-8).
Podle jiZ citované prace Volka (16) dochazi k ndrastim séro-
vé koncentrace IL—6, IL--8 a TNFa na konci operace s vrcho-
lem 6 hodin po operaci. V pipad# 1L-6 dochdzi k poklesu a#
normalizaci do 5. dne po operaci. Naopak, hladiny IL-8
a TNFo. pretrvdvaji zvysené v celém sledovaném obdobi.
Giomarelli et al. (18) zaznamenali postupny nériist hladiny
I£.~6, -8 a TNFa jiZ od 10. minuty po ukonéeni CPB. My
jsme zaznamenali vichol tvorby I1.—6 u nemocnych s CPB
okamZit€ po ukonéeni operace a u nemocnych operovanych
bez CPB v prvni pooperaéni den. Franke et al. (13) nalezli
vicholy v hladiné pro TNFa, IL-6 a I1.-10 shodné v prvni
pooperacni den. Lze s jistymi omezenimi shrnout, Ze dyna-
mika tvorby IL-10 v nemoenych operovanych s CPB zhruba
kopiruje dynamiku tvorby prozinétovych cytokintl, nebo
Iejich produkei spife predchazi.

Diouhodobé a zatim bez jednozna&nych zivéri je-vedena
diskuze, zda provadéni kardiochirurgické operace na tepaji-

cim srdci bez pouZiti CPB sniZuje riziko rozvoje SIRS
a zlep3uje progndzu nemocnych (22). V diskuzi se promitaji
Jak ekonomické aspekty, nebot operace s pouZitim CPB je
nakladn&jsi, tak charakteristiky operatéra, protoZe naroky na
zruZnost operatéra jsou naopak v&t§i u operaci na tepajicim
srdci. Z pohledu rozvoje zan&tové reakce previada nazor, Ze
operace na tepajicim srdci vede k mendi systémové zanétové
odpovédi (23, 24). Dva z diivodl pro tuto skute&nost jsou
zfejmé. Prvni je absence kontakini aktivace huroralnich
a buné¢nych sloZek krve na umé&lém povrchu pHstrojo zajis-
tujicich CPB. Druhy je nepochybné niz$i ischemicko-reper-
fuzni poskozeni u nemocnych operovanych na bijicim srdci.
Zatimco disledky kontaktni aktivace krve jsou dokumento-
vany napiiklad vyznamné niZii sérovou hladinou elastizy, &i
produktil aktivace komplementu C3a a2 C3a u nemocnych
operovanych bez CPB (23), situace v tvorb& cytokini je
v mnohém kontroverzni, Napiiklad Franke et al. (23) nena-
lezli vyznamny rozdily ani v dynamice, ani v kvantité [L—6,
IL-8 a TNFa mezi nemocnymi operovanymi s poui-
tim nebo bez pouZiti CPB. Jini nalezli vyznamné& vy3§i hla-
dinu chemokinu IL-8 s prozén&tovym a chemotaktickym
plisobenim u nemocnych operovanych s pouZitim CPB.
V nad¥i studii jsme nalezli vyznamny rozdil v tvorb& IL-6
mezi nemocnymi operovanymi s pouzitim CPB a nemocny-
mi operovanymi na tepajicim srdci bezprostfedné po operaci
a v prvii pooperaéni den. Dynamika tvorby IL—6 byla mezi
&mito skupinami v nasi studii odliind. U nemocnych s CPB
bylo dosaZeno vrcholu jiZ okamZit€ po ukonéeni operace.
U nemocnych bez CPB byla nejvy3ii koncentrace prokizéna
prvni pooperacni den a v absolutni hodnoté byla prekvapivé
vy$8i. Nade vysledky jsou Castedné v souladu s nilezy dal-
Sich autorti (6, 25, 26). Za originalni nélez lze povaZovat sku-
te¢nost, Ze bezprostiedn& po operaci je hiadina IL-6 vyznam-
né vy$8i u nemocnych operovanych s pouZitim CPB
v porovndani s pacienty operovanymi bez pouZiti CPB. V dal-
§im obdobi dochézi k iplnému piesmyku a v prvai poope-
ratni den je hladina IL-6 signifikantné vy¥i u nemocnych
operovanych bez pouZiti CPB. I tento nélez implikuje, Je
rozdilny kardiochirurgicky piistup vede k zisadng jinému
pritbéhu zdndtové reakee.

Jedt€ pied nediavnou debou byl H.-10 spolu s IL-4, IL-5
a IL-13 fazen do skupiny cytokindl tvofenych imunoregulad-
nim subsetem TH2 T-lymfocytit. TH2 T-lymfocyty reguluji
fyziologicky tvorbu protilatek, proliferaci a diferenciaci
eozinofilnich leukocytli (27). Patofyziologicky se, pfedevsim
u nemocnych s alergii zprostfedkovanou protildtkami IgE,
podileji na syntéze IgE protilatek specifickych pro alergeny,
iniciaci a rozvoji alergického zén&tu (28). Uast IL-13 na
vyvojl subsetu TH2 T-lymfocytd po antigenni stimulaci je
relativaé slabd (29). Relevantni pro podil 1L-13 na rozvoji
zanétové reakce po kardiochirurgické operaci je zfejmé sku-
te¢nost, Ze vyraznym zdrojem IL-13 jsou Zirné buiiky, loka-
lizované ve sliznici plic, stieva i v pojivové tkini, B&hem
kardiochirurgické operace jsou mastocyty masivné stimulo-
vany a uvolfiuji vysoce potentni medidtory, které moduluji
prabéh zén&tové reakce, fasto s negativnimi dopady na
nemocného. Opét lze ofekdvat, Ze k vyrazngj§i aktivaci mas-
tocytll bude dochédzet u nemocnych operovanych s pouZitim
CPB. Ve studii jsme ovéfili dynamiku hladiny IL-13
u kardiochirurgickych nemocnych operovanych s poufitim
nebo bez pouZiti CPB. V pridb&hu operace i ve sledovaném
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sedmidennim pooperainim obdobi jsme zaznamenali mini-
malni, statisticky nevyznarné zmény sérové hladiny IL-13.
Nenalezli jsme ani Zadné rozdily v sérovych hiadinach 113
mezi nemocnymi operovanymi s poufitim a bez pouZiti
CPB. Piitornnosti I1.-13 u nemocnych podstupyjicich kardio-
chirurgickou operaci je dosud v&novana minimélni pozor-
nost. Nalezli jsme pouze jednu pdvodni préci, ve které auto-
i rovnéZ konstatnji pouze minimélni odpovéd v hladiné
IL-13 po kardiochirurgické operaci (30). Z nadich vysledki
Ize irnplikovat, Ze IL-13 pravdépodobné nesehravd vyznam-
n&j§i ulohu v pribéhu kardiochirurgické operace. Dale z nich
vyplyva rozdil ve funkcich IL-10 a I.-13 se zdirazngnim
zasadniho protizanétového Géinku IL-10.

Lze shrnout, Ze se nam podafilo prokézat vyznamng zvy-
Senou tvorbu protizangtového cytokinu IL-10 jiZ v pritb&hu
operace s vicholem bezprostfedné po operaci u kardiochirur-
gickych nemocnych operovanych s pouZitim CPB. U nemoc-
nych operovanych na tepajicim srdci jsou zmény sérovych
hladin IL-10 nejvy$§i v prvni pooperaéni den. U nemocnych
operovanych s pouZitim CPB dochézi k vyznamnému zvySe-
ni tvorby prozanétového cytokinu IL-6 s vicholem po opera-
ci. U operovanych bez pouZiti CPB je vicholu dosaZeno prv-
ni pooperaéni den. Mezi ob&ma skupinami jsou v sérovych
hladinach IL-6 v§znamné rozdily bezprostfedné po operaci
a v prvni poopera¢ni den. Sérové hladiny cytokinu IL-13,
ktery je zapojen do regutaci aktivit subsetu TH2 nevykazuji
Zasovou zavislost a neodlifuji se mezi nemocnymi operova-
nymi s pouZitim a bez pouziti CPB.

Zkratky

CPB — cardiopulmonary bypass

G-CSF — kolonie stitnuluji faktor pro granulocyty
GM-CSE - kolonie stimutuji faktor pro makrofigy
IgE - imunoglobulin E

IL ~ - interleukin

INFy — interferon gamma

iNOS — inducibilni NO syntdiza

JAK/STAT - janus kinasa/signal transducers and activatas

MCP — macrophage chemoattractant protein
MIP-la — macrophage inflammatory protein-lo
MODS — multiple organ dysfunction syndrome
MOFS — multiple organ failure syndrome

NIFxB -- transkrip&ni faktor

SIRS — systemnic inflammatory response syndrome
TH1 — imunoregulaéni subset THI T-lymiocyti
THZ2 — imunoregulaéni subset TH2 T-lymfocytl
Tr — imunoregulaéni subset T-Tymfocytil
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K ¢lanku M. Kudlové et al. ,,Kardiochirurgické operace
a jejich vliv na sérovou hladinu protizanétového
cytokinu interleukinu-10*

FecEal

Poranéni, at jiZ zplisobené ndhodnymi traumaty, nebo chirurgickymi zakroky, vyvold metabolickou a zdnétlivou odpovéd,
kterd je v prvni fadg zam&¥ena na kontrolu rozsahu poranéni a jeho reparaci. Lokalni zdnét je nezbytny pro hojent riny a pro
aktivaci lokélnich obrannych mechanizmi proti pronikajicim mikroorganizmiim. Tato lokdlni reakce iniciuje také systemo-
vou reakei, kterd mé spife imunosupresivni charakter. Systémova imunosuprese je do urdité miry fyziologickou reaket, kterd
m4 ochranit pacienta proti nekontrolované systémové zanétlivé reakei vyprovokované lokdlnim porangnim tkané. Pokud je
oviem poranéni rozsihlej’i, zan&tiva reakce perzistuje, za¢ne byt neddinnd a miZe vést v nejhordich ptipadech aZ k syndro-
mu SIRS — systemic inflammatory response syndrome. Diisledkem t8chto zavaZnych stavii miZe byt multiorganové selhani
a smart. Proto neni divu, Ze se stdle hledaji parametry, které by dokézaly predvidat rozvej této zdvaZiné komplikace.

Utelem laboratomi diagnostiky v chirurgickych oborech je stanoveni stupné aktivace nebo suprese imunitniho systému,
piipadng stanoveni prognosticky relevantnich parametr, které by byly podkladem pro terapeutickée zdsahy. Pro vyzkumné
tgely lze vydetfovat v riznych asovych intervalech rizné parametry; pro klinickou praxi jsou vSak pouZitelné pouze ty para-
metry, jejich? stanoveni je moZné provadét v nékolikahodinovych intervalech, nejsou pfilis finanéné ndrogna a jejich vyznam
byl ovéfen ve vyzkumnych studiich. Hledani optimélnich parametrti pro urfeni jejich pfinosu je piedmétem bddéni fady
vyzkumnych tymi na celém svété. Z hlediska cytokinové reakce je lokdlni zdnétliva reakce charakterizovana produkei pro-
zénétlivych cytokini, TNE, IL-1, IL-6 a IL-8, zaroveii viak nastupuje tvorba protizdnétlivych aZ imunosupresivaich cytokd-
nit, zejména IL-10, eventudlng IL-4 a TL-13. Zejména do stanoveni IT.-10 se vklddaji nadgje jakoZto moZncho ukazatele tiZe
postoperaéni nebo posttraumatické imunosuprese. Vyznam sledovani t&chto parametrd v3ak jeSté neni jednoznaéné piijiman.

Autofi se ve svém vyzkumu pustili na tenky, ale velmi dileZity led sledovani cytokinid po kardiochirurgickych operacich.
Ovéfili dynamiku hladiny I1.-13 u kardiochirurgickych nemocnych operovanych s pouZitim nebo bez pouZiti CPB. V priib&-
hu operace i ve sledovaném sedmidennim pooperanim obdobi zaznamenali minimdlni statisticky nevyznamné zmény séro-
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EXPRESSION OF AN ACTIVATED FORM OF INTEGRIN 3, CHAIN CD18 IN
CARDIAC SURGICAL OPERATIONS

Manuela Kudlovi', Martina Koldckovi', Pavel Kunes®!, Viadimir Lonslg?, Jiri Mandik?, Ctirad Andrys?, Jan Krejsek!

Charles University in Prague, Faculty of Medicine in Hradec Kralové and University Hospital Hradec Kralové, Czech Republic:
Department of Clinical Immunclogy and Allergology!, Department of Cardiac Surgery?

Summary: Background: Myeloid cells are extensively activated in patients undergoing cardiosurgical operations. It is sup-
posed that this activation is more profound in patients operated with cardiopulmonary bypass (CPB) (,,on-pump”) in
comparison with patients operated without CPB (,,off-pump™). 4éms: To evaluate changes in the expression of a novel acti-
vation marker expressed on myeloid cells recognized by MEM-148 antibody. Patients and Methods: The expression of
MEM-148 positive myeloid cells was evaluated by flow cytometry in 40 patients who underwent coronary artery bypass
surgery (CABG) randomty assigned to ,on-pump” or ,off-pump® technique. Results: The relative and absolute number of
MEM-148 positive myeloid cells is significantly diminished during ,on-pump® surgery. A significant increase in their
number in postoperative period in both ,on-pump” and ,,off-pump" patients was found. There were no significant diffe-
rencies between ,,on-pump” and ,,off-pump” patients. Conclusions: The very trauma of surgery seems to be more relevant

in starting on activation of myeloid cells them CPB itself.

Key words: Cardiac surgery; Cardiopulmonary bypass; Myeloid cells; Activation MEM-148

Abbreviations: CABG - Coronary Artery Bypass Grafting; CD - Cluster Designation; CPB ~ Cardiopulmonary Bypass;

ICAM-1 - Intercellular Adhesion Molecule-1.

Introduction

Cardiopulmonary bypass (CPB) in combination with
other factors (surgical trauma, anesthesia, medication, hy-
pothermia, ischemia-reperfusion injury) induces inflam-
matory response in cardiosurgical patients, This response
includes activation of humoral systems (complement, coa-
gulationHfibrinolysis) and cellular components. The crucial
role in latter one is devoted to the mutual interplay be-
tween activated immune cells in blood vessels and acti-
vated endothelial cells. The ultimate goal of this process is
extravasation of activated leukocytes into tissues via dia-
pedesis (9). Adhesion of leukocytes to endothelial cells
lining which is a multistep process is prerequisited to the
diapedesis of leukocytes. The firm adhesion of leukocytes
is mediated by the interactions between leukocyte [32 inte-
grins subfamily and their counterparts ICAM-1, 2, 3 be-
loging into immunoglobulin superfamily. Members of
family of 3, integrins are heterodimers defined by a CD18
or B, subunit that is common to all members of the B, sub-
family, paired with a unique ¢ chain (CD11 &, b, ¢,} (16),
respectively.

ACTA MEDICA {Hradec Kralové) 2067:50(3):187-193

Several avenues of research have converged to reveal the
central role of 532 integrins in the inflammatory response.
CDI18 chain is essential for the function of 3, integrins as
is evidenced from rare patients suffering from leukocyte ad-
hesion deficiency 1. As a result of mutations in the CD18
chain these patients fail to express normal levels of B, inte-
grins. As a consequence, neutrophils activation and traf-
ficking is severely impaired.

There are some reports regarding B2 iniegrins expres-
sion in cardiac surgical patients. It is generally assumed that
cardiac surgery using CPB {,,on-pump") has more profound
impact on leukocytes in comparison with surgery on the
beating heart {,,off-pump”) {11). Indeed, Asimakopoulos et
al (1) found that 132 integrins CD116/CDI18 expression on
neutrophils was significantly increased as early as 15 min
after onset of CPB. On the conirary, it was reported by Ges-
sler et al (7) that CD11b/CD18 expression was reduced
after weaning from CPB.

Recently, a novel activation marker abundantly expressed
on the surface of activated monocytes and neutrophils -
a 65- to 70-kDa proteolytic fragment of the commonr [
chain of leukocyte (Bz) integrins, CD18, as detected by
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a monocional antibody produced by MEM-148 hybridoma
recognizing unique CID 18 epitope was described (5).

The aim of this study was to follow the expression of
a novel activation form of CD18 3, chain on immune cells
of cardiac surgical patients during surgery and an early
postoperative period. To the best of our knowledge, no data
are available so far concerning the expression of this-form
of CDI8 B, integrin chain recognized by MEM-148 mo-
noclonal antibody in cardiosurgical patients. The expres-
sion of this marker was compared between ,,on-pump” and
LOff-pump” patients to ascertain the impact of CPB on the
activation of immune celis.

Patients

Forty patients {31 male, mean age 67.9 = 9 years and 9
female, mean age 66.4 & 6.4 years, collective mean age 67.6
+ 8.5 years) referred to firsttime coronary artery bypass
grafting (CABG) were enrolled in this study. Patients un-
derwent either conventional myocardial revascularization
with cardiopulmonary bypass and cardioplegic arrest of the
heart (“on-pump”, n=20, 16 male, 4 females, mean age 69.4
+ 7 years)} or beating heart surgery (“offpump”, n=20, 15
males, 5 females, mean age 65.9 £ 9.7 years). The patienis
were randomly assigned either to “on-pump” or to “off-
pump” surgery by a member of the cardiosurgical staff out-
side the research team who was blinded to all variables
pertinent to the study design.

Patients in both groups were comparable in age, pre-
operative left ventricular ejection fraction {median 0.65 in
“on-pump”, 0.65 in “offpump” patients, respectively) and
the number of performed coronary anastomoses (median
2.0 in “on-pump”, 2.0 in “off-pump”, respectively). All pa-
tients had been taking aspirin 100 mg in one daily dose,
which was stopped for five days preceding the operation.
Patients treated with anti-inflammatory agents, either ste-
roids or NSAID, were excluded from the study, as were pa-
tients with serum creatinine > 130 pmol/1 or with hepatic
disorders. No patients were known to suffer from concomi-
tant malignancies. Patients with active infectious diseases
are not admitted to elective CABG in our department. The
Ethics Committee of the University Hospital in Hradec
Kralové approved the study protocol. All participants were
informed in detail about the purpose of the study both oral-
ly and in writing. They were free to ask any questions, One
person refused to participate for reasons he would not spe-
cify. All active subjects have given written informed con-
sent.

EUROSCORE is not routinely assessed in our patients.

Cardiopulmonary bypass
CPB was established using a two-stage venous drainage
and ascending aortic return. A roller pump (83 Stockert®,

Stockert Instrumente GmBH, Miinchen, Germany), a mem-
brane oxygenator ( Dideco Avant 903%®, Dideco Mirandola,
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Italy) in a closed modification with coflapsible reservoir,
a cardiotomy suction device and a 40 wm arterial line filter
(Dideco Micro 40®, Mirandola, Italy) were integrated into
the extracorporeal circuit. The system surface was not
treated with any hemocompatible substance. The priming
solution consisted of:

- 500 ml Ringer's lactate, 500 ml Rheodextran (Rheo-
macrodex), 5000 TU heparin, 500 000 U aprotinin, 80
ml natrium bicarbonate (NaHCO3 §,4 %), 20 ml magne-
sium sulphate 10 %, 500 mg dexamethasone, manitol 1 g/
kg body weight. '

The priming volume was calculated to achieve haema-
tocrit levels above 0.22.

Intravenously, heparin was administered at 300 IU/kg
body weight to maintain an activated clotting time (ACT)
above 480 s during bypass. No patient received either apro-
tinin or corticosteroid intravenously. Pump flow rates
averaged 2.4 I/min/m? body surface areas with pressure
maintained at 50-60 mmHg. The patients were kept normo-
thermic. Cardioplegic arrest was induced with 800-1000
ml of a St Thomas cold crystalloid solution, administered
antegradely into the aortic root with added doses of
200-300 mt every 30 minutes whenever needed. All pa-
tients received an internal artery mammary graft to the left
anterior descending coronary artery {LAD). The ceniral
aorto-venous anastomoses were performed during the re-
perfusion phase of CPB with the heart beating. After termi-
nation of bypass, heparin anticoagulation was antagonized
by protamine sulphate at a 1:1 dosage.

Cross clamping of the aorta in this group took in aver-
age 49 minutes; the duration of cardiopulmonary bypass
amounted in average to 84 minutes.

“Off-pump” technique

All operations were performed via a median sternotomy
incision. Two to three traction sutures in the postero-lateral
pericardium were placed. Regional myocardial stabilization
was achieved with commercially available suction stabi-
lizers. No preconditioning was performed. The target co-
ronary vessels were snared with a silicone vascular loop
proximal to the anastomotic site. An intracoronary shunt
was used during construction of the anastomoses. The left
internal mammary artery to LAD was the first anastomosis
in all patients. The central aorto-venous anastomoses were
established with partial occlusion of the ascending aorta. In
OPCAB patients, heparin was given at a dosage of 200
[U/kg to achieve an ACT over 300 s. After completion of
the final anastomosis, heparin was antagonized with prota-
mine sulphate at a 1:1 dosage to return the ACT to preope-
rative levels.

Anaesthesiological management

All patients were anaesthetised according to the current
protocol of our department. Anaesthesia was induced with



thiopental and midazolam. Muscular relaxation was achieved
with cisatrakurium. Anaesthesia was rnaintained with iso-
flurane and intermittent sufentanyl. Continuous propofol
was used as a supplement if needed. Volume-controlled ven-
tilation with FiO, of 0.50 was employed. Mean arterial
pressure was kept over 50 mmHg with norepinephrine ad-
ministered whenever required. T :

Blood sampling

Venous blood (peripheral venous blood from an ante-
brachial vein) was withdrawn in the operating room and
during postoperative period in the intensive care unit.
Samples were collected into heparinized tubes manufactu-
red by Greiner, Germany.

In “on-pump” patients, blood was withdrawn at follo-
wing time points:

1) introduction to anaesthesia, which in both groups repre-
sented the baseline or reference value for all parameters
measured thereafter
1a) before cross-clamping of the aorta
1b) after aortic crossclamp release
1c) after termination of CPB

2} after termination of the operation

3} the first postoperative day

4) the third postoperative day

5) the seventh postoperative day.

In “off-pump” patients, blood was withdrawn at:

1) introduction to anaesthesia

2) after termination of the operation

3) the first postoperative day

4) the third postoperative day

5) the seventh postoperative day.

Methods

The expression of activated immune cells expressing
novel activation marker recognized by MEM-148 mono-
clonal antibody was determined by phycoerythrin labeled
monoclonal antibody purchased by Serotec, UK, Cat.No.
MCAZ2Q86RPE in combination with anti CD45 panleuko-
cyte marker (Immunotech, France). Direct double immu-
nofluorescence whole blood lysing method was used.

To identify lymphoid and myeloid cells precisely, the
combination of CD45 FITC and CD14 PE monoclonal
antibodies were purchased from Immunotech, France, res-
pectively.

Relative and absolute number of MEM-148 positive
cells, separately for lymfoid and myeloid cells, were deter-
mined. Shift in the intensity MEM-148 expression on mye-
loid cells during surgery and in the postoperative period
was expressed as MFI value (mean fluorescence intensity).

Results were measured by FACS Calibur flow cytome-
ter (B.D., USA) using CELLQuest software. Irrelevant
IsG FITC/IgG PE monoclonal antibodies serve as nega-
tive isotypic control.

Statistical analysis

We analyzed changes in the relative and absolute num-
bers of immune cells expressing activated form of CD18§
molecule recognized by MEM-148 monoclonal antibody in
both group of patients (“on-pump”, “off-pump”). Samples
taken at the introduction to anaesthesia were considered as
reference. Differences between "off- and on-pump” patients
were also evaluated.

Data were analyzed using two-way ANOVA for repeated
measures with Fisher test for multiple comparisons. To ex-
clude confounding effect of different age and sex in both
groups, unpaired t-test and chi-square test were performed.
Correlations were assessed using Pearson’s correlation co-
efficient.

A probability (p) value < 0.05 was considered significant.

Statistical analysis was performed with Statistica 5.5
software (Statsoft, USA).

Results

1. Expression of CDI8 B, integrin recognized
by MEM-148 on lymphocytes

The expression of a truncated form of CD18 {3, integrin
chains recognized by MEM-148 monoclonal antibody on
lymphocytes was without any change during cardiac surgi-
cal operations either operated with or without CPB. The
percentage of MEM-148 positive lymphocytes was in range
from 3 % to 6 %. There was an insignificant decrease after
declamping aorta in ,on-pump” patients. Slight, insignifi-
cant increase in both groups was found after surgery. There
are were no differences between ,,on-pump” and ,off-pump”
patients (p=0.28, data are not shown).

2. Expression of CDI8 B, integrin vecognized
by MEM-148 on myeloid cells

2.1 Changes in the relative number of MEM-148
positive myeloid cells
The relative number of MEM-148 positive myeloid cells
was significantly decreased in ,on-pump” patients in the
whole entire period of surgery from cross-clamping aorta to
the end of surgery in comparison with preoperative level
(p<0.001). In spite of a slight increase on the 1% postope-
rative day this relative number remained significantly dimi-
nished (p<0.001). This number was normalized on the 3™
postoperative day followed by a significant decrease on the
7t postoperative day in ,on-pump® patients (Fig. 1).
Changes in the relative number of activated MEM-148
expressing myeloid cells in ,off-pump® patients were te-
sembling the pattern found in ,on-pump” patients. The sig-
nificant decrease on the 1% postoperative day (p<0.05) was
followed by the return back to the preoperative value on the
3" postoperative day with subsequent decrease on the 7%
postoperative day (p<0.001) (Fig. 2).
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Fig. 1: Changes in the relative number of MEM-148 positi-

ve activated myeloid cells in “on-pump” patients.
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tive activated myeloid cells in “on-pump” patients.
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Fig. 3: Changes in the density of expression of MEM-148

activation marker on myeloid celis in “on-pump” patients.
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ve activated myeloid cells in “off-pump” patients.
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tive activated myeloid cells in “off-pump” patients.
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There were no significant differences between ,on-
pump” and ,off-pump” patients regarding relative number
of MEM-148 positive myeloid cells (p=0.44, data are not
shown).

2.2. Changes in the absolute number of MEM-148
positive myeloid cells ’ :

Changes in the absolute number of myeloid cells in ,,on-
pump® patients resembled relative count pattern. The sig-
nificantly decreased number was found at the cross
clamping (p<0.05) and declamping aorta (p<0.0%), respec-
tively.

This transient decrease was followed by the return to
the preoperative baseline value at the weaning from CPB
and at the finishing of surgery. The absolute count of acii-
vated myeloid cell was subsequently highly significantly in-
creased (p<0.001) on the 1% and 3" postoperative days,
returned to the baseline value on the 7P postoperative day
(Fig. 3).

The changes of the absolute number of activated mye-
loid cells in ,off-pump” patients were very similar compared
to ,on-pump” patients. The slight, insignificant increases at
the finishing surgery were followed by the statistically high-
ly significant increase on the 1% postoperative day (p<0.001)
and the 3% postoperative day (p<0.01), respectively, with sub-
sequent normalization on the 7™ postoperative day (Fig. 4).

There were no significant difference between ,on-
pump® and ,off-pump” patients regarding absolute number
of MEM-148 positive activated myeloid cells (p=0.86, data
are not shown).

3. Changes in the infensity of expression
of activated epitope CD18 recognized by MEM-148
monoclonal antibody

The density of the expression of particular surface mo-
lecule is reflecting the physiclogy of cells. Flow cytometry
enables to estimate mean fluorescence intensity (MFI) as
a surrogate parameter of surface molecules density.

We followed the density of a truncated form of B, inte-
grin chain CD18 on myeloid cells of cardiac surgical pa-
tients. The density of this marker expressed as MFI was
significantly diminished at de-clamping aorta, weaning
from CPB and at the end of surgery, respectively (p<0.01).
This parameter was insignificantly changed in the whole
postoperative period compared to baseline preoperative va-
{ue in ,on-pump” patients (Fig. 5).

There was significantly diminished density of expres-
sion of truncated form of CD18 molecule on myeloid cells
at the finishing of surgery compared to the preoperative
level in ,off-pump” patients (p<0.01). This decrease was fol-
lowed by the normalisation on the 1% and 3 postoperative
days. In accord with a relative number of MEM-148 posi-
tive myeloid cells, the density of this marker was signifi-
cantly diminished on the 7% postoperative day (p<0.05)
(Fig. 6).

There were no significant differences in the density of
the truncated CD IR molecule between ,on-pump* and ,off-
pump” patients (p=0.798, data are not shown).

Discussion

The inflammatory reaction in cardiac surgical patients
is the result of a complex interplay between numerous hu-
moral factors and cell substrate of inflammation. Amongst
cells involved in this process special role is devoted to in-
nate immunity monocyte-macrophages and granulocytes.
Whereas monocyte-macrophage cells are the richest source
of pluripotent proinflammatory eytokines upon activation,
activated granulocytes are recruited into tissues by stepwise
interaction between adhesion molecules on the surface of
leukocytes and their corresponding receptors expressed on
the lumenal surface of inflamed endothelium (16). There is
a substantial long lasting effort to identify activated neu-
trophils in blood of patients with systemic inflammatory
response induced by various stimuli either to identify pa-
tients at the risk of development of overwhelming inflam-
matory response potentially ultimating into multiple organ
faiture syndrome (MOFS} or to implicate the causative
agent of such inflammatory response e.g. bacterial infec-
tion (2).

Such promising marker is Feyreceptor [ (C364), a high
affinity receptor for IgG, and IgG, subclasses of immuno-
globulins. Numerous substances of both exogenous and en-
dogenous origin are rapidly upregulating FcyRI expression
on the surface of neutrophils (13). In contrast to FeyRI, in-
formations regarding the expression of a novel activation
marker, CD18 chain recognized by MEM-148 monoclonat
antibody; are very sparse and in the case of cardiac surgery
are entirely lacking.

Activation of myeloid cells by various physiclogical and
experimental stimuli is accompanied by multiple surface
changes associated predominantly with degranulation, it
means externalization and thus enhanced surface expres-
sion of several membrane proteins stored in cytoplasmic
granules, simultaneously with proteolytic shedding, and in-
ternalization of distinct sets of molecules. Thus, activated
blood miyeloid cells typically upregulate surface expression
of chemotactic receptors, complement receptor type 3
(CR3; CD11b/CD 18}, and down-modulate surface density
of lipopolysaccharide receptor CD14, adhesion receptors
CD44 and CD62L, or antiadhesion sizloglycoprotein
CD43 (6).

Recently, it has been reported that CD18 f3, chain is
proteolytically cleaved on the surface of activated myeloid
cells. The resulting free 635 to 70-kDa fragment of CD18 is
expressed apparently as a free molecule unassociated with
CD1l¢ chains or other molecules and represents a novel
abundant activation marker of myeloid cells (5). This frag-
ment is not likely produced by proteases released from se-
cretory granules of the activated cells or by activated
membrane-associated proteases and comes predominantly
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from integrin molecules stored intracellulary in resting
cells. Transmembrane fragments of CD18 produced by the
activation<nduced proteolytic cleavage obviously loose their
association with CD11 chains and expose the epitope re-
cognized by monoclonal antibody MEM-148, which is the
sterically hidden in the intact Bz integrin heterodimer (4).

The expression of activated CD18 3, chain (MEM-148
positive) on lymphocytes in cardiac surgical patients is
without any significant changes either during surgery or in
the postoperative period regardiess “on-pump” or “off-pump”
patients. These indicate a low impact of cardiac surgery on
this population in an early period. This finding is reflecting
the fact, that specific immunity is induced latter during in-
flammatory response,

On contrary, the CD18 expressing (MEM-148 positive)
myeloid cells displayed substantial changes both in the
relative and absolute counts. The relative and absolute
number of MEM-148 positive myeloid cells was signifi-
cantly diminished during surgery in “on-pump” patients.
This drop could be explained by the selective entrapment of
activated myeloid cells on the surfaces of CPB circuites.
Indeed, such selective decrease, particularty population of
CD16/CD 14" monocytes during “on-pump” surgery, was
reported by Wehlin et al. (19).

The return back to the preoperative values of a relative
count of MEM-148 positive myeloid cells which was found
on the 3™ postoperative days in both “on-pump™ and “off
pump” patients, was probably caused by the massive release
of granulocytes at this period. Unmature, physiologically
not fully competent granulocytes (bands) are exported to
the periphery at that time. These cells are probably unable
to be properly activated and are not expressing activated
form of CID18 molecule. Subsequently, the relative number
of these cells was again significantly diminished on the 7%
postoperative day. At that time normal one replaces not
fully immunocompetent granulocyies. Due to stifl per-
sistant proinflammatory conditions in cardiac surgical pa-
tients, highly activated myeloid cells are sequestered in the
injured tissue lowering the relative number of activated
myeloid cells in blood.

The similar explanation could be used to explain sig-
nificantly diminished density of expression of activated
CD18 (MEM-148 positive) molecules on myeloid cells
during “on-pump” surgery up to the 1% postoperative day.
This decrease expressed as a change in MFI value, was
found on the 1% postoperative day in “off-pump” patients as
well. In general, priming and activation of immune cells is
followed by a transient down-modulation of membrane mo-
lecules density. This phenomenon is suppossed to relieve
from potentially harmfull overactivation of immune cells
(6). Our results are in a concordance with the work of
Tarnok et al. {(17) who found decreased density of common
B, (CD18) chain during surgery up to the 204 nostoperative
day in “on-pump” patients.

The absolute number of activated (MEM-148 positive)
myeloid cells is significantly increased on the 1 and the 3¢
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postoperative days in both “on-pump” and “off-pump” pa-
tients. This increase, in spite of diminished MFI and rela-
tive count of these cells, is simply caused by substantial
neutrophilia, which is typical for this period.

Many studies conducted in the last few years, which
investigated various inflammatory markers, have shown re-
duced inflammation in patients operated on by the ,off-
pump” technique compared to ,on-pump” surgery {3). On
the other hand, any definitive proof in favor of ,,off-pump”
surgery in terms of reduced long-term mortality compared
to its ,on-pump” counterpart is still missing. Moreover,
some studies dealing with the inflammatory response eli-
cited in ,on-pump” versus ,,off-pump” CABG patients arrived
at the conclusion that most of the differences observed be-
tween the two procedures were mostly of quantitative
rather than qualitative nature (10, 18, 20). These contro-
versies might be reconciled by taking into account the basic
fact that any major surgery, no matter whether cardiac or
non-cardiac, elicits disruption of the whole-body integrity
due to skin and tissue incisions, bleeding, heart rate or
blood pressure instability, and other possible derangements
to a smooth perioperative course. All of these inconvenien-
ces can be prevented only to a certain degree, even if ut-
most care is expended. Thus, the very trauma of surgery
seems to be more relevant in starting on SIRS rather than
cardiopulmonary bypass itself, the latter adding a CPB-spe-
cific fraction on top of other unfavorable events (12, 14,
15).

Qur results are supporting this idea, We did not find any
significant differences between “on-pump” and “off-pump”
patients neither in the relative or absolute number of MEM-
148 positive myeloid cell nor in its density of expression.

Another opened issue in cardiac surgery is wheather de-
pletion of activated circulating leukocytes by arterial line
leukocyte filters might alleviate inflammatory response,
Rationale, obtained from the results of previous studies was
supporting this idea. Very recently these opinions have
been rejected by llmakunnas et al {8) who have found that
passing of lenkocytes through arterial filters was enhancing
activation of neutrophils expressed as changes in CDI11b/
CDI8 B, integrins expression.

This study was aimed to follow the expression of free 65
to 70-kDa fragment of CD18 in cardiac surgical patients.
This fragment is expressed apparently as a free molecule
unassociated with CD1l chains and represents a novel
abundant activation marker of myeloid cells (5). It is possib-
le to speculate that the proteolytic cleavage and concomi-
tant dissociation of the major CD18 fragment may uncover
ligand-binding sites in the o chain (CD11) thus formed un-
conventional form of high-affinity conformation of the ﬁ2
integrin molecule. On the other hand, the obeserved cleav-
age of CD18 may simply be a first step of a degradative pro-
cess down-regulating the amounts of functional cell surface
B, integrins in the later phases of the adhesion process (5).

Regardless above speculations, this study clearly showed
that there are no significant differences in the expression of



activated CD18 B, integrins recognized by MEM-148 anti-
body between “"on-pump” and “off-pump” cardiac surgical pa-
tients.
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Ofbjectives. The changes in the serum levels of lipopolysaccharide binding protein (LBP) and sCD14 during cardiac surgery were
followed in this study. Design. Thirty-four patients, 17 in each group, were randomly assigned to coronary artery bypass grafting
surgery performed either with (“on-pump”) or without (“off-pump”) cardiopuimonary bypass. LBP and sCD14 were evaluated
by ELISA. Results. The serum levels of LBP were gradually increased from the 1st postoperative day and reached their maximum
on the 3rd postoperative day in both “on-pump” and “off-pump” patients {30.33 = 9.96 yg/mL; 37.99 £ 16.58 ug/ml), respectively.
There were 1o significant differences between “on-pump” and “off-pump” patients regarding LBP. The significantly increased
levels of sCD14 from the 1st up to the 7th postoperative day in both “on-pump” and “off-pump” patients were found with no
significant differences between these groups. No correlations between LBP and sCD14 and IL-6, CRP and long pentraxin PTX3
levels were found. Conclusions. The levels of LBP and sCP14 are elevated in cardiac surgical patients being similar in both groups.
These molecules are not produced as acute phase proteins in these patients.
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1. INTRODUCTION

Numerous events, potentialy generating inflammatory re-
sponse, are induced during cardiac surgical operation on the
open heart. Amongst them, the combination of surgical in-
jury, mechanical manipulation with the heart, the contact of
blood components with artificial surfaces of the cardiopul-
monary bypass circuit, transient endotoxemia, and ischemia-
reperfusion injury of the heart and lungs are relevant (1, 2].

The systemic inflammatory response syndrome (SIRS)
viewed as basically useful has been conserved during evolu-
tion in order to provide support for the host to survive in
an unfriendly environment, such as strenuous exercise of the
“fight” or “flight” nature, multiple injuries or burns, infec-
tions or, more recently, major surgery. Whichever the under-
lying case, tight control of every step of the inflammatory re-
actions must be executed both on local and on systemic level
where activities of the neuroimmune, endocrine, and circula-
tory systems overlap. If this control fails, morbidity and mor-
tality increase dramatically {3].

The presence of bacterial lipopolysaccharide (LPS) or en-
dotoxin in systemic circulation is sensed as a very strong dan-
ger pathogen associated molecular pattern (PAMP) by innate
immunity. This identification could be followed by an ex-
agerated and sometimes overwhelming systemic inflamma-
tory reaction {4]. In cardiac surgical patients, transient endo-
toxemia is a manifestation of insufficient blood supply to the
splanchnic vascular bed after a substantial amount of blood
volume has been diverted from the patient’s own vasculature
into the tubing circuit of the heart-lung machine. Gut wall is-
chemia results in an increase of villous capillary permeability
with ensuing translocation of lipopolysaccharide or even of
the patient’s own enteral flora into the systemic circulation.

The presence of LPS is identified by numerous phylo-
genetically highly conserved receptors of innate immunity
which are called pattern recognition receptors (PRRs). PRRs
are either humoral or membrane molecules which are some-
times shed into the body fluids. The crucial role in the iden-
tification of LPS is devoted to the humoral lipopolysaccha-
ride binding protein (LBP)} and two membrane receptors
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CD14 and toll-tke receptor-4 {TLR-4, CD284), respectively.
All these molecules are working in concert providing stim-
ulatory signals to innate immunity cetls such as monocyte-
macrophages and granulocytes [5]. However, the former two
molecules display a dual role in an inflammatory reaction.
While present in plasma in low concentrations, CD14 be-
ing in the soluble form, early during inflammatory response,
LBP and sCID14 are serving as a part of an early alarm sys-
tern aimed at recognizing and binding of LPS and other dan-
ger signals, and thus enhancing the activation of the immune
system. In the late phase, both sCD14 and LBP could play
a role by preventing the lethal side effects of overwhelming
inflammatory reaction induces by the presence of “danger.”
This study was aimed to follow the serum levels of LBP
and sCD14 in cardiac surgical patients undergoing coronary
artery bypass grafting (CABG) cither with the use of car-
diopulmonary bypass (on-pump) or without the use of car-
diopulmonary bypass (off-pump). The levels of these mark-
ers immediately after surgery and up to seventh postopera-
tive days were compared to preoperative level. Whereas LBP
is recognized as a typical acute phase protein principally syn-
thesized by hepatocytes, sCI214 molecules are either pro-
duced de novo as acute phase protein or are released into
body fluids by shedding from cell surfaces. To ascertain the
sources of sCD14, its level was correlated to the level of IL-6
which is the most potent stimulus for liver synthesis of acute
phase proteins and to the levels of two pentraxins; C-reactive
protein (CRP) and long pentraxin (PTX3), respectively.

2. PATIENTS AND METHODS

Forty patients (31 male, mean age 67.9£9 and 9 fernale, mean
age 66.4 + 6.4, collective mean age 67.6:-8.5 years) referred to
first-time coronary artery bypass grafting (CABG) were en-
rolled in this study. Patients underwent either conventional
myocardial revascularization with cardiopulmonary bypass
and cardioplegic arrest of the heart {on-pump, # = 2, 16
male, 4 fernales, mean age 69.4 + 7) or beating heart surgery
(off-pump, # = 2, 15 males, 5 females, mean age 65.9 + 9.7).

Patients in both groups were comparable in age, pre-
operative left ventricular ejection fraction (median 0.65 in
on-pump, 0.65 in off-pump patients, resp.) and the num-
ber of performed coronary anastomoses (median 2.0 in on-
pump, 2.0 in off-pump, resp.). All patients had been tak-
ing aspirin 100 mg in one daily dose, which was stopped
for five days preceding the operation, Patients treated with
anti-inflammatory agents, either steroids or NSAID, were ex-
cluded from the study, as were patients with serum creati-
nine = 130 pmol/L or with hepatic disorders. No patients
were known to suffer from concomitant malignancies. Pa-
tients with active infectious diseases are not admitted to elec-
tive CABG in our department. The study protocol was ap-
proved by the Ethics Committee of the University Hospital
in Hradec Kralové. All participants were informed in detail
about the purpose of the study both orally and in writing.
They were free to ask any questions. One person refused o
participate for reasons he would not specify. All active sub-
jects have given written informed consent.

Cardiopulmonary bypass, off-pump technique and anes-
thesiological management have been recently described in
detail elsewhere [6].

3. BLOOD SAMPLING

Venous blood (central venous blood from arteria pul-
monalis, peripheral venous blood from an antebrachial vein)
was withdrawn in the operating room and on the first post-
operative day in the ICU. Afterwards, only peripheral venous
blood was taken due to the removal from the patients’ vas-
cular bed of all superfluous indwelling cannulas. Since there
were practically no differences in results representative of
blood samples originating from the respective sampling sites,
for the sake of dlarity only values obtained from the periph-
eral venous blood are indicated as results representative of
the entire period of investigation, Samples were collected into
tubes manufactured by Greiner, Germany.

In both on-pump and off-pump patients, blood was
withdrawn at the following time points:

(i) introduction to anaesthesia, which in both groups rep-
resented the baseline or reference value for all param-
eters measured thereafter;

(i) after termination of the operation;
(iii) the first postoperative day;

(iv} the third postoperative day;

(v) the seventh postoperative day.

3.1. Blood sample analysis

Untreated blood samples were allowed to clot at room tem-
perature, Serum samples were obtained after centrifuga-
tion (2000g per 8 minutes), aliquoted and immediately
freezed. Samples were thawed only once. Serum level of LBP
was determined by ELISA kit, cat.number HK315, HyCult
biotechnology b.v., The Netherlands. Serum level of sCD14
was evaluated by sCD14 EASIA kit, catnumber KAS0231,
BioSource Furope S.A., Belgium. I1-6 was quantitatively
measured by commercially available ELISA kit {BenderMed
Systems) according manufacturer’s instructions. Results were
evaluated by spectrophotometry at 450 nm (Multiscan pho-
tometer) using Genesis software. CRP was assessed by im-
munonephelometry on IMAGE 800 (Beckman). PTX3 was
detected using detection set (Alexis Biochemicals, Switzer-
land) cat.no. ALX-850-299-KI01 for sandwich ELISA ap-
plication that provided capture monoclonal antibody to
PTX3 (700 ng/mlL), detection polyclonal antibody to PTX3
(25 ng/mL), and recombinant PTX3 {standard). Plates (96
wells, NuncmaxiSorb 446612) were read at 405am by an
automatic reader (Multiscan photometer) and evaluated by
Genesis software,

3.2. Statistics

Serum level changes within a time and differences between
both groups of patients were compared by two-way analysis
of variance for repeated measures and Fisher’s post hoc test.
Results are expressed as medians and quartiles. Relationships
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Figuze 1: Comparison between serum levels of LBP in “on-” and
“off-prmp” patients F (1.32) = 1.96; P < 175.

between concentrations of different cytokines were assessed
using Pearsor’s correlation. Probability values of <.05 were
considered statistically significant. Statistical analyses were
performed with Statistica 6 software (StatSoft, USA).

4, RESULTS
4.1, Changes in the serum level of LBP

The baseline preoperative levels of LBP to which LBP con-
centrations were statistically compared were nearly identical
in both on-pump and off-pump patients (6.25 + 5.12 ug/mL;
7.61 * 4,79 pg/ml, resp.). The same situation was found af-
ter finishing surgery indicating that LBP levels are not influ-
enced neither by surgery itself nor by cardiopulmonary by-
pass. The sharp statistically significant increase of LBP con-
centrations was found on the lst postoperative day in both
groups of patients. The maximal level of LBP was reached on
the 3rd postoperative day in both on-pump and off-pump
patients (30.33+9.96 ug/mL;37.99+:16.58 yg/ml, resp.}. The
serum levels of LBP declined therafter being still significantly
higher on the 7th postoperative day in both on-pump and
off-pump patients (18.11 £9.96 pg/mL; 20.15+13.79 pg/mlL,
resp.). Suprisingly, the concentrations of LBP were slightly
higher in off-pump patients comparing with on-pump pa-
tients, Hawever, the statistical significance was not reached
comparing on-pump and off-pump patients (P < .1715). Re-
sults are shown in Figure 1.

To test the hypothesis that LBP is serving as one of
acute phase proteins, the correlation between serum levels
of LBP and IL-6 which is the principal cytokine regulating
acute phase proteins by hepatocytes, and the two members of
prototypic pentraxin family acute phase proteins, C-reactive
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FigUre 2: Comparison between serum levels of sCDH in “on-" and
“off-pump” patients F (1.32) = 0.86; P < .4I7.

proteins, and long pentraxin 3, respectively, were tested. No
correlations were found thus rejecting our hypothesis (data
are not shown).

4.2. Changes in the serum level of sCD14

The baseline preoperative levels of sCD14 to which sCD14
concentrations were statistically compared were very similar
in both on-pump and off-pump patients (7.29 + 3.32 yg/mlL;
8.30 + 4.26 pg/mlL, resp.). There was a slight, nonsignificant
decrease of sCD14 level in on-pump patients after surgery
(P = .170), whereas sCD14 concentration was nonsignifi-
cantly elevated in off-pump patients at that time. There were
different trends in LBP concentration in on-pump and off-
pump patients during postoperative period. The maximum
of sCD14 concentration in on-pump patients was reached on
the 1st postoperative day (11.30 = 4.93 ug/mL; P = .0001}
followed by a gradual decrease up to the 7th postopera-
tive day (9.41 + 4.80 ug/ml; P = .009) being stilt above
preoperative baseline level. In contrast, there was a grad-
ual increase of sCD14 serum level from the end of surgery
up to the 7th postoperative day when the maximum was
reached (11.05 = 4.57 pg/ml; P = .002). In spite of these dif-
ferences, no significant differencies between on-pump and
off-patients were found (P = .417). Results are shown in
Figure 2.

To test the hypothesis that sCD14 is serving as one of
acute phase proteins, the correlation between serum levels
of sCD14 and IL-6 which is the principal cytokine regulat-
ing acute phase proteins by hepatocytes, and two mermbers of
prototypic pentraxin family acute phase proteins, C-reactive
proteins, and long pentraxin 3, respectively, were tested. No
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correlations were found thus rejecting our hypothesis (data
are not shown).

5. DISCUSSION

Numerous danger patterns, both endogenous and exogenous
origins, are generated in patients undergoing cardiac surgical
operation. Sensing of these danger patterns via innate immu-
nity pattern recognition receptors (PRRs) is followed by the
development of inflammatory response. Numerous PRRs are
now fully characterized. Amongst them LBP, CD14, MD-2,
and TLR-4 are implicated as key factors in innate immunity
cells activation by bacterial endotoxin [7}],

LBP is a 50-ka polypeptide mainly synthesized in hepa-
tocytes and is released as a 60-kDa glycoprotein into blood
stream after glycosylation. Other sources of LBP synthesis
have been identified, such as epithelial cells of mucosa as wetl
as the smooth muscle cells of lung arteries, and heart muscle
cells. The amino acid sequence of LBP revealed substantial
homology to bactericidal permeability increasing (BPI) pro-
tein, another LPS-binding protein originated in innate im-
munity.

LBP binds to the amphipathic lipid A moieties of LPS
with high affinity and has been shown to facilite the pro-
cess of LPS monomerization and subsequent presentation
to other cellular and humoral binding sites. It catalyzes
the transfer of LPS to a binding site of membrane-bound
mCD14, which represents one part of cellular-LPS recep-
tor. Adding LBP to a serum-free cell system enhances the
LPS-mediated stimulation of CD14-positive cells 100- to
1000-fold. In addition, LBP transfers LPS to soluble sCD14
molecule [8].

We found significantly increased serum levels of LBP in
our cardiac surgical patients from the first postoperative day
up to the 7th postoperative day in comparison with preop-
erative level. The maximum, approximately 30 pug/MI, was
reached on the 3rd postoperative day with subsequent de-
cline in both off-pumyp and on-pump patients. It was supriz-
ing to recognize that LBP level was even higher in off-pump
patients, but no significant differences between on-pump
and off-pump patients were found. We have no informations
regarding LBP measurement in cardiac surgical patients to
compare our results. The only one exception is the work by
Fransen et al. [9] who followed LBP concentrations in on-
pump patients. Unfortunately, their observation period was
only up to 18 hours after declamping aorta. They found sig-
nificantly increased LBP level at the 8th hour with subse-
quent increase at the 18th hour after start of reperfusion but
maximum was not reached in their observation period.

Several in vivo and in vitro experiments demonsirated
that LBP is a secretory class 1 acute phase protein whose
gene is transcriptionaly activated by cytokine-inducible nu-
clear proteins, The transcriptional regulation is induced by
IL-1 alone or synergistically by IL-1 and IL-6 leading to a
maximum LBP concentration within 24—48 hours after stim-
ulation. This response can be strongly enhanced by TNF-
« and dexamethasone [10]. The dynamics of LBP concen-
trations in our cardiac surgical patients was resembling this
kinetics but with prolongation up to the 7th postoperative

day. To test the effect of proinflammatory cytokines on LBP
synthesis, the level LBP was correlated with the level of IL-6
which is a principal cytokine regulating acute phase proteins
synthesis in the liver. No such correlation was found (data
are not shown). The possibility that LBP concentration in
blood is influenced by exogenous corticosteroid is also un-
likely. There was no significant difference between on-pump
and off-pump patients despite the fact that former patient’s
group is exposed to methylprednisolone which is a standard
component in CPB fluid used in our setting.

In humans LBP is constitutively in serum at concentra-
tions of 5-15ug/mL. It is in a good concordance with its
baseline level in our cardiac surgical patients. Its level is
raised 10- to 50-fold during the acute phase reaction {11].
The similar findings were revealed by us in our patients. In
contrast to C-reactive protein which level is peaked at the
3rd day in our patients and then rapidly declined, increased
level of LBP is sustained up to the 7th postoperative day.
It probably reflects the dual role of LBP in an inflamma-
tory reaction. Whereas serving as a potent pattern recogni-
tion receptor at low concentrations early during inflamma-
tion to amplify the immune response rendering, for example,
TNF-a production in macrophages, high concentrations in-
hibits danger-pattern-induced host cell activation [11].Itcan
be partly explained by the ability of LBP to transfer LPS to
serum lipoproteins thus neutralizing the bioactivity of LPS.
LPS has been shown to be physically associated with apoA- or
apoB-containing lipoproteins and to transfer LPS into high-
(HDL) and low-density lipoproteins (LDL) resulting in the
clearance of LPS from the bloodstream. These capabilities
were also reported for very-low-density lipoprotein (VLDL)
and chylomicrons [12].

Up to now, few studies have been published evaluating
the value of LBP as a diagnostic marker in patients with SIRS
of noninfectious versus infectious origin and as potential
prognostic marker predicting outcome [13]. These results
can not be proven in our cardiac surgical patients because
no cultivation-confirmed bacterial infections were found in
this group. Information regarding LBP level during cardiac
surgery are very sparse. It is reported by Vreugdenhil et al.
[12] that plasma level of LBP is gradually increased from the
8th to 15th hour after declamping aorta but the maxim was
not reached in their observation period. It is resembling our
data but in our patients the maximum in LBP production
was reached on the 3rd postoperative day. The role of LBP
as acute phase proteins is unlikely in our cardiac surgical pa-
tients because no correlations with either 1L-6, CRF, or PTX3
were found. It is extrernly interesting that no significant dif-
ferences in the serum level of LBP between on-pump and
off-pump patients were found in our study. It is generally
assumed that splanchnic hypoperfusion during extracorpo-
real circulation together with steady laminar blood flow that
is generated by the heart-lung machine instead of the pul-
sative blood flow generated by each cardiac contraction, re-
sult in gut wall ischemia, subsequent increase of villous cap-
iilary permeability and transient endotoxemia. It is supposed
that these changes are not so profound in off-pump patients.
Lack of differences in LBP concentration between on-pump
and off-pump patients could be interpreted in at least two
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ways. First, the intensity of the exposition to bacterial danger
pattern is similar in both on-pump and off-pump patients.
Second, LBP production is stimulated by another still un-
known danger pattern which is identical in both on-pump
and off-pump patients:” '

The second aim of our study was to follow the changes
of soluble form of CD14 molecule (sCD14} during cardiac
surgical operation. CD14 is a glycosylphosphatidyl-inositol-
anchored protein constitutively expressed on the surface
of various cells, including monocytes, macrophages, neu-
trophils, B-cells, dendritic cells, as well as several other cell
types of nonhematopoietic origin. Aside of this membrane-
bound state, CD14 is also found in a circulating soluble form
[14]. CD14 molecule is the part of a receptor system of in-
nate immunity cells to identify danger patterns of both ex-
ogenous and endogenous origin. This systern is represented
by the combined actions of the membrane-bound isoform
of CD14 with the central transmembrane signaling unit of
TLR-4 and the accessory protein MD-2 [15],

Two opposite functions have been described for sCD14.
It can either reduce endotoxin-induced activities by com-
peting with mCD14 for LPS binding or mediates the LPS-
induced activation of non-CD14-expressing endothelial, ep-
ithelial, and smooth muscle cells. In addition, CD14 may
function as a receptor for other microbial products, human
heat shock proteins Hsp60, and other endogenous ligands
such as ceramides, phospholipids, and medified lipoproteins
[16].

We found significantly increased serum level of sCD14
from the 1st up to 7th postoperative days compared to the
preoperative values in both on-pump and off-pump patients.
Suprisingly, there are no significant differences between on-
pump and off-pump patients. Evenmeore, while reaching the
maximum on the ist postoperative day in on-pump patients,
sCD14 level was gradually increasing in off-pump patients
up to the 7th postoperative day (end of observation). It is
not easy to discuss our findings. The level of sCD14 is not
commonly assessed in cardiac surgical patients, It could be
possible to extrapolate from patients undergoing major elec-
tive abdominal surgery as was reported by Hiki et al. [17].
They found slight decrease 6 hours after incision of skin,
reaching the maximum on the 1st postoperative day there-
after decline to approximately baseline preoperative level on
the 10th postoperative day. This pattern is resembling our
off-pump patients with the exception that maximal concen-
tration in our patients was slightly higher (11.3 ug/mL versus
9.4 pgfmlL).

Several clinical studies have reported elevated serum lev-
els of sCD14 in various inflammatory conditions such as
Kawasaki disease [18], Furthermore, correlation between
sCD14 and severity of the trauma in polytraumatized pa-
tients have also been published [19]. Besides its function in
LPS signaling, sCD14 might therefore play a role in inflam-
matory processes by controlling the immune system level of
response. It has recently been demonstrated that sCD14 is a
regulatory factor capable of modulating cellular and humoral
immune responses by interacting directly with T and B cells
[20]. Moreover, it has been suggested that sCD14 could be an
acute phase protein, because apart from proteases-mediated

shedding, sCD14 is also produced by hepatocytes, which rep-
resent the major source of acute phase proteins. Indeed, Bas
et al. [14] in their clinical and experimental studies clearly
showed that in patients suffering from rheumatoid arthritis,
serum level of sCD14 did not correlate with the number of
leukocytes, thus excluding an important source from leuko-
cyte membrane-bound CD14, by protcase-mediated shed-
ding. In contrast, serum levels of sCD14 in these patients
correlated with those of C-reactive protein, a classical acute
phase protein, and IL-6, a cytokine known to regulate the
synthesis of APP in the liver. We also sought for such correla-
tions in our cardiac surgical patients. No statistically signif-
icant correlations between serum level of sCD14 and either
I1-6 concentration or CRP and PTX3 levels were found in
our study. It could be concluded from our results that sCD>14
is not produced as one of acute phase proteins in cardiac
surgery. The source of sCD14 in these patients remains enig-
matic. Whether sCD14 in cardiac surgery originates mainly
from leukocytes by protese-mediated shedding warrants for-
ther investigations.

In conclusion, we found significanty increased levels of
both sCD14 and LBP in the early postoperative period in car-
diac surgical patients. We found no significant differences be-
tween on-pump and off-pump patients in the serum levels of
these parameters. Finally, both LBP and sCD14 molecules do
not seem to act as acute phase proteins in cardiac surgical
patients.
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IL: Interleukin

LBP:  Lipopolysaccharide binding protein
1PS:  Lipopolysaccharide

PAMP: Pathogen associated molecular patterns
PRR: Pattern recognition receptors

PTX3: Long pentraxin 3

sCD14: Soluble form of CD14 molecule

SIRS:  Systemic inflammatory response syndrome
TLR: Toll-like receptors
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The long pentraxin 3 in cardiac surgery: Distinct responses in
“on~pump” and “off-pump” patients

PAVEL KUNES'?, VLADIMIR LONSKY?, JIRI MANDAK!, MARTINA KOLACKOVA?Z,
CTIRAD ANDRYS?, MANUELA KUDLOVA? & JAN KREJSEK?

' Department of Cardiac Surgery, Charles University in Prague, University Hospiral and Faculty of Medicine in Hradec
Kralové, Czech Republic and *Institure of Clinical Immunology and Allergology, Charles Untversity in Prague, University
Hospital and Faculty of Medicine in Hradec Krdlové, Czech Republic :

Abstract

Objective. Pentraxin 3 (PTX3) is a newly identified acute phase reactant with non-redundant functions in innate immunity.
The purpose of this study was to assess the kinetics of release of PIX3 in cardiac surgical patients, operated on either with
or without the use of cardiopulmonary bypass (CPB). Design, Thirty-four patients, seventeen in each group, were randomly
assigned to CABG surgery performed either with (“on-pump™) or without (“off-pump’™) CPB. Blood samples were
collected both during and after the operation up to the 7% day. Reswlzs. In patients operated on with the use of CPB, PTX3
levels increased throughout the operation. Compared to baseline levels the highest PTX3 value (p <0.000) was attained on
the 1¥* postoperative day in both “on-pump” and “off-pump” patients. In contrast to CPB patients, however, PTX3 levels in
the latter group declined slowly, remaining elevated as long as the 3™ postoperative day (p <0.042). Conclusions. Operations
performed with the use of CPB are associated with a more pronounced release of PTX3 immediatelly after operation.

Key words: Cardiac surgery, cardiopulmonary bypass, inflammatory response, pentraxin 3

Cardiac surgery performed with the use of cardio-
pulmonary bypass (CPB) has been recognized as one
of the leading causes of the systemic inflasnmatory
response syndrome (SIRS), a condidon of complex
pathophysiology that might severely compromise the
outcome of surgery or even lead to death. Coronary
artery bypass grafiing (CABG) which avoids the use
of CPB, alternatively called “off-pump” or OPCAB
surgery, is now increasingly used by many surgical
teams instead of classical CPB in order to reduce as
much of SIRS as can be achieved (1). Many studies
conducted in the last few years, which investigated
various mmflammatory markers, have shown reduced
inflammation in patients operated on by the “off-
pump” technique compared to “on-pump” surgery
{2). On the other hand, any definitive proof in favor
of “off-pump® surgery in terms of reduced long-term
mortality compared 1o its “on-pump” counterpart is
stll missing. Moreover, some studies dealing with
the inflammatory response elicited in “on-pump”

versus “off-pump” CABG patients arrived at the
conclusion that most of the differences observed
between the two procedures were mostly of quanti-
tative rather than qualitative nature (3—5). Thus, the
very trauma of surgery seems to be more relevant in
starting off SIRS rather than cardiopulmonary by-
pass itself, the latter adding a CPB-specific fraction
on top of other unfavorable events (6—8).

In humans, there are two <classical or short
pentraxins, namely the C-reactve protein (CRFP)
and the serum amyloid P component (SAP). Both of
them are operative as acute phase reactants, with
CRP being by far the more prominent one, white the
funcdon of the latter is not yet entirely understood.
The short pentraxins are produced in the liver under
the regulatory control of interleukin (I1)-6. Re-
cently, additional sites of CRFP productuon have
been identified in man, namely the kidney and the
vascular wall {9). Pentraxin-3 (PTX3), a newly
identified prototypic long pentraxin, is structurally
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related to, yet in some aspects completely distinct
from the classical short pentraxins. All pentraxins are
archaic proteins, the molecular structure of which
has been conserved throughout evolution (10).

PTX3 is produced by dendritic cells, macro-
phages, and endottelial cells in response to inflam-
matory stimuli. Peri and coworkers showed in 37
patients with acute myocardial infarction (AMI} that
plasma PTX3 levels pesked approximarely 7 hours
after the onset of chest pain. Peak levels of CRP,
however, are observed later, about 24 to 48 h after
symptom onset. Thus, in the setting of acute
myocardial infarction, PTX3 represents an early
marker of heart muscie damage irrespective of its
extent, whose peak plasma levels can be assessed
well before those of CRP (11). The same authors
found that PTX3 was the most reliable prognostic
marker reflecting 3 month mortality after the index
event. The predictive value of PTX3 eclipsed
that conveyed by creatine kinase (CK), troponin
T (TnT) or N-terminal pro-brain natriuretic peptide
(NT-proBNP) levels as well as that of CRP itself
(12).

PTX3 displays a predilection for the vascular wall,
In humans with small vessel vasculitides, PTX3 is
found in deposits formed by dying cells that assem-
ble in perivascular areas of the diseased vessels, or
even systemically in the circulation where it is
considered to reflect the overall endothelial activa-
ton (13). PTX3 synthesis, both mRNA and protein,
can be induced by atherogemic lipoproteins in
vascular smooth muscle cells (14). In endothelial
cells, PTX3 amplifies the synthesis of tissue factor,
which itself is induced by TNF-o, IL-1§ and/or
lipopolysaccharide (LPS), all of these peptides being
n turn potent inducers of PTX3 production (15). In
advanced atherosclerotic lesions, PTX3 is elaborated
by infiltrating macrophages and surviving endothe-
lial celis (16). PTX3 seems to influence atherogen-
esis all over its course,

The present study was designed in order 1o assess
the kinetics of release and the serum levels attained
by PTX3 in a consecutive cohort of patients
scheduled for routine myocardial revascularization
either with (“on-pump™) or without (“off-pump”)
the use of cardiopulmonary bypass. The second goal
of the study was to compare the PTX3 response
between the two groups. To determine the extent of
the acute phase response, serum levels of CRP and
IL -6 were measured at the same time points as those
of PTX3. Additonally, serum levels of interleukin
(IL)-10 were measured, the most potent anti-in-
flammatory cyrokine whose influence on PTX3
producton differs from that exerted by the estab-
lished members of the cytokine nerwork. Accord-
ing to results published by other investigators,

“on-pump” and “offpump™ patients do not sub-
stantially differ either in the magnitude of the acute
phase response or in the plasma/serum levels of most
inflammatory markers. We hypothetized that PTX3,
being both an acute phase reactant and a soluble
pattern-recognition receptor elaborated within the
myocardium, might reflect the extent of injury
mflicted to the heart by the respective surgical
methods.

Methods
Subjects

Thirty-four patients scheduled for elective CABG in
December 2005 were randomized either to “on-
pump” (n=17) or w “off-pump” (n =17) surgery.
There were 14 men and three women in the “on-
pump” group while there were 12 men and five
women in the “off-pump” group. The patients were
randomely assigned either to “on-pump” or to “off-
pump” surgery by a member of the cardiac surgery
staff outside the research team who was blinded to
all variables pertinent to the study design. Patients in
both groups were comparable in age (70.5+7.1 in
“on-pump”, 66.4410.1 in “off-pump®” patents,
respectively), preoperative left ventricular ejection
fraction (0.65 in “on-pump”, 0.65 in “off-pump”
patients, respectively) and the number of coronary
anastomoses (median value of 2.0 in “on-pump?”,
2.0 in “off-pump”, respectively). All patients had
been taking aspirin 100 mg in one daily dose, which
was stopped for 5 days preceding the operaton.
Patients weated with anti-inflammarory agents,
either sreroids or NSAID, were excluded from the
study, as were patients with serum creatinine > 130
pmoll or with hepatic disorders. No patients were
known to suffer from concomitant malignancies.
Patients with active infectous diseases are not
admitted to clective CABG in our department,
The study protocol was approved by the FEthics
Committee of the University Hospital in Hradec
Kralové, All participants were informed in detail
about the purpose of the study both orally and in
writing. They were free to ask any questions. One
person refused to participate for reasons he would
not specify. All active subjects have given written
informed consent.

EUROSCORE is not routinely assessed in our
patients.

Cardiopulmonary bypass

CPB was established using 2 two-stage venous
drainage and ascending aortic return.

A roller pump (S3 Stockert®, Stockert Instru-
mente GmBH, Minchen, Germany), a membrane
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oxygenator (Dideco Avant 903®, Dideco Mirandola,
Ttaly} in a closed modification with collapsible
reservoir, a cardiotomy suction device and a 40 pm
arterial line filter (Dideco Micro 40®, Mirandola,
Italy) were integrated into the extracorporeal circuit,
The system surfice was not treated with any
hemocompatible substance. The priming solution
consisted of:

— 500 mi Ringer’s Jactate,

— 500 ml Rheodextran (Rheomacrodex),

— 5000 IU heparin,

- 500 000 IU aprotinin,

— 80 ml natrium bicarbonate (NaHCO3 8,4%),
— 20 ml magnesium sulphate 10%,

— 500 mg metylprednisolone

— manitol 1 g/'kg body weight.

The priming volume was calculated to achieve
haematocrit levels above 0.22.

Intravenously, heparin was administered at
300 IU/kg body weight to maintain an activated
clotting time (ACT) above 480 s during bypass. No
patient received either aprotinin or corticosteroid
intravenously. Pump flow rates averaged 2.4 Vmin/
m? body surface area with pressure maintained
at 50—60 mmHg. The patients were kept normo-
thermic. Cardioplegic "arrest was induced with
800-1000 ml of a St.Thomas cold crystalloid
solution, administered antegradely into the aorric
root with added doses of 200300 ml every 30 min
whenever needed. All patients received an internal
artery mammary grafi 1o the left anterior descending
coronary artery (LAD)., The central aorto-venous
anastomoses were performed during the reperfusion
phase of CPB with the heart beating. After termina-
tion of bypass, heparin anticoagulation was anta-
gonized by protamine sulphate at a 1:1 dosage.

Cross-clamping of the aorta in this group took in
average 49 min the duraton of cardiopulmonary
bypass amounted in average to 84 min.

"Off-pump™ technique

All operations were performed via 2 median sterno-
tomy incision. Two to three traction surures in the
postero-lateral pericardium were placed. Regional
myocardial stabilization was achieved with commer-
cially available sucton stabilizers, No precondition-
ing was performed. The target coronary vessels were
snared with a silicone vascular loop proximal to the
anastomotic site, An intracoronary shunt was used
during construction of the anastomoses. The lefi
internal mammary artery to LAD was the first
anastomosis in all padents. The central aorte-venous
anastomoses were established with partial occlusion

Long petraxin 3 in cardiac surgery 173

of the ascending aorta. In QPCAB patients, heparin
was given at a dosage of 200 IU/kg to achieve an
ACT over 300 s. After completion of the final
anastomosis, heparin was antagonized with prota-
mine sulphate at a 1:] dosage .to return the ACT to
preoperative levels,

Anesthesiological managemen:

All patients were anaesthetised according to the
current protocol of our deparmment. Anaesthesia
was induced with thiopental and midazolam. Mus-
cular relaxation was achieved with cisatrakurium.
Anaesthesia was maintained with isoflurane and
intermitrent sufentanyl. Continuous propofol was
used as a supplement if needed. Volume-controlled
ventilation with FiO, of 0.50 was employed.
Mean arterial pressure was kept over 50 mmHg
with norepinephrine administered whenever re-
quired.

Blood sampling

Both venous blood (ceniral venous blood from
arteria pulmonalis, peripheral venous blood from
an antebrachial vein) and arterial blood from arteria
radialis was withdrawn in the operating room and on
the first postoperative day in the ICU. Afterwards,
only peripheral venous blood was taken due to the
removal from the patients’ vascular bed of all super-
fluous indwelling cannulas. Since there were practi-
cally no differences in results representative of blood
samples originating from the respective sampling
sites, for the sake of clarity only values obtained from
the peripheral venous blood are indicated as results
representative of the entire period of investigation.
Samples were collected into tubes manufactured by
Greiner, Germany. : .

In “on-pump” patients, blood was withdrawn at
following time points:

1, introduction to anaesthesia, which in both
groups represented the baseline or reference
value for all mediators measured thereafter

a. before cross-clamping of the aorta
b. after aortic cross-clamp release
¢. after termination of CPB

. after termination of the operation

. the first postoperative day

. the third postoperative day

. the seventh postoperative day,

Wb W

In “off-pump” patients, blood was withdrawn at:

1. introduction to anaesthesia
2. after termination of the operation
3. the first postoperative day
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4. the third postoperative day
5. the seventh postoperative day,

Biood sample analysis

I1-6 and I1-10 “were quantitatively detected by
commercially available ELISA kits (BenderMed
Systems, RD Systemns, respectively) and results
were evaluated on reader (450 nm, Photometer
Multiscan) by Genesis software. CRP was assessed
by immunonephelometry on IMAGE 800 (Beck-
man). PTX3 was derected using detecton set
(Alexis Biochemicals, Switzerland) cat.no. ALX-
850-299-K101 for sandwich EILISA application
that provided captmre monoclonal antbody to
PTX3 (700 ng/ml), detecrion polyclonal antibody
to PTX3 (25 ng/mi) and recombinant PTX3 (stan-
dard). Plates {96 wells, NuncmaxiSorb 446612)
were read at 405 nm in automatic reader (Photo-
meter Multiscan) and evaluated by Genesis software.
Serum was treated, stored and processed accordmg
to the manufacturer’s instructions.

Staristics

Results obtained by ANOVA are presented as
means +standard deviadons. Results from the
Mann-Whitmey U test are expressed as medians.
Data calculated by unpaired t-test are expressed as
means +standard deviations. Each pararneter
changes during operation were analyzed by ANQVA
for repeated measures foilowed by Fisher’s test for
post hoc comparisons. Differences between both
groups of padents were determined using rwo-way
ANOVA for repeated measures and Fisher’s post

2,6

hoc test. Relatonships between concentrations of
cytokines were assessed using Pearson’s correlation.
Differences in values of left venwicular ejection
fraction between both groups were evaluated by the
Mann-Whitney U test. Unpaired t-test and %2 test
were performed 1o exclude confounding effects of
differences in age and sex in both groups. Probability
values of <0.05 were considered statistically signifi-
cant. Statistical analysis was performed with Statis-
tica 5.5 software (StatSoft, USA).

Results
Pentraxin 3

“On-pump growp”. In the “on-pump” group
{Figure 1), the reference serum level of PTX3
(ime point 1, before introduction to anaesthesia)
displayed a wvalue of 0.5:40.6 ng/ml. After an
insignificant drop before aortic cross-clamping
(fime point 1la), which might have reflecied the
lack of correction for hemodilution, there was a
steady increase in serum PTX3 levels throughout the
operation. Statistically significant peaks were at-
tained after termination of the CPB (time point 1¢;
PTX3 level of 1.0+0.5 ng/ml; p <0.000) and after
terminaton of the operaton (time point 2; PTX3
level of 0.9+0.5 ng/ml; p <0.004). The highest
PTX3 wvalue throughout the whole observation
period (1.54+0.8 ng/ml; p <0.000) was achieved on
the 1* postoperative day (time point 3). Thereafter,
PTX3 levels started to decrease, returning to or
slightly below the baseline level on the 7% post-
operative day (time point 5) with a value of 0.3 +
0.2 ng/ml (p <0.365).

2,0 prmeTmemessesesmienony, 1

PTX3 {ng/ml)

02

1 ta 1t 1¢ 2 3 4 5

on- pump

off- pump sampling points

Figure 1. Serum levels of PTX3 in on-pump and off-pump patiens on-pump: F(7.112) =14.76; p <0.0000 off-pump: F{4.64) =16.82;

r <0.0000.



e N

“Off-pump group™ The “off-pump” group began
with a baseline PTX3 fevel of 0.3 +0.2 ng/m] at time
point 1. A statistically significant increase was
reached at time poinr 3, i.e. on the 1°* postopera-
tive day, with PTX3 levels attaining 1.140.6 ng/m}
(p < 0.000), By cortrast, only an insignificant rise in
PTX3 level of 0.440.2 ng/ml (p <0.704) was
observed after termimation of the operation (time
point 2). Contrary to CPB padents, PTX3 levels in
“off-pump” patients remained elevated at time point
4 (the 3™ postoperative day, PTX3 0.6 +0.4 ng/ml;
p <0.042), returning to baseline values on the 7%
postoperative day.

When comparing the two groups of cardiac
surgical patients in parallel, both of them exhibited
significant increases in serum PTX3 levels during
and after the operation. However, there were
substantial differences between the groups both in
the kinetics of PTX3 release and in the over-
all magnitude of the PTX3 response. In CPB
patients, the rise in serum PTX3 occurred earlier
than in OPCAB patents. In both groups, absolute
peaks in serum PTX3 levels have been achieved
jointly on the 1% postoperative day, with the differ-
ence between the respective values (1.5 +0.8 ng/ml
versus 1.1-+40.6 ng/ml), however, having not reached
a statistical significance. The most striking difference
between the two groups was observed after termina-
tion of the operaton (PTX3 of 0.9 +0.5 ng/m! in the
CPB group vs, 0.410.2 ng/ml in the OPCAB group;
p=0.025).

C-reactive protein

“On-prump group™. In the “on-pump” group (Figure
2}, baseline levels of serum CRP (41-3.4 mg/l) in-

260
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creased on the 1* postoperative day (86 +27.3 mg/),
reached an apex of 145.8471.9 mgl on the
3™ postoperative day, and remained elevated above
baseline as long as the 7" postoperative day (39.1 +
23.3 mg/1). During the ¢ourse of the operation, CRP
levels decreased slightly below the baseline level.
However, this finding should be accounted for as an
artifact, once again due to the lack of correction for
hemeodilution.

“Off-pump™ group. In the “off-pump” group, an
identical kinetics of CRP release was observed as in
the “on-pump” counterpart. The absence of any
difference between the two groups stands out still
further when superimposing the two tracings of CRP
release, which converge or even fuse one almost
indistinguishable curve.

Interlevkin-6

“Onpump® group. In the “on-pump” group
(Figure 3), baseline serum IL-6 levels of 1.5+
0.9 pg/ml increased throughout the operation not-
withstanding the omission of correction for hemodi-
futon, with the first statistically significant peak
attained at time point 1c (II-6 of 4.841.8 pg/ml;
p<0.000) and the everest peak attained after
termination of the operaton (IL-6 of 8.444.7 pg/
ml; p <0.000). Thereafter, I1-6 values started to
decrease, remaining still on statistically significant
levels on the 1% and on the 3™ postoperative day
(IL~6 of 6.9+5.2 pg/ml; p <0.000, and -6 of
4.242.8 pg/ml; p <0.003, respectively). By the 7%
postoperative day, I1-6 levels returned 1o baseline.
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Figure 2. Serum levels of CRP in on-pump and off-pump patiens en-pump: F{7.112) =64.96; p <0.000 off-pump: F(4.64) =134.01;

p <0.0000.
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Figure 3. Serum levels of IL-6 in on-pump and off-pump patens on-pump: F(7.112) =15.28; p <0.0000 off-pump: F(4.64) =24.42;

p <0.0000.

“Off-prmp” group. In the “off-pump” group, the
most prominent increase in serum IL-6 levels, which
started from the baseline value of 1.61+1.2 pg/ml,
was attained on the 1 postoperative day. It has
reached a peak value of 13.6+7.5 pg/ml; p <0.000).
There were also significant increases after termina-
ton of the operaton (IL-6 of 5.1+4.9 pg/ml;
p <0.012) and on the 3™ postoperative day (IL-6
of 5.3+2.7; p <0.008). The elevation persisting on
the 7% postoperative day (JI-6 of 2.7+1.1 pg/ml)
did not reach staristical significance (p <0.433).
When superimposing the two curves of IL-6
release, a marked difference between the “on-
pump” and the “off-pump” groups can be seen. In
CPB patients, the highest value has been achieved
after terminaton of the operation. The OPCARB
patents reached their peak level on the 1™ post-
operative day. The highest value of I1-6 reached by
OPCAB patients exceeded nearly twofold the peak
level of IL-6 achieved by their CPB counterparts,
albeit at different time points. IL-6 is kmown 10 be
produced by the ischemic/reperfused myocardium
and to be responsible of much of the reperfusion
injury seen in AMI or CPB patients (17,18).
Furthermore, circulating II-6 is known to be
increased in padents suffering from heart failure
(19) and in patents struck by circulatory shock
irrespective of its origin, with the heart being once
more a prominent site of its production (20,21).
However, our patients from neither group suffered
from any clinically overt sequelae of surgical manip-
ulation with the heart muscle. Moreover, as to the
highest I1-6 levels artained by our patients, we
would have expected the CPB group to override
unequivocally the OPCAB cohort, owing 1o the

global myocardial ischemia produced by cross-
clamping of the aorta and followed by reintroduction
of oxygenated blood in the former group. A plausible
explanation of this seeming discrepancy is afforded
by the entry of interleukin-10.

Inrerleukin-10

“On  pump” group. In the “on-pump” group
(Figure 4), baseline serum I1L-10 levels of 2.4+
1.9 pg/ml also increased throughout the operation,
reaching values of 33.3+46.0 pg/ml before aortic
cross-clamping (p <0.644; statistically insignificant),
79.94+83.3 pg/ml after aoruc cross-clamp release
{p <0.247; statistically insignificant). The steady
increase of IL-10 levels stll continued after termina-
tion of cardiopulmonary bypass up to values of
318.8+282.6 pg/ml (p <0.000). The absolute peak
of 619.0 +500.5 pg/ml (p <0.000) has been attained
after termination of the operation. Thereafter, an
abrupt decline set in with values 0of21.04+11.1 pg/m!
(p <0.782; statistically insignificant) on the 1% post~
operative day, 10.449.3 pg/m! (p <0.905; statisti-
cally insignificant) on the 3™ postoperative day and
7.4410.3 (p<0.941; statistcally insignificant) on
the 7% postoperative day.

“Offpump” group. In the “off-<pump” group, which
started with the baseline IL-10Q level of 4.1 £2.7 pg/
ml, the most prominent increase in serum I1-~10
levels was atiained on the 1% postoperative day,
having come up to an average value of 22.0+%
15.0 pg/ml (p <0.000), Despite the high statistical
significance of this result, it should be noted that all
levels of IL-10 reached by the OPCAB patients were
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more than an order of magnitude lower than IT~10
levels in the CPB group. In OPCAB patients, 1L.-10
developed increases also at time point 2 (7.14
3.1 pg/ml; p<0.223) and at time point 4 (8.6
3.5 pg/ml; p <0.071).

Due to the strikingly different peak values of I1L-10
achieved in each group, an attempt to superimpose
the two kinetics curves upon an identical y axis
produced two individual, totally discordant tracings:
an almost linear curve typical for the OPCAB
patients, whereas that representative of the CPB
group exhibited a sharply protruding peak demon-
strable after termination of the operation. In keeping
with other authors, we assume that the paramount
increase of II~10 in the CPB group represents a
feedback regulation mechanism, which in ample
advance dampens the attempts of pro-inflammatory
mediators TINF-o and/or II-1p to increase their
respectve blood concentrations. If not tamed in due
tme and in due extent, the above mediators, with
the asgistance of many others headed by IL-6, would
be ready starters of full-blown SIRS (22), Most
researchers, while indeed finding steady increases of
circulating IT-10 levels in cardiac surgical patients,
were less consistent in showing corresponding
increases of circulating TNF-o and/or IL-1§ levels
(23).

Correlation of IL-6 and IL-10

In thoroughly reviewing all results obrained in this
study, an unexpected finding proved a statistically
significant correlation between IL-6 and IL-10 levels
exhibited both by the CPB and the OPCAB patients

on the 1% postoperative day. In the “on-pump”
group, there was a tight correlation between the two
mediators, documented by r =0.78453 (p ==0.000),
while in the “off-pump” group, -6 and IL-10
displayed an even tighter correlation mirrored by
r=0.86239 (p =0.000; 95% confidence interval in
both groups). Results are not shown as figures due to
space imitation, Taking into account the importance
of both mediators in setting stage for systemic
inflammation, this finding of ours further underlies
the key role played by interleukin-10 in transducing
smoldering perioperative inflammation inte a clini-
cally silent course in the postoperative period.

Discussion

To the best of our knowledge, this 1s the first study
bringing results of the PTX3 response in cardiac
surgical patients. We compared separately the PTX3
behavior in CPB and OPCAB patients. We found a
significantly higher PTX3 release in patients oper-
ated on with the use of cardiopulmonary bypass.
Nortwithstanding the statistically significant increases
of serum PTX3 levels from baseline values observed
in both groups, none of the values assessed through-
out the observarion period exceeded PTX3 levels
currently considered as normal (i.e., below 2.0 ng/
ml). With high probability, these results mirror the
fact that all patents in both groups manifested a
straightforward, uneventful clinical course both in
the operating room and in the postoperative ward.
On the other hand, ali CRP levels measured in
corresponding time points were practically identical
in both groups. These findings may imply an
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inherently different propensity to the inflammatory
response in the two groups, either employing or
avoiding cardiopulmonary bypass. The chief dam-
pening mediator, which under normal conditions
does not allow the development of a full-blown
systemic inflammation, is undoubtedly I1-~10. All
CPB patients received aprotinin and dexamethasone
in the primung solution which, in their quality of
potent antiinflammartory drugs, might confound the
results by down-modulating all values measured.
Indeed, IL~10 productdon is increased by the action
of corticostercids. Purposely, we did not leave out
these drugs as components of the CPB priming in
order to maintain conditions typical for everyday
activities in our department, with both aprotinin and
dexamethasone being regular adjuncts to the prim-
ing solution,

The relatvely vast dispersion of most wvalues
measured, as can be inferred by the respective
standard deviadons, is another weak point of our
stizdy. It has been undoubtedly caused by the
relatively small number of study participants. How-
ever, our study pretends to be viewed as one
introducing pentraxin 3 into cardiac surgery.

We can merely speculate about the source of the
PTX3 protein we derected in the circulaton. In our
opinion, most of it came from the reperfused heart.
For the time being, we cannot offer any recommen-

. dations to the clinical applicability of PTX3 in

cardiac surgery, notably concerning its prognostic
value, as all our patients underwent an uneventful
peri- and postoperative course. We must point out
that even the highest PTX3 levels measured, have
not departed from the normal range which has been
set by Mantovani and coworkers below 2.0 ng/ml.
Another study with a higher number of participanits,
including high-risk subjects, which is currently
under way in our department, should provide answer
to the open guestions. It may be that PTX3, owing
to its unique kinetics of release, will serve the same
prognostc functon in cardiac surgery as has been
shown by Latini and coworkers (12} in AMI patents
and by Muller and coworkers in a general cohort of
critically ill patients (24).

The employment of PTX3 as a readily available
prognostic marker in cardisc surgery warrants
further investigation in high-risk patients.

Conclusions

We have shown that PTX3, which is considered to be
an acute phase protein, is released into circulation
during cardiac surgical operations, with patients
operated on with the use of CPB displaying signifi-
cantly higher values than OPCAB patients. On the
other hand, serum levels of CRP, which are attained

during both methods of CABG operations, are
virtually the same, suggesting an identical extent of
the acute phase response in both groups. The kinetics
and extent of PTX3 release in CPB patients are
marginally paralleled by those of IL-6 and strikingly
by those of IL-10. Future applicability of PTX3 is
discussed in the artcle, with special emphasis laid on
the activities of PTX3 in innate immunity, which is
increasingly recognized to underlie much of the
natural history in cardiac surgical patients.
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Sununary: Inflammation has been recognized to form an integral part of the atherosclerotic process. Much consideration
has been given iately to the role played in atherogenesis by C-reactive protein (CRP). Although not accepted unequivo-
cally, CRP appears to be not only 2 marker, but also an active mediator of the atherosclerotic process. Pentraxin 3 (PTX3)
is a newly identified acute phase reactant which shares some structural and some functional properties with CRE. On the
other hand, pentraxin 3 displays unique biological properties of its own, including a possible role in the pathogenesis of
cardiovascular diseases and in processes accompanying the natural evolution of surgical wounds. This review article dis-
cusses recent information concerning basic pentraxin 3 biology in inflammation and in innate immunity reactions as
viewed by a cardiologist in the context of acute coronary events and by a surgeon in patients struck with multiple wounds
who are at the same time menaced by bacterial infections.
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Introduction

Two so-called short pentraxins, Creactive protein
(CRP) and the serum amyloid P component {(SAP), are
known to operate as acute phase reactants. In humans,
CRP is beyond any doubt the more important of the two,
while the function of SAP is only partially understood. In
mice on the other hand the reverse situation is encoun-
tered, with CRP playing negligible, if any, role in the acute
phase response. Both pentraxins are produced in the liver,
with interleukin {(IL)-6 being the key regulatory mediator,
at least as far as human CRP is concerned. Additional sites
of CRP production have been identified in the last few
years, e.g. the kidney and the vascular wall. However, the
respective coniribution of these alternative sources to the
overall CRP elevation during an acute inflammation does
not seem to attain much biological significance (5). By con-
trast, the role of CRP as a marker or even a mediator of low-
grade chronic inflammatory processes, such as theumatoid
arthritis or atherosclerosis, has been a subject of much ex-
perimental and clinical research. Although not accepted
unequivocally by the scientific community, adherents of
CRP’s active role in these pathological processes markedly
predominate.

To make the issue of atherosclerosis as an inflammato-
ry disease more complicated, a recently identified long pen-
traxin PTX3 has entered the scene. All pentraxins belong
among very old proteins. Vertically, throughout evolution,
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their composition has been conserved with only insignifi-
cant modifications. Horizontally, among diverse species,
their presence ranges from the horseshoe crab Limulus po-
Iyphaemus up to man (38). Pentraxin 3 was originally cloned
as an interleukin (IL}-1B-inducible gene in endothelial cells
(%) or as a tumor necrosis factor (TNF)-o-inducible gene
(alternatively named TSG14) in fibroblasts (25). Pentraxin
3 consists of a C-terminal pentraxin-like domain of 203 ami-
no acids which is common to other pentraxins, coupled to
an additional, structurally unique N-terminal portion made
up of 178 amino acid residues. Pentraxin 3 protomers as-
semble into higher order complexes formed by 10-20 mo-
nomer units (i.e. dekamers or dodekamers) (7). Unlike
CRP, which is manufactured predominantly in the liver,
pentraxin 3 is produced directly at sites of tissue damage,
with the liver playing only a marginal role in its genesis.
Pentraxin 3 production occurs additionally at sites remote
from the injured tissue, notably in the vascular endothelium
of skeletal muscles and the heart (19). Pentraxin 3 synthesis
is induced by proinflammatory cytokines TNF-ct or IL-1,
and by microbial wall constituents such as the lipopolysac-
charide (LPS), mycobacterial liparabinomannans and the
outer membrane protein A (OmpA) of Gram-negative bac-
teria (37). All these moieties of microbial origin employ the
toll-like receptor (TLR) signaling pathway in order to trans-
mit their respective biological signals into the target cells
(8). Interferon (IFN)-y, which in most cases acts synergis-
tically with LPS, inhibits pentraxin 3 production in mono-
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cytic cell lines. By contrast, interleukin-10, the most potent
anti-inflammatory cytokine as yet recognized, synergizes with
LPS in the production of pentraxin 3 (12). IL-6, the major
cytokine governing CRP synthesis in the liver, plays a neg-
ligible role in pentraxin 3 production, being limited to rare
cases of Kaposi’s sarcoma or Castleman’s disease (22,26).

Pentraxin 3: possible implications -
in coronary artery disease

. The occurrence of pentraxin 3 is predominantly ob-
served in the vascular wall. In patients with small vessel vas-
culitides, pentraxin 3 is found in deposits formed by dying
leukocytes that assemble in perivascular areas of the di-
seased vessels or even systemnically in the circulation, whe-
re it is supposed to reflect the overall endothelial activation
{14). Pentraxin 3 synthesis, both mRNA and protein, can
be induced by atherogenic lipoproteins in vascular smooth
muscle cells (23). In human endothelial cells, pentraxin 3
supports the synthesis of tissue factor which has been in-
duced by TNF-, IL-18 or lipopolysaccharide, all of them
concomitant inducers of pentraxin 3 production (28). In
atherosclerotic plaques, pentraxin 3 is produced by infil-
trating macrophages and by scattered endothelial cells (34).
Peri and colleagues found in their cohort of 37 patients
with acute myocardial infarction (AMI) that plasma levels
of PTX3 peaked about seven hours after the onset of chest
pain. In AMI patients, plasma levels of CRP are known to
increase both as a part of the acute phase response and as
a reflection of the damaged myocardium. Peak levels of
CRP, however, can be assessed only later, about 24 to 48
hours after the initial AMI sympioms, Peak levels of plas-
ma pentraxin 3 aftained by AMI patients were shown to
occur independently of the extent of myocardial tissue ne-
crosis or of the gravity of incident heart failure assessed by
the Killip class at entry. Consequently, in the setting of
acute myocardial infarction pentraxin 3 presents the poten-
tial advantage of an early marker of heart muscie damage
irrespective of its extent, whose peak plasma levels are avail-
able well ahead of the elevation of plasma CRP (31). The
same research team showed in addition that pentraxin 3
was a marker which supplied the best prognostic informa-
tion concerning three month mortality after the index
event, Among their 724 AMI patients, those whose first day
plasma levels of pentraxin 3 exceeded 10.73 ng/mi, exhi-
bited a threefold higher risk of dying within the next 3
months compared to patients whose pentraxin 3 levels did
not reach 5.49 ng/ml at the same point in time. The pro-
gnostic information conferred by pentraxin 3 was superior
in accuracy to prognostic values mirrored by levels of crea-
tine kinase, troponin T or N-terminal pro-brain natriuretic
peptide, not to mention CRP itself (24).

Pentraxin 3 and the complement system

Pentraxin 3 exhibits a high-affinity binding to the globu-
lar head of Clq, the first component of the complement cas-
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cade. This binding displays the quality of a competitive inhi. :
bition. In an environment with excess CRP or SAP, the [ong
pentraxin is displaced from its complex with Clq by the
short pentraxin competitors, which bind to C1q with a com-
parable affinity. The reverse takes place if CRP or SAP is
bound to Clq in the presence of excess pentraxin 3. Once |
bound to Clq, pentraxin 3 either initiates or inhibits acti-
vation of the complement cascade via the classical pathway. :
The respective effect will depend on the actual environmen- |
tal conditions, Locally formed pentraxin 3 activates comple- |
ment which is available within inflamed or injured tissues, .
thereby supporting local defense reactions. Pentraxin 3 pre- :
sent in the circulation, i.e. remote from the site(s) of local .
inflammation, inhibiis activation of complement in that pen-
traxin 3 molecule inserts between the Clg globular head and -
the following components of the complement cascade. Due
to occupancy by pentraxin 3 of their respective binding sites, |
these complement components are hindered from direct .
contact with Clq which in turn is necessary for the activa-
tion process to continue. In this position, pentraxin 3 acts :
counter to an overwhelming activation of the complement
cascade during systemic inflammatory processes {29). '

Pentraxin 3 is endowed with the quality of an opsonin,
which acts in concert with the complement fragment C3b/
iC3b on the surface of apoptetic cells. This activity of pen- .
traxin 3 supports removal of apoptotic cells and tissue |
debris, which in itself is a prerequisite for proper wound :
healing (36). In its role of an opsonin, pentraxin 3 targets
some micro-organisms, above all the conditionally pathoge-
nic fungus 4spergillus fumigatus. If sufficiently opsonized |
by pentraxin 3, aspergillic conidia are ingested by the host’s
alveolar macrophages and subsequently cleared from the
lungs (16). Furthermore, Diniz and colieagues showed that
recombinant pentraxin 3 binds to zymosan and Paracocci-
dioides brasiliensis, thereby increasing phagocytic ingestion
of the pentraxin 3-covered particles by peritoneal macre-
phages of wild-type mice. This finding is in keeping with the
importance of the opsonic role of pentraxin 3 in defense re-
actions and implies the existence of a pentraxin 3-specific
receptor on target cells. This receptor, however, has not yet
been identified (11).

Pentraxin 3 and KpOmpA

Apart from the Clq globular head of complement, pen-
traxin 3 further binds to: )
1. the fibroblast growth factor-2 (FGF2), a mediator impli-

caled in angiogenesis,

2. the extracellular matrix protein TSG-6, which supporis
tissue repair/remodeling,

3. the outer membrane protein A from Klebsiella pneumo-
nize (KpOmpA), a newly recognized mediator of in-
flammation. .

Recognition of KpOmpA by the host is mediated via
scavenger receptors LOX-1 (lectin-like oxidized low-density
lipoprotein receptor 1) and SREC-I (scavenger receptor €x-
pressed by endothelial cell-I). Both receptors are expressed



on macrephages and dendritic cells (DCs). Activation by
KpOmpA of the host’s innate immunity effector cells, pri-
marily immature DCs, is accomplished via toll-like receptor
{TLR)-2. Transmembrane signaling in itnmature DCs, which
is set off by KpOmpA, up-regulates costirmnulatory molecu-
les CD40, CDBO (B7-1), CD86 (B7-2), intercellular adhe-
sion molecule [CAM-1 (CD54), and MHC class 1 or class
H molecules (CD for cluster of differentiation). KpOmpa
also induces production by dendritic cells of 1L-12 and
TNF-0.. Dendritic cell maturation is thus next to complete.
Last but not least, KpOmpA targets exogenous antigens to
the MHC class I presentation pathway. All the above men-
tioned activities of KpOmpA culminate in mobilization of
potent antibacterial immune reactions. Invading bacteria
are eliminated by macrophages in conjunction with the
complement system and the pentraxins. Antigen-specific
immune responses, initiated by maturing DCs, are executed
by cytotoxic CD&+ T-ymphocytes. In this respect, dendritic
cells present a transition from innate to acquired immunity
responses. Exogenous antigens, which have been endocyto-
sed by DCs via KpOmpA-binding elements, gain access to
the cytosolic MHC class I presentation pathway. Effector/
cytotoxic CDE+ T Iymphocytes can thus be generated even
in the absence of CD4+ T lymphocyte help (21). Celiular
signaling exerted by KpOmpA furthermore leads to the pro-
duction by monocytes/macrophages and by dendritic cells
of pentraxin 3. This feature of KpOmpA, which itself is an
archetypical pathogen-associated molecular pattern, reflects
the seemingly ambiguous or even contradictory nature of
the innate immunity reactions, which at the same time com-
bat infection and set the stage for the termination of in-
flammatory processes, the latter being a prerequisite for
repair and regeneration of wounded tissues, Pentraxin 3,
along with the complement system, fits in with both of
these ambiguous activities. It is an effective mediator of the
humoral arm of innate immunity and at the same time it
supports elimination of the host’s own damaged cells, while
meticulously sparing those that have survived cytotoxic
attack unleashed by the defense reactions (20).

Pentraxin 3 and apoptotic cells

All pentraxins bind to dying cells, whose number rapid-
Jy increases in inflamed or injured tissues, in order for the
host to get rid of, by phagocytosis, cellular corpses and in-
tracellular components released by injured or dying cells.
Clearance of apoptotic cells and subcellular constituents
thereof by macrophages, in conjunction with the pentra-
Xins, starts off paracrine release of anti-inflammatory me-
diators such TGF-B (transforming growth factor-f8), which
guarantee an immunologically silent cellular death (13).
Should this homeostatic mechanism be perturbed, highly
immunogenic peptides, which in normal circumstances are
integrated within the host’s live cells, would inevitably en-
ter the extracellular milieu. Once beyond the protective line
of the outer cellular membrane, intraceilular components
of the host’s tissues are identified by his or her DCs as

foreign antigens. If not removed out of reach of this keen
surveillance machinery with ample advance, catastrophic
auto-immune reactions, provoked by the host’s own intra-
cellular antigens, would set in without any restraint (2). In
promoting timely elimination of this extremely immuno-
genic materizl, the pentraxins prevent grave auto-immune
damage that otherwise would be inflicted on the host’s
tissues (30). This immunologically silent mode of ceflular
death supported by the pentraxins might question their op-
posite activities in defense reactions against extracelfular
bacteria or fungi. The puzzle of how the pentraxins execute
inflammatory anti-microbial responses, while at the same
time silencing clonal expansion of autoreactive lymphocy-
tes, has been resolved by new data supplied by Rovere and
Baruah with colleagues. These data confirm a dual role for
pentraxin 3 in reactions of innate immaunity (35,4).

Cross-presentation of exogenous
or endogenous antigens

Autodmmune reactions present a serious menace any-
time the host’s cells have been damaged up to the point of
setting free their intracellular components. A key event in
this process is the cross-presentation by [DCs of antigenic
neoepitopes, originating from the host’s tissues, to cytoto-
xic CD8+ T-tymphocytes (33). This is a common situation
in any major surgery, either cardiac or non-cardiac, In the
process of cross-presentation, antigens from the extracellu-
lar milieu are presented by APCs (antigen-presenting cells)
on MHC (major histocompatibility complex) class I mole-
cules in order to stimulate effector CD8+ T lymphocytes.
At the same time, cross-presentation is an important me-
chanismn by which the immune system monitors the host’s
tissues for the presence of foreign (e.g. microbial) antigens
or his or her own autoantigens, which are identified by
the immune system as foreign or non-self. The outcome of
cross-presentation is either immune response or immune
tolerance. Which of the two will take place depends on
whether isolated antigens are acquired by DCs, leading to
tolerance, or whether antigens are acquired along with im-
munostirnufatory signals, leading to immune responses. For
dendritic cells, the boundary between an endogenous and
an exogenous antigen is not entirely clearcut. MHC class
I-restricted presentation of antigens of both sources is a com-
mon situation. From among the plethora of candidate anti-
gens, cross- presentation of those of viral or of the host’s
own cellular origin numbers among the most common.
From the surgical point of view, the latter antigens are of
extraordinary importance (32). Cross-presentation of the
host’s own cellular antigens, which results in cross-toleran-
ce or self-tolerance, sets off deletion of auto-reactive cyto-
toxic CD8+ T-lymphocytes (15,6,10). Since DCs have been
shown to participate both in antigenic cross-presentation
and in cross-tolerance, it is no surprise that the same dend-
ritic cell subset is able to contribute both to immunity and
to tolerance. Supplementary factors are thus supposed to
make the difference between the cutcome, i.e. immunity ot
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tolerance. A plausible explanation suggests that DCs prefe-
rentially induce tolerance to auto-antigens unless exposed
to a predominance of inflammatory stimuli, most often
those evoked by infection.

Pentraxin 3 in antigenic cross-presentation

Antigenic cross-presentation is manifold augmented in
a milieu overflowed with extracellular antigens, including
auto-antigens. Such a situation occurs regularly in areas of
tissue injury with muliiple and/or deep surgical incisions,
often menaced by bacterial invasion and soft tissue trau-
ma/contusion, which may be accompanied by multiple or
repeated ischemia-reperfusion processes in wound areas.
Extensive cell death sets up an irnportant challenge for the
host's immune system. {27). Consequently, pentraxin 3 is
recruited at the interface between the host’s own dying cells
and his or her dendritic cells, which make up efficient cel-
lular sentinels incessantly screening the adjacent environ-
ment for the presence foreign antigens. Any time such an
antigen has been detected, DCs start off an antigen-speci-
fic, MHC-restricted immune response, which is aimed at
elimination of intracellular microorganisms, tumor cells or
neofautoantigen-stained self cells or fractions thereof (1).
Dendritic cells cross-present antigenic epitopes to cytotoxic
CD8+ Tlymphocytes in association with MHC class I mo-
lecules, irrespective of the antigenic origin - be it foreign
microbial antigens or neo/autoantigen-expressing frag-
ments from the host’s own cells. Effector CD8+ T-lympho-
cytes interact with cross-presented antigens only after the
latter have been processed into short peptides by antigen-
presenting cells and coupled to MHC class I molecules.
Thereafter, cytotoxic CDD8+ T lymphocyles identify antigen-
MHC class I complexes which are designated for elimina-
tion (18). Any time antigens of microbial origin and those
originating from the host’s own cells are presented by DCs
to CD8+ Tlymphocytes jointly, a situation commenly en-
countered in surgical patients, pentraxin 3 cuts up like
a useful adaptor of dendritic cell function.

Dual role of pentraxin 3 in auto-immune
reactions

In normal homeostatic conditions, the host’s cells dying
of apoptotic death start off the production of pentraxin 3
by dendritic cells. Apoptotic cells of the host, to which
pentraxin 3 is bound, successfully avoid internalization by
immature dendritic cells. The same applies to intracellular
processing of apoptotic cells’ antigenic load and the cross-
presentation of antigen-MHC class I molecule complexes to
cytotoxic CD8+ T- lymphocytes. Pentraxin 3 additionally
limits the production of pro-inflammatory cytokines and
costimulatory molecules, both of which are needed for ma-
turation and the antigen-presenting capacity of DCs (3). In
parallel, clonal expansion of T-lymphocytes, which are en-
dowed with the potential to set off cytotoxic auto-mmune
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reactions, ts minimized or totally stopped. All the same, it
may occur that the host’s PTX3-labeled apoptotic cells, due
to actual overflow of antigens, notably those of microbial
origin, would miss the opportunity to escape ingestion by
dendritic cells. If such be the case, pentraxin 3 will enhance
the production of proinflammatory cytokines needed to
combat infection, while at the same time it will restrict
cross-presentation of antigenic neoepitopes to autoreactive
CD8&+ THymphocytes. In so doing, pentraxin 3 will favor
defense of the host while at the same time avoiding any
undue damage of his or her own tissues whenever micro-
bial infection and extensive cell death coexist. Surgical
wounds would be efficiently protected by pentraxin 3 both
from infection and from auto-immune damage. On the
other hand, pentraxin 3 does not interfere with the pre-
sentation to effector cells of soluble antigens, an event
required for the elimination of exiracellular microbial pa-
thogens. The classical short pentraxin CRP does not
substantially contribute to such fine-tuned processes, ap-
parently due to the time lag between the noxious onset and
CRP hepatic production, even if the latter is seemingly ra-
pid in execution and undoubtedly robust in volume, with
plasma or serum CRP levels reaching several hundred-
folds of their basal levels. Nevertheless, if properly regu-
lated, CRP contributes substantially to the generation of
an overall anti-inflammatory milieu in which apoptotic
cells are cleared by macrophages. CRP-initiated activation
of the complement cascade will halt at the level of opso-
nins C3b/iC3b, thus favoring efficient phagocytosis of
opsonin-covered particles, On the other hand, continua-
tion of complement activation up to the generation of the
terminal complexes C5b-9(n), which are equipped with
mighty cytotoxic and proinflammatory properties, is stop-
ped under these conditions (17).

Conclusion

Pentraxin 3 is a novel acute phase reactant, whose im-
portance in mammalian biology, including human, is only
starting to be recognized. In the setting of acute myocardial
infarction and other critical care patients, it may provide
a prognostic marker undoubtedly superior in prognostic va-
lue to C-reactive protein. At the same time, pentraxin 3
plays a non-redundant role in the humoral arm of innate im-
munity, protecting the host from some invading micro-
organisms while at the same time fine-tuning the clearance
of apoptotic cells, with deletion of auto-reactive T-lympho-
cyte clones as a result. The importance of pentraxin 3 in
human biclogy may stand out whenever foreign antigens
with those of self-origin are presented jointly, as shown in
surgical patients.
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Cil: Sledovat sérové koncentrace Hsp60 a Hsp70 v priib&hu operace a naslednych pooperaénich dnech u kardiochirargic-
kych pacientli operovanych s poufitim kardiopulmonainfho bypassu (CPB) a bez jeho pouZiti. .
Metodika: Bylo sledovano 34 paclentt, kterym byl proveden korondrni bypass. Paélent podstoupiti bud konvenérd myo-
Kardiilng revaskularizacl s pouZitim kardicpulmonalniho bypassu nebe byli operovard na bijicim srdcl. Obé dvé skupiny se
od sebe viznamné nelisily vékem, pohlavim, poftem anastomoz a efekéni frakef. Vzorky #ilnf krve byly odebirdny pacientim
v p&ti Easovych intervalech: pfi 1ivodu de anestezle, po ukontend operace, prvnd, tfelf a sedmy pooperacni den. Koncentra-
ce HspB0 a Hsp70 byly stanoveny komer&né dostupnymi kity ELISA. ﬁ
' v¥sledky: Koncentrace Hsp60 se nelisila mezl pacienty operovanymi s CPB a bez CPRB s v{jimkou sedmé¢ho dne, kdy by-
12 koncentrace sérového Hsp60 u pacienth operovanyeh na bijficim srdel viznamné niZsf v porovnéani s ostatnimi odb&ry .
{(p < 0,0151). Koncenirace Hap70 se u pacientil operovangch s CPB a bez CPB vyznamné lisila bezprostfedné po ukonéeni :
opera¢nfho vikonu, kdy u pacient operovanych s CPB dochézelo k vyTaznéma narfistu sérovéhoe Hep70 v porovndnd 8 pa-
clenty operovanymi na bijicim srded (p < 0.0259). : :
ZavEry: Studie prokdzala zvySené sérové koncentrace Hsp70 u kardiochirurgickych paclent operovangch s pouZitim :
CPB ve srovnani s pactenty operovanyrni na bijfcim srdel, coZ naznacuje vetSi ischemickeo-reperfuzni poSkozeni pfi tomto .
typu operace. )
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University Hospital at Hradec Kralové, Hradec Krdloveé, Czech Republic). Heat shock proteins Hsp60 and Hsp70 in
cardiac surgical patients. Cor Vasa 2007;49(10):356-361.

Background/Aims: To study the perioperative’and postoperative serum levels of heat shock proteins Hsp60 and Hsp70 in .
cardiac surgical patients operated with or without cardiopulmenary bypass (CPB). :
Methods: Thirty-four patients undergoing coronary artery bypass grafting (CABG} were operated elther with or without the |
use of CPB. The subgroups did not differ in age, sex, number of anastomoses, and ejection fraction. Samples of venous
blood were taken at five intervals: at the induction to anesthesia, upon completion of surgery and on postoperative days 1. !
3, and 7. Hsp60 and Hsp70 levels were detected by commercially available ELISA kits. :
Results: Hsp60 levels did not differ between patients with or without CPB. Hsp60 levels were significantly decreased i
patients operated without CPB on postoperative day 7 {p < 0.0151). The dynamics of Hsp70 was different between the
subgroups with and without CPB. We found significantly increased levels of Hsp70 upon completion of surgery in patlents
operated with CPB (p < 0.0258). :
Conclusion: The study demonstrated Increased Hsp70 levels in cardizc surgical patents undergoing CABG using CFB
compared with patients operated on the beating heart. This finding is In accordance with more profound ischemia-reperfusion :
injury in patients operated with the use of CPB. :
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PouZité zkratky

CPB mimot&€ni ob&h

HSE heat shock element

HSF heat shock transcription factor

Hsp stresovy protein

TNF-c tumor-nekrotizujict falctor o
Gven

Kardiochirurgické operace pfedstavuji narotny vy-
kon, ktery je i pfes velké¢ pokroky v této coblasti
mnohdy spojen s fadou pooperaénich komplikaci. Ty
mohou souviset s aktivaci nespecifickych sloZek imu-
nitnitho systému a rozvojem syndromu systémove
zanétivé odpovédi (SIRS). SIRS byva spojen se systé-
movym oxidativnim stresem, pfi némz dochiazi k tvor-
bé reaktivnich kyslikovych forem (ROS) poskozujicich
bunééné struktury a tvoficich dalsi skodlivé meta-
bolity.'2-19 Volné kyslikové radikaly jsou povaZovany
za jednu z nejvyznamnéjdich poskozujicich sleZek pii
kardiochirurgickém vykonu.2%-31 V bufikdch myokar-
du, a také v bunéénych eclementech jinych télnich
soustav v&etné€ soustavy imunditni, viak existuji nebo
Jsou indukovatelné nékteré adaptaéni mechanismy,
které jsou schopny ochranit bufiky pfed neZadoucimi
néinky ischemie a reperfuze. V {éto souvislosti jsou
uvadény jako jedny z nejdileZitéjSich stresové pro-
teiny (Hsp). Nékieré studie se soustfedi na pochope-
i jejich role v kardioprotekci.©-26.27.28)

Hsp jsou multigenni rodinou proteind s molekulo-
vou hmoinosti v rozmezi 10-150 kDa a vyskytem
ve viech duleZitych bunéénych organelach.tt Jejich
nazev vyplyva z historickych souvisiosti, kdy byla
v roce 1962 u drosofily popsana reakce mna tepelny
50k tvorbou zdufelych mist na chromoscmech izo-
lovanych z bunék slinnych Zlaz. %" Jednalo se o vaz-
bu transkrip&nich faktort na specificka mista gent
hsp.1? Hsp jsou indukovany nejen zvySenou teplo-
tou, ale také fadou dalsich stHmult jako je plisobeni
virmi, rtznych chemikalii, t&Zkych kovii, steroidnich
hormontl, dale mechanickym stresem, anoxii a vy-
stavenim volmym radikaltim.®11.1% Hsp patii k evo-
luéné starym proteindim vyskytujicim se u prokaryot,
eukaryot v@etné rostlin, a napfi¢ riznymi druhy jsou
strukturné velmi konzervativii.*!! Nékteré Hsp jsou
exprimovany konstitutivng, jiné jsou pfisné inducl-
biini." Y Stresova regulace exprese Hsp probilid ze-
Jména na Grovnl transkripce. Na specifické sekvence
v premotorové oblasti gentt hsp zvané HSE (heat
shock element) se vaZou aktivované specifické tran-
skripéni faktory HSF (heat shock transcription factor)
a spoudt transkripci genti hsp.®!® Funkce protei-
nt Hsp jsou velice rozmanité a daly by se shrnout
pPojmem udrZieni norméalnich bunéénych funkef,
bunééné homeostazy. NejEastgji byva uvadéna jejich
funkce molekularmnich ,chaperont”, tedy proteint,
které jsou schopny oviiviiovat terciarni a kvarternt
strukturu ostatnich proteint.®?# Déle je uvAdéna
Tada funkei, mezi néZ patfi napfiklad inhibice apo-
Ptézy, regulace bunééného cyklu, ochrana cytoske-
letu a dalsf.02

NejvEtaf pozornost je v souvislosti s onemocn&nin
srdce a ob&hové soustavy 11 Hsp vénovéna rodinam
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Hsp70 a HspB0. Hsp70, nazyvany téZ mortalin, vyka-
zuje mzné subcelularni lokalizace, avsak dominarnt-
né je pfitomen v mitechondriich. Zde je zodpovedny
za transport protelny dovnitf organel a jeho éinnost
zdvisi na ATP.*® Hsp70 dale odpovid4d za sestavovani
proteint i multimernich proteinovych komplexti jak
v cytosolu, tak v mitochondrifich a degradaci protei-
ni1.2% M4 také rozmanité funkce souvisejici s bun&é-
nou proliferaci a neoplastickou transformaci.® Jeho
inhibice indukuje smrt buné&k."? Soudasny vyzkum
se zaméiuje téZ na jeho protektivni funkce a moZ-
né terapeutické vyuZiti proti ptsobeni podkozujiciho
bunééného stresu.®

Hsp60 se nachdzi hiavné€ v mitochondriich, ale
jsou popsany zmé&ny v intraceluldrnd lokalizaci,
exprese na bunééném povrchu a jeho uvolilovAni
z mrtvych & umirajicich bunék. Y Hsp6O je sing
zAvisly nia svém cochaperonu Hspl0, ktery se k nému
vaZe a ovliviluje jeho vazebné vlastnosti a ATP4azovon
alttivitu.®2% HspB0 funguje jako hlavni mitochon-
dridlni molekuldrni chapercen a je zodpovédny za
transport. mitochondridlnich proteint koédovanych
jadernou DNA dovnitf mitochondrii.t-229 Ugastni se
sestavovdni a degradace proteinti a téZ translokaci
organel.!® Extracelularni Hsp60, stejné jake Hsp70,
aktivuje piirozencu imunitu CD1l4-de-pendentnim
zpisobem.®

Kardiochirurgické zdkroky jsou v sou€asnosti pro-
vadény dvéma odlisnymi zphsocby. Bud jde o opera-
cl na srdci, které je vyfazeno z &innost a jeho funk-
¢l piebird podpiuné zafizeni (technika vyuZivajici
CPB-cardiopulmonary bypass, .on-pump” surgery),
a nebo jde o novéjsi pfistup - operaci na bijicim
srdel (.off-pump* surgery).®® EKardiochirurgické ope-
race bez pouZiti CPB jsou povaZoviny za méné rizi-
kové ve smyslu rozveje syndromu systérmové zanétli-
vé odpovédi.@

Cilem této préce je sledovatl zmény koncentrace
Hsp60 a Hsp70 v séru u pacientt béhem kardiochi-
rurgického zalooli a krdtce po ném. V souvislosti
s odli3nymi technikami vedeni operace je nadim cilem
téZ sledovat, zdd se operace s mimotélnim obéliem
a operace na bijicim srdci poji s odliSnou exprest
a uvolnénim Hsp.

MATERIAL A METODY

Soubor pacientsd

Bylo sledovdno 34 pacient: {26 muZil a 8 Zen), kte-
rym byl poprvé proveden koronarni bypass. Studie
byla schvalena Etickou komisi Lékaiské fakulty Uni-
verzity Karlovy a Fakultni nemocnice v Hradei Krélo-
vé. Od kaZdého 1iéasinika studie byl obdrZen infor-
movany souhlas. Pacienti prodélali bud konvenénf
myokardialni revaskularizaci s pouZitim CPB (n = 17,
pramérny vek 70,563 + 7,05 let) nebo byli operovani
na bijicim srdci (n = 17, pramérmny vék 66,41 + 10,12
let). Obé& dvé skupiny se od sebe vyznamné nelisi-
ly vékem, pohlavim, poftem anastoméz a ejekénich
frakci. Median ejek&ni frakce u nemocnych operova-
nych s CPB byl 0,65, TotoZzna hodnota ejek&ni frakce
byla i u nemocnych operovanych bez pouZiti CFB.
V obou skupinidch nemocnych byl totofny pofet pro-
vedenych anastoméz (median 2,0). Opera&ni postupy
a postupy vedeni CPB byly obdobné pro viechny
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pacienty. Foopera¢ni péée byla zajisfovana na jednot-
ce Intenzivid péce kardiochirurgické kiniky, ze kte-
ré byl pacientli v zavislosti na zdravotnmim stavu
picklidani na standardni oddéleni. Podrobny popis
operace véetné CPB je uveden v nasf publikaci Ku-
nese a spol.i®

Odbér vzorkda

Vzorky Zlni krve byly odebirdny pacientiun v p&ti
casovych intervalech: pfi uvodu do anestezie (vzo-
rek 1j, po ukon&eni operace [vzorek 2), prvni poope-
raénd den (vzorek 3], tfetf pooperaéni den {(vzorek 4)
a sedmy pooperacnf den (vzorek 5}.

Laboratorni zpracovéani

Zilni krev byla odebirdna do odbérovych zkumavek
firmy Saarstedt (N&mecko}. Po koagulaci a centrifu-
gaci bylo sérum rozdéleno do alikvett a zamraZeno
pfi -40 °C. Vzorky byly zmraZeny a rozmraZeny pouze
Jednou. Koncentrace Hsp60 a Hsp70 byly stanoveny
komerZné dostupngymi kity ELISA {Elisa Stressgen
Bioreagents, Némecko) a hodnoceny spektrofotome-
tricky pil 450 mm.

Statistické hodnoceni

Zme&ny ve sledovanych parametrech a rozdily mezi
skupinami byly vyhodnoceny dvoucestniou analyzou
varianice pro opakované méfeni a naslednym Fishe-
rovym testem pro mnochondsobni porovnani. Dyna-
mika zmen je vyjadfena jako primérmé hodnoty
dosaZené v jednotlivych odbérech. VSechny testy byly
provadény pii o = 0,05. Statistické hodnoceni hylo
provedeno pomoci statistického softwaru Statistica
5.5 (StatSoft, USA).

VISLERKY

Vysledky stanoven{ sérové koncentrace Hsp60 u pa-
cientt operovanych s pouZitim CPB jsou zndzornény
na obrdzku 1. Koncentrace Hsp60 se pohybovaly
v rozmez{ 0,15-12,85 ng/ml a nevykazovaly statistic-
ky viznamné zmény v pniib&hu operace a naslednych
sedmi poopera¢nich dnt.

U pacient operovanych na bijicim srdc se sérové
koncentrace Hsp60 pohybovaly mez 0,15 -23,25 ng/mi,
jak je znazornéno na obrdzku 2. Zmény v koncen-
traci byly opé&t shledany statisticky bezvyznamné
s vyjimkou posledniho odbéru - sedmy pooperatni
den, kdy byla koncentrace sérového Hsp60 vyznam-
né niZsf v porovnéni s ostatnimi odbéry {(p < 0,0151].

Porovnanim dynamiky sérového Hsp60 u obou
dvou skupin pacientti jsme neodhalili 24dné vyznam-
né rozdily mezi skupinou pacientt operovanych
s powiitim CPB .a pacientil operovanych na bificim
srddi (p = 0,56), vysledky nejsou uvedeny.

Stanoveni koncentrace sérového Hsp70 u pacien-
t operovanych s pouZitim CPB pfineslo nasleduii-
ci vysiedky: koncentrace Hsp70 se pcohybovaly mezi
0,24-10,64 ng/ml a statisticky vyznamny narist byl
prokazdn bezprosifedné po skondeni operace (p <
0,0001). Prium&mé hodnoty sérového Hsp70 u pa-
cientlt s CPB v perioperacnim a pooperaénim obdobi
Jjsou zachyceny na obrazku 3.

U pacienti operovanych na bijicim srdci se kon-
centtrace sérového Hsp70 pohybovaly mezi 0,23-6,88
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Obr.3 Hsp70 ~ zmény sérovych koncentraci u nemocnych
operovanych s CPB

F (4,64) = 21,12, p < 0,0001

F - hodnota Fisherova testu

ng/ml, jak je uvedeno na obrazkar 4. Mezi koncentra-
cemd Hsp70 pfi jednoetlivych odbérech nebyl nalezen
vyznamny rozdil, tzn. koncentrace Hsp70 se v inki-
minovaném Case piilis neménila,
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Obr.5 Hsp70 - porovnani sérovych kencentraci u nemoc-
nych operovanych s CPB a bez CPB

F (1,32) = 5,46, p < 0.0001

F - hodnota Fisherova testu

PH porovnani dynamiky Hsp70 u paclentt opero-
vanych s CPB a bez CPB byly nalezeny vyznamné roz-
dily v koncentraci bezprostfedng po ukondeni ope-
raénfho vykonu, kdy u pacientt operovanych s CPB
dochazelo k vyraznému naristu sérového Hsp70
Vv porovndni s pacienty operovanymi na bijicim srdci
{p < 0,0259, obrdazek 5).

DISKUSE

Pledkladana studie sleduje koncentrace sérovych
proteinit HspG60 a Hsp70 u pacientt b&hem kardio-
chirurgického vykonu a nasledné po ném. JiZ fa-
du let jsou studovany postupy a strategie zlepsujici
ochranu myokardu a urychlujici rychlost fyziolo-
gického zotaveni po kardiochirurgickych wvyko-
nech.™1522 Experimentdlng na zvifecich modelech
bylo prokazano, Ze kratka ischermie srdee vede k rezi-
stenci k néslednym ischemickym perioddm a obdob-
né postupy u daldich organt, jake jsou ledviny nebo
tenke stfevo, {sou téZ schopny navodit ochranu myo-
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kardu. Naopak kratkd ischemicka perioda myokardu
mZe sniZit napiiklad plicni poskozeni po ndsledném
kardiochirurgickém vykonu.?%%" Nabizi se tedy otéz-
ka, jaké ochranné mechanismy jsou pfi ischemickych
déjich indukovany a jakym zphsobem je ochrana
jednoho typu tkdné zprostfedkovana pusobenim na
jinou tkafi. Soudi se, Ze diileZitou, 1 kdyZ ne jedinou,
roli v mechanismu ochrany sechravaji proteiny Hsp,
které zvy3uji ochranu bunék pil ischemicko-re-
perfuznich dgjich, zlepSuji postischemickou funkéni
obnovu myokardu a mohou také snfZit incidenci po-
operacni fibrilace sini.0-%% Hsp posilujfi proteosynté-
zu, stabilizuji nové formované protelny a opravuji
denaturované proteiny.?! Blahodarné piisobeni je
pripisovdno také enzymim s antioxida¢nimi vilast-
nostoi jako je superoxid dismutéza a kataldza.®-1524)

Prokazali jsme, Ze kardiochinugicky vykon za po-
wZiti CPB vedl k v&t5i indukcl sérového Hsp70 v po-
rovndni s koncentracemi u pacientti operovanych na
bijicim srdei. Podobné vysledky publikovali Dybdaht
a spol., ktefl naclidazeli nejvy3si sérové koncentrace
Hsp70-2 hod.- po operaci u pacientii operovarych
s CPB.9 V nasem souboru byly rozdilné koncentrace
Hsp70 nalezeny bezprostiedné po ukondéeni operace,
kdy u pacientth operovanych s CPB dochazelo k vyj-
znamnému naristu tohoto proteinu. Te odpovida
skutefnosti, Ze pii operaci s pouZitim CPB dochazi
k daleko vétSimu ischemicko-reperfuznimu poskoze-
ni. Z pohledu rozvoje systémové zanétlivé odpovedi je
operace s pouZiim CPB povaZovana za rizikovEjsf.®.13
V bunéénych kulturdch koronarndich endotelovych
bunék a srdefnich myocyhl., stejné jako u experi-
mentdlnich zvifat, bylo potvrzeno, Ze zviZené kon-
centrace Hsp70 vedou ke kardioprotekei a k rezis-
tenicl k ischemii.?!223 Intracelularmd koncentrace
Hsp70, aviak ne sérové, negativiié korelujf s poope-
raéni fibrilaci sini, kterd je povaZovana za béZnou
arytmili po kardiochirurgickém vykonu.!” Ohse
a spol. mé&fili expresi mRNA pro Hsp70 v polymorfo-
nuklearnich burikach za (elem uréeni stupné& peri-
operativiiho stresu. Prok#zali slaby nartst mRENA
pro Hsp70 na koncl operace a vyraziy nartist 6 hodin
po operaci, piemz k vyrovnani koncentrace na pfed-
opera¢ni trovedl doflo 48 hodin po operaci.®¥ Stu-
die Schmitta a spol. ukézala, Ze narust Hsp70 byl
po kardiochirurgickém vykonu v priméru dvojnasob-
ny jak v jadfe, tak v cytosolu myocytt a endotelial-
nfch bunék.@8 Co

Na vyznam Hsp70 je moZnoe pohliZet z né€kolika
uhta. Bylo prokdzano, Ze extraceluldrni Hsp70 je po-
vaZovan za urdity signal nebezpeéi, ktery vede k akti-
vaci tmunitnihe systému. In vitro bylo prokézano,
Ze md vyznamny imunoregulaéni{ potencial. MaZe
byt téZ povaZovan za ukazatel, ktery odraZ stupen
poskozeni myokardu, kdy je do ob&hu uvoliiovan
z nekrotickych € poskozenych bunék. Zdrojem
Hsp70 uvolnéného do ob&hu pak mohou byt jak sa-
motné buiiky myokardu, tak leukocyty, zejména po-
Zkozené¢ monocyty a granulocyty.®

Pokud jde o protein Hsp60, nebyly nalezeny rozdi-
ly v koncentraci mezi nemoecnyni operovanyini s po-
uZitim CPB a nemcecnymi operovanymi na bijicim
srdci. Zajimavé je pouze zjisténi, Ze u pacientti ope-
rovanych na bijicim srdel dochézi pfl poslednim
odbé&ru, tj. sedmy pooperaini den k viznamnému po-
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klesu Hsp60 oproti pfedeslym hodnotam. Hsp60 ty-
va exprimovan po pasobeni riznych stresovych fak-
tor véetné ischemie a reperfuze.®” Byla nalezena
pozitivni korelace mezi sérovou koncenitraci Hsp60
a TNF-a. Koncentrace cirkulujiciho Hsp60 jsou aso-
clovdny s Casnymi stadit kardiovaskularnich onemoc-
né&ni. Hsp60 phasobi jako prozanétlivy protein, ale jeho
prozanétliva aktivita neni vyjadiena pokud je uloZen
nitrcbunééné. V koncentracl vétdi neZ 100 ug/mi
v plazmeé je biologicky aktivni a je schopen stimulovat
myeloidni bufiky k produkci prozanéilivych mediato-
ri a endotelové buiiky k expresi adheziviiich mole-
kul, coZ mtiZe piispivat k patogenezi aterosklerbzy.
Nartstaji diikazy o tom, Ze Hsp60 uvolnény do ob&hu
je asociovan s rozvojem choroby véncitych tepen.'®29
Studie Schiflera nezjistily zvySené hodnoty Hsp60O
v myokardu pacient®i podstupujicich kardiochirm-
gické vykony, zato u pacientl s chronickou fibrila-
cof sini dochazelo k 2,5ndsobnému naristia Hsp60
v porovnani s pacienty s normakim sinusovym ryt-
mem. 2627 Pfi pokusech s bunéénymi kulturami, kde
byla simulovana ischemie, bylo zji$t€no, Ze pouze
zvyiena exprese Hsp60 bez zvy3ené exprese HsplO
nemd Zadné protektivii Giéinky.

Nelze si nepoloZit otazku, zda zvySeni sérové kon-
centrace Hsp60 a Hsp70 pfindsi pozitivni, & negativ-
ni néasledky pro operovaného pacienta. Z hlediska
navozeni occhrany myokardu a dal3ich tkéni je induk-
ce Hsp povaZovéna za pozittvii jev. Nékteré studie se
zabyvaji aplikaci indukce Hsp v klinicke praxi a zkou-
maji razné farmakologické postupy zvySujicl expre-
si Hsp.(1.6.12.14.191

ZAVER

Studie prokézala zvyiené koncentrace Hsp70 u kar-
diochirurgickych paclentdl operovanych s pouZitim
CPB oproti pacienttim coperovanych na bijicim
srdcl. K vwraznému narustu koncenfrace sérové-
ho Hsp70 dochézi bezprostfedné po ukonéeni ope-
race u pacientt operovanych s CPB, coZ naznatuje
vE&tsi ischemicko-reperfuzni poZkozeni pfi tomto
typu operace. Vyzvou k naslednym studiim je ko-
relovat tyto vysledky s klinickymi daty jednotlivych
pacientii.
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Abstract
Objective

Activation of innate immunity cells is inseparably linked to cardiac surgical operation. The
aim of this study was to assess the kinetics in the expression of receptor for Fc part of IgG, FcRI
(CD64), and scavenger receptor CD163 on peripheral blood cells of cardiac surgical patients and to
examine the effect of cardiac bypass as a separable influence on the systemic acute inflammatory
response.
Methods

Forty patients, twenty in each group, were randomly assigned to CABG surgery performed
either with (“on-pump™) or without (“off-pump”) cardiopulmonary bypass. Standardized
quantitative flow cytometry method was used to determine the expression of surface markers.
Results

The density of CD64 molecule on monocytes reached maximum on the 1% postoperative day
(p<0.001) whereas the peak for CD64 molecule expression on granulocytes was postponed to the 3"
postoperative day (p<0.001). The expression of CD163 scavenger molecule on monocytes reached
maximum on the 1" postoperative day (p<0.001). The density of CD163 molecule on monocytes on
the 1* postoperative day is significantly higher in “on-pump” patients in comparison with “off-
pump” patients (p<0.001).

Conclusion

In cardiac surgical patients the expression of activation marker Fc R1 (CD64) on monocytes
is increased earlier in comparison with granulocytes in both “on-pump” and “off-pump” patients.
The expression of scavenger molecule CD163 on monocytes is significantly higher in “on-pump”
patients.

Key words: cardiac surgery, inflammation, CD64, CD163, expression

Introduction

Numerous events, potentially generating an inflammatory response, are induced during
cardiac surgery. Amongst them, the combination of surgical injury, mechanical manipulation with
the heart, the contact of blood components with the artificial surfaces of the cardiopulmonary bypass
circuit, transient endotoxemia and ischemia reperfusion injury of the heart and lungs arerelevant (1).



The inflammatory reaction is the result of a complex interplay between numerous humoral factors
and cell substrate of inflammation. Amongst cells involved in this process special role is devoted to
innate immunity monocyte-macrophages and granulocytes. Whereas monocyte-macrophage cells
are the richest source of pluripotent proinflammatory cytokines upon activation, activated
granulocytes are recruited into tissues by stepwise interaction between adhesion molecules on the
surface of leukocytes and their corresponding receptors expressed on the lumenal surface of
inflamed endothelium (2). There is a substantial long lasting effort to identify activated monocytes
and neutrophils in blood of patients with systemic inflammatory response induced by various stimuli
cither to identify patients at the risk of development of overwhelming inflammatory response
potentially ultimating into multiple organ failure syndrome (MOFS) or to implicate the causative
agent of such inflammatory response e.g. bacterial infection (3).

Activation of myeloid cells by various physiological and experimental stimuli 1s
accompanied by multiple surface changes associated predominantly with degranulation. Thus,
activated blood myeloid cells typically upregulate surface expression of chemotactic receptors,
complement receptor type 3 (CD11b/CDI18), and down-modulate surface density of
lipopolysacharide (LPS) receptor CD14, the low affinity Fc RIIl or CD16 receptor, adhesion
receptors CD44 and CD62L (4).

The Fe-receptor 1, Fe RI, (CD64), is a high affinity receptor for IgG1 and IgG3 subclasses of
immunoglobulins. FcRI is constitutively expressed with high density on monocytes and
macrophages, less so on eosinophils, but only to a very low extent on resting neutrophils.

Numerous substances both exogenous and endogenous origin rapidly upregulate Fc,RI
expression on the surface of neutrophils (5). Microbial cell wall components such as LPS,
endogenous complement split products and cytokines, e.g. IFNy, TNFa, are some of the activators.
The expression of F¢ R1is determined by immunofluorescence and flow cytometry. The introduction

of a new diagnostic kit Leuko64™ ecnables standardized and quantitative approach to the
determination of Fc Rl expression on immune cells.

Hemoglobin scavenger receptor CD163 is a group B cysteine-rich scavenger receptor
expressed exclusively by cells of monocyte-macrophage lineage. This glycoprotein is characterized
as a scavenger receptor for hemoglobin, mediating endocytosis of hemoglobin- haptoglobin
complexes. Previous studies have indirectly linked CD163 scavenger receptor to anti-inflammatory
phenomena (6). High CD163 expression correlates with the Mo2 anti-inflammatory properties of
monocytes and macrophages (7).

The aim of this study was to follow the changes in the expression of granulocyte activation
markers Fe RT and antiinflammatory CD163 scavenger receptor in patients undergoing cardiac
surgical operation either with the use of cardiopulmonary bypass (“on-pump*) or operated on the
beating heart during “off-pump* operation and in the postoperative period using quantitative flow
cytometric approach.

Patients

Forty patients (31 male, mean age 67.9£9 and 9 female, mean age 66.4+6.4, collective mean
age 67.618.5 years) referred to first-time coronary artery bypass grafting (CABG) were enrolled in
this study. Patients underwent either conventional myocardial revascularization with
cardiopulmonary bypass and cardioplegic arrest of the heart (“on-pump”, n=20, 16 male, 4 females,
mean age 69.417) or beating heart surgery (“off-pump”, n=20, 15 males, 5 females, mean age
65.949.7).

Patients in both groups were comparable in age, preoperative left ventricular ¢jection fraction
(median 0.65 in “on-pump”, 0.65 in “off-pump” patients, respectively) and the number of performed
coronary anastomoses (median 2.0 in “on-pump”, 2.0 in “off-pump”, respectively). The study
protocol was approved by the Ethics Committee of the University Hospital in Hradec Kralové. All
participants were informed in detail about the purpose of the study both orally and in writing. They
were free to ask any questions. One person refused to participate for reasons he would not specify. All
active subjects have given written informed consent.



Cardiopulmonary bypass, “off-pump” technique and anesthesiological management have been
recently described in details elsewhere (8).

Blood sampling

Peripheral venous blood from an antebrachial vein was withdrawn in the operating room and
in the intensive care unit. Samples were collected into heparinized tubes VACUTAINER, cat No.
36884 manufactured by Becton Dickinson.

Inboth “on-pump” and “off-pump” patients, blood was withdrawn at following time points:
1: introduction to anaesthesia, which in both groups represented the baseline or reference value for
all parameters measured thereafter

2: after termination of the operation

3: the first postoperative day

4: the third postoperative day

5: the seventh postoperative day.

Additional samples were taken from “on-pump” patients:

la: before cross-clamping of the aorta

1b: after aortic cross-clamp release

I¢: after termination of CPB

Methods

Leuko64™ kit manufactured by TRILLIUM DIAGNOSTICS, LLC (www.trilliumdx.com,
Brewer, Maine, USA) was used to determine the expression of CD64 and CD163 on leukocytes of
blood samples. Leuko64™ kit is composed of a reagent cocktail of two monoclonal antibodies with
specifities to CD64 (clones 22 and 32.2, both FITC conjugated) and monoclonal antibody to CID163
(clone Mac2-148, phycoerythrin conjugated) and a fluorescence beads suspension used for
instrument calibration and standardization of leukocyte CD64 and CD163 expression in human
blood. The assay was run according to the instruction for use provided by manufacturer. Briefly, 50 pl
of blood and the Leuko64 monoclonal cocktail reagent are incubated for 10 minutes, red cell lysis
buffer is added and incubated an additional 15 minutes, and 5 pl of bead suspenston is added prior to
flow cytometric analysis. Results were measured by a FACSCalibur flow cytometer (BD
Biosciences, San Jose, CA) using CELLQuest software. The listmode data were analyzed using
Leuko64™ software (TRILLIUM Diag.). Results are expressed as indexes of positivity for CD64 and
CD163 expression on granulocyte and monocyte populations as provided by the Leuko64 software.

Statistical analysis

We compared changes in the intensity of expression of CD64 and CD163 in both group of
patients (“on-pump”, “off-pump”) separately. Samples taken at the introduction to anesthesia were
considered as reference or baseline expression of CD64 and CD163. Differences between “off- and
on-pump” patients were also evaluated.

Data were analyzed using two-way ANOVA for repeated measures with Fisher test for
multiple comparisons. To exclude confounding effect of different age and sex presentation in the
both groups, unpaired t-test and chi-square were performed. A probability (p) value < 0.05 was
considered significant. Statistical analysis was performed with Statistica 5.5 software (Statsoft,

USA).

Results

We found substantial dynamics in the expression of both CD64 and CID163 molecules on
immune cells in our cardiac surgical patients. These changes are expressed as changes m CD64
and CD163 indexes separately for monocytes and granulocytes. Preoperative levels were taken as
reference points. The monocytes CD64 index was significantly increased in both “on-pump™ and



“off-pump* patients in postoperative period from the first to the seventh day (p<0.01). Comparing
monocyte CD64 index between “on-pump” and “off-pump® patients there were no significant
differences (p<<0.587) during operation and in the postoperative period (Fig. 1).

Fig. 1: CD64 molecule expression on monocytes in “on-pump” and “off-pump” patients
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The similar patterns were found for monocyte CD163 index in our cardiac surgical patients with
following exceptions. Monocyte CD163 index, in contrast to the monocyte CD64 index, showed
a significant difference as a function of the pump status. There was statistically significant
increase in monocyte CD163 index in “on-pump® patients compared to “off-pump* patients at the
first postoperative day (p<0.001) (Fig. 2).

Fig. 2: CD163 molecule expression on monocytes in “on-pump” and “off-pump” patients
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The significant increase in monocyte CD163 index in both “on-pump” and “off-pump” patients
compared to the baseline expression was found only at the 1* and 3" postoperative day (p<0.01).

The granulocyte CD64 index was significantly increased both in "on-pump* and “off-
pump* patients at the 1* and 3" postoperative day. A statistically significant differences of
granulocyte CD64 indexes between “on-pump® and "off-pump* were not reached (p<0.195)

(Fig.3).

Fig. 3: CD64 molecule expression on granulocytes in “on-pump” and “off-pump” patients
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The original and pathophysiologically very important observation in our results is that the maximum
of CD64 expression on monocytes (1" postoperative day) precedes the maximum of CD64
expression on granulocytes (3" postoperative day). The granulocyte CD64 expression returned to
baseline or normal levels by the 7" postoperative day.



Discussion

A long term sustained effort is devoted to the better understanding of inflammatory reaction
which is inseparably linked to every cardiac surgical operation. Numerous humoral and cell-
mediated parameters of immune system have been studied to identify markers describing the
development of such inflammatory reaction. The ultimate goal of such studies is to identify those
patients who are at substantial risk for development of overwhelming systemic inflammation (SIRS),
a condition of complex physiology that might severely compromise the outcome of surgery or even
lead to death. Many studies conducted in the last few years have shown reduced inflammation in
patients operated on by the “off-pump” technique compared to “on-pump” surgery (9). On the other
hand, any definitive proof in favor “off-pump” surgery in terms of reduced long-term mortality
compared to its *“on-pump” counterpart has not been reported. The very trauma of surgery seems to
be more relevant in initiating SIRS rather than cardiopulmonary bypass itself, the latter adding a CPB
specific fraction on top of unfavorable events (10).

The objective of this study was to compare the degree of activation of innate immunity cells
between “on-pump” and “off-pump” patients. The novel diagnostic Leuko64 kit was used by us to
dissect such differences. This kit enables quantitative determination of CD64/CD163 molecule
expression on immune cells by flow cytometry.

FcRI receptor (CD64) is constitutively expressed on macrophages, monocytes and
cosinophils but its expression is negligible on resting neutrophils. Neutrophil CD64 molecule
expression is one of many activation-related surface receptors changes manifested during the normal
innate immunity response. Microbial cell wall components such as LPS, complement split products
and cytokines (IFNy, TNFa) are some of the activators (3). In contrary to numerous other
neutrophilic activation surface antigens, such as CD11b/CD18, CD14, CD16 with large storage
intracellular pools, CD64 has limited intracellular storage, but de novo synthesis can be induced in
the presence of proinflammatory conditions. In comparison with former neutrophilic activation
markers, CD64 expression on neutrophils is thus much less affected by stimuli of degranulation to
which these cells are extensively exposed both during cardiac surgical operation and during blood
sample processing (5). Thus CD64 molecule appears uniquely suited as a surrogate marker of
neutrophil activation or systemic acute inflammatory response as its expression starts from less than
2,000 sites per cell and becomes up-regulated in a graded fashion depending upon intensity of
stimulation by cytokines (4).

Clinical usefulness of CD64 determination has been proven in differential diagnosis of sepsis
of bacterial origin. Changes in the expression of CD64 on circulating leukocytes in patients
undergoing cardiothoracic surgery were also reported (11). Some of these previous works are
suffering from the lack of precise quantitation since CD64 positivity was for example expressed as
mean fluorescence intensity (11, 12). This means of quantitation is valid on a single platform for day
to day comparison, but lacks standardization necessary for a routine clinical laboratory test, whereas
the Leuko64 kit approach does allow for inter-laboratory comparisons. Application of a new
standardized diagnostic kit in our study overcomes above mentioned limitations. Using calibration
fluorescence beads and specialized software, CD64/CD163 density is expressed as index positivity
separately for granulocytes and monocytes. As expected, CD64 positivity on monocyies is one log
higher in comparison with granulocytes. Significant increase in the both monocytes and
granulocytes CD64 expression has been found on the 1" and 3" postoperative days. No significant
differences between “on-pump” and “off-pump” patients have been recognized. Whereas CD64
expression on monocytes is nearly identical for both “on-pump” and “off-pump” patients, there is a
tendency for higher granulocyte CD64 index on the 3" postoperative day in “on-pump” patients. This
likely reflects the greater sensitivity to cytokine effects of granulocytes compared to monocytes. Our
results are in contrast to the work of Stefanou et al (13) who did not report any induction of CD64
expression on monocytes of cardiac surgical patients post CPB. However, only 10 patients were
enrolled to their study with some differencies in CPB compared to our patients. Furthermore, our
attempt using Leuko64 kit ensures better standardisation of method in comparison with previous
work, where positivity was expressed as a simple MF1.

The neutrophils CD64 index is designed so that normal inactivated cells yield value of 1.00
and blood samples from individuals with documented sepsis or SIRS typically show values of > 1.50.
In our patients, the perioperative and postoperative period was uneventfull with the only one



exception, the patient, who will be discussed below. It is our original observation that the maximum
of CD64 expression on monocytes of our cardiac surgical patients has already been reached on the 1™
postoperative day in contrast to granulocytes in which the maximum of CD64 expression has been
postponed to the 3 postoperative day. This observation implies that Fc RI expression on monocytes
is upregulated by a different cellular mechanism very early during operation by the exposition of
monocytes to various danger patterns which are raised during operation. The upregulation of Fc RI
on granulocytes is a secondary event mediated by their exposition to proinflammatory cytokines and
mediators formed by monocytes-macrophages.

The Fc Rl receptor (CD64) on white blood cells integrate responses involving both the innate
and acquired immune sysiems and are very important for effective phagocytosis of bacteria and
immune complexes. A new, intrinsic role for this receptor has recently been proposed by Devaraj et al
who have described the participation of Fc RI on internalization of C-reactive protein by endothelial
cells, with subsequent release of chemoattractive proinflammatory IL-8, decrease of eNOS and
increased ICAM-1 and VCAM-1 adhesion molecules (14). In conclusion, FcRI reveals
proinflammatory activities in general.

Proinflammatory pathways have to be tightly counterbalanced by numecrous anti-
inflammatory processes, i.e. production of anti-inflammatory cytokines such as IL-10 (15}, to
maintain protective physiological level of inflammatory response in cardiac surgical patients.
Another approach to calm down inflanumatory reaction is removing of pleiotropic proinflammatory
species by the action of so called scavenger receptors which are differentially expressed on cells of
both immune and non-immune origin (6). Unique characteristics amongst these scavenger receptors
reveals haemoglobin scavenger receptor (CD163). CD163 scavenger receptors represent a highly
efficient system to remove potentially toxic and proinflammatory haemoglobin from the circulation
and local sites of inflammation (16). Cardiac surgical patient are extensively exposed to large
amounts of free heme/hemeproteins due to intravascular haemolysis and tissue damage. There is
accumulating evidence that an excess of free heme can cause cell damage and tissue injury. Heme
catalyses the formation of reactive oxygen species (ROS), resulting in oxidative stress. Because the
low-molecular weight iron chelated heme is lipophilic, it can easily intercalate in the membrane and
impair lipid bilayers and organelles, such as mitochondria and nuclei, and destabilize cytoskeleton
(17). Several defense mechanisms against free heme-mediated oxidative stress and inflammation
exist. They consist of intra- (e.g. heme oxygenase-2 and -3) and extracellular (e.g. hemopexin,
albumin) scavengers, anti-oxidative enzymes and heme oxygenase-1 during hemolysis.

Intravascular free hemoglobin is captured by plasma scavenger protein haptoglobin. It 1s
generally accepted that stable haemoglobin-haptoglobin complexes are subsequently delivered to
the reticuloendothelial system by CD163 receptor-mediated endocytosis (16). Any free vascular
heme is bound to the plasma protein hemopexin or albumin, which transport it to the liver for
degradation in reticuloendothelial system. However, when large amounts of free heme proteins or
heme (locally) accumulate, like in a blood clot or after vascular deposition, the scavengers get
overwhelmed or are unable to reach them. This enables heme to exert its damaging effects.
Therefore, the amount of free heme must be tightly controlled to maintain homeostasis and avoid
pathological conditions.

The monocyte CD163 index has been found to be between 5,000 and even 40,000 in our
study. There was a sharp increase of monocyte CD163 in the postoperative period reaching
statistically highly significant maximum (p<0.001) on the 1" postoperative day for both “on-pump”
and “off-pump” patients followed by decrease to the the baseline preoperative levels. Furthermore,
the patients' monocyte CD163 index is significantly higher (p<0.001) in “on-pump” patient group on
the 1° postoperative day. Reports regarding monocyte CD163 expression in cardiac surgical patients
are very sparse. In a study by Goldstein et al (18) significant increase in the monocyte CD163
expression on the 1* postoperative day was found. This is in an accord with results of our study. But
there were several limitations in previous study. CD163 molecule was expressed as mean
fluorescence index (MFI) in comparison with our study in which standardized quantitative approach
using calibration fluorescence beads was exploited yielded much more relevant data. The changes in
the entire perioperative period and during postoperative period up to the 7" postoperative day have
been followed by us in comparison with previous study.

The link of CD163 hemoglobin scavenger receptor to anti-inflammatory phenomena in



cardiac surgical patients has been proven by Philippidis et al (19). In their study elevated expression
of CD163 on circulating monocytes during the resolution phase of the systemic inflammatory
response to cardiopulmonary bypass surgery was reported. Furthermore, binding of hemoglobin-
haptoglobin complexes to CD163 expressing monocytes elicited potent interleukin-10 secretion. It
was reported by Goldstein (18) that increase in the monocyte CD163 expression was 14 times higher
in their “on-pump” patients who were treated by bolus administration of metylprednisolone
perioperatively in comparison with untreated patients. Such therapeutical intervention was not
performed in any our patients. It seems unlikely that higher monocyte CID163 expression in our “on-
pump” patients was elicited by metylprednisolone which is a regular component of CPB fluids used
at our department. More pronounced proinflammatory stimuli raised during “on-pump” surgery are
more relevant. There will be the unique chance to dissect between the influence of corticosteroids
present in CPB fluid and other variables involved in “on-pump” surgery. Currently, CPB protocol
used at our department has been changed and methylprednisolone has been ommited. It will enable
us to conduct such a study. CD 163 is rapidly shed from the surface of monocytes when activated by
LPS or phorbol esters. In addition, also cross-linking of Fe RI triggers shedding of CD163 (20). This
phenomena is very likely counterbalanced by the fact that such shedding is followed by upregulation
of this hemoglobin scavenger receptor, as was shown for metaloproteinases-mediated CD163
shedding (21). This is probably true for our cardiac surgical patients. Very recently, it was proven by
Weaver et al. (22) that CD163 shedding is also induced via stimulation with TLR-4, TLR-2 and TLR~
5.

Initially included in this study was a single patient, male, 73 years old who was excluded from
our study due to his death on the 2™ postoperative day. This patient underwent uncomplicated cardiac
surgery using cardiopulmonary bypass. He developed acute diaphragmatic myocardial infarction
two hours after finishing surgery. Patient was reoperated and reanastomosis was performed. In spite
of this effort, cardiogenic and subsequent hemorrhagic shock were developed ultimating to death
next day in the morning. Body temperature was below 36°C so that infection is unlikely.

The expression of both CD64 and CD163 molecules before surgery and up to the end of
surgery was comparable with other patients. Granulocyte CD64 index reached 1.72 value which is
significant for the development of SIRS (23). However, such values were found in additional four
patients without any impact on their postoperative course. Remarkable 1s the fact, that monocyte
CD163 index in this patient was the highest between our patients and was approximately two times
higher in comparison with all our patients investigated. It could be concluded from this our anecdotal
observation, that the increase in CD163 monocyte positivity could be the marker with predictive
value of worse outcome in cardiac surgical patients.

In conclusion, using standardized quantitative methods we revealed substantial dynamics in
the expression of the activation marker Fc R1 and scavenger receptor CD163 in both “on-pump” and
“off-pump” cardiac surgical patients during operation and in the postoperative period. The
maximum in the expression of CD64 on monocytes in postoperative period precedes the maximum
in the expression of this molecule on granulocytes by two days.
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