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1 Abstrakt:

Diabetes mellitus je chronické onemocnéni s vysokou populaéni prevalenci a vyznamnou
morbiditou. Hlavni komplikace diabetu souvisi s chronickymi zménami jak v malych, tak
velkych cévach, kde se kromé dlouhodobé zvySené glykémie uplatiiuje celd fada faktort.
Cilem dizertacni prace bylo popsat nékteré nové ¢asné biomarkery téchto zmén, které by
pomohly identifikovat vcas rizikové pacienty. Zaroven byly studovany polymorfizmy

vybranych genti zapojenych do protektivnich drah gluk6zového metabolizmu.

Ve tfech huméannich studiich s diabetiky 1. a 2. typu byly analyzovany jednak specialni
biochemické parametry souvisejici s receptorem pro kone¢né produkty pokrocilé glykace
(RAGE), dale polymorfizmy deglykacnich enzymt glyoxalazy 1 (GLO1) a fruktosamin 3-
kinazy (FN3K), a koneén¢ stanovena intenzita glykace podkozi méfenim kozni

autofluorescence (SAF).

U diabetikd bylo pozorovéano zvyseni solubilniho RAGE i RAGE ligandai HMGBL1 a EN-
RAGE, resp. markeri endotelové dysfunkce oproti kontroldm. Jako prvni byla ukadzana
vyznamna souvislost mezi polymorfizmy deglykaéniho enzymu FN3K (rs1056534)
a (rs3848403) a koncentraci SRAGE, a dale vyznamné rozdily v markerech endotelové
dysfunkce mezi osobami s rtiznymi genotypy polymorfizmu GLO1 (rs4746). Osoby
s diabetem mély vyznamné vyssi kozni autofluorescenci odrazejici glykacni zatéz. Navic
SAF byla signifikantné¢ zvySend u osob s endotelovou dysfunkci, popt. s pozitivni
albuminurii. Jako dlouhodoby marker glykace vSak SAF neméla tésnou souvislost

s klasickym markerem stfednédobé glykace glykovanym hemoglobinem.

Vysledky prace dokladaji heterogenni biochemické zmény, jez se uplatiuji v rozvoji
diabetické angiopatie. Uloha detailnd studovaného sRAGE neni zcela ziejma —
pfedpokladand protektivni role je vSak dle poslednich poznatki spiSe minimalni.
Polymorfizmy gent deglykacnich enzymii maji vliv na rozvoj cévnich zmén, ale
K vytipovani rizikovych pacienti zatim nestaci. Naopak kozni autofluorescence mize
v klinickém pouZiti pomoci vybrat pacienty s vyraznéj$i glykacni zaté€zi a u nich poté

intenzivnéji 1é€it jejich hyperglykémii.

Klicova slova: cévni komplikace, diabetes mellitus, EN-RAGE, fruktosamin 3-kinaza,
glykace, glyoxaldza 1, HMGBI, hyperglykémie, kozni autofluorescence, mikroangiopatie,
RAGE, sRAGE



2 Abstract

Diabetes is a chronic disease with high prevalence and significant morbidity. Chronic
changes in the wall of small and large vessels lead to main diabetes complications. Apart
from long-term hyperglycemia, several factors are involved in the development of diabetes
vasculopathy. The aim of this work was to describe new early biomarkers of these vascular
changes, to identify risky patients. Alongside, gene polymorphisms involved in protective

pathways of glucose metabolism were studied.

In three human studies with Type 1 (T1D) and Type 2 (T2D) diabetes patients special
biochemical parameters of receptor for advanced glycation endproducts (RAGE) and its
ligands, deglycation enzyme glyoxalase 1 (GLO1) and fructosamine 3-kinase (FN3K) gene
polymorphisms were analyzed. Non-invasive measurement of glycation by skin
autofluorescence (SAF) was assessed in all subjects.

Soluble RAGE, HMGB1 and endothelial dysfunction markers were increased in patients
with diabetes as compared with controls, however the differences between T1D and T2D
were not significant. For the first time, an association between FN3K (rs1056534) and
(rs3848403) polymorphism and sRAGE concentration in diabetes was shown. GLO1
(rs4746) polymorphism was associated with changes in endothelial dysfunction. Patients
with diabetes had higher skin autofluorescence reflecting increased glycation. Moreover,
SAF was even higher if chronic vascular changes were present. Interestingly, SAF did not

correlate enough with glycated hemoglobin, a common medium-term marker of glycation.

These results suggest heterogenous biochemical processes involved in the development of
diabetic angiopathy. The role of SRAGE is still unclear — its previously suggested protective
role seems unlikely. There could be some role of deglycation enzyme polymorphisms in the
development of angiopathy, however it is not strong enough for prediction. On the contrary,
skin autofluorescence seems to be a relevant tool for clinical purposes in risk prediction and

early intensification of diabetes treatment.

Keywords: vascular complications, diabetes mellitus, EN-RAGE, fructosamine 3-kinase,
glycation, glyoxalase 1, HMGBL1, hyperglycemia, skin autofluorescence, microangiopathy,
RAGE, sRAGE
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5 Uvod

Diabetes mellitus je celosvétové rozsifené onemocnéni, jehoz incidence i prevalence
neustale stoupa. Zatimco v roce 1995 bylo na svété asi 135 miliont diabetika (King H. et
al., 1998), vroce 2015 jiz toto ¢islo dle Mezinarodni diabetologické federace (IDF,
International Diabetes Federation) stouplo na 415 miliénd. Pokud bude narast prevalence
pokracovat predpoklddanym tempem, je odhadovano, ze v roce 2040 bude na svéte 642
miliont diabetiki (IDF, 2015). Také v Ceské republice pokraduje trend rostouci prevalence
diabetu, kterd ptekonala hranici 8 % populace. Navic minimalné dalsi 2 % tvoii osoby
s doposud nediagnostikovanym onemocnénim. Podobné¢ nariistd i cetnost nékterych
diabetickych cévnich komplikaci (Zvolsky M., 2013). Pravé chronické komplikace jsou
hlavni pficinou vyssi morbidity a mortality diabetu. Bylo prokdzano, ze skoro polovina
vSech tmrti souvisejicich s diabetem nastala u pacientti pied Sedesatym rokem veku (IDF,
2011).

Diabetes mellitus je onemocnéni charakterizované poruchou regulace gluk6zové
homeostazy v organizmu. Hlavnim hormonem zodpovédnym za tuto regulaci je inzulin
produkovany B buiikami Langerhansovych ostruvki pankreatu. Zatimco diabetes 1. typu je
podminén nejcastéji autoimunitné podminénou destrukci B bunék s naslednym absolutnim
nedostatkem inzulinu, pro diabetes 2. typu je charakteristickd pfedev§im inzulinova
rezistence perifernich tkdni Casto doprovazend hyperinzulinémii, a teprve pozdéji se
rozvijejici porucha pankreatické inzulinové sekrece. (Skrha J., 2009). Na druhou stranu ani
Vv piipadé€ téZké hyperinzulinemie se diabetes nerozvine, pokud neni pfitomna geneticka
predispozice k selhani B bunék. Proto se v dnesni dobé za¢ina zduraziovat tzv. B bunééné-
centricky model, ktery pfedstavuje minimaln¢ 11 faktord, které k selhani B buniky mohou
pfispivat, ale teprve jeji faktické selhani vede k rozvoji diabetu (Schwartz S. S. et al., 2016).
Dochazi tak k ¢astecnému stirdni rozdili mezi diabetem 1. a 2. typu, coz jenom odrazi
zkuSenosti z praxe, kde obcas nelze jasné rozhodnout, o jaky typ diabetu se jedna. Jisteé

existuji i dalsi mén¢ Casté typy diabetu, které vSak postihuji jen malou ¢ast pacienti.

Nezavisle na typu diabetu jsou chronické diabetické komplikace podobné, jen se lisi
rychlosti rozvoje, popt. zavaznosti. Rozvijeji se dlouhodobé v fadu rok, ¢asto vsak jiz pied
samotnou manifestaci diabetu. Proto se s nimi nékdy setkavame jiz v dobé diagnézy.
Zaroven to jsou komplikace, které 1ze tspésnou 1écbou diabetu vyrazné oddalit ¢i zpomalit,

ale rozvinuté komplikace jiz obvykle nelze zcela eliminovat. Pfitom praveé chronické
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komplikace diabetu jsou tim faktorem, ktery nejvice ovliviiuje kvalitu Zivota pacienti

s diabetem (Quah J. H. et al., 2011).

6 Patogeneze diabetickych cévnich komplikaci

Chronické diabetické komplikace souviseji dominantné s rozvojem morfologickych
a funk¢énich zmén v cévni sténé. Ta je postizena v celém rozsahu od kapilar a pre-
/postkapilar az po velké arterie. Dle velikosti poskozené cévy se pak rozliSuje diabeticka
mikro- a makroangiopatie. Mikrovaskularni feisté¢ je nejcastéji poskozeno v ledvinach
(diabetickd nefropatie), na o¢nim pozadi (diabetickéd retinopatie) a v dlouhych nervech
(diabetickd neuropatie). Makrovaskuldrni postizeni se projevuje akcelerovanou
ateroskler6zou postihujici nejcastéji koronarni fecisté (pod obrazem ischemické choroby
srde¢ni), mozkové tepny (s moznym rozvojem cévni mozkové ptihody) nebo tepny dolnich

koncetin (pod obrazem ischemické choroby dolnich koncetin).

Hlavnim patogennim faktorem v rozvoji diabetické mikroangiopatie je hyperglykémie.
Zatimco vétSina buné€k v téle reaguje na extracelularni hyperglykémii sniZenym transportem
glukozy do buiky, endotelové buiiky toto protektivni snizeni nevykazuji, ¢imz dochézi
K intracelularni hyperglykémii (Kaiser N. et al., 1993). Je znamo 5 zakladnich

biochemickych mechanizmt, popisujicich poSkozovani tkdni zvySenou hladinou glukoézy:

(1) ZvySena aktivita polyolové drahy

Polyolova dréha je zalozena na aktivité aldoza reduktazy, kterd redukuje karbonylové
slouceniny na ptislusné polyoly. Pti zvySené aktivité aldoza reduktdzy dochazi k vétsi
konzumpci kofaktoru NADPH, ktery je zaroveil nezbytny k regeneraci redukovaného
glutathionu, vyznamného scavengeru reaktivnich forem kysliku (ROS), a tim stoupa
intracelularni oxidacni stres. V experimentalnich podminkach u mysi bylo dokézéano, ze
zvySena exprese aldoza reduktazy zhorSila aterosklerozu a snizila expresi genti
regulujicich regeneraci glutathionu (Vikramadithyan R. K. et al., 2005). Otazkou
zUstava, co je vlastnim substratem reduktazy — misto pivodné predpokladané glukozy
se dnes povazuji za hlavni substrat metabolity glykolyzy, ptedev§im glyceraldehyd 3-
fosfat (Giacco F. and Brownlee M., 2010).
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(2) Aktivace proteinkinazy C

Proteinkinaza C (PKC) je enzym fosforylujici cilové proteiny v zavislosti na ptitomnosti
Ca?* ionthi a fosfatidylserinu. Jeji aktivita vyrazné stoupa v pfitomnosti diacylglycerolu
(DAG). V terénu zvySeného oxidac¢niho stresu dochazi intracelularné k hromadéni
meziprodukta glykolyzy (viz dale) a mj. stoupa de novo syntéza DAG, coz dlouhodobé
aktivuje PKC. Podobné je PKC aktivovana i vazbou kone¢nych produktt glykace
(AGEs) na receptor RAGE (viz dale). Chronicka aktivace PKC vede k celé tad¢
patologickych procesit — Vv endotelovych bunkach je sniZzena produkce NO, resp. je
inhibovana inzulinem stimulovana exprese eNOS (Ganz M. B. and Seftel A., 2000,
Kuboki K. et al., 2000), zvySuje se exprese VEGF zvysujiciho permeabilitu, PAI-1
inhibujiciho fibrinolyzu ¢i NFkB, ktery dale akceleruje chronickou zanétlivou odpoveéd’

(Feener E. P. et al., 1996, Yerneni K. K. V. et al., 1999).
(3) ZvySena aktivita hexosaminové drahy

Hyperglykémie pfispivd k zvySenému vstupu fruktéza 6-fosfatu do hexosaminové
drahy, ktera =z fruktézy 6-fosfaitu pres glukosamin 6-fosfat generuje UDP-
acetylglukosamin. Ten je nezbytny k posttranslacni modifikaci né€kterych proteind, napt.
transkrip¢nich faktord. Je popsana zvySena exprese gent pro PAI-1, TGF-a ¢i TGF-1
pod vlivem UDP-acetylglukosaminu (Du X. L. et al., 2000, Kolm-Litty V. et al., 1998).

(4) ZvySena intracelularni tvorba konecnych produktu pokrocilé glykace (AGEs)

Akcelerovana glykolyza generuje vétsi koncentraci jejich meziproduktl. Ty se pak ¢asto
podileji na glykaci intracelularnich struktur vice nez samotnd gluk6za. Jednou

z nejsilnéjsich glykujicich molekul je methylglyoxal.
(5) Zvysena exprese receptoru pro AGEs (RAGE) a jeho aktivacnich ligandi

Aktivace receptoru pro AGEs (RAGE) vede mj. ke stimulaci pleiotropné pisobiciho
transkripcniho faktoru NF«B, jenz dale ovliviluje expresi mnoha geni uplatiiujicich se
V chronické zanétlivé reakci organizmu. Aktivovany RAGE se podili nejen na progresi
oxida¢niho stresu tim, ze zvySuje aktivitu NADPH oxidazy, ale také potlacuje

protektivni efekt glyoxalazy 1.
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Dle soucasnych poznatkt je pravdépodobné, ze primarni pii¢inou, vedouci k rozvoji vyse
popsanych mechanizmii, je mitochondrialni nadprodukce reaktivnich forem kysliku (ROS)
(obrazek 1) (Brownlee M., 2005, Kayama Y. et al., 2015). Pfi hyperglykémii Se zvySuje
intracelularni koncentrace glukézy, kterd je dominantné metabolizovana glykolyzou na
pyruvat. Akcelerovany citratovy cyklus produkuje nadbytek elektronti (na NADH a FADH>)
pro dychaci fetézec, stoupd protonovy gradient na mitochondridlni membrané a cCastéji
dochazi k ,uniku“ elektronu a jeho reakci s molekularnim kyslikem za vzniku
superoxidového radikalu. Pokud je produkce superoxidového radikalu vyssi nez kapacita
protektivni superoxid dismutazy (SOD), dochazi k nadmérné produkci ROS. Tuto teorii
potvrzuji experimenty dokladajici, ze vyrusenim protonového gradientu ,,odpojovacim®
(uncoupling) proteinem UCP-1 nebo zvySenou expresi MnSOD je zabranéno nadprodukci
ROS a dalsim komplikacim (Shen X. et al., 2006, Xie Z. L. et al., 2008).

1 Glukéza » Polyolova draha
1 (sorbitol, fruktéza)
T Glukéza 6-P

Hexosaminova draha
4 // (glukosaminoglykany ...)
T Fruktoza 6-P
/ 1 proteinkinaza C (PKc)
k J
T Glyceraldehyd 3-P

~=»  Methylglyoxal

—

T RAGE 1 AGEs

jadro

4 GAPDH <====nun flp-Y.\: >
1 1,3 Bisfosfoglycerat

mitochondrie

cytosol

Obrazek 1: Jednotici predstava vlivu oxidacniho stresu na hromadeni meziproduktii
glykolyzy a rozvoj 5 hlavnich patobiochemickych drah poskozeni tkani pri diabetu. GAPDH
— glyceraldehyd 3-fosfat dehydrogendza, PARP — polymerdaza poly(ADP-ribozy), RAGE —
receptor konecnych produktii pokrocilé glykace, AGEs — konecné produkty pokrocilé
glykace
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Klicovym enzymem glykolyzy je glyceraldehyd 3-fosfat dehydrogenaza (GAPDH). Pokud
je jeji aktivita snizend, dochazi k hromadéni meziproduktt glykolyzy pted timto enzymem
a Cast¢jSimu vstupu téchto molekul do alternativnich drah (viz vyse). Je znamo, ze
hyperglykémie snizuje aktivitu GAPDH. Podobny vliv vSak ma také modifikace GAPDH
ADP-rib6ézou (Du X. L. et al., 2003). V terénu zvySené¢ho oxidac¢niho stresu dochazi
k CastéjsSimu poskozeni jaderné DNA, coz aktivuje jinak neaktivni reparacni enzym
polymerazu poly(ADP-rib6zy) (PARP). Ta odstépuje ADP-ribozu a jeji polymery piipojuje
na ruzné proteiny, mj. i na GAPDH, jejiz aktivita timto klesa (Giacco F. and Brownlee M.,
2010).

6.1 Oxidac¢ni stres

Zatimco v mikrocirkulaci je hlavni pti¢inou vétsi produkce ROS hyperglykémie, v rozvoji
diabetické makroangiopatie hraje pravdépodobné hlavni tilohu v generovani ROS zvysena

oxidace mastnych kyselin (Giacco F. and Brownlee M., 2010).

Spolecné s peroxidem vodiku a oxidem dusnatym (NO®) je superoxid hlavnim ROS
podilejicim se na vzniku dalSich reaktivnich kyslikovych forem. Obrana organizmu pied
témito radikaly zahrnuje 3 skupiny ,,antioxida¢ni ochrany*:

1. malé molekuly ROS-scavengeri/antioxidantii (napf. vitamin C, vitamin E, karotenoidy,
glutathion, flavonoidy, ubiquinol, haptoglobin, hemopexin, kyselina mocova,
thioredoxin a dalsi)

2. antioxida¢ni systémy (katalaza, glutathionperoxidaza, transferin — ferritin,
superoxiddismutaza a dalsi)

3. reparacni ¢i degradacni enzymy (protedzy, lipdzy, DNA4zy/RNA4zy a jiné).

Pokud je v organizmu nadbytek ROS a/nebo nedostate¢na ,,antioxida¢ni ochrana®, rozviji se
tzv. oxidacni stres. Ten je pficinou mnoha riznych patologickych stavli nevyjimaje
diabetické cévni komplikace. Je znam jeho vyznamny podil na rozvoji endotelové
dysfunkce, tedy primarné funkéni poruchy endotelu charakterizované zhorSenim jeho
vazodilatacnich schopnosti spojenych s prozanétlivou a protrombogenni aktivaci.
Endotelova dysfunkce je prediktivnim ukazatelem diabetické mikroangiopatie a Casné

aterosklerozy (Bertoluci M. C. et al., 2015).
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V poslednich letech se navic s pfichodem novych klinickych moznosti kontinualniho méteni
glykémie ukazuje, ze tzv. glykemicka variabilita (tedy oscilujici hodnoty glykémii),
indukuje vyssi oxidacni zat€z a zpusobuje veétsi poskozeni endotelu nez pouze setrvaléd
hyperglykemie (Ceriello A. et al., 2008, Schisano B. et al., 2011), navic ovliviiuje expresi
celé fady proteinti uplatitujicich se v ochrané pted reaktivnimi metabolity, napt. glyoxalazy
I, superoxiddismutazy 2, RAGE ¢i transketolazy (Kuricova K. et al., 2016). Jeji vyznam
vV rozvoji mikrovaskularnich 1 makrovaskularnich komplikaci byl opakované prokazan
(Saisho Y., 2014, Skrha J. et al., 2016, Soupal J. et al., 2014). Velky dopad ma i pfitomnost
hypoglykémie — experimentalné navozena hypoglykémie po dobu 2 hodin zvysila miru
oxidacniho stresu a zhorsila endotelovou funkci. Toto zhorSeni bylo dokonce jeste vétsi,

pokud hypoglykémie nasledovala po hyperglykémii (Ceriello A. et al., 2014).

Dlouho je znam vliv oxida¢niho stresu na rozvoj diabetickych komplikaci, v poslednim
desetileti vSak byla potvrzena i jeho vyznamna uloha v rozvoji dysfunkce B bunék

a inzulinové rezistence, tedy zakladnich faktorti v rozvoji samotného diabetu 2. typu (Leahy
J. L., 2005).

Hodnoceni oxida¢niho stresu neni jednoduché a neexistuji jasné standardy k jeho
posuzovani (Palmieri B. and Shlendorio V., 2007a). Na jedné strang 1ze stanovit piimo volné
radikdly pomoci ESR spektrometrie (Electron Spin Resonance), elektronové
paramagnetické rezonance ¢i magnetické rezonance. Dale jsou k dispozici metody
posuzujici lipoperoxidaci tkani — nejCastéji se pouziva stanoveni koncentrace
malondialdehydu (MDA). Hodnotit 1ze také miru poskozeni proteinii oxida¢nim stresem —
bud méfit pfimo zastoupeni karbonylovanych proteini, nebo zménu koncentrace
reparanich mechanizmi, napf. glutathionu. Experimentdlné lze také hodnotit miru
poskozeni DNA oxida¢nim stresem (Dizdaroglu M. et al., 2002). Kone¢né i stanovovani
antioxida¢né plisobicich latek (hemoxygenaza, kyselina mocova, nékteré vitaminy) dopliuji

pohled na tuto komplexni problematiku.

N vy

resp. antioxidacniho potencidlu z minimalniho vzorku krve. Jde napf. o komercni testy
FORT (Free Oxygen Radicals Testing)/FORD (Free Oxygen Radical Defend) ¢i dROMs
(derivative Reactive Oxygen Metabolites)/BAP (Biological Antioxidant Potency) (Palmieri
B. and Sbhlendorio V., 2007b).
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6.2 Mikrovaskularni reaktivita

S biochemickymi zménami pii oxida¢nim stresu a néasledné endotelové dysfunkci je uzce
spojeno funk¢ni poskozeni mikrovaskularniho tecisté (Skrha J. et al., 2001). ZhorSeni
mikrovaskularni reaktivity bylo opakované pozorovano u pacientti s diabetem, Casto jesté
bez rozvinutych klinickych znamek mikroangiopatie (Houben A. et al., 1992, Jorneskog G.
et al., 1995). Navic zejména u pacienti s diabetem 2. typu muze byt mikrovaskularni
reaktivita zhorSena jiz v dobé diagndzy diabetu (Vinik A. I. et al., 2001). Zatimco je
porusena mikrovaskuldrni reaktivita vyznamnym markerem rozvoje mikroangiopatie, dle
soucasnych poznatkt ji nelze zcela aplikovat k predikci kardiovaskularniho onemocnéni
(CekicE. G.etal., 2017, Flammer A. J. etal., 2012). K hodnoceni mikrovaskularni reaktivity
se Vposlednich dvou dekédach pouzivalo vice metod, v dnesni dobé vSak dominuji
neinvazivni techniky LSCI (Laser Speckle Contrast Imaging) nebo laser dopplerovska
fluxmetrie (Cracowski J. L. and Roustit M., 2016).

6.3 Neenzymaticka glykace

6.3.1 AGEs

Konecné produkty pokrocilé glykace (AGEs) jsou velmi heterogenni skupinou molekul
vznikajici neenzymatickou glykaci proteinti, lipidd ¢i nukleovych kyselin béhem tzv.
Maillardovy reakce (obrazek 2) (Makita Z. et al., 1991, Vlassara H. and Striker G. E., 2013).
Jednd se o nckolikastupnovy proces, ktery zahrnuje vznik Schiffovy baze mezi
karbonylovou skupinou redukujicich cukri a aminoskupinou proteint, lipidt ¢i nukleovych

kyselin. Naslednou piestavbou vznika tzv. Amadoriho produkt (Ahmed N., 2005).

Autooxidaci Amadoriho produktu tzv. Hodgeovou drahou v terénu zvySené glykémie
vznikaji ireverzibilni AGEs. AGEs vSak vznikaji 1 jinymi drdhami — degradaci lipida
a aminokyselin, odstépeni dikarbonyli z aldimini (Namikiho draha) ¢i autoxidaci
monosacharidi glukozy, ribozy, fruktozy ¢i glyceraldehydu (Wolffova draha) (obrazek 3).
(Ott C. et al,, 2014). Ne¢které metabolity glykolyzy ¢i polyolové drahy (fruktdza,
dikarbonyly glyoxal a methylglyoxal ¢i glyceraldehyd) jsou pak vyrazné reaktivnéjSimi
slouceninami v tvorbé AGEs (Dornadula S. et al., 2015, Takeuchi M., 2016).
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Obrazek 2: Maillardova reakce. AGES — konecné produkty pokrocilé glykace.

Wolffova draha
cML glyceraldehyd glukéza
3-fosfat
Hodgeova draha
fruktosamin glyoxal

ol

Schiffova baze

X

3-deoxyglukoson methylglyoxal
Namikiho dréha

Obrazek 3: Vznik AGEs Hodgeovou, Namikiho a Wolffovou drahou. CML —
karboxymethyllysin.
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Tyto glykaéni reakce probihaji relativné pomalu a za normalnich okolnosti trva vznik AGEs
radoveé mésice. Poskozeny tak jsou nejéastéji proteiny s dlouhou zivotnosti, napt. kolagen.
Pti vyssi teploté, v terénu oxidacniho stresu ¢1 hyperglykémie je vSak vznik AGEs vyrazné
urychlen, a glykace muze postihnout i proteiny s kratkou zivotnosti, napf. enzymy, ¢i

hormony.
AGE:s se dle svych vlastnosti rozdéluji do tii skupin:

1) fluorescenéni ,,sit'ujici* (napt. pentosidin),

2) nefluorescencni ,,situjici* (napf. derivaty glyoxalu a methylglyoxalu),

3) ,.nesit'ujici* (napt. karboxymethyllysin CML) (Onorato J. M. et al., 1998, Stirban A.
etal., 2014).

6.3.2 Piavod AGEs a jejich osud v organizmu

AGEs vyskytujici se v organizmu jsou z vétsi ¢asti endogenniho ptivodu, ale ¢ast z nich
pochazi z exogennich zdrojt (Cai W. J. et al., 2012). Je znamo, Ze tepelnou Gpravou pokrmui
stoupa mnozstvi AGEs v potravé (Uribarri J. et al., 2010). Z té se pak v travicim traktu
castecné resorbuji do krevniho fecisté, kterym cirkuluji obdobné jako endogenni AGEs

(Foerster A. and Henle T., 2003).

Vysledny efekt AGES v organizmu probiha dvéma zakladnimi mechanizmy (obrdzek 4) —

nezavisle na receptoru a prostfednictvim receptoru.
1) Efekt AGEs nezavisly na receptoru

Glykace proteint ¢i lipoproteinii méni jejich normalni funkci. PoSkozeny mohou byt jak

extracelularni struktury, tak intracelularni.
a. Glykace v extracelularni matrix

Hromadéni AGEs v extracelularni matrix zpasobuje ,,zesitovani“ proteint, coz vede
k snizené elasticité a zvySené cévni tuhosti, ztlustovani cév a zuzovani cévniho lumen
(McNulty M. et al., 2007). Interakce mezi AGEs a biologickymi vazebnymi misty
extracelularnich proteini omezuje jejich vazbu na substrat. Glykaci kolagenu IV je tak
napiiklad alterovana vazba s endotelovymi bunkami (Haitoglou C. S. et al., 1992).
Naopak glykace LDL partikuli zvySuje jejich patogenni ulohu Vv akceleraci
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aterosklerdzy, navic glykaci se snizuje protektivni role HDL (Aronson D. and Rayfield
E. J., 2002). N¢které glykované molekuly maji velky vyznam v diagnostice, popf.
monitoraci uspeSnosti terapie diabetu. V tomto sméru se nenahraditelnym parametrem
stala koncentrace glykovaného hemoglobinu HbA1c, tedy Amadoriho produktu, jehoz
koncentrace odrazi primérnou glykémii v poslednich 2 az 3 mésicich. Dlouhodobé¢ je
zkouman i vyznam dalS§ich molekul (glykovany albumin, fruktosamin aj.), které se vSak

v klinické diagnostice zatim spise neujaly (Welsh K. J. et al., 2016).
b. Intracelularni glykace

V buiikéch se na glykaci vice nez samotna glukoza uplatiiuji reaktivni meziprodukty
glykolyzy. Podileji se na sniZzené expresi eNOS a inaktivaci NO, coZz zhorSuje
vazodilata¢ni schopnosti cévniho fecisté (Soro-Paavonen A. et al., 2010). Modifikaci
mitochondridlnich proteini methylglyoxalem se zvySila mitochondridlni produkce
superoxidu, coz dale akcelerovalo oxidacni stres (Rosca M. G. et al., 2005). Podobné
methylglyoxal glykaci zhorSuje funkci proteasomu (Queisser M. A. et al., 2010).
Nemén¢ vyznamna je u€ast AGEs v samotné patogenezi diabetu. V poslednich letech
pribyva dikazt o tom, ze konecné produkty glykace se podstatnou mérou podileji na
rozvoji inzulinové rezistence. Bylo popsano nékolik mechanizmi a o celé fadé¢ dalSich
se spekuluje. Glykace inzulinu vede k jeho niZsi u¢innosti v cilovych tkanich (Boyd A.
C. et al., 2000). Rovnéz bylo prokazano, Ze vyssi koncentrace methylglyoxalu
modifikuje AMP kinazu, a tim zvySuji inzulinovou rezistenci v jatrech (Gugliucci A.,
2009).

Recentné byla publikovana zprava, ze zvySené cirkulujici AGEs mohou byt spojeny
s horsi progndzou kriticky nemocnych na jednotce intenzivni péce (Meertens J. H. et

al., 2016), tedy jde o efekty velmi rychlé.

2) Efekt AGEs zprostiedkovany receptorem

Receptorit vazajicich AGEs je celd fada a vyskytuji se na riznych typech bun¢k, mj. na

makrofazich, adipocytech, endotelialnich burikach i hladkych svalovych bufikach. Jejich

exprese zavisi na lokalizaci ¢i typu buniky a je regulovana zménami metabolizmu napf.

béhem starnuti, pti diabetu ¢i dyslipidémie (Ott C. et al., 2014). Nejvice prozkoumanym je

receptor RAGE, ktery je zodpovédny za vétSinu nezadoucich biologickych ucinki AGEs
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v téle (Ohgami N. et al., 2001, Ramasamy R. et al., 2016, Rudijanto A., 2007). Mnoh¢é dalsi
komplexy receptoru AGE-R s dalSimi strukturami jsou schopny vazat AGEs (napi. AGE-
R1/0OST-48, AGE-R2/80K-H, AGE-R3/galectin-3) (Li Y. M. et al., 1996, Vlassara H. et al.,
1995), podobné jako nékteré scavengerové molekuly (SR-A; SR-B: CD36, SR-BI, SR-E:
LOX-1; FEEL-1/FEEL-2) (Ohgami N. et al., 2002, Tamura Y. et al., 2003).

exogenni AGEs endogenni AGEs

R

cirkulujici AGEs <«—— extracelularni AGEs «— intracelularni AGEs

l EC glykace IC glykace
exkrece bufika
AGEs

AGER1 RAGE
bl L

IC degradace IC signalizace

bunka

Obrazek 4: Exogenni a endogenni AGEs vorganizmu. IC — intraceluldrni, EC —
extracelularni, AGE-R1 a RAGE — receptory AGEs.

6.3.2.1 AGE-R

Receptorovy komplex AGE-R ma tfi rizné podtypy S odlisnou biologickou funkci. Komplex
AGE-R1/0OST-48 se uplatituje v transportu AGEs do endoplazmatického retikula
a degradaci nékterych AGESs, navic suprimuje expresi RAGE, coz vede mj. k potlaceni
tvorby ROS. Naproti tomu neni funkce komplexu AGE-R2/80K-H zcela ziejma,
pravdépodobné se podili na bunééné signalizaci. Komplex AGE-R3/galectin-3 ma vysokou

afinitu k AGEs a podili se na regulaci imunitni odpovédi, bunééné diferenciaci ¢i migraci.
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6.3.2.2 Scavengerové receptory
Skupina scavengerovych receptortl je Siroka a zna¢né heterogenni. Je vSak popsano nékolik

typt scavengerovych receptorti, které maji schopnost vazat AGEs a podilet se pak na jejich

degradaci — napt. SR-A, CD36, SR-BI, LOX-1, FEEL-1/FEEL-2.

6.3.2.3 RAGE

Receptor pro konecné produkty pokrocilé glykace (RAGE) byl poprvé popsan na povrchu
endotelovych bun¢k v roce 1992 (Neeper M. et al., 1992, Schmidt A. M. et al., 1992).
Exprimovan v$ak je na nejruznéjSich bunkach v téle, napf. monocytech/makrofazich, T
lymfocytech, dendritickych bunkach, hladkych svalovych burkach, epitelu glomeruld,

podocytech, kardiomyocytech, neuronech a dalSich.

V organizmu se vyskytuje RAGE ve tfech zakladnich variantach (obrdzek 5):

sRAGE esRAGE
00 RAGE
()

(0 () (M)
00 ()0) ADAM10 ()

~ - ““ ,,MMP

Alternativnisplicing AGER

Obrazek 5: Tri varianty RAGE receptoru — kompletni receptor s extracelularni,
transmembranovou i intraceluldarni casti, endogenné secernovany RAGE (esRAGE)
a solubilni RAGE (sRAGE). ADAM10 — A Desintegrin And Metalloprotease 10, MMP —

matrix metaloprotedza.
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1) kompletni transmembranovy receptor s extracelularni i intracelularni doménou,

2) endogenné secernovany RAGE (esRAGE), ktery vznika alternativnim sestfihem pre-
mRNA transkripth  RAGE a néasledné je uvolnény do plazmy, obsahuje
extracelularni, ale postrada intracelularni doménu potiebnou k signalni transdukci,

3) solubilni RAGE (sRAGE), ktery je odstépen z kompletniho transmembranového
receptoru pusobenim proteaz, napt. matrix metaloproteaz (MMPs) ¢i ADAM-10 (A
Desintegrin And Metalloprotease Domain containing Protein 10). Tim podobné jako
esRAGE ma schopnost Caste¢né ,,neutralizovat® efekt RAGE ligandt, nebot’ jejich
navazanim neaktivuje intracelularni déje. Realny biologicky efekt je vsak spiSe maly
(Katakami N. et al., 2008, Vazzana N. et al., 2009, Wautier J. L. and Grossin N.,
2008, Yan S. F. et al., 2010).

6.3.2.3.1 Ligandy RAGE

Kromé zminénych AGEs se k RAGE receptoru vazi (a ¢asto jsou potentnéj$i neZ samotné
AGESs) 1 jiné molekuly ze skupiny tzv. alarminii, napf. proteiny S100/kalgranuliny,
HMGBL1 (high mobility group box-1), amyloid-p peptid, lipopolysacharid, mac-1 ¢i Clq
(MaW. etal., 2012, Yamamoto Y. et al., 2011, Yao D. and Brownlee M., 2010) ¢i kyselina
lysofosfaditova (LPA) (Rai V. et al., 2012b). Alarminy se fyziologicky uplatiyji v iniciaci
akutniho zéanétu, ale jejich role byla opakované popsana i v rozvoji chronické zanétlivé
reakce, kterou pozorujeme napiiklad u aterosklerozy, tumorogeneze, neurodegenerativnich
onemocnéni ¢i diabetickych cévnich zmén (Bierhaus A. and Nawroth P. P., 2009, Kosaki A.
et al., 2004, Skrha Jr. J. et al., 2012, Yan S. F. et al., 2009). Kone¢n¢ nékteré alarminy se
indukei inzulinové deficience v B buiikach a inzulinové rezistence perifernich tkani podileji
na samotném rozvoji diabetu (Kim J. J. and Sears D. D., 2010, Lee B. W. et al., 2010, Wu
H. etal., 2016).

6.3.2.3.2 Aktivace RAGE

Navazanim ligandu (alarmind ¢i AGEs) na kompletni transmembranovy RAGE dochazi
k aktivaci slozité intracelularni kaskady d€ja. Presny mechanizmus aktivace zatim neni
detailné zndmy, ale je jisté, Ze hlavni roli hraje mDial — molekula ze skupiny formint
uplatiiujici se v nasledné bunécné signalizaci. Prostfednictvim proteini rac-1 a cdc4?2

naptiklad ovliviiuje bunécnou migraci (Rai V. et al., 2012a). U gliomovych buné¢k s knock-
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down formou mDia-1 byla migrace indukovana RAGE aktivaci vyrazn¢ zeslabena (Hudson
B. I. et al,, 2008). Molekula mDial je zasadni k aktivaci src/JAK2/STAT3 kaskady
ovliviujici proliferaci, zatimco vliv na p53/Bax kaskadu se uplatiiuje v apoptdze bunky.
Dalsi molekuly (PI3K, PKCBII, ERK a jiné¢) se podileji na rozvoji zanétlivé odpovéedi
Vv bunce (Xie J. et al., 2013).

Nasledkem aktivace RAGE se zvySuje aktivita NADPH oxidazy generujici vétsi mnozstvi
kyslikovych radikalti. Dochazi k aktivaci NF-kB stimulujiciho chronickou zanétlivou
odpovéd’ organizmu, ale také k potlaceni protektivnich mechanizmt redukci mRNA
a transkriptt glyoxalazy | (ebrdazek 6) (Koulis C. et al., 2015, Reiniger N. et al., 2010,
Wautier M. P. et al., 2001).

(). AGEs, HMGB1, $100 proteiny, LPS, LPA,
() amyloid B peptid, ...
())

= ... ALARMINY
ﬁﬂ?\

k. | aktivity glyoxalazy 1 —
1 aktivity NADPH oxidazy —

Sre, PI3K, ...

Obrazek 6: Intracelularni procesy spusténé aktivaci receptoru RAGE po navazani ligandu.
AGES — konecné produkty pokrocilé glykace, HMGB1 — High Mobility Group Box-1, LPS —
lipopolysacharid, LPA, NFxB — nukledrni faktor kB, PI3K — fosfatidyl inositol 3-kindza,
ROS — reaktivni formy kysliku, Src — nereceptorova tyrosinkindza.

Velky zajem byl vénovan RAGE polymorfizmim a jejich vlivu na rozvoj diabetu ¢i
diabetickych komplikaci. Rozsdhla meta-analyza s mnohatisicovymi soubory osob vSak
neprokazala asociaci mezi RAGE polymorfizmy rs1800625 (-429T/C), rs1800624
(-374T/A) ¢i rs2070600 (557G/A, G82S) a rizikem rozvoje diabetu. Naopak byla

26



pozorovana asociace mezi alelou 1704T a rizikem rozvoje diabetu a diabetické retinopatie,

obzvlasté v asijské populaci (Niu W. et al., 2012).

6.3.2.4 Degradace AGEs

Degradace AGEs proteinii spociva v jejich intracelularni transformaci na solubilni AGEs
peptidy (n€¢kdy nazyvané ,, AGEs druhé generace), které jsou pak opét uvolnény do
cirkulace a nasledn¢ vylou¢eny moci. Vyznamné se tak zde uplatiuji AGEs vazajici
receptory, jez endocytdézou transportuji AGEs do bun€k — hlavné AGE-R1/OST-48, AGE-
R3/galectin-3 ¢i scavengerové receptory SR-All, SR-BI, CD36 (Miyazaki A. et al., 2002).
Tyto procesy probihaji napt. na tkdniovych makrofazich, jaternich Kupferovych bunkach ¢i

endotelu (Smedsrod B. et al., 1997, Stirban A. et al., 2014, Turk N. et al., 2004).

6.4 Deglykaéni mechanizmy

Celkova glykaéni zatéz organizmu je déana (ne)rovnovahou mezi proglykaénimi
a deglykac¢nimi procesy. Pokud je deglykacni ochrana nedostatecnd, pievazuje glykacni
zatéZ spojena s vySe uvedenymi nasledky. Mezi hlavni deglykaéni mechanizmy patii

fruktosamin 3-kinazovy a glyoxalazovy systém.

Fruktosamin 3-kinaza (FN3K) je intracelularni enzym fosforylujici fruktosamin za vzniku
nestabilniho fruktosamin 3-fosfatu, jenz se déle rozklada na 3-deoxyglukoson a fosfat se
soucasnou deglykaci proteind (Delpierre G. and Van Schaftingen E., 2003). Jeho zvySena
exprese byla pozorovana v tkanich nachylnych k vyssi glykaci, napt. v ¢oéce, srdci, nervech
¢i ledvinach (Mohas M. et al., 2010). Doposud bylo popsano nékolik polymorfizmti FN3K
majicich vliv na aktivitu enzymu (Delpierre G. et al., 2006). Polymorfizmus rs1056534
(900C/G) byl spojen s niz§im glykovanym hemoglobinem a pozdé&js$im nastupem diabetu 2.
typu, avsak nebyla nalezena souvislost mezi timto polymorfizmem a mikrovaskularnim
postizenim (Avemaria F. et al., 2015, Mohas M. et al., 2010). Jina skupina vSak souvislost
mezi uvedenym polymorfizmem a progresi diabetické nefropatie, resp. 1 kardiovaskularni

morbidity, prokézala (Tanhduserova V. et al., 2014).

Glyoxalazovy systém zahrnuje glyoxalazu 1 a 2, které v ptitomnosti glutathionu katalyzuji

konverzi o-oxoaldehydti (zejména methylglyoxalu a glyoxalu) na laktat (obrdzek 7).
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Snizena aktivita glyoxalazy 1 (GLO1) v terénu oxidacniho stresu ve vyssim véku vede
k vyraznéjsi glykaci a poskozeni tkani (Song F. and Schmidt A. M., 2012). Deficit
glyoxalazy 1 byl spojen s vysS§im mnozstvim AGEs také u hemodialyzovanych pacientt
(Miyata T. et al., 2001) a vV experimentalnich podminkach byly u nediabetickych mysi
s redukovanou expresi GLO1 dokonce pozorovany znamky diabetické nefropatie (Giacco F.
et al., 2014). Nejcastéji popisovanym polymorfizmem GLO1 je rs4746 (419A/C), ktery byl
spojen s redukovanou aktivitou enzymu GLO1, hromadénim methylglyoxalu a elevaci
RAGE u pacienti s autismem (Barua M. et al., 2011). U stejné¢ho polymorfizmu byly
pozorovany u hemodialyzovanych pacienti vys$si hladiny SRAGE (Kalousova M. et al.,
2008), zatimco u diabetikt tato asociace pozorovana nebyla (Skrha Jr. J. et al., 2014).

methylglyoxal

glyoxalaza |

GSH J S-D-Laktoyl J

glutathion

glyoxalaza Il +H,0

laktat

Obrazek 7: Glyoxalazovy systém katalyzujici preménu methylglyoxalu na laktat
s recyklovanim glutathionu (GSH).

6.5 Metabolicka pamét’

Jiz v 80. letech minulého stoleti bylo prok4zano, Ze hromadéni AGEs v kizi souvisi
U pacienti s diabetem 1. typu s pfitomnosti mikro- a makrovaskularnich komplikaci
(Monnier V. M. et al., 1986). Pozd¢ji ukazala studie DCCT-EDIC, Ze glykace kolagenu
v kiizi piedpovidda dlouhodobé diabetick¢ komplikace i po adjustaci na glykovany
hemoglobin HbA:c (Genuth S. et al., 2005), a podobné vysledky pftinesla i studie UKPDS
U pacientu s diabetem 2. typu (Holman R. R. et al., 2008). Tim byly poloZeny zaklady teorie
tzv. ,,glykemické™ popt. ,,metabolick¢ paméti“. Oba pojmy jsou Casto povazovany za

28



synonyma, byt’ nékteré zdroje vice rozlisuji glykemickou pamét’ jako vliv samotné glykémie
na cévni komplikace a metabolickou pamét jako komplexni vliv riznych metaboliti

(glukéza, lipidy, glykaéni produkty atd.) na rozvoj chronickych komplikaci diabetu.

Starsi diabetologické intervencni studie (DCCT-EDIC, UKPDS) ve své prolongované ¢asti
ukazaly vyznamné snizeni mikrovaskularnich i makrovaskularnich komplikaci u intenzivné
léCenych pacientli. Nedavno byla prezentovana data, kde celkovd mortalita intenzivné
1écenych pacientd s diabetem 1. typu ve studii DCCT-EDIC byla dokonce nesignifikantné
niz$i nez ve srovnatelné bézné populaci (Lachin J. M. et al., 2016). Naopak nov¢jsi velké
intervenc¢ni studie s diabetiky 2. typu (ACCORD, ADVANCE, VADT) (Duckworth W. et
al., 2009, Gerstein H. C. et al., 2008, Patel A. et al., 2008) neprokazaly efekt intenzivnéjsi
1écby hyperglykémie na snizeni makrovaskularnich komplikaci a celkovou mortalitu.
Zatimco prvné zminéné studie se tykaly pacientli s nové manifestovanym diabetem, ty

pozdé&jsi byly provadény u pacientli s primérnym trvanim diabetu 8 — 11 let.

Hlavni otazka tak zni, pro¢ se rozvijeji mikrovaskuldrni i makrovaskularni komplikace
U pacientl s diabetem i po dosazeni zcela uspokojivé hodnoty glykovaného hemoglobinu
HbA1c a téméF normalni, popf. uplné normalni glykémie. Analogicky bylo zkoumano, proc¢
maji pacienti s diabetem, kteti byli na uplném pocatku onemocnéni intenzivnéji 1éceni, 1 po
mnoha letech a Casto jiz s hor§i kompenzaci diabetu lepsi prognézu neZ pacienti zpocatku
ptiliS neléceni. Detailni odpovéd’ neni ani dnes zcela jednoznacna, ale je jisté, Ze se uplatiuji
vlivy chronického zanétu, oxidacniho stresu i epigenetickych zmén (Berezin A., 2016). Za
epigenetické zmény jsou povazovany odchylky v aktivité a expresi gentl, pii kterych neni
meénéna nukleotidova sekvence. Vlivem hyperglykémie a chronického prooxidaéniho
a prozanétlivého stavu vSak dochazi k dysregulaci exprese genl, modifikaci histonu ¢i
nékterych miRNA, které pak mohou dale stimulovat chronickou zanétlivou odpoveéd
organizmu (Zhao S. Z. et al., 2016). Vétsina téchto zmén je trvala a ma tak skodlivé nasledky

I po zlepseni kompenzace diabetu.

6.6 Moznosti detekce AGEs

Ke stanovovani AGEs v organizmu existuje cela fada metod, jez se 1iSi nejen specificitou
pro urcity typ AGEs, ale 1 citlivosti ¢i cenou. Rovnéz je podstatné, zda jsou stanovovany

rychlé zmény koncentraci vétSinou cirkulujicich AGEs, napf. vramci kratkych
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interven¢nich studii, nebo se jednd o dlouhotrvajici epidemiologicka sledovani zaméiujici

se spiSe na zmény akumulace Vv tkanich vazanych AGEs.

6.6.1 Detekce Vv séru

K detekci sérovych koncentraci 1ze vyuzit ELISA techniky, fluorescenéni spektroskopii,
kapalinovou chromatografii (HPLC) a metody na ni zalozené ¢i hmotnostni spektrometrii
(Ashraf J. M. et al., 2015, Stirban A. et al., 2014). Bohuzel vyuziti jednodussich ELISA
technik i spektroskopickych metod k detekci AGES je zna¢né problematické a v praxi se

ptilis neujalo.

6.6.2 Detekce ve tkanich

Klasické stanoveni ve tkanich vazanych AGEs vyzaduje obvykle invazivni pfistupy, napf.
kozni biopsii. Pfitom akumulace AGEs ve tkanich jisté odrazi 1épe dlouhodobou glykacni
zatéz organizmu neZ hladiny v krvi ¢i moci. Proto byly vyvinuty neinvazivni techniky

detekce vyuzivajici fluorescenénich vlastnosti nékterych AGEs.

6.6.2.1 Autofluorescence kiiZe

Zasadni role AGEs na formovani ,,metabolické paméti“ byla opakované potvrzena.
V klinické praxi vSak jednoduché metody ke stanoveni metabolické glykacni zatéze dlouho
nebyly k dispozici a rutinni provadéni tkanovych biopsii bylo vylouc¢ené. Az na pocatku
tohoto stoleti byly ke stanovovani kozni autofluorescence, ktera do zna¢né miry odrézi
akumulaci AGEs v kuzi, vyvinuty nové pfistroje, jejichz vyuziti se pro svoji neinvazivitu
Vv nasledujicich letech zna¢né rozsifilo (Fokkens B. T. and Smit A. J., 2016). Neinvazivni
méfeni kozni autofluorescence (skin autofluorescence, SAF) nedokaze stanovit veskeré typy
AGEs v podkozi, ale bylo prokézano, ze zastoupeni fluorescen¢nich AGEs silné koreluje
s mnozstvim nefluorescencnich AGEs (Meerwaldt R. et al., 2004). Akumulace AGEs
v podkoZi je jina nez v cirkulaci. Zatimco kolagen v podkozi se obnovuje po 10 — 15 letech
a po celou dobu své existence podléha glyka¢nim zménam, glykace hemoglobinu v cirkulaci
probiha 2 — 3 mésice. To je také hlavni vysvétleni opakované publikované nizké zavislosti
¢inezavislosti parametri kozni autofluorescence a HbAic (Hartog J. W. L. et al., 2008, Skrha
Jr. J. et al., 2013). Naopak, mnohokrat byl dolozen vztah mezi kozni autofluorescenci
a chronickymi mikro- i makrovaskularnimi komplikacemi diabetu (Gerrits E. G. et al., 2008,
Lutgers H. L. et al., 2009, Noordzij M. J. et al., 2012).

Me¢teni kozni autofluorescence je znacné citlivé na pfitomnost koznich krémi a tonovacich

ptipravkll v mist¢ méfeni, ¢imz miize dochazet ke zkreslenym vysledkiim. Podobné neni
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kozni autofluorescence vhodna k detekci AGEs u 0sob s tmavou pleti (tftida V — VI dle
Fitzpatricka) (Koetsier M. et al., 2010, Sachdeva S., 2009). Podrobnéjsi popis méteni kozni

autofluorescence pomoci AGE Readeru je popsan V sekci pouzitych fyzikalnich metod.

6.6.2.2 Autofluorescence oc¢ni ¢ocky

Oc¢ni Cocka je organ zajistujici lom svételnych paprski na sitnici. K uplné funkci musi byt
¢ocka elasticka a pln¢ transparentni, coz zajistuji komplikované organizované proteiny.
Nejvetsi cast proteinit Cocky tvofi krystaliny, které jsou pomalu syntetizovany na periferii
¢ocky a s postupujicim vékem se piesouvaji do jejiho centra, kde tvoti jadro. Tam se také
vyskytuji pravdépodobné nejdéle ,,zijici* proteiny lidského téla. Na rozdil od okolnich
struktur obsahuje ¢oc¢ka mladého jedince nizsi koncentraci kysliku i glukozy (Shui Y. B. and
Beebe D. C., 2008, Tomana M. et al., 1984). V prubc¢hu let vSak podléha zménam, pfi
kterych dochazi ke kolorizaci a hromadéni AGEs. Zatimco nékteré AGEs maji spise
souvislost srozvojem stafecké katarakty, jiné AGEs se vyrazné uplatiuji v rozvoji
diabetickych zmén (Nagaraj R. H. et al., 2012). Do druh¢ skupiny patii i v poslednich letech
hojné studovany glucosepan, vyznamny marker diabetické mikroangiopatie (Monnier V. M.

etal., 2014).

Samotna autofluorescence ¢ocky byla znama jiz v prvni poloviné minulého stoleti (Klang
G., 1948, Vannas M W. A., 1938), ale az koncem 20. stoleti bylo dolozeno, Ze
autofluorescence ¢ocky (lens autofluorescence, LAF) stoupa s vékem a je vyrazné vyssi
u diabetiki (Bleeker J. C. et al., 1986). Zaroven autofluorescence uzce koreluje s celkovym
mnozstvim vSech stanovovanych AGEs v ¢o¢ce (Abiko T. et al., 1999). Na rozdil od SAF

poskytuje autofluorescence ¢ocky jesté dlouhodobéjsi informaci o ,,celozivotni® glykacni

zatéZi organizmu.
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7 Hypotéza a cile prace

Patobiochemické zmény u pacientl s diabetem jsou komplexni a zdaleka nesouvisi jen
sizolované zvysenou glykémii. Na rozvoji komplikaci se podileji dal$i procesy, mj.
alterovany metabolismus sacharidu a lipida ¢i chronicky vliv oxidacniho stresu a rozvijejici
se endotelové dysfunkce. Intenzita rozvoje téchto skodlivych zmén pak zévisi na genetické

predispozici jedince, epigenetickych zménach i environmentalnich faktorech.

Hypotéza: Domnivame se, Ze na rozvoji chronickych cévnich zmén u osob s diabetem se
podili jak zmény genetické, které mohou ovlivnit schopnost jedince vyrovnat se
s dlouhodobou vyssi glykemickou nalozi, tak celkovy stav glykace a oxida¢niho stresu, tedy

faktory akcelerujici endotelovou dysfunkci stojici na pocatku angiopatického poskozeni.

Cilem studia proto bylo posouzeni vyznamnosti n€kterych ¢asnéjsich biologickych markert
cévniho postizeni u pacientd sdiabetem 1. a 2. typu a jejich souvislost
s ptipadnymi mikroangiopatickymi zménami. Zarovenn byly studovany vytipované
polymorfizmy genti ochrannych deglykaénich enzymi. Kone¢né byla otestovana nova
neinvazivni metoda stanovujicich miru glykac¢niho postizeni tkani a jeji mozné vyuziti

v predikci chronickych komplikaci.
Konkrétnimi cili prace bylo:

1) stanovit, zda jsou rozdily v koncentracich markert endotelové dysfunkce a ligandu
receptoru RAGE mezi osobami s diabetem 1. a 2. typu a zdravymi kontrolami

2) stanovit, zda se liSi koncentrace solubilniho RAGE (sRAGE) mezi osobami
s diabetem 1. a 2. typu a zdravymi kontrolami, resp. zda je rozdil v koncentraci
sRAGE u diabetikt jiz s vyjadfenymi mikroangiopatickymi komplikacemi

3) stanovit u osob sdiabetem 1. a 2. typu genotypové frekvence vytipovanych
polymorfizmti gend uplatiiujicich se v deglykacnich procesech /FN3K (rs1056534),
FN3K (rs3848403) a GLOL1 (rs4746)/, resp. posoudit, zda jsou u osob
s komplikacemi Cast¢jSi n€které z téchto polymorfizmi

4) urcit, zda souvisi v populaci diabetikii vySe uvedené polymorfizmy s markery
endotelové dysfunkce/aktivace, resp. S SRAGE

5) vyhodnotit parametr kozni autofluorescence u 0sob s diabetem a posoudit, zda odrazi
dlouhodobou kompenzaci diabetu, resp. souvisi s rizikem rozvoje cévnich zmén

6) stanovit faktory, které mohou ovlivnit koZni autofluorescenci
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8 Soubory pacientt a pouzité metody

Dizerta¢ni prace obsahuje 3 studie, které se mirné lisi jak souborem vysetienych osob, tak
pouzitymi metodami. Nize jsou uvedeny zakladni charakteristiky jednotlivych soubort
pacientt 1 hlavni pouzité metody. Ty jsou pak detailnéji popsany v plnych znéni originalnich

publikaci.

Studie 1: RAGE a RAGE ligandy — Relationship of Soluble RAGE and RAGE Ligands
HMGB1 and EN-RAGE to Endothelial Dysfunction in Type 1 and Type 2 Diabetes Mellitus
(Priloha 1, strana 87)

Studie 2: Polymorfizmy FN3K a GLO1 — Fructosamine 3-Kinase and Glyoxalase |
Polymorphisms and Their Association With Soluble RAGE and Adhesion Molecules in
Diabetes (Priloha 2, strana 92)

Studie 3: Kozni autofluorescence — Skin Autofluorescence Relates to Soluble Receptor for
Advanced Glycation End-Products and Albuminuria in Diabetes Mellitus (Priloha 3, strana
101)

8.1 Soubory pacienti

Do studie byly zatazovany osoby s diabetem 1. a 2. typu s rizné vyjadienymi mikro-
a makrovaskularnimi  komplikacemi. Byly vSak vylouceny pacienti s tézkym
konkomitantnim onemocnénim (téZkym renalnim poSkozenim, sekundarni hypertenzi,

neurodegenerativnim onemocnénim, znamou malignitou ¢i tézkou akutni infekci).

Vsechny studie byly provedeny v souladu s Helsinskou deklaraci a byly schvaleny Etickou
komisi VSeobecné fakultni nemocnice. VSechny osoby zatazené do té€chto studii vyjadiily

souhlas se svoji Gcasti ve studiich.

8.1.1 Studie 1: RAGE a RAGE ligandy (Piiloha 1)

Do studie bylo zahrnuto 45 osob s diabetem 1. typu (22 muzt a 23 zen, median véku 47 let)
a 66 o0sob s diabetem 2. typu (46 muzu a 20 zen, median v€ku 64 let). VSichni pacienti
s diabetem 1. typu byli 1éCeni intenzifikovanym inzulinovym rezimem, 30 pacientd

s diabetem 2. typu bylo Ié¢eno jen metforminem, 20 bylo 1éceno kombinaci peroralnich
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antidiabetik a inzulinu a zbyvajicich 16 jen inzulinem. Kontrolni skupinu tvofilo 43 osob (29

muzu a 14 zen, median véku 56 let) srovnatelného stari.

8.1.2 Studie 2: Polymorfizmy FN3K a GLO1 (Piiloha 2)
Studie zahrnula celkem 595 osob (311 muzu a 284 Zen), z ¢ehoz bylo 129 osob s diabetem
1. typu (median véku 46 let), 340 osob s diabetem 2. typu (median véku 63 let) a 126

zdravych kontrol (median véku 45 let).

8.1.3 Studie 3: KozZni autofluorescence (Pfiloha 3)

Bylo vysetieno 47 0sob s diabetem 1. typu (27 muza a 20 Zen, median véku 46 let) a 41 osob
s diabetem 2. typu (25 muzd a 16 Zen, median v€ku 58 let). VSichni pacienti s diabetem
1. typu byli 1é€eni intenzifikovanym inzulinovym rezimem, 20 pacientt s diabetem 2. typu
bylo 1é¢eno jen metforminem, 10 bylo 1é¢eno kombinaci peroralnich antidiabetik a inzulinu
a zbyvajicich 11 jen inzulinem. Kontrolni skupinu tvotilo 20 osob (5 muzii a 15 Zen, median

veéku 46 let) srovnatelného stari.

8.2 Pouzité metody

8.2.1 Biochemické metody

Vzorky zilni krve byly odebirany u vysetfovanych osob rano nala¢no do zkumavek bez
antikoagulancii (pro ziskani séra) a zkumavek s EDTA (pro ziskani plazmy). Nasledné byly
zkumavky s krevnimi vzorky centrifugovany 10 minut pii 3000 rpm. Rutinni biochemické
analyty byly stanovovany z Cerstvé odebranych vzorkil, zatimco pro specialni analyzy byly

vzorky do doby méfeni uchovany v hlubokomrazicim boxu pfi -80 °C.

8.2.1.1 sSRAGE
Sérove koncentrace solubilniho RAGE (sRAGE) byly méteny dle protokolu vyrobce ELISA
metodou (Quantikine, RD Systems, Minneapolis, MN, USA).
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8.2.1.1.1 Princip metody

Tato imunoesej méti jak endogenné secernovany RAGE (esRAGE), ktery vznika

alternativnim sestiithem pre-mRNA transkriptii RAGE a nasledn¢ je uvolnény do plazmy,

tak vlastni solubilni RAGE (sRAGE), ktery je odstépen z kompletniho transmembranového

receptoru pusobenim proteaz (Yonekura H. et al., 2003). Kvantitativni sendvi¢ova

enzymova imunoanalyza je zaloZen na interakci mezi monoklonalni protilatkou specifickou

pro extracelularni doménu RAGE, jenz je navazana na nosici, a RAGE ve vySetfovaném

vzorku. Po promyti jsou K vySetfované smési piidany specifické polyklonalni protilatky proti

RAGE s navazanym enzymem. Po pfidani substratu pro dany enzym vzniké fotometricky

detekovatelna barva o intenzité pfimo umérné koncentraci SRAGE.

8.2.1.1.2 Reagencie

Mikrotitra¢ni desti¢ky s navazanou monoklonalni protilatkou proti lidskému RAGE
RAGE konjugat (polyklonalni protilatka specificka proti lidskému RAGE
konjugovana s kienovou peroxidazou)

RAGE standard (rekombinantni lidsky RAGE)

Redici esej (Assay diluent) RD 1-60 (pufrovana proteinova baze se stabilizatorem a
modrym barvivem)

Redici roztok RD 6-10 (pufrovana proteinové baze se stabilizatorem)
Koncentrovany promyvaci pufr

Substratovy roztok A (stabilizovany peroxid vodiku)

Substratovy roztok B (stabilizovany tetrametylbenzidin)

Zastavovaci roztok (2N kyselina sirova)

8.2.1.1.3 Pracovni postup

1.
2.
3.

Vsechny reagencie ponechame pii pokojové teploté.

20 ml koncentrovaného promyvaciho pufru pridame k 480 ml destilované vody.
RAGE standard je nafedime 1 ml destilované vody, ¢imz vznikne roztok
s koncentraci 50 000 pg/ml. Nasledné pomoci fediciho roztoku RD 6-10 vytvoiime
tyto koncentrace (5000, 2500, 1250, 625, 313, 156, 78 pg/ml), pficemz fedici roztok
RD 6-10 slouzi jako nulovy standard.

100 pl fedici eseje (Assay diluent) RD 1-60 napipetujeme do kazdé jamky.

Ptidame 50 pl vzorku resp. standardu do kazdé jamky a nasledné inkubujeme 2

hodiny pfi pokojové teploté.
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6. Poté kazdou jamku tfikrat promyjeme 400 ul promyvaciho pufru a mikrotitra¢ni
desticku otocime dnem vzhtru na Cisty podklad.

7. 200 ul RAGE konjugatu ptidame do kazdé jamky a inkubujeme 2 hodiny pfi
pokojové teplote.

8. Opakujeme bod 6.

9. Substratové roztoky A a B pfipravime michanim 15 minut pted pouzitim.

10. Do kazdé jamky piidame 200 pl substratu a nasledn¢ inkubujeme ve tmé po dobu 30
minut.

11. Do kazdé jamky ptidame 50 pl zastavovaciho roztoku.

12. Kméfeni absorbance pouzijeme spektrofotometr LabsystemsMultiscan RC,
nastaveny na 450 nm s korekci na 540 nm. Koncentrace vzorku poté odecteme

Z kalibra¢ni ktivky.

8.2.1.2 EN-RAGE
Sérové koncentrace EN-RAGE (Abnova, Taipei City, Taiwan) byly stanoveny rovnéz
ELISA metodou. Princip této kvantitativni sendvicové enzymové imunoanalyzy je

analogicky jako pfi stanovovani sSRAGE.

8.2.1.2.1 Reagencie

e EN-RAGE mikrotitracni desticky (polystyrenové mikrotitracni desticky s 96
jamkami potazenymi monoklonalni protilatkou proti SI00A12/EN-RAGE)

e Promyvaci pufr

e Redici pufr

e Humanni SI00A12/EN-RAGE Standard

e HRP konjugat (detekéni protilatka specifickd proti lidskému S100A12/EN-RAGE
konjugovana s kienovou peroxiddzou)

e Substratové ¢inidlo

e Zastavovaci roztok

8.2.1.2.2 Pracovni postup
1. Vsechny reagencie temperujeme na pokojovou teplotu.

2. 100 pl koncentratu promyvaciho pufru je pridame k 900 ul destilované vody.
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3. Humanni S100A12/EN-RAGE standard je nafedime 1 ml destilované vody, ¢imz
vznikne roztok s koncentraci 340 ng/ml, ktery slouzi jako standard. Pomoci fediciho
pufru poté vytvoiime nasledujici koncentrace (5000, 2500, 1250, 625, 313, 156, 78
pg/ml) a samotny fedici pufr slouzi jako nulovy standard.

4. Jednotlivé vzorky nafedime 200x fedicim pufrem.

5. Do jamek napipetujeme 100 ul Standardnich roztokii o vySe uvedenych
koncentracich, resp. 100 pl nafedénych vzorkt ¢i kontrol.

6. Nasledn¢ desticku inkubujeme pii pokojové teploté 1 hodinu za soustavného tfepani
na tfepacce.

7. Poté kazdou jamku ¢tytikrat promyjeme 350 ul promyvaciho pufru.

8. 100 ul HRP konjugatu ptidame do kazdé jamky a inkubujeme na tfepacce 1 hodinu
pii pokojové teplote.

9. Naésledné promyti probiha jako v bodé 7.

10. 100 pl substratového ¢inidla ptidame do kazdé jamky, inkubujeme 10 — 20 minut na
ttepacce pii pokojové teploté a chranime pred svétlem.

11. Do kazdé¢ jamky ptfidame 100 pl zastavovaciho roztoku.

12. K méfeni absorbance pouzijeme spektrofotometr LabsystemsMultiscan RC,
nastaveny na 450 nm s korekci na 540 nm. Toto méfeni musi byt provedeno do 30
minut od pfidani zastavovaciho ¢inidla. Koncentrace vzorku se odecita z kalibra¢ni
ktivky a vysledek nasobime 200x.

8.2.1.3 HMGB1

Sérové koncentrace HMGB1 (IBL, Hamburg, Némecko) byly stanoveny rovnéz ELISA

metodou. Princip této kvantitativni sendvi¢ové enzymové imunoanalyzy je analogicky jako

pfi stanovovani sSRAGE.

8.2.1.3.1 Reagencie

HMGB1 mikrotitra¢ni desticky (polystyrenové mikrotitracni desticky s 96 jamkami
potazenymi polyklonalni protilatkou proti HMGB1)

Promyvaci roztok

Redici pufr

Humanni HMGBI1 Standard a Pozitivni kontrola
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HMGB1 enzymovy konjugat (monoklonélni protilatka specifickd proti HMGB1
konjugovana s peroxidazou)
Substratové ¢inidlo A a B

Zastavovaci roztok

8.2.1.3.2 Pracovni postup

1.
2.

50 pl fediciho pufru je napipetujeme do vSech jamek na mikrotitra¢ni destiéce.

Do piislusnych jamek napipetujeme 50 ul standarda (koncentrace 10, 5, 2,5, 1,25,
0,625, 0,313 ng/ml), ,,blanku“, pozitivnich kontrol a vzork.

Zakrytou desticku protiepeme a inkubujeme 20 — 24 hodin pii 37 °C.

Nasledné desticku 5x promyjeme 400 ul promyvaciho pufru.

Do kazdé jamky piidame 100 ul enzymového konjugatu a desti¢ku inkubujeme 2
hodiny pfi 25 °C.

Nasledné opakujeme bod 4.

Do jednotlivych jamek ptidame 100 pl substratového roztoku. Celou desticku
inkubujeme 30 minut pfi pokojové teploté a chranime pred svétlem.

Poté se do jednotlivych jamek piidame 100 ul zastavovaciho roztoku.

Absorbanci méfime spektrofotometrem LabsystemsMultiscan RC, nastavenym na
450 nm s korekci na 540 nm, nejpozdéji do 60 minut od aplikace zastavovaciho

roztoku. Koncentraci vzorku odecteme z kalibra¢ni kiivky.

8.2.1.4 Adhezni molekuly

Endotelova dysfunkce byla hodnocena vSeobecné uznavanymi markery (Haim M. et al.,

2002, Widlansky M. E. et al., 2003). Pro stanoveni sérovych koncentraci jednotlivych

analyti byly pouzity ELISA kity Human sP-selectin/CD62P, Human sE-selectin/CD62E,
Human sICAM-1/CD54, Human sVCAM-1 (RD System Europe, Abingdon, UK), von
Willebrandiiv faktor (vVWF) (Corgenix, Broomfield, USA) a matrix metaloprotedzy MMP2
a MMP9 (Quantikine Immunoassay, RD Systems, Minneapolis, MN, USA). Principy metod

jsou obdobné jako u vySe uvedené metody ELISA pro SRAGE.
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8.2.1.5 Rutinni metody

Albuminurie byla stanovena po vylou¢eni mocové infekce z ranniho vzorku turbidimetricky
a byl vypocten pomér mocového albuminu/kreatininu (ACR). Za pozitivni vysledek byl
povazovan nalez ACR > 3 g/mol kreatininu. K dal§im analyzam byla data vzhledem

k logaritmickému rozlozeni logaritmovana.

Renalni funkce (eGFR) byla vypoctena dle v dané dobé ve VSeobecné fakultni nemocnici

doporucované rovnice MDRD (Levey A. S. et al., 1999).

Rutinni biochemické parametry byly stanovovany V séru komeréné dostupnymi kity dle
vyrobcem doporucenych instrukci a certifikovanych postupi v centralni biochemické
laboratofi ULBLD 1. LF UK a VFN. Vétsina analytii byla stanovena V analyzatoru Modular
Roche (Roche Diagnostics GmBH, Mannheim, Némecko). Sérové koncentrace CRP byly
stanovovany turbidimetricky, ALT a AST dle metody modifikované podle International
Federation of Clinical Chemistry (IFCC) s ptidanim pyridoxal 5-fosfatu, celkovy bilirubin
byl méfen reakci se stabilni diazoniovou soli, sérovy kreatinin pomoci Jaffeho reakce.
Kyselina mocova byla stanovena enzymaticky s néslednou fotometrickou detekei, zatimco

koncentrace urey byla méfena UV eseji s ureazou.

Glykémie nala¢no byla méfena analyzatorem Super GLAmbulance (Dr. Miiller Geritebau,

Freital, Némecko) a glykovany hemoglobin HbA1.na HPLC Variant Il (Biorad, Francie).

8.2.2 Molekularné-genetické metody
8.2.2.1 Izolace DNA

U vySetfovanych osob byla DNA izolovéana z lymfocytl periferni krve standardni vysolovaci
metodou (Miller S. A. et al., 1988). Metoda je zaloZena na rozpadu membran erytrocyti
Vv pfitomnosti lyza¢niho pufru SLB (Salmiak Lysing Buffer). Za pfitomnosti dodecylsiranu
sodného (SDS) a proteinkinazy K dochdzi k lyze jadernych bunék. Nasycenym roztokem
chloridu sodného (NaCl) jsou pak vysoleny zbyvajici peptidy.

8.2.2.1.1 Pracovni postup
1. Vzorek krve (7 ml, EDTA) smichame s cca 40 ml chlazeného 10x fedéného SLB
pufru a celou zkumavku umistime do drceného ledu. Za obcasného otoceni

zkumavky inkubujeme pti 0 °C po dobu 30 minut. Poté centrifugujeme piti 3000 rpm,
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30 minut, pfti teploté 10 °C. Nasledn¢ opatrné odstranime supernatant, znovu pfidame
40 ml SLB pufru a umistime na 20 minut do ledu. Poté opét centrifugujeme za
stejnych podminek.

Po vyliti supernatantu ziskany ¢erveny pelet omyjeme 30 ml TK-1 pufru (KCI, TRIS,
MgCl,.6H>0, EDTA, HCI), dikladn¢ zamichame a centrifugaci (3 000 rpm, 20
minut, pii teploté¢ 10 °C) odstranime erytrocytarni membrany. Tento krok tiikrat
opakujeme, dokud neziskame zcela bily sediment krevnich jadernych bunék.

Cisty leukocytarni pelet resuspendujeme ve 3 ml lyzagniho pufru pro jaderné
membrany a dobie prottepeme. Dale piridame 600 pl roztoku proteinkindzy K a 200
ul 10 % SDS, opatrné promichame a inkubujeme pii 37 °C do druhého dne.
Ptidame 1 ml 6 M NaCl a protiepeme. Vznikly precipitat odstranime centrifugaci,
6000 rpm, 30 minut, pti laboratorni teploté.

Ciry supernatant preneseme do nové zkumavky, pfidime nejméné trojnasobné
mnozstvi chlazené¢ho (-20 °C) 96 % ethanolu, opatrnym obracenim se vysrazi DNA
(bilé zelatindzni vlakno nebo chomackovita srazenina).

Srazeninu DNA nabalime na sterilni sklenény hacek, omyjeme chlazenym (-20 °C)
70 % ethanolem a nechame oschnout na vzduchu.

Sklenény hacek vlozime do sterilni kryozkumavky s 1000 pl TE pufru (TRIS +
EDTA). Uvolnénou DNA nechame rozpoustét pii laboratorni teploté alesponn do
druhého dne.

8.2.2.2 Méieni koncentrace DNA

Koncentrace izolované DNA byla méfena spektrofotometrem ND-1000 (NanoDrop). Po

napipetovani 1 — 2 ml vzorku DNA na konec dolniho optického vldkna dojde ke spojeni

s hornim optickym vlaknem a vznika sloupec tekutiny, ve kterém dochazi k prométeni

absorbance prostiednictvim CCD (charge-coupled device) pole.

8.2.2.3 Polymorfizmus genu glyoxalazy 1 GLO1 rs4746 (GlulllAla, 419A/C)

Gen GLO1 se nachazi na chromozomu 6p21.2. V piipadé polymorfizmu rs4746 je wild type

alela A nahrazena mutovanou alelou C. Polymorfizmus byl stanovovan metodou PCR-RFLP

(polymerase chain reaction — restriction fragment lenght polymorphism analysis) dle

popsaného postupu (Germanova A. et al., 2009, Kalousova M. et al., 2008). Restrikéni
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analyza vyuziva specifické restriktazy Stépici DNA. Pfitomnost polymorfizmu ovlivni

moznost konkrétni restrikce, ¢imz vznikaji razn¢ dlouhé amplifikované fragmenty DNA.

Samotna restrikce probihala pfi teploté 37 °C ptes noc pomoci restrikéni nukleazy BsmAl.
Po digesci vznikaly fragmenty o délce 143 bp a 60 bp pro wild type alelu 419 A a 203 bp
pro mutovanou alelu C. Vzniklé fragmenty byly nasledné separovany dle velikosti pomoci

agarove elektroforézy, vizualizovany pfidanym ethidium bromidem.

8.2.2.4 Polymorfizmy genu fruktosamin 3-kindzy rs1056534 (S300S) a rs3848403
(intronova varianta C/T)

Gen FN3K se nachazi na chromozomu 17q25. Analyza DNA byla provedena pomoci
RealTime PCR a TagManovou genotypizaci s uspésnosti 95 % (v rozmezi 91 — 98 %).
Metoda je zaloZena na detekci fluorescence uvolilujici se v pfimé Uméfe k mnoZzstvi
amplifikované DNA v priibéhu PCR reakce. VyuZité jsou dvojité¢ barvené hydrolyzaéni
sondy, které nesou na 5 konci reportérovy fluorofor a na 3 ’konci molekulu zhasece. Béhem
PCR dochazi k hydrolyze této sondy, nasledné k separaci zhaSece a tim emisi fluorescence,

ktera je detekovana.

8.2.3 Fyzikalni metody

8.2.3.1 Kozni autofluorescence

Kozni autofluorescence (skin autofluorescence, SAF) byla méfena opakované na 3 riznych
mistech piedlokti nedominantni horni koncetiny pomoci AGE Readeru (DiagnOptics BV,
Groningen, Holandsko) dle doporuceni vyrobce (Mulder D. J. et al., 2006). Samotné méfeni
je zcela neinvazivni a trva 2 — 3 minuty. Hodnota autofluorescence je uvadéna v arbitrarnich
jednotkach a vypoctena jako podil primérné intenzity emitovaného svétla na 1 nm o vlnové
délce 420 — 660 nm a primérné hodnoty intenzity excitovaného svétla o vinové délce 300 —
420 nm. Intraindividudlni Altmanova odchylka je 5,0 % v jednom dni a 5,9 % pfti sezénnich

zménach (Meerwaldt R. et al., 2004).
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8.2.3.2 Autofluorescence ocni ¢ocky

K méfeni autofluorescence o¢ni ¢ocky (LAF) byl vyuzit biomikroskop ClearPath DS-120
(Freedom Meditech, San Diego, USA), ktery neinvazivné stanovuje autofluorescenci levé
ocni Cocky. Behem nckolika vtefin pfistroj osviti coCku modrym svétlem a méfi
fluorescencni zelené svétlo a zaroven rozptylené modré svétlo. Softwarovée je pak vypocten
pomér autofluorescence Cocky k rozptylenému svétlu v centralni ¢asti ocni Cocky, ktery
podava informaci o mnozstvi akumulovanych AGEs. Cim vy3i tento pomér je, tim je obsah

AGEs v ¢occe vyssi (Burd J. et al., 2012).
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8.3 Statisticka analyza

Vysledky biochemickych parametri jsou vyjadieny jako primér a smérodatna odchylka
(SD), popt. primér a mezikvartilové rozpéti (IQR, interquartile range) u logaritmovanych
dat. Rozdily mezi skupinami byly vyhodnoceny jednocestnou varia¢ni analyzou (ANOVA)
s LSD nebo Bonferroniho post hoc testy. Korelace byly stanoveny pomoci Pearsonova nebo
Spearmannova koeficientu dle rozlozeni hodnot. Linearni regresni analyza byla provedena
k vyhodnoceni nezavislych asociaci proménnych. Pro testovani Hardy-Weinbergova
ekvilibria (HWE) byl pouzit y? test. Statistick4 analyza byla provedena v programu Statistica

12 (StatSoft) a za statisticky vyznamné byly povazovany vysledky p<0,05.
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9 Vysledky

Nasledujici podkapitoly uvadéji hlavni vysledky jednotlivych zafazenych publikaci, jejich

plné znéni je k dispozici v korespondujicich ptilohach dale.

9.1 Studie 1: RAGE a RAGE ligandy (Ptiloha 1)

U pacientd s diabetem byly pozorovany vyznamné vyssi markery endotelové dysfunkce,
zatimco rozdily mezi diabetiky 1. a 2. typu nebyly statisticky vyznamné (VWF: 114 + 48
[DM1], 127 £ 56 [DM2], 88 + 32 ug/l [kontroly], p<0,0005; VCAM-1: 915 + 450 [DM1],
848 + 342 [DM2], 365 + 70 ug/l [kontroly], p<0,0001) i ligand RAGE receptoru EN-RAGE
(250 £ 197 [DM1], 292 + 207 [DM2], 109 + 66 ug/l [kontroly], p<0,0001), resp. proteaza
MMP2 (287 + 108 [DM1], 318 £ 118 [DM2], 190 + 31 ug/l [kontroly], p<0,0001). Naproti
tomu HMGBL1 bylo vyssi jen u diabetiku 2. typu (2,23 £ 1,65 [DM1], 2,59 + 1,96 [DM2],
1,60 £ 0,96 pg/l [kontroly], p<0,02).

Koncentrace SRAGE byla vyznamn¢ vyssi u diabetu 1. typu (1137 + 532 [DM1], 995 £ 519
[DM2], 824 + 309 nug/l [kontroly], p<0,01), u obou skupin diabetu vyznamné pozitivné
souvisela s dobou trvani diabetu (r = 0,43, p = 0,01). Obzvlasté vyznamna elevace SRAGE
byla pozorovana u pacientl s diabetem a piitomnosti albuminurie. Detailni vysledky jsou

uvedeny v tabulce 1.

Poprvé byla popsana vyznamna inverzni zavislost mezi metaloprotedzami MMP2 a MMP9
u obou typt diabetu (DM1: r =— 0,6, p<0,002; DM2: r = — 0,8, p<0,001), jez se podileji na

vzniku sSRAGE, ale i degradaci extraceluldrni matrix pfi neovaskularizaci.
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Tabulka 1: Parametry RAGE a endotelové dysfunkce v jednotlivych skupinach

DM1 DM2 Kontroly ANOVA

(n=45) (n=66) (n=43) p
sRAGE (ng/l) 113745320 995+519 824+309 0,011
HMGBI1 (pg/) 2.23+1.65 2.59+1.96° 1.60+0.96 0,011
EN-RAGE (ng/l) 250+197° 2924207° 109+66 <0,0001
vWF (ng/l) 1144482 127+56° 88432 0,0004
MMP2 (pg/l) 287+108° 318+118° 190+31 <0,0001
MMP9 (pg/l) 505+429 476+427 609+271 ns
ICAM-1 (ug/) 260+84 296+176° 206+64 0,002
VCAM-1 (pg/l) 915+450° 848+342° 365470 <0,0001
P-selektin (ug/l) 113342 11641 140+76 0,028
E-selektin (pg/1) 29+14 40+16 40+19 0,001
Vysledky jsou uvedeny jako primér+SD. Byla provedena jednocestna ANOVA s
Bonferroniho post-hoc testy mezi pacienty s diabetem a kontrolami: 2p<0,05,
bp<0,01, °p<0,001; resp. mezi diabetiky 1. a 2. typu: *p<0,01.
EN-RAGE, Extracellular Newly identified RAGE binding Protein; HMGBL, high
mobility group box 1; ICAM-1, intercelularni adhezni molekula; MMP, matrix
metaloproteazy; sSRAGE, solubilni receptor kone¢nych produktii pokrocilé glykace;
VCAM-1, vaskularni adhezni molekula; vWF, von Willebrandtv faktor.




9.2 Studie 2: Polymorfizmy FN3K a GLOL1 (Ptiloha 2)

Podrobna klinickd charakteristika vySetfovanych osob 1 pfitomnost mikrovaskuldrnich
a makrovaskularnich komplikaci je uvedena v originalnim ¢lanku v piiloze. Kompenzace
diabetu se mezi osobami s diabetem 1. a 2. typu vyznamné nelisila (glykémie nala¢no: 8,7 +
3,6 vs. 8,7 + 3,3 mmol/l, ns; HbA1c: 69 + 14 vs. 64 + 21 mmol/mol, ns), tfebaze trvani diabetu

1. typu bylo delsi nez v piipadé diabetu 2. typu (16 vs. 11 let, p<0,001).

Ve vSech vySetfovanych skupinach (DM1, DM2, kontroly) byly genotypové frekvence
polymorfizmt FN3K i GLO1 v Hardy-Weinbergove rovnovaze. Ve studovanych skupinach
nebyly nalezeny rozdily v genotypovych a alelickych frekvencich jednotlivych
polymorfizmt FN3K (rs1056534), FN3K (rs3848403) a GLO1 (rs4746) (tabulka 2). Rozdily
nebyly patrny ani pii rozd€leni pacienti dle absence ¢i piitomnosti chronickych
mikrovaskularnich (nefropatie, neuropatie, retinopatie) a makrovaskularnich (ischemicka

choroba srdecni, ischemicka choroba dolnich koncetin, iktus) komplikaci.

Tabulka 2: Genotypové a alelické frekvence u osob s DM 1, DM2 a kontrol.

DM1 DM2 Kontroly 2
(n=129) (n=340) (n=126) X test
C 36 34 40
Alely (%) ns
G 64 66 60
FN3K
(rs1056534) cc 15 13 20
Genotypy (%) | GG 44 44 41 ns
CG 41 43 39
C 44 46 47
Alely (%) ns
T 56 54 53
FN3K
(rs3848403) cc 18 21 27
Genotypy (%) | TT 29 30 32 ns
CT 53 49 41
C 46 49 48
Alely (%) ns
A 54 51 52
GLO1
(rs4746) AA 32 28 32
Genotypy (%) | CC 24 27 28 ns
AC 44 45 41
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Byly pozorovany vyznamné nizsi koncentrace SRAGE u diabetikd s polymorfizmem FN3K
rs1056534 a naopak vyssi koncentrace sSRAGE u polymorfizmu FN3K rs3848403 (tabulka
3). Zatimco GG a CG genotypy FN3K rs1056534 s mutovanou G alelou byly asociovany
s vyznamnych poklesem sRAGE (GG: 1055 + 458 a CG: 983 + 363 vs. CC: 1796 + 987
ng/l; p<0,0001), u FN3K rs3848403 polymorfizmu byl TT genotyp s mutovanou T alelou
spojen s vyznamné vys$$i koncentraci sSRAGE (TT: 1365 + 852 vs. CT: 1016 + 401 a CC:
1087 + 508 ng/l; p=0,05).

Tabulka 3: Koncentrace SRAGE u 0sob s diabetem a bez diabetu dle genotypu

SRAGE (ng/) Diabetes Kontroly

cC 1796 + 987 370 + 135

FN3K GG 1055 +458 953 + 439

(rs1056534) CG 983 + 363 811+ 184
ANOVA p<0,0001 ns

cC 1087 + 508 1265 + 254

FN3K TT 1365 + 852 643 + 128

(rs3848403) CT 1016 + 401 701 + 266
ANOVA p=0,05 ns

AA 1164 + 601 853 £ 115

GLO1 CC 1035+ 579 645 +302

(rs 4746) AC 1104 + 449 954 & 440
ANOVA ns ns

Polymorfizmus GLOI rs4746 nebyl asociovan s koncentraci sSRAGE. Naopak byla
pozorovana souvislost tohoto polymorfizmu s koncentracemi adheznich molekul

odrazejicich endotelovou dysfunkci (tabulka 4).
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Tabulka 4: Koncentrace adheznich molekul dle genotypu GLO1 (rs4746).

GLO1
(rs4746) DM1
(n=50)
AA CcC AC ANOVA
ICAM-1 (ug/l) 279 + 65 223 +47 213 £ 56 p<0,005
VCAM-1 (ng/l) 884 + 308 839 + 298 849 + 237 ns
P-selektin (ug/l) 114 £ 41 78 +33 85+ 39 p<0,05
E-selektin (ug/1) 29+ 11 24 +13 32+13 ns
DM2
(n=52)
AA CcC AC ANOVA
ICAM-1 (ug/l) 281+ 57 271+ 102 274 + 95 ns
VCAM-1 (ug/l) 719 + 314 1219 + 426 927 +296 p<0,01
P-selektin (ug/l) 114 +48 109 + 46 110 +45 ns
E-selektin (ug/1) 5110 40 £ 25 34+ 12 p<0,05
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9.3 Studie 3: KoZni autofluorescence (Piiloha 3)

Detailni klinickda a biochemickd charakteristika vySetfovanych osob je uvedena
v originalnim ¢lanku v ptiloze. Kompenzace diabetu se mezi osobami s diabetem 1. a 2. typu
vyznamné neliSila (HbA1c 74 £ 14 vs. 71 £ 21 mmol/mol, ns). Kozni autofluorescence
(SAF), sRAGE a markery endotelové aktivace/dysfunkce v jednotlivych skupinach jsou
uvedeny v tabulce 5. Kozni autofluorescence (SAF) byla u pacientd s diabetem 1. a 2. typu
vyznamné vys$i oproti zdravym kontrolam (2,39 + 0,54, 2,63 + 0,73 vs. 1,96 + 0,33 AU;
p<0,0001), zatimco rozdil mezi jednotlivymi typy diabetu nebyl vyznamny. Podobné¢ se ani
SRAGE ¢i parametry endotelové aktivace/dysfunkce mezi diabetiky 1. a 2. typu piili$

nelisily.

Tabulka 5: Kozni autofluorescence, SRAGE a markery endotelové aktivace/dysfunkce

DM1 DM2 Kontroly ANOVA

(n=47) (n=41) (n=20) p
SAF (AU) 2,39 +0,54° 2,63 +£0,73¢ 1,96 £ 0,33 <0,0001
SRAGE (ng/l) 1250 + 627 1040 + 567 1163 + 537 0,26
VWF (%) 114 £48 127 £ 562 93 +25 0,038
ICAM-1 (ug/) 269 + 89 266 + 79 223 +£82 0,10
VCAM-1 (ug/) 907 +498° 816 £ 271° 392 £91 <0,0001
P-selektin (ug/1) 113 +£36° 101 £35°¢ 145 £ 52 0,0004
E-selektin (ng/l) 29 + 162 36 £ 16 41 +£15 0,011
Vysledky jsou uvedeny jako pramér=SD. Byla provedena jednocestna ANOVA s LSD post-hoc
testy mezi pacienty s diabetem a kontrolami: p<0.05, ®p<0.01, °p<0.001.
AU, arbitrarni jednotky; ICAM-1, intercelularni adhezni molekula; sSRAGE, solubilni receptor
kone¢nych produktl pokrocilé glykace; SAF, kozni autofluorescence; VCAM-1, vaskularni
adhezni molekula; vWF, von Willebrandiv faktor.

Pro dalSi analyzy byly osoby s obéma typy diabetu posuzovany dohromady, a naopak
rozdéleny dle (ne)pfitomnosti albuminurie (tabulka 6). U diabetikl s pozitivni albuminurii
(A+) byla pozorovana vyznamné vyssi kozni autofluorescence i SRAGE oproti osobam bez

albuminurie (A-).
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Tabulka 6: Kozni autofluorescence a dal§i parametry v podskupinach dle neptitomnosti

(A-) ¢i pritomnosti (A+) albuminurie.

A+ A- Kontroly ANOVA

(n=19) (n=69) (n=20) p

SAF (AU) 2,84 +0,80% | 2,41 +0,56° 1,96 = 0,33 <0,0001
. . 13,2 0,7 0,5

Albumin/kreatinin (g/mol) (3.9-44,0) (0,3-1,6) (0,2-1,1) <0,0001
HbA::. (mmol/mol, IFCC) 90 + 18% 68 + 14° 39+5 <0,0001
SRAGE (ng/l) 1457 £ 754* | 1066 + 532 1163 + 537 <0,05
VWF (%) 137 £ 47° 114 + 45 93 +25 0,007
ICAM-1 (ug/) 324 +102% 251+70 223+ 82 0,0003
VCAM-1 (ug/) 965 +408° 832 +400° 392 +£91 <0,0001
P-selektin (ng/l) 102 +33P 109 +37° 145+ 52 0,0008
E-selektin (ug/1) 39+ 18 31+ 15° 41 £ 15 0,016
Vysledky jsou uvedeny jako primér=SD, popft. jako primér s 1 SD rozpétim. Byla provedena
jednocestna ANOVA s LSD post-hoc testy mezi pacienty s diabetem a kontrolami: 2p<0,05,
bp<0,01, °p<0,001 a mezi A+ a A-:*p<0,05, ¥p<0,01, ?p<0,001.
AU, arbitrarni jednotky; HbAi,, glykovany hemoglobin; ICAM-1, intercelularni adhezni
molekula; sRAGE, solubilni receptor kone¢nych produktt pokrocilé glykace; SAF, kozni
autofluorescence; VCAM-1, vaskularni adhezni molekula; vWF, von Willebrandav faktor.

Endotelova aktivace/dysfunkce byla hodnocena pomoci parametrt vWF, ICAM-1 a VCAM-
1. U kazdého z téchto parametrti byla na zékladé pouzivanych zvyklosti stanovena hodnota
urcujici pfitomnost endotelové aktivace/dysfunkce, konkrétné aktivita vVWF > 110 %,
koncentrace ICAM-1 > 300 pg/l a koncentrace VCAM-1 > 800 pg/l. Vyznamné vyssi kozni
autofluorescence byla pozorovéna ve vSech podskupinéch se zvySenymi markery endotelové
aktivace/dysfunkce nad uvedené hodnoty — u VWF byla koZni autofluorescence (SAF) 2,63
+ 0,55 vs. 2,27 £ 0,52 AU, p<0,02, u ICAM-1 2,91 + 0,48 vs. 2,31 + 0,50 AU, p<0,001,
auVCAM-1 2,61 + 0,63 vs. 2,30 = 0,42 AU, p<0,05. Naopak hodnoty glykovaného

hemoglobinu HbA se v téchto podskupinach nelisily.

Korelaéni analyza ukazala jen mirnou zévislost mezi kozni autofluorescenci (SAF)
a glykovanym hemoglobinem HbA1c u DM2 (r = 0,41, p<0,01), ale nikolivu DM1 (r = 0,22,
ns). V zadné skupin€ nebyla prokazana souvislost mezi kozni autofluorescenci a koncentraci
fruktosaminu ¢i glykémie nalacno. Naopak je zndma zavislost kozni autofluorescence na
véku vysetfovanych osob, coZ bylo potvrzeno jak u zdravych kontrol (r = 0,73, p<0,0005),
tak u pacientt s diabetem 1. typu (r = 0,54, p<0,0001), statisticky nevyznamné pak
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I Upacientd s diabetem 2. typu (r = 0,22, ns). U osob s diabetem 1. i 2. typu kozni
autofluorescence vyznamné pozitivn¢ korelovala se zdvaznosti albuminurie vyjadiené
pomérem albumin/kreatinin (ACR) (r = 0,34, p<0,05; r = 0,44, p<0,01) a inverzné
s glomerularni filtraci vyjadiené pomoci eGFR (r = 0,48, p<0,001; r =-0,30, p = 0,05).

Dalsi pozorované korelace ukazuje tabulka 7. V zadné skupiné nebyla zjisténa souvislost

mezi kozni autofluorescenci a pohlavim, krevnim tlakem ¢i BML

Proménné, které v univariacni analyze korelovaly s kozni autofluorescenci s p<0,05 byly
dale hodnoceny v regresni analyze. Z téchto proménnych byla kozni autofluorescence u osob
s diabetem asociovana pouze s vékem (f = 0,33; p<0,002), SRAGE (B = 0,36; p<0,0002),
a albuminurii (8 = 0,23; p<0,02) (R? = 0,38), zatimco u kontrol jen s vékem (8 = 0,55;
p<0,03; R? = 0,62).

Tabulka 7: Korela¢ni analyza mezi kozni autofluorescenci a dal$imi parametry

KozZni autofluorescence
DM1 DM2 Kontroly
- 0,25 0,38
Trvani diabetu (ns) (0.01) -
. 0,53 0,22 0,73
Vek (0,0001) (ns) (0,0004)
0,22 0,41 0,33
HDA (ns) (0,007) (ns)
0,37 0,60 0,29
SRAGE (0,02) (0,00003) (ns)
0,61 0,16 0,37
ICAM-1 (0,0007) (ns) (ns)
0,52 0,28 0,63
VWF (0,005) (ns) (0,004)
K reatinin 0,34 0,25 -0,28
ca 0,02) (ns) (ns)
0,34 0,44 0,22
ACR (0,02) (0,007) (ns)
-0,48 -0,30 -0,33
eGFR (0,001) (0,05) (ns)
r na prvnim fadku bunék, p v zavorkach
ACR, pomér albumin/kreatinin; eGFR, odhadovana glomerularni filtrace; HbAc, glykovany
hemoglobin; ICAM-1, intercelularni adhezni molekula; SRAGE, solubilni receptor pro
kone¢né produkty pokrocilé glykace; vWF, von Willebrandiv faktor
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10 Diskuze

Nize jsou diskutovany hlavni vysledky jednotlivych ¢lankt, detailni diskuze je pak soucasti

originalnich publikaci v ptiloze.

10.1 Studie 1: RAGE a RAGE ligandy (Ptiloha 1)

Nase studie prokdzala zmény v koncentracich SRAGE a RAGE ligandi EN-RAGE
a HMGBI u pacientti s diabetem 1. a 2. typu. Primérné hodnoty téchto parametrii byly
obecné vyssi v diabetické populaci, byt ne vzdy se statistickou vyznamnosti. Vyrazné vyssi
sRAGE bylo pozorovano u pacientl s albuminurii >3 g/mol kreatininu. Naproti tomu v jiné
studii (Marcovecchio M. L. et al., 2009) bylo prokazano snizeni esRAGE u pacientd
s diabetem 1. typu a pfitomnou albuminurii. Vznik esRAGE a sRAGE se vS$ak lisi — zatimco
esRAGE vznika alternativnim sestfihem genu AGER (Raucci A. et al., 2008), SRAGE je
odstépovan protedzami od transmembranového RAGE receptoru, a tim 1 rizné mechanizmy

se mohou uplatiiovat v rtiznych stadiich rozvoje diabetu a diabetickych komplikaci.

V minulosti byla opakované prokazana asociace mezi polymorfizmem rs2070600 557G/A
RAGE genu (AGER) a koncentraci SRAGE (Gaens K. H. J. et al., 2009, Jang Y. et al., 2007,
Krechler T. et al., 2010), avSak ani rozsahla meta-analyza s mnohatisicovymi soubory osob
neprokazala asociaci mezi uvedenym polymorfizmem rs2070600 (557G/A, G82S) i dal§imi
RAGE polymorfizmy rs1800625 (-429T/C), rs1800624 (-374T/A) a rizikem rozvoje diabetu
(Niu W. et al., 2012).

Vyznamnym faktorem ovliviiujicim koncentraci SRAGE v krvi je funkce ledvin. Opakované
bylo v minulosti prokazano, Ze snizena funkce ledvin vyjadiena vzestupem kreatininu, popf.
snizenou glomerularni filtraci, pfispiva ke zvyseni koncentrace sSRAGE (Kalousova M. et
al., 2006, Kankova K. et al., 2008, Wannamethee S. G. et al., 2017). Recentni velka
prufezova studie na americké populaci (Loomis S. J. et al., 2017) rovnéz ukazuje, zZe
koncentrace SRAGE je krom¢ genetickych faktorii vyznamné zavisla na aktualnim zatizeni
organizmu zanétem, a dale praveé rendlnich funkcich. Navic byla rovnéz nezéavisle na jinych
rizikovych faktorech opakované prezentovana i vyznamna asociace mezi sRAGE

a rozvojem diabetické nefropatie (Klein R. et al., 2017, Thomas M. C. et al., 2015).
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Diabetes v organizmu akceleruje mirny chronicky zanét, ktery stimuluje nejen rozvoj
endotelovych zmén, ale i dalSich abnormalit napft. v interakci RAGE receptoru, jeho ligandt
¢i metaloproteinaz. Koncentrace téchto jednotlivych markert v§ak ¢asto zavisi na aktualnim

stavu organizmu a nemusi odrazet dlouhodobou prognoézu jedince s diabetem.

10.2 Studie 2: Polymorfizmy FN3K a GLO1 (Ptiloha 2)

Tato prace jako prvni ukazala vyznamnou souvislost mezi polymorfizmy deglyka¢niho
enzymu FN3K (rs1056534) a (rs3848403) a koncentraci sSRAGE u osob s diabetem.
Problematika stanoveni a odliSeni SRAGE a esRAGE jiz byla diskutovana vyse. Naopak

genotypové frekvence se ve studovanych skupinach vyznamné nelisily.

Rovnéz jsem poprvé ukdzali vyznamné rozdily v markerech endotelové aktivace/dysfunkce
mezi osobami s riznymi genotypy polymorfizmu GLO1 (rs4746). Interpretace vSak neni
jednoznacna, nebot’ u pacientli s diabetem 1. typu mutovana alela vedla ke snizeni
koncentraci ICAM-1 a P-selektinu, zatimco u pacienti s diabetem 2. typu byla snizena
koncentrace E-selektinu a VCAM-1 naopak stoupal. Je pravdépodobné, ze ucinnost
deglykacnich enzymt neni ovlivnéna jen (ne)pfitomnosti jejich polymorfizmi, ale Casto
spiSe dalSimi mechanizmy regulujicimi genovou expresi ¢i samotnou enzymatickou aktivitu.
Podobné je i aktudlni koncentrace adheznich molekul spiSe zavisla na dal§ich dynamickych

faktorech jako napf. oxidac¢ni stres ¢i zavaZznost cévniho poSkozeni.

Nepfitomnost vyznamnégjSich rozdild v genotypovych a alelickych frekvencich
polymorfizmu GLO1 (rs4746) byla v minulosti pozorovana u Zen s karcinomem prsu
(Germanova A. et al., 2009), zatimco u osob s diabetem toto nebylo znamo. Naproti tomu
byla u hemodialyzovanych osob s CC genotypem polymorfizmu GLO1 (rs4746) vyssi
prevalence kardiovaskularniho onemocnéni (Kalousova M. et al., 2008). Podobn¢ ¢astéjsi
byl oproti zdravym osobam pozorovan CC genotyp u osob se svétlobunéénym karcinomem

ledviny (Chocholaty M. et al., 2015).

Je pravdépodobné, ze celkovy efekt enzyml deglykacnich systému a tim 1 jejich podil na
rozvoji cévnich komplikaci je ovliviiovan nejen pfitomnosti polymorfizmt, ale 1 dalSimi
molekularnimi mechanizmy regulujicimi napf. genovou expresi ¢i enzymovou aktivitu.
Samotny polymorfizmus nemusi mit na aktivitu enzymu vliv, tak jak kuptikladu ukézala

recentni studie s polymorfizmem FN3K rs1056534 (Cikomola J. C. et al., 2017).
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10.3 Studie 3: Kozni autofluorescence (Pfiloha 3)

Nase publikace jako prvni ukazuje vyznamnou elevaci kozni autofluorescence u diabetikti
s pozitivnimi markery endotelové aktivace/dysfunkce, pfitom u nich nebyl pozorovan rozdil
Vv glykovaném hemoglobinu HbA1c. Podobné byla kozni autofluorescence vyznamné vyssi
u diabetikli s albuminurii, tedy ukazatelem diabetické nefropatie. Toto zvySeni piitom
zustalo vyznamné 1 po adjustaci na renalni funkce, a tedy nelze piicist jen zhorSené clearance
AGEs ledvinami. Kozni autofluorescence se nelisila mezi pacienty s diabetem 1. a 2. typu,

byla vS§ak vyznamné vyss8i nez v kontrolni skuping.

Jen castecna souvislost mezi kozni autofluorescenci a glykovanym hemoglobinem HbA1c,
tedy markerem dlouhodobé primérné glykémie, byla pozorovana u diabetu 2. typu, zatimco
u diabetu 1. typu nebyla asociace ani statisticky vyznamna. Podobné vysledky ukazaly jak
dalsi studie s kozni autofluorescenci (Semedo C. D. et al., 2017), tak naSe srovnani
s autofluorescenci o¢ni cocky (Skrha J., Jr. et al., 2015). Zatimco HbA1c odrazi pramérnou
glykémii v poslednich 2 — 3 mésicich, parametr kozni autofluorescence odrazi dlouhodobou
glykaci podkozi minimalné v horizontu let. Proto pfinasi i jinou klinickou informaci
0 mozném dal§im rozvoji komplikaci. Nedavno byla publikovana prvni studie prokazujici

pozitivni asociaci mezi kozni autofluorescenci a erektilni dysfunkci, tedy jednou

z nejcasnéjSich cévnich komplikaci diabetu (Kouidrat Y. et al., 2017).

Poprvé jsme ukézali v obou skupinach diabetikii vyznamnou zavislost mezi kozni
autofluorescenci a SRAGE. O kauzalnim vztahu mezi autofluorescenci a SRAGE lze vSak
jen spekulovat, zda se jedna o reaktivni zvySeni SRAGE v odpovédi na vétsi glykaéni zatéz

organizmu ¢i jde jen o nespecificky ukazatel chronického zanétu.

V nasi studii jsme nesrovnavali miru akumulace AGEs v podkozi méfené pomoci kozni
autofluorescence s koznimi biopsiemi, ale jiz v minulosti bylo prokazano, ze kozni
autofluorescence siln¢ koreluje s mnozstvim fluorescencnich i1 nefluorescencnich AGEs

v podkozi (Meerwaldt R. et al., 2004).

Parametr koZni autofluorescence je jisté klinicky relevantni a dobfe odrazi dlouhodobou
glykaéni zatéZ organizmu, navic samotné méfeni je rychlé a neinvazivni. Je pravdépodobné,
ze je znacn¢€ ovlivnén nejen samotnymi AGEs, ale 1 interakci mezi AGEs s receptory, popf.
se uplatiiuji 1 dals$i mechanizmy, napf. endotelova aktivace/dysfunkce, deglykacni

mechanizmy a dal$i doposud ne zcela detailn¢ popsané drahy.
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Opakované se diskutuje o klinicky relevantnich biomarkerech glykace. Detekce rtiznych
AGEs Vv krvi by jisté i v klinické praxi dokdzala do zna¢né miry predikovat mikrovaskularni
1 makrovaskularni komplikace , bohuzel na rozdil od dnes jiz relativné standardizované¢ho
méieni glykovaného hemoglobinu jsou riizné kity pro AGEs znacn¢ nestandardizované a
presnéjsi metody detekce (napf. tandemova hmotnostni spektrometrie) pro rutinni praxi
vesmés nepouzitelné (Welsh K. J. et al., 2016). Praveé proto mize byt kozni autofluorescence

Klinicky nadéjnou alternativou.
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10.4 DalSi cile vyzkumu

Nase vysledky podobné jako vétSi mezindrodni studie potvrzuji spise maly vliv
polymorfizmli vybranych geni na rozvoj diabetickych komplikaci. Zatim se nezda, ze by
jakykoliv z vytipovanych polymorfizmii mél takovou vahu, aby byl silnym prediktorem

rozvoje cévnich komplikaci.

V dal$im vyzkumu se proto chceme zaméfit spiSe na stanovovani enzymatickych aktivit,
obzvlasté protektivnich deglyka¢nich enzymt, a posoudit jejich vliv na rozvoj cévnich

komplikaci.

Zaroven budeme pokracovat v longitudinalnim sledovani pacienti s diabetem z pohledu
kozni autofluorescence, abychom mohli piesnéji posoudit prediktivni moznosti tohoto

parametru k odhadu klinického rizika rozvoje diabetické mikro- a makroangiopatie.
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11 Zavér

Diabetes mellitus je onemocnéni, jehoz vysokd morbidita je zptisobena hlavné chronickymi

cévnimi komplikacemi. Patogeneze cévniho poSkozeni u diabetu je dle aktualnich poznatka

velice komplexni a rozhodné nelze fict, ze jedinym faktorem je dlouhodoba hyperglykémie.

Je zfejmé, Ze geneticka predispozice vyznamné ovliviiuje, jak bude konkrétni pacient

nachylny k rozvoji cévnich komplikaci. Dlouhodoba hyperglykémie ptispiva k vyraznéjsi

glykaci proteinti, nukleovych kyselin a dal$ich struktur, a vyznam ochrannych deglykacnich

mechanizmi je proto veliky.

Cilem dizerta¢ni prace bylo posouzeni vyznamnosti nékterych casnéjSich biologickych

markerti cévniho postizeni u pacientd s diabetem 1. a 2. typu a jejich souvislost

S ptipadnymi mikroangiopatickymi zménami. Nize uvadim hlavni vysledky.

1)

2)

3)

4)

Byly prokazany vyznamné rozdily v koncentracich markerti endotelové dysfunkce
a ligandu receptoru RAGE mezi osobami s diabetem a bez diabetu, zatimco rozdily
mezi diabetem 1. typu a 2. typu nebyly vzdy piesvédcivé.

Koncentrace SRAGE byla vyznamné vyssi u diabetu 1. typu a u obou skupin diabetu
vyznamné¢ pozitivn¢ souvisela s dobou trvani diabetu. Obzvlasté vyznamna elevace
sRAGE byla pozorovana u pacient s diabetem a diabetickou nefropatii vyjadienou
pfitomnou albuminurii. Konkrétni pficina ¢i biologicka role tohoto zvySeni vSak zatim
zUstava nejasna.

U osob s diabetem 1. a 2. typu nebyly nalezeny rozdily v genotypovych a alelickych
frekvencich jednotlivych polymorfizmt FN3K (rs1056534), FN3K (rs3848403) a GLO1
(rs4746). Rozdily nebyly patrny ani pfi rozdéleni pacientt dle absence ¢i pfitomnosti
chronickych mikrovaskularnich (nefropatie, neuropatie, retinopatie)
a makrovaskuldrnich (ischemickd choroba srde¢ni, ischemickd choroba dolnich
koncetin, iktus) komplikaci.

U diabetikd s polymorfizmem FN3K rs1056534 byly poprvé popsany vyznamné nizsi
koncentrace SRAGE, a naopak vyssi koncentrace SRAGE u polymorfizmu FN3K
rs3848403. Rovnéz byla prokazana asociace mezi polymorfizmem GLO1 (rs4746)
a markery endotelové aktivace/dysfunkce. Pifima asociace urcitého polymorfizmu

s konkrétni formou mikroangiopatie vSak nalezena nebyla.
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5)

6)

Kozni autofluorescence (SAF) byla u pacienti s diabetem 1. a 2. typu vyznamné vyssi
oproti zdravym kontroldm, zatimco rozdil mezi jednotlivymi typy diabetu nebyl
vyznamny. Naproti tomu souvislost mezi kozni autofluorescenci a glykovanym
hemoglobinem nebyla presvédciva.

Vyznamné vysSi kozni autofluorescence (tedy akumulace AGEs v podkozi) byla
pozorovana u diabetikl s pozitivni albuminurii. AGEs se tak nejen kauzaln€ podileji na

rozvoji cévnich komplikaci, ale mohou byt i vhodnym markerem rozvoje komplikaci.
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Abstract

v

Aims: Receptor for advanced glycation end-
products (RAGE) plays the essential role in the
pathogenesis of diabetic vascular complications.
The aim of the study was to compare concentra-
tion of soluble RAGE and its ligands (EN-RAGE
and HMGB1) with different biochemical param-
eters in Type 1 (T1DM) and Type 2 (T2DM) diabe-
tes mellitus.

Methods: Total number of 154 persons (45
T1DM, 68 T2DM, 41 controls) was examined and
concentrations of sRAGE, EN-RAGE and HMGBI1
were measured and compared to diabetes con-
trol, albuminuria, cell adhesion molecules and
metalloproteinases (MMPs).

Results: Mean serum sRAGE concentration was
higher in TIDM as compared to controls

(11374532 ng/1 vs. 824+309ng/l, p<0.01). Simi-
larly, EN-RAGE was significantly higher in both
diabetic groups (p<0.001) and HMGB1 concen-
trations were elevated in T2DM patients
(p<0.01). Significant relationship was found
between MMP9 and HMGB1 and EN-RAGE in
diabetic patients. Inverse relationship was
observed between MMP2 and MMP9 in both
types of diabetic patients (r=-0.602, p<0.002
and r=-0.771, p<0.001). Significant positive
correlation was found between sSRAGE and ICAM-
1, VCAM-1 or VWF (p<0.01 to p<0.001).
Conclusion: We conclude that serum sRAGE
and RAGE ligands concentrations reflect endothe-
lial dysfunction developing in diabetes.

Introduction

v

Receptors for advanced glycation end products
(RAGE) play the essential role in the pathogene-
sis of diabetic vascular complications. There are 3
major variants of RAGE: (A) full length trans-
membrane RAGE with extracellular and intracel-
lular regions, (B) endogenous secretory RAGE
(esRAGE) formed via alternative splicing of RAGE
pre-mRNA transcripts and subsequently released
into human plasma, having extracellular domain
for binding with RAGE ligands but lacking the
intracellular region for further intracellular sig-
nal transduction, and finally (C) soluble RAGE
(sRAGE) detached from the full length RAGE by
proteinases such as matrix metalloproteinases
(MMPs) or A Desintegrin And Metalloprotease
(ADAM-10), and having a similar “neutralizing”
effect on RAGE ligands as esRAGE (Katakami
et al., 2008; Vazzana et al., 2009; Wautier and
Grossin, 2008; Yan et al., 2010). The soluble RAGE
represents all circulating RAGE - both sRAGE

released by MMPs and esRAGE, as also discussed
earlier (Sparvero et al., 2009). MMPs, apart from
the role in sSRAGE production, ensure remodeling
of the extracellular matrix (ECM) and participate
in many physiological and pathological processes
(e.g., wound healing, organ development, inflam-
mation, atherosclerosis, heart failure, diabetic
vascular complications) (Kadoglou et al., 2005).
The RAGEs are present at various cellular mem-
branes, but most important for development of
vascular wall changes are the ones on macro-
phages and endothelial cells. Activation of the
ligand-RAGE axis results in acceleration of
chronic inflammation via NFkB followed by
enhanced expression of genes for adhesion mol-
ecules (ICAM-1, VCAM-1, P-selectin, E-selectin),
growth factors and cytokines (IFNy, PDGF, TNFq,
IL-1), induction of migration of macrophages,
stimulation of cells proliferation, upregulation of
pro-thrombotic pathways or increased synthesis
of collagen 1V, fibronectin and proteoglycans
(Hofmann et al., 1999; Schmidt et al., 1995).
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Initially, RAGE was named in accordance with its activation after
binding advanced glycation endproducts (AGEs). At the present
time, a wide range of substances called alarmins, such as S100
calgranulins (e.g., EN-RAGE - sometimes called S100A12), high
mobility group box-1 (HMGB1), or amyloid-f peptide, is known
to bind and activate RAGE more potently than AGEs alone (Yao
and Brownlee, 2010). Alarmins are present in physiological con-
ditions, especially in acute inflammation, but their role is obvi-
ously also in promoting chronic inflammation as observed in
diabetes, aging, atherosclerosis, tumorogenesis or neurodegen-
erative disorders (Bierhaus and Nawroth, 2009; Kosaki et al.,
2004; Yan et al., 2009).

Diagnosis of diabetic angiopathy is often late when morphologi-
cal changes in the vessel wall are already developed. Screening of
biomarkers related to early vascular changes associated with
endothelial dysfunction is therefore demanded. However, the
most reliable biomarkers have not been confirmed yet. Moreo-
ver, classical markers of diabetes compensation (HbA;. and gly-
caemia) are no longer believed to be the best target for proper
therapy (Nawroth et al., 2010)

The goal of this study was to evaluate serum levels of soluble
RAGE and 2 representatives of alarmins (EN-RAGE and HMGB1)
in Type 1 and Type 2 diabetic patients and to compare them with
von Willebrand factor (VWF) and cell adhesion molecules as
markers of endothelial activation. In addition, their relationship
to matrix metalloproteinases MMP2 and MMP9 as possible
releasers of the RAGE extracellular domain has been evaluated.

Subjects and Methods

v

Subjects

The whole group consisted of 45 patients (22 males, 23 females)
with Type 1 diabetes mellitus (T1DM) and 66 patients (46 males,
20 females) with Type 2 diabetes mellitus (T2DM). Their charac-
teristics are shown in © Table 1. Detailed clinical and laboratory
examination performed in all diabetic patients selected for this
study excluded severe diseases such as secondary hypertension,
neurodegenerative disorders, known malignity or acute infec-
tions, which could have any significant influence on laboratory
variables. Patients with urinary tract infection and all patients
with severe renal impairment have been excluded as well. All
Type 1 diabetic patients were on intensified insulin treatment
using 4-5 insulin injections, 30 Type 2 diabetic patients were on
metformin alone, 20 patients were on oral agents plus insulin

T1DM (n=45) T2DM (n=66)
age (yrs) 47 (24-70) 64 (29-84)
duration of DM (yrs) 18 (2-52) 9 (2-39)
BMI (kg/m?) 25.9+2.7% 29.0+4.6¢
SBP (mm Hg) 131£10 138+13
DBP (mm Hg) 78+7 77+8
creatinine (pmol/l) 77.7+16.8Y 98.1+48.1°
CRP (mg/l) 2.8+1.7 3.5%2.5
cholesterol (mmol/l) 4.64+0.79 4.44+0.92
triglycerides (mmol/l) 1.04+0.53% 1.87+0.94¢
glucose (mmol/l) 8.0+4.1¢ 9.4+3.7¢
HbA (%) 7.56+1.32¢ 6.91+2.18¢

albumin/creatinine (g/mol) 1.23%(0.40-3.80) 2.63P(0.43-16.22)

and the remaining 16 Type 2 diabetic patients were on insulin
treatment only. 14 Type 1 and 33 Type 2 diabetic patients were
treated by statins. ACE inhibitors or AT1 blockers were used in
18 Type 1 and 41 Type 2 diabetic patients. Control group created
from blood donors of the Transfusion Unit consisted of 43
healthy persons (29 males, 14 females) of comparable age.

The study was performed in accordance with principles of the
Declaration of Helsinki and was approved by local Ethics Com-
mittee of the General University Hospital and First Faculty of
Medicine. All examined persons have given their informed con-
sent prior to entering the study.

Biochemical methods

Fasting blood samples were collected between 7.00 and 8.00a.m.
from the cubital vein to the respective tubes. Routine biochemi-
cal parameters were determined in fresh samples, whereas for
special biochemical analysis blood was collected into the tubes
without anticoagulant, centrifuged for 10min at 3000rpm
(rotations per minute) and serum then frozen at - 80 °C until the
time of the assay.

Serum concentrations of soluble RAGE were measured using
sandwich ELISA (Quantikine, RD Systems, Minneapolis, MN,
USA). This assay measures both C-truncated RAGE that has been
cleaved from the cell surface, and esRAGE as well. Serum con-
centrations of EN-RAGE (Abnova, Taipei City, Taiwan) and
HMGB1 (IBL, Hamburg, Germany) were determined by ELISA.
Cell adhesion molecules E-selectin, P-selectin, intercellular cell
adhesion molecule (ICAM-1) and vascular cell adhesion mole-
cule (VCAM) were estimated by ELISA kits manufactured by RD
System Europe (Abingdon, UK). Von Willebrand factor (VWF)
was determined by Diagnostica Stago kit (Asnieres-sur-Seine,
France). Matrix metalloproteinases MMP2 and MMP9 have been
determined by ELISA (Quantikine Immunoassay, RD Systems,
Minneapolis, MN, USA). Due to log-normal distribution of the
values decimal logarithm was calculated for further analysis.
Routine biochemical parameters including urea, creatinine,
transaminases, alkaline phosphatase, y-glutamyltransferase,
total cholesterol and triglycerides were determined by standard
methods in a central laboratory on Modular Roche analyzer.
Fasting plasma glucose was determined by glucose oxidase
method on glucose analyzer Super GLAmbulance (Dr. Miiller
Gerdtebau, Freital, Germany), glycated hemoglobin HbA1c was
measured by HPLC on Variant II (Biorad, France) and expressed
according to IFCC standards (normal values are 2.8-4.0%).

Table 1 Characteristics of Type 1
(T1DM) and Type 2 (T2DM)

Controls (n=43) ANOVA p-value

56 (25-60) diabetic patients.
25.7+3.9 <0.0001
129+12 ns
766 ns
75.0£19.2 0.0009
3.2+1.9 ns
4.56+0.61 ns
1.11+0.58 <0.0001
4.5+£0.6 <0.0001
3.60+0.25 <0.0001
0.47 (0.19-1.14) 0.0038

Results are means +SD, or means with 1SD range, in DM duration median with ranges. One-way ANOVA was performed, with p-values
in the last column of the table. Statistical significance expressed by Bonferroni’s multiple comparison test between DM and control
persons: p<0.05, ’p<0.01, ©p<0.001; and between T1DM and T2DM: *p<0.05, ¥p<0.01, ?p<0.001

Skrha | et al. Soluble RAGE, RAGE Ligands in Diabetes... Exp Clin Endocrinol Diabetes

88



Albuminuria was determined after exclusion of urinary infec-
tion in the second morning sample by radioimmunoassay using
commercial kits (Immunotech, Czech Republic) and albumin/
creatinine ratio was calculated. Positive albuminuria was recog-
nized when albumin/creatinine ratio >3g/mol creatinine was
found. For further analysis decimal logarithm was calculated
because of log-normal distribution of the values.

Statistical analysis

Results of biochemical parameters are expressed as mean + stand-
ard deviation (SD). Differences among groups were analyzed by
one-way analysis of variance (ANOVA) followed by post test anal-
ysis. Correlations between variables were assessed by Pearson’s
coefficient. For statistical analyses, the software “Statistica 9” by
StatSoft Inc. was used. The results were considered as statisti-
cally significant at p<0.05.

Results

v

The measured values of biochemical variables in Type 1 and
Type 2 diabetic patients are shown in © Table 1, 2. Serum sRAGE
(p<0.01) and EN-RAGE (p<0.001) concentrations were signifi-
cantly higher in TIDM, whereas in T2DM HMGB1 (p<0.01) and
EN-RAGE (p<0.001) were elevated in comparison to controls.
The sRAGE concentrations were higher in TIDM with albuminu-
ria >3g/mol creatinine than in patients with normal albumin

Table 2 Biochemical variables of RAGE characteristics and endothelial
dysfunction.

T1DM T2DM Controls ANOVA

(n=45) (n=66) (n=43) p-value
SRAGE (ng/l) 11374532 9954519 8244309 0.011
HMGB1 (ug/l)  2.23+1.65  2.59+1.96° 1.60:0.96  0.011
EN-RAGE (ug/l)  250£197¢  292+207°  109+66 <0.0001
VWF (ug/l) 114+48? 127 +56¢ 88+32 0.0004
MMP2 (ug/l) 287+108°¢ 318+118¢ 19031 <0.0001
MMP9 (ug/l) 5054429 4761427 609271 NS
ICAM (ug/l) 260+84 296+176>  206+64 0.002
VCAM (pg/l) 915+450°  848+342°  365+70 <0.0001
P-selectin (ug/l)  113+34° 116+41 140+76 0.028
E-selectin (ugfl) 29+ 14> 40+16 40+19 0.001

Results are means+SD. One-way ANOVA was performed, with p-values in the last
column of the table. Statistical significance expressed by Bonferroni’s multiple
comparison test between DM and control persons: 2p<0.05, ’p<0.01, p<0.001;
and between T1DM and T2DM: *p<0.01

excretion (1461+308 vs. 1078 +546ng/l, p<0.05). The same was
true in Type 2 diabetic patients (1322+686 vs. 877+389ng/l,
p<0.01). The sRAGE concentrations were inversely related to
body mass index in Type 1 diabetic patients (r=-0.47, p=0.01),
but not in Type 2 patients (r=-0.08, NS). Significantly higher con-
centrations of VWF, MMP2 and VCAM-1 were found in Type 1 and
Type 2 diabetic patients than in controls, but no differences in
their values were observed between both types of diabetic
patients. MMP2 and MMP9 values had a non-normal distribution
and were logarithmically transformed before analysis. The influ-
ence of gender and age as independent variables on measured
variables was not detected. However, diabetes duration positively
influenced sRAGE (r=0.43, p=0.01), but neither HMGB1 nor EN-
RAGE concentrations in both Type 1 and Type 2 diabetic patients.
Type 2 diabetic patients treated with oral agents had shorter
diabetes duration (86 vs. 16 +9 years, p<0.001) and better dia-
betes control (HbAlc 5.7+1.2% vs. 7.9+2.4%, p<0.001) as com-
pared to those treated with insulin. The sRAGE concentration
was higher in patients treated with insulin than in those on oral
agents (1145+637 vs. 844+258ng/l, p<0.02). Administration of
statin or ACE inhibitor/AT1 blocker had no effect in both types of
diabetic patients on sRAGE, its ligands and markers of endothe-
lial activation (VWF or cell adhesion molecules) and therefore all
diabetic patients of a given type could be evaluated together.
Correlation analysis showed several relationships between bio-
chemical variables (¢ Table 3).In T1DM significant positive rela-
tionship was found between SRAGE and ICAM-1 (r=0.38,
p=0.01)and VCAM-1 (r=0.62, p=0.001). In the same group both
HMGB1 (r=0.41, p=0.001) and EN-RAGE (r=0.44, p=0.001)
were strongly related to MMP9, whereas SRAGE was related to
MMP2 (© Table 3). In T2DM sRAGE was related to diabetes con-
trol expressed by HbAlc (r=0.38, p=0.002) and to vVWF (p=0.35,
p=0.005). In this group MMP9 was related to HMGB1 (r=0.26,
p=0.03) and EN-RAGE (r=0.47, p=0.002) similarly as described
in TIDM. Only mild correlation of CRP with EN-RAGE in TIDM
(r=0.317, p=0.034) was observed.

Inverse relationship was observed between MMP2 and MMP9 in
both TIDM and T2DM (r=-0.602, p<0.002 and r=-0.771,
p<0.001). This was not found in healthy control persons. VWF
was positively related to sRAGE in T1IDM and T2DM (p<0.03), to
ICAM in T1IDM (r=0.389, p<0.01) and to VCAM in T2DM
(r=0.361, p<0.003). Albumin/creatinine ratio correlated with
cell adhesion molecules in both types of diabetes and with
SRAGE in T2DM (r=0.39, p<0.001).

Table 3 The correlations between biochemical variables of RAGE characteristics and markers of endothelial dysfunction.

TIDM T2DM

SRAGE HMGB1 EN-RAGE SRAGE HMGB1 EN-RAGE
HbA ~0.056 (NS) ~0.204 (NS) -0.177 (NS) 0.378 (0.002) 0.188 (NS) 0.224 (NS)
Alb./creat. 0.153 (NS) -0.385 (0.01) -0.328 (0.02) 0.391 (0.001) 0.105 (NS) 0.271 (0.05)
creatinine 0.066 (NS) -0.024 (NS) ~0.040 (NS) 0.461 (0.001) -0.022 (NS) ~0.028 (NS)
CRP -0.131 (NS) 0.272 (NS) 0.317 (0.034) 0.002 (NS) 0.132 (NS) 0.123 (NS)
MMP2 0.293 (0.05) ~0.068 (NS) -0.093 (NS) 0.096 (NS) ~0.050 (NS) -0.261(0.03)
MMP9 -0.167 (NS) 0.405 (0.005) 0.435 (0.005 0.115 (NS) 0.257 (0.03) 0.466 (0.002)
VWF 0.225 (NS) -0.048 (NS) -0.027 (NS) 0.349 (0.005) 0.036 (NS) 0.107 (NS)
ICAM 0.384 (0.01) 0.025 (NS) -0.001 (NS) 0.059 (NS) 0.062 (NS) 0.230 (NS)
VCAM 0.620 (0.001) ~0.179 (NS) -0.237 (NS) 0.126 (NS) -0.308 (0.01) ~0.104 (NS)
P-selectin -0.169 (NS) 0.071 (NS) 0.016 (NS) 0.080 (NS) 0.063 (NS) 0.032 (NS)
E-selectin ~0.059 (NS) 0.000 (NS) ~0.061 (NS) ~0.060 (NS) 0.236 (NS) 0.137(Ns) 89
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Discussion

v

Present study demonstrates changes in SRAGE and RAGE ligands
EN-RAGE and HMGB1 in Type 1 and Type 2 diabetic patients. The
mean values of all these parameters were higher in diabetic
patients than in controls, although not always significantly. The
concentration of sRAGE was higher in both types of diabetic
patients with albuminuria >3 g/mol creatinine as compared to
those with normal albumin excretion. This was different from
esRAGE which was found decreased in T1DM with microalbu-
minuria (Marcovecchio et al., 2009). But SRAGE and esRAGE are
each generated by a distinct mechanism: while sRAGE depends
on proteinases releasing extracellular RAGE domain from cellu-
lar surface, esRAGE is provided by alternative splicing of AGER
gene (Raucci et al., 2008). In prospective follow-up study of Type
1 diabetic patients the progression of carotid atherosclerosis
was inversely related to esRAGE as well as sRAGE (Katakami et
al., 2009). Such difference supports an idea that sRAGE and
esRAGE plasma concentrations are rather secondary than of pri-
mary origin. It is further supported by our observation of sig-
nificant positive correlation between sRAGE and cell adhesion
molecules ICAM-1 and VCAM-1 related to endothelial dysfunc-
tion. More advanced vascular changes in diabetes correspond
with increased cleavage of RAGE promoting higher plasma con-
centrations of SRAGE.

In addition, an association of polymorphism (Gly82Ser) in RAGE
gene (AGER) with circulating sSRAGE levels in Korean, Dutch and
Czech population and patients with pancreatic cancer was
recently published (Gaens et al., 2009; Jang et al., 2007; Krechler
et al,, 2010). In our study we did not take this polymorphism
into account, since the total number of examined subjects was
not large enough for such analysis, moreover, this polymorphism
is not common within our population. Deglycosylation or
Gly82Ser mutation may sensitize RAGE to advanced glycation
endproducts and such diabetic patients may be at risk of devel-
oping complications (Osawa et al., 2007). Moreover, drug admin-
istration has to be taken into account, since certain increase of
plasma sRAGE levels was found following pioglitazone (Gul et
al.,, 2010) or atorvastatin (Tam et al., 2010) treatment in Type 2
diabetic patients. In our study we could not prove any difference
in serum sRAGE concentrations between Type 2 diabetic patients
with or without statin administration.

Another important aspect which needs to be taken into account
is the association of sSRAGE levels with renal impairment. It has
been already reported that decreased renal function expressed
by creatinine elevation or decreased glomerular filtration rate
(GFR) is associated with higher sRAGE concentrations (Kalous-
ova et al., 2006; Kankova et al., 2008; Koyama and Nishizawa,
2010). It remains to be determined whether the increase in
plasma sRAGE in chronic kidney disease is caused by decreased
renal function alone or whether sRAGE level is upregulated by
chronic inflammatory reaction. The kidney role in sRAGE
removal is supposedly important, since a significant decrease in
plasma sRAGE was observed after successful kidney transplan-
tation (Kalousova et al., 2007). In our study we have measured
the total pool of circulating SRAGE and therefore we cannot dis-
cern whether the different variants of SRAGE have some specific
connection to renal impairment. We proved positive relation-
ship of serum sRAGE with serum creatinine concentrations and
albuminuria in Type 2 but not in Type 1 diabetic patients.
Serum HMGB1 concentrations were found higher in Type 2 dia-
betic patients with coronary artery disease than in those with-
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out coronary impairment (Yan et al., 2009) and, similarly,
elevated in patients with heart failure in diabetic and non-dia-
betic patients (Wang et al., 2011). In an experimental study
HMGB1 promoted angiogenesis after ischemia through a VEGF-
dependent mechanism (Biscetti et al., 2010). It is supposed that
more advanced endothelial cell pathology may be associated
with higher levels of circulating RAGE ligands - such relation-
ship was demonstrated especially in T2DM. Increased serum
concentrations of RAGE ligands seem to be a consequence of
vascular changes and they further stimulate this process by an
activated intracellular cascade. We found higher mean serum
HMGB1 and EN-RAGE concentrations in both types of diabetic
patients but we could not confirm any association with param-
eters of endothelial dysfunction.

We found significantly increased plasma MMP2 in both Type 1
and Type 2 diabetic patients as compared to healthy controls,
whereas MMP9 concentrations were slightly but not signifi-
cantly decreased compared to normal values. Relationship of
MMP2 to sRAGE in Type 1 diabetic patients may support a con-
jecture that this metalloproteinase but not MMP9 influence
SRAGE release. In Type 2 diabetes this relationship was lacking,
but more additional factors (diabetes treatment, higher degree
of oxidative stress, diabetes control or other not yet recognized)
could play a role. In previous studies plasma MMP2 and MMP9
concentrations were found comparable in Type 2 diabetic
patients and control subjects (Papazafiropoulou et al., 2010).
The strong inverse relationship between MMP2 and MMP9
found in our whole cohort of diabetic patients but not in healthy
persons was not reported yet. Different activation of both
enzymes in patients with developed endothelial dysfunction or
vascular changes could be supposed. Both metalloproteinases
are active in degradation of extracellular matrix, especially of
collagen IV. They participate in neovascularization since angio-
genesis needs extracellular matrix degradation. The in vitro
results showed that MMP2 has a proapoptotic role in the loss of
retinal capillary cells in diabetes and that its activity is under
regulation of superoxide (Kowluru and Kanwar, 2009). The oxi-
dative stress reduction may ameliorate alterations in retinal
MMP2 activities. Similar role of MMPs was proposed in the
development of diabetic nephropathy (Thrailkill et al., 2009).
There are some limitations of this study. Firstly, soluble RAGE
concentration measured with Quantikine immunoassay reflects
the total pool of circulating RAGE - that is both sRAGE and
esRAGE. Another ELISA assay would be necessary to measure
only the esRAGE fraction. On the other hand, it was reported
previously, that there was a strong correlation between sRAGE
and esRAGE concentrations (Kalousova et al., 2007). Secondly,
SRAGE levels are modified in the presence of microalbuminuria
or decreased renal functions as discussed above and patients
with such complications were not excluded from this study
although severe renal impairment was not present in any of our
patients. Thirdly, some of the patients with diabetes were simul-
taneously treated with different drugs (insulin, statin, oral
hypoglycemic agent, ACEI inhibitors), which could also influence
the levels of SRAGE, but it was not possible to discontinue their
treatment. However, this reflects the present complex treatment
of diabetic patients and our results may stimulate further inves-
tigation. Finally, in the present study we did not measure the
oxidative stress parameters (e.g., plasma malondialdehyde or
scavenger enzymes such as superoxide dismutase) as we did in
earlier studies (Skrha et al., 2007; Skrha et al., 2004). This may
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limit explanation of the influence of some causative factors on
measured variables.

We conclude that diabetes mellitus is associated with activated
inflammatory system by which endothelial dysfunction devel-
ops. It can be demonstrated by different markers such as vVWF,
VCAM-1, ICAM-1 and others. Similarly, both sRAGE and RAGE
ligands are released into the blood and their plasma concentra-
tion increases. However, the total levels also depend on other
factors such as proteinases (e.g., MMPs), which may modify
actual results (Yan et al., 2009). We could demonstrate the rela-
tionship of SRAGE and RAGE ligands to markers of endothelial
dysfunction and metalloproteinases in diabetic patients. The
understanding of the whole scenario with timing of changes in
biochemical indicators will need follow-up studies.
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Summary

Advanced glycation end-products (AGEs) are key players in
pathogenesis of long-term vascular diabetes complications.
Several enzymes such as fructosamine 3-kinase (FN3K) and
glyoxalase I (GLO I) are crucial in preventing glycation processes.
The aim of our study was to evaluate an association of FN3K
(rs1056534, rs3848403) and GLO! rs4746 polymorphisms with
parameters of endothelial dysfunction and soluble receptor for
AGEs (sRAGE)
Genotypic and allelic frequencies of mentioned polymorphisms

in 595 diabetic and non-diabetic subjects.

did not differ between subgroups. In diabetic patients significant
differences were observed in sSRAGE concentrations according to
their rs1056534 and rs3848403 genotype. While GG and CG
genotypes of rs1056534 with mutated G allele were associated
with significant decrease of SsRAGE (GG: 1055+458 and
CG: 983+363 vs. CC: 1796+987 ng/l, p<0.0001), in rs3848403
polymorphism TT genotype with mutated T allele was related
with significant sRAGE increase (TT: 1365+852 vs. CT:
1016+401 and CC: 1087+508 ng/l, p=0.05).
differences in adhesion molecules were observed in genotype

Significant

subgroups of GLOI rs4746 polymorphism. In conclusion, this is
the first study describing significant relationship of FNV3K
(rs1056534) and (rs3848403) polymorphisms with concentration
of sRAGE in patients with diabetes.
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Introduction

Advanced glycation end-products (AGEs) are
key players in the pathogenesis of long-term vascular
complications in patients with diabetes (Brownlee 2005,
Genuth et al. 2005, Vlassara and Striker 2013). AGEs
originate by non-enzymatic glycation of proteins, forming
cross-links with collagen and other proteins, resulting in
decreased vessel elasticity (Zieman et al. 2007). One of
the most potent precursor is methylglyoxal (MG), which
causes irreversible effects on protein structure and
function (Silva et al. 2013). Another important precursor
for excessive glycation is fructosamine (Popova et al.
2010). Apart from endogenously produced AGEs, the
human body is also exposed to oral AGEs in food, which
also further promotes insulin resistance and diabetes
development (Cai et al. 2012). In this respect, deglycation
processes are essential for deceleration of vascular
damage progression. Two enzymatic systems rank among
the most important protective factors — fructosamine
3-kinase and glyoxalase system.

Fructosamine 3-kinase (FN3K) is an intracellular
enzyme responsible for deglycation of proteins. Higher
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expression of this enzyme was observed in increased-
glycation-prone tissues, such as heart, nerves and kidneys
(Mohas et al. 2010). Phosphorylation of fructosamine by
FN3K leads to production of unstable fructosamine
which further
3-deoxyglucosone and phosphate, leading to deglycation

3-phosphate, decomposes to
of proteins (Delpierre and Van Schaftingen 2003). On the
other hand, 3-deoxyglucosone is a potent precursor for
AGEs formation, elevated in diabetic patients with
microangiopathy (Kusunoki et al. 2003). The gene for
FN3K is located on chromosome 17q25. So far, various
polymorphisms of the gene have been described, some of
them having impact on FN3K activity in human
erythrocytes (Delpierre ef al. 20006).

Glyoxalase | catalyzes acyclic alpha-
oxoaldehydes conversion to hydroxyacylglutathione
derivatives and thus prevents glycation reactions

mediated by methylglyoxal, glyoxal and other alpha-
oxoaldehydes. Decreased glyoxalase I activity caused by
aging and oxidative stress results in increased glycation
and tissue damage (Song and Schmidt 2012). Moreover,
glyoxalase I deficiency is associated with an unusual
level of advanced glycation end products in
2001), while
diabetic

nephropathy in nondiabetic mice (Giacco et al. 2014).

a hemodialysis patient (Miyata et al
knockdown of glyoxalasel even mimics
The gene encoding GLO 1 is located on chromosome
6p21.2. Several polymorphisms of GLOI were studied,
most of the data describing GLO! rs4746 polymorphism,
where wild type A allele is substituted by mutated
C allele. Such polymorphism is associated with reduced
activity of the enzyme, accumulation of its substrate
methylglyoxal and elevation of RAGE in patients with
autism (Barua et al. 2011). Similarly, GLOI rs4746
polymorphism was associated with elevated sRAGE
levels in hemodialysis patients (Kalousova et al. 2008).

Higher concentration of different AGEs leads to
increased binding to receptor for AGEs (RAGE) with
subsequent acceleration of chronic inflammation
performed by enhanced expression of genes for growth
factors or cytokines (IFNy, PDGF, TNFa, IL-1) and
adhesion molecules (ICAM-1, VCAM-1, P-selectin,
E-selectin). The involvement of RAGE and soluble
RAGE (sRAGE) in the pathophysiology of diabetes
angiopathy has been reported previously (Yan et al. 2007,
Lindsey ef al. 2009, Skrha et al. 2012).

The aim of our study was to investigate
polymorphisms of genes encoding important enzymes

involved in the deglycation systems (FN3K rs3848403,

FN3K 151056534 and GLOI 1s4746) and their
relationship to the development of chronic micro- and
macrovascular damage in diabetes. Since the involvement
of RAGE activation and endothelial dysfunction in the
development of diabetic vascular damage seems to be of
great importance (Roberts and Porter 2013), we also
analyzed concentrations of SRAGE and markers of

endothelial dysfunction in our patients.
Patients and Methods

Subjects

A total of 595 Caucasian subjects were enrolled
in this study (311 men and 284 women), from those 126
healthy controls, 129 patients with Type 1 diabetes
(T1DM) and 340 patients with Type 2 diabetes (T2DM).
Their characteristics are shown in Table 1. All patients
with severe hypertension, neurodegenerative disorders,
which
laboratory  variables,

known malignancy, or infections, could

significantly influence were
excluded from the study. The incidence of known
microvascular and macrovascular complications among
the subjects and basic pharmacological treatment of the
patients is presented in Table 2.

The study was performed in accordance with
principles of the Declaration of Helsinki and was
approved by local Ethics Committee of the General
University Hospital and First Faculty of Medicine. All
examined persons gave informed consent prior to being

enrolled into the study.

Biochemical methods

Fasting blood samples were collected between
7.00 and 8.00 AM from the cubital vein. Routine
in fresh
samples, whereas special biochemical analyses were done

biochemical parameters were determined
in serum frozen at —80 °C until the assay measurement.

Routine  biochemical parameters including urea,

creatinine,  transaminases, alkaline  phosphatase,
v-glutamyltransferase, total cholesterol, and triglycerides
were determined in central laboratory on Modular Roche
analyzer. Fasting plasma glucose was determined by
glucose oxidase method on glucose analyzer Super
GLAmbulance (Dr. Miiller Gerétebau, Freital, Germany);
glycated hemoglobin HbA,. was measured by HPLC on
Variant II (Biorad, France) and expressed according to
IFCC (normal values are 28-40 mmol/mol). Albuminuria
was determined after exclusion of urinary infection by

radioimmunoassay using commercial kits (Immunotech,
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Czech Republic) and urinary albumin/creatinine ratio
(ACR) was calculated. Presence of nephropathy was
characterized by positive (micro)albuminuria, which
was recognized by albumin/creatinine ratio >3 g/mol
creatinine. Logarithmically transformed data were used
for further analysis, because lognormal distribution of the
values was found. Renal functions were evaluated by
estimated glomerular filtration rate (¢GFR) calculated by
MDRD formula (Levey et al. 1999).

In 126 subjects (50 T1DM, 52 T2DM and
24 healthy controls; serum of other subjects was no more
available) analysis of SRAGE and markers of endothelial
activation was performed. Serum concentration of soluble
RAGE was measured according to the manufacturer’s
sandwich ELISA (Quantikine, RD
Systems, Minneapolis, MN, USA). In this assay, the plate

protocol using

is coated with a monoclonal antibody against RAGE
while a polyclonal antibody is used for detection. This
assay measures both C-truncated RAGE that has been
cleaved from the cell surface, and esRAGE as well
(Yonekura et al. 2003). Endothelial dysfunction was
evaluated by serum concentrations of specific markers,
such as adhesion molecules (ICAM, VCAM, E-selectin,
and P-selectin) and vWF. Cell adhesion molecules
Human sP-selectin/CD62P, Human sE-selectin/CD62E,
Human sICAM-1/CD54, and Human sVCAM-1 were
estimated by ELISA kits manufactured by RD System
Europe (Abingdon, UK), von Willebrand factor (vWF)
was determined by Corgenix (Broomfield, USA).

Molecular genotyping

For DNA analysis blood was collected into
EDTA-tubes,
isolation. Genomic DNA was prepared from leukocytes

centrifuged and stored at 4 °C until

by sodium dodecylsulphate (SDS) lysis by ammonium
acetate extraction and ethanol precipitation. Isolated
DNA was stored at 4 °C.

FN3K polymorphisms

Two SNPs of FN3K gene were studied for their
potential functional effect on enzyme activity (rs1056534
(Ser300Ser, S300S) and rs3848403 (C/T intron variant).
DNA analysis was performed using RealTime PCR and
Tagman genotyping method for allelic discrimination.
For quality control, the subjects were distributed
randomly across the plates. Negative controls (Universal-
mixture blanks) were included onto each plate. The

genotyping success rate was 95 % (range 91 to 98 %).

GLOI polymorphism

The GLOI 154746 (GlulllAla, A419C)
polymorphism of the glyoxalase I gene was determined
by PCR-RFLP method as described in detail previously
2009).
restriction

(Kalousova et al. 2008, Germanova et al.

Restriction analysis was performed by
nuclease BsmAlI overnight at 37 °C. Fragments of 143 bp
and 60 bp for wild type allele 419A and 203 bp for

mutated allele 419C were produced after digestion.

Statistical analysis
Results
expressed as mean =+ standard deviation (SD) or as

of biochemical parameters were
median (interquartile range). Differences between the
groups were analyzed by one-way analysis of variance
(ANOVA) followed by post-hoc test analysis. The allelic
frequencies for each polymorphism were calculated in all
groups. y° test was used to compare the qualitative data.
Moreover, Hardy-Weinberg equilibrium (HWE) within
the groups was estimated by * test as well. Results were
considered statistically significant for p-values <0.05.

Results

Clinical characteristics of 595 subjects enrolled
within this study are shown in Table 1. Diabetes control
did not differ significantly between patients with TIDM
and T2DM (FPG: 8.7£3.6 vs. 8.7£3.3 mmol/l, ns; HbA.:
69+14 vs. 64+£21 mmol/mol, ns), although the duration of
the disease was longer in TIDM (16 vs. 11 years,
p<0.001).
macrovascular complications in patients with diabetes is

Incidence of both microvascular and
shown in Table 2, as well as the usage of antidiabetic,
antihypertensive and hypolipidemic drugs.

In both patients with T1IDM, T2DM and controls
frequencies of FN3K and GLOI
followed the

according to Hardy-Weinberg equilibrium (HWE). We

the genotype
polymorphisms expected frequencies
did not find any significant differences of genotype and
allelic frequencies of FN3K (rs1056534), FN3K
(rs3848403) and GLO! (rs4746) polymorphisms within
the studied groups (Table 3). Similarly, we did not
observe differences of genotype and allelic frequencies in
studied polymorphisms among patients with or without
developed microvascular (nephropathy, neuropathy,
retinopathy) and macrovascular (ischemic heart disease,
chronic limb ischemia, stroke) complications.
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Table 1. Basic clinical characteristics of studied subjects.

T1DM T2DM Controls
(n=129) (n=340) (n=126) ANOVA
Age (years) 46 (20-80) 63 (26-93) 45 (18-91) p<0.0001
Durati DM
uration of 16 (1-57) 11 (1-44) ;
(vears)
Sex (% males) 58 48 ns
BMI (kg/m?) 25.0+3.17 29.545.9¢ 25.4+4.8 p<0.005
SBP (mm Hg) 132+13 138+18 129+14 ns
DBP (mm Hg) 8110 79+11 7749 ns
Creatinine (umol/l) 83.2+38.4* 95.7+52.5 78.0£22.3 p<0.05
Cholesterol (mmol/l) 4.63+0.77 4.44+0.92 4.52+0.82 ns
Triglycerides . .
1.03+0.49 1.79+1.17 1.05+0.61 p<0.0001
(mmol/l)
FPG (mmol/l) 8.7+3.6° 8.7+3.3° 4.4+0.8 p<0.0001
HbA,. (mmol/mol, . c
69+14 64+21 37+13 p<0.0001
IFCC)
SRAGE (ng/l) 1083+420° 1119+619° 785314 p<0.05
Albumin/creatinine 1.22% 7.53° 0.48
p<0.0001
(g/mol) (0.1-22.5) (0.2-294.3) (0.1-1.8)

Results are means + SD, or means with 1 SD range, in DM duration median with ranges. One-way ANOVA was performed, with
p values in the last column of the table. Statistical significance expressed by LSD multiple comparison post-hoc test between DM and
control persons: ?p<0.05, ®p<0.01, p<0.001, and between T1DM and T2DM: *p<0.05, ¥p<0.01, ?p<0.001.

Table 2. Incidence of diabetic complications and frequency of antidiabetic/hypolipidemic/antihypertensive drugs usage.

T1DM T2DM Controls 2

(n=129) (n=340) (n=126) 1 test
Nephropathy (%) 27 41 16 p<0.0001
Retinopathy (%) 31 17 0 p<0.005
Neuropathy (%) 13 19 0 p<0.005
Ischemic heart disease (%) 5 26 2 p<0.0001
Chronic limb ischemia (%) 11 0 p<0.05
Stroke (%) 8 2 ns
Insulin (%) 100 55 0 p<0.0001
OAD (%) 5 80 0 p<0.0001
Statin (%) 25 62 20 p<0.001
ACEI/ARB (%) 41 76 29 p<0.001

Regarding biochemical parameters, significant
differences were observed in sSRAGE concentrations of
diabetic patients according to their FN3K (rs1056534)
and FN3K (rs3848403) genotype (Table 4). While GG
and CG genotypes of FN3K (rs1056534) polymorphism
with mutated G allele were associated with significant
decrease of sSRAGE concentration (GG: 1055+458 and
CG: 983+363 vs. CC: 17961987 ng/l; p<0.0001), in

FN3K (rs3848403) polymorphism TT genotype with
mutated T allele was related with significant sSRAGE
increase (TT: 1365+£852 vs. CT: 1016+401 and CC:
10874508 ng/l; p=0.05).

Significant differences in markers of endothelial
activation were observed in genotype subgroups of GLO!
(rs4746) polymorphism, while that was not seen in both
FN3K polymorphisms (Table 5).
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Table 3. Genotype and allelic frequencies in patients with T1DM, T2DM and controls.

T1DM

T2DM Controls

2
test
(1=129) (n=340) (n=126) X tes
C 36 34 40
Alleles (%
cles (0) G 64 66 60 ns
FN3K
(rs1056534) cC 15 13 20
Genotypes (%) GG 44 44 41 ns
CG 41 43 39
C 44 46 47
Alleles (%
s (%) T 56 54 53 ns
FN3K
(r53848403) cC 18 21 27
Genotypes (%) TT 29 30 32 ns
CT 53 49 41
C 46 49 48
Alleles (%
cles () A 54 51 52 ns
GLOI
(r54746) AA 32 28 32
Genotypes (%)  CC 24 27 28 ns
AC 44 45 41

Table 4. sRAGE concentration in diabetic patients and controls in
respect of their genotype.

SRAGE Diabetes Controls
(ng/l) (n=102) (n=24)
CC 1796 + 987 370+ 135
FN3K GG 1055 +£458 953 + 439
(rs1056534) CG 983 + 363 811 +184
ANOVA p<0.0001 ns
CC 1087 + 508 1265 + 254
FN3K TT 1365 + 852 643 + 128
(rs3848403) CT 1016 + 401 701 £ 266
ANOVA p=0.05 ns
AA 1164 + 601 853 +115
GLOI CC 1035 £ 579 645 + 302
(rs4746) AC 1104 + 449 954 + 440
ANOVA ns ns
Discussion

This is the first study describing significant
relationship of FN3K (rs1056534) and (rs3848403)
polymorphisms with concentration of SRAGE in patients

with diabetes. While mutation in rs1056534 relates to
lower SRAGE, mutation in rs3848403 is associated with
higher sSRAGE. It is still controversial, how to interpret
the sRAGE level. Patients with expressed vascular
damage in diabetes have higher sSRAGE concentration
(El-Mesallamy et al. 2011). Similar results were also
observed in patients with decreased renal function
(Kalousova et al. 2006, Skrha et al. 2012). On the other
hand, sRAGE could be also a protective factor against
stress and endothelial dysfunction in
(Santilli et al. 2007). There
inconsistent results regarding sRAGE as a marker of

oxidative
atherosclerosis are
future chronic disease risk and mortality (Kalousova ef al.
2007, Selvin et al. 2013). One plausible explanation
suggests, that many studies did not distinguish total
sRAGE vs. esSRAGE components in the experiments, and
therefore there are such diverse results across the studies
(Daffu et al. 2013). In our study, the total pool of soluble
RAGE with Quantikine immunoassay was measured and
therefore we cannot discern whether the different variants
of SRAGE (C-truncated RAGE or esRAGE) have the
association to FN3K polymorphisms. However, strong
SRAGE and esRAGE in
hemodialysis patients (r=0.95, P<0.001) was reported
previously (Kalousova et al. 2007) and both sSRAGE and

correlation of chronic
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Table 5. Adhesion molecules concentration in patients with diabetes in respect of their GLOZ (rs4746) genotype.
GLOI T1DM (n=50) T2DM (n=52)
(rs4746) AA CcC AC ANOVA AA CccC AC ANOVA
ICAM (ug/l) 279 £ 65 223 +£47 213+£56  p<0.005 281 +57 271 +£102 274 £95 ns
VCAM (ug/l)  884+308 839+298 849 +237 ns 719 +£314 1219+426 927+296 p<0.01
P-selecti
setectin 114441 78433 85439  p<0.05 114+48 109446 110445  ns
(ug/l)
E-selectin
2911 24+ 13 32+13 ns 51+10 40+ 25 34+12 p<0.05
(ug/l)

esRAGE increase in oxidative stress (Piarulli ez al. 2013).

We observed significant differences in markers
of endothelial activation in genotype subgroups of GLOI
(rs4746) polymorphism in patients with diabetes. The
results are though uneasy to interpret, since patients with
mutated C allele had significantly reduced concentration
of ICAM and P-selectin in case of TIDM, and similarly
lower concentration of E-selectin in T2DM. On the other
hand, significant increase in VCAM concentration was
observed in the same genotypes of T2DM. To the best of
our knowledge, such data have not been published yet. It
is though plausible, that the concentrations of adhesion
molecules are apart from GLO! genotype dependent on
many other and dynamic factors, such as oxidative stress,
stage of vascular impairment and others (Urso and Caimi
2011, Ugurlu et al. 2013).

The absence of significant differences in
genotype and allelic frequencies of GLOI (rs4746)
polymorphism was reported previously in patients with
breast cancer (Germanova et al. 2009), but not in both
Type 1 and Type 2 diabetes. We confirmed lack of
significant differences in FN3K (rs1056534) and FN3K
(rs3848403) genotype and allelic frequencies in patients
with diabetes and healthy controls as reported previously
(Mosca et al. 2011). Moreover, we did not observe
differences of genotype and allelic frequencies in studied
polymorphisms among patients with/without diabetic
vascular complications. Similar results were presented in
the past (Engelen et al. 2009, Mohas et al 2010,
2014). On the other hand,
significantly higher prevalence of cardiovascular disease

Tanhduserova et al.

and peripheral vascular disease in CC genotype of GLO!
(rs4746) polymorphism in hemodialysis patients was
observed (Kalousova et al. 2008). Probably, there are also
other molecular mechanisms impacting gene expression
and activity of enzymes involved in deglycation systems,
since diabetes vascular disease is not straightforward

dependent on metabolic control (Rabbani and Thornalley
2011). Indeed, variations in copy number variants (CNV)
in GLOI gene are associated with differences in GLO I
expression and function (Williams et al. 2009).

There are some limitations of this study. Firstly,
the total number of subjects enrolled within the study is
not large enough for in-depth association analyses;
subjects with special
sRAGE and adhesion
molecules was even smaller. Finally, we did not
measured the activity of FN3K and GLO 1, since the
process described previously (Allen ef al. 1993, Delpierre

moreover the number of

biochemical assessment of

et al. 2006) was not easily practicable.

In conclusion, we demonstrate for the first time
the association of rs1056534 and rs3848403 of
fructosamine 3-kinase gene with SRAGE in patients with
diabetes. In the same cohort, we found significant
association of GLOI (rs4746) polymorphism with
markers of endothelial activation, although precise
explanation of such relation is uneasy to submit and

larger studies will be necessary for better understanding.
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The aim of this study was to compare skin autofluorescence caused by advanced glycation end-products (AGEs) with biochemical
markers of endothelial dysfunction and soluble receptor for AGEs (SRAGE) in patients with diabetes. Skin autofluorescence (AF)
assessed by AGE-Reader was evaluated with SRAGE and other biochemical parameters in 88 patients with diabetes (47 Type
1/TIDM/ and 41 Type 2/T2DM/) and 20 controls. Skin AF was significantly higher in TIDM and T2DM in comparison to controls
(2.39 + 0.54, 2.63 + 0.73 versus 1.96 + 0.33 AU; P < 0.0001). Positive correlation of AF with SRAGE was detected in TIDM and
T2DM (r = 0.37, P < 0.02 and r = 0.60, P < 0.0001), but not in controls. Significantly higher AF values were found in patients with
positive albuminuria as compared to those with normal albuminuria. Similarly, higher AF was detected in patients with endothelial
dysfunction expressed by vWE, ICAM-1, and VCAM-1. Multiple regression analysis revealed independent association of skin AF
with age, SRAGE, and albumin-creatinine ratio in patients with diabetes (R* = 0.38). Our study confirms that AF is elevated in
patients with diabetes, especially with positive albuminuria and endothelial dysfunction. The strong and independent relationship
between AF and sRAGE supports the idea that AF may reflect AGEs/RAGE interactions. The exact mechanism remains to be

established.

1. Introduction

The accumulation of advanced glycation end-products
(AGEs) belongs to the most important processes in the
pathogenesis of long-term vascular complications in diabetes
[1, 2]. AGEs are final products of nonenzymatic glycation
of proteins, forming cross-links with collagen and other
proteins, resulting in decreased vessel elasticity [3]. Cellular
function and growth abilities are altered by AGEs as well [4].
In addition, AGEs activate receptors for advanced glycation
end-products (RAGE) with subsequently accelerated inflam-
mation [5, 6]. At the present time, a wide range of substances
called alarmins, such as S100 calgranulins (e.g., EN-RAGE—
also called S100A12), high mobility group box-1 (HMGBI), or

amyloid-f peptide, is known to bind and activate RAGE more
potently than AGEs alone [7]. Alarmins are present in physio-
logical conditions, especially in acute inflammation, but their
role is obviously also in promoting chronic inflammation as
observed in diabetes, aging, atherosclerosis, tumorogenesis,
or neurodegenerative disorders [8, 9]. On the contrary, the
soluble form of RAGE (sRAGE) has been proposed as a
protective biomarker elevated by RAGE activation [10-12].
The DCCT substudy showed that skin collagen glycation
products are better predictors for diabetes complications than
HDbA, . [13]. The need for skin biopsy was, however, a serious
limitation in clinical monitoring. Other clinical studies have
demonstrated that increased serum levels of AGEs are seen
within 2-5 years of diabetes onset according to glycemic

101


10085
Textové pole
Příloha 3


levels [14]. Assessment of serum AGEs was, however, rarely
used in clinical practice, since expensive technics such as
gas and liquid chromatography or mass spectrometry were
necessary [15]. Another determination of fluorescent AGEs
was based on spectrofluorometric detection [16], but this
method was rather abandoned for nonspecificity.

Recently, the AGE-Reader measuring skin autofluores-
cence was developed for noninvasive assessment of AGEs
levels in the skin. A significant correlation between skin
AGEs measured noninvasively and skin biopsy levels of
collagen-linked fluorescence was found. Moreover, skin AF
also correlated with serum levels of AGEs (pentosidine,
CML, CEL) [17]. The results may reflect both metabolic and
cardiovascular risks in patients with diabetes and thus could
be routinely used in diabetes care [18, 19].

The aim of this study was to compare AGEs levels in
the skin measured by AGE-Reader with biochemical markers
of endothelial dysfunction (yWE ICAM, VCAM, E-selectin,
and P-selectin) and sRAGE levels in Type 1 and Type 2
patients with diabetes, to search for a relationship between
AGE/RAGE axis and endothelial function.

2. Patients and Methods

2.1. Subjects. The whole group of 88 patients with diabetes
consisted of 47 patients (27 males, 20 females) with Type
1 diabetes mellitus (TIDM) and 41 patients (25 males, 16
females) with Type 2 diabetes mellitus (T2DM), all from the
diabetes outpatient clinic. Since the skin autofluorescence is
age dependent [17], the subjects of roughly similar variation
in calendar age were included. Their characteristics are
shown in Table 1. All patients with severe hypertension, renal
failure or liver impairment, neurodegenerative disorders,
known malignancy, or infections, which could significantly
influence laboratory variables, were excluded from the study.
All patients with Type 1 diabetes were on intensified insulin
treatment using 4 to 5 insulin injections, 20 patients with
Type 2 diabetes were on metformin alone, 10 patients were
on oral agents plus insulin, and the remaining 11 patients
with Type 2 diabetes were treated by insulin only. Twenty
T1DM and 30 T2DM were treated by statins. ACE inhibitors
or AT1blockers were used in 25 TIDM and 38 T2DM. Control
group consisted of 20 healthy persons (5 males, 15 females) of
comparable age.

The study was performed in accordance with principles of
the Declaration of Helsinki and was approved by local Ethics
Committee of the General University Hospital and First
Faculty of Medicine. All examined persons gave informed
consent prior to being enrolled into the study.

2.2. Skin Autofluorescence. Skin AF was assessed on the
ventral site of the forearm by AGE-Reader (DiagnOptics BV,
Groningen, The Netherlands), as described previously [20].
Skin AF is calculated by dividing the mean value of the
emitted light intensity per nm between 420 and 600 nm by the
mean value of the excitation light intensity per nm between
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300 and 420 nm, expressed in arbitrary units (AU). The intra-
individual percent Altman error is 5.0% on a single day and
5.9% for seasonal changes [17].

2.3. Biochemical Methods. Fasting blood samples were col-
lected between 7.00 and 8.00 AM from the cubital vein.
Routine biochemical parameters were determined in fresh
samples, whereas special biochemical analyses were done in
serum frozen at —80°C until the assay measurement.

Serum concentrations of soluble RAGE were mea-
sured according to the manufacturer’s protocol using sand-
wich ELISA (Quantikine, RD Systems, Minneapolis, MN,
USA). In this assay, the plate is coated with a mono-
clonal antibody against RAGE while a polyclonal anti-
body is used for detection. This assay measures both C-
truncated RAGE that has been cleaved from the cell sur-
face, and esRAGE as well [21]. Endothelial dysfunction
was evaluated by serum concentrations of specific markers,
such as adhesion molecules (ICAM, VCAM, E-selectin,
and P-selectin) and vWE, as proposed previously [22, 23].
Cell adhesion molecules Human sP-selectin/CD62P, Human
sE-selectin/CD62E, Human sICAM-1/CD54, and Human
sVCAM-1 were estimated by ELISA kits manufactured by
RD System Europe (Abingdon, UK). von Willebrand factor
(vWF) was determined by Corgenix (Broomfield, USA).

Routine biochemical parameters including urea, creat-
inine, transaminases, alkaline phosphatase, y-glutamyl-
transferase, total cholesterol, and triglycerides were deter-
mined by standard methods in central laboratory on Modular
Roche analyzer. Fasting plasma glucose was determined
by glucose oxidase method on glucose analyzer Super
GLAmbulance (Dr. Miiller Geritebau, Freital, Germany);
glycated hemoglobin HbA,; . was measured by HPLC on
Variant II (Biorad, France) and expressed according to IFCC
(normal values are 28-40 mmol/mol).

Albuminuria was determined after exclusion of urinary
infection in the second morning sample by radioimmunoas-
say using commercial kits (Immunotech, Czech Republic)
and albumin/creatinine ratio (ACR) was calculated. Positive
albuminuria (A+) was recognized when albumin/creatinine
ratio >3 g/mol creatinine was found. Logarithmically trans-
formed data were used for further analysis because log-
normal distribution of the values was found. Renal functions
were evaluated by estimated glomerular filtration rate (eGFR)
calculated by MDRD formula [24].

2.4. Statistical Analysis. Results of biochemical parameters
are expressed as mean + standard deviation (SD) or as
median (interquartile range). Differences between the groups
were analyzed by one-way analysis of variance (ANOVA)
followed by post hoc test analysis. Correlations between
variables were assessed by Pearson’s or Spearman’s coefficient
as appropriate. Variables correlated with AF at P < 0.05
were included in the multivariate analysis. Multiple linear
regression analysis was carried out to disclose the statistically
independent associations of AF with other variables. For
statistical analyses, the software “Statistica 10” by StatSoft
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Inc. was used. The results were considered as statistically
significant at P < 0.05.

3. Results

The characteristics of patients with Type 1 and Type 2 diabetes
and control persons are shown in Table 1. The influence of
gender as an independent variable on measured variables was
not detected. Diabetes control was not significantly different
between Type 1 and Type 2 diabetic patients (HbA, 74 +
14 versus 71 + 21 mmol/mol, NS). Significantly higher
fructosamine was observed in both TIDM and T2DM as
compared to controls (369 + 65 and 305 + 47 versus 237 +
20 ymol/L, P < 0.0001).

The results of skin AF and special biochemical variables
in TIDM and T2DM as well as in control group are shown
in Table 2. Skin AF was significantly higher in patients with
T1IDM and T2DM in comparison to controls (2.39 + 0.54,
2.63 +0.73 versus 1.96 + 0.33 AU; P < 0.0001), but the differ-
ence between T1IDM and T2DM was not significant (Table 2).
No significant differences in sSRAGE concentration and in
other special biochemical variables were found between both
types of diabetes.

Type 1 and Type 2 diabetic patients either with or without
microalbuminuria were evaluated together (Table 3). Skin AF
was higher in diabetic patients with microalbuminuria (A+)
compared to those with normoalbuminuria (A-). Similarly,
elevated sSRAGE concentrations were found in microalbu-
minuric as compared to normoalbuminuric patients.

Regarding endothelial dysfunction (ED), vWE, ICAM-
1, and VCAM-1 were selected as indicators. All patients
with diabetes were divided according to the activity of
vWF into ED ;. (VWF < 110%) and ED}\,x (VWF > 110%)
subgroups, according to the concentration of ICAM-1 into
ED; sy (ICAM-1 < 300 pg/L) and ED},,,, (ICAM-1 >
300 ug/L), and according to the concentration of VCAM-
1 into EDyg,yy (VCAM-1 < 800ug/L) and EDYeyyp,
(VCAM-1 > 800 ug/L), respectively. Significant differences
were observed in the skin AF both between ED_,,. and
ED]\; subgroups (2.27 + 0.52 versus 2.63 + 0.55 AU, P <
0.02), between ED},;; and EDj 5y, subgroups (2.31+0.50
versus 2.91+0.48 AU, P < 0.001), and between EDy; -, s and
EDJ o Subgroups (2.30 + 0.42 versus 2.61 + 0.63 AU, P <
0.05). On the contrary, differences in HbA,_ in ED_,, . versus
ED]\r (73 £ 17 versus 80 + 19 mmol/mol, NS), ED¢ s,
versus ED{c,r; (74 £ 17 versus 83 + 20 mmol/mol, NS), and
EDy . Versus ED{}CAM_I (74+18 versus 79+17 mmol/mol,
NS) were not significant.

Differences in the skin AF observed in patients using
antihypertensive medication (ACE inhibitors or AT1 block-
ers) or statins did not reach statistical significance. Similarly,
the effect of antihyperglycemic therapy on AF levels was
evaluated, but there were no significant differences in the
skin AF between patients on metformin alone, metformin +
insulin, or insulin alone.

Univariate correlation analysis showed several relation-
ships between skin AF and biochemical variables, and sig-
nificant correlations are shown in Table 4. Firstly, skin AF

Skin AF (a.u.)

o Controls
e TIDM
—— T2DM

FIGURE I: Relationship of skin AF and albuminuria expressed by
ACR in controls, TIDM, and T2DM.

was related to diabetes control expressed by HbA, . in T2DM
(r =0.41, P < 0.01), but not in TIDM (r = 0.22, NS). Neither
relationship of AF to fructosamine nor to fasting plasma
glucose concentrations were observed in any group. Skin AF
was age dependent both in controls (r = 0.73, P < 0.0005)
and in TIDM (r = 0.54, P < 0.0001), but not significantly in
T2DM (r = 0.22, NS). In TIDM and T2DM patients skin AF
correlated with albuminuria expressed as albumin/creatinine
ratio (r = 0.34, P < 0.05;r = 0.44, P < 0.01) (Figure 1)
or inversely with eGFR (r = —0.48, P < 0.001; r = —0.30,
P =0.05).

In T1IDM but not T2DM, positive relationship was found
between skin AF and ICAM-1(r = 0.61, P < 0.001) and vWF
(r = 0.52, P < 0.005). Interestingly, a significant positive
correlation of skin AF with sSRAGE was detected in TIDM and
even stronger in T2DM (r = 0.37, P < 0.02 and r = 0.60, P <
0.0001), but not in controls (r = 0.29, NS) (Figure 2). If the
patients with diabetes were divided into subgroups without
(A-) and with (A+) microalbuminuria according to ACR, an
important positive correlation of skin AF with sSRAGE was
observed in A+ subgroup (r = 0.61, P < 0.006), while it
was less expressed in A— subgroup (r = 0.27, P < 0.03).
In both patients with diabetes and controls, no relationship
of autofluorescence with sex, blood pressure, or BMI was
observed.

Multiple linear regression analysis was performed to
establish independent associations of skin AF with those
variables in which skin AF was correlated in univariate
analysis at P < 0.05. Skin AF was independently associated
with age (8 = 0.33; P < 0.002), sSRAGE (f = 0.36; P <
0.0002), and albuminuria (8 = 0.23; P < 0.02) when the
patients with both types of diabetes were analyzed together
(R* = 0.38). In TIDM and T2DM evaluated separately skin
AF was associated independently with age (8 = 0.38; P <
0.01) in TIDM (R* = 0.40) and with SRAGE (8 = 0.53;
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TaBLE 1: Characteristics of patients with Type 1 (TIDM), Type 2 (T2DM), and controls.
TIDM T2DM Controls ANOVA
(n=47) (n=41) (n = 20) P value
Age (yrs) 46 (25-76) 58 (39-77) 46 (24-65)
Sex (% of males) 57 61 25
Duration of DM (yrs) 14 (3-52) 9 (2-31) —
BMI (kg/mz) 259 +2.9" 33.1 £10.0° 255+3.4 <0.0001
SBP (mm Hg) 131 £ 10* 138 +13* 129 + 12 <0.01
DBP (mm Hg) 78 +7 79+ 8 75+ 6 0.24
Cholesterol (mmol/L) 4.69 +0.79 4.54 +0.92 4.48 +0.61 0.53
Triglycerides (mmol/L) 1.04 £ 0.53" 1.92 £0.92¢ 1.09 + 0.58 <0.0001
Glucose (mmol/L) 7.9 £4.0° 9.3+3.5° 45+0.6 <0.0001
HbA,. (mmol/mol, IFCC) 74 + 14° 71 +21° 39+5 <0.0001
Fructosamine (ymol/L) 369 + 65 305 +47° 237 +20 <0.0001
CRP (mg/L) 3.0+1.9% 4.1+2.1° 1.4+ 1.8 <0.005
Albumin/creatinine (g/mol) 1.17* (0.29-4.79) 1.86° (0.36-9.55) 0.45 (0.19-1.14) <0.01
Creatinine (ymol/L) 85.8 +33.4 88.9 +£22.2° 723 +12.8 0.10
eGFR (ml's™-(1.73m?) ™) 1.3+0.3 1.2+0.3 14403 0.05

Results are means + SD, or means with 1 SD range, in age and duration of DM medians with ranges. One-way ANOVA was performed, with P values in the
last column of the table. Statistical significance expressed by LSD post hoc test between DM and control persons: *P < 0.05, P < 0.01, and °P < 0.001, and

between TIDM and T2DM: *P < 0.05,YP < 0.01, and “P < 0.001.

Abbreviations: DM: diabetes mellitus; BMI: body mass index; SBP: systolic blood pressure; DBP: diastolic blood pressure; CRP: C-reactive peptide; eGFR:

estimated glomerular filtration rate.

TABLE 2: Skin autofluorescence and novel biochemical parameters.

T1DM T2DM Controls ANOVA

(n=47) (n=41) (n=20) P value
AF (AU) 2.39 + 0.54° 2.63 +0.73¢ 1.96 +£0.33 <0.0001
sRAGE (ng/L) 1250 + 627 1040 + 567 1163 + 537 0.26
vWF (%) 114 + 48 127 + 56° 93 £25 0.038
SICAM-1 (ug/L) 269 + 89 266 + 79 223 + 82 0.10
sVCAM-1 (ug/L) 907 + 498° 816 +271° 392 +91 <0.0001
P-selectin (ug/L) 113 +36° 101 + 35° 145 + 52 0.0004
E-selectin (ug/L) 29 +16° 36+ 16 41 + 15 0.011

Results are means + SD, or means with 1 SD range. One-way ANOVA was performed, with P values in the last column of the table. Statistical significance

expressed by LSD post hoc test between DM and control persons: P < 0.05, P < 0.01,and °P < 0.001.
Abbreviations: AF: autofluorescence; AU: arbitrary unit; SRAGE: soluble receptor for advanced glycation end-products; vVWF: von Willebrand factor; SICAM:

intercellular adhesion molecule; sVCAM: vascular cell adhesion molecule.

P < 0.004) in T2DM (R*> = 0.44). In controls, skin AF
was independently associated only with age (8 = 0.55; P <
0.03; R?* = 0.62). Other parameters such as gender, blood
pressure, BMI, total cholesterol, HbA, , or fructosamine were
not associated with skin AF in our multiple linear regression
analysis.

4. Discussion

This is the first study describing significant correlation of
skin autofluorescence with sRAGE levels in both TIDM and
T2DM. This relationship significantly depends on the severity
of diabetic nephropathy. Previously, elevated levels of skin
AGEs and sRAGE were observed in patient with systemic
lupus erythematosus [25], and a significant correlation was
described between skin AF and sRAGE in one Japanese

with stable coronary artery disease [26]. However, the strong
relationship of skin AF and sSRAGE in patients with diabetes
has not been reported yet. The AGEs/RAGE interaction
results in the generation of intracellular oxidative stress, an
enhanced inflammatory response and upregulated RAGE-
ligand interaction [7]. On the contrary, SRAGE has been
reported to act as a decoy for RAGE ligands. But this
protective role has been recently supposed to be very limited,
since the concentration of sSRAGE is many times lower than
the concentration of RAGE ligands [27]. In our study, the
total pool of soluble RAGE with Quantikine immunoassay
was measured and therefore we cannot discern whether the
different variants of SRAGE (esRAGE or C-truncated RAGE)
have some specific association to the skin autofluorescence.
However, strong correlation of sSRAGE and esRAGE was
reported previously (r = 0.95, P < 0.001) [28].
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TaBLE 3: Skin autofluorescence and novel biochemical parameters in subgroups without (A—) and with (A+) (micro)albuminuria according

to ACR.
A+ A- Controls ANOVA
(n=19) (n=69) (n=20) P value
AF (AU) 2.84 + 0.80" 241 + 0.56° 1.96 + 0.33 <0.0001
Albumin/creatinine (g/mol) 13.2% (3.9-44.0) 0.7 (0.3-1.6) 0.5 (0.2-11) <0.0001
HbA,, (mmol/mol, IFCC) 90 + 18 68 + 14° 39+5 <0.0001
sRAGE (ng/L) 1457 + 754* 1066 + 532 1163 + 537 <0.05
vWF (%) 137 +47° 114 + 45 93 +£25 0.007
SICAM (ug/L) 324 + 102 251470 223 + 82 0.0003
sVCAM (ug/L) 965 + 408° 832 +400° 392 +91 <0.0001
P-selectin (ug/L) 102 + 33 109 + 37° 145 + 52 0.0008
E-selectin (ug/L) 39+ 18 31 +15° 41+ 15 0.016

Results are means + SD, or means with 1 SD range. One-way ANOVA was performed, with P values in the last column of the table. Statistical significance
expressed by LSD post hoc test between DM and control persons: *P < 0.05, PP < 0.01, and °P < 0.001 and between A+ and A—: *P < 0.05, P < 0.01,

2P < 0.001.

Abbreviations: AF: autofluorescence; AU: arbitrary unit; HbA,: glycated hemoglobin; SRAGE: soluble receptor for advanced glycation end-products; vWEF:
von Willebrand factor; sSICAM: intercellular adhesion molecule; sVCAM: vascular cell adhesion molecule.
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FIGURE 2: Relationship of skin AF and sRAGE in controls, TIDM
and T2DM.

Our results confirmed higher skin autofluorescence in
TIDM and T2DM than in controls. Similar results were
reported previously demonstrating significant relationship
between skin autofluorescence and fluorescent and nonflu-
orescent skin AGEs content [17]. The increased skin accu-
mulation of AGEs in patients with diabetes in consequence
of chronic hyperglycemia and/or oxidative stress has been
proposed. In our study we did not perform skin biopsies
to verify the relationship between skin autofluorescence and
tissue AGEs content. Moreover, it should be pointed out
that AGEs accumulation in tissues and skin AF, respectively,
need not to reflect AGEs levels in circulation, as observed
by Nienhuis et al. [25]. Patients in our study with developed
microalbuminuria as an early clinical sign of nephropathy

TABLE 4: The univariate significant correlations between skin aut-
ofluorescence and biochemical parameters.

Skin AF
TIDM T2DM Controls
Duration of DM 0.25 0.38 —
(NS) (0.01)
0.53 0.22 0.73
Age
(0.0001) (NS) (0.0004)
HbA,. 0.22 0.41 0.33
(NS) (0.007) (NS)
SRAGE 0.37 0.60 0.29
(0.02) (0.00003) (NS)
SICAM 0.61 0.16 0.37
(0.0007) (NS) (NS)
VWE 0.52 0.28 0.63
(0.005) (NS) (0.004)
.. 0.34 0.25 -0.28
Creatinine
(0.02) (NS) (NS)
ACR 0.34 0.44 0.22
(0.02) (0.007) (NS)
¢GFR -0.48 -0.30 -0.33
(0.001) (0.05) (NS)

r in the first line of the cell, P in the brackets.

Abbreviations: AF: autofluorescence; AU: arbitrary unit; HbA,: glycated
hemoglobin; sSRAGE: soluble receptor for advanced glycation end-products;
vWE: von Willebrand factor; sSICAM: intercellular adhesion molecule; ACR:
albumin-creatinine ratio; eGFR: estimated glomerular filtration rate.

had significantly higher skin autofluorescence as compared
to those without renal changes also after adjustment to renal
functions. The same was shown in the follow-up study by
Gerrits et al. [29].

In the present study we found a positive association
between skin AF levels and HbA,  in T2DM, but not in
T1IDM. Such association was not found in T2DM in a cohort
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by Gerrits et al. [30]. Since the relatively short turnover time
of hemoglobin [31] as compared to skin AGEs formation and
degradation, the HbA, . values cannot always reflect AGEs
accumulation. In addition, neither shortly glycated proteins
expressed by fructosamine nor fasting plasma glucose were
related to AF in our study.

Endothelial dysfunction indicated by elevation of vWE
ICAM-1, or VCAM-1 was associated with significantly higher
AF than in diabetic patients with normal levels of these
parameters. This is the first observation to our knowledge
when AF is higher in diabetic patients with endothelial
dysfunction. Elevated vWF and VCAM-1 concentrations as
markers of endothelial activation were found together with
higher skin autofluorescence in patients with rheumatoid
arthritis [32].

There are some limitations of this study. Firstly, we
have not measured serum levels of AGEs, since they were
detected by AGE-Reader. Some nonfluorescent AGEs are
not detected by AGE-Reader, but it has been reported
previously that skin autofluorescence strongly correlated with
skin levels of nonfluorescent AGE [17]. Moreover, the total
specificity and sensitivity of this tool were already reported
[17]. Secondly, all subjects in this study were Caucasians
and therefore the results cannot be applied in general, since
ethnic determinants may influence AF and other parameters.
In addition, the total number of patients in each group
was limited. Finally, multiple factors such as age, ethnic
determinants, AGER gene polymorphisms, or renal functions
may influence the sSRAGE levels [11, 33, 34]. Similarly, since
skin AF is age dependent [17, 35]; we involved younger T2DM
predominantly to maintain age-matched groups for further
analysis. Despite the fact that sSRAGE levels are modified
in the presence of microalbuminuria or slightly decreased
renal functions, patients with such complications were not
excluded from this study although severe renal impairment
was not present in any of our patients.

In conclusion, skin AF is an applicable variable for
AGEs accumulation assessment. Our study confirms that skin
autofluorescence is elevated in patients with diabetes and the
most significant increase has been found in patients with
microangiopathy expressed mainly by albuminuria. Similar
results were found in sSRAGE concentrations. The strong
relationship between AF and sRAGE supports the idea of
mutual interactions between RAGE, AGEs, and other RAGE
ligands. Endothelial dysfunction could be an important
factor accelerating the AGEs accumulation as well. The exact
mechanism of such interactions in patients with diabetes
remains to be elucidated.
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