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SOUHRN

Hyperglykémie kritickych stavii byla povazovana za adaptivni metabolickou reakci
organizmu na stresovou situaci, ktera souvisi s kritickym stavem jak u pacientii s
diagnozou diabetu, tak u pacienti bez této diagnoézy. Hyperglykémie je vyvolana
piedevsim periferni inzulinovou rezistenci navozenou faktory piisobicimi kontraregulacné
vi¢i inzulinu na urovni postreceptorové inzulinové signalni kaskady. Samotna
hyperglykémie pak muze potencovat zvySeni hladin pro-zanétlivych cytokind, jako je

tumor necrosis factor alpha (TNF-a), interleukin-6 (I1-6), interleukin-8 (I1-8) a dalsi.

Kromé¢ mista ulozeni energie je bila tukova tkan také velmi aktivnim endokrinnim
organem, reguluje fadu metabolickych procest a také vyznamné ovliviiuje regulaci zanétu.
V kritickych stavech méni tukova tkan svou morfologii, adipocyty se zmensuji a dochéazi k
hojné infiltraci makrofdgy. Paradoxné maji kriticky nemocni pacienti s nadvihou a

obezitou nizs§i mortalitu nez pacienti s podvahou, normalni vdhou a morbidni obezitou.

V naSich studiich jsme zvolili jako vhodny model stresového stavu pacienty
podstupujici elektivni kardiochirurgicky vykon s pouzitim mimotélniho obéhu a s

peroperaéné dobie piistupnymi zkoumanymi tkadnémi k odbéru vzorkd.

Sledovali jsme expresi mRNA u_ dvou neddvno objevenych faktorti s vyznamnou
ulohou v regulaci metabolickych déji a zanétu - fibroblastového ristového faktoru-21
(FGF-21) a adipocytarniho fatty acid binding proteinu (A-FABP) v epikardialni a podkozni
tukové tkani, v kosternim svalu a myokardu. Déle jsme sledovali dynamiku jejich sérovych
hladin v periopera¢nim obdobi s cilem odhalit u kriticky nemocnych pacienti jejich

moznou Ulohu pfi vzniku hyperglykémie a inzulinové rezistence.

NaSe data ukazuji vyrazny vzestup sérovych hladin FGF-21 v prabéhu

kardiochirurgického vykonu spolu se signifikantnim zvySenim mRNA exprese v



epikardidlni tukové tkani. Zaroven jsme také zaznamenali pomérné vyraznou expresi FGF-

21 mRNA v kosternim svalu, ktery tak mize byt jeho vyznamnym zdrojem.

V nasi druhé¢ studii jsme prokéazali pooperacné zvySenou mRNA expresi A-FABP v
perifernich monocytech, avSak nikoliv v epikardidlni ¢i podkozni tukové tkani nebo v
myokardu a svalové tkéani. Kardiochirurgicky vykon vedl k signifikantnimu zvySeni

sérovych hladin A-FABP.

Obé¢ studie poukazuji na mozny vliv zkoumanych adipokint na vznik perioperacni

stresové odpovédi organizmu a rozvoj zanétliveé reakce a inzulinové rezistence.

Kli¢ova slova: adipocytarni fatty acid binding protein; fibroblastovy riistovy factor-

21; tukové tkan; kosterni sval; kardiochirurgie; inzulinova rezistence



SUMMARY

Hyperglycemia in critically ill patients was considered for many years an adaptive
response to stress conditions being present in both patients with and without previous

history of diabetes.

Hyperglycemia is caused mainly by peripheral insulin resistance induced by the
factors acting counteracting insulin signalling at the postreceptor level. Furthermore,
hyperglycemia itself can then increase serum levels of pro-inflammatory cytokines such as
tumor necrosis factor alpha (TNF-a), interleukin-6 (Il1-6) and interleukin-8 (I1-8) and
others. On the contrary, peripheral insulin resistance induced by pro-inflammatory

cytokines may further potentiate hyperglycemia.

White adipose tissue represents in addition to its energy storage function also a very
active endocrine active organ. In addition to regulation of a number of metabolic processes
it also significantly modulates the inflammatory response. In critically ill patients, adipose
tissue changes its morphology, i.e. the adipocytes are shrinking and adipose tissue is
abundantly infiltrated by macrophages. Paradoxically, overweight and obese critically ill

patients have lower mortality than underweight, lean and morbidly obese subjects.

In our studies, we selected population of the patients undergoing elective major
cardiac surgery with extracorporeal circulation as a suitable model of stress conditions, and

examined tissues which were easily accessible for the sampling.

We measured mRNA expression of two recently discovered factors with an
important role in the regulation of metabolic pathways and inflammation - fibroblast
growth factor -21 (FGF-21) and adipose fatty acid binding protein (A-FABP) in epicardial
and subcutaneous adipose tissue, skeletal and cardiac muscle and their serum levels in
perioperative period to identify their possible role in the development of hyperglycemia

and insulin resistance in critically ill patients.



We demonstrated marked increase in FGF-21 serum levels during cardiac surgery
with significant increase of its mRNA expression in epicardial adipose tissue. At the same
time, we have also seen a relatively strong FGF-21 mRNA expression in skeletal muscle

suggesting its possible role as an additional source of FGF-21.

Data from our second study demonstrated that cardiac surgery increased A-FABP
mRNA expression in peripheral monocytes but not in epicardial and subcutaneous adipose
tissue, cardiac or skeletal muscle. Cardiac surgery significantly increased in A-FABP

serum levels.

Both studies suggested possible influence of investigated adipokines on the
development of stress response, inflammatory response and insulin resistance after cardiac
surgery.

Key words: adipocyte fatty acid binding protein; fibroblast growth factor-21;

adipose tissue; skeletal muscle; cardiac surgery; insulin resistance



1 HYPERGLYKEMIE U PACIENTU V KRITICKEM

STAVU

1.1 Uvod

Hyperglykémie u pacienti v kritickém stavu byla povaZzovdna za adaptivni
metabolickou odpovéd’ organizmu, ktery se ocitl ve stresové situaci. Jiz v druhé poloving
devatenactého stoleti popisuje hyperglykémii u hemoragického Soku vyznamny
francouzsky fyziolog Claude Bernard. Nékdy byva také nazyvana “stresovym diabetem”
(McCowen et al. 2001). Jedna se o kombinaci zvySené endogenni produkce glukdzy a
inzulinové rezistence. V posledni dekad¢ problematika prodélala vyrazny vyvoj od diivé;jsi
piedstavy o protektivnim vlivu hyperglykémie v kritickém stavu, pfes nutnost velmi tésné
kontroly glykémie (spojenou s nebezpecim epizod tézké hypoglykémie), po pohled na
terapii hyperglykémie ve svétle poslednich velkych klinickych studii (Van Den Berghe et

al. 2001, Van Den Berghe et al. 2006, Finfer et al. 2009).

1.2 Patofyziologie

Stresova hyperglykémie je disledkem zvySenych hladin kortizolu, cytokint,
ristového hormonu, katecholaminli a glukagonu vedoucich k stimulaci endogenni
produkce glukdzy prostiednictvim glykogenolyzy a glukoneogenezy (McCowen et al
2001, Gustavson et al. 2003, Watt et al. 2001). Déle zde hraje roli zména jeji renalni
exkrece a tubularni resorpce. Zaroven dochazi k inzulinové rezistenci, ktera je vyjadiena
nedostateCnou supresi jaterni produkce glukdézy a nedostatenym vstupem glukozy do
bunék a jeji naslednou snizenou utilizaci v tukové a svalové tkani; dochdzi rovnéz k

inhibici syntézy glykogenu ve svalech. Zvyseni lipolyzy v tukové tkani vede ke vzestupu



hladiny cirkulyjicich volnych mastnych kyselin (FFA), kter¢é mohou potencovat
inzulinovou rezistenci na urovni postreceptorové signalni kaskady (Dresner et al. 1999). Je
snizen insulin-dependentni vstup glukézy do bunck a klesd translokace gluk6ézového
transportéru-4 na bunéénou membranu (GLUT-4) (Lang et al. 1990). Zaroven je zvySen
non-inzulin dependentni transport glukézy do bunék prostfednictvim glukézového
transportéru - 1 (GLUT-1). Hyperglykémie déle potencuje zvySeni hladin cirkulujicich
pro-zanétlivych cytokind, a to zejména tumor necrosis faktoru alfa (TNF-a), interleukinu-
1B (IL-1pB) a interleukinu-8 (IL-8). Hladiny téchto cytokinii rostou se stoupajici glykémii a
klesaji po podani inzulinu (Hirsch et al. 2004). Naopak zvySeni hladin prozanétlivych
cytokinli vyvolané stresovou reakci pfispiva k navozeni inzulinové rezistence (Esposito et

al. 2002).

2 VLIV HYPERGLYKEMIE NA ORGANIZMUS

2.1 Myokard

Na modelu lidskych srde¢nich bunék a simulované ischemie a reperfuze
v podminkdch normoglykémie (5 mmol/l, 48 hodin) a hyperglykémie (25 mmol/l, 48
hodin) doSlo k vétsimu ischemicko-reperfuznimu poskozeni a produkci endotelinu-1
v hyperglykemickém prostfedi (Verma et al. 2002). Hyperglykémie zhorSuje kolateralni
prutok koronarnim fecistém a blokuje protektivni vliv isofluranu: ochranu pied nekrézou
myokardu (Kehl et al. 2002). Vysoka hladina glukozy v krvi mlize vést také k destabilizaci

ateromového platu a rozvoji akutni koronarni insuficience.

2.2 Imunitni systém a zanét

Hyperglykémie zvySuje hladiny cirkulujicich prozéanétlivych cytokini TNF-a, IL-6,

11-8 (Esposito et al. 2002, Krogh-Madsen et al. 2004). Dochazi k imunosupresi a poruse
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funkce neutrofill a monocytl, kterd je spojena s poruchou chemotaxe, adherence,
fagocytozy (Rassias et al. 2002). Hyperglykémie mé vliv na zhorSeni funkce leukocyta,
ktera je naopak zlepSena inzulinem, a to nezéavisle na glykémii (Ellger et al. 2006).
Hyperglykémie ovlivituje schopnost vasodilatace pii poruse tvorby oxidu dusnaté¢ho (NO)
a zhorSuje tak mikrocirkulaci. Déle vede ke zvySené produkci kyslikovych radikali v
endotelu a prohloubeni oxida¢niho stresu s naslednym poSkozenim buné¢k a tkani (Marfella
et al. 2001). U traumatickych, chirurgickych a internich pacienti je hyperglykémie spojena
se zvySenym poctem infekénich komplikaci (Van Den Berghe et al. 2001, Butler et al.

2005, Van Den Berghe et al. 2006).

2.3 Ledviny

Tésna kontrola glykémie ma protektivni vliv na funkei ledvin u kriticky nemocnych
(Schetz et al. 2008) (16). Dle klasifikace RIFLE (kterd vyjadiuje miru postizeni rendlnich
funkci Risk, Injury, Failure, Loss, End Stage Renal Disease) je s hyperglykémii spojen
signifikantné vyssi vyskyt jednotlivych stupnii renalni dysfunkce vcetné nutnosti pouzit

eliminacni techniky.

2.4 Centralni nervovy systém

Hyperglykémie ptitomna pii akutni ischemické mozkové piithod€ vede k horSimu
vysledku terapie. Pacienti s hyperglykémii bez piedchozi znamé diagnézy diabetes
mellitus (DM) maji hor§i prognoézu nez pacienti s hyperglykémii a DM pred inzultem
(Stead ez al. 2009). Traumatické poSkozeni mozku muze byt pficinou hyperglykémie,
ktera je nezavislym prediktorem zvySené morbidity a mortality (Rovlias et al. 2000). Vedle
zhorSeni mikrocirkulace a sekunddrniho posSkozeni mozku je dalSim moZnym

mechanizmem rozvoj laktatové acidozy pii anaerobni glykolyze (Wass et al. 1996).
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3 STRESOVA HYPERGLYKEMIE

3.1 Diagnoza

Pojem stresové hyperglykémie neni v soucasné dob¢ jasné definovan. Je proto
vhodné rozdé¢lit pacienty s hyperglykémii v souvislosti s kritickym stavem na ty, ktefi jiz
DM mé¢li, a ty, ktefi maji noveé vzniklou hyperglykémii. V souvislosti s kritickym stavem
mohou dle American Diabetes Association (ADA) existovat tfi skupiny pacientl: a) se
znamou diagnozou DM a hyperglykémii, b) s nové diagnostikovanym DM a
hyperglykémii, c) se stresovou hyperglykémii (hospitaliza¢ni) bez diagn6zy DM (Dungan
et al. 2009). Toto rozdéleni vyzaduje sledovani po hospitalizaci (k ovéfeni, zda
hyperglykémie pretrvava) pro odliSeni poslednich dvou skupin. Proto jsou navrzeny dvé
diagnostickd kritéria stresové hyperglykémie: a) stresova hyperglykémie: dle ADA
glykémie nala¢no > 6,9 mmol/l a/nebo ndhodnd glykémie > 11,1 mmol bez predchozi
diagnézy DM, b) stresova glykémie s pre-existujicim DM s dobie kontrolovanou glykemii
pied pfijetim: hodnota glykovaného hemoglobinu (HbA1C) < 7% dle DCCT (< 5,4 % dle
naSi kalibrace IFCC) a hyperglykémie konzistentné vyssi neZz préh u prvni skupiny
(Dungan et a/. 2009). V tomto navrhovaném rozdéleni se zcela ztraci skupina pacienti,
ktefi maji Spatné kompenzovany diabetes s vysokou hodnotou HbA1C a v intenzivni péci
mayji stresovou hyperglykémii. Nabizi se tedy rozdéleni, kdy by byla pii pfijeti u pacienta
standardn¢ nabrana hodnota HbAlc, a pokud by byla vyssi bez ptedchozi diagnézy DM,
mohl by byt takovy pacient zafazen do skupiny stresové hyperglykémie s nové
diagnostikovanym diabetem. Znalost faktu, zda ma kriticky nemocny stresovou
hyperglykémii bez ptedchozi pfitomnosti DM nebo snim, je dllezitd pro potieby
hodnoceni klinickych studii, protoze se v fad¢ ptipada tyto skupiny pacientt lisi. Zda se

rovnéz, ze pacienti s piedchozi anamnézou DM nemaji takovy prospéch z tésné kontroly
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glykémie jako pacienti bez ptedchozi anamnézy diabetu (Van Den Berghe et al. 2001,

Krinsley 2006).

3.2 Stresova hyperglykémie a jeji kontrola u kriticky nemocnych

V roce 2001 byla publikovana prvni Leuvenskéd studie (Van Den Berghe et al.
2001), ktera srovndvala intenzivni léCbu hyperglykémie (IIT) (4.4 - 6,1 mmol/l) s
konven¢ni kontrolou glykémie (10 - 12,1 mmol/l) u chirurgickych pacienti (2/3 ze
zatazenych byli kardiochirurgiCti pacienti). Tato studie prokazala snizeni mortality v IIT
skupiné na 4,6% oproti 8,0% ve skupiné¢ konvencni terapie, podobny pomér byl i u
mortality v prib&hu celé hospitalizace - 7,2% versus 10.9% u konvenéné 1é¢ené skupiny.
Dale studie prokézala sniZzeni mortality z 20,2% na 10,6% u pacientl s IIT a pobytem na
JIP >5 dni, pokles morbidity u skupiny lécené IIT: pobyt na JIP se zkratil a také se snizil
pocet systémovych infekci, akutniho selhani ledvin, anémie, polyneuropatie kritickych
stavll a dalsi. Nasledn¢ byla provedena dalsi studie se stejnou metodikou u nechirurgickych
pacientll na JIP (Van Den Berghe et al. 2006), kterd neprokazala rozdil v mortalit¢ mezi
obéma skupinami pacientl. U pacientt, kteti byli na JIP déle nez tii dny, studie prokazala
ptiznivy efekt na mortalitu a morbiditu ve skupiné s tésnou kontrolou glykémie. IIT byla
Jiz po prvni Leuvenské studii Siroce pfijata a praktikovana u kriticky nemocnych.

Inzulin ma celou ftadou pozitivnich metabolickych a trofickych efekth:
2003). Je otdzkou, zda za pfiznivym efektem IIT ve vySe popsané studii stoji
normoglykémie nebo protektivni vliv inzulinu. Podle retrospektivni analyzy ve vétsi miie
odpovida za snizeni morbidity a mortality normoglykémie (Van Den Berghe et al. 2003).
Vedle fady studii na téma IIT (provadénych vétSinou v jednom centru) a meta-analyz studii

byly provedeny tfi multicentrické randomizované studie, které zmirnily optimismus,
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spojeny s IIT po prvni Leuvenské studii, a zdroven upozornily na hlavni riziko IIT — tedy

zvyseny vyskyt t¢Zké hypoglykémie.

Studie VISEP (Efficacy of Volume Substitution and Insulin Therapy in Sepsis) byla
multicentrickd studie (17 center v Némecku), kterd porovnavala objemovou resuscitaci
(hydroxyethyl Skrob vs. ringer laktat) a kontrolu glykémie (IIT vs. konven¢ni) ve Ctyfech
studijnich ramenech (Brunkhorst et a/. 2008). Studie byla pied¢asn¢ ukonena z
bezpecnostnich diavodl, a to pro Casty vyskyt tézkych hypoglykémii <2,2 mmol/l ve
skuping IIT (17% vs. 4,1%, p=0,0001). Zaroven se neprokdzal rozdil mezi 28- a 90denni
mortalitou mezi IIT skupinou (24,7% a 39,7%) a skupinou konvenéni terapie (26% a
35,4%). Primérnd ranni glykémie se signifikantné liSila v IIT oproti konvencni skupiné
(6,2 vs. 8,4 mmol/l, p=0,0001), coz ukazuje, ze v priméru nebylo dosazeno planované
hodnoty normoglykémie v IIT skupiné. Studie méla komplikovany design a jeji vysledek
mohl byt zkreslen interakcemi jednotlivych intervenci 1 nedostate¢nym zvladnutim
protokolu IIT v jednotlivych centrech. Dalsi studie GLUCONTROL probéhla v sedmi
zemich na 21 JIP s cilovym poctem 3500 pacient (Preiser et al. 2009), srovnavala IIT s
konvenc¢ni terapii. | tato studie byla pfedcasné ukoncena (pocet pacientti 1078) pro vysoké
riziko t&zké hypoglykémie a nesplnéni stanoveného cile (snizeni JIP mortality o 4%). Opét
byla primérna glykémie mimo cilovou hodnotu a neprokézala se niz8i mortalita ve skupiné
IIT. Skupiny pacienti byly zna¢né heterogenni; zarovenn byly vysloveny pochybnosti o

dostate¢ném zvladnuti protokolu po jeho pouze dvoutydenni implementaci.

V roce 2009 byly publikovany vysledky australsko-novozélandsko-kanadské studie
NICE-SUGAR (Finfer et al. 2009), kde byla u souboru 6022 pacienti 90denni mortalita
vyssi ve skupiné IIT (glykémie 4,5 - 6 mmol/l) nez u skupiny konvenc¢ni (glykémie < 10
mmol/l) (27,6% vs. 24,9%, p=0,02). T¢zka hypoglykémie < 2,2 mmol/l se vyskytla u 6,8%

v IIT skupiné vs. 0,5% v konvencni (p <0.001). Efekt 1&€by se nelisil mezi chirurgickymi a
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nechirurgickymi pacienty zafazenymi do studie. Kromé 90denni mortality a frekvence

tézké hypoglykémie nebyl rozdil mezi obéma skupinami.

Potencionalné skodlivé epizody hypoglykémie mohou u pacientii v intenzivni péci
Casto zlistat nerozpoznany, nejsou pritomny varovné ani jiné klinické ptiznaky a u pacientii
v analgosedaci nemusi byt hypoglykémie viibec zaznamenana. Mezi predisponujici faktory
pro rozvoj hypoglykémie u kriticky nemocnych dle Vriesendorpa et al. patii: sniZeni
nutriéni podpory bez adekvatniho snizeni davky inzulinu, DM, infuze inotropik nebo
vasopresortl, infuze inzulinu, sepse, kontinudlni veno-ven6ézni hemofiltrace s
bikarbonatovym roztokem (Vriesendorp et al. 2006). Vliv hypoglykémie na mortalitu
popisuje prace ze stejného pracovisté na retrospektivni analyze dat ziskanych celkem u
5961 pacientli JIP a nachézi incidenci iimrti u pacientd vystavenych hypoglykémii 40/1000
JIP dnli oproti 17/1000 JIP dnl u pacientd, ktefi hypoglykémii nebyli vystaveni
(Hermanides et al. 2010). Déletrvajici tézkd hypoglykémie miize vést k nevratnému
poskozeni mozku, které miize byt ¢astecné zptisobeno rychlou infuzi glukoézy ve snaze o
rychlou napravu hypoglykémie, kdy dochazi k poSkozeni, respektive smrti neuronti pii
rychlé reperfizi glukdzou. Tento mechanismus zahrnuje mimo jiné aktivaci nikotinamid
adenin dinukleotid fosfat (NADPH) oxidazy a uvolnéni zinku (Suh et al. 2007). Také
celkova variabilita glykémie se ukazuje jako nezavisly prediktor mortality u pacientii na
JIP, jak popisuje multicentricka retrospektivni studie u 7049 kriticky nemocnych pacientl
(Egi et al. 2006). Retrospektivni analyza 5728 pacienta JIP prokazuje asociaci vysoké
variability glykémie s rizikem umrti jak na JIP, tak béhem hospitalizace. Prognodza je jeste
horsi, pokud je vysoka variabilita spojend s vysokymi primérnymi hodnotami glykémie.

Nizka variabilita glykémie se naopak jevi jako protektivni faktor (Hermanides et al. 2010).

Pro monitoraci glykémie a jeji korekci pomoci intravendzniho inzulinu je vhodné

pouzivat protokol. Existuje moznost pouziti “ad hoc protokolu”, jehoz zékladem je
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rozhodnuti I¢kate nebo sestry u liZzka na zdklad¢ zkuSenosti nebo intuice. Jeho efektivita je
nizka. Pouziti protokolu ve formatu tabulky nebo nomogramu efektivitu zlepSuje.
Nejmodernéj$i metodou je pouziti elektronického protokolu s vyhodnocenim vice faktort.
Ve studii srovnavajici tf1i rizné protokoly IIT (dva tabulkové a jeden elektronicky)
prokazal elektronicky protokol nejlepsi kontrolu glykémie bez zvySeni rizika epizod téZzké

hypoglykémie a zaroven vyzadoval nejmensi pocet méteni glykémie (Bléha et al. 2009).

3.3 Soucasna doporuceni pro kontrolu glykémie v intenzivni péci

Studie NICE-SUGAR (Finfer et al. 2009) ukazuje novy standard kontroly glykémie

v intenzivni péci. Na zakladé€ této studie méni fada odbornych spole¢nosti sva doporuceni.

V zafi 2010 vydava mezinarodni doporuceni pro kontrolu glykémie u
nediabetickych dospélych pacientii v intenzivni pé¢i Societé de Reanimation de Langue
Francaise (SRLF) spolu se Societé¢ Frangaise d’ Anesthésié-Réanimation (SFAR) (Ichai et
al. 2010). Jedna se o doporuceni expertniho panelu, kterd byla publikovana v roce 2008 a
nasledné prepracovéna v kvétnu 2009 po zvetejnéni studie NICE-SUGAR. Autofi diirazné
doporucuji vylouceni hyperglykémie > 10 mmol/l u dospélych pacientli na JIP a tésnou
kontrolu glykémie v emergentnich situacich. Diirazné doporu€uji vylouceni velkého

kolisani glykémie.

Ke kontrole glykémie nedoporucuji jiné 1éky nez intravenozni inzulin. Navrhuji
hodnotu glykémie < 2,2 mmol/l jako limit tézké hypoglykémie na JIP a doporucuji jeji
korekei 1 bez klinickych symptomd, které se na JIP nemusi projevit. Implementace tésné
kontroly glykémie vede k expozici pacienti riziku castéjSi a déletrvajici tézké
hypoglykémie. U strategie tésné¢ kontroly glykémie navrhuji pfesné monitorovat glykémii

k Casné detekci tézké hypoglykémie. Autofi doporucuji pro monitoring glykémie pouzivat
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vendzni nebo arteridlni krev. V kapilarni krvi mze byt hodnota glykémie nadhodnocena

(to mlize vést k nerozpoznani epizody t€zké hypoglykémie).

Je vhodna restrikce pfivodu glukozy k redukci hyperglykémie. Autofi doporucuji
ukon¢it podavani intravenozniho inzulinu, pokud pacient zane piijimat potravu peroraln¢,

a pokracovat v monitoringu glykémie po dobu alespon tii preprandidlnich métent.

Me¢ieni glykémie by mélo byt provaddéno v centralni laboratofi nebo pomoci
pfistroje pro analyzu krevnich plynil jako zlaty standard. Algoritmus a protokol kontroly
glykémie: doporucuji implementaci standardniho protokolu na pracovisti, ktery obsahuje
navod pro pouZiti intravenodzni infuze rychle G¢inkujiciho inzulinu pomoci perfuzoru a
doporuceni pro monitoring a korekci hypoglykémie. M¢l by byt pouzit takovy protokol,
ktery neupravuje davku inzulinu pouze na zaklad¢ posledni hodnoty glykémie. Pro urceni
davky inzulinu je dirazné doporuceno brat v tivahu dodavku cukri, nejlépe na podkladé
elektronického protokolu. Pro tréning personalu a implementaci protokolu je tfeba vyhradit

dostatek ¢asu.

3.4 Hyperglykémie kriticky nemocnych - shrnuti

V soucasné dobé 7adna studie jasné nedefinuje miru korekce glykémie ani Uplné
pfesné nespecifikuje populaci pacientll profitujicich z tésnéj$i IIT. Existuje fada dat
podporujicich fakt, ze bychom se u kriticky nemocnych pacientd méli vyvarovat
hypoglykémie, hyperglykémie a zvySené variability glykémie. Také neni jasné stanovena
klasifikace pacientli s hyperglykémii v intenzivni péci na zékladé rozdéleni dle pfitomnosti
DM v anamnéze. Mortalita 1 morbidita se Casto 1i8i a zda se hor$i pro skupinu pacienta se
stresovou hyperglykémii bez DM (Dungan et al. 2009, Egi et al. 2008). Také se zde nabizi
otazka dalSiho osudu kriticky nemocnych, ktefi méli stresovou hyperglykémii a byli

propusténi z JIP. Nemaji byt nadale dispenzarizovani diabetologem? Zvlasté pak ti, ktefti
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m¢éli vyssi hladiny HbAlc pfi pfijmu na JIP a stresovou hyperglykémii. Dal§im prostorem
pro vyzkum stresové hyperglykémie je studium tukové tkané€ jako endokrinné€ aktivni tkané
a jejiho vlivu na zanét a metabolismus glukézy u kriticky nemocnych. Tento vyzkumny
smér pak nabizi 1 potencidlni ovlivnéni stresové hyperglykémie modulaci endokrinni

dysfunkce tukové tkané u kriticky nemocnych pacientd.

Je tfeba zdlraznit nutnost implementace protokolu pro kontrolu glykémie, ktera

spliuje naroky a logistické moznosti specifické pro kazdé pracoviste.

Vysledky studie NICE-SUGAR nés vedou ke kontrole glykémie s cilem dosazeni
hladin < 10 mmol/l. Pfestoze vyvoj posledni dekady ponékud zménil pohled na prvni
Leuvenskou studii (Van Den Berghe et al. 2001), je nutné zdaraznit jeji pfinos k
celkovému pochopeni dulezitosti kontroly glykémie u kriticky nemocnych a rozvoji
bezpecnych postupli kontroly glykémie v intenzivni péci. Inzulinova terapie a kontrola

stresoveé hyperglykémie u kriticky nemocnych se stala standardem intenzivni péce.

Tukova tkan jako endokrinné aktivni organ

Bila tukova tkan, a zejména visceralni (nebo také intraabdominalni tukova tkan),
vedle uschovy zasob energie plni funkci endokrinné aktivniho organu s interakcemi
s ostatnimi organy, jako je mozek, srdce, svalova tkan, cévy. Zaroven visceralni a v mensi
mife 1 subkutdnni tukova tkan ovlivituje systémovy zanét (Galic et al. 2010). Je prokézano,
ze u obéznich jedincii jsou pfitomny znamky tzv. subklinického systémového zanétu (Ichai
et al. 2010, Yudkin et al. 1999). Hladiny prozanétlivych cytokinil a proteinti akutni faze (
I1-6, TNF a, SAA, CRP, haptoglobin) jsou u obéznich pacientii zvySené (Engstrom et al.
2004), coz se muze podilet na vzniku inzulinové rezistence, hyperlipidémie, a rozvoji
metabolického syndromu (Ichai et al. 2010, Bull6 et al. 2003, Hotamisligil et a/. 2003).

Tukova tkan je také zdrojem fady plsobku tzv. adipokini a také klasickych cytokinti, které
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ovliviiuji energeticky vydej, chut' kjidlu, metabolismus lipidl, imunitu a zanét,

angiogenezi a inzulinovou rezistenci (Hotamisligil et al. 1993).

3.5 Nadvaha a obezita

Prevalence nadvahy a obezity ma v rozvinutych zemich celosvétoveé stoupajici trend
(Kopelman et al. 2000, Seidell et al. 2000). Svétova zdravotnicka organizace (WHO)
odhaduje celosvétoveé pocet lidi s nadvahou na vice nez jednu miliardu a pocet obéznich s
body mass indexem (BMI) nad 30 na 300 milioni (The World Health Report 2002).
Obezita je multifaktoridlni chronické onemocnéni zpiisobené dlouhodobé pievazujicim
energetickym pfijmem nad energetickym vydejem. Vznik tohoto onemocnéni je také

vyznamné ovlivnén faktory genetickymi a vlivem prostiedi (Kosuge et al. 2008).

3.6 Adipokiny a zanétliva odpovéd’ a inzulinova rezistence

V roce 1994 byl objeven prvni hormon produkovany pievazné adipocyty - leptin
(Zhang et al. 1994) a nastala nova éra vyzkumu tukové tkané a jeji endokrinni aktivity.
Podle soucasnych znalosti tukova tkan produkuje ptes stovku hormoni, peptida, cytokina
a dalSich latek, které se souhrnné nazyvaji adipokiny. Vedle adipocytl jsou zdrojem téchto
latek také makrofagy, pfipadné dalsi bunky, které jsou v tukové tkani ptitomny. Tukova
tkan muze tedy vyznamné piispét k rozvoji zanétlivych procesli, zejména u obéznich
jedinct. Vedle leptinu maji k regulaci zanétlivé reakce vztah i1 adiponektin, TNF-q, I1 - 1, 11
- 6, 1I-8, monocyte chemotactic protein-1 (MCP-1) a fada dalSich. Dale nékteré¢ piisobky
piimo ovliviiyji také inzulinovou rezistenci - FFA, TNF-a a resistin aj. (Wang et al. 2010).
Tukova tkan je pravdépodobnym zdrojem zvySenych hladin zanétlivych markerdt TNF-a, 11
- 6 a CRP u obéznich nemocnych (Kern et al. 2001, Faber et al. 2010). V ni probiha
intenzivni interakce mezi imunokompetentnimi buiikami a adipocyty (Mraz et al, 2011).

Adipocyty mohou na lokalné¢ zvySenou produkci prozanétlivych faktori makrofagy
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v tukové tkani reagovat zvySenou produkcei prozanétlivych cytokint (Berg et al. 2005). Je
zjevne, ze produkce hormont v tukové tkdni ptisobi na okolni buiiky nejen endokrinné, ale
také parakrinn¢. Takto muze tukova tkan ptispivat k rozvoji systémové zanétlivé reakce u

kriticky nemocnych.

3.6.1 Leptin

Leptin, objeveny jako prvni adipocytarni hormon Zhangem et al.v roce 1994 (Zhang
et al. 1994), pasobi v mozku (hypotalamus, limbicky systém, kortex) 1 v perifernich
tkanich (imunitni systém, pankreas, jatra). V experimentalnich studiich u mys$i vedla
mutace genu pro leptin (tzv ob/ob mysi) k obezité, hyperfagii a inzulinové rezistenci.
Podavani leptinu vedlo ke snizeni pfijmu potravy, zvySenému energetickému vydeji a
snizeni hmotnosti a celkové prakticky k normalizaci fenotypu (Pelleymounter et al. 1995).
Hladiny leptinu jsou zvySeny u obéznich pacienti z divodu jeho zvySené produkce
zmnozenou tukovou tkani (Luo et a/. 2005). Hladiny leptinu a mRNA exprese pro leptin v
tukové tkani koreluji pozitivn€ s BMI a obsahem tuku u lidi (Haluzik et al. 1999, Maffei et
al. 1995). Zajimavé vysledky méla terapie leptinem u pacientd s lipatrofickym diabetem,
tém po podani leptinu klesly hladiny sérové hladiny triglycerid, HbA1C a mohla byt
snizena antidiabeticka 1écba a také se zmenSila velikost jater v diisledku poklesu stupné
steatozy (Oral et al. 2002). ZvySend hladina cirkulujiciho leptinu u lidi je nezdvislym

rizikovym faktorem kardiovaskularni piihody (Wallace et a/. 2001).

3.6.2 Adiponektin

Adiponektin byl objeven v letech 1995-1996 ctyfmi riznymi skupinami védch
(Scherer et al. 1995, Hu et al. 1996, Maeda et al. 1996), je produkovan adipocyty a
cirkuluje v séru v riznych formach (monomery az oligomery) s riznou funkci (Bobbert et

al. 2005). Jeho plazmatické hladiny inverzné koreluji s mnozstvim viscerdlniho tuku a v
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mensi mife 1 subkutdnniho tuku (Matsuzawa et al. 2004). Adiponektin je exprimovan
pievazné v tukové tkéani a jeho exprese jsou obvykle snizeny u experimentalnich modelt
obezity a DM 2. typu, napt. u db/db mysi a tady dalSich (Hu et al. 1996). Snizené
plazmatické hladiny adiponectinu jsou pozorovany u stavii spojenych s inzulinovou
rezistenci, jako je metabolicky syndrom, kardiovaskuldrni onemocnéni a hypertenze
(Kumada et al. 2003, Hotta et al. 2000, Trujillo et al. 2005, Ouchi et al. 2003). Inzulin-
senzitizujici efekt adiponektinu byl nejprve popsan u mysi s dietou-indukovanou obezitou
a poté ovéfen 1 na modelu lipoatrofické diabetické mysi, ktery zcela postrada bilou
tukovou tkan a vyznaCuje se extrémni inzulinorezistenci, hyperlipidémii a pfitomnosti
tézkého diabetu 2. typu s vyraznou hyperglykémii a hyperinzulinémii (Yamauchi et al
2001). I u tohoto modelu vedlo podavani adiponektinu k potlaceni inzulinové rezistence a
zlepsSeni kompenzace diabetu. Jesté vyrazn€jsi ucinek mélo podavani kombinace leptinu a
adiponektinu (Yamauchi et al. 2001, Yamauchi et al/. 2001). U mysi s knockoutem genu
pro adiponektin byly popsany piiznaky metabolického syndromu, jako hypertenze,
inzulinova rezistence a hyperlipidémie (Ouchi et al. 2003, Maeda et al. 2002). U lidi
potvrzuji genetické studie vztah hypoadiponektinémie k inzulinové rezistenci, respektive
diabetes mellitus 2. typu (Vasseur et al. 2002, Menzaghi et al. 2002). Polymorfismus gent
pro adiponektin a rezistin mize ptispivat k metabolickému fenotypu pacientii s obezitou
(Ktizova et al. 2008). Mutace genu pro adiponektin vedouci k vyskytu trimera a hexamert
adiponektinu bez tvorby multimerické formy je rovnéz asociovana s diabetem 2. typu.
K pfesné interpretaci by proto ve vyzkumnych studiich nemé¢la byt hodnocena pouze

celkova hladina adiponektinu, ale také distribuce multimera (Waki et al. 2003).

3.6.3 Rezistin

Studie zaméfené na rezistin ukazuji rizny efekt a vyznam u mysi a u lidi. U

obéznich mysi je rezistin uvoliovan adipocyty a jeho zvySené hladiny jsou spojeny s
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inzulinovou rezistenci (Steppan et al. 2001). U lidi je rezistin produkovan castecné
adipocyty, ale kvantitativné podstatnéjSimi producenty jsou makrofagy a monocyty
(Kunnari et al. 2009). Ve studiich byl popsan prozanétlivy efekt rezistinu, ktery zpusobil
zhorSeni inzulinové senzitivity; stimulaci proliferace hladkého svalu koronarnich 1
perifernich cév (Calabro et al 2004) mize ovlivilovat rozvoj kardiovaskuldrnich
onemocnéni. Nekteré studie poukazuji na vyssi hladiny cirkulujiciho rezistinu u obéznich
jedinct a na pozitivni korelaci hladin rezistinu a BMI (Asano et al. 2010, Li et al. 2009).
Zaroven je popsan pokles sérové hladiny rezistinu po sniZzeni hmotnosti (Valsamakis et al.

2004).

3.6.4 Chemerin

Chemerin je protein, ktery je nové povazovan za dalsi adipokin produkovany bilou
tukovou tkani. Hladiny cirkulujictho chemerinu jsou zvySeny u obéznich jedinci a
pozitivné koreluji s ptiznaky metabolického syndromu (Ernst et a/. 2010). Chemerin
negativné ovliviluje metabolismus glukozy v jatrech a svalech. Sérové hladiny chemerinu
pozitivné koreluji s hladinami [1-6, CRP a TNF-a (Weigert et al. 2010) a chronické zvySeni

jeho hladin mize potencovat rozvoj subklinické zanétlivé reakce.

3.6.5 Visfatin

Visfatin je protein produkovany podkozni, a ve vétsi mife visceralni tukovou tkani.
Je oznafovan také jako nikotinamid fosforibosyltransferdza (NAMPT). Byla publikovéna
data, podle kterych se visfatin mize pfimo vazat na inzulinovy receptor a stimulovat jej
(Fukuhara et al. 2005), pozdé&ji vSak bylo stejnou skupinou toto tvrzeni odvolano
(Fukuhara et al. 2007). Visfatin stimuluje systémové biosyntézu nicotinamid adenine
dinucleotidu (NAD) a v B-bunikach pankreatu reguluje sekreci inzulinu, miiZze tak hrat

dilezitou roli v metabolismu glukozy (Revollo et al. 2007). Hladiny cirkulujiciho visfatinu
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mohou pisobit na metabolismus lipidii a rozvoj zanétlivé odpovéedi (Stotkova et al. 2010).
Ptes Casto kontroverzni vysledky publikovanych studii 1ze predpokladat prozanétlivy vliv

visfatinu a jeho pozitivni piisobeni na sekreci inzulinu.

3.7 Fibroblastovy ristovy faktor 21

Fibroblastovy ristovy faktor 21 ( FGF-21) je metabolicky regulator produkovany
primarné jatry, ale také bunkami thymu, kosterniho svalu a bilé tukové tkané. Patii do
rodiny 22 fibroblastovych rustovych faktorit (FGF), které obvykle ovliviiuji mitozu,
angiogenezu, hojeni ran a bunéény rist. FGF-21 je peptid o hmotnosti 20 kDa, ktery byl
primarné izolovan z mySich embryi (Nishimura et a/. 2000). Lidsky FGF-21 obsahuje 207
aminokyselin a je z 75% homologni s mySim FGF-21. Jeho aktivita je zavisld na
membranovém proteinu BKlotho (Ogawa et al. 2007). Experimentalni 1 klinické studie
poukazuji na vliv FGF-21 na regulaci metabolismu lipidi a glukoézy a energetickou
homeostazu (Kharitonenkov et a/. 2007, Kharitonenkov et a/. 2008). Ve studii na mySich
adipocytech a kulturach lidskych adipocytti Kharitonenkov prokazal stimulaci vychytavani
glukézy po podani FGF-21 (Kharitonenkov et al. 2008). Ve stejné studii bylo také
prokazéano sniZeni hladin lipida a glykémie u obéznich mysi po podkozni injekci FGF — 21.
Také dlouhodobé podavani FGF-21 diabetickym opicim sniZilo plazmatické hladiny
glukozy, triglyceridii a inzulinu (Kharitonenkov et al. 2007). U mysi je jaterni exprese
FGF-21 regulovdna nutricnim stavem organizmu. Je zvySena béhem hladovéni s produkci
ketolatek a snizena pii pfijmu potravy (Badman et al. 2007, Inygaki et al. 2005, Lundasen
et al. 2007). ZvySené hladiny FGF-21 byly nalezeny u pacienti s DM 2 typu a/nebo
obezitou v porovnani se zdravou populaci. Tyto hladiny se jeSté zvySily pii kratkodobé
nizkokalorické dieté¢ (Mraz et al. 2009, Zhang et al. 2008). U osob se snizenym piijmem
potravy, jako jsou chronicky podvyzivené pacientky s mentalni anorexii, byly v jedné

studii prokazany signifikantné snizené hladiny FGF-21 (Dostalova et al. 2008). V jiné
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studii u pacientek s mentdlni anorexii autofi nenalezli pfi srovnani se zdravou populaci

signifikatni rozdil v hladinach FGF-21 (Fazeli et al. 2009).

Na rozdil od experimentalnich modeli nevedlo kratkodobé hladovéni u lidi ke
zvySeni hladin FGF-21. Ke vzestupu doslo teprve po sedmidennim hladovéni (Andersen et

al. 2011, Galman et al. 2011).

Hladiny FGF-21 u lidi jsou vysoce interindividualng variabilni. U 76 zdravych
subjekti s normalni hmotnosti byly v jiz zminéné studii naméfeny plazmatické hladiny
FGF-21 v rozmezi 21 — 5300 pg/ml s medidnem 156 pg/ml (Galman et al. 2011). Sérové
hladiny FGF-21 byly signifikantné zvySeny (>15krat) u subjektd s chronickou
hemodialyzou (Stein et al. 2009). Proto by rendlni funkce méla byt brana v potaz v rdmci

klinickych studii zkoumajicich plazmatické hladiny FGF-21.

FGF-21 je metabolicky regulator, ktery ma vztah k lipidovému metabolismu,
metabolismu glukozy, inzulinové rezistenci a metabolickému syndromu. V nékterych
pracich je rekombinantni FGF-21 zmiflovan jako moZny budouci 1€k diabetes mellitus 2.
typu a dalSich onemocnéni, které jsou s nim sdruzeny. Klinické studie zaméiené na vliv

podavani FGF-21 u pacientl s diabetes mellitus 2. typu vSak zatim nebyly publikovany.

3.8 Adipocytarni fatty acid binding protein

Adipocytéarni fatty acid binding protein (A-FABP) je znam také jako FABP-4, aP2
nebo adipocyte/macrophage FABP. Jedna se o cytoplazmaticky protein, ktery se hojné
vyskytuje v tukové tkani (Hunt et al. 1986). Jeho exprese je popsana piedevSim v
adipocytech (Baxa et al. 1989) a také makrofazich (Furuhashi et a/. 2008). A-FABP byl
primarné identifikovan jako protein tvotici 6 % cytosolickych proteini v adipocytech s
¢astecnym uvolilovanim do cirkulace. Experimentalni a klinické studie ukazuji, ze A-

FABP hraje roli v regulaci metabolismu lipidi a glukézy, energetického metabolismu a
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zénctu (Furuhashi et al. 2008, Hotamisligil et al. 1996, Uysal et al. 2000, Xu et al. 2006).
U mysi vedl knockout genu pro A-FABP v adipocytech ke sniZzeni exprese zanétlivych
cytokinli v makrofazich. Knockout genu pro A-FABP v makrofazich vedl ke zlepSeni
inzulinové senzitivity a absorbce glukozy adipocyty (Furuhashi et al. 2008). A-FABP
deficientni mysSi s geneticky nebo dietou navozenou obezitou byly chranény proti
inzulinové rezistenci, hyperlipoproteinémii a hyperglykémii (Hotamisligil et al. 1996,
Uysal et al. 2000). U lidi vedlo snizeni aktivity A-FABP lokusu se snizenou A-FABP
mRNA expresi k poklesu hladiny triglyceridii a signifikantnimu sniZeni rizika vzniku
koronarni aterosklerozy a DM 2 typu (Tuncman et al. 2006). Zaroven jsou sérové hladiny
A-FABP tuzce spojeny s vyskytem a zdvaznosti koronarni aterosklerozy (Bao et al. 2011,
Doi et al. 2011). U malnutri¢nich pacientek s mentalni anorexii byly hladiny A-FABP
nezménény - na rozdil od obéznich jedinci, kde jsou signifikatné zvySeny (Haluzikova et

al. 2009).

Sérove hladiny A-FABP byly signifikantné vyS$$i u Zen v porovnani s muZi a byly
nezavisle asociovany s glomerularni filtraci a pomérem obvodu pas/boky (Tonjes et al.
2011). Ve studii u 495 ¢inskych subjektl bez diagnozy DM predikovaly zvySené hladiny
A-FABP rozvoj metabolického syndromu béhem Sletého sledovani (Xu et al. 2007). V
experimentalni studii se syntetickym biologicky aktivnim inhibitorem A-FABP prokazali
autofi jeho potenciondlni terapeuticky efekt proti inzulinové rezistenci, diabetu a

aterosklerdze (Furuhashi et al. 2007).

4 TUKOVA TKAN U KRITICKY NEMOCNYCH

S nartistajicim po¢tem obéznich a morbidné obéznich pacientii v populaci se otevira
otazka, zda muiize t€lesnd hmotnost ovlivnit vysledek intenzivni péce. V této problematice

bylo publikovano mnoho praci s nejednotnym vystupem. Naprosta vétSina srovnava
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kriticky nemocné podle body mass indexu (BMI). Podle meta-analyzy, kterou publikoval
v roce 2008 Akinnusi, nema obezita vliv na mortalitu (Akinusi et a/. 2008). Uvadi vliv na
prolongovanou umélou plicni ventilaci a délku pobytu na JIP. To je spojeno se zvySenymi
naklady na hospitalizaci. Podle zavéra substudie SOAP databaze evropské observacni
multicentrické studie je obezita spojena se zvySenou morbiditou, ne vSak mortalitou u
pacientl v kritické péci (Sakr et al. 2008). Naproti tomu Ray et al. prokazuje minimalni
vliv BMI na vysledek intenzivni péce u kriticky nemocnych (Ray et al. 2005). Studie
Tremblaye et al. popsala zvySenou mortalitu u pacientl s nizkym BMI pftijatych na JIP
(Tremblay et al. 2003). Morbidni obezita je nezavisle spojena se zvySenou mortalitou na
JIP (Nasraway et al. 2006). V soucCasné dobé neni zcela zndm vztah mezi télesnou
kompozici a jejim vlivem na vysledek intenzivni péce, nicméné vysledky mnohych studii
poukazuji na vyssi mortalitu pacientii s podvahou a morbidni obezitou (obr 1). Tento vztah
ma jisté limitace, protoze podvaha miize byt také vysledkem zavaznosti onemocnéni a
pacienti s nadvdhou nebo obezitou jsou obecné povazovéani za rizikové a mohou byt
casn€ji umisténi na JIP. Nadvaha a leh¢i obezita vSak miize mit v kritickém stavu jisty

protektivni efekt (Langouche et a/. 2010, Marques et al. 2013).
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Obr 1 Schéma asociace mortality a BMI kriticky nemocnych pacientt BMI = body mass
index.

Upraveno se svolenim Lippincott Williams and Wilkins/Wolters Kluwer Health: Critical
Care Medicine. 41(1):317-325, January 2013. DOI: 10.1097/CCM.0b013e318265f21c
Marques, Mirna; Langouche, Lies Endocrine, Metabolic, and Morphologic Alterations of
Adipose Tissue During Critical Illness

Sérové hladiny rezistinu byly zvySeny u kriticky nemocnych pacienti se sepsi nebo
se syndromem systémové zanétlivé odpovédi (SIRS) a rezistin je patrné jednou z
komponent systémoveé zanétlivé odpovédi. Zaroven je prognostickym faktorem pieziti u
kriticky nemocnych bez sepse (Koch et al. 2009). Sérové hladiny A-FABP jsou zvySené u
kriticky nemocnych a jest¢ vyraznéji u skupiny septickych pacientl. Lze tak uvaZovat

o vyuziti A-FABP jako o prognostickém faktoru (Huang et al. 2013).

Velice zajimavou studii publikovalo Leuvenské pracovisté, kde odebirali in vivo a
post mortem vzorky tukové tkané€ u kriticky nemocnych pacienti a srovnavali vysledky
se zdravymi subjekty. Morfologické zmény tukové tkané pozorovali také na modelu
kriticky nemocného kralika. Tukova tkan je v kritickém stavu alterovana zvySenym

poctem noveé formovanych adipocyth a infiltraci makrofagy (obr. 2). Tyto malé adipocyty
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maji vyraznou schopnost absorbovat glukézu a triglyceridy a redukuji tak jejich mozny

Skodlivy vliv (Langouche et al. 2010, Marques et al. 2013).
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Obr. 2 Prehled morfologickych zmén pozorovanych v tukové tkani kriticky nemocnych
(n=115). A a B: Schematicky piehled pozorovanych zmén: béhem kritického onemocnéni
se adipocyty (kulaté bunky) zmensuji a narista jejich pocet, pocet makrofagia (builky ve
tvaru hvézd) se zvétSuje a také pocet preadipocyti (buniky tvaru diamantového tvaru)
naristd. C a D: Mikroskopicky obraz tukové tkané od zdravého dobrovolnika a dvou
kriticky nemocnych. Sipky oznaéuji obarvené makrofagy.

Upraveno se svolenim Lippincott Williams and Wilkins/Wolters Kluwer Health: Critical
Care Medicine. 41(1):317-325, January 2013. DOI: 10.1097/CCM.0b013e318265f21c
Marques, Mirna; Langouche, Lies. Endocrine, Metabolic, and Morphologic Alterations of
Adipose Tissue During Critical Illness.

Pokud autofi srovnavali pacienty §tihlé a pacienty s nadvdhou, nenasli korelaci mezi

testovanymi parametry a BMI s vyjimkou velikosti adipocytii a tuto korelaci nalezli 1 u

kontrolni skupiny zdravych subjektl. Z toho, Ze se tukové tkan chova stejné u kriticky
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nemocnych Stihlych i téch s nadvahou, lze usuzovat, Ze celkové vétSi mnozstvi tukové

tkan¢ miize ptiznive ovlivnit mortalitu kriticky nemocnych s nadvahou.

Retrospektivni analyza 730 pacientll zafazenych do studie Vasopressin and Septic
Shock Trial (Russell et al. 2008) ukazuje, Ze pii septickém Soku méli pacienti s nadvahou
(25 < BMI <30 kg/m2, n = 209) a obézni (BMI >30 kg/m2, n = 245) niz$i mortalitu, niz$i
pocet infekénich komplikaci, mensi spotfebu vazopresorl a niZsi plazmatické hladiny IL-6

nez pacienti s BMI < 25 (n =276) (Wacharasint et al. 2013).

Dalsi studie porovnavala plazmatické hladiny adiponektinu, rezistinu, leptinu, PAI-
I, MCP-1, IL-1 alpha, IL-6, IL-8, IL-10 a TNF-alpha u 33 septickych pacientt, 37
morbidné obéznich a 60 zdravych darct krve (Hillenbrand et a/. 2010). U septickych
pacientl pozorovali autofi v porovnani se zdravymi darci krve vyrazny pokles
adiponektinu a vyrazny vzestup rezistinu, MCP-1, PAI-1, IL-1, IL-6, IL-8, IL-10 a TNF-
alpha. U morbidné obéznich byly v porovndni se zdravymi subjekty sniZeny hladiny
adiponektinu a zvySeny hladiny MCP-1, PAI-1, IL-1, IL-6, IL-10. ZvySena hladinu leptinu
byla pouze u morbidné obéznich, zatimco rezistin, TNF-alpha a IL-8 byly zvySeny pouze u
septickych pacientli. Zménéné hladiny adipokinli a pro-inflamatornich cytokini mohou

ptispivat k rozvoji inzulinové rezistence v kritickém stavu.

Vysledky poslednich vyzkumi a také naSich praci, které jsou pfedmétem disertace,
jasné ukazuji, Ze tukova tkan neni pasivni orgdn a mize vyznamné ovlivnit pribéh

kritického stavu.

5 HYPOTEZA A CILE PRACE

Vzhledem k vlivu nékterych adipokinii na inzulinovou rezistenci, regulaci
metabolismu glukézy a rozvoj zadnétlivé odpoveédi u pacientd s obezitou a diabetes mellitus

2. typu lze pfedpokladat, Ze tyto faktory mohou mit vliv na rozvoj metabolické odpovédi
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organizmu na kardiochirurgicky vykon. V na$i studii jsme se proto zamé&fili na zmény
systétmovych koncentraci a mRNA exprese dvou nove objevenych adipokinii FGF-21 a A-
FABP v epikardidlni a podkozni tukové tkani, v pticné pruhovaném svalu a v myokardu
béhem kardiochirurgického vykonu, ktery piedstavuje kratkodoby model vzniku stresové
hyperglykémie a inzulinorezistence. Pfedpokladdme, Ze u téchto pacienti muize dojit
k vyznamnym zméndm endokrinni funkce tukové tkané, které mohou hrat roli pfi vzniku
téchto zmén muize v budoucnu umoznit jejich terapeutickou modulaci s pozitivnim

ovlivnénim hyperglykémie a inzulinorezistence u kriticky nemocnych pacienti.

Cilem projektu je blize objasnit etiopatogenezu inzulinové rezistence a
hyperglykémie u kriticky nemocnych pacientli a konkrétn€ se zaméfit na nasledujici
okruhy otazek:

1. Sledovat zmény plazmatickych koncentraci biochemickych markeri a hormontli se
znamym vztahem k regulaci inzulinové senzitivity a metabolismu glukézy (volné mastné
kyseliny, triglyceridy, inzulin, kortizol, katecholaminy, adipokiny, zanétlivé a dalsi) u
kriticky nemocnych.

2. Sledovat zmény mRNA exprese FGF-21 a A-FABP v podkoZni, epikardidlni tukové
tkani, pficn¢ pruhované svaloviné a myokardu v prubéhu kardiochirurgického vykonu.

3. Sledovat genovou expresi a dynamiku plazmatickych koncentraci FGF-21 a A-FABP
ajejich souvislost s hyperglykémii a systétmovym zanétem v perioperatnim obdobi

u kardiochirurgickych pacient
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6 METODIKA STUDII

6.1 Metodika studii

Studie byly provedeny ve spolupraci Kliniky anesteziologie a resuscitace a Kliniky
kardiovaskularni chirurgie Kardiocentra IKEM v Praze, IIl. interni kliniky — kliniky
endokrinologie a metabolismu 1. LF UK a VFN vPraze a Il. chirurgické kliniky
kardiovaskularni chirurgie 1. LF UK a VFN v Praze. Studie byly schvaleny spole¢nou
Etickou komisi Institutu klinické a experimentalni mediciny a Thomayerovy nemocnice;
kazdy pacient zafazeny do studie byl podrobn¢ informovén a podepsal informovany

souhlas. Byla odebrana kompletni anamnéza véetné zdznamu chronickych medikaci.

Do obou studii byli zafazeni pacienti muzského pohlavi podstupujici elektivni
kardiochirurgicky zakrok s pouzitim mimotélniho obéhu. U vSech subjektli byla standardné
provedena antropometricka méfeni jeden den pied operaci v€etné méfeni obvodu pasu.
Vyska a vaha byla zméfena standardizovanymi métidly a byl vypocitan BMI. Pro vypocet
body surface area (BSA) byla pouzita DuBois and DuBois rovnice (Verbraecken et al.

2006).

Ptedoperacné byly provedeny krevni odbéry pro standardni biochemickd vySetieni
(glykémie, HbAIC, mineralogram, lipidogram, jaterni funkce, ledvinné funkce a
hematologické vySetfeni - krevni koagulace a krevni obraz). Veskera biochemicka a
hematologick4 vySetfeni byla provadéna v centrdlnich laboratofich Institutu klinické a
experimentalni mediciny v Praze a Laboratofi pro endokrinologii a metabolismus III.
interni kliniky — kliniky endokrinologie a metabolismu 1. LF UK a VFN v Praze. Vzorky
krve pro analyzu hormona byly odebrany pied uvodem do anestezie, pifed zahijenim
mimotélniho obéhu na konci operace, 6, 24, 48 a 96 hodin od konce operace. Vzorky byly

centrifugovany v centrdlni laboratofi a sérum bylo v pfislusnych aliquotach okamzité
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zmrazeno a skladovano pii -80 °C aZz do analyzy. Vzorky pro mRNA analyzu podkozni
tukové tkané (z oblasti hrudniku), visceralni (epikardialni) tukové tkané, kosterniho svalu
(mezizeberni svaly) a myokardu (z pravého ouska) byly odebrany z piiblizné stejnych mist
u vSech pacientll na zac¢atku a na konci operace. Pii odbéru se dbalo na to, aby vzorky
nebyly traumatizovadny nebo poskozeny elektro-kauterizaci. Vzorky byly ulozeny v Iml
roztoku RNAlater (Qiagen GmbH, Hilden, Germany) a skladovany pfi teploté -80 °C az do

jejich analyzy.

6.1.1 Kontrola glykémie a terapie inzulinem

Pro kontrolu glykémie byly v pravidelnych tifihodinovych intervalech nabirany
vzorky arterialni krve z rutinné zavedené¢ho arterialniho katetru, ktery slouzi k monitoraci
krevniho tlaku. Glykémie byla stanovena v centralni laboratofi Institutu klinické a
experimentalni mediciny (Abbott Architect CI 8200, Abbott Diagnostics, Maidenhead,
U.K.). V priibéhu operace jsme nepodédvali pacientim infuzi inzulinu. V poopera¢nim
obdobi na JIP byla infuze inzulinu zahajena, pokud hodnota glykémie piekrocila 9,9
mmol/l. Cestou centralniho Zilniho katetru byl podavéan ve formé kontinualni infuze lidsky
rychle piisobici inzulin (Actrapid HM, Novo Nordisk, Baegsvard, Dansko) ve standardni
koncentraci 50 IU v 50ml 0,9% NaCl. Cilova hodnota glykémie byla stanovena 6.0 — 9.9

mmol/l.

6.1.2 Stanoveni mRINA exprese

Vzorky byly homogenizovany pomoci MagNA Lyser Instrument s pouzitim
MagNA Lyser Green Beads (Roche Diagnostics GmbH, Mannheim, Némecko) a QIAzol
Lysis Reagent (Qiagen GmbH, Hilden, Némecko). Celkovd RNA z homogenizovanych
vzorkli podkozni a epikardidlni tukové tkéné byla extrahovana pomoci RNeasy Lipid

Tissue Mini Kit (Qiagen GmbH, Hilden, Némecko). Celkovda RNA z homogenizovanych
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vzorkl svalové tkané€ byla extrahovdana na MagNA Pure Instrument s pouzitim MagNA
Pure Compact RNA Isolation (Tissue) kit (Roche Diagnostics GmbH, Mannheim,
Némecko). Koncentrace RNA byly stanoveny pii absorbanci 260 nm na pfistroji
BioPhotometer (Eppendorf AG, Hamburg, Némecko). Integrita RNA byla kontrolovana
pomoci vizualizace 18S a 28S ribozomalni RNA na 1% agar6zovém gelu s ethidium
bromidem. Pro reverzni transkripci bylo pouzito 0,25ug celkové RNA pro syntézu prvniho
vldkna cDNA s pouzitim ndhodnych primeri a bylo postupovéano piesné dle ndvodu High-
Capacity cDNA Reverse Transcription Kitu (Applied Biosystems, Foster City, CA, USA ).
Meéfeni relativni genové exprese bylo provedeno na pftistroji ABI PRISM 7500 (Applied
Biosystems, Foster City, CA, USA) s pouzitim TagMan® Universal PCR Master Mix, NO
AmpErase” UNG a specifickych TagMan® Gene Expression Assays (Applied Biosystems,
Foster City, CA, USA) a vody bez nukledz (Fermentas Life Science, Vilnius, Litva).
Naruast fluorescence byl méfen v redlném case a byly odeCteny hodnoty dosazeni
prahového cyklu (threshold cycle, Ct). Pro kompenzaci moznych nepfesnosti ve vstupnim
mnozstvi pouzité RNA a efektivity reverzni transkripce byla hodnota Ct pro cilovy gen

normalizovana na endogeni kontrolu beta-2-microglobulin (B2M) nebo LRP10 a pro

-AACt -ACt

vypocet relativni genové exprese byla pouzita rovnice 2 nebo upravena formule 277,
Tato méfeni byla provedena v laboratofi pro endokrinologii a metabolismus III. interni

kliniky — kliniky endokrinologie a metabolismu 1. LF UK a VFN v Praze.

6.1.3 Hormonalni a biochemicka stanoveni

Koncentrace FGF-21 ve vzorcich séra byly stanoveny pomoci komeréniho ELISA
kitu (BioVendor, Modiice, Ceska republika). Senzitivita kitu byla 7.0 pg/ml. Sérové
koncentrace A-FABP byly stanoveny pomoci komeréniho ELISA kitu (BioVendor,
Modfice, Ceska republika) se senzitivitou 0,1 ng/ml. Intra — a interassay variabilita kitd

byla méné nez 10 %.
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Podrobnosti veskerych dalSich hormonalnich a biochemickych stanoveni jsou
detailn€ popsany v metodice jednotlivych ptilozenych praci. Tato méfeni byla provedena v
laboratofi pro endokrinologii a metabolismus III. interni kliniky — kliniky endokrinologie a

metabolismu 1. LF UK a VFN v Praze.

6.1.4 Separace monocyti

Leukocyty byly ziskany ze vzorkl krve pomoci hmotnostniho gradientu s vyuZitim
Ficoll-Paque Plus (Amersham Biosciences AB, Svédsko) a nasledné byly promyvany v 0,1
M PBS. Pro izolaci bylo pouzito vzdy 5 ml plné krve. Monocyty byly z celkovych
leukocytl vyizolovany pomoci technologie vyuzivajici magneticky znacené mikrokulicky
potaZzené specifickou protildtkou proti CD14 (MACS CDI14 MicroBeads a MiniMacs,
Miltenyi Biotec, Bergisch Gladbach, Némecko). Separace monocytii byla provedena v
laboratofi pro endokrinologii a metabolismus III. interni kliniky — kliniky endokrinologie a

metabolismu 1. LF UK a VFN v Praze.

6.1.5 Izolace proteini a Western blot

Ptiblizné 80-120mg tkané€ bylo homogenizovano v ledovém homogeniza¢nim pufru.
Tukové castice byly zhomogenizatu odstranény pomoci opakované centrifugace a

homogenizat byl nasledné do dalSiho zpracovani zamrazen na -80 °C.

Celkova koncentrace proteinu v kazdém vzorku byla stanovena pomoci metody dle
Bradfordové s vyuzitim Bio-Rad Protein Assay (Bio-Rad Laboratories, Inc., Hercules, CA,

USA) a BSA jako standardem.

Pro samotny Western blot bylo pouzito vzdy 70 pg proteinového lysatu, ktery byl
rozdélen pomoci 12.5 % SDS-PAGE gelu a pfenesen na polyvinylidene difluoride (PVDF)
membranu (Pierce Biotechnology, Inc., Rockford, IL, USA) pomoci polosuché blotovaci

aparatury. Membrana byla pfes noc blokovana mlékem, promyvana PBS a analyzovéna
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pomoci primarni protilatky (proti FGF-21 a alpha-tubulinu). Néasledné byla membrana
znovu promyvana PBS a inkubovana s odpovidajici sekundarni protilatkou s navéazanou
kfenovou peroxidazou. Detekce protilatek vazanych na membrané byla provedena pomoci
chemiluminiscen¢niho ¢inidla ECL Western Blotting Substrate (Pierce Biotechnology,
Inc., Rockford, IL, USA). Fluorescence byla zaznamendna a vyhodnocena na piistroji
G:Box i1Chemi XT Bio instrument (Syngene, Cambridge, Velkd Britanie) a nésledné
analyzovana a velikost jednotlivych signalti byla kvantifikovana s pouzitim programu
GeneTools Software (Syngene, Cambridge, Velkd Britanie). Molekularni vaha FGF-21 je

20,2 kDa a alpha-tubulinu 55 kDa.

Izolace proteini a Western blot analyza byla provedena v laboratoii pro
endokrinologii a metabolismus III. interni kliniky — kliniky endokrinologie a metabolismu

1. LF UK a VFN v Praze.

6.1.6 Statistické zpracovani

Statisticka analyza byla provedena pomoci programu SigmaStat (Jandel Scientific,
San Rafael, CA, USA). Grafy byly vytvofeny pomoci programu SigmaPlot (Jandel
Scientific, San Rafael, CA, USA). Normalita dat byla ovéfena pomoci Kolmogorov-
Smirnovova testu. Vysledky jsou vyjadieny jako median (inter-kvartilové rozpéti) nebo
prumér % stfedni chyba priméru (SEM), dle normality dat. Zmény hladin hormont v
peroperacnim a poopera¢nim obdobi byly hodnoceny pomoci jednovybérového ANOVA
testu pro opakovand méfeni, parového t-testu nebo parového Wilcoxonova testu.

Podrobnosti statistické analyzy jsou soucasti metodiky ptiloZzenych studii
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7  VLASTNI VYSLEDKY

7.1 Vliv kardiochirurgického vykonu na cirkulujici hladiny FGF-21 a
na mRNA expresi FGF-21 v epikardialni tukové tkani, podkoZni

tukové tkani a kosternim svalu

Vliv kardiochirurgického vykonu na zvySenou produkci prozanétlivych cytokini
v podkoznim a epikardidlnim tuku prokézala jiz piedchozi studie (Kfemen et al. 2006).
Autofi za jeden zmoznych mechanismi inzulinové rezistence povazuji nadprodukci

prozanétlivych cytokinid tukovou tkani.

Cilem této studie bylo sledovani mRNA exprese FGF-21 v epikardialni a podkozni
tukové tkani a v kosternim svalu v pribéhu elektivniho kardiochirurgického vykonu
s pouzitim mimotélniho obéhu. Déle jsme sledovali dynamiku zmén sérovych hladin FGF-

21 v pribéhu kardiochirurgického vykonu a po ném.

Do studie bylo zafazeno 15 muzi, ktefi podstoupili aorto-koronarni bypass
s pouzitim mimotélniho ob&hu. VSichni pacienti méli arteridlni hypertenzi, ischemickou
chorobu srdeéni (ICHS) a BMI> 25. Zadny nemél diagnézu DM, selhani ledvin, malignitu,
onemocnéni §titné zlazy nebo akutni infekci. Hyperlipidémii mélo 7 pacientl a z toho 5
bylo 1é&eno atorvastatinem a dva fluvastatinem. Zadny pacient nebyl 1éden metforminem

nebo fibratem.

Primérné trvani operace bylo 252 + 31 minut. Vzorky krve a tkéni byly odebrany

podle protokolu, ktery je uveden v kapitole 7.1 Metodika studii.
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7.1.1 Vysledky

V tabulce 1 je uvedena charakteristika souboru pacientii s rozdélenim do podskupin
podle toho, zda u nich byla poooperacné zahajena terapie inzulinem. Primérny obvod pasu

byl 103 + 3,4 cm, primérné bazalni glykémie 6,1 + 0,29 mmol/l, primérmy HbA1C 4,07 +

0,1%.
Cela skupina [IT podskupina NT IT vs NT
P P P podskupina
Klinicka charakteristika:
Pocet pacientll 15 3 - NS
ek (roky) 66 = 2 68 = 2 63 = 3 NS
Body mass index (kg/m”)

29,22+0,79 27,81 £0,67 30,63 +1,29 NS

2
Body surface area (m7) ) 5 | 604 1,96+ 0,05 2.08+0,07 NS

HOMA index TO 431 +0,71 4,39 + 1,04 4,24 + 1,07 IN'S

FGF-21 genova exprese 3,08 (0,934 - 4267 (3,13% 10,73 (0,47 -

\ lfc?sternim svalu na 5457 0.52%) 2,047 p = 0,040
zaCatku operace
Sérové koncentrace:

HbA1c TO ( %) 4,07 0,10 4,13 +£0,17 4,01 +0,10 IN'S
Glykémie TO (mmol/I)  [6,1 0,29 6,3 + 0,49 5,8 +0,28 IN'S
Glykémie T3 (mmol/l) 8,5+ 0,41 0,5+ 0,62 7,5 + 0,24 p = 0,005
Glykémie TS5 (mmol/l) 16,3 0,24 5,8 +0,29 6,9 + 0,30 p=0,027
CRP at T2 (mg/1) 1,4+0,52 0,4+0,11 2,5+0,97 p = 0,009
FGF-21 TS (pg/ml) 130 (51 -231) 222 (120-581) 66 (35-114) p=0,038
FGF-21 AUC 24673 £4599 34450 £ 6731 (13498 £2518 p=0,016

Tabulka 1

Klinickd charakteristika souboru pacienti rozdélenych na podskupinu s pooperacni
inzulinovou terapii (IT podskupina) a bez inzulinové terapie (NT podskupina). Vysledky
jsou vyjadieny jako medidn (inter-kvartilové rozpéti) nebo primér + stiedni chyba
praméru (SEM). Pro vypocet statistické vyznamnosti byl pouzit neparovy t-test nebo
Mann-Whitney rank um test podle normality rozd¢€leni dat.
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NS, neni signifikantni; SO, start operace; T0, pfed tvodem do anestezie; T3, 6 hodin po
konci operace; TS5, 48 hodin po konci operace; FGF-21 AUC, plocha pod kiivkou sérové
koncentrace FGF-21

Sérové koncentrace FGF-21 nartistaly v priibéhu operace s maximem 6 hodin po
operaci s navratem k bazalni hladin€ 96 hodin po operaci (obr. 3). Hodnota glykémie byla
maximalni 6 hodin po operaci s normalizaci 48 hodin po operaci, zatimco hladina inzulinu
mé¢la maximum 48 hodin od operace a zUstala signifikantné zvySena jest¢ 96 hodin od
operace (obr. 3). Sérova hladina CRP byla na maximalni hodnoté¢ 24 hodin po operaci a
takto zlstala zvySena do 48 hodin po operaci a pak se vratila k normalu 96 hodin od
operace (obr. 3). Hladiny sledovanych cytokini IL-6, IL-8, TNF-a a MCP-1 mély

maximum do 6 hodin po operaci (obr. 4).
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Séroveé koncentrace inzulinu, glykémie, CRP a FGF-21 métfené u kardiochirurgickych
pacientl pfed ivodem do anestézie, pied zaCatkem mimotélniho ob&hu, na konci operace a
6, 24, 48 a 96 hodin po konci operace. Vysledky jsou vyjadieny jako primér + stiedni
chyba priméru (SEM), n= 15, Pro vypocet statistické vyznamnosti byl pouzit parovy t-
testu nebo Wilcoxon Signed Rank Test, dle normality dat. Hodnoty P byly korigovany pro
vicecetné porovnavani pomoci Bonferroniho korekce: * znamena p < 0,00625 vs. pied
uvodem do anestézie, ° znamena p < 0.00625 vs. na konci operace.
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Obr 4

Séroveé koncentrace IL-6, IL-8, MCP-1, and TNF- o méfené u kardiochirurgickych
pacientl pfed ivodem do anestezie, pted za¢atkem mimotélniho ob&hu, na konci operace a
6, 24, 48 a 96 hodin po konci operace. Vysledky jsou vyjadieny jako primér + stiedni
chyba priméru (SEM), n= 15. Pro vypocet statistické vyznamnosti byl pouzit parovy t-test
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*p <0.00625 vs. pfed zacatkem anestézie
°p < 0.00625 vs. konec operace

nebo Wilcoxon Signed Rank Test, dle normality dat. Hodnoty P byly korigovany pro

vicecetné porovnavani pomoci Bonferroniho korekce: * znamena p < 0,00625 vs. pred

uvodem do anestézie, ° znamena p < 0,00625 vs. na konci operace.
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Na zacatku operace byla mRNA exprese FGF-21 v kosternim svalu vysSi nez
v epikardidlni a podkoZni tukové tkani. B&hem operace nedoslo k signifikantni zméné
mRNA exprese FGF-21 ve svalové tkani (obr. 5C) ani v podkozni tukové tkani (obr. 5B)
zatimco v epikardialni tukové tkédni doslo k signifikantnimu naristu mRNA exprese FGF-

21 (obr. 5A).

Na zacatku operace byla v kosternim svalu FGF-21 proteinova exprese 4.7krat vyssi

(p=0,014) nez v podkozni tukové tkani (obr. 5D).
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Obr 5

Relativni genova exprese FGF-21 mRNA v epikardialni (A) a podkozni tukové tkani (B) a
v kosternim svalu (C). Vzorky byly odebrany na zacatku a pted koncem operace. Vysledky
jsou vyjadieny jako median (inter-kvartilové rozpéti) n=15/group. Pro vypocet statistické
vyznamnosti byl pouZit parovy t-test nebo Wilcoxon Signed Rank Test, dle normality dat.
Western blot vzorkl podkozni tukové tkdné a kosterniho svalu na zacatku operace (D). 70

ug proteinového lyzatu protein bylo pouzito na kazdou detekci a jako kontrola byl alpha-
tubulin.
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FGF-21 mRNA exprese v kosternim svalu korelovala pozitivné s glykémii (r =
0,678, p = 0,007) na konci operace. Nebyly nalezeny zadné signifikantni korelace mezi
hladinou sérového FGF-21 AUC a jinymi antropometrickymi ¢i biochemickymi

parametry.

Podrobna metodika a vysledky studie byly publikovany v Physiological Research
(IF 1,555)
Kotuldk T, Drdpalova J, Kopecky P, Lacinovd Z, Kramdi P, Riha H, Netuka I, Maly J,
Housa D, Bliha J, Svacina S, Haluzik M.: Increased circulating and epicardial adipose
tissue mRNA expression of fibroblast growth factor-21 after cardiac surgery: possible

role in postoperative inflammatory response and insulin resistance
Physiol Res. 2011;60(5):757-67.

Clanek je ptilozen.
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7.2 Posouzeni vlivu kardiochirurgické operace s pouzitim mimotélniho
obéhu na sérové koncentrace A-FABP a jeho mRNA expresi
v epikardialni a podkozni tukové tkani, kosternim svalu a

perifernich monocytech

Etiopatogeneze inzulinové rezistence a hyperglykémie u kriticky nemocnych a
pacientll s DM se Castecné 1i§i. Kromé jinych faktort se na ni podili jaterni inzulinova
rezistence a zvysSena produkce prozanétlivych faktort tukovou tkani (Kiemen et al. 2006,
Mazurek et al. 2003, Kotuldk et a/. 2011). Klinické 1 experimentalni studie ukazuji na roli
A-FABP vregulaci zanétu, energetické homeostazy, metabolismu glukozy a lipida

(Furuhashi et al. 2008, Hotamisligil et al. 1996, Uysal et al. 2000, Xu et al. 2006).

Cilem studie bylo ovéfit vliv A-FABP na rozvoj hyperglykémie a inzulinové
rezistence u pacientii podstupujicich kardiochirurgickou operaci s pouZzitim mimotélniho
ob¢hu. DalSim cilem byla analyza vlivu pfitomnosti diabetes mellitus 2 typu (T2DM) na

sérové hladiny A-FABP a jeho expresi mRNA v pribéhu a po kardiochirurgickém vykonu.

Do studie bylo zafazeno 31 muzl, ktefi podstoupili elektivni kardiochirurgicky
vykon s pouzitim mimotélniho ob&hu (aortokoronarni bypass (CABG) - 23 pacientd,
CABG a nahrada aortalni chlopné¢ — 4 pacienti, ndhrada aortalni chlopné¢ — 1 pacient,
CABG a nadhrada mitralni chlopné — 1 pacient a nahrada mitrdlni chlopné 2 pacienti).
Z4dny pacient nemél selhani ledvin, malignitu, onemocnéni §titné Zlazy nebo akutni
infekci. Podle pritomnosti diagnoézy diabetes mellitus byli rozd€leni do dvou skupin
diabetikt a nediabetikil. Jedenact pacientd mélo T2DM lé€eny metforminem, 2 pacienti
inzulinem, 5 pacientii a 4 pacienti byli pouze na dieté. Hyperlipidémii mélo 13 pacientl a

z toho 10 bylo lécCeno atorvastatinem, dva fluvastatinem a jeden rosuvastatinem.
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Priimérné trvani operace bylo 308 minut. Vzorky krve a tkani byly odebrany podle

protokolu, ktery je uveden v kapitole 7.1 Metodika studii.

7.2.1 Vysledky

V tabulce 2 jsou uvedeny klinické charakteristiky pacienti zafazenych do studie.
Predoperacni sérové hladiny A-FABP mély tendenci k vyS$§im hodnotam u diabetiki,
rozdil vSak nedosahl statistické vyznamnosti. Diabetici méli vyssi predoperacni hladiny
glykémie, inzulinu, HbA1C, zatimco jejich pfedoperacni sérové hladiny hsCRP byly

signifikantné niz$i.
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T2DM NonT2DM P

Pocet pacientl (muzi/zeny) |11/0 20/0 NR
Vek (roky) 62,0 +2,0 64,7+ 1,6 0,307
Dé¢lka operace (hod) 5,2+0,18 5,1 +£0,23 0,457
Body mass index (kg/m2) 31,3+ 1,46 29,4 + 0,69 0,322
Body surface area (m2) 1,98 £ 0,07 2,04 + 0,04 0,448
Glykémie (mmol/l) 7,28 £ 0,45 5,84 +0,18 0,001
Inzulin (uIU/ml) 29,9+ 4,9 159+1,8 0,014
HOMA-IR index 10,46 £ 1,87 4,20 + 0,58 0,003
HbA 1c¢ (mmol/mol IFCC) 51,7+£2,9 40,0 £0,7 <0,001
hsCRP (mg/1) 0,260 + 0,085 0,530+ 0,113 0,048
Celkovy cholesterol (mmol/l) [3,85 + 0,19 4,07 £0,15 0,312
HDL cholesterol (mmol/l) 0,893 + 0,079 0,989 + 0,054 0,313
LDL cholesterol (mmol/l) 2,18 +£0,19 2,42 +0,14 0,215
Triglyceridy (mmol/l) 1,77 £ 0,19 1,38 +0,17 0,240
BNP (ng/1) 398 + 241 215+ 60 0,620
A-FABP (ng/ml) 31,1 +5,1 25,9+ 4,6 0,175

Tabulka 2

Zakladni antropometrické, biochemické a hormonalni charakteristiky pacientli zatazenych
do studie. Hodnoty jsou vyjadieny jako priamér % stfedni chyba priméru (SEM). Pro
vypocet statistické vyznamnosti byl pouZzit neparovy t-test nebo Mann-Whitney rank sum
test podle normality rozdéleni dat.

V pribehu operace i ve sledovaném pooperaénim obdobi mély v obou studovanych

skupindch sérové koncentrace A-FABP podobny pritbéh s maximem na konci operace a

navratem k zakladni hodnoté 24 aZ 48 hodin po konci operace (obr. 6). A-FABP plochy
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pod kiivkou (AUC) pro celou dobu studie se mezi obéma skupinami vyznamné neliSily.
Nejvyssi hodnoty glykémie byly zjistény 6 hodin po operaci; k jejich normalizaci doslo 48
hodin po konci operace opét bez rozdilu mezi studijnimi skupinami (obr. 6). Sérova
hladina inzulinu méla maximélni hodnotu u obou studijnich skupin 6 hodin po operaci a
zustala zvySend po celou dobu sledovani. Ve skupiné diabetikii byla hladina sérového

inzulinu signifikantné vyssi nez ve skupiné nediabetiki (obr. 6).
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Obr 6

Sérove koncentrace inzulinu, glykémie a A-FABP métené u kardiochirurgickych pacientl
pied uvodem do anestezie, pied za¢atkem mimotélniho ob&hu, na konci operace a 6, 24, 48
a 96 hodin po konci operace. Vysledky jsou vyjadieny jako primér + stiedni chyba
praméru (SEM). Cas konce operace je ozna¢en jako &as nula. Statistickd analyza byla
provedena pomoci ednovybérového ANOVA testu pro opakovana méieni spolu
s Dunnettovym testem pro vicecetnd porovnani vii¢i kontrolni skupiné:* p < 0,05 vs. pied
uvodem do anestezie; + p < 0,05 vs. T2DM.
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Sérove hladiny CRP dosdhly maximalni hodnoty u nediabetikti 24 hodin po operaci
a u diabetikll 48 hodin a téméf k zakladni hodnoté se vratily na konci studijniho obdobi.
Hladiny IL-6, IL-8 a MCP-1 dosahly maxima bezprostfedné po operaci bez signifikantniho

rozdilu mezi jednotlivymi studovanymi skupinami (obr. 7).
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Obr 7

Sérove koncentrace IL-6, IL-8, MCP-1 a hsCRP méfené u kardiochirurgickych pacientl
pied uvodem do anestezie, pied zatatkem mimotélniho ob&hu, na konci operace a 6, 24, 48
a 96 hodin po konci operace Vysledky jsou vyjadieny jako primér + stiedni chyba
praméru (SEM) Cas konce operace je oznaden jako ¢as nula. Statistickd analyza byla
provedena pomoci jednovybérového ANOVA testu pro opakovana meéfeni spolu
s Dunnettovym testem pro vicecetnd porovnani vii€i kontrolni skupiné:* p < 0,05 vs. pied
uvodem do anestezie; + p < 0,05 vs. T2DM.
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Kardiochirurgicky vykon nemél signifikantni vliv na A-FABP mRNA expresi v
tukové a svalové tkani (obr. 8). A-FABP mRNA exprese v epikardialni tukové tkani byla
signifikantné niz$i nez v podkozni tukové tkani na zacatku i konci operace. Mezi A-FABP

mRNA expresi v kosternim svalu a myokardu nebyl v obou métenich signifikantni rozdil

(obr. 8).
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Obr 8

Relativni genové exprese A-FABP mRNA v podkozZni tukové tkani, epikardidlni tukoveé
tkani, kosternim svalu a myokardu. Vzorky byly odebrany na zacatku a pred koncem
operace. Vysledky jsou vyjadieny jako median (inter-kvartilové rozpéti).
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V perifernich monocytech vykazuje mRNA exprese A-FABP 4,9n4sobné zvySeni na

konci operace oproti zacatku operace (p<0,05) s naslednym snizenim 24 hodin od operace

(obr. 9).
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Obr 9

Relativni genova exprese A-FABP mRNA v izolovanych monocytech. Vzorky byly
odebrany na zacatku a pted koncem operace a 24 hodin po konci operace. Vysledky jsou
vyjadieny jako median a (inter-kvartilové rozpéti). Vysledky jsou normalizovdny na
expresi LRP10. Statistickd analyza byla provedena pomoci jednovybérového ANOVA
testu pro opakovana meéteni spolu s Dunnettovym testem pro viceCetna porovnani viici
kontrolni skupiné: * p < 0,05 vs zacatek operace; ° p < 0,05 vs konec operace.

V celé studijni populaci korelovala pozitivné A-FABP AUC s piedoperacni hodnotou
HbAIC (R = 0,511; p = 0,006) a IL-8 AUC (R = 0,701; p < 0,001). A-FABP mRNA
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exprese v podkozni tukové tkdni na zaCatku operace pozitivné korelovala s vékem (R =
0,417; p = 0,025) a negativné s BSA (R = -0,434; p = 0,017) a HOMA indexem (R = -
0,425; p = 0,0305). V epikardidlni tukové tkani A-FABP mRNA exprese vykazovala
pozitivni korelaci s HDL cholesterolem (R = 0,55; p = 0,0014), pfiCemz negativné
korelovala pouze s BSA (R = -0,362; p = 0,046). A-FABP mRNA exprese v perifernich
monocytech pozitivné korelovala se sérovymi koncentracemi A-FABP (R = 0,625; p <

0,001).

Podrobna metodika a vysledky studie byly publikovany v Physiological Research
(IF 1,555)

Tomas Kotulak, Jana Drapalova, Michael Lips, Zdena Lacinova, Petr Kramar, Hynek
Riha, Ivan Netuka, Jiri Maly, Jan Blaha, Jaroslav Lindner, Stepan Svacina, Milos Mraz
and Martin Haluzik: Cardiac Surgery Increases Serum Concentrations of Adipocyte
Fatty Acid-Binding Protein and its mRNA Expression in Circulating Monocytes but not

in Adipose Tissue

Cléanek v plném znéni je piiloZen.
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8 DISKUZE

8.1 Fibroblastovy riistovy factor 21 a kardiochirurgicky vykon — vliv na
sérové koncentrace FGF-21 a mRNA expresi v epikardialni a

podkoZni tukové tkani a kosternim svalu

Epikardialni tukova tkan je vyznamnym zdrojem zanétlivych faktor. Béhem
kardiochirurgického vykonu dochazi ke zvySeni mRNA exprese prozanétlivych mediatort

v podkozni 1 epikardialni tukové tkani (Kfemen et al. 2006, Mazurek et al. 2003).

V na$i praci se nam podafilo prokazat, ze béhem kardiochirurgického vykonu
signifikantné stoupa genova mRNA exprese FGF-21 v epikardidlni tukové tkéani a jeho
plazmaticka hladina. DalSim vyznamnym zjiSténim je signifikantné vys$S8i FGF-21 mRNA
genova exprese a proteinova exprese v kosternim svalu nez v epikardidlnim a podkoznim
tuku. Toto zjiSténi nas vede k Gvaze, ze by kosterni sval mohl byt dal§Sim vyznamnym

zdrojem FGF-21.

NaSe studie tedy prokazuje, Zze hyperglykémie, inzulinova rezistence a systémova
zanétlivd odpovéd’ organizmu zplsobené kardiochirurgickym vykonem s pouZitim
mimotélniho obéhu jsou doprovdzeny vyznamnym a casnym vzestupem hladiny
cirkulujiciho FGF-21. Ostatni prozanétlivé cytokiny, jako naptiklad IL-6, IL-8 a TNF-a,
vykazovaly podobny vzestup jako FGF-21. FGF-21 mRNA exprese v kosternim svalu na
zaCatku operace byla signifikantné vyssi ve skupiné€ s pooperacni infuzi inzulinu. Navic
tato skupina méla signifikantné vys$si AUC sérového FGF-21. Jedno z moznych vysvétleni
téchto rozdila je, ze pacienti, ktefi pooperacné dostavali infuzi inzulinu, méli vyssi stupen
inzulinové rezistence. Proto u nich byl kompenzatorni vzestup exprese FGF-21 ve svalové

tkani vyssi.
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Pozitivni korelace mezi glykémii na konci operace a FGF-21 mRNA expresi
v kosternim svalu na konci operace by mohla poukazovat na urcity vliv téchto faktort na
regulaci svalové exprese FGF-21. Nicméné kardiochirurgicky vykon s pouzitim
mimotélniho obéhu vyvolava komplexni zanétlivou reakci, ktera je multifaktorialni a neni
tedy zcela jasné, které z mediatorti se ptimo podilely na modulaci hladin FGF-21 a jeho

exprese mRNA.

O zménach hladin FGF-21 v kritickych stavem nebo podminkach perioperacniho
stresu je zatim znamo velmi malo. Jedna z prvnich praci je Johnsonova studie na mysSim
modelu pankreatitis indukované ceruleinem nebo mechanicky ¢i thapsigarginem
indukovanym stresem. Autofi srovnavali kontrolni mySi s transgenni mysi s FGF-21
nadprodukci nebo naopak mysSi s knockoutem genu pro FGF-21. V acinarnich buikach
pankreatu FGF-21 mRNA exprese vyrazné stoupla u ceruleinem indukované pankreatitidy
a zdvaznost pankreatického posSkozeni byla v inverznim vztahu k plazmatické hlading
FGF-21. Mysi s transgenné zvySenou expresi FGF-21 mély niZ$i hladinu sérové amylazy a
mensi aktivaci pankreatickych hvézdicovych buné€k, zatimco u mysi s knockoutem FGF-21
byly sérové hladiny amylazy a aktivace pankreatickych hvézdicovych bunck véEtsi
(Johnson et al. 2009). Neddvno publikovana studie srovndvala 22 pacientli se sepsi, 11
pacientll se syndromem systémové zanétlivé odpovédi (SIRS) a 12 zdravych dobrovolniki.
Plazmatické hladiny FGF-21 byly signifikantn€ zvySené u pacientl se sepsi a SIRS oproti
zdravym dobrovolnikiim. Zaroven byly plazmatické hladiny FGF-21 signifikantné vyssi u
septickych pacientll nez u pacientl s neinfekénim SIRS (Gariani et a/. 2013). Tato studie
poukazuje na moznou roli FGF-21 v rozvoji zanétlivé odpovédi organizmu. NaSe data
navic poukazuji na to, ze reakce organizmu na operacni stres je velmi rychlé, protoze ke
zméndm v plazmatickych koncentracich a genové mRNA expresi FGF-21 dochazi jiz

v prubéhu operace.
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Recentné publikovana studie prokazuje spojitost zvySené plazmatické hladiny FGF-
21 s pritomnosti nealkoholické steatdzy jater a jako nezavislého rizikového faktoru pro
koronarni aterosklerozu (Shen et al. 2013). Dalsi prace prokazuje spojitost vyssich hladin
FGF-21 a rozvoje aterosklerotickych zmén arteria carotis, a to nezdvisle na jinych
rizikovych faktorech, jako je patologicky lipidogram nebo CRP (Chow et al. 2013). V jiné
praci na skupiné 87 pacientii s diabetem a vékem 57-66 let, které rozd¢lili do dvou skupin
podle plazmatické hladiny FGF-21 < 240,7 pg/mL (tato hodnota byla zaroven medidnem
v celé skupin€) a pacienty s hladinou FGF-21 > 240,7 pg/mL.(nejasné — néco chybi?)
Pacienty sledovali 24 mésich a ve skupiné€ s vyS$si hodnotou pozorovali signifikantné vyssi

riziko kardiovaskuldrni morbidity a mortality (Lenart-Lipinska et al. 2013).

NaSe data ukazuji vyrazny vzestup sérové hladiny FGF-21 v priabéhu a po
kardiochirurgickém vykonu s jeho moznym vyznamem v odpovédi lidského organizmu na
perioperacéni stres. Mechanizmus, jakym se uplatiiuje FGF-21 v stresové situaci, ktera je
spojena se systémovou zanétlivou reakci a inzulinovou rezistenci, neni jasny. Na
plazmatické hladiny FGF-21 a jeho mRNA expresi v nékterych tkanich mize mit vliv
pravé kompenzatorni reakce na zvySené hladiny prozanétlivych cytokinti, které zaroven
ovliviiuji rozvoj inzulinové rezistence, jejiz zavaznost by prave vysSsi hladina FGF-21
mohla redukovat. Na druhou stranu miiZze zanétliva reakce zpusobit rezistenci na ucinky
FGF-21, ktera by mohla vést k jeho zvySené produkci. Vzhledem k relativné malému poctu
pacientil zafazenych do studie nemiiZzeme jednoznacné prokézat, jak vyznamny je vliv
zmén hladin FGF-21 na regulaci metabolickych déjti u pacienti po kardiochirurgické
operaci. Je vSak mozné predpokladat, ze zvySeni hladin FGF-21 je dilezitou soucasti této
komplexni stresové reakce. NaSe vysledky navic naznacuji, Ze ptitomnost diabetu - tedy
mozny rozdil ve stupni inzulinové rezistence - je spojen s rozdilnou expresi FGF-21 ve

svalu.
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8.2 Vliv kardiochirurgického vykonu na sérové koncentrace A-FABP a
mRNA expresi v epikardialni a podkozni tukové tkani, kosternim

svalu a perifernich monocytech

A-FABP je protein, ktery je produkovan v tukové tkani (Baxa et al. 1989) a také v
monocytech (Furuhashi et al. 2008). Jde o protein, ktery ma vliv na celou ftadu
metabolickych regulaci, modulaci zanétu a procesti spojenych s rozvojem aterosklerozy.
V nasi studii jsme prokézali, Ze kardiochirurgicky vykon s pouZitim mimotélniho obéhu
ma bezprostiedni vliv na zvySeni sérové hladiny A-FABP. Dal$im dilezitym zjisténim je
zvySenda A-FABP mRNA exprese pouze v perifernich monocytech, avSak nikoliv
v epikardidlni ¢i podkozni tukové tkani, respektive ve svalové tkani. Vzhledem
k periopera¢nimu stresu a zvysSené produkcei dalSich zadnétlivych medidtora v epikardidlni a
podkozni tukové tkani (Kfemen et al. 2006, Mazurek et al. 2003, Kotuldk et al. 2011)
muze byt zvySena hladina A- FABP dalSim faktorem, ktery ptispiva k rozvoji a ke zhorSeni
pooperaéni hyperglykémie a inzulinové rezistence. Nedavno byla provedena studie u 120
kriticky nemocnych (72 septickych a 48 bez sepse a 45 zdravych dobrovolnikii jako
kontrolni skupina), kterd ukazala, ze u kriticky nemocnych je sérova hladina A-FABP
zvySena. Hladiny A-FABP navic nezavisle korelovaly s glykémii, hladinou sérového
kreatininu, cholesterolu a TNF-a. Vyssi sérové hladiny A-FABP (> 40 ng/ml) byly spojeny
s horSim celkovym pfezitim, a to zejména u septickych pacientli (Huang et al. 2013). Tyto
vysledky ukazuji na moznou roli A-FABP jako prognostického faktoru u kriticky

nemocnych.

Studie u 170 pacienti s ICHS porovnavala sérové hladiny A-FABP a zavaznost
abnormalit stresové myokardialni perfuze pomoci echokardiografie a T1-201 dipyridamole

single-photon emisni pocitatové tomografie. Vyssi sérova hladina A-FABP byla spojena

wewr
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selhani (Huang et al. 2013). Podobn¢ jiné studie poukazuji na zvySené hladiny A-FABP u
pacientil s korondrni nemoci verifikovanou koronarograficky (Doi et al. 2011) a jejich
nezavislou asociaci s kardiovaskuldrni morbiditou a mortalitou u pacienti s ICHS (von
Eynatten et al. 2012). Pacienti v nasi studii méli relativné vyssi bazalni hladiny A-FABP
neZ v piedchozi studii (Doi et al. 2011); navic jsme nezaznamenali rozdil mezi skupinami
diabetikii a nediabetikli. To si vysvétluyjeme pomérné vysokou prevalenci jednotlivych
komponent metabolického syndromu (obezita, dyslipidémie) a také piitomnosti ICHS

v obou skupinach pacientt.

Jind experimentalni studie prokazala pfimy efekt A-FABP na bunky myokardu,
ktery vedl k pfimé inhibici kontraktility a tento negativné inotropni efekt byl zavisly na
koncentraci A-FABP (Lamounier-Zepter et al. 2009). Pfi analyze naSich dat jsme
v souboru nasSich pacientli neprokazali signifikantni vztah mezi sérovymi hladinami BNP

jako ukazatele srde¢niho selhéni a hladinami A-FABP.

NejvyznamnéjSim objevem nasi prace, ktery dosud nebyl v literatufe popsan, je
disociace mezi zvySenim sérovych hladin A-FABP a jeho nezménénou genovou expresi
v epikardidlni, respektive podkozni tukové tkani. Zmény exprese v tukové tkani jsme
nezaznamenali pfesto, Ze hladiny A-FABP mély maximum v dobé, kdy se odebiral druhy
vzorek uvedenych tkdni. Nicméné A-FABP mRNA exprese na zaCatku operace byla
signifikantné vyS$$i v podkoZni tukové tkani neZ v epikardidlni tukové tkani, coz je
v souladu s jinou studii, kterd prokazuje vyssi A-FABP mRNA expresi a produkci proteinu

v podkoZni tukové tkani v porovnani s visceralni tukovou tkani (Fisher et a/. 2001).

Vysledky naSi studie tak potvrzuji dilezitost imunokompetentnich bunék pfii
produkci A-FABP, ackoliv se piivodné piedpokladala jeho produkce pouze v tukové tkani.
Produkce A-FABP v makrofazich byla prokazana az pozd¢jsimi studiemi (Furuhashi et al.

2008). V experimentalnim modelu primdrnich lidskych monocyti a monocytarnich
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bunécnych linii byla A-FABP mRNA prokdzana po stimulaci syntetickym agonistou
peroxisome-proliferator aktivovaného receptoru gamma (PPARy) (Pelton et al. 1999).
Signifikantni snizeni produkce zanétlivych cytokinli byla popsédna v makrofazich, které
neprodukuji A-FABP (A-FABPf/ ) (Makowski et al. 2005), coz svéd¢i pro vyznamnou
ulohu tohoto faktoru pfi regulaci zanétlivych dé&ja. Dalsi studie prokazuje u pacientl
s revmatoidni artritidou zvySenou A-FABP mRNA expresi v synovidlnich makrofazich

Andrés Cerezo et al. 2013).

V nasi studii jsme analyzovali A-FABP mRNA expresi v perifernich monocytech,
které jsou povazovadny za prekurzor makrofagh (Mraz et al 2011). Na konci
kardiochirurgického vykonu vyznamné stoupla A-FABP mRNA exprese srychlou
normalizaci do 24 hodin od konce operace. Tento vzestup mohl byt pfi¢inou zvySenych
hladin cirkulujiciho A-FABP zptsobeného periopera¢nim stresem. Neni vSak vylou€eno,
ze na produkci A-FABP se mohly podilet i jin¢ typy imunokompetentnich bun¢k, ptipadné

nitrobfisni visceralni tukova tkan, jejiz vzorky v nasi studii nemohly byt ziskany.

V nasi studii jsme prokazali, Ze kardiochirurgicka operace s pouzitim mimotélniho
ob¢hu méla nezavisle na diagnodze diabetes mellitus vliv na zvySenou produkci A-FABP,
ktera byla patrné zptisobena zvySenou A-FABP mRNA expresi v perifernich monocytech.
V podkozni a epikardidlni tukové tkéani, kosternim svalu a myokardu nebyly v nasi studii
zmény mRNA exprese pro A-FABP prokazany. V kombinaci s dfive publikovanymi udaji
o vztahu A-FABP kregulaci inzulinové senzitivity a zanétlivych dé&ji muizeme
konstatovat, ze tento faktor je u kardiochirurgickych pacientll vyznamnym hracem, ktery
se podili na vzniku pooperacni zanétlivé reakce a hyperglykémie. Nas objev zvySené
pooperacni exprese A-FABP v cirkulujicich monocytech pak naznacuje, Ze praveé
imunokompetentni buiiky v cirkulaci jsou vyznamnymi systémovymi regulatory téchto

zéanétlivych a metabolickych déji.
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9 ZAVER

NaSe studie prokézaly vliv perioperacniho stresu u kardiochirurgickych operaci na
zmény sérovych hladin FGF-21 1 A-FABP a jejich mRNA expresi v nékterych
zkoumanych tkanich. Elektivni kardiochirurgicky vykon slouzil jako vhodny model
stresové reakce organizmu, na které se podileji 1 proteiny produkované tukovou tkani. Jeji
role v kritickych stavech se stdva vyznamnou a mé podil na vzniku inzulinové rezistence,
hyperglykémie a zanétlivé odpovédi. Na druhou stranu se zda byt jeji mnoZzstvi v téchto
stavech také protektivnim faktorem. Nase vysledky pfinesly fadu novych poznatk, jako je
vysokd FGF-21 mRNA exprese v kosternim svalu a jeho mozna uloha pii zvySené tvorbé
tohoto faktoru u kriticky nemocnych pacientti. Vzhledem k relativné menSimu poctu
pacientil v obou studiich nemlZeme jasné¢ hodnotit pfipadny dopad zvySenych hladin
zkoumanych cytokinl na klinické vysledky pacientii. Nicméné v souladu s jinymi pracemi,
které byly zminény vySe, lze uvaZzovat o mozném vyuziti sérovych hladin FGF-21 a A-
FABP jako o prognostickém faktoru nékterych kritickych stavli. Oba faktory se
nepochybné podileji na rozvoji zéanétlivého stavu. ZvySené hladiny A-FABP velmi
pravdépodobné pfispivaji 1 k rozvoji inzulinové rezistence. Otevienou otazkou zistava
vyznam zvysSeni hladin FGF-21. Toto zvySeni mize byt na rozdil od vzestupu hladin A-
FABP kompenzatorni reakci na rozvoj inzulinové rezistence a hyperglykémie spiSe nez

jeho pti¢inou.
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SEZNAM ZKRATEK

ADA - American Diabetes Assocition
AUC - plocha pod kiivkou (area under the curve)
BMI - body mass index

BNP - brain natriuretic peptide

BSA - body surface area

CABG - aortokorondrni bypass

CRP - C reaktivni protein

Ct - treshold cykle

DM - diabetes mellitus

FABP-4 - fatty acid bindig protein 4
FFA - volné mastné kyseliny

FGF - fibroblast growth factor
FGF-21 - fibroblast growth factor 21
GLUT-1 - gluk6zovy transportér - 1
GLUT-4 - glukézovy transportér - 4
HbA1C - glykovany hemoglobin

HDL - high density lipid

ICHS - ischemické choroba srde¢ni
IIT - intenzivni inzulinova terapie
IL-1 - interleukin 1
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IL-1B

IL-6

IL-8

JIP

MCP-1

NAD

NADPH

NAMPT

NO

PAI -1

PPARy

SAA

SFAR

SIRS

SIRS

SRLF

T2DM

TNF-a

WHO

- interleukin -1

- interleukin — 6

- interleukin — 8

- jednotka intenzivni péce

- monocyte chemotactic protein-1

- nicotinamide adenine dinucleotide

- nikotinamid adenin dinukleotid fosfat

- nikotinamid fosforibosyltransferase

- oxid dusnaty

- plasminogen activator inhibitor-1

- peroxisome-proliferator aktivovany receptor gamma

- sérovy amyloid A

- Societé Francaise d’ Anesthésié-Réanimation

- syndrom systémové zanétlivé odpoveédi

- syndrom systémové zanétlivé odpoveédi

- Societé¢ de Reanimation de Langue Francaise

- diabetes mellitus 2 typu

- tumor nekrotizujici faktor alfa

- Svétova zdravotnickd organizace
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Summary

We studied the changes in serum fibroblast growth factor-21
(FGF-21) concentrations, its mRNA, and protein expression in
skeletal muscle and adipose tissue of 15 patients undergoing
cardiac surgery. Blood samples were obtained: prior to initiation
of anesthesia, prior to the start of extracorporeal circulation,
upon completion of the surgery, and 6, 24, 48, and 96 hours
after the end of the surgery. Tissue sampling was performed at
the start and end of surgery. The mean baseline serum FGF-21
concentration was 63.1 (43.03-113.95) pg/ml and it increased
during surgery with peak 6 hours after its end [385.5 (274.55-
761.65) pg/ml, p<0.001], and returned to baseline value [41.4
(29.15-142.83) pg/ml] 96 hours after the end of the surgery.
Serum glucose, insulin, CRP, IL-6, IL-8, MCP-1, and TNF-alpha
concentrations  significantly increased during the surgery.
Baseline FGF-21 mRNA expression in skeletal muscle was higher
than in both adipose tissue depots and it was not affected by the
surgery. Epicardial fat FGF-21 mRNA increased after surgery.
Muscle FGF-21 mRNA positively correlated with blood glucose
levels at the end of the surgery. Our data suggest a possible role
of FGF-21 in the regulation of glucose metabolism and insulin
sensitivity in surgery-related stress.

Key words
Fibroblast growth factor-21 e Adipose tissue e Skeletal muscle o
Cardiac surgery o Insulin resistance
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Introduction

Both experimental and clinical studies have
suggested that fibroblast growth factor-21 (FGF-21) plays
a role in the regulation of lipid and glucose metabolism
and energy homeostasis (Kharitonenkov et al. 2005,
Shanafelt  2008). FGF-21
administration stimulated glucose uptake in mouse
adipocytes and of human adipocytes
(Kharitonenkov ef al. 2005). Subcutaneous injection of
FGF-21 improved blood glucose and lipid levels in obese
mice (Kharitonenkov et al. 2005). Long-term
administration of FGF-21 to diabetic rhesus monkeys

Kharitonenkov ~ and

in cultures

decreased plasma glucose, triglycerides, insulin, and
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glucagon levels (Kharitonenkov et al. 2007).

According to previous studies, FGF-21 is
expressed predominantly in the liver and to a lesser extent
in fat (Kharitonenkov ef al. 2005, Mraz et al. 2009,
Nishimura et a/. 2000). In mice, the liver expression of
FGF-21 is tightly regulated in response to nutritional
status. It is increased by starvation and a ketogenic state
and decreased by feeding (Badman et a/. 2007, Inagaki et
al. 2005, Lundasen ef a/. 2007). In humans, long-term
fasting increased FGF-21 concentrations while a
ketogenic diet did not (Galman et al. 2008). Increased
FGF-21 levels were found in patients with type 2 diabetes
mellitus and/or obesity relative to healthy subjects, and
this was further increased by a short-term very low
caloric dict (Mraz et al. 2009, Zhang et al. 2008).
Elevated FGF-21 levels independently
associated with increased risk of metabolic syndrome
(Zhang ef al. 2008).

In contrast to subjects with obesity and type 2
diabetes mellitus, patients with decreased body fat
content, such as chronically malnourished patients with
anorexia nervosa, were characterized by significantly
lower serum concentrations of FGF-21 relative to healthy
age-matched controls in one study (Dostilova et al.
2008), while in another study FGF-21 levels in anorexia
nervosa patients were unchanged compared with healthy
controls (Fazeli et al. 2010).

Critically ill patients represent another patient
population that suffers from insulin resistance and
hyperglycemia in a similar manner to those with type 2
diabetes (Van den Berghe 2002). Recent studies indicated
the beneficial effect of improved glucose control after
continuous intravenous insulin treatment, yet an optimal
glucose range target is still unclear and differs in various
types of patients (Blaha ef a/. 2009, Van den Berghe et al.
2001, Finfer ef al. 2009). Although the cause of insulin
resistance in critically ill patients differs from the cause in
patients with type 2 diabetes mellitus, common
mechanisms still exist including the development of liver
insulin resistance and overproduction of proinflammatory
factors by adipose tissue (Kremen et a/. 2006, Mazurek et
al. 2003). Since it has been suggested that FGF-21 is a
possible regulator of insulin sensitivity and glucose
metabolism in patients with type 2 diabetes mellitus, we
hypothesized that it also may play a role in the metabolic
response in critically ill patients. To this end, we
measured epicardial adipose tissue, subcutaneous adipose
tissue, and skeletal muscle mRNA expression of FGF-21
in patients undergoing elective cardiac surgery and

were  also
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studied the dynamics of its serum concentration changes
both during and after the surgery.

Methods
Study subjects

This study included 15 male patients who
underwent  aorto-coronary  bypass  surgery  with
extracorporeal circulation. All of the patients

participating in the study had arterial hypertension,
ischemic heart disease, and BMI > 25. None of the
patients had diagnosis of diabetes mellitus or suffered
from acute or chronic kidney injury, malignancy, thyroid
discase, or
hyperlipidemia treated by atorvastatin (five patients) or
fluvastatin (two patients), respectively. None of the study
subject was treated by metformin or fibrate. We used
ATP panel III criteria for diagnosis of metabolic
syndrome.

All of the patients ate the last meal at 6 PM on
the day before the surgery. The surgery was performed
after an overnight fasting and it was started between
7-8 AM in all subjects. The average duration of surgery
was 252431 minutes.

Three of the patients received infusion of
dobutamine and norepinephrine during and after surgery
with maximal dose 7 pg/kg/min and 0.2 pg/kg/min,
respectively with treatment duration from 14 to 31 hours.
Glucose infusion was not administered in any of the
patient.

All participants signed written informed consent
prior to enrollment in the study. The study was approved
by the Human Ethical Review Committee of the
Thomayer University Hospital and Institute for Clinical
and Experimental Medicine, Czech Republic and was
performed in accordance with the guidelines proposed in
the Declaration of Helsinki.

acute infection. Seven patients had

Anthropometric examination, blood and tissue sampling
Anthropometric examination of the patients was
performed at basal state one day prior to the surgery. All
subjects were measured and weighted in light clothes
without shoes using standardized scales and BMI was
calculated (weight (kg) / height (m)?). Body surface area
was calculated using the DuBois and DuBois formula that
is routinely used in cardiac surgery patients. Waist
circumference was measured by locating upper hip bone
and placing horizontal tape measure. All anthropometric
measurements were done in a standardized way by the
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same study nurse.

Blood samples for hormonal measurement were
taken prior to initiation of anesthesia (baseline), prior to
the start of extracorporeal circulation, upon completion of
the surgery, and 6, 24, 48, and 96 hours after the end of
the surgery. Serum was obtained by centrifugation and
the samples were subsequently stored in aliquots at
—80 °C until further analysis.

Samples of subcutancous (thoracic region),
visceral (epicardial) adipose tissue, and skeletal muscle
(intercostal muscles) for mRNA and protein expression
analysis were taken at the start and prior to the end of
surgery. All of the samples (both at the start and at the
end of surgery) were taken from approximately the same
location in all patients. The samples were obtained from
tissue that had not been previously traumatized
mechanically or by cauterization in order to avoid the
interference of local damage with tissue parameters.
Tissue samples were collected to 1 ml of RNAlater
reagent (Qiagen GmbH, Hilden, Germany) and stored at
—80 °C until further analysis. The average time between
the initial and final sampling at the end of the surgery was
244422 minutes.

Glucose control protocol and insulin administration

Undiluted arterial blood for measurement of
blood glucose (BG) was drawn from an arterial line
inserted for routine monitoring procedures. Whole BG
was analyzed by a standard point of care testing device
(Abbott  Architect CI 8200, Abbott Diagnostics,
Maidenhead, U.K.) every 3 hours.

No glucose infusion was administered in any of
the patients during the study. No
administered during the surgery. Insulin administration
was initiated in postoperative intensive care unit only in
patients with blood glucose exceeding 9.9 mmol/l after
surgery. Insulin (Actrapid HM, Novo Nordisk,
Baegsvard, Denmark) was given via central venous line
as a continuous infusion. A standard concentration of
50 IU of insulin in 50 ml of 0.9 % NaCl was used. Target
glucose range was 6.0-9.9 mmol/l. Normal oral food
intake was started in 18 to 24 hours after surgery in all
study subjects.

insulin was

Hormonal and biochemical assays

Plasma samples for measurement of FGF-21
concentrations were diluted with Dilution Buffer 1:1 and
measured using a commercial ELISA kit (BioVendor,
Modrice, Czech Republic) which is based on the
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polyclonal anti-human FGF-21 antibody and biotin-
labelled polyclonal anti-human FGF-21 antibody. Diluted
sera, standards, and quality controls were prepared
according to the manufacturer's protocol. Absorbance
was measured at 450 nm. A standard curve was
constructed by plotting absorbance values against
concentrations of standards (8 standards with
concentration range 15-1920 pg/ml), and concentrations
of samples were calculated using this standard curve.
Sensitivity of the kit was 7.0 pg/ml and the intra- and
inter-assay variability of the kit was 3.0-4.1 % and 10 %,
respectively. Serum C-reactive protein (CRP) levels were
measured by high sensitive assay (Bender Medsystems,
Vienna, Austria) with a sensitivity of 3 pg/ml. The intra-
and inter-assay variability of the kit was less than 5 %
and less than 10%, respectively. Serum
concentrations were measured by commercial RIA kit
(Cis Bio International, Gif-sur-Yvette, France) with a
sensitivity of 2.0 plU/ml. The intra- and inter-assay
variability of the kits was less than 5 % and less than
10 %, respectively.

Serum concentrations of interleukin-6 (IL-6),
interleukin-8 (IL-8), tumor necrosis factor-alpha (TNF-
alpha), and monocyte chemotactic protein-1 (MCP-1)
were measured using Human serum adipokine
LINCOplex Kit (panel B) on a Luminex200 instrument
(Linco Research, St. Charles, MO, USA). Sensitivity was
1.6 pg/ml for IL-6, 0.2 pg/ml for IL-8, 0.14 pg/ml for
TNF-alpha, and 0.14 pg/ml for MCP-1, respectively.
Intra- and inter-assay variability of the kits was 7.8 % and
18 % for IL-6, 7.9 % and 15 % for IL-8, 7.8 % and 16 %
for TNF-alpha, 7.8 % and 16 % for MCP-1, respectively.

insulin

Determination of mRNA expression

Samples were homogenized on a MagNA Lyser
Instrument using MagNA Lyser Green Beads (Roche
Diagnostics GmbH, Mannheim, Germany) and QIAzol
Lysis Reagent (Qiagen GmbH, Hilden, Germany). Total
RNA was extracted from the homogenized sample of
subcutaneous and epicardial adipose tissue using RNeasy
Lipid Tissue Mini Kit (Qiagen GmbH, Hilden, Germany).
Total RNA from the homogenized skeletal muscle was
extracted on MagNA Pure instrument using MagNA Pure
Compact RNA TIsolation (Tissue) kit (Roche Diagnostics
GmbH, Mannheim, Germany). The RNA concentration
was determined from absorbance at 260 nm on a
BioPhotometer (Eppendorf AG, Hamburg, Germany). All
samples had a 260/280 nm absorbance ratio of
1.74+0.016. The integrity of the RNA was checked by
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visualization of 18S and 28S ribosomal bands on 1 %
agarose gel with ethidium bromide. Reverse transcription
was performed using 0.25 pg of total RNA to synthesize
the first strand cDNA using the random primers as per the
instructions of the High-Capacity cDNA Reverse
Transcription Kits (Applied Biosystems, Foster City, CA,
USA). Measurements of FGF-21 gene expression were
performed on an ABI PRISM 7500 instrument (Applied
Biosystems, Foster City, CA, USA) using TagMan®
Universal PCR Master Mix, NO AmpErase® UNG and
specific TagMan® Gene Expression Assays (Applied
Biosystems, Foster City, CA, USA) and nuclease-free
water (Fermentas Life Science, Vilnius, Lithuania).
Controls with no template cDNA were performed with
cach assay and all samples were run in duplicate at a
minimum. The increase in fluorescence was measured in
real time and threshold cycle (Cr) values were obtained.
To compensate for variations in the amount of RNA used
and the variable efficiency of reverse transcription, the
target gene Ct number was normalized to the endogenous
reference beta-2-microglobulin (B2M) and the formula
27 was used to calculate relative gene expression.

Protein isolation and Western blot analysis

Approximately 80-120 mg subcutaneous adipose
and muscle tissue was homogenized in ice-cold
homogenization buffer [150 mM NaCl, 2 mM EDTA,
10 % glycerol, 25 mM benzamidine, 1 mM PMSF, and
protease inhibitor cocktail (Sigma Aldrich, St. Louis,
MO, USA) in 10 mM Tris-HCl (pH 7.0)]. The
homogenate was centrifuged at 3,000 x g for 15 min at
4 °C, the fat cake was then discarded and the homogenate
was centrifuged again at 14,000 x g for 20 min at 4 °C.
The supernatant was stored in aliquots at —80 °C. Total
protein concentration of each sample was estimated by
Bradford dye assay method using the Bio-Rad Protein
Assay (Bio-Rad Laboratories, Inc., Hercules, CA, USA)
according to the manufacturer’s protocol using BSA as a
standard.

For Western blot analysis, 70 ug of protein
lysate were separated by 12.5% SDS-PAGE and
transferred to polyvinylidene difluoride (PVDF) transfer
membrane (Pierce Biotechnology, Inc., Rockford, IL,
USA) in a semidry blotting apparatus. The membrane
was blocked overnight at 4 °C with 12.5 % (w/v) nonfat
milk, washed 3 times in PBST buffer, and analyzed with
primary goat antibodies against FGF-21
(BioVendor, Modrice, Czech Republic) at a final
concentration of 0.2 pg/ml. The membrane was then

human
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washed in PBST buffer and incubated for 1 h at room
temperature with Polyclonal rabbit antigoat antibody with
horseradish peroxidase (Dako, Glostrup, Denmark) at a
1:2000 dilution in PBST buffer. The same procedure was
used for a control protein alpha-tubulin. Primary
monoclonal antibody against alpha-tubulin (Santa Cruz
Biotechnology, Inc., Santa Cruz, CA, USA) at dilution
1:200 and then secondary antibody ImmunoPure Goat
anti-mouse IgG, (H+L), peroxidase conjugated (Pierce
Biotechnology, Inc., Rockford, IL, USA) at dilution
1:5000 was used. Detection of membrane antibody
binding was evaluated by enhanced chemiluminescence
ECL Western Blotting Substrate (Pierce Biotechnology,
Inc., Rockford, IL, USA). Signals were visualized and
evaluated on a G:Box iChemi XT Bio instrument
(Syngene, Cambridge, U.K.) and then analyzed and the
quantifications of bands was calculated using GeneTools
Software (Syngene, Cambridge, U.K.). Molecular weight
of FGF-21 bands is 20.2 kDa and alpha-tubulin bands is
55 kDa.

Statistical analysis

The statistical analysis was performed on
SigmaStat software (Jandel Scientific, San Rafacl, CA,
USA) and Matlab (Mathworks, Natick, Massachusetts,
U.S.A). The results are expressed as Median and
Interquartile range or Mean + standard error of mean
(SEM). Prior to analysis, all continuous variables were
assessed for normality using the Kolmogorov-Smirnov
test. Changes of hormonal levels, gene and protein
expression during perioperative and postoperative state,
respectively, were evaluated using Paired t-test or
Wilcoxon Signed Rank Test, according to the normality
of data. Changes of hormonal levels were adjusted for
multiple comparisons by Bonferroni correction.
Differences between the groups with or without insulin
treatment and differences in protein expression were
evaluated using unpaired T-test or Mann-Whitney Rank
Sum Test, according to the normality of data. Area under
the curve and unpaired T-test was used to calculate the
differences in change of serum FGF-21 levels between
the groups with or without insulin treatment. Correlations
were evaluated using the Spearman Correlation test or
Pearson Correlation test, according to the normality of
data. In all statistical tests, p values <0.05 or corrected
p values < 0.00625 were considered significant. Multiple
regressions for data adjustment to FGF-21 levels were
done.
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Table 1. Clinical characteristics of the cardiac surgery patients subdivided into group with insulin treatment (IT subgroup) and group
without insulin treatment (NT subgroup). Values are Median and Interquartile range or Mean + SEM with n=15/group. Statistical
significance is from un-paired t-test or Mann-Whitney Rank Sum Test according to the normality of data distribution. NS, not significant;
SS, start of surgery; TG, prior to initiation of anesthesia; T3, 6 hours after the end of the surgery; T5, 48 hours after the end of the
surgery; FGF-21 AUC, area under the curve of FGF-21 serum concentration

All subjects IT subgroup NT subgroup IT vs NT
Clinical characteristics:
No. of subjects 15 8 7 NS
Age (yr) 66+2 68 +2 63+3 NS
Body mass index (kg/m®) 29.22+£0.79 27.81+£0.67 30.63+1.29 NS
Body surface area (m°) 2.02£0.04 1.96 £0.05 2.08+0.07 NS
HOMA index at TO 431+0.71 439+ 1.04 424 +1.07 NS
Shkeletal muscle FGI=21gene 3 (o4 934545 4267 (3.13-9.52) 073 (0472947 p=0.040
expression at SS
Serum concentrations:
HbAlc at TO (%) 4.07+0.10 413+0.17 4.01+0.10 NS
Glucose at T0O (mmol/l) 6.1£0.29 6.344+049 5763 +£0.282 NS
Glucose at T3 (mmol/l) 85+041 9.5+0.62 7.5+£0235 p=0.005
Glucose at TS5 (mmol/l) 63+0.24 58+0.29 6.85+0.303 p=0.027
CRP at T2 (mg/l) 1.4+052 04+0.11 25+0.97 p=0.009
FGF-21 at 15 (pg/ml) 130 (51 -231) 222 (120 - 581) 66 (35-114) p=0.038
FGF-21 AUC 24673 £ 4599 34450 + 6731 13498 £ 2518 p=0.016

Results CRP concentrations peaked 24 hours after the end of the

Clinical characteristics of the patients

Table 1 shows the clinical characteristics of the
entire group of patients and the subgroups with or
without insulin administration after the surgery. All
patients were males with mean waist circumference
103+3.4 cm, mean baseline blood glucose 6.1+0.29
mmol/l, and mean glycated hemoglobin 4.07+0.10 %. All
the statistically significant differences between insulin-
treated group (IT subgroup) and group without insulin
treatment (NT subgroup) are summarized in Table 1.

Serum glucose, hormonal, and cytokine concentrations
Serum FGF-21 concentration peaked 6 hours
after the end of surgery, exhibiting a 6.2-fold median
increase over bascline and returned to baseline level
96 hours after the end of surgery (Figure 1). Serum
glucose levels peaked 6 hours after the end of the surgery
and normalized 48 hours after the end of the surgery
(Figure 1). Serum insulin concentration increased 2.4-
fold median with the peak occurring 48 hours after the
end of the surgery and remained significantly elevated for
96 hours after the end of the surgery (Figure 1). Serum
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surgery, remained elevated by 24.5-fold median for
48 hours after the surgery, returning to near normal
values 96 hours after the end of the surgery (Figure 1).
IL-6, IL-8, TNF- alpha and MCP-1 concentrations peaked
6 hours after the end of the surgery, exhibiting a 55.6-,
6.7-, 1.5-, and 1.9-fold median increase over baseline,
respectively (Figure 2).

To further investigate the influence of insulin
administration on serum FGF-21 levels we subdivided
our patient population into two subgroups: with (n=8) or
without (n=7) exogenous insulin administration. At
baseline no significant differences in blood glucose,
serum insulin, and FGF-21 levels were found between the
insulin-treated vs. insulin-untreated group. Serum FGF-
21 levels tended to be higher in the insulin treated vs.
insulin-untreated subgroup throughout all time-points. A
significantly higher FGF-21 level in insulin-treated
relative to insulin untreated patients was found 48 hours
after the end of surgery [222 (120-581) vs. 66 (35-114)
pg/ml, p=0.038]. Area under the curve for FGF-21 was
significantly higher in insulin-treated relative to insulin
untreated patients (p=0.016) (Table 1).
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Fig. 1. Serum concentrations of insulin, glucose, CRP and FGF-21 in cardiac surgery patients prior to initiation of anesthesia, prior to
the start of extracorporeal circulation, upon completion of the surgery, and 6, 24, 48, and 96 hours after the end of the surgery. Values
are Mean + SEM with n=15/group. Statistical significance is from Paired t-test or Wilcoxon Signed Rank Test, according to the normality
of data. P values were adjusted for multiple comparisons by Bonferroni correction: * indicates p<0.00625 vs. prior to initiation of
anesthesia, © indicates p<0.00625 vs. upon completion of the surgery.

Changes of mRNA expression of FGF-21 in adipose
tissue and muscle

At the start of surgery, FGF-21 mRNA
expression in skeletal muscle was higher relative to both
and cpicardial adipose tissue. No
significant influence of the surgery was detected
concerning skeletal muscle FGF-21 mRNA expression
(Figure 3C). In contrast, the surgery induced a significant
increase in FGF-21 mRNA expression in epicardial

subcutancous

adipose tissue, whereas the surgery did not significantly
change FGF-21 mRNA expression in subcutancous
adipose tissue (Figure 3A, B).

81

Changes of FGF-21 protein expression

In skeletal muscle FGF-21 protein expression
was 4.7-fold higher (p=0.014) than that of subcutaneous
fat depot at the start of the surgery (Figure 3D).

Relationship of FGF-21 plasma levels and mRNA
with
hormonal parameters

No significant association between serum FGF-
21 areas under the curve and any anthropometric or
biochemical parameter was found. FGF-21 mRNA
expression in skeletal muscle at the end of the surgery
correlated positively with blood glucose level (1=0.678,
p=0.007) at the end of the surgery.

expression anthropometric, biochemical, and
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Fig. 2. Serum concentrations of IL-6, IL-8, MCP-1, and TNF-alpha in cardiac surgery patients prior to initiation of anesthesia, prior to
the start of extracorporeal circulation, upon completion of the surgery, and 6, 24, 48, and 96 hours after the end of the surgery. Values
are Mean = SEM with n=15/group. Statistical significance is from Paired t-test or Wilcoxon Signed Rank Test, according to the normality
of data. P values were adjusted for multiple comparisons by Bonferroni correction: * indicates p<0.00625 vs. prior to initiation of
anesthesia, ° indicates p<0.00625 vs. upon completion of the surgery.

Discussion

Our study demonstrated that serum FGF-21
concentration and its gene expression in epicardial
adipose tissue significantly increased after major elective
cardiac surgery. Another important finding of this study
is that bascline FGF-21 mRNA gene expression and
protein expression in skeletal muscle was significantly
higher than in subcutaneous and epicardial adipose tissue
depots suggesting that skeletal muscle could also
represent an important source of this factor.

Previous studies demonstrated that FGF-21
administration, or its overexpression, exerts a strong
glucose and lipid lowering effect in rodents and primates
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with obesity and type 2 diabetes mellitus (Kharitonenkov
et al. 2005, Kharitonenkov and Shanafelt 2008,
Kharitonenkov et al. 2007, Dostalova et al. 2008).
Interestingly, human studies have demonstrated that
patients with obesity, both with and without type 2
diabetes mellitus, are characterized by increased FGF-21
compared to healthy lean subjects (Mraz et al. 2009,
Zhang et al. 2008, Chen et al. 2008). FGF-21
administration also improved [-cell
experimental studies (Wente et al. 2006).

In this study we demonstrate that an elective
cardiac  surgery  that induces  hyperglycemia,
hyperinsulinemia and systemic inflammatory response is
accompanied by marked early increase of circulating

function in
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significance is from Paired t-test or Wilcoxon Signed Rank Test, according to the normality of data. FGF-21 Western blots of a
representative subcutaneous adipose tissue and skeletal muscle at the start of surgery (D). 70 pg of protein lysate was used at each
lane and alpha-tubulin was used as control. Each sample is at 3 aliquotes.

FGF-21 levels with very similar dynamics to that of
insulin and TNF-alpha Interestingly, after
subdividing our patients into an insulin-treated vs.
insulin-untreated group we found significantly higher
area under the curve of circulating FGF-21 levels in the
former group. The muscle FGF-21 mRNA expression at
the start of surgery was also significantly higher in the
group that required insulin infusion during a
postoperative course. Numerous factors induced by
cardiac surgery could have contributed to the increase of
FGF-21 levels. Our data showing more pronounced FGF-

level.
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21 increase after surgery in patients receiving insulin
suggest that either insulin treatment itself or metabolic
changes associated with the need of insulin treatment
could have contributed to this difference. Furthermore, a
positive association between glucose concentration at the
end of surgery and muscle FGF-21 mRNA expression at
the end of surgery suggests a possible contribution of
these factors to the regulation of muscle FGF-21 mRNA
expression.

The complexity of metabolic changes and
inflammatory response after cardiac surgery did not allow
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us to unequivocally determine which of the metabolic
changes or proinflammatory factors were responsible for
increased FGF-21 concentrations. In multiple regression
analysis we were not able to identify any single factor
independently associated with a change of circulating
FGF-21 levels. Two recent studies albeit performed under
different conditions described the presence of FGF-21
mRNA gene expression in skeletal muscle in response to
insulin stimulation (Izumiya ef a/. 2008, Hojman et al.
2009). Here we confirm that human skeletal muscle
expresses significant amount of both FGF-21 mRNA and
FGF-21 protein. Interestingly, in contrast to circulating
FGF-21 levels muscle FGF-21 mRNA expression was
not acutely affected by cardiac surgery suggesting that
other tissues were responsible for increased circulating
FGF-21 levels.

In original animal studies,
suggested as major producer of this factor while adipose
tissue exhibited rather low FGF-21 mRNA expression
(Nishimura et al. 2000). We have previously
demonstrated that liver FGF-21 mRNA expression in
patients with obesity is more than 100-fold higher
compared to adipose tissue, supporting its important role
in FGF-21 production in humans (Mraz et al. 2009). Here
we directly compared FGF-21 mRNA and protein
expression in fat and skeletal muscle tissues and show
that muscle FGF-21 mRNA and protein expression is
significantly higher relative to adipose tissue.

Epicardial adipose tissue has been previously
identified as a source of inflammatory mediators under
basal condition (Mazurek et al. 2003, Baker et al. 2006)
and cardiac surgery increased mRNA expression of pro-
inflammatory  cytokines in both epicardial and
subcutancous adipose tissue (Kremen et al. 2006). We
demonstrated in this study that circulating FGF-21 levels
and its mRNA expression in epicardial adipose tissue are
markedly increased by cardiac surgery. It remains to be
determined what is the role of increased production of
FGF-21 in epicardial fat and whether it significantly

the liver was
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contributes to its higher systemic levels.

To date, very little information is available with
respect to changes of FGF-21 in critical illness. The only
study focused on this topic was performed by Johnson ef
al. (2009) in mice. In Johnson's study, the role of FGF-21
in cerulein-induced pancreatitis in control mice and
transgenic mice with FGF-21 over-expression or FGF-21
knockout was explored. The authors demonstrated that
acinar cell FGF-21 expression markedly increased during
both cerulein-induced pancreatitis and following injury in
vitro. The severity of cerulein-induced pancreatitis was
decreased in transgenic FGF-21 overexpressing mice as
demonstrated by decreased serum amylase and decreased
pancreatic stellate cell activation. On the contrary, FGF-
21 knockout mice had increased serum amylase and
tissue damage. These experimental data suggest a
possible importance of FGF-21 in experimental acute
pancreatitis. Nevertheless, it is not known whether FGF-
21 has any significance in critical illness of other
ctiology. Our data showing a marked increase in
circulating FGF-21 levels during cardiac surgery indicate
a possible importance for this factor also in postoperative
response in humans. Nevertheless, it should be noted
that our study was performed on relatively low
number of subjects and its descriptive nature does not
allow us to demonstrate clearly the clinical relevance
of our findings. It needs to be further determined what
factors are responsible for increased FGF-21 levels and
what is the exact role for this factor under these
conditions. Our data suggest that skeletal muscle may
represent another important source of FGF-21 in humans.
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Summary

Adipocyte fatty acid binding protein (A-FABP) is a novel adipokine involved in the
regulation of lipid and glucose metabolism and inflammation. To evaluate its potential role
in the development of postoperative hyperglycemia and insulin resistance we assessed A-
FABP serum concentrations and mRNA expression in skeletal and myocardial muscle,
subcutaneous and epicardial adipose tissue and peripheral monocytes in 11 diabetic and 20
age- and sex-matched non-diabetic patients undergoing elective cardiac surgery.

Baseline serum A-FABP did not differ between the groups (31.1+5.1 vs. 25.9+4.6 ng/ml, p
= 0.175). Cardiac surgery markedly increased serum A-FABP in both groups with a rapid
peak at the end of surgery followed by a gradual decrease to baseline values during the
next 48 hours with no significant difference between the groups at any timepoint. These
trends were analogous to postoperative excursions of plasma glucose, insulin and selected
proinflammatory markers. Cardiac surgery increased A-FABP mRNA expression in
peripheral monocytes, while no effect was observed in adipose tissue or muscle.

Our data suggest that circulating A-FABP might be involved in the development of acute
perioperative stress response, insulin resistance and hyperglycemia of critically 1ill

irrespectively of the presence of diabetes mellitus.

Key words: adipocyte fatty acid binding protein; adipose tissue; skeletal muscle; cardiac

surgery; insulin resistance;

Introduction

Adipocyte fatty acid binding protein (A-FABP) also known as FABP4, aP2 or
adipocyte/macrophage FABP is a cytoplasmic protein found abundantly in adipose tissue
(Hunt et al. 1986). A-FABP is predominantly expressed in adipocytes (Baxa et al. 1989)
and macrophages (Boord et al. 2002). A-FABP was primarily described as a mostly
cytosolic protein constituting 6% of total adipocyte cellular protein content and partially
released into circulation. Experimental and clinical studies have suggested that A-FABP
plays a role in the regulation of lipid and glucose metabolism, energy homeostasis and
inflammation (Furuhashi et al. 2008, Hotamisligil et al.1996, Uysal et al. 2000, Xu et al.
2006). In mice, increased production of both adipocyte and macrophage FABP contributes
to metabolic deterioration (Furuhashi et al. 2008). Deletion of A-FABP in adipocytes
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resulted in reduced expression of proinflammatory cytokines in macrophages, while its
deletion in macrophages enhanced insulin signaling and glucose uptake in adipocytes
(Furuhashi et al. 2008). A-FABP deficient mice with genetic or diet induced obesity were
protected from insulin resistance, dyslipidemia and hyperglycemia (Hotamisligil et
al.1996, Uysal et al. 2000). In humans, the reduction of adipose tissue A-FABP expression
due to a specific polymorphism of the aP2 gene resulted in lower serum triglyceride levels
and significantly reduced the risk of coronary heart disease and type 2 diabetes mellitus
(Tuncman et al. 2008). Serum levels of A-FABP were closely associated with the
presence and severity of coronary artery disease (Bao et al. 2011, Doi et al. 2011). In
contrast, A-FABP levels in chronically malnourished patients with anorexia nervosa were
unchanged and were not related to anthropometric or inflammatory parameters
(Haluzikova et al. 2009). Serum A-FABP concentrations were significantly higher in
females compared to males and were independently associated with waist-to-height ratio
and glomerular filtration rate (Tonjes et al. 2012). In another study on 495 non-diabetic
Chinese adults, elevated plasma concentrations of A-FABP predicted the development of
metabolic syndrome in a 5-year follow-up (Xu et al. 2007).

A large number of clinical studies have documented the presence of hyperglycemia and
insulin resistance in critically ill patients (Van den Berghe 2002) with a couple of recent
trials indicating beneficial effects of improved glucose control after continuous intravenous
insulin treatment on allover morbidity and mortality associated with critical illness.
Conflicting data exist regarding optimal target glucose range in different types of patients
(Ven den Berghe et al. 2001, Finfer et al. 2009, Blaha et al. 2009). The etiopathogenesis of
insulin resistance in critically ill patients differs in part from subjects with type 2 diabetes
mellitus. Nevertheless, common mechanisms still exist including the development of liver
insulin resistance and overproduction of proinflammatory factors by adipose tissue
(Kremen et al. 2006, Mazurek et al. 2003). In a recent study on different experimental
models with biologically active synthetic A-FABP inhibitor, the authors demonstrated its
potential beneficial effects on insulin resistance, glucose control, circulating lipid levels
and development of atherosclerosis (Furuhashi et al. 2007) suggesting its potential use in
various patient populations suffering from insulin resistance, hyperglycemia and its
consequences. We hypothesized that A-FABP may also play a role in the development of
hyperglycemia and insulin resistance in patients undergoing elective cardiac surgery. To
this end, we measured A-FABP mRNA expression in epicardial and subcutaneous adipose

tissue and myocardial and skeletal muscle of patients undergoing elective cardiac surgery
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and studied its serum changes both during and after the surgery. The secondary objective
of our study was to analyze the influence of type 2 diabetes mellitus on serum A-FABP

and its mRNA expression in critically ill cardiosurgical patients.

Methods

Study subjects

The study included 31 male patients who underwent elective cardiac surgery with
extracorporeal circulation (coronary artery bypass grafting (CABG) — 23 patients, CABG
and aortic valve replacement (AVR) — 4 patients, AVR alone— 1 patient, mitral valve
replacement (MVR) — 2 patients and CABG and MVR — 1 patient). Average surgery time
was 308 minutes. Eleven subjects had type 2 diabetes mellitus (T2DM) treated by
metformin (2 patients), insulin (5 patients) or diet only (4 patients). All patients
participating in the study had arterial hypertension, ischemic heart disease and body mass
index (BMI) > 25. None of the patients had diagnosis or suffered from acute or chronic
kidney disease, malignancy, thyroid disease, or acute infection. Thirteen patients had
hyperlipidemia treated by atorvastatin (10 patients), rosuvastatin (1 patient) or fluvastatin
(2 patients), respectively.

All patients ate the last meal at 6 PM on the day before the surgery. The surgery was
performed after an overnight fasting and was started between 7-8 AM in all subjects.

Ten patients received infusion of dobutamine and norepinephrine during and after surgery
with maximum dose of 7 pg/kg/min and 0.2 pg/kg/min, respectively with treatment
duration from 8 to 33 hours. Glucose infusion was not administered in any of the patients.
All participants signed written informed consent prior to the enrollment into the study. The
study was approved by the Human Ethical Review Board of the Thomayer University
Hospital and Institute for Clinical and Experimental Medicine, Czech Republic and was

performed in accordance with the guidelines proposed in the Declaration of Helsinki.

Glucose control protocol and insulin administration

Undiluted arterial blood for measurement of blood glucose (BG) was drawn from an
arterial line inserted for routine monitoring procedures. BG was analyzed by a standard
point-of-care testing device (Abbott Architect CI 8200, Abbott Diagnostics, Maidenhead,
U.K.) every 3 hours.
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No glucose infusion was administered in any of the patients during the study. No insulin
was administered during the operation. Insulin administration was initiated in
postoperative intensive care unit only in patients with blood glucose exceeding 9.9 mmol/l
(in 17 patients altogether — 11 with and 6 without T2DM). Human rapid-acting insulin
(Actrapid HM, Novo Nordisk, Baegsvard, Denmark) was given via central venous line as a
continuous infusion. A standard concentration of 50 IU of insulin in 50 ml of 0.9% NaCl
was used. Target glucose range was 6.0 — 9.9 mmol/l. Normal oral food intake was started

in 18 to 24 hours after the operation in all study subjects.

Anthropometric examination, blood and tissue sampling

Anthropometric examination of study subjects was performed at baseline one day prior to
the operation. All subjects were measured and weighted in light clothes without shoes
using standardized scales and BMI was calculated (weight (kg)/height (m)2). Body surface
area was calculated using the DuBois and DuBois formula. Waist circumference was
measured. The same study nurse did all anthropometric measurements in a standardized
way. Blood samples for hormonal measurements were taken prior to initiation of
anesthesia (baseline), prior to the start of extracorporeal circulation, upon completion of
the operation and 6, 24, 48, and 96 hours after the end of the operation. Serum was
obtained by centrifugation and the samples were subsequently stored in aliquots at -80 °C
until further analysis. In a subgroup of 11 patients blood samples for monocyte isolation
were obtained in Na-EDTA anticoagulant at the start and upon completion of the surgery
and 24 hours after the end of the surgery.

Samples of subcutaneous (thoracic region) and visceral (epicardial) adipose tissue, skeletal
muscle (intercostal muscles) and myocardial muscle (right atrium) for mRNA expression
analysis were taken at the start and prior to the end of the surgery from approximately the
same location in all patients. The samples were obtained from tissues that had not been
previously traumatized mechanically or by cauterization in order to avoid the interference
of local damage with tissue parameters. Tissue samples were collected to 1ml of RNAlater
reagent (Qiagen GmbH, Hilden, Germany) and stored at -80 °C until further analysis. The
average time between the initial and final sampling at the end of the operation was 308

minutes.

Hormonal and biochemical assays
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Serum levels of A-FABP were measured using a commercial ELISA kit (BioVendor,
Modrice, Czech Republic) with a sensitivity of 0.1 ng/ml. The intra- and inter-assay
variability of the kit was less than 7%. Serum C-reactive protein (CRP) levels were
measured by high sensitive assay (Bender Medsystems, Vienna, Austria) with a sensitivity
of 3 pg/ml. The intra- and inter-assay variability of the kit was less than 5% and less than
10%, respectively. Serum insulin concentrations were measured by a commercial RIA kit
(Cis Bio International, Gif-sur-Yvette, France) with a sensitivity of 2.0 pIU/ml and the
intra- and inter-assay variability of the kit was less than 5% and less than 10%,
respectively.

Serum concentrations of interleukin-6 (IL-6), interleukin-8 (IL-8) and monocyte
chemotactic protein-1 (MCP-1) were measured using Human serum adipokine LINCOplex
Kit (panel B) on a Luminex200 instrument (Linco Research, St. Charles, MO, USA).
Sensitivity was 1.6 pg/ml for IL-6, 0.2 pg/ml for IL-8 and 0.14 pg/ml for MCP-1,
respectively. Intra- and inter-assay variability of the kits was 7.8% and 18% for IL-6, 7.9%
and 15% for IL-8, 7.8% and 16% for MCP-1, respectively.

Monocyte separation from whole blood

Peripheral blood leukocytes were obtained from blood samples using Ficoll-Paque Plus
(Amersham Biosciences AB, Sweden). For each sample, 5 ml of blood were slowly added
into the Falcon tube with 3.5 ml of Ficoll-PaqueTMPlus and the tube was centrifuged
immediately. After centrifugation, leukocyte agglomerates were placed in a tube
containing 10 ml of PBS (0.01 M PBS), pH 7.4 and centrifuged again, the supernatant was
discarded, and the cell pellet was dissolved in PBS. After centrifugation the supernatant
was discarded and the pellet was dissolved in DEGAS buffer (0.01 M PBS with 0.5 M
EDTA, pH 8 and 1% BSA). Magnetic activated cell sorting technique (MiniMacs Miltenyi
Biotec, Bergisch Gladbach, Germany) using microbeads coated with CDI14 antibody
(MACS CD14 MicroBeads; Miltenyi Biotec) was used to isolate monocytes from cell
pellet.

Determination of A-FABP mRNA expression

Tissue samples were homogenized on a MagNA Lyser Instrument using MagNA Lyser
Green Beads (Roche Diagnostics GmbH, Mannheim, Germany) and QIAzol Lysis Reagent
(Qiagen GmbH, Hilden, Germany). Total RNA was extracted from the homogenized

sample of subcutaneous and epicardial adipose tissue using RNeasy Lipid Tissue Mini Kit
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(Qiagen GmbH, Hilden, Germany). Total RNA from the homogenized skeletal muscle and
isolated monocytes was extracted on MagNA Pure instrument using MagNA Pure
Compact RNA Isolation (Tissue) kit (Roche Diagnostics GmbH, Mannheim, Germany).
RNA concentration was determined from absorbance at 260 nm on a BioPhotometer
(Eppendorf AG, Hamburg, Germany). The integrity of the RNA was checked by
visualization of 18S and 28S ribosomal bands on 1 % agarose gel with ethidium bromide.
Reverse transcription was performed using 0.25ug of total RNA to synthesize the first
strand cDNA using the random primers as per the instructions of the High-Capacity cDNA
Reverse Transcription Kit (Applied Biosystems, Foster City, CA, USA). Measurements of
A-FABP gene expression were performed on an ABI PRISM 7500 instrument (Applied
Biosystems, Foster City, CA, USA) using TagMan® Universal PCR Master Mix, NO
AmpErase® UNG and specific TagMan® Gene Expression Assays (Applied Biosystems,
Foster City, CA, USA) and nuclease-free water (Fermentas Life Science, Vilnius,
Lithuania). Controls with no template cDNA were performed with each assay and all
samples were run in duplicate at a minimum. The increase in fluorescence was measured in
real time and threshold cycle (CT) values were obtained. To compensate for variations in
the amount of RNA used and the variable efficiency of reverse transcription, the target
gene Ct number was normalized to the endogenous control beta-2-microglobulin (B2M) or

LRP10 and the formula 2-AACt was used to calculate relative gene expression.

Statistical analysis

Statistical analysis was performed on SigmaStat software (Jandel Scientific, San Rafael,
CA, USA). The results are expressed as median (interquartile range) or mean + standard
error of the mean (SEM). Normality of all data was assessed using the Kolmogorov-
Smirnov test.

Changes of hormonal levels during perioperative and postoperative state were evaluated
using one-way repeated measure analysis of variance (RM ANOVA) and multiple
comparisons versus control group test — Dunnett's method. Differences in gene expression
between different tissues during operation were evaluated using one-way RM ANOVA and
all pairwise multiple comparison procedures — Fisher LSD method. Differences between
diabetic and non-diabetic subjects were evaluated using unpaired t-test or Mann-Whitney
rank sum test, according to the normality of data. Correlations were analyzed using
Spearman’s or Pearson’s correlation test, according to the normality of data. In all

statistical tests p values <0.05 were considered significant.
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Results

Clinical characteristics of study participants

Clinical characteristics of study subjects are shown in Table 1. There were no differences
between diabetic and non-diabetic patients with respect to age, body mass index (BMI),
body surface area (BSA), lipid profile and BNP (brain natriuretic peptide). Diabetic
subjects showed higher levels of baseline glucose, insulin, HOMA index and glycated
hemoglobin, while their hsCRP values were slightly, but significantly, lower. Baseline A-
FABP levels tended to be higher in patients with diabetes, although the difference did not

reach statistical significance.

Serum glucose, hormonal and cytokine concentrations during and after surgery.

In both study groups serum A-FABP concentrations during and after the surgical
procedure followed the same pattern, peaking at the end of the surgery and returning to
baseline levels 24 to 48 hours after the end of the procedure (Figure 1). No significant
difference in A-FABP area under the curve (AUC) between the groups or its
concentrations throughout the study period could be seen, although the maximum increase
tended to be higher in the T2DM group (4.6-fold vs. 4.0 fold, p = 0.078). Serum glucose
levels culminated 6 hours after the end of the surgery and normalized 48 hours thereafter
with no difference between both groups except for the values at baseline and prior to the
start of extracorporeal circulation, which were higher in diabetic subjects (Figure 1).
Serum insulin concentrations started to rise in both T2DM and nonT2DM subjects already
during the operation reaching their peaks at 8 to 16 hours after the start of the procedure
and remaining significantly elevated for almost the whole study period. The increase was
more pronounced in subjects with diabetes mellitus (Figure 1). Serum CRP concentrations
peaked in both groups at 24 to 48 hours after the end of the surgery and returned to near
normal values towards the end of the study period, while IL-6, IL-8 and MCP-1 reached
their maximum levels immediately after the end of the surgical procedure. Again, no
significant difference could be seen between T2DM and nonT2DM subjects at any of the
studied timepoints (Figure 2).

A-FABP mRNA expression in adipose tissue, muscle and peripheral monocytes

No significant influence of the performed surgery on A-FABP mRNA expression was

detected in either of the studied adipose or muscle tissues (Figure 3). A-FABP mRNA
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expression in epicardial adipose tissue was significantly lower than in subcutaneous
adipose tissue both at the start and the end of the surgery, while it did not differ between
skeletal and myocardial muscle at any of the studied timepoints (Figure 3). In peripheral
monocytes A-FABP mRNA expression showed a 4.9-fold increase at the end of the
surgery compared to baseline (p<0.05) followed by a significant decrease 24 hours after

the end of the surgery (Figure 4).

Relationship of A-FABP plasma levels and mRNA expression with anthropometric,
biochemical, and hormonal parameters

In the whole study population serum A-FABP area under the curve correlated positively
with baseline HbAlc (R =0.511; p = 0.006) and IL-8 area under the curve (R =0.701; p <
0.001). A-FABP mRNA expression in subcutaneous adipose tissue at the start of the
surgery correlated positively with age (R = 0.417; p = 0.025) and negatively with BSA (R
= -0.434; p = 0.017) and HOMA index (R = -0.425; p = 0.0305). In epicardial adipose
tissue A-FABP mRNA expression showed positive correlation with HDL cholesterol (R =
0.55; p=0.0014), while correlating negatively only with BSA (R =-0.362; p = 0.046). A-
FABP mRNA expression in peripheral monocytes correlated positively with A-FABP
serum concentrations (R = 0.625; p <0.001).

Discussion

Adipocyte fatty acid binding protein (A-FABP) is a recently introduced fat-derived protein
involved in metabolic regulations, low-grade inflammation and the development of
atherosclerosis. In the present study we show that its systemic levels and mRNA
expression in circulating monocytes, albeit not in adipose or muscle tissue, are
significantly increased by major cardiac surgery along with parameters of insulin
resistance and systemic inflammation suggesting a possible role of A-FABP in the
development of perioperative insulin resistance and hyperglycemia of critically ill.

A growing number of epidemiological studies have demonstrated a positive relationship of
A-FABP with metabolic derangements associated with increased adiposity in humans.
Several cross-sectional studies have shown a positive correlation between circulating A-
FABP and components of metabolic syndrome including obesity, insulin resistance and
dyslipidemia (Tonjes et al. 2012, Xu et al. 2006, Cabr¢ et al. 2008). In a recent prospective
trial by Tso et al elevated A-FABP levels predicted the development of type 2 diabetes
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mellitus independently of obesity and insulin resistance during a 10-year follow-up (Tso et
al. 2007). Moreover, serum A-FABP levels were shown to be increased in patients with
coronary artery disease (CAD) verified by coronary angiography (Doi et al. 2011) and
were independently associated with cardiovascular morbidity and mortality in another trial
on subjects with CAD (Eynatten et al. 2012). In our study serum A-FABP reached
relatively higher baseline levels in both groups as compared to previously published data
(Dot et al. 2011). Interestingly, no significant difference between diabetic and non-diabetic
individuals could be detected. These findings could most probably be explained by a high
prevalence of other components of metabolic syndrome (obesity, dyslipidemia) and by the
presence of ischemic heart disease in most of the subjects of both study groups.

Increased production of proinflammatory cytokines and adipokines is a well-established
mechanism leading to the development of insulin resistance and hyperglycemia in patients
undergoing major cardiac surgery (Kremen et al. 2006, Mazurek et al. 2003, Kotulak et al.
2011). Despite its potentially important role in the pathogenesis of type 2 diabetes mellitus
and other obesity-related disorders, minimum data are available about the production,
secretion and function of A-FABP during critical illness or surgery-related stress response.
Here we demonstrate that systemic A-FABP levels rapidly increase (4- to 5-fold) in
response to surgical stress with a subsequent decrease to almost basal levels 24 hours after
the procedure. This pattern shows a striking similarity to peri- and postoperative glycemic
excursions and serum levels of proinflammatory cytokines assessed in the study (IL-6, IL-
8, MCP-1) suggesting thus that circulating A-FABP might be an acute stress response
protein as well as play a role in the development of perioperative insulin resistance and
hyperglycemia of critically ill. Similarly to baseline levels, no difference could be
observed in A-FABP concentrations between diabetic and non-diabetic subjects throughout
the whole study period. This finding seems in line with the absence of difference in other
studied factors between the 2 groups including blood glucose, insulin and proinflammatory
cytokines indicating that metabolic control during and after the performed surgery reached
comparable levels in both groups.

Epicardial adipose tissue has been previously identified as an important source of
inflammatory mediators under basal conditions (Mazurek et al. 2003) and cardiac surgery
increased mRNA expression of proinflammatory cytokines in both epicardial and
subcutaneous adipose tissue (Kremen et al. 2006). In our previous study we demonstrated
that circulating levels and epicardial adipose tissue mRNA expression of fibroblast growth

factor 21 (FGF-21), which is another novel factor involved in metabolic regulations, were
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markedly increased by cardiac surgery (Kotulak et al. 2011). In the present trial baseline
mRNA expression of A-FABP was significantly higher in subcutaneous than in epicardial
adipose tissue. This is in accordance with findings by Fisher et al who demonstrated that
A-FABP mRNA and protein production is elevated in subcutaneous as compared to
visceral adipose depot in both lean and obese subjects (Fisher et al. 2001). Surprisingly, no
effect of cardiac surgery could be seen on mRNA expression of A-FABP in either of the
studied adipose tissue pools. As circulating A-FABP levels peaked at the same time the
second tissue sample was taken, these findings suggest that neither subcutaneous nor
visceral (epicardial) adipose tissue is the primary source of elevated serum A-FABP during
cardiac surgery and that, in contrast to e.g. heart-type fatty acid binding protein (H-FABP),
another type of FABP which was shown to increase in response to operation-related injury
to the heart muscle, A-FABP is not a significant marker of local tissue damage. This was
further confirmed by the results of A-FABP mRNA expression in skeletal and heart muscle
which was considerably lower than in adipose tissue and was also unaffected by the
performed surgery.

Although originally A-FABP has been considered adipocyte specific, macrophages were
shown to be other potentially important source of A-FABP. In experimental models on
primary human monocytes and monocytic cell lines A-FABP mRNA expression became
evident after stimulation with both natural and synthetic peroxisome-proliferator activated
receptor gamma (PPARY) agonists (Pelton et al. 1999). In macrophages lacking A-FABP
(A-FABP—/-) significant reduction in the expression of several inflammatory cytokines
was described (Makowski et al. 2005). Moreover, after exposition to modified lipoproteins
A-FABP —/— macrophages showed reduced inflammatory cytokine production and ability
to accumulate cholesterol (Makowski et al. 2005). Apolipoprotein E (ApoE) deficient and
A-FABP —/— mice were protected against the development of atherosclerosis, while
adipocyte A-FABP +/+, Apoe—/— and macrophage A-FABP —/— mice showed similar
reduction on atherosclerosis compared to total A-FABP deficient mice (Makowski et al.
2001). In a human study on patients undergoing carotid endarterectomy, macrophage A-
FABP mRNA expression was increased in unstable carotid plaques (Agardh et al. 2011).
Another recent study on patients with rheumatoid arthritis demonstrated increased A-
FABP expression in several types of immune cells including synovial macrophages and B-
cells (Andrés Cerezo et al 2013). Taken together, experimental animal and human data
strongly indicate a possible role of macrophage A-FABP in atherogenic processes and

inflammation. In the present study we analyzed mRNA expression of A-FABP in
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peripheral monocytes, which are considered circulating precursors of macrophages (Mraz
et al. 2011). Strikingly, we found a substantial increase in A-FABP expression at the end
of the procedure which practically normalized after 24 hours. This early peak followed by
a relatively rapid normalization almost duplicates the peri- and postoperative excursions of
serum A-FABP suggesting that peripheral monocytes might be one of the primary sources
of increased circulating A-FABP under surgical stress. Moreover, peripheral monocytes
have previously been shown to be important mediators of low-grade inflammation.
Considering the role of A-FABP in the production of proinflammatory cytokines and
activation of endoplasmatic reticulum stress in macrophages (Erbay et al. 2009), up-
regulation of A-FABP mRNA in monocytes might substantially increase their
proinflammatory state, which in turn can potentially contribute to the development of
surgery-related hyperglycemia and insulin resistance.

A recent experimental study demonstrated the existence of direct effects of A-FABP on
cardiomyocytes resulting in acute inhibition of their contraction. The negative inotropic
effect was dependent on A-FABP concentration (Lamounier-Zepter et al. 2009). Thus
elevated levels of circulating or locally produced A-FABP might, at least theoretically,
influence the development of heart dysfunction. To test this hypothesis we analyzed the
relationship between circulating A-FABP and serum brain natriuretic peptide (BNP), a
marker of heart failure. However, we were not able to find any significant relationship
between circulating BNP and serum A-FABP in the whole cohort as well as in either of the
subgroups. Further in vivo studies are needed to evaluate the possible influence of A-
FABP on heart function in various patient populations.

We are aware of several limitations of our study. The relatively small number of study
subjects and high interindividual variability of some of the measured parameters might
have been a potential source of bias throughout the statistical analysis. Full-scale studies
on larger populations with a more diverse spectrum of critical conditions involving also
protein analysis of investigated tissues should be the aim of future research on this topic.
We have demonstrated that irrespectively of the presence of diabetes mellitus elective
cardiac surgery induces significant increase in plasma A-FABP that corresponds with
hyperglycemia, hyperinsulinemia and proinflammatory response. Peripheral monocytes,
and not adipose tissue, seem to be one of the main contributors to this increase. Our data
suggest that circulating A-FABP might be involved in acute perioperative stress response
with a potential role in the development of perioperative insulin resistance and

hyperglycemia of critically ill.
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