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1. Bevezetés

Hidroxil szabad gyok hatasara fenilalaninbol (Phe) para-, meta- és orto-
tirozin (p-Tyr, m-Tyr, o-Tyr) képzddik [1,2]. Ezek kdzul ugyanakkor a p-Tyr
élettanilag nagyrészt enzimatikus uton, a fenilalanin-hidroxilaz hatasara
képzbdik a vesében és kisebb részben a majban [3]. Az ily modon keletkez6 p-
Tyr mennyisége messze meghaladja a szabadgyokos uton képzodottét. A p-Tyr
a glukoneogenezis szubsztratjaként is szolgalhat.

Az m- és az o-Tyr emberben viszont kizarolag az emlitett szabadgyokdos
uton jon létre. A hidroxil szabad gyodk detektalasa — alacsony koncentracioja és
rovid féléletideje miatt — technikailag rendkivil nehézkes, ugyanakkor a
hatasara képz6dd, fent leirt, stabil aminosavmodosulatok jol mérhetdék. E
jellegzetességeiknél fogva az m- és az o-Tyr kivaléan alkalmazhaté hidroxil
szabadgydkmarkerként.

Korabbi in vitro, allatkisérletes és human megfigyelések szerint a
fenilalanin oxidativ moédosulatainak szintje szignifikansan magasabb bizonyos
patologias allapotokban. igy példaul kataraktas lencsék o-Tyr koncentracidja
magasabb, mint nem kataraktas lencséké [4]. A vizelettel UrGl6 o-Tyr
mennyisége magasabb diabéteszesekben és kronikus vesebetegekben, mint
egészségesekben [5]. Akut iszkémias stroke-on atesett betegekben a vizelet
albumin/kreatinin hanyados korrelal a vizelet o-Tyr/kreatinin hanyadosaval [6]. A
természetes antioxidans rezveratrol adasa csokkenti a vizelettel Gralé o-Tyr
mennyiségét és javitja az inzulin-érzékenyseéget 2-es tipusu DM-ben szenvedd
betegekben [7]. Diabéteszes majmok aortajanak fehérjéiben emelkedett o-Tyr
szintet talaltak [8]. Megfigyelések szerint az m-Tyr citotoxikus hatasat annak

sejtfehérjékbe torténd koncentraciofiggd beépulése kodzvetiti [9]. Tovabbi



vizsgalatok alapjan mind az m-Tyr, mind az o-Tyr gatolja a tumorsejt
proliferaciot ragcsalok kulonb6z6 daganat-modelleiben [10].

Kézelmultbéli, in vitro tanulmanyok tanusaga szerint a pathologias
izoformaknak (m- és o-Tyr) szerepe lehet hormonrezisztenciak, igy eritropoetin-
és inzulinrezisztencia kialakulasaban [11-13].

A eritropoesis-stimulalo  agensekkel (ESA) kezelt, végstadiumu
veseelégtelenségben (ESRF) szenved6 betegek ESA-ra adott valaszkészsége
gyakran csokkent, mely allapot fokozott szabadgyok-képzéssel jar egyutt. A
csokkent ESA-valasz hatterében szamos klasszikus ok, igy vas-, félsav-, B12-
vitamin-, vagy karnitin-hiany, vérzés, gyulladas, angiotenzin konvertald6 enzim
(ACE)-gatlé hasznalat, urémias toxinok, elégtelen dializis, hiperparatiroidizmus
és malignus betegségek allhatnak [14-16]. Lényeges Osszefuggést talaltak a
csokkent ESA-érzékenység és a diabétesz, illetve az inzulinrezisztencia
fennallasa kozott [16,17]. ESRF-ben a p-Tyr termelése csokken [5], és az o-Tyr
helyettesitheti azt a fehérjékben.

Szeptikus betegekben emelkedett a kéros Tyr-izoformak szintje. Ehomi
allapotban a vese glukdzkibocsatasa jelentés részét adja a teljes test
glikoztermelésének [18,19]. A vesébdl szarmazé glukéz glukoneogenezis
soran képzédik, amelynek szubsztratjat aminosavak is jelenthetik. A renalis

gliikézkibocsatast gatolja az inzulin [20,21].



2. Célkitlizések

2.1. A kuldonbozé tirozinformak ESA-valaszban betoltott szerepének

vizsgalata (l.)

Dializalt betegek kilénb6z6 csoportjaiban, igy ESA-val kezelt és nem
kezelt hemodializalt betegekben, valamint CAPD-kezelt betegekben,
tovabba egészségesekben kivantuk tanulmanyozni a plazma p- és o-Tyr,
valamint Phe szintjét.

Dializalt betegekben kivantuk vizsgalni a plazma p- és o-Tyr, valamint
Phe szintjének 6sszefliggését ezen betegek ESA-igényével.

Dializalt betegekben kivantuk meghatarozni az ESA-igény statisztikai

elérejelzéit.

2.2. Akulonbozé Tyr-formak és a Phe nem-diabéteszes, szeptikus betegek

szénhidrat-anyagcseréjében betoltott szerepének vizsgalata (11.)

Nem-diabéteszes, szeptikus betegekben kivantuk vizsgalni a Phe és
hidroxilalt szarmazékainak 0sszefliggését a szénhidrat-anyagcsere
paramétereivel.

Nem-diabéteszes, szeptikus betegekben kivantuk meghatarozni a napi
inzulinigény és az inzulin-glikoz szorzat statisztikai el6rejelzéit.
Nem-diabéteszes, szeptikus betegekben vizsgaltuk a vércukoringadozas

Osszefuggését a betegek klinikai kimenetelével.



3. Modszerek

3./1./1. Dializalt betegek (I.)

Els6, keresztmetszeti tanulmanyunkba oOnkéntesek négy csoportjat
vontuk be: egészséges onkénteseket (CONTR; n=16), hemodializalt betegeket,
akik nem részeslilnek ESA-kezelésben (nonESA-HD; n=8), hemodializalt
betegeket, akik részestlnek ESA-kezelésben (ESA-HD; n=40) és folyamatos
ambulans peritonealis dializisben részestilé betegeket (CAPD; n=21). Kizartuk
az akut infekcioban, malignus betegségben és aktiv autoimmun betegségben
szenvedd betegeket. ESA-HD betegeink intravénas darbepoietin-alpha-t (DA)
kaptak hetente, vagy kéthetente. CAPD-s betegeink szubkutan uton kaptak DA-
t. Az ESA-igényt ESA-dozisban, ESA-dozis/testtdomegben, illetve eritropoetin
rezisztencia indexi-ben (ERIi, heti ESA-dozis/testtomeg/hemoglobin) fejeztik
ki. A tanulmanyt a Pécsi Tudomanyegyetem Klinikai Kdzpontjanak Etikai
Bizottsaga jovahagyta (4523). A vizsgalat el6tt minden Onkéntes irasos

beleegyezését adta a tanulmany elvégzéséhez.

3./1./2. Nem-diabéteszes szeptikus betegek (I1.)

Masodik tanulmanyunkat 25, a PTE KK Anesztezioldgiai és Intenziv
Terapias Intézetébe 2012. szeptembere és 2013. oktdbere kozott felvett
betegen végeztik. A vizsgalatba az intenziv osztalyos felvételkor sulyos
szepszis, vagy szeptikus sokk klinikai képét mutaté betegeket valasztottuk be.
A szepszis diagnézisat az ACCP/SCCM 2001-es konszenzus guideline-ja
szerint allitottuk fel [22]. Kizartunk a vizsgalatbdl bizonyos, a normal
immunvalaszt befolyasolé gyogyszeres (pl. krénikus szteroid hasznalat,
immunszuppressziv terapia) vagy egyéb kezelésben (pl. radio-, kemoterapia)

részesulo betegeket, a malignus hematologiai betegségben szenved§, tovabba
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a mar felvételkor oligurias betegeket (a vizeletgyUjtés kivitelezhetetlen volta
miatt). Betegeink kezelése soran a mindenkori aktualis szepszis guideline
ajanlasai szerint jartunk el [23,24]. Alanyainktdl felvételkor (1. nap), majd az azt
kovetdé 4 napon (2-5. nap) nyertunk vérmintat. Emellett gyijtottuk betegeink
vizeletét, a napi mennyiséget feljegyeztik. Meghataroztuk a szérum és a vizelet
kreatinin, a szérum hsCRP és PCT szinteket.

Betegeink a 6-8 mmol/l-es kivant plazma glukézszint fenntartasa
erdekében, csuszdskala alapjan, perfuzorral intravénas, rovidhatasu inzulin
adasaban részesultek. A vércukorszintet a protokollnak megfeleléen, 4
oranként (napi 6 alkalommal), artérias vérgazviszgalat keretében ellendriztik.
Meghataroztuk a napi inzulindézist (DID) és az inzulin-glikéz szorzatot (IGP).
Ezen értékek Osszefliggését vizsgaltuk a Phe és Tyr-paraméterekkel. A
vércukorvariabilitas  jellemzésére  kiszamoltuk az  atlagos  abszolut
glikozvaltozas (MAG) értéket.

A harom Tyr izoforma tubularis transzportjanak vizsgalata érdekében
meghataroztuk azok frakcionalt exkréciojat (FE; FEp-tyr, FEm-Tyr, FEo-Tyr).

A vizsgalati protokollt a Pécsi Tudomanyegyetem Etikai Bizottsaga
hagyta jova (4422) és azt a 2003-as Helsinki Deklaracidé etikai elveinek

megfeleléen végeztik.

3./2. Rutin analitikai eljarasok (1., 11.)

Dializalt betegeken végzett tanulmanyunkban a hagyomanyos, rutin
laboratériumi paramétereket standard laboratériumi modszerekkel hataroztuk
meg. A HD-kezelt betegek vérmintait minden esetben az aktualis HD-kezelés

el6tt nyertuk. Az ESA-igényt kilonb6z6 ESA-indexek segitségével fejeztuk ki,



ugy mint ERI1=ESA-do6zis/testtomeg/hemoglobin; ERI2=ESA-
dozis/testtomeg/hematokrit; ERIs=ESA-ddzis/testtomeg/vorosvértest szam.
Szeptikus betegeink vizsgalata soran a napi hsCRP, PCT és kreatinin
meérések ezen betegek rutin monitorozasanak részeként torténtek.
A fenti rutin laboratériumi vizsgalatokat a PTE KK Laboratoriumi

Medicina Intézetében végeztuk.

3./3. A Tyr-izoformak és a Phe meghatarozasa plazmabél, szérumbdl,
vizeletbdl (1., II.)

A vérmintakat dializalt betegeinktél periférias véna punkcidja utjan vettik
le, EDTA-s csOvekbe, szeptikus betegeinktél central vénas katéterbdl
bocsatottuk le, nativ csdvekbe. Centrifugalassal plazmat, illetve szérumot
nyertink, amit késébbi vizsgalatokig -80 °C-on fagyasztva taroltunk.
Kiindulasként 500 pl plazmahoz/szérumhoz 125 pl triklorecetsavat (TCA TCA,;
Reanal Private Ltd., Budapest, Magyarorszag) adtunk, majd a mintakat 30
percig jégen inkubaltuk. Ezutan a csapadékot centrifugalassal eltavolitottuk. A
feluluszét injektalas el6tt fecskendészirével (0,2 um) (Millipore, Billerica, MA,
USA) szdrtuk. Végul a p-, m-, o-Tyr és Phe szinteket reverz fazisu-HPLC
modszerrel (Shimadzu USA Manufacturing INC, Canby, OR, USA) (Cis szilika
oszlop, 250x4 mm), fluoreszcens detekcidval (Aex=275 nm; Aem=305 nm
tirozinok esetén, Aex=258 nm; Aem=288 nm fenilalanin esetén) hataroztuk meg,
a munkacsoportunk altal korabban leirtak szerint [5]. A vizeletmintak esetén
hasonl6 eljarast alkalmaztunk. Az egyes aminosavak koncentracidjat kuilsé

standardok hasznalataval hataroztuk meg.



3./4. Az ESA o-Tyr szintre gyakorolt hatasanak vizsgalata (1.)

Az ESA-HD csoportbdl 6t beteget egy longitudindlis vizsgalatba is
bevontunk, amely két alkalombdl allt. Az elsé alkalom egy olyan HD-kezelés
volt, amelynek soran a betegek nem részesultek DA-kezelésben (ESA-), mig a
masodik alkalom soran ugyanezek a betegek az aktuadlis HD-kezelés
végeztével (a ,0” id6pontban) kaptak DA-t (ESA+; atlag DA dozis: 28 pg). Egy
alkalmon belll 6sszesen 0Otszor nyertunk téluk vérmintat (60 perccel a HD-
kezelés vége el6tt [-60], a HD-kezelés végen [0], majd 60, 120 és 180 perccel a
HD-kezelés vége utan), ennek kapcsan a plazma-o-Tyr szintjének id6kinetikajat

hataroztuk meg a két vizsgalat soran.

3./5. Statisztikai analizis (I., II.)

A centralis tendenciat és az eloszlas szélességét normalis eloszlas
esetén atlag + szoras (SD), nem normalis eloszlas esetén pedig median
(interquartilis tartomany [IgR]) megadasaval fejeztuk ki. A normalitas
vizsgalatara Kolmogorov-Smirnov tesztet alkalmaztunk. A  csoportok
O0sszehasonlitasat ANOVA segitségével, Bonferroni post hoc teszttel (normalis
eloszlas esetén), vagy Kruskal-Wallis és Mann-Whitney U teszttel (nem
normalis eloszlas esetén) végeztuk. A kategorikus valtozok 6sszehasonlitasara
x> tesztet alkalmaztunk. Korrelaciés vizsgalatként Spearman-korrelaciot
hasznaltunk, mivel a vizsgalt valtozok dont6 részt nem normalis eloszlast
mutattak. Az ESA-, illetve az inzulinigény elbrejelzinek meghatarozasara
tébbvaltozds linearis regresszios vizsgalatokat végeztink, stepwise modszerrel.
Az eredményeket 0,05 alatti p érték esetén értékeltik statisztikailag
szignifikansnak. A statisztikai analizisekhez a Statistical Package for the Social

Sciences (SPSS) 20.0-as verzidjat (IBM Corporation, USA) hasznaltuk.
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4. Eredmények

4./1. A kilonbo6z6 tirozinformak ESA-valaszban betoltott szerepe (1.)

4./1./1. Plazma p- és o-Tyr-szint, o-Tyr/p-Tyr hanyados dializalt betegekben

és egészségesekben

A  kontrollszemélyekkel  Gsszehasonlitva az  Osszes  dializalt
betegcsoportban alacsonyabb p-Tyr szintet talaltunk. Az egyes dializalt
csoportok kozott nem talaltunk kulonbséget. Az o-Tyr-szintie és az orto-
Tyr/para-Tyr hanyados ellenben magasabbnak adodott betegekben. A
klldnb6z6 dializalt betegcsoportokat dsszehasonlitva az o-Tyr szintje és az o-
Tyr/p-Tyr hanyados magasabb volt az ESA-HD, mint a nonESA-HD és a CAPD
csoportban. A nonESA-HD és a CAPD csoport kézétt nem mutatkozott

szignifikans kilénbség.

4./1./2. Az ESA-igény és a plazma o-Tyr-szint, illetve o-Tyr/p-Tyr hanyados
osszefiiggése

A heti ESA-ddzis/testtomeg pozitivan korrelalt a plazma o-Tyr-szintjével.
Ennél er6sebben korrelalt a heti ESA-dozis/testtdomeg a plazma o-Tyr/p-Tyr
hanyadossal. Ezen tulmenben az ERI1 er6s korrelaciot mutatott mind a plazma
o-Tyr-szintjével, mind a plazma o-Tyr/p-Tyr hanyadosaval.

Ezutdan az ESA-igény statisztikai el6rejelzbit kerestik tdbbvaltozos
linearis regresszids analizissel, kulonb6zd modellekben. Az ESA-igényt tobbféle
modon  fejeztik ki, ugy mint ESA-dbézis, ESA-doézis/testtomeg, tovabba
kalonb6z6 ESA-indexekkel, mint ESA-dézis/testtomeg/hemoglobin, ESA-
dozis/testtomeg/hematokrit vagy ESA-dozis/testtomeg/vordsveértest szam (ERIz;
ERI2; ERI3). Meghataroztuk a plazma para-Tyr/Phe, orto-Tyr/Phe és orto-

Tyr/para-Tyr hanyadosat. Ezt a 3 eltér6 aminosav paramétert kuldon-kulon
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szerepeltettik modellekben, az ESA-igény irodalombdl ismert prediktoraival
egyltt. Az els6 modellben a szérum kalcium (se-Ca?*), a szérum anorganikus
foszfat (se-PO4%), a parathormon (PTH) szintje, valamint a maradék vizelet
mennyisége (restdiuresis) és a szérum ferritinszint, mig a masodikban az
életkor, a dializis id6tartama, a hsCRP, a maradék vizeletmennyiség, végul a
szérum ferritin szerepelt az aktualis aminosav paraméter mellett. Sem a p-
Tyr/Phe, sem az o-Tyr/Phe hanyados nem bizonyult fuggetlen elérejelzé6nek
ebben a két modellben. Csaknem valamennyi esetben a maradék
vizeletmennyiség volt az ESA-igény fuggetlen prediktora. Ezzel szemben,
amikor az o-Tyr/p-Tyr hanyadost emeltik be a modellbe, az mind az ESA-dozis,
mind az ESA-indexek fluggetlen elérejelz6jének bizonyult (4. tablazat). Végul
létrehoztunk egy harmadik modellt is, ahol a dializis hatékonysagat jelz6 kt/v
hanyadost szerepeltettiik az életkor, a PTH, a hsCRP, a szérum ferritin és az o-
Tyr/p-Tyr hanyados mellett. Ebben az esetben is az o-Tyr/p-Tyr hanyados

bizonyult az ESA-dozis/testtomeg fluggetlen prediktoranak.

4./1./13. Az ESA plazma o-Tyr-szintre gyakorolt hatasa

Az el6zb részben leirt dsszefluggések egy potencidlis magyarazata
lehetne az ESA-adas hatasara esetlegesen létrejové hidroxil szabadgyok-
képzbdés. Ebben az esetben a magasabb ESA-d6zis nem kdvetkezménye,
sokkal inkdbb oka lenne az oxidativ stressz kapcsan fellép6 aminosav
modosulasnak. E feltételezés kizarasara egy longitudinalis tanulmanyt
végeztlink, amelyben a plazma-o-Tyr-szintek idébeli valtozasat vizsgaltuk két
HD-kezelés alkalmaval: el6szor ESA-adasa nélkil (ESA-), majd ESA-adasa

mellett (ESA+). Nem talaltunk szignifikdns kuldnbséget a két gorbe kdzott.
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4./2. A kilonbo6z6 tirozinformak és a Phe nem-diabéteszes, szeptikus

betegek szénhidrat-anyagcseréjében betoltott szerepe (11.)

4./2./11. A vizelet m-Tyr szint és az inzulinigény 6sszefliggése

Azon betegek vizelet m-Tyr/p-Tyr hanyadosa, akik DID-je median
felettinek adddott, szignifikdnsan magasabb volt, mint a median alatti DID-del
rendelkezéké. Hasonléan, a median feletti IGP-vel rendelkezé betegek vizelet
m-Tyr/p-Tyr hanyadosa szignifikdnsan magasabb volt a median alatti IGP-vel

rendelkezdékénél.

4./2.12. Tyr-paraméterek osszefiiggése az inzulinigénnyel

A vizelet m-Tyr koncentracioja pozitivan korrelalt a DID-del és az IGP-
vel. Hasonldan, a vizelet m-Tyr/p-Tyr hanyadosa pozitivan korrelalt a DID-del
és az IGP-vel.

Az aminosav parameétereket tobbvaltozés linearis regresszios
modellekben kulén-kulon is vizsgaltuk, mint az inzulinigény (DID-ben és IGP-
ben kifejezve) elbrejelzbit. A modell 6sszetevéje volt még a testsuly, a hsCRP,
a PCT, a napi hidrokortizon dézis, valamint a napi dobutamindézis. A szérum
Phe negativ prediktora volt mind a DID-nek, mind az IGP-nek, mig a szérum p-
Tyr/Phe hanyados erfsebb, pozitiv el6rejelzbje lett ezen szénhidrathaztartast
jellemzé paramétereknek. A szérum o-Tyr/Phe hanyados pozitiv prediktora volt
az IGP-nek, ugyanakkor nem birt el6rejelz6 szereppel DID esetén. A vizelet m-
Tyr koncentracidja, tovabba m-Tyr/p-Tyr, o-Tyr/p-Tyr és (m-Tyr+o-Tyr)/p-Tyr
hanyadosa pozitiv prediktora volt mind a DID-nek, mind az IGP-nek. Fenti
aminosav paramétereket egy masik modellben is teszteltuk, ahol a szérum
kreatininszintet szerepeltettuk a testuly helyett. Ebben az esetben is hasonlo

erdményeket kaptunk, mint a testsuly hasznalatakor.
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4./12.13. Az egyes Tyr-izoformak frakcionalt exkréciodja

Mind az FEm-tyr, mind pedig az FEo-1yr szignifikdnsan magasabb volt a
FEp-tyr-nal. ElSbbi ketté kozott is szignifikans kulonbséget talaltunk. Az FEo-tyr
tobb mint haromszor magasabbnak adddott, mint az FEm-1yr . Egyik vizsgalt
aminosav FE-ja sem mutatott 6sszeflggést egyik szénhidrathaztartast jellemzé

paraméterrel sem.

4./12.14. A vércukoringadozas osszefiiggése a tuléléssel

A vércukoringadozas atlagos abszolut glukozvaltozasban (MAG)

megadott értéke magasabb volt az elhalalozott, mint a tulélé betegek korében.
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5. Megbeszélés

5./1. A kiillonboz6 tirozinformak ESA-valaszban betoltott szerepe (1.)

Eredményeink arra utalnak, hogy az o-Tyr/p-Tyr hanyados emelkedése
felelés lehet a dializaltakban tapasztalt csdkkent ESA-érzékenységért. Sem a
plazma o-Tyr/Phe, sem a p-Tyr/Phe hanyados nem volt az ESA-igény fliggetlen
elérejelzéje, ami arra utal, hogy az o-Tyr szint emelkedése, vagy a p-Tyr szint
emelkedése 6nmagaban nem elegend6 az emelkedé ESA-igény elbrejelzésére,
ugyanakkor ezen aminosav izomerek kombinalt és ellentétes iranyu valtozasa
szoros Osszefuggésben van az ESA-ra adott csokkent valaszkészséggel,
vagyis az ESA-val szembeni rezisztenciaval. Ez annak kdvetkezménye lehet,
hogy olyan korulmények kozott, amikor a patholégias o-Tyr koncentracioja
emelkedik, mikdzben a fizioldgias p-Tyr szintje egyidejlleg csokken (pl. ESRF-
ben), a p-Tyr helyett a jelatviteli fehérjékbe transzlacios uton beépuldé o-Tyr
megvaltoztathatja az EPO-R intracellularis jelatvitelét, csOkkent ESA-valaszt
okozva ezzel.

A Phe oxidativ modosulatanak (o-Tyr) vizsgalata kapcsan szilletetet
eredményeink  egybevagnak korabbi  tanulmanyok  medgfigyeléseivel,
amelyekben magasabb tiobarbitursav reaktiv szubsztanciaszint, csokkent
szérum hidroxil szabad gyokfogd aktivitdas és emelkedett 8-hidroxi-2’-
deoxiguanozin-szint tarsult magasabb ESA db6zisokhoz [25,26].

Egy korabbi, a CHOIR vizsgalatra épulé post hoc tanulmanyban
magasabb epoetin-alfa dézis emelkedett kardiovaszkularis eseményrataval jart
egyutt, ami azt sugallja, hogy az epoetin-alfanak valamiféle kardiovaszkularis
rizikonovel6 hatasa lehet [27]. Eredményeink alapjan egy masik mechanizmus

lehetdségét vetjuk fel. Ezen elképzelés szerint a hidroxil szabadgyok-termékek
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emelkedett szintje okozza a csokkent ESA-valaszt, ami eredmeényezi a
magasabb ESA-igényt, és a nagyobb szabadgyok-termelés allhat a fokozott
kardiovaszkularis rizik6 mogott is. Ezt a feltételezést alatamasztjak azon
bizonyitékok, melyek szerint a szabadgyok-termékek interferalnak a MAP/ERK
jelatviteli uttal, tovabba, hogy az ERK1/2 kdzvetlen gatlasa fokozott szivizomsejt
pusztulashoz és ezzel szivelégtelenséghez vezet [10,28]. Vagyis nem a magas
ESA-szint 6nmagaban, hanem az ESA-rezisztencia hatterében all6 oxidativ

stressz vezethet kardiovaszkularis eseményekhez.

5./2. A kiilonbo6z6 tirozinformak és a Phe nem-diabéteszes, szeptikus

betegek szénhidrat-anyagcseréjében betoltott szerepe (11.)

Masodik vizsgalatunkban bizonyitékot szolgaltattunk arra, hogy a hidroxil
szabad gyok hatasara képz6dé Tyr izoformak, az enzimatikusan termel6dott p-
Tyr-nal egyutt Osszefuggenek a nem diabéteszes szeptikus betegek
megvaltozott szénhidrat-haztartasaval, és ezzel befolyasolhatjak ezen betegek

A vizsgalt aminosavak szérum és vizeletbéli koncentracidi, illetve azok
hanyadosai erés statisztikai prediktorai voltak mind a DID-nek, mind az IGP-nek
olyan modellben, ahol az emelkedett inzulinigény ismert elérejelzéi (testtomeg,
hsCRP, PCT, napi hidrokortizon dozis, napi dobutamindézis) szerepeltek. Egy
hasonl6 modellben, ahol a szérumkreatinin szintjét foglaltuk be a testtdmeg
helyett, hasonl6 eredményeket kaptunk, mely arra utal, hogy ezek az
Osszefuggések fuggetlenek a vesefunkciotol.

A szérum-Phe-szint DID-del, valamint IGP-vel val6 0Osszefliggésére
potencialis magyarazat lehetne egy esetlegesen a malnutricié miatt fennallé

generalizalt hipoaminoacidémia. Megvizsgaltuk ezt a lehet6séget, amennyiben
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korrelaltattuk a szérum albuminszintet a DID-del és az IGP-vel. Sem a DID,
sem az IGP nem mutatott korrelaciot a szérum albuminszinttel, ellentétben a
Phe-szinttel.

Az eredményeink, amelyek szerint i) a szérum Phe szint a DID és az IGP
negativ, mig ii) a szérum p-Tyr/Phe hanyados azok erés pozitiv prediktoranak
bizonyult, ugyanakkor emellett iii) a szérum p-Tyr dnmagaban nem volt
elérejelz6, tovabba iv) a szérum p-Tyr szint szeptikus betegekben enyhén, de
nem szignifikans mértékben alacsonyabb volt az egészségesekben leirtakénal
[5] utalhat arra, hogy szeptikus betegekben, normal Phe szint mellett, az abbdl
képz&dd p-Tyr nem csak az export p-Tyr képzését szolgalja, hanem egy része
glukoneogenezis céljabdl elhasznalodik helyben, a vesében. Ezt az a tény is
megerdsiti, miszerint a vizelet p-Tyr/kreatinin hanyadosa és a naponta Uritett p-
Tyr menniysége nem kilénb6zott a glukoneogenezist fokozéd hidrokortizonnal
kezelt és nem kezelt betegek kdzott.

Az oxidativ stresszen tul természetesen szamos egyéb tényezd (ugy
mint a metabolikus allapot, a gyulladas aktualis mértéke, antropometriai
paraméterek, gyogyszerelés) befolyasolja a glikémias kontrollt. Ezért
hasznaltunk a kés6bbiekben linearis regressziot, ahol azonban a testtomegre,
gyulladasos markerekre és a glukoneogenezist fokozd gyogyszerek doézisara
valé korrekcidé utan sem veszett el a vizelet m-Tyr és a glikémias allapot
markerei kozti 6sszefuggés. S6t, ebben az analizisben statisztikailag er6sen
szignifikans kapcsolatot talaltunk. Ez arra utal, hogy ez az oxidativ stressz
hatasara keletkez6 aminosav, a korabbrdl ismert paraméterek mellett — azoktol

fuggetlenll — erés szereppel bir a szénhidrat-anyagcsere befolyasolasaban.
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A vércukoringadozas jelemzésére hasznalt MAG érték és a mortalitas
kapcsolatanak vizsgalatakor kapott eredménylnk egybecseng a korabbi

medfigyelésekkel [29-31].
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=

. A dolgozat tézisei

Dializalt betegek plazma-p-Tyr-szintje alacsonyabb, mint az egészségeseké.
(1)

ESA-val kezelt hemodializalt betegek plazma-o-Tyr-szintje és -o-Tyr/p-Tyr
hanyadosa magasabb, mint az egészségeseke, valamint az ESA-val nem
kezelt hemodializalt és a CAPD-kezelt betegekeé. (1.)

Dializalt betegekben a plazma o-Tyr/p-Tyr hanyadosa forditott
Osszefliggésben all az ESA-ra adott valaszkészseéggel. (1.)

Dializalt betegekben a plazma o-Tyr/p-Tyr hanyadosa az ESA-ra adott
valaszkészség fuggetlen prediktora. (I.)

Nem-diabéteszes szeptikus betegekben a szérum p-Tyr/Phe hanyadosa és
a vizelet m-Tyr-szintje, valamint m-Tyr/p-Tyr hanyadosa pozitiv
Osszeflggésben all a betegek inzulinigényével. (11.)

Nem-diabéteszes szeptikus betegekben a szérum p-Tyr/Phe hanyadosa a
vesében zajlo glukoneogenezis mértékének jeleként erésen elbrejelzi ezen

betegek inzulinigényét. (11.)

. Nem-diabéteszes szeptikus betegekben a vizelet m-Tyr szint, illetve a m-

Tyr/p-Tyr hanyados emelkedése gatolhatja az inzulin hatasat, ezzel er6sen

emelve az ilyen betegek inzulinigényét. (Il.)

17



7. Irodalomjegyzék

[1]

[2]

[3]

[4]

[5]

[6]

[7]

[8]

[9]

Stadtman ER, Berlett BS. Fenton chemistry—Amino acid oxidation. J. Biol.
Chem. 266:17201-17211; 1991.

Galano A, Cruz-Torres A. OH radical reactions with phenylalanine in free
and peptide forms. Org. Biomol. Chem. 6:732-738; 2008.

Ayling JE, Pirson WD, al-Janabi JM, Helfand GD. Kidney phenylalanine
hydroxylase from man and rat. Comparison with the liver enzyme.
Biochemistry 13:78-85; 1974.

Molnar GA, Nemes V, Bir6 Z, Ludany A, Wagner Z, Wittmann |.
Accumulation of the hydroxyl free radical markers meta-, orto-tirozin and
DOPA in cataractous lenses is accompanied by a lower protein and
phenylalanine content of the water-soluble phase. Free. Radic. Res.
39:1359-1366; 2005.

Molnar GA, Wagner Z, Marké L, Készegi T, Mohas M, Kocsis B, Matus Z,
Wagner L, Tamaské M, Mazak |, Laczy B, Nagy J, Wittmann I. Urinary orto-
tirozin excretion in diabetes mellitus and renal failure: evidence for hydroxyl
radical production. Kidney Int. 68:2281-2287; 2005.

Toth P, Koller A, Pusch G, Bosnyak E, Szapary L, Komoly S, Marko L,
Nagy J, Wittmann 1. Microalbuminuria, indicated by total versus
immunoreactive vizelet albumin in acute ischemic stroke patients. J. Stroke
Cerebrovasc. Dis. 20:510-516; 2011.

Brasnyé P, Molnar GA, Mohas M, Marké L, Laczy B, Cseh J, Mikolas E,
Szijarté IA, Mérei A, Halmai R, Mészaros LG, Sumegi B, Wittmann I.
Resveratrol improves insulin sensitivity, reduces oxidative stress and
activates the Akt pathway in type 2 diabetic patients. Br. J. Nutr. 106:383-
389; 2011.

Vivekanadan-Giri A, Wang JH, Byun J, Pennathur S. Mass spectrometric
guantification of amino acid oxidation products identifies oxidative
mechanisms of diabetic end-organ damage. Rev. Endocr. Metab. Disord.
9:275-287; 2008.

Gurer-Orhan H, Ercal N, Mare S, Pennathur S, Orhan H, Heinecke JW.
Misincorporation of free m-tirozin into cellular proteins: a potential cytotoxic

mechanism for oxidized amino acids. Biochem. J. 395:277-284; 2006.

18


http://www.ncbi.nlm.nih.gov/pubmed?term=%22Galano%20A%22%5BAuthor%5D
http://www.ncbi.nlm.nih.gov/pubmed?term=%22Cruz-Torres%20A%22%5BAuthor%5D
http://www.ncbi.nlm.nih.gov/pubmed?term=OH%20radical%20reactions%20with%20phenylalanine%20in%20free%20and%20peptide%20forms
http://www.ncbi.nlm.nih.gov/pubmed?term=Ayling%20JE%5BAuthor%5D&cauthor=true&cauthor_uid=4808705
http://www.ncbi.nlm.nih.gov/pubmed?term=Pirson%20WD%5BAuthor%5D&cauthor=true&cauthor_uid=4808705
http://www.ncbi.nlm.nih.gov/pubmed?term=al-Janabi%20JM%5BAuthor%5D&cauthor=true&cauthor_uid=4808705
http://www.ncbi.nlm.nih.gov/pubmed?term=Helfand%20GD%5BAuthor%5D&cauthor=true&cauthor_uid=4808705
http://www.ncbi.nlm.nih.gov/pubmed/4808705
http://www.ncbi.nlm.nih.gov/pubmed/?term=Moln%C3%A1r%20GA%5BAuthor%5D&cauthor=true&cauthor_uid=16221230
http://www.ncbi.nlm.nih.gov/pubmed/?term=Wagner%20Z%5BAuthor%5D&cauthor=true&cauthor_uid=16221230
http://www.ncbi.nlm.nih.gov/pubmed/?term=Mark%C3%B3%20L%5BAuthor%5D&cauthor=true&cauthor_uid=16221230
http://www.ncbi.nlm.nih.gov/pubmed/?term=K%C3%B3%20Szegi%20T%5BAuthor%5D&cauthor=true&cauthor_uid=16221230
http://www.ncbi.nlm.nih.gov/pubmed/?term=Moh%C3%A1s%20M%5BAuthor%5D&cauthor=true&cauthor_uid=16221230
http://www.ncbi.nlm.nih.gov/pubmed/?term=Kocsis%20B%5BAuthor%5D&cauthor=true&cauthor_uid=16221230
http://www.ncbi.nlm.nih.gov/pubmed/?term=Matus%20Z%5BAuthor%5D&cauthor=true&cauthor_uid=16221230
http://www.ncbi.nlm.nih.gov/pubmed/?term=Wagner%20L%5BAuthor%5D&cauthor=true&cauthor_uid=16221230
http://www.ncbi.nlm.nih.gov/pubmed/?term=Tamask%C3%B3%20M%5BAuthor%5D&cauthor=true&cauthor_uid=16221230
http://www.ncbi.nlm.nih.gov/pubmed/?term=Maz%C3%A1k%20I%5BAuthor%5D&cauthor=true&cauthor_uid=16221230
http://www.ncbi.nlm.nih.gov/pubmed/?term=Laczy%20B%5BAuthor%5D&cauthor=true&cauthor_uid=16221230
http://www.ncbi.nlm.nih.gov/pubmed/?term=Nagy%20J%5BAuthor%5D&cauthor=true&cauthor_uid=16221230
http://www.ncbi.nlm.nih.gov/pubmed/?term=Wittmann%20I%5BAuthor%5D&cauthor=true&cauthor_uid=16221230
http://www.ncbi.nlm.nih.gov/pubmed/?term=Toth%20P%5BAuthor%5D&cauthor=true&cauthor_uid=20813547
http://www.ncbi.nlm.nih.gov/pubmed/?term=Koller%20A%5BAuthor%5D&cauthor=true&cauthor_uid=20813547
http://www.ncbi.nlm.nih.gov/pubmed/?term=Pusch%20G%5BAuthor%5D&cauthor=true&cauthor_uid=20813547
http://www.ncbi.nlm.nih.gov/pubmed/?term=Bosnyak%20E%5BAuthor%5D&cauthor=true&cauthor_uid=20813547
http://www.ncbi.nlm.nih.gov/pubmed/?term=Szapary%20L%5BAuthor%5D&cauthor=true&cauthor_uid=20813547
http://www.ncbi.nlm.nih.gov/pubmed/?term=Komoly%20S%5BAuthor%5D&cauthor=true&cauthor_uid=20813547
http://www.ncbi.nlm.nih.gov/pubmed/?term=Marko%20L%5BAuthor%5D&cauthor=true&cauthor_uid=20813547
http://www.ncbi.nlm.nih.gov/pubmed/?term=Nagy%20J%5BAuthor%5D&cauthor=true&cauthor_uid=20813547
http://www.ncbi.nlm.nih.gov/pubmed/?term=Wittmann%20I%5BAuthor%5D&cauthor=true&cauthor_uid=20813547
http://www.ncbi.nlm.nih.gov/pubmed/?term=Brasny%C3%B3%20P%5BAuthor%5D&cauthor=true&cauthor_uid=21385509
http://www.ncbi.nlm.nih.gov/pubmed/?term=Moln%C3%A1r%20GA%5BAuthor%5D&cauthor=true&cauthor_uid=21385509
http://www.ncbi.nlm.nih.gov/pubmed/?term=Moh%C3%A1s%20M%5BAuthor%5D&cauthor=true&cauthor_uid=21385509
http://www.ncbi.nlm.nih.gov/pubmed/?term=Mark%C3%B3%20L%5BAuthor%5D&cauthor=true&cauthor_uid=21385509
http://www.ncbi.nlm.nih.gov/pubmed/?term=Laczy%20B%5BAuthor%5D&cauthor=true&cauthor_uid=21385509
http://www.ncbi.nlm.nih.gov/pubmed/?term=Cseh%20J%5BAuthor%5D&cauthor=true&cauthor_uid=21385509
http://www.ncbi.nlm.nih.gov/pubmed/?term=Mikol%C3%A1s%20E%5BAuthor%5D&cauthor=true&cauthor_uid=21385509
http://www.ncbi.nlm.nih.gov/pubmed/?term=Szij%C3%A1rt%C3%B3%20IA%5BAuthor%5D&cauthor=true&cauthor_uid=21385509
http://www.ncbi.nlm.nih.gov/pubmed/?term=M%C3%A9rei%20A%5BAuthor%5D&cauthor=true&cauthor_uid=21385509
http://www.ncbi.nlm.nih.gov/pubmed/?term=Halmai%20R%5BAuthor%5D&cauthor=true&cauthor_uid=21385509
http://www.ncbi.nlm.nih.gov/pubmed/?term=M%C3%A9sz%C3%A1ros%20LG%5BAuthor%5D&cauthor=true&cauthor_uid=21385509
http://www.ncbi.nlm.nih.gov/pubmed/?term=S%C3%BCmegi%20B%5BAuthor%5D&cauthor=true&cauthor_uid=21385509
http://www.ncbi.nlm.nih.gov/pubmed/?term=Wittmann%20I%5BAuthor%5D&cauthor=true&cauthor_uid=21385509
http://www.ncbi.nlm.nih.gov/pubmed?term=%22Vivekanadan-Giri%20A%22%5BAuthor%5D
http://www.ncbi.nlm.nih.gov/pubmed?term=%22Wang%20JH%22%5BAuthor%5D
http://www.ncbi.nlm.nih.gov/pubmed?term=%22Byun%20J%22%5BAuthor%5D
http://www.ncbi.nlm.nih.gov/pubmed?term=%22Pennathur%20S%22%5BAuthor%5D
http://www.ncbi.nlm.nih.gov/pubmed?term=Mass%20spectrometric%20quantification%20of%20amino%20acid%20oxidation%20products%20identifies%20oxidative%20mechanisms%20of%20diabetic%20end-organ%20damage
http://www.ncbi.nlm.nih.gov/pubmed?term=%22Gurer-Orhan%20H%22%5BAuthor%5D
http://www.ncbi.nlm.nih.gov/pubmed?term=%22Ercal%20N%22%5BAuthor%5D
http://www.ncbi.nlm.nih.gov/pubmed?term=%22Mare%20S%22%5BAuthor%5D
http://www.ncbi.nlm.nih.gov/pubmed?term=%22Pennathur%20S%22%5BAuthor%5D
http://www.ncbi.nlm.nih.gov/pubmed?term=%22Orhan%20H%22%5BAuthor%5D
http://www.ncbi.nlm.nih.gov/pubmed?term=%22Heinecke%20JW%22%5BAuthor%5D
http://www.ncbi.nlm.nih.gov/pubmed?term=Misincorporation%20of%20free%20m%20-tyrosine%20into%20cellular%20proteins%3A%20a%20potential%20cytotoxic%20mechanism%20for%20oxidized%20amino%20acids

[10]Ruggiero RA, Bruzzo J, Chiarella P, di Gianni P, Isturiz MA, Linskens S,
Speziale N, Meiss RP, Bustuoabad OD, Pasqualini CD. Tirozin isomers
mediate the classical phenomenon of concomitant tumor resistance. Cancer
Res. 71:7113-7124; 2011.

[11]Mikolas E, Kun S, Laczy B, Molnar GA, Sélley E, Készegi T, Wittmann I.
Incorporation of Ortho- and Meta-Tyrosine Into Cellular Proteins Leads to
Erythropoietin-Resistance in an Erythroid Cell Line. Kidney Blood Press.
Res. 38:217-225; 2014.

[12] Szijartd 1A, Molnar GA, Mikolas E, Fisi V, Laczy B, Gollasch M, Koller A,
Wittmann |. Increase in insulin-induced relaxation of consecutive arterial
segments toward the periphery: Role of vascular oxidative state. Free
Radic. Res. 48:749-757; 2014.

[13]Szijartd IA, Molnar GA, Mikolas E, Fisi V, Cseh J, Laczy B, Kovacs T, Boddi
K, Takatsy A, Gollasch M, Koller A, Wittmann |. Elevated vascular level of
ortho-tyrosine contributes to the impairment of insulin-induced arterial
relaxation. Horm. Metab. Res. 46:749-752; 2014.

[14]Locatelli F, Covic A, Macdougall IC, Wiecek A. ORAMA: a study to
investigate EBPG impact on renal anaemia - design and baseline data. J.
Nephrol. 21:592-603; 2008.

[15]Johnson DW, Pollock CA, Macdougall IC. Erythropoiesis-stimulating agent
hyporesponsiveness. Nephrology (Carlton) 12:321-330; 2007.

[16]Rossert J, Gassmann-Mayer C, Frei D, McClellan W. Prevalence and
predictors of epoetin hyporesponsiveness in chronic kidney disease
patients. Nephrol. Dial. Transplant. 22:794-800; 2007.

[17]Abe M, Okada K, Soma M, Matsumoto K. Relationship between insulin
resistance and erythropoietin responsiveness in hemodialysis patients. Clin.
Nephrol. 75:49-58; 2011.

[18] Stumvoll, M., U. Chintalapudi, G. Perriello, S. Welle, O. Gutierrez, and J.
Gerich. Uptake and release of glucose by the human kidney: postabsorptive
rates and responses to epinephrine. J. Clin. Invest. 96:2528-2533; 1995.

[19]Meyer, C., V. Nadkarni, M. Stumvoll, and J. Gerich. Human kidney free fatty
acid and glucose uptake: evidence for a renal glucose-fatty acid cycle. Am.
J. Physiol. 273:650-654; 1997.

19


http://www.ncbi.nlm.nih.gov/pubmed/?term=Ruggiero%20RA%5BAuthor%5D&cauthor=true&cauthor_uid=22084446
http://www.ncbi.nlm.nih.gov/pubmed/?term=Bruzzo%20J%5BAuthor%5D&cauthor=true&cauthor_uid=22084446
http://www.ncbi.nlm.nih.gov/pubmed/?term=Chiarella%20P%5BAuthor%5D&cauthor=true&cauthor_uid=22084446
http://www.ncbi.nlm.nih.gov/pubmed/?term=di%20Gianni%20P%5BAuthor%5D&cauthor=true&cauthor_uid=22084446
http://www.ncbi.nlm.nih.gov/pubmed/?term=Isturiz%20MA%5BAuthor%5D&cauthor=true&cauthor_uid=22084446
http://www.ncbi.nlm.nih.gov/pubmed/?term=Linskens%20S%5BAuthor%5D&cauthor=true&cauthor_uid=22084446
http://www.ncbi.nlm.nih.gov/pubmed/?term=Speziale%20N%5BAuthor%5D&cauthor=true&cauthor_uid=22084446
http://www.ncbi.nlm.nih.gov/pubmed/?term=Meiss%20RP%5BAuthor%5D&cauthor=true&cauthor_uid=22084446
http://www.ncbi.nlm.nih.gov/pubmed/?term=Bustuoabad%20OD%5BAuthor%5D&cauthor=true&cauthor_uid=22084446
http://www.ncbi.nlm.nih.gov/pubmed/?term=Pasqualini%20CD%5BAuthor%5D&cauthor=true&cauthor_uid=22084446
http://www.ncbi.nlm.nih.gov/pubmed/22084446
http://www.ncbi.nlm.nih.gov/pubmed/22084446
http://www.ncbi.nlm.nih.gov/pubmed?term=Mikol%C3%A1s%20E%5BAuthor%5D&cauthor=true&cauthor_uid=24751667
http://www.ncbi.nlm.nih.gov/pubmed?term=Kun%20S%5BAuthor%5D&cauthor=true&cauthor_uid=24751667
http://www.ncbi.nlm.nih.gov/pubmed?term=Laczy%20B%5BAuthor%5D&cauthor=true&cauthor_uid=24751667
http://www.ncbi.nlm.nih.gov/pubmed?term=Moln%C3%A1r%20GA%5BAuthor%5D&cauthor=true&cauthor_uid=24751667
http://www.ncbi.nlm.nih.gov/pubmed?term=S%C3%A9lley%20E%5BAuthor%5D&cauthor=true&cauthor_uid=24751667
http://www.ncbi.nlm.nih.gov/pubmed?term=K%C5%91szegi%20T%5BAuthor%5D&cauthor=true&cauthor_uid=24751667
http://www.ncbi.nlm.nih.gov/pubmed?term=Wittmann%20I%5BAuthor%5D&cauthor=true&cauthor_uid=24751667
http://www.ncbi.nlm.nih.gov/pubmed/24751667
http://www.ncbi.nlm.nih.gov/pubmed/24751667
http://www.ncbi.nlm.nih.gov/pubmed?term=Szij%C3%A1rt%C3%B3%20IA%5BAuthor%5D&cauthor=true&cauthor_uid=24628420
http://www.ncbi.nlm.nih.gov/pubmed?term=Moln%C3%A1r%20GA%5BAuthor%5D&cauthor=true&cauthor_uid=24628420
http://www.ncbi.nlm.nih.gov/pubmed?term=Mikol%C3%A1s%20E%5BAuthor%5D&cauthor=true&cauthor_uid=24628420
http://www.ncbi.nlm.nih.gov/pubmed?term=Fisi%20V%5BAuthor%5D&cauthor=true&cauthor_uid=24628420
http://www.ncbi.nlm.nih.gov/pubmed?term=Laczy%20B%5BAuthor%5D&cauthor=true&cauthor_uid=24628420
http://www.ncbi.nlm.nih.gov/pubmed?term=Gollasch%20M%5BAuthor%5D&cauthor=true&cauthor_uid=24628420
http://www.ncbi.nlm.nih.gov/pubmed?term=Koller%20A%5BAuthor%5D&cauthor=true&cauthor_uid=24628420
http://www.ncbi.nlm.nih.gov/pubmed?term=Wittmann%20I%5BAuthor%5D&cauthor=true&cauthor_uid=24628420
http://www.ncbi.nlm.nih.gov/pubmed/24628420
http://www.ncbi.nlm.nih.gov/pubmed/24628420
http://www.ncbi.nlm.nih.gov/pubmed/?term=Szij%C3%A1rt%C3%B3%20IA%5BAuthor%5D&cauthor=true&cauthor_uid=25208272
http://www.ncbi.nlm.nih.gov/pubmed/?term=Moln%C3%A1r%20GA%5BAuthor%5D&cauthor=true&cauthor_uid=25208272
http://www.ncbi.nlm.nih.gov/pubmed/?term=Mikol%C3%A1s%20E%5BAuthor%5D&cauthor=true&cauthor_uid=25208272
http://www.ncbi.nlm.nih.gov/pubmed/?term=Fisi%20V%5BAuthor%5D&cauthor=true&cauthor_uid=25208272
http://www.ncbi.nlm.nih.gov/pubmed/?term=Cseh%20J%5BAuthor%5D&cauthor=true&cauthor_uid=25208272
http://www.ncbi.nlm.nih.gov/pubmed/?term=Laczy%20B%5BAuthor%5D&cauthor=true&cauthor_uid=25208272
http://www.ncbi.nlm.nih.gov/pubmed/?term=Kov%C3%A1cs%20T%5BAuthor%5D&cauthor=true&cauthor_uid=25208272
http://www.ncbi.nlm.nih.gov/pubmed/?term=B%C3%B6ddi%20K%5BAuthor%5D&cauthor=true&cauthor_uid=25208272
http://www.ncbi.nlm.nih.gov/pubmed/?term=B%C3%B6ddi%20K%5BAuthor%5D&cauthor=true&cauthor_uid=25208272
http://www.ncbi.nlm.nih.gov/pubmed/?term=Tak%C3%A1tsy%20A%5BAuthor%5D&cauthor=true&cauthor_uid=25208272
http://www.ncbi.nlm.nih.gov/pubmed/?term=Gollasch%20M%5BAuthor%5D&cauthor=true&cauthor_uid=25208272
http://www.ncbi.nlm.nih.gov/pubmed/?term=Koller%20A%5BAuthor%5D&cauthor=true&cauthor_uid=25208272
http://www.ncbi.nlm.nih.gov/pubmed/?term=Wittmann%20I%5BAuthor%5D&cauthor=true&cauthor_uid=25208272
http://www.ncbi.nlm.nih.gov/pubmed/25208272
http://www.ncbi.nlm.nih.gov/pubmed?term=%22Locatelli%20F%22%5BAuthor%5D
http://www.ncbi.nlm.nih.gov/pubmed?term=%22Covic%20A%22%5BAuthor%5D
http://www.ncbi.nlm.nih.gov/pubmed?term=%22Macdougall%20IC%22%5BAuthor%5D
http://www.ncbi.nlm.nih.gov/pubmed?term=%22Wiecek%20A%22%5BAuthor%5D
http://www.ncbi.nlm.nih.gov/pubmed/18651551
http://www.ncbi.nlm.nih.gov/pubmed/18651551
http://www.ncbi.nlm.nih.gov/pubmed?term=%22Johnson%20DW%22%5BAuthor%5D
http://www.ncbi.nlm.nih.gov/pubmed?term=%22Pollock%20CA%22%5BAuthor%5D
http://www.ncbi.nlm.nih.gov/pubmed?term=%22Macdougall%20IC%22%5BAuthor%5D
http://www.ncbi.nlm.nih.gov/pubmed?term=Erythropoiesis-stimulating%20agent%20hyporesponsiveness%20johnsson
http://www.ncbi.nlm.nih.gov/pubmed?term=%22Rossert%20J%22%5BAuthor%5D
http://www.ncbi.nlm.nih.gov/pubmed?term=%22Gassmann-Mayer%20C%22%5BAuthor%5D
http://www.ncbi.nlm.nih.gov/pubmed?term=%22Frei%20D%22%5BAuthor%5D
http://www.ncbi.nlm.nih.gov/pubmed?term=%22McClellan%20W%22%5BAuthor%5D
http://www.ncbi.nlm.nih.gov/pubmed/17210593
http://www.ncbi.nlm.nih.gov/pubmed?term=%22Abe%20M%22%5BAuthor%5D
http://www.ncbi.nlm.nih.gov/pubmed?term=%22Okada%20K%22%5BAuthor%5D
http://www.ncbi.nlm.nih.gov/pubmed?term=%22Soma%20M%22%5BAuthor%5D
http://www.ncbi.nlm.nih.gov/pubmed?term=%22Matsumoto%20K%22%5BAuthor%5D
http://www.ncbi.nlm.nih.gov/pubmed/21176750
http://www.ncbi.nlm.nih.gov/pubmed/21176750

[20]Meyer C, Dostou J, Nadkarni V, Gerich J. Effects of physiological
hyperinsulinemia on systemic, renal and hepatic substrate metabolism. Am.
J. Physiol. 275:F915-921; 1998.

[21]Cersosimo E, Garlick P, Ferretti J. Insulin regulation of renal glucose
metabolism in humans. Am. J. Physiol. 276:E78-84; 1999.

[22]Levy MM, Fink MP, Marshall JC, Abraham E, Angus D, Cook D, Cohen J,
Opal SM, Vincent JL, Ramsay G. 2001 SCCM/ESICM/ACCP/ATS/SIS
International Sepsis Definitions Conference. Crit. Care Med. 31:1250-1256;
2003.

[23]Dellinger RP, Levy MM, Carlet JM, Bion J, Parker MM, Jaeschke
R, Reinhart K, Angus DC, Brun-Buisson C, Beale R, Calandra T, Dhainaut
JF, Gerlach H, Harvey M, Marini JJ, Marshall J, Ranieri M, Ramsay
G, Sevransky J, Thompson BT, Townsend S, Vender JS, Zimmerman
JL, Vincent JL; International Surviving Sepsis Campaign Guidelines
Committee; American Association of Critical-Care Nurses; American
College of Chest Physicians; American College of Emergency
Physicians; Canadian Critical Care Society; European Society of Clinical
Microbiology and Infectious Diseases; European Society of Intensive Care
Medicine; European Respiratory Society; International Sepsis
Forum; Japanese Association for Acute Medicine; Japanese Society of
Intensive Care Medicine; Society of Critical Care Medicine; Society of
Hospital Medicine; Surgical Infection Society; World Federation of Societies
of Intensive and Critical Care Medicine. Surviving Sepsis Campaign:
international guidelines for management of severe sepsis and septic shock:
2008. Crit Care Med. 36:296-327; 2008.

[24]Dellinger RP, Levy MM, Rhodes A, Annane D, Gerlach H, Opal SM,
Sevransky JE, Sprung CL, Douglas IS, Jaeschke R, Osborn TM, Nunnally
ME, Townsend SR, Reinhart K, Kleinpell RM, Angus DC, Deutschman CS,
Machado FR, Rubenfeld GD, Webb S, Beale RJ, Vincent JL, Moreno R.
Surviving Sepsis Campaign: International Guidelines for Management of
Severe Sepsis and Septic Shock 2012. Intensive Care Med. 39:165-228;
2013.

[25]Hirayama A, Nagase S, Gotoh M, Ueda A, Ishizu T, Yoh K, Aoyagi K, Terao

J, Koyama A. Reduced serum hydroxyl radical scavenging activity in

20


http://www.ncbi.nlm.nih.gov/pubmed?term=Cersosimo%20E%5BAuthor%5D&cauthor=true&cauthor_uid=9886953
http://www.ncbi.nlm.nih.gov/pubmed?term=Garlick%20P%5BAuthor%5D&cauthor=true&cauthor_uid=9886953
http://www.ncbi.nlm.nih.gov/pubmed?term=Ferretti%20J%5BAuthor%5D&cauthor=true&cauthor_uid=9886953
http://www.ncbi.nlm.nih.gov/pubmed/?term=EUGENIO+CERSOSIMO%2C+PETER+GARLICK%2C+AND+JOHN+FERRETTI%3A+Insulin+regulation+of+renal+glucose+metabolism+in+humans
http://www.ncbi.nlm.nih.gov/pubmed?term=Levy%20MM%5BAuthor%5D&cauthor=true&cauthor_uid=12682500
http://www.ncbi.nlm.nih.gov/pubmed?term=Fink%20MP%5BAuthor%5D&cauthor=true&cauthor_uid=12682500
http://www.ncbi.nlm.nih.gov/pubmed?term=Marshall%20JC%5BAuthor%5D&cauthor=true&cauthor_uid=12682500
http://www.ncbi.nlm.nih.gov/pubmed?term=Abraham%20E%5BAuthor%5D&cauthor=true&cauthor_uid=12682500
http://www.ncbi.nlm.nih.gov/pubmed?term=Angus%20D%5BAuthor%5D&cauthor=true&cauthor_uid=12682500
http://www.ncbi.nlm.nih.gov/pubmed?term=Cook%20D%5BAuthor%5D&cauthor=true&cauthor_uid=12682500
http://www.ncbi.nlm.nih.gov/pubmed?term=Cohen%20J%5BAuthor%5D&cauthor=true&cauthor_uid=12682500
http://www.ncbi.nlm.nih.gov/pubmed?term=Opal%20SM%5BAuthor%5D&cauthor=true&cauthor_uid=12682500
http://www.ncbi.nlm.nih.gov/pubmed?term=Vincent%20JL%5BAuthor%5D&cauthor=true&cauthor_uid=12682500
http://www.ncbi.nlm.nih.gov/pubmed?term=Ramsay%20G%5BAuthor%5D&cauthor=true&cauthor_uid=12682500
https://www.ncbi.nlm.nih.gov/pubmed/?term=Dellinger%20RP%5BAuthor%5D&cauthor=true&cauthor_uid=18158437
https://www.ncbi.nlm.nih.gov/pubmed/?term=Levy%20MM%5BAuthor%5D&cauthor=true&cauthor_uid=18158437
https://www.ncbi.nlm.nih.gov/pubmed/?term=Carlet%20JM%5BAuthor%5D&cauthor=true&cauthor_uid=18158437
https://www.ncbi.nlm.nih.gov/pubmed/?term=Bion%20J%5BAuthor%5D&cauthor=true&cauthor_uid=18158437
https://www.ncbi.nlm.nih.gov/pubmed/?term=Parker%20MM%5BAuthor%5D&cauthor=true&cauthor_uid=18158437
https://www.ncbi.nlm.nih.gov/pubmed/?term=Jaeschke%20R%5BAuthor%5D&cauthor=true&cauthor_uid=18158437
https://www.ncbi.nlm.nih.gov/pubmed/?term=Jaeschke%20R%5BAuthor%5D&cauthor=true&cauthor_uid=18158437
https://www.ncbi.nlm.nih.gov/pubmed/?term=Reinhart%20K%5BAuthor%5D&cauthor=true&cauthor_uid=18158437
https://www.ncbi.nlm.nih.gov/pubmed/?term=Angus%20DC%5BAuthor%5D&cauthor=true&cauthor_uid=18158437
https://www.ncbi.nlm.nih.gov/pubmed/?term=Brun-Buisson%20C%5BAuthor%5D&cauthor=true&cauthor_uid=18158437
https://www.ncbi.nlm.nih.gov/pubmed/?term=Beale%20R%5BAuthor%5D&cauthor=true&cauthor_uid=18158437
https://www.ncbi.nlm.nih.gov/pubmed/?term=Calandra%20T%5BAuthor%5D&cauthor=true&cauthor_uid=18158437
https://www.ncbi.nlm.nih.gov/pubmed/?term=Dhainaut%20JF%5BAuthor%5D&cauthor=true&cauthor_uid=18158437
https://www.ncbi.nlm.nih.gov/pubmed/?term=Dhainaut%20JF%5BAuthor%5D&cauthor=true&cauthor_uid=18158437
https://www.ncbi.nlm.nih.gov/pubmed/?term=Gerlach%20H%5BAuthor%5D&cauthor=true&cauthor_uid=18158437
https://www.ncbi.nlm.nih.gov/pubmed/?term=Harvey%20M%5BAuthor%5D&cauthor=true&cauthor_uid=18158437
https://www.ncbi.nlm.nih.gov/pubmed/?term=Marini%20JJ%5BAuthor%5D&cauthor=true&cauthor_uid=18158437
https://www.ncbi.nlm.nih.gov/pubmed/?term=Marshall%20J%5BAuthor%5D&cauthor=true&cauthor_uid=18158437
https://www.ncbi.nlm.nih.gov/pubmed/?term=Ranieri%20M%5BAuthor%5D&cauthor=true&cauthor_uid=18158437
https://www.ncbi.nlm.nih.gov/pubmed/?term=Ramsay%20G%5BAuthor%5D&cauthor=true&cauthor_uid=18158437
https://www.ncbi.nlm.nih.gov/pubmed/?term=Ramsay%20G%5BAuthor%5D&cauthor=true&cauthor_uid=18158437
https://www.ncbi.nlm.nih.gov/pubmed/?term=Sevransky%20J%5BAuthor%5D&cauthor=true&cauthor_uid=18158437
https://www.ncbi.nlm.nih.gov/pubmed/?term=Thompson%20BT%5BAuthor%5D&cauthor=true&cauthor_uid=18158437
https://www.ncbi.nlm.nih.gov/pubmed/?term=Townsend%20S%5BAuthor%5D&cauthor=true&cauthor_uid=18158437
https://www.ncbi.nlm.nih.gov/pubmed/?term=Vender%20JS%5BAuthor%5D&cauthor=true&cauthor_uid=18158437
https://www.ncbi.nlm.nih.gov/pubmed/?term=Zimmerman%20JL%5BAuthor%5D&cauthor=true&cauthor_uid=18158437
https://www.ncbi.nlm.nih.gov/pubmed/?term=Zimmerman%20JL%5BAuthor%5D&cauthor=true&cauthor_uid=18158437
https://www.ncbi.nlm.nih.gov/pubmed/?term=Vincent%20JL%5BAuthor%5D&cauthor=true&cauthor_uid=18158437
https://www.ncbi.nlm.nih.gov/pubmed/?term=International%20Surviving%20Sepsis%20Campaign%20Guidelines%20Committee%5BCorporate%20Author%5D
https://www.ncbi.nlm.nih.gov/pubmed/?term=International%20Surviving%20Sepsis%20Campaign%20Guidelines%20Committee%5BCorporate%20Author%5D
https://www.ncbi.nlm.nih.gov/pubmed/?term=American%20Association%20of%20Critical-Care%20Nurses%5BCorporate%20Author%5D
https://www.ncbi.nlm.nih.gov/pubmed/?term=American%20College%20of%20Chest%20Physicians%5BCorporate%20Author%5D
https://www.ncbi.nlm.nih.gov/pubmed/?term=American%20College%20of%20Chest%20Physicians%5BCorporate%20Author%5D
https://www.ncbi.nlm.nih.gov/pubmed/?term=American%20College%20of%20Emergency%20Physicians%5BCorporate%20Author%5D
https://www.ncbi.nlm.nih.gov/pubmed/?term=American%20College%20of%20Emergency%20Physicians%5BCorporate%20Author%5D
https://www.ncbi.nlm.nih.gov/pubmed/?term=Canadian%20Critical%20Care%20Society%5BCorporate%20Author%5D
https://www.ncbi.nlm.nih.gov/pubmed/?term=European%20Society%20of%20Clinical%20Microbiology%20and%20Infectious%20Diseases%5BCorporate%20Author%5D
https://www.ncbi.nlm.nih.gov/pubmed/?term=European%20Society%20of%20Clinical%20Microbiology%20and%20Infectious%20Diseases%5BCorporate%20Author%5D
https://www.ncbi.nlm.nih.gov/pubmed/?term=European%20Society%20of%20Intensive%20Care%20Medicine%5BCorporate%20Author%5D
https://www.ncbi.nlm.nih.gov/pubmed/?term=European%20Society%20of%20Intensive%20Care%20Medicine%5BCorporate%20Author%5D
https://www.ncbi.nlm.nih.gov/pubmed/?term=European%20Respiratory%20Society%5BCorporate%20Author%5D
https://www.ncbi.nlm.nih.gov/pubmed/?term=International%20Sepsis%20Forum%5BCorporate%20Author%5D
https://www.ncbi.nlm.nih.gov/pubmed/?term=International%20Sepsis%20Forum%5BCorporate%20Author%5D
https://www.ncbi.nlm.nih.gov/pubmed/?term=Japanese%20Association%20for%20Acute%20Medicine%5BCorporate%20Author%5D
https://www.ncbi.nlm.nih.gov/pubmed/?term=Japanese%20Society%20of%20Intensive%20Care%20Medicine%5BCorporate%20Author%5D
https://www.ncbi.nlm.nih.gov/pubmed/?term=Japanese%20Society%20of%20Intensive%20Care%20Medicine%5BCorporate%20Author%5D
https://www.ncbi.nlm.nih.gov/pubmed/?term=Society%20of%20Critical%20Care%20Medicine%5BCorporate%20Author%5D
https://www.ncbi.nlm.nih.gov/pubmed/?term=Society%20of%20Hospital%20Medicine%5BCorporate%20Author%5D
https://www.ncbi.nlm.nih.gov/pubmed/?term=Society%20of%20Hospital%20Medicine%5BCorporate%20Author%5D
https://www.ncbi.nlm.nih.gov/pubmed/?term=Surgical%20Infection%20Society%5BCorporate%20Author%5D
https://www.ncbi.nlm.nih.gov/pubmed/?term=World%20Federation%20of%20Societies%20of%20Intensive%20and%20Critical%20Care%20Medicine%5BCorporate%20Author%5D
https://www.ncbi.nlm.nih.gov/pubmed/?term=World%20Federation%20of%20Societies%20of%20Intensive%20and%20Critical%20Care%20Medicine%5BCorporate%20Author%5D
https://www.ncbi.nlm.nih.gov/pubmed/18158437
http://www.ncbi.nlm.nih.gov/pubmed?term=Dellinger%20RP%5BAuthor%5D&cauthor=true&cauthor_uid=23361625
http://www.ncbi.nlm.nih.gov/pubmed?term=Levy%20MM%5BAuthor%5D&cauthor=true&cauthor_uid=23361625
http://www.ncbi.nlm.nih.gov/pubmed?term=Rhodes%20A%5BAuthor%5D&cauthor=true&cauthor_uid=23361625
http://www.ncbi.nlm.nih.gov/pubmed?term=Annane%20D%5BAuthor%5D&cauthor=true&cauthor_uid=23361625
http://www.ncbi.nlm.nih.gov/pubmed?term=Gerlach%20H%5BAuthor%5D&cauthor=true&cauthor_uid=23361625
http://www.ncbi.nlm.nih.gov/pubmed?term=Opal%20SM%5BAuthor%5D&cauthor=true&cauthor_uid=23361625
http://www.ncbi.nlm.nih.gov/pubmed?term=Sevransky%20JE%5BAuthor%5D&cauthor=true&cauthor_uid=23361625
http://www.ncbi.nlm.nih.gov/pubmed?term=Sprung%20CL%5BAuthor%5D&cauthor=true&cauthor_uid=23361625
http://www.ncbi.nlm.nih.gov/pubmed?term=Douglas%20IS%5BAuthor%5D&cauthor=true&cauthor_uid=23361625
http://www.ncbi.nlm.nih.gov/pubmed?term=Jaeschke%20R%5BAuthor%5D&cauthor=true&cauthor_uid=23361625
http://www.ncbi.nlm.nih.gov/pubmed?term=Osborn%20TM%5BAuthor%5D&cauthor=true&cauthor_uid=23361625
http://www.ncbi.nlm.nih.gov/pubmed?term=Nunnally%20ME%5BAuthor%5D&cauthor=true&cauthor_uid=23361625
http://www.ncbi.nlm.nih.gov/pubmed?term=Nunnally%20ME%5BAuthor%5D&cauthor=true&cauthor_uid=23361625
http://www.ncbi.nlm.nih.gov/pubmed?term=Townsend%20SR%5BAuthor%5D&cauthor=true&cauthor_uid=23361625
http://www.ncbi.nlm.nih.gov/pubmed?term=Reinhart%20K%5BAuthor%5D&cauthor=true&cauthor_uid=23361625
http://www.ncbi.nlm.nih.gov/pubmed?term=Kleinpell%20RM%5BAuthor%5D&cauthor=true&cauthor_uid=23361625
http://www.ncbi.nlm.nih.gov/pubmed?term=Angus%20DC%5BAuthor%5D&cauthor=true&cauthor_uid=23361625
http://www.ncbi.nlm.nih.gov/pubmed?term=Deutschman%20CS%5BAuthor%5D&cauthor=true&cauthor_uid=23361625
http://www.ncbi.nlm.nih.gov/pubmed?term=Machado%20FR%5BAuthor%5D&cauthor=true&cauthor_uid=23361625
http://www.ncbi.nlm.nih.gov/pubmed?term=Rubenfeld%20GD%5BAuthor%5D&cauthor=true&cauthor_uid=23361625
http://www.ncbi.nlm.nih.gov/pubmed?term=Webb%20S%5BAuthor%5D&cauthor=true&cauthor_uid=23361625
http://www.ncbi.nlm.nih.gov/pubmed?term=Beale%20RJ%5BAuthor%5D&cauthor=true&cauthor_uid=23361625
http://www.ncbi.nlm.nih.gov/pubmed?term=Vincent%20JL%5BAuthor%5D&cauthor=true&cauthor_uid=23361625
http://www.ncbi.nlm.nih.gov/pubmed?term=Moreno%20R%5BAuthor%5D&cauthor=true&cauthor_uid=23361625
http://www.ncbi.nlm.nih.gov/pubmed/?term=Hirayama%20A%5BAuthor%5D&cauthor=true&cauthor_uid=12592667
http://www.ncbi.nlm.nih.gov/pubmed/?term=Nagase%20S%5BAuthor%5D&cauthor=true&cauthor_uid=12592667
http://www.ncbi.nlm.nih.gov/pubmed/?term=Gotoh%20M%5BAuthor%5D&cauthor=true&cauthor_uid=12592667
http://www.ncbi.nlm.nih.gov/pubmed/?term=Ueda%20A%5BAuthor%5D&cauthor=true&cauthor_uid=12592667
http://www.ncbi.nlm.nih.gov/pubmed/?term=Ishizu%20T%5BAuthor%5D&cauthor=true&cauthor_uid=12592667
http://www.ncbi.nlm.nih.gov/pubmed/?term=Yoh%20K%5BAuthor%5D&cauthor=true&cauthor_uid=12592667
http://www.ncbi.nlm.nih.gov/pubmed/?term=Aoyagi%20K%5BAuthor%5D&cauthor=true&cauthor_uid=12592667
http://www.ncbi.nlm.nih.gov/pubmed/?term=Terao%20J%5BAuthor%5D&cauthor=true&cauthor_uid=12592667
http://www.ncbi.nlm.nih.gov/pubmed/?term=Terao%20J%5BAuthor%5D&cauthor=true&cauthor_uid=12592667
http://www.ncbi.nlm.nih.gov/pubmed/?term=Koyama%20A%5BAuthor%5D&cauthor=true&cauthor_uid=12592667

erythropoietin therapy resistant renal anemia. Free Radic. Res. 36:1155-
1161; 2002.

[26]Kato A, Odamaki M, Hishida A. Blood 8-hydroxy-2’-deoxyguanosine is
associated with erythropoietin resistance in haemodialysis patients.
Nephrol. Dial. Transplant. 18:931-936; 2003.

[27]McCullough PA, Barnhart HX, Inrig JK, Reddan D, Sapp S, Patel UD, Singh
AK, Szczech LA, Califf RM. Cardiovascular toxicity of epoetin-alfa in
patients with chronic kidney disease. Am. J. Nephrol. 37:549-558; 2013.

[28]Ruppert C, Deiss K, Herrmann S, Vidal M, Oezkur M, Gorski A, Weidemann
F, Lohse MJ, Lorenz K. Interference with ERK(Thr188) phosphorylation
impairs pathological but not physiological cardiac hypertrophy. Proc. Natl.
Acad. Sci. U.S.A. 110:7440-7445; 2013.

[29]Bagshaw SM, Bellomo R, Jacka MJ, Egi M, Hart GK, George C, ANZICS
CORE Management Committee. The impact of early hypoglycemia and
blood glucose variability on outcome in critical illness. Crit. Care 13:R91;
20009.

[30]Egi M, Bellomo R, Stachowski E, French CJ, Hart G. Variability of blood
glucose concentration and short-term mortality in critically ill patients.
Anesthesiology 105:244-252; 2006.

[31]Hermanides J, Vriesendorp TM, Bosman RJ, Zandstra DF, Hoekstra JBL,
DeVries JH. Glucose variability is associated with ICU mortality. Crit. Care
Med. 38:838-842; 2010.

21


http://www.ncbi.nlm.nih.gov/pubmed/12592667
http://www.ncbi.nlm.nih.gov/pubmed/?term=McCullough%20PA%5BAuthor%5D&cauthor=true&cauthor_uid=23735819
http://www.ncbi.nlm.nih.gov/pubmed/?term=Barnhart%20HX%5BAuthor%5D&cauthor=true&cauthor_uid=23735819
http://www.ncbi.nlm.nih.gov/pubmed/?term=Inrig%20JK%5BAuthor%5D&cauthor=true&cauthor_uid=23735819
http://www.ncbi.nlm.nih.gov/pubmed/?term=Reddan%20D%5BAuthor%5D&cauthor=true&cauthor_uid=23735819
http://www.ncbi.nlm.nih.gov/pubmed/?term=Sapp%20S%5BAuthor%5D&cauthor=true&cauthor_uid=23735819
http://www.ncbi.nlm.nih.gov/pubmed/?term=Patel%20UD%5BAuthor%5D&cauthor=true&cauthor_uid=23735819
http://www.ncbi.nlm.nih.gov/pubmed/?term=Singh%20AK%5BAuthor%5D&cauthor=true&cauthor_uid=23735819
http://www.ncbi.nlm.nih.gov/pubmed/?term=Singh%20AK%5BAuthor%5D&cauthor=true&cauthor_uid=23735819
http://www.ncbi.nlm.nih.gov/pubmed/?term=Szczech%20LA%5BAuthor%5D&cauthor=true&cauthor_uid=23735819
http://www.ncbi.nlm.nih.gov/pubmed/?term=Califf%20RM%5BAuthor%5D&cauthor=true&cauthor_uid=23735819
http://www.ncbi.nlm.nih.gov/pubmed/23735819
http://www.ncbi.nlm.nih.gov/pubmed/?term=Ruppert%20C%5BAuthor%5D&cauthor=true&cauthor_uid=23589880
http://www.ncbi.nlm.nih.gov/pubmed/?term=Deiss%20K%5BAuthor%5D&cauthor=true&cauthor_uid=23589880
http://www.ncbi.nlm.nih.gov/pubmed/?term=Herrmann%20S%5BAuthor%5D&cauthor=true&cauthor_uid=23589880
http://www.ncbi.nlm.nih.gov/pubmed/?term=Vidal%20M%5BAuthor%5D&cauthor=true&cauthor_uid=23589880
http://www.ncbi.nlm.nih.gov/pubmed/?term=Oezkur%20M%5BAuthor%5D&cauthor=true&cauthor_uid=23589880
http://www.ncbi.nlm.nih.gov/pubmed/?term=Gorski%20A%5BAuthor%5D&cauthor=true&cauthor_uid=23589880
http://www.ncbi.nlm.nih.gov/pubmed/?term=Weidemann%20F%5BAuthor%5D&cauthor=true&cauthor_uid=23589880
http://www.ncbi.nlm.nih.gov/pubmed/?term=Weidemann%20F%5BAuthor%5D&cauthor=true&cauthor_uid=23589880
http://www.ncbi.nlm.nih.gov/pubmed/?term=Lohse%20MJ%5BAuthor%5D&cauthor=true&cauthor_uid=23589880
http://www.ncbi.nlm.nih.gov/pubmed/?term=Lorenz%20K%5BAuthor%5D&cauthor=true&cauthor_uid=23589880
http://www.ncbi.nlm.nih.gov/pubmed/23589880
http://www.ncbi.nlm.nih.gov/pubmed/23589880
https://www.ncbi.nlm.nih.gov/pubmed/?term=ANZICS%20CORE%20Management%20Committee%5BCorporate%20Author%5D
https://www.ncbi.nlm.nih.gov/pubmed/?term=ANZICS%20CORE%20Management%20Committee%5BCorporate%20Author%5D

8. A disszertaciohoz csatlakozé kozlemények jegyzéke (Id. szamozas a

fejezetcimeknél)

I. Kun S, Mikolas E, Molnar GA, Sélley E, Laczy B, Csiky B, Kovacs
T, Wittmann 1. Association of plasma ortho-tyrosine/para-tyrosine ratio with
responsiveness of erythropoiesis-stimulating agent in dialyzed patients. Redox
Rep. 2014 Sep;19(5):190-198. IF: 1,52

II. Kun S, Molnar GA, Sélley E, Szélig L, Bogar L, Csontos C, Miseta A,
Wittmann I. Insulin Therapy of Nondiabetic Septic Patients Is Predicted by para-
Tyrosine/Phenylalanine Ratio and by Hydroxyl Radical-Derived Products of
Phenylalanine. Oxid Med Cell Longev (2015): 2015:839748. doi:
10.1155/2015/839748. IF: 3,51

8.1. A disszertaciohoz nem csatlakoz6 kozlemények jegyzéke

Sélley E, Kun S, Szijarté IA, Laczy B, Kovacs T, Fulop F, Wittmann |, Molnar
GA. Exenatide induces aortic vasodilation increasing hydrogen sulphide, carbon
monoxide and nitric oxide production. Cardiovasc Diabetol. 2014 Apr
2;13(1):69. IF: 3,67

Mikolas E, Kun S, Laczy B, Molnar GA, Sélley E, Kbészegi T, Wittmann I.
Incorporation of Ortho- and Meta-Tyrosine Into Cellular Proteins Leads to
Erythropoietin-Resistance in an Erythroid Cell Line. Kidney Blood Press Res.
2014 Apr 9;38(2-3):217-225. IF: 1,82

Molnar Gergd Attila, Laczy Boglarka, Sélley Eszter, Kun Szilard, Wittmann
Istvan. Az antidiabeticumok és a cardiovascularis kockazat. Diabetologia
Hungarica. 2014. marcius; 22(1):25-32. IF: -

Sélley E, Molnar GA, Kun S, Szijarté IA, Laczy B, Kovacs T, Fuloép F, Wittmann
I: Complex vasoactivity of liraglutide. Contribution of three gasotransmitters. Art
Res 2015. doi:10.1016/j.artres.2015.04.001. IF: -

Molnar GA, Mikolas EZ, Szijarté IA, Kun S, Sélley E, Wittmann |. Tyrosine
isomers and hormonal signaling: A possible role for the hydroxyl free radical in
insulin resistance. World J Diabetes. 2015 Apr 15;6(3):500-507. Review. IF: -

Sélley E, Kun S, Kurthy M, Kovacs T, Wittmann |, Molnar GA. Para-Tyrosine
Supplementation Improves Insulin- and Liraglutide- Induced Vasorelaxation in
Cholesterol-Fed Rats. Protein Pept Lett. 2015;22(8):736-742. IF: 1,06

Szélig L, Kun S, Woth G, Molnar GA, Zrinyi Z, Katai E, Lantos J, Wittmann |,
Bogar L, Miseta A, Csontos C. Time courses of changes of para-, meta-, and

22


http://www.ncbi.nlm.nih.gov/pubmed?term=Kun%20S%5BAuthor%5D&cauthor=true&cauthor_uid=24693974
http://www.ncbi.nlm.nih.gov/pubmed?term=Mikol%C3%A1s%20E%5BAuthor%5D&cauthor=true&cauthor_uid=24693974
http://www.ncbi.nlm.nih.gov/pubmed?term=Moln%C3%A1r%20GA%5BAuthor%5D&cauthor=true&cauthor_uid=24693974
http://www.ncbi.nlm.nih.gov/pubmed?term=S%C3%A9lley%20E%5BAuthor%5D&cauthor=true&cauthor_uid=24693974
http://www.ncbi.nlm.nih.gov/pubmed?term=Laczy%20B%5BAuthor%5D&cauthor=true&cauthor_uid=24693974
http://www.ncbi.nlm.nih.gov/pubmed?term=Csiky%20B%5BAuthor%5D&cauthor=true&cauthor_uid=24693974
http://www.ncbi.nlm.nih.gov/pubmed?term=Kov%C3%A1cs%20T%5BAuthor%5D&cauthor=true&cauthor_uid=24693974
http://www.ncbi.nlm.nih.gov/pubmed?term=Kov%C3%A1cs%20T%5BAuthor%5D&cauthor=true&cauthor_uid=24693974
http://www.ncbi.nlm.nih.gov/pubmed?term=Wittmann%20I%5BAuthor%5D&cauthor=true&cauthor_uid=24693974
http://www.ncbi.nlm.nih.gov/pubmed/24693974
http://www.ncbi.nlm.nih.gov/pubmed/24693974
http://www.ncbi.nlm.nih.gov/pubmed/26576228
http://www.ncbi.nlm.nih.gov/pubmed?term=S%C3%A9lley%20E%5BAuthor%5D&cauthor=true&cauthor_uid=24693878
http://www.ncbi.nlm.nih.gov/pubmed?term=Kun%20S%5BAuthor%5D&cauthor=true&cauthor_uid=24693878
http://www.ncbi.nlm.nih.gov/pubmed?term=Szij%C3%A1rt%C3%B3%20IA%5BAuthor%5D&cauthor=true&cauthor_uid=24693878
http://www.ncbi.nlm.nih.gov/pubmed?term=Laczy%20B%5BAuthor%5D&cauthor=true&cauthor_uid=24693878
http://www.ncbi.nlm.nih.gov/pubmed?term=Kov%C3%A1cs%20T%5BAuthor%5D&cauthor=true&cauthor_uid=24693878
http://www.ncbi.nlm.nih.gov/pubmed?term=F%C3%BCl%C3%B6p%20F%5BAuthor%5D&cauthor=true&cauthor_uid=24693878
http://www.ncbi.nlm.nih.gov/pubmed?term=Wittmann%20I%5BAuthor%5D&cauthor=true&cauthor_uid=24693878
http://www.ncbi.nlm.nih.gov/pubmed?term=Moln%C3%A1r%20GA%5BAuthor%5D&cauthor=true&cauthor_uid=24693878
http://www.ncbi.nlm.nih.gov/pubmed?term=Moln%C3%A1r%20GA%5BAuthor%5D&cauthor=true&cauthor_uid=24693878
http://www.ncbi.nlm.nih.gov/pubmed/24693878
http://www.ncbi.nlm.nih.gov/pubmed?term=Mikol%C3%A1s%20E%5BAuthor%5D&cauthor=true&cauthor_uid=24751667
http://www.ncbi.nlm.nih.gov/pubmed?term=Kun%20S%5BAuthor%5D&cauthor=true&cauthor_uid=24751667
http://www.ncbi.nlm.nih.gov/pubmed?term=Laczy%20B%5BAuthor%5D&cauthor=true&cauthor_uid=24751667
http://www.ncbi.nlm.nih.gov/pubmed?term=Moln%C3%A1r%20GA%5BAuthor%5D&cauthor=true&cauthor_uid=24751667
http://www.ncbi.nlm.nih.gov/pubmed?term=S%C3%A9lley%20E%5BAuthor%5D&cauthor=true&cauthor_uid=24751667
http://www.ncbi.nlm.nih.gov/pubmed?term=K%C5%91szegi%20T%5BAuthor%5D&cauthor=true&cauthor_uid=24751667
http://www.ncbi.nlm.nih.gov/pubmed?term=Wittmann%20I%5BAuthor%5D&cauthor=true&cauthor_uid=24751667
http://www.ncbi.nlm.nih.gov/pubmed/24751667

ortho-tyrosine in septic patients: A pilot study. Redox Rep. 2016 Jul;21(4):180-
189. IF: 2,61

Molnar GA, Kun S, Sélley E, Kertész M, Szélig L, Csontos C, Béddi K, Bogar L,
Miseta A, Wittmann |. Role of Tyrosine Isomers in Acute and Chronic Diseases
Leading to Oxidative Stress - A Review. Curr Med Chem. 2016;23(7):667-685.
IF: 3,85

Sélley E, Kun S, Szijarto 1A, Kertész M, Wittmann |, Molnar GA. Vasodilator
Effect of Glucagon: Receptorial Crosstalk Among Glucagon, GLP-1, and
Receptor for Glucagon and GLP-1. Horm Metab Res. 2016 Jul;48(7):476-483.
IF: 2,12

Brasny6 P, Kovacs T, Molnar GA, Sélley E, Kun Sz, Vas T, Laczy B, Fekete K,
Kovacs T, Mészaros GL, Winkler G, Sumegi B, Wittmann |.: Resveratrol causes
Gender-dependent and Bardoxolone Methyl-like Effects in Patients with IgA
Nephropathy: Pilot Study. J Nutr Food Sci 2016, 6: 442 IF: 1,2

Osszesitett impakt faktor: 21,27
Flggetlen hivatkozasok szama: 14

8.2. Konyvfejezet

Kun Szilard, Wittmann Istvan. Inzulinrezisztencia akut betegségekben, In:
Winkler Gabor, Wittmann Istvan. Az inzulinrezisztencia és klinikai vonatkozasai.
Budapest, Springmed Kiadé, 2017, 206-210.

8.3. Konferencia prezentaciok

Kun Szilard, Mikolas E., Sélley E., Wittmann |.: Az oxidalt aminosav, orto-
tirozin szerepe az erythropoetin-rezisztencia kialakulasaban. . MATHINE
Budapest, 2013.03.21.

Sélley Eszter, Kun Sz., Molnar G., Degrell P., Kirthy M., Kovacs T., Wittmann
I.. Para-tirozin szupplementacio javitia az inzulin- és a liraglutide-kivaltotta
vazorelaxaciét koleszterinnel etetett patkanyokban. Il. MATHINE Budapest,
2014.03.14.

Kun Szilard, Szélig L., Woth G., Zrinyi Z., Molnar G.A., Lantos J., Wittmann 1.,
Bogar L., Miseta A., Csontos Cs.: Tirozin-izomerek elteér6 renalis transzportja
szeptikus betegekben. II. MATHINE Budapest, 2014.03.14.

Mikolas Esztella Zséka, Kun Sz., Laczy B., Molnar G.A., Sélley E., Kbészegi T.,
Wittmann I.: A cukorbetegekben tapasztalt korai anaemia lehetseéges oka. .
MATHINE Budapest, 2014.03.14.

23



Sélley Eszter, Molnar G.A., Kun Sz., Szijart6é |.A., Laczy B., Kovacs T., Fulop
F., Wittmann 1I. A liraglutid komplex vazoaktiv hatdsa. Harom gazmolekula
jelatvivé szerepe. MDT XXII. Kongresszusa Szeged, 2014.04.26.

Kun Szilard, Sélley E., Szijarto |.A., Laczy B., Kovacs T., Fulép F., Wittmann 1.,
Molnar G.A. Az exenatid a kén-hidrogén, a szén-monoxid és a nitrogén-
monoxid termel6désének fokozasa révén kelthet centralis vasodilatatiét. MDT
XXII. Kongresszusa Szeged, 2014.04.26.

Mikolas Esztella, Kun Sz., Laczy B., Molnar G.A., Sélley E., Készegi T.,
Wittmann I. A cukorbetegekben tapasztalt korai anaemia lehetséges oka. MDT
XXII. Kongresszusa Szeged, 2014.04.26.

Molnar Gergé Attila, Sélley E., Kun Sz., Degrell P., Kurthy M., Kovacs T.,
Wittmann |. Para-tirozin szupplementacié javitia az inzulin- és a liraglutid
kivaltotta vasorelaxatiot koleszterinnel etetett patkanyokban. MDT XXII.
Kongresszusa Szeged, 2014.04.26.

Szélig Livia, Woth G., Kun Sz., Zrinyi Z., Molnar G.A., Lantos J., Wittmann |,
Bogar L., Miseta A., Csontos Cs.: Az oxidativ stressz hatasa a meta-, ortho-, és
para-tyrosin szintézisre szeptikus betegekben. El6tanulmany. MAITT 42.
Kongresszusa Siofok, 2014.056.22. (absztrakt: Aneszteziolégia és Intenziv
Terapia 2014 (44):Suppl. 1, 12.0.)

Kovacs Patricia, Wittmann |., Kun Sz., Szélig L., Molnar G.A., Bogar L., Miseta
A., Zrinyi Z., Csontos Cs.: Vizelet és szérum para-, meta- és orto-tirozin
szintjének vizsgalata égett és szeptikus betegekben. MAITT 42. Kongresszusa
Siofok, 2014.05.22. (absztrakt: Aneszteziolégia és Intenziv Terapia 2014
(44):Suppl. 1, 13.0.)

Patricia Kovacs, Lajos Bogar, Istvan Wittmann, Attila Miseta, Livia Szélig,
Szilard Kun, Zita Zrinyi, Gerg6.A. Molnar, Csaba Csontos: Changes of para-,
meta-, and ortho-tyrosine levels in serum and urine of septic and burned
patients. Ninth YES (Young European Scientist) Meeting — Internal Medicine
Parallel Oral Session Porto, 19th-21st September 2014

Mikolas Esztella, Kun Sz., Laczy B., Molnar G.A., Sélley E., Készegi T.,
Wittmann 1. Az orto- és meta-tirozin beépulés in vitro erythropoetin-
rezisztenciahoz vezet. MANET XXXI. Nagygytilése Eger, 2014.11.07.

Sélley Eszter, Molnar G.A., Kun Sz., Szijartoé |.A., Laczy B., Kovacs T., Fulép
F., Wittmann 1.. A GLP-1 analégok vese artériara gyakorolt hatasa.
Gazmolekulak jelatvivé szerepe. MANET XXXI. Nagygylilése Eger, 2014.11.07.

Molnar Gerg6 Attila, Kun Sz., Mikolas E., Sélley E., Csiky B., Wittmann I.: Az
erythropoetin-rezisztencia és az oxidalt aminosav, az orto-tirozin 6sszefuiggése.
MANET XXXI. Nagygytilése Eger, 2014.11.07.

Eszter Sélley, Sz. Kun, |.A. Szijarto, B. Laczy, T. Kovacs, F. Fulop, I. Wittmann,
G.A. Molnar: Vasodilatation by lixisenatide in the rat thoracic aorta, mediated by

24



an unknown receptor. Third International Symposium on Hypertension,
Translational Medicine in Hypertension. Osijek, 2014.11.28.

Sélley Eszter dr., Kun Szilard dr., Szijarté Istvan Andras dr., Laczy Boglarka
dr., Kovacs Tibor dr., Fulép Ferenc dr.,, Wittmann Istvan dr.,
Molnar Gerg6 Attila dr.: A lixisenatid vasodilatatiét okoz cGMP kozvetitésével
ismeretlen receptoron keresztil. MDT XXIIl. Kongresszusa Budapest,
2015.05.14.

Kun Szilard dr., Molnar Gerg6 Attila dr., Sélley Eszter dr., Szélig Livia dr.,
Bogar Lajos dr., Csontos Csaba dr., Miseta Attila dr., Wittmann Istvan dr.: Nem
diabeteses, szeptikus betegek inzulinterapiajanak fuggetlen prediktora a para-
tirozin/fenilalanin hanyados és a fenilalanin oxidalt szarmazékai. MDT XXIII.
Kongresszusa Budapest, 2015.05.15.

Szélig Livia, Kovacs Patricia, Woth Gabor, Kun Szilard, Molnar A. Gerg6,
Wittmann Istvan, Bogar Lajos, Miseta Attila, Csontos Csaba.: Para-, meta- és
orto-tirozin valtozasok vizsgalata égett betegben. MAITT 43. Kongresszusa
Siofok, 2015.05.28.

Kun Szilard, Molnar Gergd A., Sélley Eszter, Szélig Livia, Bogar Lajos,
Csontos Csaba, Miseta Attila, Wittmann Istvan.: Nem-diabéteszes szeptikus
betegek inzulinterapiajanak fliggetlen prediktora a para-tirozin/fenilalanin
hanyados és a fenilalanin oxidalt szarmazékai. MBT DSZ LVIII. Vandorgytilése

Kaposvar, 2015.06.18.

Kovacs Tibor, Brasnyd P., Molnar G.A., Sélley E., Kun Sz., Vas T., Laczy B.,
Fekete K., Kovacs K., Mészaros G.L., Winkler G., Sumegi B., Wittmann 1.
Resveratrol hatasanak vizsgalata IgA nephropathiaban. (pilot vizsgalat).
MANET XXXII. Nagygylilése Siéfok, 2015.11.12.

Kun Szilard, Szélig L., Woth G., Molnar G.A., Zrinyi Z., Lantos J., Wittmann 1.,
Bogar L., Miseta A., Csontos Cs.: Tirozin-izomerek eltéré renalis transzportja
szeptikus betegekben. MANET XXXII. Nagygylilése Sioéfok, 2015.11.13.

Molnar Gergd Attila, Kun Sz., Szélig L., Woth G., Bogar L., Miseta A., Csontos
Cs., Wittmann I.: Hiperfiltracio el6fordulasa intenziv osztalyon kezelt égett,
szeptikus és politraumatizalt, nem-oligurias betegek korében. MANET XXXII.
Nagygydlése Siofok, 2015.11.13.

Mohas Marton dr., Cseh Judit dr., Kun Szilard dr., Molnar Gergd Attila dr.,
Wittmann Istvan dr.: A m3@j elzsirosodasat és kotészovetes atalakulasat jelzé
képletek Osszefliggése a rutin klinikai laborparaméterekkel 2-es tipusu
diabétesz mellituszban. MDT XXIV. Kongresszusa Debrecen, 2016.04.28.

Sélley Eszter dr., Kun Szilard dr., Szijarté Istvan Andras dr., Kertész Melinda,
Wittmann Istvan dr., Molnar Gerg6 Attila dr.: A glukagon vazodilatacios hatasa.
Receptorialis szintl kdlcsdnhatas a glukagon és a GLP-1 kozétt. MDT XXIV.
Kongresszusa Debrecen, 2016.04.28.

25



Molnar Gerg6 Attila dr., Kertész Melinda, Kun Szilard dr., Csiky Botond dr.,
Wittmann Istvan prof. dr.. Bér és szemlencse fluoreszcencia vizsgalata
diabéteszes és/vagy kronikus vesebeteg paciensekben. MDT XXV.
Kongresszusa Pécs, 2017.04.21.

Wittmann Istvan prof. dr., Vandorfi Gy6z6 dr., Kun Szilard dr., Molnar Gergé
Attila dr., Verzar Zsofia dr., Jermendy Gyorgy prof. dr.. A cukorbetegek
kardiovaszkularis kockazatanak becslése a szemlencse
autofluoreszcenciajanak vizsgalataval. MDT XXV. Kongresszusa Pécs,
2017.04.23.

8.4. Poszterek

Kovacs P. IV, Kun Sz., Szélig L., Bogar L., Miseta A., Wittmann |., Csontos Cs.:
Vizelet és szérum para-, meta- é€s orto-tirozinszintjének vizsgalata égett és
szeptikus betegekben. Pilot study. MAITT 41. kongresszusa Siofok,
2013.05.23-25. (absztrakt: Aneszteziologia és Intenziv Terapia 2013 (43):Suppl.
1, 26.0.)

Kun Szilard, Molnar G.A., Sélley E., Fisi V., Szélig L., Bogar L., Csontos Cs.,

Sy

fuggetlen prediktora a para-tirozin/fenilalanin hanyados és a fenilalanin oxidalt
szarmazékai. MANET XXXI. Nagygydlése Eger, 2014.11.07.

Mohas Marton, Cseh J., Kun Sz., Molnar G. A., Wittmann . A m3j
elzsirosodasat és a majfibrozist jelz6 képletek Osszeflggése a rutin klinikai
laborparaméterekkel  kronikus  veseelégtelenségben.  MANET  XXXIL.
Nagygyililése Sioéfok, 2016.10.21.

26



9. Koszonetnyilvanitas

Kbdszonetemet szeretném kifejezni témavezetdimnek, Prof. Dr. Wittmann
Istvannak és Dr. Molnar Gerg6 Attilanak a kutatomunka soran a legalapvet6bb
laboratoriumi fogasoktol a legmagasabbrendi tudomanyos
egyuttgondolkodasig terjed6 folyamatos, aldozatos vezetéseért, utmutatasért,
segitségért.

Kbszonettel tartozom Prof. Dr. Miseta Attilanak, Prof. Dr. Bogar
Lajosnak, Dr. Csontos Csabanak, Dr. Szélig Livianak és Dr. Kovacs
Patrricianak a tanulmanyokban valé eredményes egyuttmikodésért és sok
segitségert.

Kdszdndm kozvetlen Kolléganémnek, Dr. Sélley Eszternek, a szamtalan
k6zdés munkan, kezdetektél fogva vald j6 hangulatu, barati és eredményes
egyuttmikodeést.

Szeretném tovabba kifejezni kdszdénetemet Szalma Krisztinanak és Dr.
Samikné Varga llonanak a kivalé asszisztenciaért és a sok segitségért, mivel
példaul a HPLC kezelése soran tanusitott preciz, szorgos munkajuk nélkdl
eredményeim nem szulethettek volna meg.

Koszonom biotechnologus Kollégandmnek, Kertész Melindanak, hogy
nagyszerd, barati munkatarsra lelhettiink benne.

Kulon koszonettel tartozom a Il.sz. Belgydgyaszati Klinika és
Nephroldgiai Centrum valamennyi orvosanak, ndévérének, asszisztensének,
titkarnéjének, adminisztratoranak, informatikusanak, akik munkamat - sokszor
nélkulozhetetlen szerepet jatszva - segitették.

Koszondm barataimnak az elmult években is toretlen kapcsolattartast, a

lelki és szellemi téren is megnyilvanulé tamogatast.

27



Végezetiil kdszondém Edesanyamnak a doktori éveim alatt is (és féleg
akkor) tanusitott hatalmas turelmet, a meghozott rengeteg aldozatot, és a
folyamatosan biztositott lelki tamogatast, amiknek kdszonhet6éen munkamat a
hétkdznapi gondok terhe nélkdl, maximalis kényelemben és nyugalomban

végezhettem.

28



Role of tyrosine isoforms in erythropoietin and insulin
resistance

Ph.D. thesis summary

Szilard Kun M.D.

SNERS7,
S 1N
/ -\

University of Pécs, Medical School
2"d Department of Medicine and Nephrological Center
Pécs, Hungary

Head of the Doctoral (Ph.D.) School: Prof. Gabor L. Kovacs M.D., Ph.D., D.Sc.
Head of the Doctoral Program: Prof. Istvan Wittmann M.D., Ph.D., D.Sc.
Supervisors: Prof. Istvan Wittmann M.D., Ph.D., D.Sc., Gerg6 Attila Molnar
M.D., Ph.D.

Pécs, 2017

29



1. Introduction

Hydroxyl radical converts Phe to para-, meta- and ortho-Tyr (p-Tyr, m-

Tyr, 0-Tyr) [1,2]. However, p-Tyr is mainly produced enzymatically in the kidney
and to a smaller proportion, in the liver by phenilalanine-hydroxylase [3]. The
amount of enzimatically produced p-Tyr is significantly higher than that of
hydroxyl radical-derived. p-Tyr could serve as substrate for gluconeogenesis.
m- and o-Tyr are produced exclusively by hydroxyl radicals in human. Detection
of hydroxyl radical is technically difficult because of its low concentration and
extremely short halftime. However, hydroxyl radical-derived stable amino acid
species can be relatively simply detected. As a consequence, m- and o-Tyr are
reliable markers of hydroxyl radical.

Former in vivo, animal and human studies observed elevated levels of
the hydroxyl radical products of Phe in different pathological conditions. Higher
levels of m-Tyr and o-Tyr were found in cataractous lenses [4]. Increased
urinary excretion of o-Tyr was observed in diabetic and chronic renal disease
patients [5]. Urinary albumin/creatinine ratio showed a good correlation with
urinary o-Tyr/creatinine ratio in patients suffering from ischemic stroke [6].
Administration of natural antioxidant resveratrol significantly decreased o-Tyr
excretion and improved insulin resistance in patients with type 2 diabetes
mellitus [7]. Level of o-Tyr was found to be elevated in the aortic proteins of
diabetic monkeys [8]. According to an observation, the cytotoxicity of m-Tyr may
be mediated by the concentration-dependent integration of this abnormal amino
acid into cellular proteins [9]. Furthermore, both m- and o-Tyr inhibited tumor

cell proliferation in different murine models of cancer [10].
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Pathological Tyr isoforms may have a role in development of hormone
resistances, as erythropoietin and insulin resistance. This has recently been
proved in in vitro studies [11-13].

Patients with end-stage renal failure (ESRF) treated with erythropoiesis-
stimulating agents (ESAs) are often ESA-hyporesponsive, associated with free
radical production. Many classical causing factors are suggested in the
background of ESA-hyporesponsiveness, as iron, folate, cobalamin or carnitine
deficiency, bleeding, inflammation, angiotensin converting enzyme (ACE)-
inhibitor administration, uremic toxins, insufficient dialysis, hyperparathyroidism,
and malignancy [14-16]. A significant association was found between lowered
ESA-response and the presence of diabetes and insulin resistance [16,17].
Production of p-Tyr is decreased in ESRF [5] and it can be replaced by o-Tyr in
proteins.

Levels of pathological Tyr isoforms are elevated in septic patients. Renal
glucose output contributes significantly to whole body glucose production during
fasting [18,19]. Glucose produced in kidney is derived from gluconeogenesis,
and amino acids may be substrates for this process. Renal glucose output is

inhibited by insulin [20,21].
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2. Aims

2.1 Study of the effect of different tyrosine isoforms on ESA-response (l.)

We aimed to determine the plasma levels of p-, o-Tyr and Phe in healthy
subjects and in different groups of dialyzed patients (patients on
hemodialysis without ESA-treatment, hemodialyzed patients with ESA-
treatment and patients on continuous peritoneal dialysis).

We wanted to study the association of plasma levels of p-, o-Tyr and Phe
with ESA-demand of dialyzed patients.

We also aimed to determine the statistical predictors of ESA-demand of

dialyzed patients.

2.2 Study of the role of different tyrosine isoforms and Phe in

carbohydrate metabolism of non-diabetic septic patients (I1.)

We aimed to study the associastion of Phe and its hydroxil radical-
derived products with parameters of carbohydrate metabolism in non-
diabetic septic patients.

We wanted to determine the statistical predictors of the daily insulin dose
and insulin-glucose product in non-diabetic septic patients.

We aimed to study the association of blood glucose variabilitiy with

clinical outcome of non-diabetic septic patients.
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3. Methods

3./1./1. Dialyzed patients (l.)

Four groups of volunteers were involved in our first, cross sectional study
between July and December 2012: healthy volunteers (CONTR; n = 16),
patients on hemodialysis without ESA-treatment (non-ESA-HD; n = 8),
hemodialyzed patients with ESA-treatment (ESA-HD; n = 40), and patients on
continuous peritoneal dialysis (CAPD; n = 21). Patients with acute infections,
malignancy, and active autoimmune disease were excluded from the study.
ESA-HD patients were administered intravenous darbepoietin-alpha (DA)
weekly or twice a month. Patients on CAPD were receiving subcutaneous DA.
ESA-demand was expressed by ESA-dose, ESA-dose/body weight, and
erythropoietin resistance index1 (ERIZ, weekly  ESA-dose/body
weight/hemoglobin). The study was approved by the Ethical Committee of the
Medical Faculty of the University of Pécs (4523). All patients had given their

informed consent.

3./1./2. Non-diabetic septic patients (Il.)

Our second study was performed on 25 patients admitted to the
Department of Anaesthesia and Intensive Care, Faculty of Medicine, University
of P’ecs, between September 2012 and October 2013. Those patients who
presented with severe sepsis or septic shock at admission were included in the
study.

The diagnosis of sepsis was based on the ACCP/SCCM consensus
guideline [22]. Exclusion criteria were medication (e.g., chronic steroid use and
immunosuppressive medication) or treatment (e.g., radio- and chemotherapy)

affecting the normal immune response and hematologic malignant disease and
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oliguria at admission (collection of urine samples was impossible). Patients
were treated according to the actual sepsis guideline [23,24]. Blood samples
were taken on admission (day 1) and on the four consecutive days (days 2-5).
Urine has been collected every 24 hours and the daily amount has been
noticed. Serum and urinary creatinine, serum hsCRP, and PCT levels were
measured.

Patients received insulin intravenously, using perfusor, according to a
sliding-scale to maintain blood glucose level in the range of 6—8 mmol/L.
Glucose levels were measured 6 times per day using arterial blood gas
analysis. Daily insulin dose (DID) and insulin-glucose product (IGP) were
calculated and their connection with Phe and Tyr parameters was assessed.
Blood glucose variability was characterized using mean absolute glucose
change (MAG).

Fractional excretions (FE) of the three Tyr isoforms were calculated
(FEp-Tyr, FEm-Tyr, and FEo-Tyr) to determine tubular handling of them.

The study protocol was approved by the Ethical Committee of the
Medical Faculty of the University of Pécs (4422) and it was completed in

accordance with the ethical guidelines of the 2003 Declaration of Helsinki.

3./2. Routine analytical measurements (I., II.)

In our first study on dialyzed patients, routine laboratory parameters were
determined by standard laboratory techniques. All of the blood samples were
drawn just before the actual HD-treatment. ESA-demand was expressed using
different ESA indices such as ERI1 = ESA-dose/body weight/hemoglobin; ERI2
= ESA-dose/body weight/hematocrit; ERI3 = ESAdose/body weight/red blood

cell count.
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Daily hsCRP, PCT, and creatinine measurements were part of the
routine monitoring of septic patients and they were carried out at the Institute of

Laboratory Medicine, University of Pécs.

3./3. Measurement of plasma, serum and urinary levels of p-, m-, o-Tyr and
Phe (1., I.)

Blood samples of dialyzed patients were obtained by way of vein
puncture, in tubes containing EDTA, while samples of septic patients were
obtained from a central venous catheter, into native tubes. Plasma/serum was
obtained by centrifugation. Plasma, serum and urine samples were stored at
—80 °C until further examinations. Thereafter, 125 ulL trichloroacetic acid (TCA,
Reanal Private Ltd., Budapest, Hungary) was added to 500 uL plasma, serum
or urine and then samples were incubated on ice for 30 min. Subsequently
precipitate was separated by centrifugation. The supernatant was filtered by a
syringe filter (0.2 um) (Millipore, Billerica, MA, USA) before analysis. Finally
serum and urinary m-, o-, and p-Tyr and Phe levels were determined using
reverse phase-HPLC (Shimadzu USA Manufacturing INC, Canby, OR, USA)
(C18 silica column, 250 X 4 mm) with fluorescence detection (AEX = 275 nm;
AEM = 305 nm for the tyrosines and AEX = 258 nm; AEM = 288 nm for Phe) as
described earlier [5]. Concentrations were calculated using an external

standard.

3./4. Investigating ESA-effect on o-Tyr level (l.)

Five patients of the ESA-HD group were included in a longitudinal
analysis that consisted of two sessions. The first session was a HD without DA-

treatment (ESA-), while the second session of the same patients was a HD with
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DA-treatment (ESA+ ; mean 28 pg of DA) at time point ‘0. Blood samples were

obtained five times (60 minutes before the end of HD (—60), at the end of HD (0)
and 60, 120 and 180 minutes after the end of HD). The time kinetics of plasma

o-Tyr levels at both sessions was examined.

3./5. Statistical analysis (I., I1.)

Central tendency and width of distribution were expressed using mean *
SD in the cases of normally and, using median(interquartile range), in case of
non-normally distributed data. Kolmogorov—Smirnov test was used to test
normality. Differences between groups were analyzed using ANOVA with
Bonferroni post hoc test (normal distribution) or using Kruskal-Wallis and
Mann-Whitney U tests (non-normal distribution). x2 test was used to compare
groups in the case of categoric variables. Correlations were calculated using the
Spearman correlation. Multivariate linear regression analyses were performed
using a stepwise method in order to determine statistical predictors of ESA- and
insulin-demand. P values <0.05 were considered to be statistically significant.
All statistical analyses were performed with Statistical Package for the Social

Sciences (SPSS) Statistics software, version 20.0 (IBM Corporation, USA).
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4. Results

4./1. Effect of different tyrosine isoforms on ESA-response (l.)

4./1./1. Plasma levels of p- and o-Tyr, o-Tyr/p-Tyr ratio in dialyzed patients

and in healthy subjects

Plasma p-Tyr levels were significantly lower in all groups of dialyzed
patients than in the control subjects, but there was no difference among non-
ESA-HD, ESA-HD, and CAPD groups. We detected significantly higher plasma
o-Tyr levels and o-Tyr/p-Tyr ratios in groups of dialyzed patients than in the
control subjects. Plasma o-Tyr levels and o-Tyr/p-Tyr ratios were significantly
lower in non-ESA-HD and CAPD groups than in the ESA-HD group, while there

was no significant difference between non-ESA-HD and CAPD patients.

4./1./2. Association between ESA-demand and plasma o-Tyr level and o-
Tyr/p-Tyr ratio

There was a significant positive correlation between weekly ESA-
dose/body weight and plasma o-Tyr level and a somewhat stronger correlation
between weekly ESA-dose/body weight and plasma o-Tyr/p-Tyr ratio.
Moreover, ERI1 proved to be in strong correlation with both the plasma o-Tyr
level and the plasma o-Tyr/p-Tyr ratio. We examined the predictors of ESA-
demand in multivariate regression analyses. ESA-demand was expressed in
terms of ESA-dose, ESA-dose/body/weight, and different ESA-indices such as
ESA-dose/body weight/hemoglobin, ESA-dose/body weight/hematocrit or ESA-
dose/body weight/red/blood cell count (ERI1; ERI2; ERI3, respectively) in
different models. We calculated plasma p-Tyr/Phe, plasma o-Tyr/Phe, and
plasma o-Tyr/p-Tyr ratios. These three different tyrosine values were included

separately in models, together with already known predictors of ESA-demand.
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In the first model serum calcium, serum phosphate, parathormone (PTH),
restdiuresis, and serum ferritin; while in the second model age, dialysis
duration, hsCRP, restdiuresis, and serum ferritin were included besides the
actual tyrosine value. As a result neither p-Tyr/Phe nor o-Tyr/Phe ratio proved
to be an independent predictor in these two models. In almost all cases
restdiuresis was the independent predictor. In contrast, when the o-Tyr/p-Tyr
ratio was included into the model, it proved to be an independent predictor of
the ESA-dose and ESA-indices in both models. Finally, we set a third model
where kt/v was also included among age, PTH, hsCRP, serum ferritin, and o-
Tyr/p-Tyr ratio. Also in this case o-Tyr/p-Tyr ratio proved to be the independent

predictor of ESA-dose/body weight.

4./1./13. ESA-effect on plasma o-Tyr level

A potential explanation for the observed associations shown in the
previous part could be a formation of hydroxyl radical due to ESA-
administration. In that regard, larger ESA-doses would not be the consequence,
but rather the cause of oxidative stress-related amino acid modification. To rule
this out, in a longitudinal analysis, time kinetics of plasma o-Tyr levels were
compared at two hemodialysis sessions, in the absence of ESA-treatment, and
in the presence of ESA-therapy. As a result, no significant difference was found

between the two curves.
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4./2. Role of different tyrosine isoforms and Phe in carbohydrate

metabolism of non-diabetic septic patients (ll.)

4./2./1. Urinary m-Tyr levels and insulin demand

Urinary m-Tyr/p-Tyr ratio was significantly higher in patients with DID
over median compared to those with DID below median. Similarly, urinary m-
Tyrlp-Tyr ratio was significantly higher in patients with IGP over median

compared to those with IGP below median.

4./2.12. Association of Tyr parameters with insulin demand

Urinary m-Tyr concentration showed a positive correlation with DID and
with IGP. Similarly, urinary m-Tyr/p-Tyr ratio showed a positive correlation with
DID and with IGP. Amino acid parameters were tested separately in multivariate
linear regression models as predictors of insulin demand (DID and IGP).The
components of this model were body weight, hsCRP, PCT, daily hydrocortisone
dose, and daily dobutamine dose. Serum Phe was a negative predictor of both
DID and IGP, while serum p-Tyr/Phe ratio associated positively and strongly
with these carbohydrate metabolism parameters. Serum o-Tyr/Phe ratio was a
positive predictor of IGP only, but not of DID. Urinary level of m-Tyr and ratios of
urinary m-Tyr/p-Tyr, o-Tyr/p-Tyr, and (m-Tyr+o-Tyr)/p-Tyr were positive
predictors of both DID and IGP. The abovementioned amino acid parameters
were tested also in another model, in which serum creatinine level was included
instead of body weight. In this model, similar results were obtained compared to

the case of body weight.
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4./2./13. Fractional excretion of Tyr isoforms

Both FEm-Tyr and FEo-Tyr were significantly higher than FEp-Tyr. There
was also a significant difference between FEm-Tyr and FEo-Tyr, as FEo-Tyr
was more than threefold higher than FEm-Tyr. No direct connection between
FE values of any of the investigated amino acid and carbohydrate parameters

was found.

4./2./14. Connection of blood glucose variability with survival

Value of MAG was found to be higher in patients who died at the

intensive care unit compared with survivors.
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5. Discussion

5./1. Effect of different tyrosine isoforms on ESA-response (l.)

Our results may suggest that elevation of the ratio of o-Tyr/p-Tyr could be
responsible for decreased ESA-responsiveness in dialyzed patients. Neither the
plasma o-Tyr/Phe nor the p-Tyr/Phe ratio were independent predictors of ESA-
demand, suggesting that neither an elevation of the o-Tyr level or a decreas in
the p-Tyr level per se is sufficient predictor of the raising ESA-demand, but that
combined and inverse alteration of these amino acid isomers is in a strong
association with decreased ESA-responsiveness. This may mean that among
circumstances when pathological o-Tyr concentration is increased and at the
same time physiological p-Tyr is lowered (e.g. in ESRF), translational
integration of o-Tyr instead of p-Tyr into the signaling proteins could change the
intracellular outcome of EPO-receptor activation, causing lowered ESA-
responsiveness.

Our findings with oxidative product of Phe are in agreement with the
results of former studies, where higher levels of thiobarbituric acid reactive
substances, lowered serum hydroxyl radical scavenging activity and elevated
levels of 8-hydroxy-2-deoxyguanosine were associated with higher ESA doses
[25,26].

In a former post hoc study based on CHOIR trial, higher epoetin-alfa
doses were associated with increased risks for cardiovascular events,
suggesting that epoetin-alfa could have a cardiovascular toxic effect [27].
However, our findings raise the possibility of a different mechanism, since an
elevated level of hydroxyl radical-derived products may cause decreased

responsiveness to ESAs, leading to higher ESA-demand, and that this could
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also be at the background of higher risk for cardiovascular events. Namely,
there is evidence that these products can interfere with the MAP/ERK signaling
pathway and that direct inhibition of ERK1/2 can lead to exacerbated

cardiomyocyte death and impaired cardiac function [10,28].

5./2. Role of different tyrosine isoforms and Phe in carbohydrate

metabolism of non-diabetic septic patients (Il.)

In our second study, we provided evidence that elevated levels of
hydroxyl radical-derived Tyr isoforms along with enzymatically produced p-Tyr
could contribute to altered carbohydrate metabolism in nondiabetic septic
subjects and thus predict insulin therapy of these patients. Serum and urinary
levels and ratios of the abovementioned amino acids were strong predictors of
both DID and IGP in a model which was composed by the known predictors of
elevated insulin demand. In another model, with serum creatinine level instead
of body weight, the same results were obtained, indicating that these
associations are independent of renal function.

A potential cause of the abovementioned association of serum level of
Phe with DID and with IGP could be a generalized hypoaminoacidemia due to
malnutrition. We tested this possibility by performing correlation tests between
serum level of albumin and DID or IGP. Neither DID nor IGP showed correlation
with serum albumin level.

The fact that (i) serum level of Phe proved to be a negative predictor of
DID and IGP and (ii) serum p-Tyr/Phe ratio proved to be a stronger positive
one, while (iii) serum p-Tyr alone was not a predictor and (iv) serum p-Tyr level
was slightly but not significantly lower in septic patients compared to that of

healthy subjects [19, 23] may suggest that in septic patients the conversion of
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Phe to p-Tyr—at a normal Phe level—results not only in the production of
export p-Tyr, but the produced p-Tyr is also consumed for gluconeogenesis in
loco in the kidney.

We are aware that, beyond oxidative stress, also other factors (such as
metabolic status, actual level of inflammation, anthropometric parameters, and
medications) may also have a strong influence on glycemic control. That is why
we subsequently performed linear regression analyses, where correction to
body weight, inflammatory markers, and doses of gluconeogenesis-stimulating
agents did not lead to a disappearance of the association between m-Tyr and
markers of glycemic status. Indeed, in this analysis, a statistically highly
significant connection was observed. This suggests that, besides already known
parameters, independently of them, the oxidative stress-derived amino acid
does play a role in determining carbohydrate control.

In course of analysing the connection between blood glucose variability

and mortality, we acquired similar results as former studies show [29-31].
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[o2]

. List of the Ph.D. theses

Plasma level of p-Tyr is lower in dialyzed patents compared to healthy
subjects. (I.)

Plasma level of o-Tyr and ratio of o-Tyr and p-Tyr is higher in ESA-treated
hemodilyzed patients compared to healthy subjects, nonESA-treated
hemodilyzed patients and patients on peritoneal dialysis. (I.)

Plasma ratio of o-Tyr and p-Tyr inversely correlates with ESA-response in
dialysed patients. (l.)

Plasma ratio of o-Tyr and p-Tyr is an independent predictor of ESA-
response in dialyzed patients. (I.)

Serum ratio of p-Tyr and Phe, urinary level of m-Tyr and urinary ratio of m-
Tyr and p-Tyr positively correlate with exogenous insulin demand in non-
diabetic septic patients. (I1.)

Serum ratio of p-Tyr and Phe, as a marker of renal gluconeogenesis,
strongly predicts insulin demand in non-diabetic septic patients. (11.)
Elevation of urinary level of m-Tyr and urinary ratio of m-Tyr and p-Tyr may
inhibit insulin effect, thus resulting a significant rise in exogenous insulin

demand in non-diabetic septic patients. (ll.)
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