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Abstrakt

Uvod. Soucasny Zivotni styl v industrialné vyspélych zemich ptispiva ke zvy$enému vyskytu
obezity, sarkopenie, metabolického syndromu, diabetu mellitu 2. typu a kardiovaskularnich
onemocnéni. | pfes pokroky v terapii zminénych stavll stale existuje naléhava potieba
prozkoumani novych moznosti farmakologickych intervenci zaméfenych na nadmérnou
akumulaci tukil a rozvoj aterosklerotickych zmén. Nad¢jnymi kandidaty se ukazaly byt latky
hormonalni  povahy secernované tukovou a nékterymi dalSimi tkanémi —
organokiny/adipokiny.

Cil. Analyza asociace vybranych adipokint/organokinii (adiponektin, adipocytarni protein
vazajici mastné kyseliny /A-FABP/ a fibroblastovy rustovy faktor 21 /FGF 21/) s biomarkery
inzulinové rezistence a endotelidlni dysfunkce a také zhodnoceni jejich vztahu k subklinické
aterosklerdze (prezentované intimomedialni tloustkou spole¢né karotidy) u asymptomatickych
jedinct s dyslipidemii.

Metody. Tato disertacni prace vychazi ze souboru observac¢nich prafezovych studii na
asymptomatickych dyslipidemickych pacientech a zdravych kontrolach. U vSech jedinct byly
vySetfeny antropometrické a laboratorni parametry (lipidovy profil, markery inzulinové
rezistence, hemostatické markery) a dle profilu studie A-FABP, FGF 21 a adiponektin. Dale
bylo realizovano sonografické méfeni intimomedialni tloustky spole¢né karotidy (C-IMT)
jako znaku subklinické aterosklerozy. Vysledky byly zpracovany standardnimi statistickymi
testy vhodnymi pro jednotlivé soubory probandu.

Vysledky. Verifikovali jsme rizikovy metabolicky profil dyslipidemickych pacientd, i kdyz
zatim asymptomatickych. Prokazali jsme také zvySené hladiny A-FABP i FGF 21 u téchto
jedinci oproti zdravym kontrolam s dominanci dyslipidemickych jedincl s pfitomnosti
metabolického syndromu. Byla nalezena nezavisla asociace hladin A-FABP s markery
inzulinové rezistence a zejména s hemostatickym parametrem von Willebrandovym faktorem
(vWF), u FGF 21 pak byla prokdzana nezévisla asociace s hemostatickymi markery vWF a
tkaiovym aktivatorem plazminogenu (tPA). FGF 21 také koreloval s C-IMT u
dyslipidemickych pacientli bez metabolického syndromu. Nalezli jsme také pozitivni asociaci
adiponektinu s A-FABP a pozitivni reciproni asociaci mezi A-FABP a FGF 21 u
dyslipidemickych jedinci.

Zavér. Nalezené korelace A-FABP 1 FGF 21 potvrzuji jejich ulohu v rozvoji metabolickych
komplikaci, zvlast¢ metabolického syndromu a aterosklerdzy. Pfinosem této prace je
podrobngjsi verifikace vztahi A-FABP, FGF 21 a adiponektinu u skupiny dosud
asymptomatickych dyslipidemickych jedinct ukazujici na jejich vysokou rizikovost stran
rozvoje kardiometabolickych nemoci. Novym ndlezem je zejména asociace téchto organokinii
s hemostatickymi markery (vVWF, tPA), coz miize ptispét k lepSimu porozuméni jejich role
v procesu endotelialniho posSkozeni a rozvoji aterosklerozy.

Kli¢ova slova

dyslipidemie — metabolicky syndrom — organokiny — adipokiny — adiponektin —
fibroblastovy rlstovy faktor 21 — adipocytarni protein vazajici mastné kyseliny —
aterosklerdza



Abstract

Background. The current lifestyle in high-developed countries has contributed to the
increased prevalence of obesity, sarcopenia, metabolic syndrome, type 2 diabetes and
cardiovascular diseases. Despite advances in the treatment of the above-mentioned conditions,
there is still an urgent need for exploring new possibilities for pharmacological interventions
that can target excessive fat accumulation and the development of atherosclerotic changes. The
hormone-active substances from adipose tissue and some other tissues - organokins /
adipokins have been shown to be perspective candidates. The relationship of these substances
to parameters of metabolic syndrome, the development of atherosclerosis and obesity have
been investigated.

Aim. Analysis of association of selected adipokins / organokines (adiponectin, adipocyte
fatty-acid binding protein (A-FABP) and fibroblast growth factor 21 (FGF 21) with
biomarkers of insulin resistance and endothelial dysfunction as well as evaluation of their
relationship to subclinical atherosclerosis (presented by carotide intimomomedial thickness) in
asymptomatic dyslipidemic individuals.

Methods. The thesis is based on a set of observational cross-sectional studies on
asymptomatic dyslipidemic patients and healthy controls. All anthropometric and laboratory
parameters (lipid profile, insulin resistance markers, hemostatic markers) and A-FABP, FGF
21 and adiponectin levels were examined. In addition, the ultrasound measurement of carotide
intimomedial thickness (C-IMT) as a sign of subclinical atherosclerosis was performed. The
results were processed by standard statistical tests appropriate to individual sample probands.

Results. We verified the high-risk metabolic profile of dyslipidemic patients, although
asymptomatic. We also observed elevated levels of A-FABP and FGF 21 in these individuals
compared to healthy controls with dominance of individuals with metabolic syndrome. An
independent association of A-FABP levels with markers of insulin resistance and in particular
a hemostasis parameter (von Willebrand factor — vWF) was found; in FGF 21 independent
association with hemostasis markers - vWF and tissue plasminogen activator tPA - was
demonstrated. FGF 21 also correlated with C-IMT in dyslipidemic patients without metabolic
syndrome. We also found a positive association of adiponectin with A-FABP and a positive
reciprocal association between A-FABP and FGF 21 in dyslipidemic individuals.

Conclusions. The correlations between A-FABP and FGF21 confirm the fact, they play a role
in the development of metabolic complications, particularly metabolic syndrome and
atherosclerosis. The benefit of this work is a more detailed verification of the relationships
between A-FABP, FGF 21 and adiponectin in a group of asymptomatic dyslipidemic
individuals, indicating their high-risk profile for development of cardiometabolic diseases. A
new finding is the association of these organokines with hemostatic markers (VWF, tPA),
which may contribute to a better understanding of their role in the endothelial damage and the
development of atherosclerosis.

Key words

dyslipidemia — metabolic syndrome — organokines — adipokines — adiponectin —
fibroblast growth factor 21 - adipocyte fatty acid-binding protein — atherosclerosis
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UvVOD

Soucasny zivotni styl ve vyspélych zemich charakterizovany nadbytkem
energetické¢ho prijmu, sedavym zplisobem zivota a také zvySenim doziti s procesem
starnuti prispivaji ke zvySenému vyskytu obezity, sarkopenie, metabolického
syndromu, diabetu mellitu 2. typu a kardiovaskularnich onemocnéni.

I pies nesporné pokroky v terapii vySe zminénych stavii stale existuje naléhava potieba
prozkoumdni novych moznosti farmakologickych intervenci zaméfenych na
nadmérnou akumulaci tukl a rozvoj aterosklerotickych zmén.

V ramci tohoto snazeni vychazi najevo, ze funkce urcitych télesnych tkani, organd ev.
organovych soustav zahrnuje mnohem S$ir§i spektrum cinnosti, nez bylo doposud
pfedpokladdno. Nadéjnym néalezem se ukazala byt predevSim schopnost nékterych
priméarn€ neendokrinnich tkani fungovat i jako hormonalné¢ aktivni €initelé.

Pozornost se v poslednich cca. 20 letech obratila k tukové tkani, kterd byla dlouho
povazovana pouze za pasivni zasobarnu energie zajiStujici navic mechanickou a
tepelnou ochranu organismu. Tento pohled byl naruSen az koncem 20. stoleti objevem
proteinovych substanci prokazatelné produkovanych a vylucovanych buitkami tukové
tkan¢ (adipsin, faktor nekrotizujici nddory-a — TNF-a) ovliviiujici metabolické
pochody v organismu (1) (2). Ukazalo se tak, ze adipocyty se ucastni metabolickych a
hormonéalnich pochodt v organismu a byl vysloven pfedpoklad o mozné endokrinni
funkci tukové tkan€. Potvrzeni uvedené teorie prinesla identifikace leptinu v roce 1993
(3). Leptin se stal prvnim potvrzenym adipokinem a prototypem pro celou tuto tiidu
latek.

Pozdéji byla sekrece takovych substanci objevena i ve svalové a jaterni tkdni. VSechny
zminéné latky byly proto zahrnuty pod spole¢ny pojem organokiny — latky, které jsou
pfevazné produkovany a vyluCovany pfislusnymi tkdnémi a ovliviiuji systémovy
metabolismus prostfednictvim autokrinnich, parakrinnich a endokrinnich aktivit (4).
V soucasné¢ dob¢ rozliSujeme zejména adipokiny, produkované tukovou tkani,
hepatokiny, produkované a secernované jatry a myokiny, uvolfiované z kosternich
svalil.

Po objeveni zminénych molekul se rozbéhl vyzkum zaméteny na charakterizaci tlohy

téchto latek v patofyziologii vySe pospanych procesit v organismu zejména se



zaméfenim na mozné farmakologické vyuziti. Zkoumany jsou vztahy organokinti

k parametrim metabolického syndromu, k rozvoji aterosklerdzy a k obezité.
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CILE PRACE

Cilem disertacni prace byla analyza asociace vybranych adipokini/organokini
s biomarkery inzulinové rezistence a endotelidlni dysfunkce a také zhodnoceni jejich

vztahu k subklinické ateroskler6ze u asymptomatickych jedinci s dyslipidemii.

Specifikace cilt:

— Srovnani sérovych hladin a ur€eni vzajemnych vztahti adiponektinu, adipocytarniho
proteinu vazajiciho mastné kyseliny (A-FABP) a fibroblastového rastového faktoru 21
(FGF 21) u asymptomatickych dyslipidemickych jedincti s pfitomnosti nebo bez

pritomnosti metabolického syndromu (MetS).

— Zhodnoceni vztahu mezi sérovymi hladinami A-FABP a vybranymi biomarkery

hemostazy a endotelialni dysfunkce u asymptomatickych pacientt s dyslipidemii.

— Zhodnoceni vztahu mezi sérovymi hladinami FGF 21 a vybranymi biomarkery

hemostazy a endotelialni dysfunkce u asymptomatickych pacientti s dyslipidemii.

— Zhodnoceni vztahu mezi sérovymi hladinami A-FABP a intimomedialni tloustkou
spolecné  karotidy (C-IMT) jako markeru subklinické aterosklerozy u

asymptomatickych pacientt s dyslipidemii.

— Zhodnoceni vztahu mezi sérovymi hladinami FGF 21 a intimomedialni tloustkou
spolecné  karotidy (C-IMT) jako markeru subklinické aterosklerozy u

asymptomatickych pacientl s dyslipidemii.
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TEORETICKA CAST

1. Organokiny

Soucasny zivotni styl v industridlné rozvinutych zemich mimo jiné vede k
exponencialnimu rozSifovani obezity, kterd vyznamné zvySuje riziko
kardiometabolickych onemocnéni, jako jsou diabetes mellitus 2. typu,
dyslipidemie, arteridlni hypertenze, koronarni srdecni choroby a iktus. Navic
neddvné vyzkumy prokazaly, Ze obezita je rizikovym faktorem 1 pro
nealkoholickou steatézu jaterni, obstruk¢ni spankovou apnoi, demenci a n€kolik
typi rakoviny (5). I pres nesporné¢ pokroky v terapii vySe zminénych stavi
probiha stale patrani po novych diagnostickych ukazatelich, terapeutickych cilech
a moznych farmakologickych intervencich. V ramci tohoto snaZeni vychazi
najevo, ze funkce urcitych télesnych tkéani, orgdni ev. orgdnovych soustav
zahrnuje mnohem S$ir$i spektrum c¢innosti, nez bylo doposud ptedpokladéano.
Nadéjnym nalezem se ukazala byt ptfedevSim schopnost nékterych primarné
neendokrinnich tkani fungovat 1 jako hormonalné aktivni Cinitelé.

Prvni nalezy se soustiedily predevsim na tukovou tkan, u které bylo prokazano
vylu¢ovani hormonalné aktivnich latek — adipokinii, které se podileji na tizeni
systémového metabolismu a energetické homeostazy (6). Nasledné byla sekrece
takovych substanci objevena i1 ve svalové a jaterni tkani. VSechny zminéné latky
byly proto zahrnuty pod spole¢ny pojem organokiny. Organokiny jsou definovany
jako latky, které jsou prevazné produkovany a vylucovany piislusnymi tkanémi a
ovliviiuji systémovy metabolismus prostiednictvim autokrinnich, parakrinnich a
endokrinnich aktivit (4). V soufasné¢ dob& rozliSujeme zejména adipokiny,
produkované tukovou tkani (napf. leptin, adiponektin), dale hepatokiny,
produkované a secernované jatry (fibroblastové ristové faktory — FGF) a
myokiny, uvolilované z kosternich svalli (napf. irisin). Schématicky souhrn
rozdéleni a G€inkll organokinii podava Obrazek 1.

Nasledujici kapitoly budou zaméfeny na nckteré z uvedenych latek, které byly

zkoumany v ramci experimentalni ¢asti této disertacni prace.
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ADIPOKINY

Leptin
Adiponektin
Rezistin
Adipocytarni protein vazajici mastné kyseliny (A-FABP)
a dalsi
4 T Y
MYOKINY
Interleukin-6 (IL-6)
Interleukin-15 (IL-15)
Myostatin
Irisin Inzulinova rezistence
| a dalsi ) Zanét ’
Ateroskleroza
, En:erglclky vydej
HEPATOKINY Lacnéni/Sytost
Fetuin-A Krevni tlak
Fibroblastovy ristovy faktor 21 (FGF 21) Endotelialni dysfunkce
Selenoprotein P Lipidovy metabolismus
 a dalsi \

Obrizek 1. Uloha organokint v rozvoji kardiometabolickych onemocnéni
(Prevzato a upraveno z Choi, KM, 2016) (4).

. Adipokiny

Tukova tkan byla dlouho povazovana pouze za pasivni zasobarnu energie ve formé
triglycerid (TG), regulovanou hormonalnimi vlivy a vegetativnim nervovym
systémem, zajiStujici navic mechanickou a tepelnou ochranu organismu. Tento
pohled byl narusen az koncem 20. stoleti objevem proteinovych substanci
prokazateln¢ produkovanych a vylu€ovanych bunikami tukové tkéné (adipsin,
TNF-a) ovliviiujici metabolické pochody v organismu (1) (2). Ukazalo se tak, Ze
adipocyty se ucastni metabolickych a hormondlnich pochodl v organismu a byl
vysloven ptedpoklad o mozné endokrinni funkci tukové tkané. Potvrzeni uvedené
teorie pfinesla identifikace leptinu vroce 1993 (3). Leptin se stal prvnim
potvrzenym adipokinem a prototypem pro celou tuto tfidu latek. Nazvem adipokin
jsou dnes oznaCovany hormonalné aktivni latky proteinové povahy produkované

tukovou tkani, tj. pfedevS§im adipocyty, ale 1 preadipocyty, fibroblasty,
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endotelovymi ¢i imunitnimi bunikami. Nékteré adipokiny maji efekt parakrinni, tj.
pusobi na adipocyty a dalsi buiky ptfitomné v tukové tkani (fibroblasty,
makrofagy, endotelie), vétSina je ale uvoliiovana do krevniho fecisté a ovliviiuje
vzdalené cilové organy (sval, endotel, jatra, mozek). V soucasné dob¢ jsou jiz
identifikovany stovky téchto substanci. Svymi uU¢inky ptedstavuji heterogenni
skupinu  regulujici intermediarni metabolismus, inzulinovou senzitivitu,
aterogenezi, imunitni odpovéd’, hemokoagulaci, angiogenezi a dalsi pochody (7).
Jejich objeveni a vyzkum vedl k zdsadnimu posunu v chapani vyznamu tukoveé
tkan€, ktera je nyni povazovana za plnohodnotny endokrinni orgdn komunikujici

s ostatnimi organovymi soustavami (Obrazek 2).

e,
ADIPOKINY -
tepkal VOLNE MASTNE KYSELINY]
Adiponektin \
FGF 21 _
g SECERNUJICi BU NKY TUKOVE TKANE (ENDOKANABINOIDY
Rezistin Anandamid
Visfatin Adipocyty %
Apelin Preadipocyty - -
Lipokalin il emiohygmiclind sl KOMPONENTY LIPIDOVEHO TRANSPORTU
a dalsi Endotelové bufiky Apolipoprotein E
Makrofagy kLipoproteinova’ lipdza
CYTOKINY Pénove buﬁky -
TNE-alfa Lymfocyty KOMPONENTY
IL-6 Neutrofily FIBRINOLYTICKEHO SYSTEMU
MCP-1 Fibroblasty PAI-1
a dalsi Tkanovy faktor
v, L
ENZYMY PROTEINY RENIN-ANGIOTENZINOVEHO SYSTEMU
; : sa PROTEINY KOMPLEMENTU : ;
Dipeptidylpeptidaza-4 Faktor B Angiotenzinogen

Obrazek 2. Priehled bioaktivnich latek produkovanych tukovou tkani (Prevzato a
upraveno z Fasshauer et al., 2015) (5).
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2.1. Adiponektin

Adiponektin — v literatufe uvadény i jako Acrp30 (8), AdipoQ (9), apM1 (10),
GBP-28 (11) - (UniProt code: Q15848), je endokrinni faktor syntetizovany a
uvolnovany predevsim tukovou tkani (12). Strukturné se jednd o protein velikosti
30 kDa tvotfeny 244 aminokyselinami. Objeven a popsan byl v roce 1995 nezavisle
na sob¢ nékolika skupinami, mj. na zaklad¢ rozdilné exprese mRNA v bunécéné linii
3T3-L1 diferencovanych adipocytti oproti nediferencovanym preadipocytim (8)
(13). Jeho exprese byla ale detekovéana i v jinych tkdnich a orgdnech, zahrnujici
lidské 1 my$i osteoblasty (14), hepatocyty (15), myocyty (16), epitelidlni buiiky (17)
1 placentarni tkan (18). Zajimavym zjiSténim je podobnost struktury adiponektinu
se strukturou TNF-a, coz ukazuje na spole¢ny evolu¢ni pivod. In vitro 1 in vivo
studiemi bylo prokazano, ze adiponektin ptisobi jako protektivni faktor pfi iniciaci a
progresi aterosklerdzy vlivem jeho protizdnétlivych a antiaterogennich vlastnosti.
Radi se tak do skupiny tzv. ,,dobrych* adipokinii. Jeho sérové hladiny jsou snizeny
u obéznich jedincli, pacienti s diabetem 2. typu, u pacienti s onemocnénim
koronarnich arterii apod. (19). Piedstavuje zaroven adipokin nejhojnéji zastoupeny

v systémov¢ cirkulaci, tvofici asi 0,01 % vSech proteint lidské plazmy (20).

Gen pro lidsky adiponektin (AdipoQ gen) se nachazi na dlouhém raménku 3.
chromozomu v pozici 27. 3. (21) (22). Jeho produktem je 30 kDa polypeptid
slozeny z 244 aminokyselin, tvofeny dvéma odliSnymi doménami homolognimi s
kolagenem VIII a faktorem komplementu Clq (8). Adiponektin je vylu¢ovan do
cirkulace ve form¢ tiech izoforem. Zakladni monomericka stavebni jednotka se
sdruzuje do nizkomolekularniho trimeru (67 kDa) a hexameru (140 kDa) a déale do
vysokomolekularniho multimeru, obsahujiciho nejméné¢ 18 monomera (23).
Monomerickd forma neni za fyziologickych okolnosti v krvi detekovatelna.
Interakce mezi kolagennimi doménami monomernich forem vede k vytvoreni
vysoce uspoiddaného trimeru. Disulfidovda vazba mezi dvéma trimery
zprostiedkovana volnym Cys39 pak rezultuje v tvorbu hexameru, jako zakladniho
stavebniho kamene pro multimerickou formu, ktera ptredstavuje hlavni bioaktivni
izoformu adiponektinu odpovédnou za pozitivni metabolické ucCinky
(kardioprotektivni, inzulin-senzitizujici, antiapoptoticky) (24) (25). Na mySim

modelu byla potvrzena i dalsi bioaktivni forma — globuldrni adiponektin, tvotfeny
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globularni Clq doménou — zbytkem po proteolyze kompletniho polypeptidu (26)
(Obrazek 3).

E:ler
Adiponektin | i e

4
NH, COCH

fibrézni doména globularni doména : ’
podobna kolagenu  podobna Cig 3
Hexamer

Globularni adiponektin [

Multimer

&

Globularni
struktura

Obrazek 3. Domény a struktura adiponektinu (Upraveno dle Achari AE et al.,
2017) (27).

Biosyntéza a sekrece adiponektinu je dusledné kontrolovana nékolika
chaperonovymi proteiny v endoplazmatickém retikulu: ERp44 (,,Endoplasmic
Reticulum resident protein 44°), Erol-La (,,ER oxidoreductase 1-La*) a DsbA-L
(,,disulfide-bond A oxidoreductase-like protein‘). Adiponektin podléha rozsdhlym
potranslacnim modifikacim, které zajiStuji jeho ucinné zrani, oligomeraci a

stabilitu v krevnim obéhu (28) (29) (30).

Utinek adiponektinu v cilovych tkanich zajistuje vazba na specifické membranové
receptory. Byly identifikovany dv€é dominantni izoformy adiponektinovych
receptorlt spfazené s G-proteiny: AdipoR1 a AdipoR2 (31). AdipoR1 je
exprimovan predevsim v kosternim svalstvu a ma vysokou afinitu ke globularnimu
adiponektinu, zatimco AdipoR2 se vyskytuje hlavné v jatrech a vaze pfednostné

multimerickou formu adiponektinu. Mimo sva hlavni mista exprese se zminéné
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receptory nachazeji 1 vdalSich télesnych bunkiach a organech. AdipoR1
v endotelidlnich buiikdch (32), kardiomyocytech (33) a B-bunkach pankreatu (34),
AdipoR2 pak v endotelialnich bunkach (35). Oba typy receptori jsou piitomny také
v hypotalamu (36). Geny pro uvedené receptory se nachdzeji v chromozomalnich
oblastech 1p36.13, resp. 12p13.31. (31). Interakce adipokinu s receptory vede
k navazani a aktivaci intracelularniho adaptorového proteinu APPLI1, ktery slouzi
jako kliovy intracelularni prvni posel viceCetnych signalnich drah zahrnujici
aktivaci kinaz IRS1/2 (,,Insulin receptor substrate 1*), AMPK, p38 MAPK, Rab5 a
PPAR-a (,,Peroxisome proliferator-activated receptor alpha‘®). Aktivace IRS1/2 je
pfitom hlavnim mechanismem spojujici adiponektinovou signdlni kaskadu
s u¢inkem inzulinu na cilové tkdné¢ ve smyslu zvySeni citlivosti téchto tkéani

k inzulinu. (37) (38) (39) (Obrézek 4).

) ADIPONEKTIN ADIPONEKTIN M
INZULIN g

AdipoR1 .
Inzulinovy receptor fpo AdipoR2

~ ‘;: P

APPL1 IRS
f 7 — ’ @
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Biological Fatty acid o .

Obrazek 4. Schématické zndzornéni intracelularnich signalnich kaskad
aktivovanych vazbou adiponektinu na specifické receptory AdipoR1 a AdipoR2
(Prevzato z Achari AE et al., 2017) (27).

Kromé AdipoR1 a AdipoR2 ale adiponektin interaguje i s T-cadherinem, ktery
slouZzi jako receptor pro hexamerické a multimerické formy tohoto adipokinu (40).

Vysokou expresi T-cadherinu nachdzime v cévach (endotelie, hladkd svalovina,
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pericyty) (41) (42). Realizované vyzkumy prokdzaly, ze tento protein, zakotveny na
membranovém povrchu glykosylfosfatidylinositolovou ¢asti, je klicovym
receptorem pro uplatnéni kardioprotektivniho ucinku adiponektinu (43). Tuto
skutecnost dokladd napf. eliminace adiponektinem zprostfedkované prevence
hypertrofie myokardu a ischemického reperfuzniho poskozeni myokardu pfti

potlaceni exprese T-cadherinu u mysi (44).

Adiponektin nalezi ke skupiné adipokini, které podporuji pisobeni inzulinu, a
ustfedni role v udrzeni energetické homeostazy organismu prostiednictvim své
¢innosti v hypotalamu (45) (46). Nasledujici odstavce popisuji pisobeni a vliv

adiponektinu v riznych tkanich.

Tukova tkan predstavuje nejvétSiho piirozeného producenta adiponektinu,
zejména skrze adipocyty. Adiponektin zde vykazuje autokrinni aktivitu podnécujici
diferenciaci adipocytl. Pfes signalni kindzy a proteiny C/EBPa, PPARy a SREBP-
Ic vede k podpote tvorby tukové tkané zvySovanim obsahu lipidi a glukézového
transportu podminéného plsobenim inzulinu (47). Na mySich modelech bylo
prokazano, ze vysoka exprese adiponektinu chrani pfed akutnimi i chronickymi
ucinky diety s vysokym obsahem tukii a zvySuje metabolickou pruznost tukové
tkan¢ (48). Ddle se ukazuje, Ze hladiny adiponektinu v krevni plazmé a pocet
exprimovanych adiponektinovych receptort v tukové tkani reflektuji jeho
metabolické plisobeni na adipocyty. Nizké hladiny adiponektinovych receptort
byly nalezeny u lidi i zvifat s vyss§i inzulinovou rezistenci. Tato zjiSténi naznacuji
postizeni fyziologické funkce adiponektinu u jedinc s poruSenou inzulinovou
senzitivitou v dasledku nizké aktivity adipokinovych receptort (49). Ve studiich
na obéznich diabetickych mySich bylo poukdzano i na moznost zvySeni ucinku
adiponektinu stimulaci jeho vlastni tvorby, vcetné receptort v tukové tkani,
podénim jeho agonistli, coz vedlo k ochrané¢ pokusnych zvifat pfed rozvojem

inzulinové rezistence (50).

Vaskuloprotektivni a angiogenni ucinek adiponektinu byl verifikovan
viceCetnymi studiemi, napt. u mysi s deficienci adiponektinu, kde jeho arteficialni
podéni zlepSilo revaskularizaci ischemickych koncetin (51) a snizilo devastujici

efekt cerebralni ischemie (52). Hypoadiponektinémie je naopak spojena
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s pfitomnosti a zadvaznosti ischemické choroby srdecni, arteridlni hypertenzi (53),
hypertrofii levé komory srdecni (54) a zvySenym rizikem infarktu myokardu (55).
Adiponektin  plsobi preventivné proti rozvoji aterosklerdzy zabranénim
transformace makrofagli v pénité bunky a snizuje expresi povrchovych adheznich
molekul na povrchu makrofagt i endotelidlnich bunék, ¢imz ovlivituje ¢asna stadia
vzniku aterosklerotického platu (56) (57). Mechanismus tohoto ucinku spociva
mimo jiné v redukci tvorby interleukinu 8 a “ TNF-o mediated vascular cell
adhesion molecule-1* skrze supresi nukledrniho faktoru kappa-B (NFkB)
v endotelidlnich bunikach (58). Adiponektin zabratiuje ztlusténi intimy u
mechanicky poranéné arteridlni stény potlacenim proliferace a migrace myocyti
vmeédii  (59). Velkou cast vaskuloprotektivnich ucinkdt  adiponektinu
zprostiedkovava také jeho schopnost zvysit produkci oxidu dusnatého aktivaci

endotelidlni syntazy oxidu dusnatého cestou kindzy AMPK (25).

Kosterni svalstvo piedstavuje dilezitou periferni cilovou tkan pro ptiznivé
metabolické plisobeni adiponektinu. Pokusy s butikami kosterni svaloviny krys
ukazaly schopnost globularni izoformy adiponektinu zvysit presun glukézového
transportéru 4 na povrch a akcelerovat tak absorpci glukozy z krve (60). Podobnych
vysledkti bylo dosazeno na C2C12 mysSich myocytech. Navazani adiponektinu na
své membranové receptory (pfedevSsim AdipoR1) vedlo k aktivaci dvou hlavnich
cest nitrobunééného prenosu signdlu, a to skrze kinazy AMPK a MAPK, jejichz

vysledkem byla indukce absorpce glukozy a oxidace mastnych kyselin (31).

Adiponektin prokazal ve studiich na mySim modelu také schopnost zmirnit
postizeni jater (alkoholové i1 obezitou podminéné), zahrnujici hepatomegalii,
steatozu a elevaci sérové alaninaminotransferdzy. Tento terapeuticky efekt byl
podminén jednak indukovanym zvySenim aktivity karnitinpalmitoyltransferazy I,
jednak zlepSenim oxidace mastnych kyselin v disledku snizeni aktivity klicovych
enzymi syntézy mastnych kyselin (acetyl-koenzym A karboxyldza a syntdza
mastnych kyselin) (61). Jinym mechanismem zodpovédnym za ptiznivé ucinky
adiponektinu je také zlepSeni mitochondrialni dysfunkce, které vede ke snizeni
koncentrace produktii peroxidace lipidi. Pravé mitochondridlni dysfunkce ptitom
pfedstavuje Ustfedni mechanismus spojujici obezitu s pfidruZzenymi metabolickymi
komplikacemi (62). Demonstrovana byla dale inverzni korelace hladiny

adiponektinu v systémové cirkulaci s obsahem tuku v jatrech u lidi (63).
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Z vysledktl klicovych publikovanych praci lze konstatovat, ze adiponektin ma
ziejm¢ ustfedni ulohu v prevenci rozvoje inzulinové rezistence/diabetu a
ateroskler6zy. Jeho snizené hladiny v systémové cirkulaci piedstavuji rizikovy
faktor pro rozvoj diabetu 2. typu, obezity a kardiovaskularnich onemocnéni.
Vyzkum na hlodavcich i1 lidech prokazuje roli adiponektinu jako dulezitého
regulatoru inzulinové senzitivity, metabolismu glukdzy i lipida a kardiovaskularni

rovnovahy (27).

2.2. Adipocytarni protein vazajici mastné kyseliny

Adipocytarni protein vazajici mastné kyseliny (A-FABP, synonyma ALBP, FABP4,
aP2), (UniProt code: P15090) je protein o velikosti 14,7 kDa tvofeny 132
aminokyselinami majici vyznam pro transport mastnych kyselin a jejich U¢inek
v bunkéach. A-FABP je produkovan zejména adipocyty, ve kterych predstavuje az 6 %
celkového obsahu proteini (64) (65). Dalsim dalezitym mistem produkce jsou
makrofagy a dendritické bunky (66) (67). Za urcitych okolnosti byla exprese A-FABP

prokazana i v endotelialnich buiikach cév riznych tkéni a organti (68).

A-FABP patii do multigenni rodiny intracelularnich proteini vazajici mastné kyseliny

a eikosanoidy (FABPs).

FABPs ptedstavuji skupinu bilkovin o molekulovych hmotnostech 14-15 kDa s funkci
intracelularnich lipidovych chaperonti regulujicich ptenos tukovych ¢astic v buiikach
(69) (70). Tyto proteiny reverzibiln¢ vazi hydrofobni ligandy, jako jsou saturované i
nesaturované mastné kyseliny s dlouhym fetézcem, eikosanoidy i dalsi lipidy (71).
FABP nachdzime u vSech Zivoc¢iSnych druhli, coZz ukazuje na silnou evolucni
konzervaci. Tento fakt potvrzuje také az 70 % sekvencni identita jednotlivych
izoforem FABP (72). Od identifikace prvniho zastupce skupiny v roce 1972 (73) bylo
postupné popsano nejméné devét riznych izoforem FABP ucastnicich se lipidového
metabolismu v rozliénych tkdnich. FABP rodina zahrnuje nésledujici ¢leny: jaterni
(FABP1), stievni (FABP2), srde¢ni (FABP3), adipocytarni (FABP4), epidermalni
(FABPS), iledlni (FABP6), mozkovy (FABP7), myelinovy (FABP8) a testikularni
(FABPY). FABPs zajistuji a usnadiuji transport mastnych kyselin do specifickych

bunécnych organel k oxidaci v mitochondriich ¢i peroxisomu, k regulaci transkripce
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v jadre, k signalizaci a dopravé a v neposledni fad¢ i k syntéze bunéénych membran
v endoplazmatickém retikulu (69). Reguluji také enzymovou aktivitu v cytoplazmé a
podileji se na konverzi mastnych kyselin na eikosanoidy a na stabilizaci leukotrieni
(74) (75). Obecné ptitom plati, Ze mnozstvi FABP v bunkach je pfimo umérné

rychlosti metabolismu mastnych kyselin (76).

Gen pro lidsky A-FABP (FABP4 gen) se nachdzi na dlouhém raménku 8.
chromozomu v oblasti q21.13. Identifikovan byl v roce 1984 z diferencovanych 3T3-
L1 adipocyti (77).

A-FABP v adipocytech

Jak bylo uvedeno v uvodu, adipocyty pfedstavuji hlavni misto exprese A-FABP a také
misto jeho nejvyssi akumulace. Tvorba se stupiiuje v pribéhu diferenciace adipocytl
pii1 ptisobeni agonisti PPAR-y (78), mastnych kyselin (79), dexametazonu (80) a
inzulinu (81). A-FABP reguluje lipolyzu v adipocytech aktivaci hormon-senzitivni
lipdzy. Diikazy poskytly in vivo i in vitro pokusy na A-FABP deficientnich mysSich,
jejichz adipocyty vykazovaly redukei lipolyzy (82). A-FABP jako maly intracelularni
protein miize vstupovat do bunéného jadra k transkripénim faktorim, jako jsou
¢lenové rodiny PPAR a regulovat tak svou vlastni expresi (83). Zjistilo se také, ze A-
FABP ma schopnost snizovat pienos signalu pies Janus kinazu 2, coz indikuje jeho
moznou roli jako senzoru obsahu mastnych kyselin v adipocytu ovliviiujiciho bunéény

metabolismus (84).

A-FABP v makrofazich

vvvvvv

Exprese probihd v pribéhu diferenciace monocyti v makrofagy a je indukovana
l1écbou lipopolysacharidy, agonisty PPARYy, oxidovanymi LDL a produkty pokrocilé
glykace (66) (85) (86) (87). Naopak atorvastatin tvorbu A-FABP v makrofazich
inhibuje (88). A-FABP podporuje hromadéni esterii cholesterolu s tvorbou pénovych
bun¢k a indukuje zanétlivou odpovéd (89). Zvysend tvorba A-FABP byla rovnéz
pozorovana v makrofézich pfitomnych v nestabilnich aterosklerotickych platech ze
endarterktomickych vzorki karotid u lidi (90). Infiltrace tukové tkdné¢ makrofagy se
dale zda byt jednim z dilezitych faktori zanétu (,,metanflammation®) tukové tkané pii

obezit¢ (91) (92). Na mySim modelu (apolipoprotein E deficientni mysi) byla
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demonstrovana ochrana proti aterosklerdze pti ablaci A-FABP (66) (93). Studie pfi
transplantacich kostni dfené¢ ukézaly, ze protektivni efekt deficience A-FABP
v makrofazich na rozvoj aterosklerdzy je vyznamnéjsi nez stejny efekt v adipocytech

(66).
A-FABP v ostatnich bunkach a tkanich

Kromé adipocytti a makrofagii byla exprese A-FABP prokazana i v dalSich typech
bungk, at’ uz za fyziologickych ¢i patologickych podminek. Produkce A-FABP byla
zjisténa mj. v endoteliich kapilar a malych Zil v srdci a ledvinach (68). Predpoklada se,
ze se zde podili na transendotelidlnim transportu mastnych kyselin do cilovych organt
(94). Za fyziologickych okolnosti je A-FABP exprimovan v endotelovych buiikach
peritubularnich kapilar v kife i dfeni ledvin ovSem nikoliv v glomerulech. Ektopicka
tvorba A-FABP v glomerulech byla naopak asociovana s progresi proteinurie a

ledvinné dysfunkce (95).

Tvorba A-FABP byla indukovana rovnéz v endotelidlnich buiikach aorty jako
odpovéd’ na jejich poskozeni intermitentni hypoxii (96). Exprese A-FABP za téchto
patologickych okolnosti pravdépodobné pfispiva k rozvoji aterosklerozy a
vaskularniho poskozeni. Dale byla exprese A-FABP potvrzena 1 endoteliich
peribronchiadlnich cév a c¢asti makrofdgh u pacient s obstrukéni chorobou
bronchopulmonalni, zvazuje se také jeho podil na patogenezi sarkoidézy (97) (98). A-
FABP byl detekovan i lidském placentalnim trofoblastu, kde slouzi jako kliCovy
regulator lipidového transportu a akumulace v prubéhu vyvoje placenty (99) (100).
Studie ukazuji i na roli A-FABP v modifikaci ristu a apoptdézy malignich bunék

urcitych nadord, napf. ovarialni tumoru, liposarkomu, urotelidlniho karcinomu (101)

(102).
A-FABP jako adipokin

Ackoliv je A-FABP z titulu své funkce pfedev§im intracelularnim cytoplazmatickym
proteinem, data ziskand ze studii na zvifatech 1 lidech prokazala jeho sekreci
pfedevsim adipocyty do systémové cirkulace s ovlivnénim vzdélenych tkani a organt.
A-FABP, podobné jako ostatni zdstupci rodiny FABPs, neobsahuje N-terminalni

sekre¢ni signalni sekvenci nutnou pfi klasické sekreci pres endoplazmatické retikulum
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a Golgiho komplex (69). Jeho extracelularni sekrece je dle soucasnych poznatkii

zajistovana dvéma na sob€ nezavislymi mechanismy.

A-FABP je vyluCovan jednak piimo ve spojeni s lipolyzou skrze aktivaci AC-
proteinkinazy A a GC-proteinkindzy G, jednak cestou mikrovesikul (103) (104).
Pokusy na A-FABP deficientnich mySich prokazaly dominanci extracelularni sekrece
A-FABP adipocyty. Jistd ¢ast A-FABP pochazi sice z makrofagt, ale jeho tloha
v metabolickych procesech zlstava zatim nejasnd. Piedpokladad se lokalni ptisobeni

v ramci indukce zanétlivé odpovédi (105).

U Zen nalézame signifikantné vyssi sérové hladiny A-FABP, pravdépodobné kviili
vy$§imu obsahu tukové tkané v zenském téle (106). Dale byla verifikovana vyssi
hladina A-FABP u osob s renalni dysfunkci a byla potvrzena negativni korelace
sérovych hladin A-FABP s glomerularni filtraci, potvrzujici tak domnénku eliminace

sérového A-FABP zejména ledvinnou cestou (106) (107).

Cirkulujici A-FABP pfimo ovliviluje cetné typy bunék a zaroven se ukézal byt
dalezitym biomarkerem. A-FABP podporuje tvorbu glukozy v jatrech (105), tlumi
kontraktilitu kardiomyocytli, inhibuje aktivaci endotelidlni syntdzy oxidu dusnatého
(108), podporuje proliferaci a migraci myocytii cévni stény (109) a zvysSuje sekreci

inzulinu B-buiikami pankreatu stimulovanych glukézou (110).

Zvysené sérové hladiny A-FABP byly prokazany u jedinct s ¢etnymi nepiiznivymi
metabolickymi stavy - obezitou, inzulinovou rezistenci, diabetem mellitem 2. typu, art.
hypertenzi, srdecni dysfunkci a aterosklerézou (111) (112) (113) (114) (115) (116).
Vyssi vstupni koncentrace A-FABP se ukazaly byt nezavislym prediktorem rozvoje
metabolického syndromu v pribéhu nasledujicich 5 let ve studii na Ccinskych
dobrovolnicich (112). V desetileté prospektivni studii Tso et al. identifikoval vyssi
vstupni hladiny A-FABP také jako nezavisly prediktor rozvoje diabetu mellitu 2. typu
(113). Elevace cirkulujiciho A-FABP byla prokazana také v rodinach s vyskytem
arteridlni hypertenze, coZz naznacuje 1 moznou ulohu tohoto adiokinu v genetické
predispozici arteridlni hypertenze (114). Rovnéz byla prokazana asociace A-FABP
s intimomedialni tloustkou a. carotis jako markerem subklinické aterosklerdzy (116).
Vsechna tato pozorovani podporuji domnénku, Ze A-FABP neni jen dulezity
biomarker, ale Ze sdm hraje vyznamnou ulohu v rozvoji metabolického syndromu a

kardiovaskularnich onemocnéni. Tento nazor podporuje i prikaz sniZeni koncentrace
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sérového A-FABP pfi 1éCbé atorvastatinem a blokatory receptoru pro angiotenzin II

(117) (118).

Kromé ulohy v rozvoji kardiovaskularnich chorob se A-FABP ukazuje i jako novy

prognosticky faktor u pacientd s karcinomem prsu (119).

Celkové lze shrnout, ze A-FABP hraje dle soucasnych poznatka dilezitou tlohu pfti

rozvoji metabolickych a kardiovaskuldrnich onemocnéni, zejména metabolického

syndromu, inzulinové rezistence a aterosklerdzy. Elevace hladin cirkulujiciho A-

FABP je asociovana s obezitou, inzulinovou rezistenci, diabetem a kardialni

dysfunkci. Lze jej tak zatadit k tzv. ,,nepfiznivym* adipokintim.

Souhrn klinickych souvislosti A-FABP predklada v grafické podobé Obrazek 5.

Diabetes mellitus
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Inzulinova rezistencel r
|Ateroskleroza

Makrofagy
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Obriazek 5. Klinické souvislosti tvorby a €inku A-FABP (Prevzato a upraveno dle
Furuhashi et. al., 2014). (120)
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3. Hepatokiny

Jatra predstavuji hlavni regulator systémového metabolismu a energetické
homeostazy. V poslednim desetileti byly identifikovany nové proteiny
s hormonalnim u¢inkem — hepatokiny, které podobné jako adipokiny zasahuji do
lipidového a energetického metabolismu. Dosud prokazané ucinky téchto latek
jsou ambivalentni, na jedné strané progrese inzulinové rezistence, na druhé strané
zlepSeni metabolickych parametrii u metabolického syndromu (121). Prvnim
znamym hepatokinem je fetuin-A, ktery slouzi jako mediator mezi jatry a cilovymi
organy. Plsobi jako pfirozeny inhibitor tyrozinkinazy sdruzené s inzulinovym
receptorem, jak bylo ukézano v pokusu na hlodavcich (122). Fetuin-A byl také
identifikovan jako endogenni ligand pro Toll-like receptor 4, kterym nasycené
mastné kyseliny indukuji prozanétlivou signalizaci a rezistenci na inzulin (123).
Zvysené sérové hladiny fetuinu-A byly nalezeny u lidi s obezitou, metabolickym
syndromem a diabetem mellitem 2. typu a jeho koncentrace koreluji i s jaterni
steatozou (124). Prospektivni studie navic prokazaly, Ze hladiny fetuinu-A predikuji
zvysené riziko diabetu 2. typu, stejné jako infarktu myokardu a iktu (125) (126).
Dalsim hepatokinem je selenoprotein P, ktery pozitivné koreluje s parametry
inzulinové rezistence a jeho syntéza je zvySena u pacientti s diabetem 2. typu (127).
Yang et al. (128) nalezl zvySené hladiny selenoproteinu P u pacientli s poruchou
metabolizmu glukozy, které vykazovaly signifikantni asociaci s inzulinovou
rezistenci, zanétem a intimomedialni tloustkou spole¢né karotidy (C-IMT).
Cirkulujici hladiny selenoproteinu P navic negativné korelovaly s hladinami
adiponektinu u pacientti s diabetem 2. typu, coZ naznacCuje existenci vztahu mezi
hepatokiny a adipokiny (129).

V soucasnosti nejvice studovanym a nadéjnym hepatokinem je fibroblastovy
rustovy faktor 21 (FGF21), ktery se jevi jako centralni metabolicky regulator, ktery
ma ptiznivy vliv na metabolismus glukézy a lipidii. Podrobné je o ném pojednano

nasledujici kapitole.
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3.1. Fibroblastovy ristovy faktor 21

Fibroblastovy rastovy faktor (FGF 21) (UniProt code: QINSAL) je proteinovy
endokrinni faktor produkovany predevSim v jatrech s funkci metabolického

regulatoru. Krom¢ jater jej nalézdme také v tukové tkani a pankreatu (130).

Identifikovan byl u mysi i lidi v roce 2000 (131).

Gen pro lidsky FGF 21 se nachazi na 19. chromozomu a sestava ze tfi kodujicich
exond, které davaji vzniknout dvéma transkriptim pouzitim dvou alternativnich
promotora. Oba transkripty koduji tentyz preprotein sklddajici se z 209 aminokyselin
zahrnujici 1 28aminokyselinovy signdlni peptid. Secernovana forma proteinu ma pak

molekulovou hmotnost cca. 23 kDa (181 aminokyselin) (131).

FGF 21 patti do rodiny fibroblastovych riistovych faktort (FGF). U mysi 1 lidi bylo
dosud identifikovano 22 genil (FGF 1 az FGF 23), které se fylogeneticky seskupuji
do osmi podskupin (132). Z funkéniho hlediska se ale FGF d¢li do tii skupin:
intracelularni FGF (FGF 11- FGF 14), jejichZ molekula neobsahuje signdlni peptid,
dale FGF s moznosti sekrece do cirkulace a tim se syst¢émovym ptasobenim (FGF 19

a FGF 21) a zbyvajici FGF, které maji autokrinni ¢i parakrinni u¢inek (133).

Pisobeni FGF 21 je zprostiedkovano vazbou na specifické membranové receptory —
FGR receptory (FGFR). Jednd se o skupinu receptort spojenych s tyrosinkinazami.
U savcil bylo identifikovano sedm primarnich izoforem FGFR, a to 1b, 1c, 2b, 2c,
3b,3c, 4 (134). Aktivace FGFR vazbou FGF 21 je zavisla na B-Klotho, ktery zde
vystupuje jako koreceptor (135) (136). Aktivace tohoto komplexu FGF 21 vede
k Sirokému spektru pienost signalti. Nejlépe popsanou cestou je fosforylace FGFR
substratu a2 snaslednou aktivaci kaskady sucCasti mitogenem aktivované

proteinkinazy (MAPK) (135).

U mysi je gen pro FGF 21 exprimovan zejména v jatrech a thymu (131). V mens$im
métitku  je FGF 21 mRNA detekovatelnd také v pankreatu, varlatech,
gastrointestinalnim traktu, mozku, kosternim svalstvu, hnédé tukové tkéani (,,brown
adipose tissue” BAT) a v bilé tukové tkani (,,white adipose tissue® WAT) (137)
(138). Naproti tomu u ¢loveéka je gen pro FGF 21 exprimovan za bazalnich podminek
téméf vyhradné v jatrech. Slabsi exprese byla prokazana jest¢ v mozku a pankreatu

(139). Nicméné urcité patologické stimuly a okolnosti mohou provokovat
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extrahepatickou expresi, napf. v pankreatu, mozku, WAT, kterd miize vyznamnéji

ovliviiovat cirkulujici koncentrace FGF 21 (140).

Bylo prokézano, ze hladovéni, pfijem lipidi kojenim nebo ketogenni dieta (tj. dieta
s vysokym obsahem tukidl a nizkym podilem sacharidi) vede k nékolikanasobnému
nartstu sérové hladiny FGF 21 u mysi, zfejmé jako vysledek zvysené koncentrace
volnych mastnych kyselin v krvi vedouci k indukci exprese genu pro FGF 21
v jatrech prostfednictvim receptoru PPARa (141). Naproti tomu u lidi podobny efekt
vySe zminénych faktorti na hladinu FGF 21 nebyl jednozna¢né prokazan, mj. pro
velkou interindividualni variabilitu hladin FGF 21 1 jeji zménu po lacnéni (142).
Podani sacharidii, zejména frukt6zy, vede u lidi ke zvySeni koncentraci sérového FGF
21 (143). Kim et al. pozoroval rovnéz elevaci hladin FGF 21 u mysi 1 lLidi
v nadvaznosti na cviceni (144). Hansen et al. pak demonstroval akceleraci jaterni
produkce FGF 21 v dasledku zvySeného uvoliiovani glukagonu do krevniho ob&hu
v pribéhu cviceni u lidi, coz svéd¢i o Uloze svalovo-pankreaticko-jaterni osy pfi
cviceni (145). Bylo také zjisténo, Ze vystaveni chladu vede ke zvySené expresi genu
pro FGF 21 v BAT a WAT u mysi 1 lidi (146) (147). V neposledni fad¢ byl také
pozorovan cirkadidlni rytmus v koncentracich FGF 21 s nejvy$Simi hladinami pti

lacnéni (148).

Vzestup sérovych hladin FGF 21 je asociovan s viceCetnymi metabolickymi stavy a
onemocnénimi, stejné tak, jako aplikace FGF 21 ovliviiuje vicecetné procesy latkoveé
vymény. Nasledujici Cast bude zaméfena pravé na tyto nemoci a tkanové plsobeni

FGF 21 se zduraznénim situace u lidi.

Dosavadni poznatky o tuloze FGF 21 u lidi a mysi shrnuje Obrazek 6.
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Obrazek 6. Uloha FGF 21 v metabolismu u my3i a lidi (Pfevzato ze Staiger H. et al.,
2017) (149).

Stimulacni u¢inky jsou znaceny (+), inhibicni (-). Efekty, které jsou podobné u mysi i
lidi, jsou zna¢eny modie, uCinky, které jsou rozdilné, nebo jsou literdrni data
kontroverzni, jsou znaceny Cervené¢ a konecné Cerné jsou oznaCeny ty ucinky, u

kterych jsou zndmy daje pouze na mySim modelu.

Zkratky: KLB - B-Klotho protein, FGFR1-3 — receptor 1-3 pro fibroblastovy ristovy
faktor 21, BAT — bila tukova tkan, TG — triacylglyceroly, FFA — volné mastné
kyseliny, IGF1 — rastovy faktor podobny inzulinu 1 (,,Insulin-like Growth Factor 1%),
IGFBP1 — protein vazajici IGF1 (,,Insulin-like growth factor-binding protein 1°).
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FGF 21, obezita a tukova tkan

Dle dosud provedenych vyzkumi jsou sérové koncentrace FGF 21 u lidi pozitivné
asociovany s body mass indexem (BMI), obezitou a adipozitou (celkovou, visceralni,
perikardialni i epikardialni) (150) (151) (152) (153). Zvyseni hmotnosti a obsahu
tuku v disledku nadmérné vyzivy vedou k elevaci hladin FGF 21 (154). Naproti tomu
ale vahovy ubytek po uspéSné bariatrické operaci nebyl spojen s ocekdvanym
poklesem sérové koncentrace FGF 21, coz ukazuje na fakt, ze adipocyty zfejmé
nejsou u ¢lovéka vyznamnym zdrojem cirkulujiciho FGF 21 (155). Tukova tkan je
ovSem povazovana za jedno z dilezitych cilovych mist pro ptisobeni FGF 21. FGF
21 hraje roli v lipolyze ve WAT, ovSem neni jasné, zda ji podporuje nebo tlumi. In
vivo studie ukazuji, Ze existuje rozdil mezi chronickym a akutnim plisobenim FGF
21. Zatimco jednordzové podani rekombinantniho lidského FGF 21 snizilo
koncentraci volnych mastnych kyselin (FFA) u obéznich myS$i zvySenim exprese
hormon-senzitivni lipdzy ve WAT, u mysi s chronicky alterovanymi hladinami FGF
21 neni tento efekt zaznamenan. Podani FGF 21 také vede k produkci adiponektinu s
jeho protizanétlivym, ateroprotektivnim a inzulin-senzitizujicim u¢inkem. FGF 21

navic stimuluje 1 absorpci glukozy v adipocytech jak u mysi, tak u lidi (156).
FGF 21 ajatra a pankreas

Jatra jsou hlavnim mistem produkce cirkulujiciho FGF 21 u mysi i lidi. Nejsiln¢jsim
stimulem pro jeho produkci nezévislou na BMI je piitom obsah tuku v jatrech (157).
Nepiekvapuje proto, ze zvySené koncentrace FGF 21 jsou pravideln¢ nalézany u
pacientt s nealkoholickou jaterni steatdzou a steatohepatitidou (158). Uginky FGF 21
v jatrech zahrnuji stimulaci oxidace mastnych kyselin a ketogeneze pti lacnéni nebo
metabolicky podobnych stavech (ketogenni dieta). Dale je FGF 21 zodpovédny za
potlaceni de novo jaterni lipogeneze (159). Efekt FGF 21 na glukézovy
metabolismus v jatrech je zavisly na ¢asovych okolnostech. Berglund et al. (160) a
Xu et al. (161) prokazali, Ze chronické podavani FGF 21 vede k potla¢eni vydeje
glukézy a jejimu pouziti pro tvorbu glykogenu. Naproti tomu jednordzové akutni
podani FGF 21 indukuje tvorbu klicovych glukoneogenetickych enzymi se zvySenim
tvorby a vydeje glukézy. Podobny ucinek byl pozorovan na mySich v pribéhu lacnéni

(162).
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Vzhledem k vyznamné tloze jaterni steatdézy vrozvoji inzulinové rezistence
nepiekvapuje ani nalez elevace koncentraci FGF 21 u prediabetu, diabetu mellitu 2.
typu (163), gestaénim diabetu (164) a diabetické retinopatii (165). Nicméné FGF 21
indukuje inzulinovou sekreci a vyuziti glukdzy tkanémi (jaterni, tukova, svalova).
Chronické aplikace FGF 21 vedla v pokusech na diabetickych mysich ke zvyseni
poctu Langerhansovych ostrivka a zvySeni obsahu inzulinu v nich. Navic mély tyto
mySi signifikantn¢ snizenou sérovou hladinu inzulinu pfi laénéni a také nizsi
postprandidlni glykemie. Plsobeni FGF 21 vykazuje vyraznou zavislost na aktualnim
nutricnim stavu. Pfi la¢néni vykazuje hyperglykemizujici efekt stimulaci lipolyzy,
ketogeneze, glukoneogenze a zvySenim inzulinové senzitivity (159). V piipadé
dostatku potravy ma FGF 21 naopak hypoglykemizujici vliv podporou lipogeneze a
diferenciace adipocytii (166). VétSina téchto poznatkll byla ale ziskdna na mysich
modelech, vcetné hypoglykemizujiciho uc¢inku terapeuticky podaného FGF 21. U lidi

ale aplikace analogii FGF 21 sérovou glykemii neovlivnila (167).
FGF 21, dyslipidemie a vaskularni komplikace

U jedinci s aterogenni dyslipidemii nalézame zvySené sérové koncentrace FGF 21
(150) (157) (168). Nejtésnéjsi korelace je pfitom pozorovana u TG, coz ziejmé
reflektuje jejich asociaci s hepatosteatozou. Elevované hladiny FGF 21 jsou
asociovany rovn€z s metabolickym syndromem, zvySenou tepennou intimomedialni
tloustkou (IMT), tepennou tuhosti a formaci aterosklerotickych plat, vcetné
koronarni nemoci (169) (170) (171) (172) (173). Tato pozorovani svédci pro vztah
FGF 21 s vaskularnimi komplikacemi. Zustava ovSem otdzkou, zda zvySeni jeho
hladiny odrazi kompenzacni odpovéd’ organismu na stav s vysokym cévnim rizikem

nebo je projevem rezistence na uc¢inek FGF 21 (viz nizZe, odd. Rezistence na FGF 21).
FGF 21 a mozek

Exprese FGF 21 byla nalezena 1 vriznych castech mySiho mozku, zejména
v substantia nigra a ve striatu (174). Potvrzen byl 1 prinik FGF 21 pfes
hematoencefalickou bariéru (175). Pfitomnost FGF 21 je pfedpokladéna i v mozkové
tkani ¢loveéka, nicméné tato skutecnost musi byt potvrzena dal§im vyzkumem. Dosud
zndmé ucinky FGF 21 v myS$im mozku zahrnuji vzestup hladiny kortikosteronu,
pokles hladin inzulinu, inhibice rastu (176) (177) a také zmény cirkadidlniho rytmu.

Zda se, ze centralni pusobeni FGF 21 je nutné pro jeho metabolicky vliv, zejména
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zvySeni energetického vydeje, vahovy ubytek a snizeni hladin cholesterolu (178).
Zminéna pozorovani oteviraji moznost fungovani nové definované multifunkéni osy
jatra-mozek s hepatokinem FGF 21 jako rozhodujicim medidtorem. Né&které
z kontroverznich nalezii mezi mySimi modely a lidmi by mohly byt vysvétleny prave
v rozdilu centrdlnich uc¢inkti FGF 21. U syntetickych analogi FGF 21 terapeuticky
pouzitych u pacientti ve studiich nebyl dostate¢né zkouman jejich prinik ptes

hematoencefalickou bariéru.
FGF 21 a kost

V souladu s pozorovanou inhibici kostni formace pisobenim FGF 21 u mysi (179),
Hanks et al. prokdzal inverzni vztah mezi sérovou koncentraci FGF 21 a kostni
denzitou 1 u lidskych jedinct (180). Patofyziologicky podklad oziejmil Wei et al.,
ktery verifikoval inhibici osteoblastogeneze a stimulaci adipogeneze u
mezenchymalnich kmenovych bunék v kostni dieni ptisobenim FGF 21 (179). Zda se
tak, Zze FGF 21 podporuje ubytek kosti pfimo inhibici kostni formace a neptimo
zvySenim jejich resorpce. Tento negativni vliv na kost je hlavnim neZadoucim

u¢inkem FGF 21 ohrozujicim jeho budouci hypotetické terapeutické uziti.
Teorie rezistence na FGF 21

Vzhledem k ptiznivym ufinkim FGF 21 prokazanym na mysSich modelech byly
elevované koncentrace FGF 21 nalezené u jedinct s poruchou glukézového a
lipidového metabolismu nepiijemnym piekvapenim. To vedlo k formulaci hypotézy
o rezistenci k uCinku FGF 21 u zminénych subjektii, podobné jako je tomu u
inzulinové ¢i leptinové rezistence. Podporou tohoto tvrzeni jsou napiiklad vysledky
pokust na obéznich mysich lé¢enych aplikaci FGF 21, kde dosSlo pouze k mirnému
poklesu FFA spole¢né s potlacenou indukci FGF 21 genii (181). Existuji ovSem i
kontraverzni vysledky (182). Zatim navic prakticky zcela chybéji tdaje u lidi. Bude

tak potfeba doplnit dals$i vyzkumy k potvrzeni nebo vyvraceni uvedené hypotézy.
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Na podkladé dosud zjisténych skutecnosti lze prohlasit, ze FGF 21 predstavuje velmi
dilezity adipokin/hepatokin s komplexnim ptisobenim na homeostazu a metabolické
pochody organismu, zejména lipidovy a glukdézovy metabolismus jak u mysi, tak u
¢lovéka. Shromazdéné udaje setrvale dokumentuji jeho ptiznivy vliv na vyse uvedené
metabolické déje, s vyjimkou negativniho plsobeni na kostni denzitu. Nicméné
existuji dulezité diskrepance mezi jeho plisobenim u mysi a lidi, které omezuji
predpokladané terapeutické pouziti analogi FGF 21 u lidi a vyzaduji pokracovani

vyzkumu.
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EXPERIMENTALNI CAST

1. Adiponektin, A-FABP a FGF 21 u asymptomatickych
dyslipidemickych jedinci.

Adiponektin, A-FABP a FGF 21 predstavuji dle recentnich poznatki dulezité
adipokiny/organokiny se vztahem k lipidovému metabolismu, transportu glukézy,
rozvoji metabolického syndromu a diabetu mellitu 2. typu. I pfes intenzivni
vyzkum na tomto poli jsou k dispozici pouze limitované udaje vzajemném vztahu
téchto adipokini u dyslipidemickych pacientd, zejména s pfitomnosti
metabolického syndromu. Cilem nasledujictho vyzkumu bylo proto porovnani
hladin adiponektinu, A-FABP a FGF 21 u asymptomatickych dyslipidemickych
jedinct s vyjadienym metabolickym syndromem (MetS) 1 bez néj a objasnéni
vzajemnych vztahli jednotlivych adipokini k lipidovym parametrim, markerim

inzulinové rezistence a endotelialnim hemostatickym markertm.

1.1. Pacienti a metody.

Soubor studovanych jedinci tvofilo celkem 209 asymptomatickych
dyslipidemickych pacienti vysSetfenych v lipidové poradné III. interni kliniky
Fakultni nemocnice Olomouc, u kterych byly vylouceny mozné pti¢iny sekundarni
hyperlipidemie: diabetes mellitus, hypotyredza, ledvinnd onemocnéni, hepatopatie a
nefroticky syndrom. Dalsi vylucovaci kritéria zahrnovala nasledujici stavy: klinicky
manifestni ateroskler6za prezentovana koronarni chorobou, cerebrovaskuldrnimi
nemocemi (ischemicka cévni mozkova piihoda apod.) a postizenim perifernich
tepen, dale hypolipidemické 1é¢ba v pfedchozich 8 tydnech, hormonalni terapie a
pfitomnost akutni infekce v dobé vySetfeni. U vSech zkoumanych osob byla
odebrdna anamnéza se zaméfenim na kardiovaskularni problematiku, uzivané léky
a koufeni. Byla realizovana zakladni antropometricka vySetteni s vypoctem body
mass indexu (BMI) a zméten systolicky a diastolicky krevni tlak (SBP, DBP).
Studie byla schvalena etickou komisi Lékarské fakulty Univerzity Palackého a

Fakultni nemocnice v Olomouci a vSichni pacienti podepsali informovany souhlas.
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Pacienti spliujici zatazovaci kritéria (n = 209) byli rozdéleni do dvou skupin na
podklad¢ ptitomnosti metabolického syndromu (MetS): jedinci s metabolickym
syndromem (MetS+, n=73, 31 muzi a 42 Zen) a jedinci bez metabolického
syndromu (MetS-, n=136, 74 muzt a 62 Zen). K pritkazu metabolického syndromu
byla pouzita kritéria dle NCEP-ATPIII panel 2001: obvod pasu (muzi >102 cm,
zeny >88 cm), hladina triglyceridti (TG) > 1,7 mmol/l, hladina HDL cholesterolu
(HDLc) (muzi <1,04 mmol/l, zeny <1,30 mmol/l), krevni tlak > 130/>85 mm Hg a
lacnd glykemie > 6,1 mmol/l. Pfitomnost nejméné tfi z vySe uvedenych faktori

diagnostikovala metabolicky syndrom.

Laboratorni vySetieni

Vzorky krve pouZité k vysetfenim byly odebirany pti vstupni kontrole v lipidové
poradné, a to rdno po minimalné 12hodinovém laénéni. K vlastnimu vySetieni bylo
pouzito sérum ziskané ze vzorki po centrifugaci.

Rutinni biochemické parametry byly analyzovany pfistrojem Modular SWA
(Roche, Basel Switzerland) v den odbéru vzorka. Koncentrace adipokini a dalSich
specialnich analyt byly zméteny z alikvotnich vzorka uchovavanych pii -80 (-20)
°C nejpozdeji do 6 mésicth od odbéru vzorki. Celkovy cholesterol (TC), TG a
HDLc byly stanoveny enzymaticky na pfistroji Modular SWA systém (Basel,
Roche, Switzerland). Stanoveni HDLc bylo realizovano pfimou metodou bez
precipitace lipoproteinii obsahujicich apolipoprotein B (ApoB). Hladiny LDL
cholesterolu (LDLc) byly vypocteny pomoci Friedewaldovy rovnice (pro TG mén¢
nez 4,5 mmol/l). Vypocet byl pouzit také u nasledujicich jednotek: non-HDL
cholesterol, aterogenni index plazmy (Al) (logTG/HDLc). Koncentrace ApoB a
apolipoproteinu Al (ApoAl) byly stanoveny imunoturbidimetricky pomoci Tina-
Quant Lipoprotein(a) TQ kitu (Roche, Basel, Switzerland). C-reaktivni protein
(CRP) byl wuréen imunoturbidimetricky (kit Tina-Quant, Roche, Basel,
Switzerland). Glykémii jsme stanovili pomoci GOD-PAP metody (Roche, Basel,
Switzerland). N-termindlni prohormon mozkového natriuretického peptidu (NT-
proBNP) byl stanoven ECLIA metodou (Elecsys pro BNP reagent kit, Roche,
Basel, Switzerland). VSechna méteni provedena z Cerstvého séra v den odbéru krve.
Inzulin uréen pomoci specifickych protilitek IRMA metodou (Immunotech,

Marseille, France), rovnéz C-peptid a proinzulin zjiStény pomoci komer¢nich kith
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(IRMA, Immunotech, France, resp. RIA, DRG Instruments GmBH, Marburg,
Germany). Krevni vzorky uchovavany pti -20 °C a stanoveni prob¢hlo nejpozdéji
do 6 mésicti po odbéru.

Dale byly stanoveny hladiny nasledujicich trombotickych biomarkert: von
Willebranduv faktor (VWF) (Instrumentation Laboratory Spa, Milan, Italy), PAI-1 a
tPA (oba ELISA, Technoclone, Vienna, Austria).

Hladiny adiponektinu, A-FABP a FGF 21 v séru byly zméfeny pomoci ELISA (vse
Biovendor Laboratory Medicine Inc., Brno, Czech Republic) z alikvotnich vzorkt
uchovavanych pii -80 °C. Sérové hladiny solubilnich adhezivnich molekul s-
ICAM-1 a sVCAM-1 byly stanoveny komeréné dostupnymi sety (Immunotech,

Marseille, France) ze separatnich alikvotnich vzorkli zamraZenych na -20°C.

Statistické zpracovani dat

Ciselné hodnoty vysledki byly vyjadfeny jako primér + standardni odchylka (SD),
parametry s nerovnomérnou distribuci také jako mediany. Pro ovéfeni normalni
distribuce byl uzit Kolmogoroviiv-Smirnoviv test. Proménné s nerovnomérnou
distribuci (CRP, TG, lipoprotein(a), fibrinogen, vWF, tPA, PAI-1, inzulin, C-
peptid, proinzulin, ADP, FGF 21, A-FABP, NT-proBNP) byly logaritmicky
transformovany pied vlastni statistickou analyzou. Rozdily mezi zméfenymi
veliCinami byly analyzovany pomoci ANCOVA po adjustaci na veék a pohlavi. Ke
statistickému zhodnoceni korelace mezi jednotlivymi parametry byly pouzity
Pearsonova korela¢ni analyza pro veli¢iny s normalnim rozloZenim a univariantni
Spearmanova korelaéni analyza pro veliCiny s nerovnomérnou distribuci. Pro
otestovani nezavislé asociace mezi zavisle proménnymi a nezavisle proménnymi
byla zvolena vicenasobna regresni analyza. Ke statistickému zpracovani dat byl
pouzit statisticky software SPSS Statistics, verze 12.0 (SPSS Inc., Chicago, USA),

vSechny testy byly realizovany na Grovni signifikance 0,05.

1.2. Vysledky

Zakladni klinické a laboratorni charakteristiky zkoumanych subjektii shrnuje
Tabulka 1. Jedinci s metabolickym syndromem méli dle ocekdvani neptiznivé
lipidové a lipoproteinové profily (elevace TC, TG, nonHDL cholesterol, Al, ApoB,

a naopak nizké hladiny HDLc a ApoAl) spolecné¢ se znamkami inzulinové
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rezistence (zvySené hladiny glykemie, inzulinu, proinzulinu a C-peptidu). Kromé
vyse zminéného byly prokdzany také vyssi koncentrace hemostatickych markera
(tPA, PAI-1) a adhezivnich faktori (sVCAM-1, sICAM-1). U adipokini byly
nalezeny signifikantné niz$i hladiny adiponektinu ve skupiné pacienti s MetS (p
<0,001), zatimco koncentrace A-FABP a FGF 21 byly naopak zvysené (p <0,001).
V tabulce 2 jsou shrnuty zjisténé pozitivni korelace adipokinti s ostatnimi
parametry ve skupindch dyslipidemickych jedinci s MetS nebo bez MetS.
Adiponektin koreloval ve skupiné MetS+ pozitivné s vékem, HDLc, ApoAl, A-
FABP a NT-proBNP, negativné pak s pohlavim a obvodem pasu. U A-FABP byla
nalezena pozitivni korelace s vWF, adiponektinem, FGF 21 a NT-proBNP, zatimco
FGF 21 koreloval pozitivné s TG, Al, vWF, PAI-1, A-FABP a obvodem pasu.

Ke zhodnoceni, zda jsou zjiSt€éné asociace adipokini s ostatnimi parametry
nezavislé, byla provedena vicendsobnd regresni analyza s adipokiny jako zavislymi
proménnymi a korelovanymi parametry jako nezavislymi prediktory (Tabulka 3).
Ve skupiné MetS+ byla nalezena nezévisla pozitivni asociace adiponektinu s A-
FABP (beta=0,4502, p <0,05), A-FABP byl nezavisle asociovan s FGF 21
(beta=0,3811, p <0,01) a vWF (beta=0,4502, p <0,01). FGF 21 byl naproti tomu
nezavisle sdruzen jen s A-FABP (beta=0,4422, p <0,001). Ve skupin¢ MetS- byla
prokazana pozitivni asociace adiponektinu s vWF a negativni asociace s pohlavim,
A-FABP asocioval pozitivn¢ s FGF 21, vWF a BMI a FGF 21 byl pozitivné
sdruzen s A-FABP, TG a negativné s Al.

-36-



Tabulka 1. Zakladni charakteristiky vSech studovanych jedinci a subjekt s MetS

a bez MetS.
All individuals MetS- Met S+
n=209 n=136 n=73
Age (years) 46.7+14.5 447+159 50.1+11.0
CRP (mg/l) 38x10.1(1.6) 29+£42(14) 38£45(23)*
TC (mmol/l) 6.69+1.84 642+148 712 £225 **
TG (mmol/l) 301+£421(1.77) 1.76 £ 1.74 (1.38) 4.34+6.18 (3.31) ***
Al 0.1931 £0.4373 —0.0223 £ 0.3207 0.5827 +0.3563 ***
nonHDL (mmol/l) 533x£192 487151 6.10£2.27 ***
HDLc (mmol/i) 137+046 155+045 1.03 £ 0.23 #**
LDLc (mmol/l) 406+1.57 406133 397+191
Apo Al (g/) 1.54+0.37 1.65+0.38 1.34 £ (.25 #**
Apo B (g/) 121+038 1.13+0.34 1.33+£0.43 *kx
Lp(a) (g/) 0.399 = 0.465 (0.201) 0.409 £ 0.455 (0.221) 0.381 £0.489 (0.189)
Fibrinogen (g/l) 298 +0.76 (2.80) 290+0.70 (2.73) 3.04+0.64(291)
VIVF (%) 130+ 55 (118) 128+ 50 (118) 132 + 60 (118)
tPA (ng/ml) 335£243(3.0) 2.79+0.88 (2.8) 4.11 =282 (3.0) ***
PAL1 (ng/ml) 65+ 42 (58) 56 + 36 (44) 83 + 48 (78) **
SICAM-1 (ng/mli) 358 + 148 335+128 389+ 173 *
SVCAM-1 (ng/ml) 743 + 360 709 £ 327 819 =411 *
Glucose (mmol/l) 538+1.04 5.10+0.56 592+ 146 ***
Insulin (mIU/) 103+ 6.6 (8.5) 8.4+45(75) 13.7£ 8.2 (11.7) *4*
C-peptide (mg/l) 27+£14(25) 23+x10(22) 3.6+1.7(34) %+
BMT (kgﬁnzj 26.99+4.75 25.19+4.17 30.36 = 4.05 ***
Waist (cm) 91.1+142 859+119 101.0 4 127 ***
PINS (mIU/) 148+105(114) 12.0+8.3(9.6) 20.3£12.2(16.6) *¥**
ADP (mg/l) 86+£52(74) 94+5.0(8.0) 7O0£53(5.4) #+*
FGF 21 (ng/l) 317.7 = 4404 (197.6) 2223 +2999(156.5) 471.4+531.7 (305.6) ***
A-FABP (ug/l) 262+17.9(21.9) 22.2+12.7(19.9) 33.8+£23.5(29.1) ***
NT-proBNP (ng/l) 65.7+82.1(40.7) 654+ 842 (44.5) 67.7+81.0 (41.4)
SBP (mm Hg) 128.7+152 1251136 136.1 = 15.6 ***
DBP (mm Hg) 778+87 759+83 81.7+£ 8.0 ¥**

Data are expressed as means + standard deviations, in parameters with skewed distribution also as medians (in parentheses).
Differences in variables between groups were analyzed with ANCOVA after adjustment for age and sex. Variables with skewed
distribution (CRP, TG, Lp(a), fibrinogen, VWF, tPA, PAI-1, insulin, C-peptide, PINS, ADP, FGF 21, A-FABP, NT-proBNP) were log
transformed to normalize their distribution before statistical analyses. Significant differences between MetS- and MetS+ groups:
* p<0.05, ** p<0.01, *** p<0.001. CRP, C-reactive protein; TC, total cholesterol; TG, triglycerides; HDLc, high density lipoprotein
cholesterol; LDLc, low density lipoprotein cholesterol; nonHDL=TC-HDLc; Al, atherogenic index of plasma (logTG/HDLc); Apo,
apolipoprotein; Lp(a), lipoprotein (a); vWF, von Willebrand factor; tPA, tissue plasminogen activator; PAI-1, plasminogen activator
inhibitor-1; sICAM-1, soluble intercellular adhesion molecule-1; sVCAM-1, soluble vascular cell adhesion molecule-1; BMI, body mass
index; PINS, proinsulin; ADP, adiponectin; FGF 21, fibroblast growth factor 21; A-FABP, adipocyte fatty acid binding protein;
NT-proBNP, N-terminal prohormone of brain natriuretic peptide; SBP, systolic blood pressure; DBP, diastolic blood pressure.
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Tabulka 2. Signifikantni korelace hladin adipokini s ostatnimi parametry ve

skupinach MetS+ a MetS- (r a p hodnoty).

a) ADP
Age Sex ‘Waist HDLc Apo Al vWF A-FABP NT-proBNP
ADP MetS+ 0.386 -0.520 -0.414 0.499 0.355 0.139 0.267 0411
0.001 0.000 0.001 0.000 0.002 0.254 0.022 0.000
ADP MetS- 0.261 -0.399 -0.253 0.476 0.507 0.310 0.124 0.442
0.002 0.000 0.008 0.000 0.000 0.000 0.151 0.000
b) A-FABP
Age BMI Waist vVWF ADP FGF21  NT-proBNP
A-FABP MetS+ 0.117 0.050 0.046 0.404 0.267 0.521 0.399
0.326 0.678 0.729 0.001 0.022 0.000 0.001
A-FABP MetS- 0.327 0.379 0.288 0.266 0.124 0.282 0.198
0.001 0.000 0.002 0.002 0.151 0.001 0.023
c) FGF 21
TG Al VWF PAI-1 A-FABP Waist
FGF 21 MetS+ 0.374 0.340 0.362 0.223 0.521 0.256
0.001 0.001 0.002 0.050 0.000 0.050
FGF 21 MetS- 0.240 0.172 0.079 0.201 0.282 0.050
0.005 0.046 0371 0.022 0.001 0.606

Pearson correlation analysis for parameters with normal distribution. Spearman correlation analysis for parameters with skewed
distribution (TG, VWF, tPA, PAI-1, ADP, FGF 21, A-FABP, NT-proBNP). Bold values indicate significance at p<0.05.
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Tabulka 3. Nezavislé asociace adiponektinu, A-FABP a FGF 21 zjisténé

vicendsobnou regresni analyzou (tucng).

a) ADP
A-FABP vWF sex
ADP MetS+ beta = 0.4888 NS NS
p=0.0382
ADP MetS- NS beta = 0.4332 beta = -0.0609
p=0.0245 pP=0.0447
b) A-FABP
FGF 21 vWF BMI
A-FABP MetS+ beta = 0.3811 beta = 0.4502 NS
p=0.0002 p=0.0013
A-FABP MetS- beta = 0.1491 beta = 0.3524 beta =0.3785
p=0.0392 p=0.0352 p=0.0026
c) FGF 21
A-FABP TG Al
FGF 21 MetS+ beta = 0.4422 NS NS
p=0.0002
FGF 21 MetS- beta = 0.2984 beta = 0.1150 beta =-0.1105
p=0.0026 p=0.0358 p=0.0178

Bold values indicate significance at p<0.05. NS — no significance.

Tabulky 1, 2 a 3 ptevzaty z:

NOVOTNY, D. - VAVERKOVA, H. - KARASEK, D. — LUKES, J. - SLAVIK, L. - MALINA, P.
— ORSAG, J. Evaluation of total adiponectin, adipocyte fatty acid binding protein and fibroblast

growth factor 21 levels in individuals with metabolic syndrome. Physiological Research, 2014, 63,

219-228. ISSN: 0862-8408
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1.3. Diskuse a zavér.

Ve studii jsme potvrdili o¢ekavany rizikovy profil dyslipidemickych pacientd
s MetS, a¢ zatim asymptomatickych. Vykazovali nepfiznivy lipidovy i
lipoproteinovy profil a zvySené parametry inzulinové rezistence. Rovnéz byly u
téchto pacientl zjistény vyssi koncentrace hemostatickych markert (tPA, PAI-1) a
adhezivnich molekul.

Snizené¢ hladiny adiponektinu u téchto nemocnych rovnéZz neptedstavovaly
piekvapeni a byly ve shod¢ s publikovanymi udaji (183) (184), stejné jako zvySeni
A-FABP (185) a vyssi koncentrace FGF 21 (150).

Z vysledkt korelaci hladin adipokini s ostatnimi parametry v uvedené studii stoji
za pozornost zejména 3 zjisténi:

1. pozitivni korelace hladin adiponektinu a A-FABP s NT-proBNP v obou
sledovanych skupinach pacientii (MetS+ 1 MetS-).

2. nenalezeni signifikantni korelace A-FABP s metabolickymi a antropometrickymi
parametry inzulinové rezistence.

3. prukaz silné korelace A-FABP s FGF 21 u obou zkoumanych skupin pacientt.

Poznatky ziskané ve studiich na zvitatech podporuji etiologickou roli A-FABP
v rozvoji kardiovaskularnich chorob (69). A-FABP byl identifikovan jako Cinitel,
ktery zprostiedkovava supresivni efekt adipocytt na srde¢ni kontraktilitu (186). Lze
tak usuzovat, ze zjiSténd nezavisld asociace adiponektinu s A-FABP ve skupiné
MetS+ muze byt spojena se vztahem téchto adipokini k srde¢ni funkci a odrazet
elevaci  adiponektinu  jako kompenzacni odpovéd na  vysSi riziko
kardiovaskularnich onemocnéni u téchto pacientli. Oba dva sledované parametry
navic pozitivné korelovaly s NT-proBNP, ktery je uzndvan jako piesny a senzitivni
diagnosticky marker srde¢niho selhdvani, i kdyz signifikance této korelace nebyla
v nasi studii naslednou vicendsobnou regresni analyzou potvrzena. Tyto poznatky
jsou ve shod¢ s dosud publikovanymi tdaji, které rovnéz prokdzaly pozitivni
asociaci adiponektinu se zanctlivymi parametry, aterogenni dyslipidemii a NT-
proBNP (187), jako i vztah A-FABP a koronarni ateroskler6zy (188) (189) s jeho
pfedpokladanym vlivem na rozvoj kardidlni dysfunkce vcetné pozitivni korelace
s NT-proBNP (190).

Dle vice€etnych studii koreluji sérové hladiny A-FABP s parametry inzulinové

rezistence (glykémie, sérovy inzulin, BMI, obvod pasu) u obéznich jedincti, dale u
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pacientl s diabetes mellitus 2. typu, s kombinovanou familiarni hyperlipidemii a
s metabolickym syndromem (191). VnaSi studii jsme v kontrastu k vySe
uvedenému nalezli jen slabou nebo vibec zadnou korelaci A-FABP s vyse
uvedenymi parametry ve skupiné dyslipidemickych pacientti s MetS, ackoliv byly
pozorovany signifikantni rozdily v hladinaich A-FABP mezi obéma skupinami
(MetS+ a MetS-). Lze zvazovat vliv relativné malé velikosti souboru pacientti
s MetS, nicméné¢ toto zjisténi je prekvapivé a nemame pro n¢j adekvatni vysvétleni.
Pozitivni korelace A-FABP jsme naopak prokazali s vVWF, adiponektinem, FGF 21
a NT-proBNP, ovSem nezavisld asociace byla ovéfena vicendsobnou regresni
analyzou pouze s vVWF a FGF 21. Tento vztah s hemostatickym faktorem
podporuje roli A-FABP v rozvoji endotelové dysfunkce a proaterogenni aktivity.
V souladu snaSim zjiSténim jsou 1 patofyziologické literarni poznatky o
zprostiedkovani aterogenni aktivity A-FABP nikoliv vlivem na inzulinovou

senzitivitu €1 lipidovy metabolismus, ale pfimym plsobenim na makrofagy (192).

o U

asociace hladin FGF 21 s A-FABP u obou zkoumanych skupin pacienti
s vyraznéjSim vyjadienim v MetS+ (p=0,0002). Jednim z divodi elevace FGF 21 u
zminénych nemocnych miize byt kompenzacni odpovéd’ organismu na zvySeny
metabolicky stres vyjadfeny vysSimi hladinami A-FABP. Vyssi hladiny FGF 21
byly jiz dfive prokdzany u kardiometabolickych onemocnéni jako obezita,
metabolicky syndrom, diabetes mellitus 2. typu a koronarni nemoc (130).
Cirkulujici FGF 21 je produkovan jatry, ziejm¢ v disledku indukce jeho tvorby
zvySenymi hladinami lipidi a sacharidi v jatrech (193). Ovsem zlstava otazkou,
zda je cirkulujici FGF 21 pouze marker téchto metabolickych zmén nebo, zda je
jednim zjejich pfi€in.  Druhym moZnym vysvétlenim elevace FGF 21 u
dyslipidemickych pacientd s metabolickym syndromem muize byt naopak rezistence
k u¢inkiim FGF 21. Na pocatku metabolickych G¢inkii FGF 21 je jeho vazba na
FGF receptor: B-Klotho komplex (194). B-Klotho je zvySené exprimovan
v metabolicky aktivnich tkénich vcetné tukové tkané, jater a pankreatu. Provedené
studie naznacuji vliv zanétlivych zmén tukové tkan€ u obezity na sniZeni exprese [3-
Klotho v disledku pisobeni TNF-a v adipocytech, coZz blokuje u¢inek FGF 21.
Podobny mechanismus muiZze vést k rezistenci na FGF 21 rovnéZ pfi stavech

spojenych se subklinickou zanétlivou odpovédi, jako napiiklad metabolicky
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syndrom, diabetes mellitus 2. typu a koronarni nemoc (130). Sviij podil na
rezistenci tkani k ptisobeni FGF 21 mize mit i A-FABP svym prozanétlivym
pusobenim.

Zaveérem lze shrnout, Ze téziSté a vyznam této prace lezi v oziejméni vzajemnych
vztahii hladin adiponektinu, A-FABP a FGF 21 u dyslipidemickych jedinca,
zejména s pritomnosti MetS. Byly nalezeny pozitivni asociace adiponektinu s A-
FABP a zejména pozitivni recipro¢ni asociace mezi hladinami FGF 21 a A-FABP u
obou skupin dyslipidemickych pacientti s dominanci ve skupiné s metabolickym

syndromem. Dale jsme prokazali nezavisly vztah A-FABP a vWF.
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2. A-FFABP a vybrané biomarkery hemostizy a endotelialni

dysfunkce u asymptomatickych pacientii s dyslipidemii.

V nize uvedené cCasti vyzkumu jsme se podrobnéji zamétili na vztah A-FABP
k markerim hemostdzy a endotelidlni dysfunkce u asymptomatickych pacientti
s dyslipidemii bez ohledu na pfitomnost ¢i absenci metabolického syndromu
s kontrolni skupinou zdravych jedinct. Podkladem pro vyzkum byly jiz diive
verifikovand spojitost mezi zvySenymi hladinami A-FABP a rozvojem
aterosklerozy. Pravé asociace A-FABP s markery hemostdzy a endotelové
dysfunkce ptedstavuje jeden z moznych patofyziologickych podkladi vyse
zminénych uc¢inktt A-FABP.

2.1. Pacienti a metody.

Studovany soubor tvofilo celkem 155 jedincii, a to jednak asymptomatickych
dyslipidemickych pacientt, jednak zdravych kontrol. Pacienti byli rekrutovani ze
souboru vysetfenych v lipidové poradné III. interni kliniky Fakultni nemocnice
Olomouc, u kterych byly vyloueny mozné ptiiny sekundarni hyperlipidemie.

Vstupni a vylucCovaci kritéria se shodovala s pfedchozi studii (viz oddil 1.1.).

Jedinci spliujici zafazovaci kritéria (n = 155) byli rozdéleni do dvou skupin:
asymptomatiCti pacienti s dyslipidemii (n = 105, 53 muzi a 52 Zen) a zdravi
normolipidemicti jedinci (n = 50, 21 muzi a 29 zen) slouzici jako kontrolni
skupina. Hyperlipidemie byla pro ucely vyzkumu definovana jako piitomnost
koncentrace sérovych TG > 1,5 mmol/l a/nebo koncentrace ApoB > 1,2 g/l
Hodnota TG byla zvolena vzhledem k vysSimu zastoupeni malych denznich LDL
castic od zminéné hladiny (195), hladina ApoB pak v disledku prokazané¢ho

rapidné se zvySujiciho kardiovaskularniho rizika od udané koncentrace (196).
Laboratorni vysetieni

Vzorky krve pouzité k vySetfenim byly odebirdny pii vstupni kontrole v lipidové
poradné, a to rano po minimalné 12hodinovém la¢néni. Biochemické parametry,
véetné adipokinu A-FABP a hemostatickych markerd (vWF, PAI-1, t-PA) a
adhezivnich molekul (sSICAM-1, sVCAM-1) byly vySetfeny stejnym zplsobem a

metodami jako u pfedchozi studie (viz odd. 1.1. sekce Laboratorni vysetient).
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Vypoctem dle Matthewse et al. (197) byl zjiStén parametr inzulinové rezistence

HOMA (,,homeostasis model assessment index*).
Statistické zpracovani dat

Ciselné hodnoty vysledkt byly vyjadieny jako pramér + standardni odchylka (SD),
parametry s nenormalni distribuci pak jako 25. a 75. percentil. Pro ovéfeni normalni
distribuce byl wuzit Kolmogoroviv-Smirnoviiv test. Proménné s nenormalni
distribuci (TG, inzulin, HOMA, hs-CRP, tPA, PAI-1, sVCAM-1, sICAM-1, A-
FABP) byly logaritmicky transformovany k normalizaci jejich distribuce pied
vlastni statistickou analyzou. Rozdily mezi méfenymi veli€¢inami byly analyzovany
pomoci ANOVA po adjustaci na v€k a pohlavi. Ke statistickému zhodnoceni
korelace mezi jednotlivymi parametry byly pouzity univariantni korela¢ni analyza.
Pro otestovani nezadvislé asociace mezi zavisle proménnymi a nezavisle
proménnymi byla zvolena vicendsobnd regresni analyza. Ke statistickému
zpracovani dat byl pouzit statisticky software SPSS Statistics, verze 12.0 (SPSS
Inc., Chicago, USA), vSechny testy byly realizovany na urovni signifikance 0,05.

2.2. Vysledky.

Zakladni klinické a laboratorni charakteristiky zkoumanych subjekti shrnuje
Tabulka 4. Ve srovnani s kontrolami méli dyslipidemicti pacienti signifikantné
vys$$i hladiny inzulinu, lacné glykémie, PAI-1, hs-CRP a také vyssi HOMA, BMI a
obvod pasu. Naopak rozdily nebyly zjistény v hladindich vWF, tPA, sICAM-1,
sVCAM-1 a A-FABP. Koncentrace A-FABP ve skupiné dyslipidemickych
pacientli korelovaly pozitivné s vékem (r = 0,252, p <0,05), TG (r = 0,368, p
<0,001), inzulinem (r = 0,229, p <0,05), HOMA (r = 0,238, p <0,05), BMI (r =
0,481, p <0,001), obvodem pasu (r = 0,233, p <0,05), hs-CRP (r=0,279, p <0,01) a
vWF (r = 0,214, p <0,05), negativni korelace byla naopak prokazéna s muzskym
pohlavim (r = 0,252, p <0,05). U zdravych jedincii v kontrolni skupiné korelovaly
koncentrace A-FABP pozitivné s TG (r = 0,311, p <0,05), inzulinem (r = 0,561, p
<0,001), HOMA (r = 0,571, p <0,001), BMI (r = 0,437, p <0,01) a negativné
s HDLc (r = - 0,324, p <0,05). Koncentrace A-FABP u dyslipidemickych pacientii
prokazaly pfi vicenasobné regresni analyze nezavislou asociaci s pohlavim, BMI a

VvWF (Tabulka 5) dyslipidemickych pacientii, zatimco u zdravych kontrol byl
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asociovan s BMI (beta = 0,43, t = 3,62, p <0,001) a inzulinem (beta = 0,62, t =
2,99, p <0,001).
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Tabulka 4. Zakladni charakteristiky souboru.

NL (n=50) DL (n=105)
Age (years) 45.2+17.0 45.0+13.5
TC (mmol/l) 5.61+0.88 7.28+1.73%**
TG Y (mmol/1) 1.05[0.83-1.21] 2.58 [1.73-4.16]***
HDL-C (mmol/l) 1.68+0.5 1.26+0.38%**
LDL-C (mmol/l) 3.47+0.78 4.27+1.53%**
non-HDL-C (mmol/l) 3.94+0.81 5.99+1.76%**
apoB (g/l) 0.91+0.18 1.30+0.32%**
fasting glycemia (mmol) 5.08+0.58 5.48+1.1*
insulin ¥ (mIU/1) 6.9[4.7-11.3] 9.0 [7.1-125)*
HOMASY (mIU*mmol/I2) 1.57 [0.97-2.6] 2.18[1.57-3.16]*
SBP (mm Hg) 129.7+14.6 129.6+15.3
DBP (mm Hg) 79.2+9.3 78.9+8.9
BMI (kg/m2) 25.5+4.7 27.4+4.6*
waist circumference 85.2+14.7 93.8+13.9*
(cm)
hs-CRP ¥ (mg/l) 1.0 [0.5-2.2] 1.9[0.8-3.7]*
vWEF (%) 123.5+52.1 134.7+£52.3
t-PAY (ug/l) 3.0 [2.0-3.5] 3.0[2.1-4.2]
PAI-19 (ug/l) 40.0 [29.5-74.5] 63.5 [34.3-94.1]*
s-ICAM-17 (ug/l) 327 [240-473] 346 [280-475]

s-VCAM-17 (ug/l)

697 [488-867]

651 [418-871]

A-FABP1 (ug/1)

21.7[15.0-31.3]

23.3[16.1-34.3]

NL= normolipidemic controls, DL = dyslipidemic subjects (apoB
=1.2g/l and/or TG =1.5 mmol/l), TC = total cholesterol,

TG = triglycerides, HDL-C = HDL cholesterol,
LDL-C = LDL cholesterol, non-HDL-C = non-HDL cholesterol

(TC -HDL-C), apoB = apolipoprotein B, HOMA = homeostasis
model assessment, SBP = systolic blood pressure, DBP = diastolic
blood pressure, BMI = body mass index, hs-CRP = high sensitivity C

reactive protein, vWF = von Willebrand factor,

t-PA = tissue-plasminogen activator, PAI-1 = plasminogen
activator inhibitor-1, s-ICAM-1 = soluble intercellular cell adhesion
molecule-1, s-VCAM-1 = soluble vascular cell adhesion molecule-1,
A-FABP = serum adipocyte fatty acid-binding protein

Values are expressed as mean + standard deviation, for 1
(parameters with skewed distribution) as median [25 and 75
percentiles]. Differences in variables between groups were
analyzed with ANOVA after adjustment for age and sex. *p<0.05,
**p<0.01, ***p<0.001 ... statistical significance level
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Tabulka 5. Vicenasobnd regresni analyza vztahli mezi A-FABP jako zavisle

proménnou a korelujicimi parametry jako

dyslipidemickych pacientd.

nezdvislymi prediktory ve skupiné

Beta t p-value
age 0.07353 1.32655 n.s.
gender -0.09485 -2.89502 0.006
TG (log) 0.00637 0.16525 n.s.
CRP (log) 0.00398 0.19876 n.s.
insulin (log) 0.30240 1.87779 n.s.
HOMA (log) -0.08941 -1.24498 n.s.
BMI 0.52517 3.36664 0.002
waist circumference 0.10472 0.46511 n.s.
vWF 0.14483 3.27170 0.002

TG = triglycerides, hs-CRP = high sensitivity C reactive protein,
HOMA = homeostasis model assessment, BMI = body mass index,

vWF = von Willebrand factor

Parameters with skewed distribution (TG, hs-CRP, insulin, HOMA,
A-FABP) were log transformed to normalize their distribution before

statistical analysis

Tabulky 4 a 5 prevzaty z:

KARASEK, D. - VAVERKOVA, H. - FRYSAK, Z. - ORSAG, J. - NOVOTNY, D. - HALENKA,

M. — SLAVIK, L. Relationship between serum adipocyte fatty acid-binding protein and

endothelial/hemostatic markers in dyslipidemic subjects. Neuroendocrinology Letters, 2012, 33,

Suppl. 2, 26-31. ISSN: 0172-780X

-47 -



2.3. Diskuse a zavér.

V realizovaném vyzkumu nebyly potvrzeny signifikantné zvysené hladiny A-FABP
u asymptomatickych pacientl s dyslipidemii oproti zdravym kontrolam. A-FABP
zde nekoreloval s TC, LDLc, HDLc, nonHDLc ani s ApoB. Naproti tomu ale A-
FABP koreloval s TG, markery inzulinové rezistence, visceralni obezity a zanétu.
Tato zjisténi ukazuji na kliCovy podil obezity a inzulinové rezistence na vzestup
sérové koncentrace A-FABP. Neéktefi autoii povazuji A-FABP pfimo za marker
télesné adipozity (112) (198). Vnasi studii ale nebyla asociace A-FABP
s hladinami TG nezavisld, coz miZze byt zplsobeno adipozitou a inzulinovou
rezistenci vedouci samostatné k elevaci TG.

Hladiny A-FABP vykazovaly déale pozitivni korelaci s hs-CRP, coZ se shoduje
s udaji v dostupné literatute (185) (198) (112), a poukazuje na vyznam A-FABP
jako prozanétlivého faktoru, ktery zprosttedkovava spojeni inzulinové rezistence se
systétmovou zanétlivou odpovédi. Pifesny mechanismus tohoto ptsobeni neni do
detailu objasnén, nicméné jsou znamy dil¢i patofyziologické pochody. Hui et al.
ukéazal na schopnost akcelerace cévniho zanétu prostfednictvim tvorby pozitivni
zpétné vazby A-FABP s C-Jun N-terminalnimi kindzami (JNK) a ,activator
protein-1“ v makrofazich  vedouci  k zanétlivé  odpovédi  indukované
lipopolysacharidy (89). Aktivovana JNK zvySuje expresi A-FABP akceleraci
genové¢ transkripce a elevace A-FABP potencuje aktivaci JNK vedouci k produkci
prozanétlivych cytokint (89) (199).

Z pohledu vztahu k hemostatickym markerim a markerim endotelové dysfunkce
koreloval A-FABP pouze s vWF, ovSem tento vztah se ukazal nezavislym na
ostatnich metabolickych faktorech, véku, pohlavi i BMI. Tento poznatek byl v dobé
realizace studie novy (spole¢né s vySe zminénym vyzkumem — viz odd. 1) a nebyl
pfedtim publikovan v dostupné literatufe. V roce 2018 byla uvedend asociace
potvrzena i u pacientll s diabetem mellitem 2. typu (200). Pfesny mechanismus
tohoto vztahu neni dosud detailn€ objasnén, nicméné podporuje hypotézu o
pusobeni A-FABP jako diilezité¢ho faktoru v rozvoji endotelidlni dysfunkce. vWF je
produkovan témét vyhradné bunikami cévniho endotelu jako reakce na plisobeni
prozanétlivych cytokind. ZvySeni plazmatické hladiny vWF nalézdme u
riznorodych stavli spojenych s endotelidlnim poskozenim, coZ naznacuje jeho
vyznam jako uzite¢ného markeru endotelidlni dysfunkce (201). Byl také nalezen

spole¢ny vyskyt A-FABP a vWF v endotelu apoE-/- mysi (202). A-FABP se
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vyskytuje v aterosklerotickych platech karotid, jak prokazal Agardh et al. (203).
Obsah A-FABP byl navic vys$i v nestabilnich platech spole¢né s populaci
makrofagl, coz rovnéz podporuje teorii o tloze A-FABP jako klicového faktoru
spojujiciho vaskularni zanét s bunéénou akumulaci lipidii. A-FABP aktivuje
signalni kaskady zprostfedkované jak JNK, tak i nukledrnim faktorem kappa B
(NFxB), které reguluji transkripéni aktivitu prozanétlivych genii (204). Ugast A-
FABP v procesu zanétlivé reakce aktivaci NFkB muze vést ke zvySenému
oxidacnimu stresu se sniZzenim biologické dostupnosti oxidu dusného, a tim
k endotelidlni dysfunkci (205). Aktivace NFxB kaskady mize byt také ptic¢inou
zvySené produkce vWF, jak bylo prokdzdno pii endotelidlnim poskozeni
indukovaného sepsi (206).

Otazkou =zistava absence prukazu korelace A-FABP s ostatnimi parametry
hemostazy a endotelové dysfunkce. Pro tuto skute¢nost existuje nékolik vysvétleni.
PAI-1 ptedstavuje pravdépodobné méné specificky ukazatel endotelidlniho
poskozeni nez vWF vzhledem ke skuteCnosti, Ze je produkovan vice tkanémi —
endotelie, jatra, tukova tkan (207). VySsi hladiny PAI-1 u dyslipidemickych
pacientli tedy nemusi odrazet jen endotelialni dysfunkci, ale mohou byt zptisobeny
akceleraci produkce v jatrech nebo tukové tkani nezéavisle na A-FABP. Tvorba
PAI-1 je také spojena s hladinami tPA, protoze vétSina tPA  antigenu
detekovatelného v krevnim ob&hu predstavuje cast inaktivniho cirkulujiciho
komplexu s PAI-1 (208). Zatimco VCAM-1 je lokalné¢ produkovan v endotelu,
ktery prekryva mista aterosklerotickych 1¢ézi, exprese ICAM-1 neni omezena pouze
na endotel. ICAM-1 je produkovén i1 makrofagy, buinikami hladké svaloviny
fibroblasty a kmenovymi bunikami kostni diené (209). Navic solubilni formy téchto
adhezivnich molekul vétSinou u asymptomatickych dyslipidemickych pacient
neodrazeji jejich vstupni akcelerovanou endotelidlni expresi. Zejména hladiny s-
VCAM-1 jsou zvySeny jen u pacientli s manifestni aterosklerozou (210) (211).
Rizné hemostatické a endotelidlni markery jsou pravdépodobné regulovany
odliSnymi cestami a reprezentuji riznorodé typy nebo zavaznosti endotelidlni
dysfunkce. Lze spekulovat 1 o nedostate¢né velikosti zkoumaného souboru pacientii

a také jejich heterogenité (pfitomnost diabetu, metabolického syndromu apod.).
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Vyznam popsané studie spoc¢iva predevSim v novém pritkazu nezavislé asociace A-
FABP s hemostatickym markerem vWF u klinicky asymptomatickych pacientl
s dyslipidemii, kterd miize prispét k vysvétleni postaveni A-FABP v procesu vzniku

endotelidlni dysfunkce.
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3. FGF 21 a vybrané biomarkery hemostazy a endotelialni

dysfunkce u asymptomatickych pacienti s dyslipidemii.

FGF 21 je zvazovan jako nezavisly faktor v ochrané¢ bunék kardiovaskuldrniho
systému. V nasledujici studii jsme se zamétili na zhodnoceni vztahu FGF 21
k hemostatickym a endotelovym markerim u asymptomatickych pacientt

s dyslipidemii.

3.1. Pacienti a metody.

Studovany soubor tvofilo 214 asymptomatickych dyslipidemickych pacienti.
Pacienti byli rekrutovani ze souboru vysettenych v lipidové poradné III. interni
kliniky Fakultni nemocnice Olomouc, u kterych byly vylouceny mozZné pticiny
sekundarni hyperlipidemie. Vstupni a vyluCovaci kritéria se shodovala s pfedchozi

studii (viz oddil 1.1. a 2.1.).

Jedinci spliujici zafazovaci kritéria (n = 214) byli rozdéleni do dvou skupin:
asymptomaticti pacienti s dyslipidemii (n = 148, 70 muza a 78 Zen) a kontrolni
skupina (n = 66, 38 muzii a 28 Zzen). Dyslipidemie byla pro ucely vyzkumu
definovana jako pfitomnost koncentrace sérovych TG > 1,5 mmol/l a/nebo
koncentrace ApoB > 1,2 g/l. Hodnota TG byla zvolena vzhledem k vy$Simu
zastoupeni malych denznich LDL castic od zminéné hladiny (195), hladina ApoB
pak v disledku prokazaného rapidn€ se zvysSujiciho kardiovaskularniho rizika od

udané koncentrace (196).
Laboratorni vysetieni

Vzorky krve pouzité k vysetfenim byly odebirany pfi vstupni kontrole v lipidové
poradné, a to rdno po minimalné¢ 12hodinovém lacnéni. Biochemické parametry,
véetn¢ adipokinti FGF 21 a hemostatickych markert (fibrinogen, vWF, PAI-1, t-
PA) a adhezivnich molekul (sICAM-1, sVCAM-1) byly vySetfeny stejnym
zpusobem a metodami jako u ptedchozi studie (viz odd. 1.1. sekce Laboratorni
vySetieni). Navic byl vySetten 1 solubilni trombomodulin (sSTBM) metodou ELISA

(Thrombomodulin, Diagnostica Stago, Asnieres sur Seine, France).

-51-



Statistické zpracovani dat

Ciselné hodnoty vysledkt byly vyjadieny jako pramér + standardni odchylka (SD),
parametry s nerovnomérnou distribuci také jako medidny. Pro ovéfeni normalni
distribuce byl uzit Kolmogoroviv-Smirnoviv test. Proménné s nerovnomérnou
distribuci (TG, ApoB, fibrinogen, vWF, tPA, PAI-1, sTBM, inzulin, C-peptid,
proinzulin) byly logaritmicky transformovany pted vlastni statistickou analyzou.
Rozdily mezi zméfenymi velicinami byly analyzovany pomoci ANOVA po
adjustaci na vek, pohlavi a BMI. Ke statistickému zhodnoceni korelace mezi
jednotlivymi parametry byly pouzity Pearsonova korela¢ni analyza pro veli¢iny
s normalnim rozlozenim a univariantni Spearmanova korela¢ni analyza pro veli¢iny
s nerovnomérnou distribuci. Pro otestovani nezavislé asociace mezi zavisle
proménnymi a nezavisle proménnymi byla zvolena vicendsobnd regresni analyza.
Ke statistickému zpracovani dat byl pouzit statisticky software SPSS Statistics,
verze 12.0 (SPSS Inc., Chicago, USA), vSechny testy byly realizovany na urovni
signifikance 0,05.

3.2. Vysledky.

Zakladni klinické a laboratorni charakteristiky studovanych skupin pacientl jsou
shrnuty v Tabulce 6. Ve srovnani s kontrolami byly u dyslipidemickych jedinct
prokazany signifikantné vysSi plazmatické hladiny TC, LDLc (p <0,001),
fibrinogenu a FGF 21 (p <0,001 a p <0,01) a naopak snizené koncentrace HDLc a
ApoAl (p <0,001 a p <0,01), vSe po adjustaci na vek, pohlavi a BMI.

Koncentrace FGF 21 korelovaly pozitivné s C-peptidem ve skupiné kontrol,
zatimco ve skupin¢ dyslipidemickych pacientli byla nalezena signifikantni pozitivni
korelace s vVWF, tPA, PAI-1, s-ICAM-1, sVCAM-1, glykemii, C-peptidem a
proinzulinem (Tabulka 7).

Pti viceCetné regresni analyze byla prokdzana nezéavisla pozitivni asociace FGF 21
s VWF (beta = 0,4214, p <0,01), tPA (beta = 0,1103, p <0,01) a glykemii (beta =
0,2655, p <0,05) pouze u dyslipidemickych pacientii (Tabulka 8).

-52-



Tabulka 6. Zakladni charakteristiky dyslipidemickych subjektii rozd€lenych dle
hladin ApoB a TG.

All subjects CG DLP
n=214 n=66 n=148
Male/Female 108/106 38/28 70/78
Smoking 54 (25%) 11 (17%) 43 (29%)
46.7 £145 46.1+159 4704137
Age, years
(35.0-57.0) (33.7-57.2) (35.3-57.0)
2699+4.75 25.00 +4.06 2785+ 478"
BMI, kg/m?
(23.25-29.51) (22.03-26.90) (24.62-30.74)
9111142 83.1x114 9421139
Waist, cm
(80.0-100.3) (75.0-91.0) (85.0-104.0)
1287 +15.2 1276+126 1293+ 162
SBP, mm Hg
(120-140) (120-140) (120-140)
778+87 775+8.0 779190
DBP, mm Hg
(70-80) (70-80) (70-80)
6.69+1.84 562+093 TAT £ 1.94*
TC, mmol/l
(5.48-7.58) (5.00-6.31) (5.90-8.20)
301 +421[1.77] 1.01+028[1.01] 3.90 + 4.80 [2.51]**
TG, mmol/l
(1.12-3.08) (0.83-1.23) (1.71-3.88)
1.37 £ 0.46 1.68 +0.49 1.23 £ 0.37**
HDLc, mmol/l
(1.02-1.63) (1.28-2.00) (0.95-1.43)
406 +1.57 3481085 433+1.74™
LDLc, mmol/l
(3.09-4.69) (2.96-4.08) (3.28-5.25)
1.54 +0.37 1.67 +0.41 1.48 £ 0.34**
Apo A1, g/l
(1.26-1.78) (1.37-2.01) (1.22-1.71)
1.21 £ 0.38 [1.13] 0.93 £ 0.19 [0.95] 1.33 £ 0.38 [1.26]***
Apo B, g/l
(0.97-1.40) (0.79-1.07) (1.05-1.53)
2.98 + 0.76 [2.80] 2.74 + 0.55 [2.60] 3.08 + 0.82 [2.98]"
Fibrinogen, g/l
(2.50-3.30) (2.40-3.02) (2.62-3.30)
130 £ 55[118] 123 £ 54 [112] 133 + 55 [120]
VWF, %
(90-162) (86-158) (97-163)
335+243[3.0] 288 +091[3.0] 340+217[3.0]
tPA, ng/ml
(2.0-3.2) (2.0-3.0) (2.0-3.5)
65 + 42 [58] 56 + 38 [42] 69 + 44 [63]
PAI-1, ng/ml
(33-90) (30-76) (36-93)
sTBM, ng/mil 233+124[19.0] 240+ 13.4[20.5] 230+ 11.9[19.0]
(15.0-28.0) (16.8-28.0) (14.0-29.0)
358 + 148 334 +£129 369 + 156
sICAM-1, ng/ml
(255-451) (239-428) (270-459)
743 + 360 762 + 333 735 + 372
SVCAM-1, ng/ml
(505-916) (518-958) (496-994)
538+1.04 512 +0.59 550+ 117
Glucose, mmol/l
(4.80-5.73) (4.70-5.50) (4.90-5.90)
10.3 + 6.6 [8.5] 8.1+48[6.9] 11.3+7.1[9.1]
Insulin, miu/i
(6.3-12.3) (4.8-10.4) (7.1-14.1)
27+ 14[25] 23+12[22] 29+15[2.7]
C-peptide, mg/l
(1.7-34) (1.3-3.1) (1.9-3.7)
148 + 105 [11.4] 128+89[99] 157 + 11.1[120]
PINS, miU/l
(8.2-17.4) (7.1-15.9) (8.8-18.4)
317.7 + 440.4 [197.6] 221.7 + 388.3 [128.4] 359.9 + 456.3 [234.6]***
FGF 21, ng/l
(103.3-357.6) (63.7-225.5) (134.6-419.3)

Data are expressed as means + standard deviations, in parameters with skewed distribution also as medians [in brackets]. Values of 25 and 75 percentiles are
expressed in parentheses. Differences in variables between groups were analyzed with ANOVA after adjustment for age, sex and BMI. Variables with skewed
distribution (TG, Apo B, fibrinogen, vWF, tPA, PAI-1, sSTBM, insulin, C-peptide, PINS, FGF 21) were log transformed to normalize their distribution before statistical
analyses.

CG: ApoB < 1.2g/land/or TG < 1.5 mmol/l

DLP:Apo B = 1.2 g/l and /or TG = 1.5mmol/

Significant differences between CG and DLP groups: *p<0.05, **p<0.01, and ***p<0.001.

Abbreviations: CG: Control Group; DLP: Dyslipidemic Phenotype; BMI: Body Mass Index; SBP: Systolic Blood Pressure; DBP: Diastolic Blood Pressure; TC:
Total Cholesterol; TG: Triglycerides;, HDLc: High-density Lipoprotein cholesterol; LDLc: Low-density Lipoprotein cholesterol; Apo A1: Apolipoprotein A1; Apo B:
Apolipoprotein B; vWF: von Willebrand Factor; tPA: Tissue Plasminogen Activator; PAI-1: Plasminogen Activator Inhibitor-1; sTBM: Soluble Thrombomodulin;
SICAM-1: Soluble Intercellular Adhesion Molecule-1; SVCAM-1: Soluble Vascular Cell Adhesion Molecule-1; PINS: Proinsulin; FGF 21: Fibroblast Growth Factor 21;
ANOVA: Analysis of Variance



Tabulka 7. Korelace FGF 21 s endotelidlnimi a hemostatickymi markery a parametry

inzulinové rezistence ve skupiné kontrol a dyslipidemickych jedinci.

FGF 21 (CG, n = 66) FGF 21 (DLP, n = 148)
Fibrinogen ns. ns.
0.182
VWF ns.
p <0.05
0.338
tPA ns.
p <0.01
0.214
PAI-1 n.s.
p <0.05
sTBM ns. ns.
0.199
SICAM-1 ns.
p <0.05
0.163
sVCAM-1 ns.
p <0.05
0.279
Glucose ns.
p <0.01
Insulin ns. ns.
0.310 0.214
C-peptide
p <0.05 p <0.05
0.232
PINS ns.
p <0.01

CG: ApoB < 1.2g/land /or TG < 1.5 mmol/

DLP: ApoB = 1.2g/land /or TG = 1.5 mmol/l

n.s., non-significant difference

r and p values are expressed in Table 2. Probability values of p<0.05 were
considered as statistically significant.

Abbreviations: CG: Control Group; DLP: Dyslipidemic Phenotype; VWF: von
Willebrand Factor; tPA: Tissue Plasminogen Activator; PAI-1: Plasminogen
Activator Inhibitor-1; sTBM: Soluble Thrombomodulin; sICAM-1: Soluble
Intercellular Adhesion Molecule-1; SVCAM-1: Soluble Vascular Cell Adhesion
Molecule-1; PINS: Proinsulin; FGF 21: Fibroblast Growth Factor 21; DLP:
Dyslipidemic Phenotype; Apo B: Apolipoprotein B; TG: Triglycerides
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Tabulka 8. Asociace FGF 21 skorelovanymi parametry u kontrolni a

dyslipidemické skupiny.

FGF 21 (CG, n = 66) FGF 21 (DLP, n = 148)
0.1172 -0.0196
fibrinogen
p = 0.4477 p=0.7718
-0.1201 0.4214
VWF
p =0.6757 p = 0.0031
-0.0206 0.1103
tPA
p =0.8599 p = 0.0099
0.3180 0.1801
PAI-1
p = 0.0540 p=0.0912
0.1922 -0.0550
sTBM
p = 0.3241 p = 0.5828
_0.0265 0.0533
sICAM-1
p =0.7592 p =0.1357
-0.0932 0.0566
sVCAM-1
p =0.1827 p = 0.0559
0.5691 0.2655
glucose
p = 0.0684 p =0.0313
0.0418 -0.0076
insulin
p =0.6697 p = 0.8904

CG: Apo B < 1.2g/Mland /or TG < 1.5 mmol/l

DLP: Apo B = 1.2 g/land /or TG = 1.5mmol/l

Multiple regression analysis with FGF 21 as dependent variable and other
parameters as independent predictors is presented. Results with endothelial/
hemostatic markers and some of IR parameters only are shown.

Beta and p values are expressed in Table 3. Probability values of p<0.05 were
considered as statistically significant (bold values).

Abbreviations: CG: Control group; DLP: Dyslipidemic Phenotype; VWF: von
Willebrand Factor; tPA: Tissue Plasminogen Activator, PAI-1: Plasminogen
Activator Inhibitor-1; sTBM: Soluble Thrombomodulin; sICAM-1: Soluble
Intercellular Adhesion Molecule-1; sVCAM-1: Soluble Vascular Cell Adhesion
Molecule-1; PINS: Proinsulin; FGF 21: Fibroblast Growth Factor 21; IR: Insulin
Resistance

Tabulky 6, 7 a 8 ptevzaty z:
NOVOTNY, D. — KARASEK, D. — VAVERKOVA, H. — ORSAG, J. — KUBICKOVA, V.
Fibroblast growth factor 21 and endothelial/hemostatic markers in dyslipidemic subjects. Austin

Journal of Cardiovascular Disease and Atherosclerosis [online], 2014, 1(2), id.1008.
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3.3. Diskuse a zavér.

Provedeny vyzkum verifikoval signifikantni rozdily v hladindich FGF 21 mezi
zkoumanymi skupinami s rozdilnymi hodnotami TG a ApoB. Tento nélez je ve
shod¢ jednak s naSi ptedchozi studii (viz odd. 1.3.), jednak podporuje dosavadni
literarni  zjisténi. Vys$s$i hladiny FGF 21 byly prokdzany u pacientl s
kardiometabolickymi onemocnénimi zahrnujici obezitu, MetS, dyslipidemii a stavy
se zvySenou inzulinovou rezistenci (212) (168) (170). Nicméné presny divod
elevace FGF 21 ve zminénych ptipadech neni dosud objasnén. Predpoklada se
moznost rezistence na pusobeni FGF 21, podobné jako u hyperinzulinemie pfi
stavech s inzulinovou rezistenci €1 hyperleptinémie u stavii se snizenou citlivosti na
leptin. V souladu se zminénou hypotézou jsou vysledky pokusti na mysich, kdy
lécba rekombinantnim lidskym FGF 21 vedla jen k malému poklesu hladiny
volnych mastnych kyselin a Zddnému poklesu glykémie u obéznich mysi. Byly
zaznamenany jen oslabeni signalni drahy ERK kinazy a potlacend indukce FGF 21
cilovych genti v jatrech a tukové tkani (181) (213). Naproti tomu existuji i
protichiidné vysledky. Hale et al. testoval mySi s obezitou (jednak dietou
navozenou, jednak genetickou ob/ob), kde nepotvrdil domnénku o FGF 21
rezistentnim stavu (182). Zda se tak, ze cirkulujici FGF 21 je spiSe produkovan
jatry a jeh hladiny jsou vyssi v disledku indukce tvorby FGF 21 elevaci
koncentraci jaternich lipidd a sacharidi (214). Domnivame se, Ze zvySené
koncentrace TG, ApoB by mohly byt piicinou elevace FGF 21 u dyslipidemickych
jedinct v nasi studii.

Korelacni analyza u dyslipidemickych pacientli potvrdila zndmy vztah FGF 21
s parametry inzulinové rezistence. Novym ndlezem byla korelace s hemostatickymi
markery a ukazateli endotelialni dysfunkce (kromé¢ sTBM). Toto zjisténi podporuje
ptedpoklad uzké vazby FGF 21 kuvedenym parametrim vyluéné u pacientl
s neptiznivym lipidovym profilem. Nicméné vétSina z téchto korelaci ztratila svou
této studie tak zlstava nezavisla asociace FGF 21 s vWF a tPA u dyslipidemickych
pacientll. Plazmatické hladiny vWF se jiz diive ukdzaly byt uzitecnym markerem
endotelidlni dysfunkce (215). Koncentrace vVWF byla také identifikovana jako
nezavisly prediktor intimomedidlni tloustky arteria carotis u asymptomatickych

dyslipidemickych pacientd (216). Podobné 1 tPA se jevi prikaznym parametrem
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endotelidlni dysfunkce, kdyz byl mj. prokdzan jeho prediktivni potencial pro
kardialni ptihody (217).

Vysledky této prace predstavuji jednak potvrzeni signifikantni elevace hladin FGF
21 i u asymptomatickych dyslipidemickych pacientii se zvySenymi TG a ApoB,
jednak prikaz vWF a tPA jako nezavislych prediktorti pro hladiny FGF 21 u stejné
kohorty pacientd. Tato korelace miize byt znamenim protrombogenniho stavu u

nositeld rizikového lipidového profilu a také moZnosti endotelového poSkozeni.
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4. A-FABP a intimomedialni tloustka spole¢né karotidy u

asymptomatickych pacientt s dyslipidemii.

Adipocytarni protein vazajici mastné kyseliny (A-FABP) je fazen mezi
,heptiznivé® adipokiny a pravdépodobné predstavuje marker a/nebo prediktor
metabolického syndromu, byl prokézan i jeho vztah k diabetu mellitu a kardidlni
dysfunkci. V nésledujicim vyzkumu jsme se proto zaméfili na zhodnoceni vztahu
A-FABP k intimomedialni tlouStce spole¢né karotidy jako markeru subklinické
aterosklerozy u asymptomatickych pacientli s dyslipidemii s pfitomnosti, resp.

nepfitomnosti MetS.

4.1. Pacienti a metody.

Soubor studovanych jedincti tvofili zdravi dobrovolnici a asymptomaticti
dyslipidemicti pacienti vysetteni v lipidové poradné III. interni kliniky Fakultni
nemocnice Olomouc, u kterych byly vylouceny mozné pti¢iny sekundéarni
hyperlipidemie: diabetes mellitus, hypotyredza, ledvinnd onemocnéni, hepatopatie a
nefroticky syndrom. Dalsi vylu¢ovaci kritéria zahrnovala nasledujici stavy: klinicky
manifestni ateroskler6za prezentovanad koronarni chorobou, cerebrovaskularnimi
nemocemi (ischemicka cévni mozkova piihoda apod.) a postizenim perifernich
arterii, dale hypolipidemicka 1écba v piedchozich 6 tydnech, hormonalni terapie a
pritomnost akutni infekce ¢i traumatu v dob¢ vySetieni. U vSech zkoumanych osob
byla odebrana anamnéza se zamétenim na kardiovaskularni problematiku, uzivané
Iéky a koufeni. Byla realizovana zakladni antropometrickd vysetfeni s vypoctem
BMI a zméfen systolicky a diastolicky krevni tlak (SBP, DBP). Studie byla
schvalena etickou komisi Lékatské fakulty Univerzity Palackého a Fakultni

nemocnice v Olomouci a vSichni pacienti podepsali informovany souhlas.

Jedinci splnujici zatazovaci kritéria (n = 72) byli rozdéleni do tifi skupin:
dyslipidemicti jedinci s metabolickym syndromem (MetS+, n=17, 8 muzii a 9 Zen),
dyslipidemicti jedinci bez metabolického syndromu (MetS-, n=34, 16 muzi a 18
zen) a kontrolni skupina zdravych dobrovolnikli (n=21, 7 muzi a 14 Zen).
K prikazu metabolického syndromu byla pouzita kritéria dle NCEP-ATPIII panel
2001: obvod pasu (muzi >102 cm, zeny >88 cm), hladina triglyceridi (TG) > 1,7
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mmol/l, hladina HDL cholesterolu (HDLc) (muzi <1,04 mmol/l, zeny <I,30
mmol/l), krevni tlak > 130/>85 mm Hg a la¢na glykemie > 6,1 mmol/l. Pfitomnost

nejméné tii z vySe uvedenych faktort diagnostikovala metabolicky syndrom.
Laboratorni analyza

Vzorky krve pouzité k vysetfenim byly odebirany ptfi vstupni kontrole v lipidové
poradné, a to rano po minimalné¢ 12hodinovém la¢néni. Biochemické parametry,
véetné A-FABP byly vysetieny stejnym zplisobem a metodami jako u ptredchozi

studie (viz odd. 1.1. sekce Laboratorni vySetrent).
Meéreni intimomedidlni tloustky a. carotis communis

U vsech studovanych jedincti bylo realizovano méfeni intimomedidlni tloustky
obou spole¢nych karotickych tepen (arteria carotis communis, CCA)
ultrazvukovym vySetienim v B-modu s vysokym rozliSenim (Philips Sonos 5500,
2004) s pouzitim linearni sondy s frekvenci 10 MHz anterolateralnim ptistupem.
Zobrazovand oblast zahrnovala cast tésn¢ pred rozSifenim bulbu. Po ziskani
optimélniho obrazu vzdalené stény CCA v oblasti 1 cm proximalné od bulbu byl
tento zachycen v okamziku kmitu R na paralelné¢ provadéném EKG. Na obou CCA
byly potfizeny 3 méfeni s videozdznamem. Vlastni méfeni intimomedialni tloustky
spole¢né karotidy (C-IMT) byla zpracovana oft-line pomoci softwaru Image-Pro
plus (verze 4.0, Media-Cybernetics, Silver Spring, USA). Oblast, ktera byla
predmétem hodnoceni, byla sténa CCA vzdalend 1-2 cm v blizkosti uvedené
hranice. Jako vysledek byl povazovan praumér z priméri tii zméfenych C-IMT na
kazdé strané. Plak byl definovan jako fokalni vy¢nélek do lumen o tloust’ce alespon
0 50 % vétsi nez sousedni komplex intima-media. Subjekty s takovym nalezem v
hodnocené oblasti nebyly zahrnuty do studie. Méteni C-IMT bylo realizovano bez

znalosti laboratornich vysledk.
Statistické zpracovani dat

Statistickd analyza byla provedena statistickym softwarem R ver. 3.4.2. (R
Development Core Team, R Foundation for Statistical Computing, Vienna,
Austria). Ciselné hodnoty vysledkii byly vyjadieny jako primér + standardni
odchylka (SD). Distribuce pozorovanych proménnych byly porovnany pomoci
ANOVA analyzy a Studentovym t-testem resp. Kruskall-Wallisovych a
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Wilcoxonovym testem. V piipadech vice nez dvou skupin byly provedena
viceCetnd srovnani pomoci Tukey resp. Nemenyiho testu. Kategoridlni data byla
prezentovana pomoci kontingen¢nich tabulek a analyzovana Pearsonovym chi-
kvadrat testem, resp. Fisherovym testem. Pro udaje vSech jednotlivel a také pro
skupinu zdravych kontrol a skupinu MetS- byly vytvofeny vicendsobné linearni
modely hodnot C-IMT. Vybér funkci byl zalozen na vysledcich regrese LASSO
(“Least Absolute Shrinkage and Selection Operator”) pro parameter lambda
ziskany jako minimalni hodnota v S5nasobné kiiZové wvalidaci pro kazdou
analyzovanou sadu dat (R package glmnet) (218). U skupiny MetS+ nebylo
linedrni modelovani realizovano vzhledem k prdzdné mnoZiné nenulovych
koeficienti ve vysledcich Lasso regrese. V pifihodnych piipadech (existence

nesignifikantnich regresortt) byl proveden take krokovy selekéni process.

4.2. Vysledky.

Zakladni demograficke, klinické a laboratorni charakteristiky studovanych skupin
jsou shrnuty v Tabulce 9 a na Obrazku 7. Dyslipidemicti pacienti s MetS meéli
nejvyssi BMI a obvod pasu a piedpokladany neptiznivy lipidovy a lipoproteinovy
profil (elevovany TC, TG, nonHDLc, ApoB, pomér ApoB/ApoAl a snizeny HDLc
a ApoAl) a také zndmky inzulinové rezistence (zvyseni inzulinémie a C-peptidu), a
to 1 po adjustaci na vék a pohlavi.

Koncentrace A-FABP ve skupiné MetS+ byly rovnéz signifikantné vyssi
v porovnani s MetS- i zdravymi kontrolami, pfi¢emz nebyl rozdil v hladinach A-
FABP mezi MetS- a kontrolami. Podobné vysledky ukazalo i méfeni C-IMT
(signifikantn¢ SirSi C-IMT ve skupiné MetS+ oproti obéma ostatnim skupinam
s absenci vzajemné diference mezi MetS- a kontrolami). Ackoliv byla pozorovana
korelace A-FABP s C-IMT ve spojené skupiné dyslipidemickych pacientl (MetS+
a MetS-) (r= 0,03, p <0,05), doslo ke ztrat¢ signifikance tohoto vztahu pfti
vicendsobné linearni regresni analyze. Koncentrace A-FABP nebyly prokazany
jako nezavisly prediktor C-IMT u dyslipidemickych pacientl 1 u zdravych kontrol.
Naopak nezavislymi prediktory C-IMT byly verifikovany vek, pohlavi, obvod pasu,
nonHDLc a pomér ApoB/ApoAl, viz Tabulka 10 az 12.
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Tabulka 9. Klinické a biochemické charakteristiky studovanych subjekta.

Parameters Controls MetS- MetS+
n=21 n=34 n=17
Age (years) 47.0+17.3 40.8+15.5 47.9 £ 14.5
A-FABP (pg/l) 21.6 £11.0° 21.5+9.5° 38.4 +30.1*°
C-IMT (mm) 0.60 +0.12° 0.60 £ 0.14° 0.80 +0.13*°
SBP (mm Hg) 129.4 + 14.3 122.0 + 14.3¢ 139.3 + 16.1°
DBP (mm Hg) 77.8+7.8 75.6 £9.5 81.6 +8.7
BMI (kg/m?) 242 +3.0° 24.8 +3.6° 29.7 + 4.0
Waist circumference (cm) 78.5+8.7° 86.0 + 11.4° 100.5 + 9.9*°
hs-CRP (mg/1) 1.8 £2.4° 29+35 3.4+3.8°
Total cholesterol (mmol/1) 5.9+0.8" 7.4+ 14" 7.2+1.9°
Triglycerides (mmol/l) 1.0 +0.25°° 2.3 +1.75% 42+2.18*°
LDL- cholesterol (mmol/I) 3.6+0.76 49 +1.32° 43+1.6
HDL-cholesterol (mmol/1) 1.9 +0.42°¢ 1.5 +0.44"¢ 1.1+0.26"
nonHDL-cholesterol (mmol/l) 4.0 + 0.75>¢ 5.9+ 141° 6.2 +1.83%
ApoAl (g/1) 1.9 +0.32° 1.7 +0.43 1.4 +0.26°
ApoB (g/1) 0.9 +0.18" 1.4 +0.29° 1.4 +0.38°
ApoB/ApoAl 0.5+0.17>° 0.9 +0.30° 1.0 £0.26"
Fasting glycaemia (mmol/l) 4.9+ 0.37 5.0£0.55 5.5+0.91
Insulin (mIU/1) 7.4 £ 4.86° 8.4 +3.74° 12.5 + 4.64*
C-peptide (mg/1) g;gglic 741.9 +235.76° 1026.4 + 345.66*°

MetS-, dyslipidemic patients without metabolic syndrome; MetS+, dyslipidemic
patients with metabolic syndrome; A-FABP, adipocyte fatty acid-binding protein;
IMT, carotid intima-media thickness; SBP, systolic blood pressure; DBP, diastolic
blood pressure; BMI, body mass index; hs-CRP, high sensitivity C reactive protein;
ApoAl, Apo lipoprotein Al; ApoB, Apo lipoprotein B

Data are presented as mean + standard deviation.

Differences in variables between subgroups were analyzed with ANOVA after
adjustment for age and sex. Significant difference p<0.05 at least - * vs. Controls; °
vs. MetS-; ©vs. MetS+
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Obrazek 7. Vyskyt diabetu mellitu ve studovanych skupinéch.

Fisher's exact test, p-value<0.001
O with DM B without DM

o _
- 3 (8.8%)
c©
©
10 (58.8%)
©
<
<
=
[aV]
S
o |
© Controls MetS+
n=21 n=34 n=17

group

MetS-, dyslipidemic patients without metabolic syndrome; MetS+, dyslipidemic
patients with metabolic syndrome; DM, diabetes mellitus.

Obrazek 7 a Tabulky 9,10,11 a 12 ptevzaty z:

ORSAG, J. - KARASEK, D. — HALENKA, M. — VAVERKOVA, H. — SPURNA, J. - KUBICKOVA,
V. — LUKES, J. — ZADRAZIL, J. Association of serum adipocyte fatty acid-binding protein and
apolipoprotein B /apolipoprotein Al ratio with intima media thickness of common carotid artery in

dyslipidemic patients.
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Tabulka 10. Linearni modelovani C-IMT pro vSechny studované subjekty
(MetS+, MetS-, kontroly) po postupném selekénim procesu pro vstupni model
s regresory: skupina, pohlavi, art. Hypertenze, vék, obvod pasu. nonHDLc a
ApoB/ApoAl (Multiple R*=0.71, Adjusted R*=0.69).

Coefficient Estimate | Std. Error P value Significance
(Intercept) 0.1148 0.0809 0.161 NS
male gender 0.0513 0.0254 0.048 < 0.05
hypertesion 0.0514 0.0275 0.0666 NS
age 0.0050 0.0007 0.000 < 0.001
waist
circumference 0.0019 0.0011 0.0851 NS
nonHDL-
cholesterol 0.0258 0.0710 0.000 < 0.001
Residuals:
Min 1st quartile | Median | 3rd quartile Max
-0.2480 -0.0477 0.0014 0.0268 0.2459

Tabulka 11. Line4rni modelovani C-IMT pro skupinu kontrol po vylouceni
pozorovani z inicidlného modelu se stejnymi vstupnimi regresory. (Multiple
R?=0.89, Adjusted R?=0.87).

Coefficient Estimate | Std. Error P value Significance
(Intercept) 0.1434 0,0809 0.1610 NS
waist
circumference 0.0031 0,0011 0.0122 < 0.05
Residuals:
1st
Min quartile Median 3rd quartile Max
-0.0256 -0.0255 0.0062 0.0162 0.0505

Tabulka 12. Linearni modelovani C-IMT pro skupinu MetS- (Multiple
R?=0.72, Adjusted R*=0.7).

Std.
Coefficient Estimate Error P value Significance
(Intercept) 0.2452 0.0511 0.0000 < 0.001
age 0.0069 0.0009 0.0000 < 0.001
ApoB/apoAl 0.1384 0.0456 0.0048 < 0.01
Residuals:
Min 1st quartile | Median | 3rd quartile Max
-0.1986 -0.0359 0.0085 0.0384 0.1299
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4.3. Diskuse a zavér.

I v této ¢asti vyzkumu byl potvrzen rizikovy metabolicky profil dyslipidemickych
pacientl s MetS. Rovnéz koncentrace A-FABP v této skupin¢ byly signifikantné
vys$i ve srovnani s obéma ostatnimi zkoumanymi skupinami (MetS-, kontroly), coz
ve shodé s vysledky dfive realizovaného vyzkumu (viz oddil 2). Nélez rovnéz
doplituje mozaiku spojeni A-FABP s rizikovymi faktory ateroskler6zy. Asociace
hladin cirkulujiciho A-FABP byla prokdzana s obezitou, inzulinovou rezistenci,
diabetem mellitem 2. typu, arteridlni hypertenzi a kardidlni dysfunkei (111) (114)
(115). Vyssi vstupni koncentrace A-FABP byly také identifikovany jako nezavisly
prediktor rozvoje metabolického syndromu v pribéhu pétiletého sledovani u
kohorty ¢inskych pacientii (112). Tso et al. ve své desetileté prospektivni studii na
¢inskych pacientech prokazal nezavislou asociaci vysSich hladin A-FABP
s rozvojem diabetu mellitu 2. typu (113).

Vztah A-FABP a C-IMT byl v dob& vyzkumu jiz zndm z né€kterych piedchozich
studii. Hao et al. nalezl pozitivni korelaci mezi sérovymi koncentracemi A-FABP a
subklinickou  ateroskler6zou v kohort¢ Cinskych  premenopauzilnich 1
postmenopauzalnich Zen s normalni gluk6zovou toleranci (219). V praci Yeunga et
al. byly hladiny A-FABP siln¢ asociovany s C-IMT u zen s normalni gluk6zovou
toleranci 1 hyperglykemii (116). Zminéné nalezy podporuji domnénku, ze A-FABP
neni pouze slibny biomarker rozvoje aterosklerdzy, ale Ze hraje dilezitou roli pfimo
v patofyziologii jejiho rozvoje. Z tohoto pohledu je piekvapivé, ze v nasi studii
jsme neprokazali A-FABP jako dilezity prediktor C-IMT na rozdil od klasickych
faktorti zahrnujicich vek, pohlavi, obvod pasu, dokonce ani pfi spojeni vSech skupin
studovanych jedincti. Vysvétleni se nabizi nékolik. Prvnim je mala velikost souboru
(napf. Yeung et al. 479 pacientl), kterd neumoznila dosdhnout statistické
signifikance. Druhym faktorem je absence oddélené¢ho testovdni muzi a Zen,
vzhledem k prikazu vztahu A-FABP a C-IMT zejména u Zen. Mozny je i vliv
rozdilné rasy testovanych subjektti (kavkazskd x asijskd). Patofyziologickym
vysvétlenim je ivaha o pifevaze proaterogenniho efektu siln€jSich klasickych
rizikovych faktor( u nasich pacientt.

Zajimavym zjisténim — novym, i kdyZ vedlej$im — je priikaz poméru ApoB/ApoAl
jako dilezitého nezavislého prediktoru C-IMT u skupiny dyslipidemickych
pacientii bez metabolického syndromu (MetsS-). Z literatury je dosud znama

asociace poméru ApoB/ApoAl s metabolickym syndromem s pfedpokladem jeho
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pouziti pravé jako citlivého prediktoru rozvoje tohoto metabolického stavu (220)
(221). Panayiotou et al. demonstroval na zdravych dobrovolnicich asociaci poméru
ApoB/ApoAl s casnou aterosklerézou. Pii linedrni regresni analyze byl pomér
ApoB/APoAl signifikantné asociovan s ultrazvukovymi méfenimi cCasné
aterosklerézy (mj. i C-IMT) (222). Poznatek znaSi studie podporuje pouziti
poméru ApoB/ApoAl jako uzitecného parametru pro urceni rizika aterosklerdzy i u

asymptomatickych pacientii bez MetS.

Ve vyse popsané studii jsme prokazali zvySené sérové hladiny A-FABP a zvySenou
C-IMT u dyslipidemickych pacientd s MetS oproti dyslipidemickym jedinciim bez
MetS 1 oproti zdravym kontrolam. Piekvapivé ale nebyla dokazana nezéavisla
asociace A-FABP s C-IMT. Zajimavym vedlejSim néalezem je prikkaz nezavislé
asociace poméru ApoB/ApoAl sC-IMT u dyslipidemickych pacientli bez
metabolického syndromu, coz dopliiuje dosud znamé udaje podporujici uziti tohoto
poméru jako wuzitecného parametru pro urCeni rizika aterosklerozy a

kardiovaskularniho rizika.
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5. FGF 21 a intimomedialni tloustka spoleéné Kkarotidy u

asymptomatickych pacienti s dyslipidemii.

FGF 21 jako ¢len rodiny fibroblastovych rustovych faktor se ucastni vicecetnych
metabolickych pochodt, zvlaste téch, které souviseji s nutricnim stavem. Provedené
vyzkumy prokazaly ptiznivé plsobeni na metabolismus lipidi a glukoézy na
zvitecich modelech, na druhé stran¢ ale byly vyssi hladiny FGF 21 nalezeny u lidi
s metabolickymi onemocnénimi, jako diabetes mellitus 2. typu, obezita,
nealkoholickd steatdza jater a koronarni chorobou (130). Tento fakt je vysvétlovan
stavem se zvySenou rezistenci na pisobeni FGF 21, eventudlné jako kompenzacni
odpovéd’ organismu na zvySené kardiovaskularni riziko. V nasledujici studii jsme
se proto zamétili na zhodnoceni vztahu FGF 21 k intimomedialni tlouStce spolec¢né
karotidy jako markeru subklinické aterosklerézy u asymptomatickych pacientii

s dyslipidemii.

5.1. Pacienti a metody.

Soubor studovanych jedinci tvofilo celkem 103  asymptomatickych
dyslipidemickych pacientti vySetfenych v lipidové poradné III. interni kliniky
Fakultni nemocnice Olomouc, u kterych byly vylouceny mozné pti¢iny sekundéarni
hyperlipidemie: diabetes mellitus, hypotyredza, ledvinnd onemocnéni, hepatopatie a
nefroticky syndrom. Dalsi vylucovaci kritéria zahrnovala nasledujici stavy: klinicky
manifestni ateroskler6za prezentovana korondrni chorobou, cerebrovaskularnimi
nemocemi (ischemicka cévni mozkova piihoda apod.) a postizenim perifernich
arterii, dale hypolipidemicka lécba v piedchozich 6 tydnech, hormonalni terapie a
pritomnost akutni infekce ¢i traumatu v dobé vysetteni. Kontrolni skupinu tvofilo
50 zdravych dobrovolnikii. U vSech zkoumanych osob byla odebrana anamnéza se
zaméfenim na kardiovaskuldrni problematiku, uzivané léky a koufeni. Byla
realizovana zdkladni antropometrickd vySetfeni s vypoctem body mass indexu
(BMI) a zméten systolicky a diastolicky krevni tlak (SBP, DBP). Studie byla
schvalena etickou komisi Lékafské fakulty Univerzity Palackého a Fakultni

nemocnice v Olomouci a vSichni pacienti podepsali informovany souhlas.
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Pacienti spliujici zatazovaci kritéria (n = 103) byli rozdéleni do dvou skupin na
podklad¢ ptitomnosti metabolického syndromu (MetS): jedinci s metabolickym
syndromem (MetS+, n=50, 28 muzii a 22 zen) a jedinci bez metabolického
syndromu (MetS-, n=53, 25 muzi a 28 Zen). Kontrolni skupina zahrnovala 50
zdravych jedinct. K prikazu metabolického syndromu byla pouzita kritéria dle
NCEP-ATPIII panel 2001: obvod pasu (muzi >102 cm, Zeny >88 cm), hladina
triglyceridi (TG) > 1,7 mmol/l, hladina HDL cholesterolu (HDLc) (muzi <1,04
mmol/l, zeny <1,30 mmol/l), krevni tlak > 130/>85 mm Hg a la¢na glykemie > 6,1
mmol/l. Pfitomnost nejméné tii z vySe uvedenych faktorG diagnostikovala
metabolicky syndrom. Hyperlipidemie byla pro ucely vyzkumu definovéna jako
pritomnost koncentrace sérovych TG > 1,5 mmol/l a/nebo koncentrace ApoB > 1,2
g/l. Hodnota TG byla zvolena vzhledem k vys$S§imu zastoupeni malych denznich
LDL ¢astic od zminéné hladiny (195), hladina ApoB pak v disledku prokazané¢ho

rapidné se zvySujiciho kardiovaskularniho rizika od udané koncentrace (196).
Laboratorni analyza

Vzorky krve pouzité k vySetfenim byly odebirany pii vstupni kontrole v lipidové
poradné, a to rano po minimalné 12hodinovém la¢néni. Biochemické parametry,
véetné¢ FGF 21 byly vySetfeny stejnym zpiisobem a metodami jako u ptedchozi

studie (viz odd. 1.1. sekce Laboratorni vysetient).
Meéreni intimomedialni tloustky a. carotis communis

U vsech studovanych jedincii bylo realizovano méfeni intimomedialni tloustky
obou spole¢nych karotickych tepen stejnym zptisobem jako v piedchozi studii (viz

odd. 4.1., sekce Mereni intimomedialni tloustky a. carotis communis).

Statistické zpracovani dat

Ciselné hodnoty vysledkii byly vyjadieny jako primér + standardni odchylka (SD),
parametry s nerovnomérnou distribuci také jako mediany s interkvartilovym
rozpétim. Pro ovéfeni normalni distribuce byl uzit Kolmogoroviiv-Smirnoviyv test.
Proménné s nerovnomérnou distribuci (FGF 21, hs-CRP, TG, inzulin, C-peptid)
byly logaritmicky transformovany k normalizaci jejich distribuce pfed vlastni
statistickou analyzou. Rozdily mezi zméfenymi veliCinami byly analyzovany

pomoci ANOVA po adjustaci na vék a pohlavi. Ke statistickému zhodnoceni
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korelace mezi jednotlivymi parametry byly pouzity Pearsonova korela¢ni analyza
pro veli¢iny s normalnim rozloZenim a univariantni Spearmanova korela¢ni analyza
pro veli¢iny s nerovhomérnou distribuci. Pro otestovani nezavislé asociace mezi
zavisle proménnymi a nezavisle proménnymi byla zvolena vicenasobna regresni
analyza. Ke statistickému zpracovani dat byl pouzit statisticky software SPSS
Statistics, verze 12.0 (SPSS Inc., Chicago, USA), vSechny testy byly realizovany na

urovni signifikance 0,05.

5.2. Vysledky.

Zakladni klinické a laboratorni charakteristiky studovanych jedincti jsou shrnuty
v Tabulce 13. Stejné jako v predchozich studiich méli dyslipidemicti pacienti
s MetS neptiznivy lipidovy a lipoproteinovy profil (elevace TC, TG, nonHDLc,
ApoB a snizeni HDLc a ApoAl) a zndmky inzulinové rezistence (zvySené hladiny
glukézy, inzulinu a C-peptidu). Také koncentrace FGF 21 byly u této skupiny
signifikantné vyssi, a to jak proti MetS-, tak kontrolni skupiné, zatimco mezi MetS-
a kontrolami nebyl tento rozdil zaznamenan. Podobné vysledky byly nalezeny také
u C-IMT: signifikantné Sir§i C-IMT u MetS+ oproti MetS- a kontrolam. Mezi

MetS- a kontrolami tento rozdil nebyl prokazan.

Hladiny FGF 21 korelovaly u MetS+ pozitivné s koufenim a TG, u MetS- s C-IMT
(Obrazek 7), vékem, C-peptidem a koutenim. Pii spojeni obou dyslipidemickych
skupin (MetS+ a MetS-) byla vyjadiena korelace s vice parametry — pozitivni
s IMT, vékem, obvodem pasu, BMI, TG, nonHDLc, C-peptidem a koufenim,
negativni s HDLc. Souhrnné jsou vztahy vyjadieny v Tabulce 14.

K posouzeni existence nezavislé asociace korelovanych parametra s C-IMT byla
provedena vicenasobna regresni analyza s C-IMT jako zavisle proménnou a
korelovanymi parametry jako nezavislymi prediktory (Tabulka 15).

Ve skupiné MetS- si zachovala IMT nezavislou asociaci s FGF 21 a nonHDLc
(beta = 0,3449, p = 0,01 resp. beta = 0,1775, p <0,05), na rozdil od ostatnich

skupin, kde nebyla nezdvisla asociace prokdzana.
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Tabulka 13. Klinické a biochemické charakteristiky studovanych jedincii.

Parameters Controls MetS- MetS+
n=50 n=53 n=50
Age (years) 452+17.0 41.8+14.6 484+11.4
FGF 21 (ng/l) 141.0 (68.5-210.1)° 169.2 (106.1-255.7)° 290.6 (200.3-537.6)"
IMT (mm) 0.65+0.12° 0.65+0.14° 0.76 +0.13*
SBP (mm Hg) 129.7 + 14.6 123.6 + 14.8° 1352 +13.7°
DBP (mm Hg) 79.2+9.3° 76.0 £ 17.0%° 81.6+7.4°
BMI (kg/m?) 255+4.7° 25.0+3.9° 30.0 +3.8%°
Waist circumference (cm) 84.8 +14.8° 872+ 11.4° 100.5 £ 13.1*°
hs-CRP (mg/1) 1.00 (0.50-2.20)° 1.75 (0.73-2.98)° 2.70 (1.10-4.30)*"
Total cholesterol (mmol/1) 5.62 +0.88" 7.19+1.31° 7.42 +1.70°
Triglycerides (mmol/l) 1.05 (0.83-1.21)° 1.78 (1.54-2.72)° 3.81(2.34-7.12)*
LDL- cholesterol (mmol/I) 3.47+0.78° 476 £ 1.24° 3.79+1.65°
HDL-cholesterol (mmol/l) 1.68 +0.50"° 1.42 +0.38* 1.08 +0.29*°
nonHDL-cholesterol (mmol/l) 3.94+0.81°° 5.77+1.29° 6.27+2.11°
ApoALl (g/l) 1.70+0.40° 1.64+0.37° 1.40+0.24%
ApoB (g/1) 0.91+0.18" 1.33+£0.27° 1.29+0.36°
Fasting glycaemia (mmol/l) 5.09 +£0.58° 5.06 +£0.52° 5.94 +1.35

Insulin (mIU/1)
C-peptide (mg/1)

6.85 (4.68-11.30)°
653.5 (411.7-1019.0)°

8.00 (6.30-10.05)°
714.0 (532.5-923.5)°

11.85 (8.46-15.85)*"
1079.0 (771.3-1486.5)*°

MetS-, dyslipidemic patients without metabolic syndrome; MetS+, dyslipidemic patients with metabolic
syndrome; FGF 21, fibroblast growth factor 21; IMT, carotid intima-media thickness; SBP, systolic blood
pressure; DBP, diastolic blood pressure; BMI, body mass index; hs-CRP, high sensitivity C reactive protein;

ApoAl, Apo lipoprotein Al; ApoB, Apo lipoprotein B

Data are presented as mean+ standard deviation for parameters with normal distribution

or median (interquartile range) for parameters with skew distribution.
Parameters with skewed distribution (FGF 21, CRP, TG, insulin, C-peptide) were log transformed to normalize

their distribution before statistical analysis.

Differences in variables between subgroups were analyzed with ANOVA after adjustment for age and sex.
Significant difference p<0.05 at least - * vs. Controls; ° vs. MetS-; ©vs. MetS+
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Obrazek 8. Korelace mezi hladinami FGF 21 a C-IMT u dyslipidemickych pacientti
bez metabolického syndromu (MetS-). r = 0,486, p <0,01.
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Tabulka 14. Korelace FGF 21 s riznymi biochemickymi a klinickymi parametry.

FGF21 Controls FGF21 MetS- FGF21 MetS+ FGF21 MetS+ and MetS-

IMT -0.043 0.486 0.264 0.573

0.856 0.006 0.324 0.000

Age -0.037 0.468 0.081 0.310

0.809 0.001 0.584 0.002

Sex -0.283 -0.115 0.018 0.008
0.056 0.443 0.902 0.938

Waist circumference -0.044 0.223 0.194 0.459
0.803 0.192 0.251 0.000

BMI 0.115 0.216 0.127 0.374
0.459 0.145 0.391 0.000

SBP -0.038 -0.051 0.059 0.163
0.801 0.745 0.697 0.127

DBP -0.033 -0.050 0.225 0.200
0.829 0.751 0.133 0.060

Total cholesterol -0.130 0.086 0.241 0.169
0.390 0.561 0.099 0.099

Triglycerides 0.143 0.164 0.349 0.444
0.343 0.265 0.015 0.000

LDL-cholesterol -0.194 0.133 -0.070 -0.071
0.195 0.366 0.642 0.499

HDL-cholesterol 0.028 -0.159 -0.064 -0.278
0.851 0.279 0.667 0.006

nonHDL-cholesterol -0.188 0.134 0.246 0.202
0.210 0.365 0.093 0.048

ApoAl 0.119 -0.064 -0.041 -0.183
0.435 0.664 0.781 0.074

ApoB -0.098 0.162 0.142 0.093
0.517 0.273 0.335 0.367

hs-CRP 0.000 0.009 0.127 0.136
1.000 0.953 0.400 0.196

Fasting glycaemia 0.042 0.155 -0.048 0.125
0.782 0.294 0.745 0.226

C-peptide 0.408 0.333 -0.045 0.273
0.005 0.021 0.765 0.007

Smoking 0.385 0.375 0.496 0.452
0.008 0.009 0.000 0.000

MetS-, dyslipidemic patients without metabolic syndrome; MetS+, dyslipidemic patients with metabolic
syndrome; FGF 21, fibroblast growth factor 21; IMT, carotid intima media thickness; SBP, systolic blood
pressure; DBP, diastolic blood pressure; BMI, body mass index; hs-CRP, high sensitivity C reactive protein;
ApoAl, Apo lipoprotein Al; ApoB, Apo lipoprotein B

Spearman correlation analysis for parameters with skewed distribution (FGF 21, CRP, TG, insulin, C-peptide).
Bold values indicate significance at p<0.05.
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Tabulka 15. Vicendsobna linearni regresni analyza ukazujici parametry se signifikantni
nezavislou asociaci s C-IMT u riznych studovanych skupin.

FGF 21* TG* Waist nonHDL-C SBP
MetS- Full RM beta 0.3449 -0.0091 0.2432 0.1775 -
p-value 0.0110 0.8564 0.2376 0.0453 -
Stepwise RM beta 0.3401 - 0.2351 0.1738 0.2489
p-value 0.0110 - 0.2456 0.0468 0.1449
MetS+ Full RM beta -0.0124 -0.1057 0.5756 0.1896 0.2458
p-value 0.9158 0.0255 <0.001 0.0059 0.0363
Stepwise RM beta - -0.1057 0.5706 0.1878 0.2439
p-value - 0.0240 <0.001 0.0044 0.0336
MetS- Full RM beta 0.1787 -0.0759 0.4354 0.1582 0.2030
and p-value 0.0604 0.0044 <0.001 0.0021 0.0395
MetS+ Stepwise RM beta 0.1787 -0.0759 0.4354 0.1582 0.2030
p-value 0.0604 0.0043 <0.001 0.0044 0.0400

MetS-, dyslipidemic patients without metabolic syndrome; MetS+, dyslipidemic patients with metabolic
syndrome; FGF 21, fibroblast growth factor 21; IMT, carotid intima media thickness; SBP, systolic blood
pressure; TG, triglycerides; nonHDL-C, nonHDL-cholesterol; Waist, waist circumference; RM, regression model.
*Log transformed before analyses. Bold values indicate significance at p<0.05

Obrazek 8 a Tabulky 13, 14 a 15 pievzaty z:

ORSAG, J. - KARASEK, D. - KRSKOVA, M. - HALENKA, M. - VAVERKOVA, H. - GAJIDOVA,
J.—NOVOTNY, D. — LUKES, J. The relationship of serum fibroblast growth factor 21 levels to intima-
media thickness in dyslipidemic patients. Journal of Disease Markers [online], 2014,1(3), id. 1012 .
Dostupné z < http://austinpublishinggroup.com/disease-markers/all-issues.php > . ISSN: 2380-0682.
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5.3. Diskuse a zavér.

I v této praci byly potvrzeny zvySené hladiny FGF 21 u dyslipidemickych pacientd
s MetS, coz odpovidalo i necetnym literarnim Gdajim v dobé realizace studie (150).
FGF 21 jako ¢len rodiny fibroblastovych rustovych faktor se ucastni vicecetnych
metabolickych pochodu, zvlaste téch, které souviseji s nutricnim stavem. Provedené
vyzkumy prokazaly ptiznivé plisobeni na metabolismus lipidi a glukoézy na
zvitecich modelech, na druhé strané ale byly vyssi hladiny FGF 21 nalezeny u lidi
s kardiometabolickymi onemocnénimi, jako diabetes mellitus 2. typu, obezita,
nealkoholickd steatdza jater a koronarni chorobou (130). Tento fakt je vysvétlovan
stavem se zvySenou rezistenci na pusobeni FGF 21, viz odd. 3.3., eventudlné jako
kompenzatorni odpoveéd’ organismu na zvysené kardiovaskularni riziko (181).
Hlavnim cilem na$i studie vSak bylo objasnéni vztahu FGF 21 a C-IMT u
dyslipidemickych jedincii, o kterém byla v dob¢ realizace vyzkumu k dispozici jen
velmi omezend literarni data. U asymptomatickych pacientl s dyslipidemii jsme
potvrdili pozitivni korelaci hladin FGF 21 s C-IMT, ovSem jako nezavisla se
ukizala byt pouze u dyslipidemickych jedinci bez ptitomnosti metabolického
syndromu (MetS-). Z literarnich udajti pouze Chow et al. demonstroval nezavislou
pozitivni asociaci FGF 21 a C-IMT ve skupiné zdravych Cifiant, ale pouze u Zen,
nikoliv u muzii (170). Autofi tento rozdil vysvétluji prevazujicim vlivem silnéjSich
rizikovych faktorti pro kardiovaskularni onemocnéni u muzi ve zkoumané skupiné
zahrnujici jednak zvySené procento kutfdkl a primérnym vys$im vékem. Podobné
lze spekulovat o vysledcich i v nasi studii, tj. absence zjiSténi nezavislé pozitivni
korelace u dyslipidemickych pacienti s metabolickym syndromem (MetS+). U
téchto pacient jsme nalezli signifikantné vyssi hodnoty zavedenych klinickych a
laboratornich kardiovaskularnich rizikovych faktorti: BMI, obvod pasu, lac¢na
glykemie). Dale mohlo sehrat svou roli vy$si zastoupeni muzi s ve skupiné MetS+,
kteti byli rovnéz Castéji kufaky. Pfitom byla nalezena signifikantni korelace FGF 21
s koufenim ve vSech sledovanych skupinach (viz Tabulka 10). Pozd¢jsi studie se
zam¢fily na studium vztahu FGF 21 a aterosklerézy zejména u nemocnych
s diabetem 2. typu. Xiao et al. prokézal vyzkumem na 212 nové diagnostikovanych
diabeticich 2. typu vyssi hladiny FGF 21 pfi pfitomnosti subklinické aterosklerozy,
které korelovaly pozitivné s C-IMT a iliakdlni IMT, paradoxné zejména u Zen
(173). V podobné studii porovnavajici 213 subjektdi s normalni glukozovou

toleranci a diabetem 2. typu byla identifikovdna korelace FGF 21 s diabetem 2.
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typu. Pacienti v této studii také méli Castéji aterosklerotické karotické platy (169).
Necetné dalsi vyzkumy také ukazaly vztah mezi hladinami FGF 21 a diabetem

mellitem 2. typu se siln¢jsi korelaci u subjektii se subklinickou ateroskler6zou (200)
(223).

V nasi studii jsme prokazali zvySené sérové hladiny FGF 21 a zvysSenou C-IMT u
dyslipidemickych pacienti s MetS oproti dyslipidemickym jedincim bez MetS i
oproti zdravym kontroldm. Ve skupiné¢ MetS- pak byla pak nalezena nezavisla

pozitivni asociace IMT s FGF 21.
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SOUHRN VYSTUPU DISERTACNI PRACE

Z vysledk provedenych studii vyplyvaji nasledujici hlavni zjisténi:

1. Prokdzali jsme pozitivni asociaci adiponektinu s A-FABP a

zejména pozitivni recipro¢ni asociace mezi hladinami FGF 21 a A-
FABP u asymptomatickych dyslipidemickych pacienti s dominanci
ve skuping s metabolickym syndromem.

. U A-FABP jsme potvrdili jeho asociaci s markery inzulinové
rezistence a nové prokazali jeho nezdvislou asociaci
s hemostatickym  markerem vWF u  asymptomatickych
dyslipidemickych pacientli ptispivajici k vysvétleni
patofyziologického  postaveni A-FABP v procesu vzniku
endotelialni dysfunkce a ateroskleroze.

.U FGF 21 jsme prokdzali jeho zvySené hladiny u
asymptomatickych dyslipidemickych pacientli a zejména také nové
nezavislou asociaci s hemostatickymi markery vWF a tPA. Tato
korelace mize byt znamenim protrombogenniho stavu u nositelil
rizikového lipidového profilu a také moznosti endotelového
poskozeni. Dale byla verifikovana nezavisla asociace FGF 21 s C-
IMT u dyslipidemickych pacienti bez pfitomnosti metabolického
syndromu.

. Zajimavym vedlejSim nalezem je pritkkaz nezdvislé asociace poméru
ApoB/ApoAl s C-IMT u dyslipidemickych pacientii bez
metabolického syndromu, coz dopliuje dosud zndmé udaje
podporujici uziti tohoto poméru jako uzitecného parametru pro
urceni rizika aterosklerozy a kardiovaskuldrniho rizika.

-75-



LITERATURA

1. Hotamisligil, GS, Shargill, NS a Spiegelman, BM. Adipose expression of tumor
necrosis factor-alpha: direct role in obesity-linked insulin resistance. Science. 1993,
259 (5091), stranky 87-91.

2. Cook, KS, a dalSi. Adipsin: a circulating serine protease homolog secreted by
adipose tissue and sciatic nerve. Science. 1987, 237(4813), stranky 402-405.

3. Zhang, Y, a dalSi. Positional cloning of the mouse obese gene and its human
homologue. Nature. 1994, 372(6505), stranky 425-432.

4. Choi, KM. The Impact of Organokines on Insulin Resistance, Inflammation, and
Atherosclerosis. Endocrinology and Metabolism. 2016, Sv. 1, 31, stranky 1-6.

5. Fasshauer, M a Blither, M. Adipokines in health and disease. Trends in
Pharmacological Sciences. 2015, Sv. 7, 36, stranky 461-470.

6. Bluher, M. Clinical relevance of adipokines. Diabetes & Metabolism Journal.
2012, 36, stranky 317-327.

7. Lehr, S, Hartwig, S a Sell, H. Adipokines: A treasure trove for the discovery of
biomarkers for metabolic disorders. PROTEOMICS — Clinical Applications. 2012,
6(1-2), stranky 91-101.

8. Scherer, PE, a dalSi. A novel serum protein similar to Clq, produced exclusively
in adipocytes. Journal of Biological Chemistry. 1995, 270(45), stranky 26746-26749.

9. Hu, E., Liang, P. a Spiegelman, BM. Adipoq is a novel adipose-specific gene
dysregulated in obesity. Journal of Biological Chemistry. 1996, 271, stranky 10697—
10703.

10. Maeda, K., a dalSi. cDNA cloning and expression of a novel adipose specific
collagen-like factor, apml (adiposemost abundant gene transcript 1). Biochemical and
Biophysical Research Communications. 1996, 221, stranky 286—289.

11. Diez, JJ. a Iglesias, P. The role of the novel adipocyte-derived hormone
adiponectin in human disease. 2003, 148, stranky 293-300.

12. Yamauchi, T., a dalSi. The fat-derived hormone adiponectin reverses insulin
resistance associated with both lipoatrophy and obesity. Nature Medicine. 2001, 7,
stranky 941-946.

13. Nakano, Y., a dalsi. Isolation and characterization of GBP28, a novel gelatin-
binding protein purified from human plasma. 1996, 120(4), stranky 803-812.

14. Berner, HS., a dal§i. Adiponectin and its receptors are expressed in bone-forming
cells. Bone. 2004, 35, stranky 842-849.

-76 -



15. Yoda-Murakami, M., a dalsi. Change in expression of gbp28/adiponectin in
carbon tetrachloride-administrated mouse liver. Biochemical and biophysical research
communications. 2001, 285(2), stranky 32-377.

16. Delaigle, ALM., a dalSi. Induction of adiponectin in skeletal muscle by
inflammatory cytokines: In vivo and in vitro studies. Endocrinology. 2004, 145,
stranky 5589-5597.

17. Patel, JV., a dalsi. Circulating serum adiponectin levels in patients with coronary
artery disease: Relationship to atherosclerotic burden and cardiac function. Journal of
internal medicine. 2008, 264, stranky 593-598.

18. Caminos, JE., a dalSi. Expression and regulation of adiponectin and receptor in
human and rat placenta. Endocrinology and Metabolism. 2005, 90, stranky 4276—
4286.

19. Shimada, K., Miyazaki, T. a Hiroyuki, D. Adiponectin and atherosclerotic
disease. Clinica Chimica Acta. 2004, 344, stranky 1-12.

20. Arita, Y., a dalSi. Paradoxical decrease of an adipose-specific protein,

adiponectin, in obesity. Biochemical and Biophysical Research Communications.
1999, 257(1), stranky 79-83.

21. Saito, K., a dalsi. Organization of the gene for gelatin-binding protein (gbp28).
Gene. 1999, 229, stranky 67-73.

22. Takahashi, M., a dalSi. Genomic structure and mutations in adipose-specific
gene, adiponectin. International Journal of Obesity. 2000, 24.

23. Magkos, F. a Sidossis, LS. Recent advances in the measurement of adiponectin
isoform distribution. Current Opinion in Clinical Nutrition and Metabolic Care. 2007,
10, stranky 571-575.

24. Pajvani, UB., a dalsi. Complex distribution, not absolute amount of adiponectin,
correlates with thiazolidinedione-mediated improvement in insulin sensitivity. Journal
of Biological Chemistry. 2004, 279, stranky 12152-12162.

25. Kobayashi, H., a dalSi. Selective suppression of endothelial cell apoptosis by the
high molecular weight form of adiponectin. Circulation Research. 2004, 94(4),
stranky e27-e31.

26. Fruebis, J., a dalSi. Proteolytic cleavage product of 30-kDa adipocyte
complement-related protein increases fatty acid oxidation. Proceedings of the National
Academy of Sciences of the United States of America. 2001, 98, stranky 2005-2010.

27. Achari, AE. a Jain, SK. Adiponectin, a Therapeutic Target for Obesity, Diabetes,
and Endothelial Dysfunction. International Journal of Molecular Sciences. 2017, Sv.
1321, 18.

-77 -



28. Wang, ZV., a dalSi. Secretion of the adipocyte-specific secretory protein
adiponectin critically depends on thiol-mediated protein retention. 2007, 27, stranky
3716-3731.

29. Qiang, L., Wang, H. a Farmer, SR. Adiponectin secretion is regulated by sirtl
and the endoplasmic reticulum oxidoreductase erol-1. 2007, 27, stranky 4698—4707.

30. Liu, M., a dalsi. A disulfide-bond a oxidoreductase-like protein (dsba-I) regulates
adiponectin multimerization. Proceedings of the National Academy of Sciences of the
United States of America. 2008, 105, stranky 18302—-18307.

31. Yamauchi, T., a dal$i. Cloning of adiponectin receptors that mediate antidiabetic
metabolic effects. Nature. 2003, 423, stranky 762—769.

32. Motoshima, H., a dalsi. Adiponectin suppresses proliferation and superoxide
generation and enhances eNOS activity in endothelial cells treated with oxidized LDL.
Biochemical and Biophysical Research Communications . 2004, 315(2), stranky 264-
271.

33. Piiieiro, R., a dalSi. Adiponectin is synthesized and secreted by human and murine
cardiomyocytes. FEBS Letters. 2005, 579(23), stranky 5163-5169.

34. Kharroubi, I., a dalSi. Expression of adiponectin receptors in pancreatic beta
cells. Biochemical and Biophysical Research Communications. 2003, 312(4), stranky
1118-1122.

35. Tan, KC., a dalsi. Hypoadiponectinemia is associated with impaired endothelium-

dependent vasodilation. Journal of clinical endocrinology and metabolism. 2004,
89(2), stranky 765-769.

36. Coope, A., a dalSi. AdipoR1 mediates the anorexigenic and insulin/leptin-like
actions of adiponectin in the hypothalamus. FEBS Letters. 2008, 582(10), stranky
1471-1476.

37. Miaczynska, M., a dalSi. Appl proteins link rab5 to nuclear signal transduction
via an endosomal compartment. Cell. 2004, 116, stranky 445-456.

38. Mao, X., a dalsi. Appll binds to adiponectin receptors and mediates adiponectin
signalling and function. Nature Cell Biology. 2006, 8, stranky 516-523.

39. Nachamen, CA., Thomas, RM. a Dias, JA. Appll, appl2, akt2 and foxola
interact with fshr in a potential signaling complex. Molecular and Cellular
Endocrinology. 2007, 260, stranky 93-99.

40. Hug, C., a dalSi. T-cadherin is a receptor for hexameric and high-molecular-
weight forms of acrp30/adiponectin. Proceedings of the National Academy of Sciences
of the United States of America. 2004, 101, stranky 10308—10313.

-78 -



41. Wyder, L., a dal§i. Increased expression of h/t-cadherin in tumor-penetrating
blood vessels. Cancer Research. 2000, 60, stranky 4682—4688.

42. Ivanov, D., a dal$i. Expression of cell adhesion molecule t-cadherin in the human
vasculature. Histochemistry and Cell Biology. 2001, 115, stranky 231-242.

43. Hebbard, LW., a dalSi. T-cadherin supports angiogenesis and adiponectin
association with the vasculature in a mouse mammary tumor model. Cancer Research.
2008, 68, stranky 1407-1416.

44. Denzel, MS., a dalSi. T-cadherin is critical for adiponectin-mediated
cardioprotection in mice. Journal of Clinical Investigation. 2010, 120, stranky 4342—
4352.

45. Suyama, S., a dalSi. Adiponectin at physiological level glucose-independently
enhances inhibitory postsynaptic current onto NPY neurons in the hypothalamic
arcuate nucleus. Neuropeptides. 2017, 65, stranky 1-9.

46. Loewen, SP., a dalSi. Sex-specific differences in cardiovascular and metabolic
hormones with integrated signalling in the paraventricular nucleus of the
hypothalamus. Experimental physiology. 2017, 102(11), stranky 1373-1379.

47. Fu, Y., a dalsi. Adiponectin promotes adipocyte differentiation, insulin sensitivity,
and lipid accumulation. Journal of Lipid Research. 2005, 46, stranky 1369—1379.

48. Combs, TP., a dalsi. A transgenic mouse with a deletion in the collagenous
domain of adiponectin displays elevated circulating adiponectin and improved insulin
sensitivity. Endocrinology. 2004, 145, stranky 367-383.

49. Bauer, S., a dal$i. Low-abundant adiponectin receptors in visceral adipose tissue
of humans and rats are further reduced in diabetic animals. Archives of Medical
Research. 2010, 41, stranky 75-82.

50. Ye, JM., a dalSi. Peroxisome proliferator-activated receptor (PPAR)- alpha
activation lowers muscle lipids and improves insulin sensitivity in high fat-fed rats.
Diabetes. 2001, 50, stranky 411-417.

51. Shibata, R., a dalsi. Adiponectin stimulates angiogenesis in response to tissue
ischemia through stimulation of amp-activated protein kinase signaling. Journal of
Biological Chemistry. 2004, 279, stranky 28670-28674.

52. Nishimura, M., a dalSi. Adiponectin prevents cerebral ischemic injury through
endothelial nitric oxide synthase-dependent mechanism. Circulation. 2008, 117,
stranky 216-223.

53. Sattar, N., a dalSi. Adiponectin and coronary heart disease. Circulation. 2006,
114, stranky 623-629.

-79-



54. Iwashima, Y., a dal§i. Hypoadiponectinemia is an independent risk factor for
hypertension. Hypertension. 2004, 43, stranky 1318-1323.

55. Lam, KSL. a Xu, A. Adiponectin: Protection of the endothelium. Current
Diabetes Reports. 2005, 5, stranky 254-259.

56. Okamoto, Y., a dal$i. An adipocyte-derived plasma protein, adiponectin, adheres
to injured vascular walls. Hormone and metabolic research. 2000, 32(2), stranky 47-
50.

57. Kobashi, C., a dalSi. Adiponectin inhibits endothelial synthesis of interleukin-8.
Circulation Research. 2005, 97, stranky 1245-1252.

58. Ouchi, N., a dal$i. Adiponectin, an adipocyte-derived plasma protein, inhibits
endothelial NF-kappaB signaling through a camp-dependent pathway. Circulation.
2000, 102, stranky 1296—-1301.

59. Matsuda, M., a dalSi. Role of adiponectin in preventing vascular stenosis the
missing link of adipo-vascular axis. Journal of Biological Chemistry. 2002, 277,
stranky 37487-37491.

60. Ceddia, RB., a dalSi. Globular adiponectin increases glut4 translocation and
glucose uptake but reduces glycogen synthesis in rat skeletal muscle cells.
Diabetologia. 2005, 48, stranky 132-139.

61. Xu, A., a dalSi. The fat-derived hormone adiponectin alleviates alcoholic and
nonalcoholic fatty liver diseases in mice. Journal of Clinical Investigation. 2003, 112,
stranky 91-100.

62. Yamauchi, T., a dalSi. Targeted disruption of adiporl and adipor2 causes
abrogation of adiponectin binding and metabolic actions. Nature Medicine. 2007, 13,
stranky 332-339.

63. Maeda, K., a dalSi. Inverse correlation between serum adiponectin concentration
and hepatic lipid content in japanese with type 2 diabetes. Metabolism. 2005, 54,
stranky 775-780.

64. Makowski, L. a Hotamisligil, GS. Fatty acid binding proteins—the evolutionary
crossroads of inflammatory and metabolic responses. Journal of Nutrition. 2004, 134,
stranky 2464S-2468S.

65. Pelton, PD., a dal§i. PPARgamma activation induces the expression of the
adipocyte fatty acid binding protein gene in human monocytes. Biochemical and
Biophysical Research Communications. 1999, 261, stranky 456-458.

66. Makowski, L, a dali. Lack of macrophage fatty-acid-binding protein aP2 protects
mice deficient in apolipoprotein E against atherosclerosis. Nature Medicine. 2001, Sv.
6, 7, stranky 699-705.

-80-



67. Rolph, MS, a dalsi. Regulation of dendritic cell function and T cell priming by the
fatty acid-binding protein AP2. Journal of immunology. 2006, Sv. 11, 177, stranky
7794-7801.

68. Elmasri, H, a dalsi. Fatty acid binding protein 4 is a target of VEGF and a
regulator of cell proliferation in endothelial cells. FASEB Journal. 2009, Sv. 11, 23,
stranky 3865-3873.

69. Furuhashi, M. a Hotamisligil, GS. Fatty acid-binding proteins: role in
metametabolic diseases and potential as drug targets. Nature Reviews Drug Discovery.
2008, 7(6), stranky 489-503.

70. Furuhashi, M., a dalsi. Lipid chaperones and metabolic inflammation.
International Journal of Inflammation. 2011, 2011:642612.

71. Coe, NR. a Bernlohr, DA. Physiological properties and functions of intracellular
fatty acid-binding proteins. Biochimica et Biophysica Acta. 1998, 1391(3), stranky
287-306.

72. Chmurzynska, A. The multigene family of fatty acid-binding proteins (FABPs):
function, structure and polymorphism. Journal of Applied Genetics. 2006, 47(1),
stranky 39-48.

73. Ockner, RK., a dalsi. A binding protein for fatty acids in cytosol of intestinal
mucosa, liver, myocardium, and other tissues. Science. 1972, 177(4043), stranky 56-
58.

74. Ek, BA., a dalsi. Fatty acid binding proteins reduce 15-lipoxygenase-induced
oxygenation of linoleic acid and arachidonic acid. Biochimica et Biophysica Acta.
1997, 1346(1), stranky 75-85.

75. Zimmer, JS., a dalSi. Fatty acid binding proteins stabilize leukotriene A4:

competition with arachidonic acid but not other lipoxygenase products. Journal of
Lipid Research. 2004, 45(11), stranky 2138-2144.

76. Veerkamp, JH. a van Moerkerk, HT. Fatty acid-binding protein and its relation
to fatty acid oxidation. Molecular and Cellular Biochemistry. 1993, 123(1-2), stranky
101-106.

77. Bernlohr, DA, a dalSi. Expression of specific mRNAs during adipose
differentiation: identification of an mRNA encoding a homologue of myelin P2
protein. Proceedings of the National Academy of Sciences of the United States. 81,
stranky 5468-5472.

78. Amri, EZ., a dalSi. Regulation of adipose cell differentiation. I. Fatty acids are
inducers of the aP2 gene expression. Journal of Lipid Research. 1991, 32(9), stranky
1449-1456.

-81-



79. Distel, RJ., Robinson, GS. a Spiegelman, BM. Fatty acid regulation of gene
expression. Transcriptional and post-transcriptional mechanisms. Journal of
Biological Chemistry. 1992, 267(9), stranky 5937-5941.

80. Cook, JS., a dalsi. Expression of the differentiation-induced gene for fatty acid-
binding protein is activated by glucocorticoid and cAMP. Proceedings of the National
Academy of Sciences of the United States of America. 1988, 85(9), stranky 2949-2953.

81. Kletzlen, RF., a dalsi. Adipocyte fatty acid-binding protein: regulation of gene
expression in vivo and in vitro by an insulin-sensitizing agent. Molecular
Pharmacology. 1992, 42(4), stranky 558-562.

82. Shen, WJ, a dalSi. Interaction of rat hormone-sensitive lipase with adipocyte
lipid-binding protein. Proceedings of the National Academy of Sciences of the United
States. 1999, Sv. 10, 96, stranky 5528-5532.

83. Tan, NS, a dalSi. Selective cooperation between fatty acid binding proteins and
peroxisome proliferator-activated receptors in regulating transcription. Molecular and
cellular biology. 2002, Sv. 17, 22, str. 6318.

84. Thompson, BR, a dalSi. Interaction of adipocyte fatty acid-binding protein
(AFABP) and JAK2: AFABP/aP2 as a regulator of JAK2 signaling. Journal of
Biological Chemistry. 2009, Sv. 20, 284, stranky 13473-13480.

85. Fu, Y, a dalsi. The adipocyte lipid binding protein (ALBP/aP2) gene facilitates
foam cell formation in human THP-1 macrophages. Atherosclerosis. 2002, Sv. 2, 165,
stranky 259-269.

86. Pelton, PD, a dalSi. PPARgamma activation induces the expression of the

adipocyte fatty acid binding protein gene in human monocytes. Biochemical and
Biophysical Research Communications. 1999, Sv. 2, 261, stranky 456-458.

87. Wang, XQ, a dalsi. Receptor mediated elevation in FABP4 levels by advanced
glycation end products induces cholesterol and triacylglycerol accumulation in THP-1
macrophages. Lipids. 2011, Sv. 6, 46, stranky 479-486.

88. Llaverias, G, a dalSi. Atorvastatin reduces CD68, FABP4, and HBP expression in
oxLDL-treated human macrophages. Biochemical and biophysical research
communications. 2004, Sv. 1, 318, stranky 265-274.

89. Hui, X, a dalsi. Adipocyte fatty acid-binding protein modulates inflammatory
responses in macrophages through a positive feedback loop involving c-Jun NH2-
terminal kinases and activator protein-1. The Journal of biological chemistry. 14,
2010, 285, stranky 10273-10280.

90. Agardh, HE, a dalsi. Expression of fatty acid-binding protein 4/aP2 is correlated
with plaque instability in carotid atherosclerosis. Journal of internal medicine. 2011,
Sv. 2, 269, stranky 200-210.

-82-



91. Weisberg, SP, a dalSi. Obesity is associated with macrophage accumulation in
adipose tissue. Journal of Clinical Investigation. 2003, Sv. 12, 112, stranky 1796-
1808.

92. Xu, H, a dalsi. Chronic inflammation in fat plays a crucial role in the development

of obesity-related insulin resistance. Journal of clinical investigation. 2003, Sv. 12,
112, stranky 1821-1830.

93. Boord, JB, a dalsi. Adipocyte fatty acid-binding protein, aP2, alters late
atherosclerotic lesion formation in severe hypercholesterolemia. Arteriosclerosis,
thrombosis, and vascular biology. 2002, Sv. 10, 22, stranky 1686-1691.

94. Iso, T, a dalsi. Capillary endothelial fatty acid binding proteins 4 and 5 play a
critical role in fatty acid uptake in heart and skeletal muscle. Arteriosclerosis,
thrombosis, and vascular biology. 11,2013, Sv. 33, stranky 2549-2557.

95. Tanaka, M, a dalSi. Ectopic expression of fatty acid-binding protein 4 in the
glomerulus is associated with proteinuria and renal dysfunction. Nephron. Clinical
practice . 2014, Sv. 3-4, 128, stranky 345-351.

96. Han, Q, a dalsi. Effects of intermittent hypoxia on A-/E-FABP expression in
human aortic endothelial cells. International Journal of Cardiology. 2010, Sv. 2, 145,
stranky 396-398.

97. Ghelfi, E, a dalsi. Fatty acid-binding proteins and peribronchial angiogenesis in

bronchopulmonary dysplasia. American Journal of Respiratory Cell and Molecular
Biology. 2011, Sv. 3, 45, stranky 550-556.

98. Maver, A, Medica, I a Peterlin, B. Search for sarcoidosis candidate genes by

integration of data from genomic, transcriptomic and proteomic studies. Medical
Science Monitor. 2009, Sv. 12, 15, stranky SR22-28.

99. Biron-Shental, T, a dalsi. Hypoxia regulates the expression of fatty acid-binding
proteins in primary term human trophoblasts. American Journal of Obstetrics and
Gynecology. 2007, Sv. 5, 197, stranky e511-516.

100. Scifres, CM, a dalsi. Fatty acid binding protein 4 regulates intracellular lipid
accumulation in human trophoblasts. The Journal of Clinical Endocrinology and
Metabolism. 2011, Sv. 7, 96, stranky E1083-E1091.

101. Nieman, KM, a dalSi. Adipocytes promote ovarian cancer metastasis and
provide energy for rapid tumor growth. Nature medicine. 2011, Sv. 11, 17, stranky
1498-1503.

102. Ohlsson, G, a dalSi. Loss of expression of the adipocyte-type fatty acid-binding
protein (A-FABP) is associated with progression of human urothelial carcinomas.
Molecular & Cellular Proteomics. 2005, Sv. 4, 4, stranky 570-581.

-83-



103. Nickel, W a Rabouille, C. Mechanisms of regulated unconventional protein
secretion. Nature Reviews Molecular Cell Biology. 2009, Sv. 2, 10, stranky 148-155.

104. Mita, T, a dalsi. FABP4 is secreted from adipocytes by adenyl cyclase-PKA-
and guanylyl cyclase-PKG-dependent lipolytic mechanisms. 2015, Sv. 2, 23, stranky
359-367.

105. Cao, H, a dalSi. Adipocyte lipid chaperone AP2 is a secreted adipokine
regulating hepatic glucose production. Cell metabolism. 2013, Sv. 5, 17, stranky 768-
778.

106. Ishimura, S, a dalsi. Circulating levels of fatty acid-binding protein family and
metabolic phenotype in the general population. PLoS One. 2013, Sv. 11, 8§, str.
e81318.

107. Yeung, DC., a dalsi. Circulating levels of adipocyte and epidermal fatty acid-
binding proteins in relation to nephropathy staging and macrovascular complications
in type 2 diabetic patients. Diabetes Care. 2009, Sv. 32, 1, stranky 132-134.

108. Aragones, G, a dalsi. Fatty acid-binding protein 4 impairs the insulin-dependent
nitric oxide pathway in vascular endothelial cells. Cardiovascular Diabetology . 2012,
Sv. 1, 11, str. 72.

109. Girona, J, a dalsi. FABP4 induces vascular smooth muscle cell proliferation and
migration through a MAPK-dependent pathway. PLoS One. 2013, Sv. 11, 8, str.
e81914.

110. Wu, LE, a dalsi. Identification of fatty acid binding protein 4 as an adipokine
that regulates insulin secretion during obesity. Molecular metabolism. 2014, Sv. 4, 3,
stranky 465-473.

111. Xu, A, a dalSi. Adipocyte fatty acid-binding protein is a plasma biomarker
closely associated with obesity and metabolic syndrome. Clinical Chemistry. 2006, 52,
stranky 405-413.

112. Xu, A, a dalsi. Circulating adipocyte-fatty acid binding protein levels predict the
development of the metabolic syndrome: a 5-year prospective study. Circulation.
2007, Sv. 12, 115, stranky 1537-1543.

113. Tso, AW, a dalSi. Serum adipocyte fatty acid binding protein as a new biomarker
predicting the development of type 2 diabetes: a 10-year prospec—tive study in a
Chinese cohort. Diabetes Care. 2007, 30, stranky 2667-2672.

114. Ota, H, a dalSi. Elevation of fatty acid-binding protein 4 is predisposed by family
history of hypertension and contributes to blood pressure elevation. American Journal
of Hypertension. 2012, 25, stranky 1124-1130.

-84 -



115. Fuseya, T, a dalSi. Elevation of circulating fatty acid-binding protein 4 is
independently associated with left ventricular diastolic dysfunction in a general
population. Cardiovascular Diabetology. 2014, 13, str. 126.

116. Yeung, DC, a dalsi. Serum Adipocyte Fatty Acid-Binding Protein Levels Were

Independently Associated With Carotid atherosclerosis. Arteriosclerosis, Thrombosis,
and Vascular Biology. 2007, 27, stranky 1796-1802.

117. Karpisek, M, a dal$i. Treatment with atorvastatin reduces serum adipocyte-fatty
acid binding protein value in patients with hyperlipidaemia. European journal of
clinical investigation. 2007, Sv. 8, 37, stranky 637-642.

118. Furuhashi, M, a dalSi. Angiotensin II receptor blockers decrease serum
concentration of fatty acid-binding protein 4 in patients with hypertension.
Hypertension research. 2015, Sv. 4, 38, stranky 252-259.

119. Hancke, K, a dalsi. Adipocyte fatty acid-binding protein as a novel prognostic
factor in obese breast cancer patients. Breast Cancer Research and Treatment. 2010,
Sv. 2, 119, stranky 367-370.

120. Furuhashi, M, a dalSi. Fatty Acid-Binding Protein 4 (FABP4):
Pathophysiological Insights and Potent Clinical Biomarker of Metabolic and

Cardiovascular Diseases. Clinical Medicine Insights: Cardiology. 2014, Sv. S3, 8,
stranky 23-33.

121. Stefan, N a Haring, HU. The role of hepatokines in metabolism. Nature Reviews
Endocrinology. 2013, 9, stranky 144-152.

122. Mathews, ST, a dalsi. Improved insulin sensitivity and resistance to weight gain
in mice null for the Ahsg gene. Diabetes. 2002, Sv. 8, 51, stranky 2450-2458.

123. Pal, D, a dalsi. Fetuin-A acts as an endogenous ligand of TLR4 to promote lipid-
induced insulin resistance. Nature Medicine. 2012, Sv. 8, 18, stranky 1279-1285.

124. Iroz, A, Couty, JP a Postic, C. Hepatokines: unlocking the multi-organ network
in metabolic diseases. Diabetologia. 2015, 58, stranky 1699-1703.

125. Weikert, C, a dalSi. Plasma fetuin-a levels and the risk of myocardial infarction
and ischemic stroke. Circulation. 2008, Sv. 24, 118, stranky 2555-2562.

126. Ix, JH, a dalSi. Fetuin-A and incident diabetes mellitus in older persons. JAMA.
2008, Sv. 2, 300, stranky 182-188.

127. Misu, H, a dalSi. A liver-derived secretory protein, selenoprotein P, causes
insulin resistance. Cell Metabolism. 2010, Sv. 5, 12, stranky 483-495.

128. Yang, SJ, a dalsi. Serum selenoprotein P levels in patients with type 2 diabetes
and prediabetes: implications for insulin resistance, inflammation, and atherosclerosis.

-85-



The Journal of Clinical Endocrinology and Metabolism. 2011, Sv. 8, 96, stranky
E1325-1329.

129. Misu, H, a dalSi. Inverse correlation between serum levels of selenoprotein P and
adiponectin in patients with type 2 diabetes. PLoS One. 2012, Sv. 4, 7, str. €34952.

130. Woo, YC., a dalsi. Fibroblast Growth Factor 21 as an emerging metabolic
regulator: clinical perspectives. Clinical Endocrinology. 2012, 78(4), stranky 489-496.

131. Nishimura, T, a dalsi. Identification of novel FGF, FGF-21, preferentially
expressed in the liver. Biochimica et Biophysica Acta. 2000, Sv. 1, 1492, stranky 203-
206.

132. Qulion, S, Bertrand, S a Escriva, H. Evolution of the FGF gene family.
International Journal of Evolutionary Biology. 2012, 2012, stranky 1-12.

133. Goetz, R, a dalsi. Molecular insights into the Klotho-dependent, endocrine mode
of action of fibroblast growth factor 19 subfamily members. Molecular and Cellular
Biology. 2007, Sv. 9, 27, stranky 3417-3428.

134. Kurosu, H, a dalSi. Tissue-specific expression of betaKlotho and fibroblast
growth factor (FGF) receptores isoforms determines metabolic activity of FGF19 and
FGF 21. The Journal of Biological Chemistry. 2007, Sv. 37, 282, stranky 26687-
26695.

135. Ogawa, Y, a dalSi. BetaKlotho is required for metabolic activity of fibroblast
growth factor 21. Proceedings of the National Academy of Sciences of the United
States of America. 2007, Sv. 18, 104, stranky 7432-7437.

136. Adams, AC, a dalsi. FGF21 requires betaklotho to act in vivo. PLoS One. 2012,
Sv. 11, 7, str. ¢49977.

137. Fon Tacer, K, a dalsi. Research resource: comprehensive expression atlas of the
fibroblast growth factor system in addult mouse. Molecular Endocrinology. 2010, Sv.
10, 24, stranky 2050-2064.

138. Petryszak, R, a dalSi. Expression atlas update-an intergrated database of gene

and protein expression in humans, animals and plants. Nucleic Acids Research. 2016,
Sv. D1, 44, stranky D746-D752.

139. Kharitonenkov, A a Adams, AC. Inventing new medicines: the FGF21 story.
Molecular Metabolism. 2013, Sv. 3, 3.

140. Itoh, N. FGF21 as a hepatokine, adipokine, and myokine in metabolism and
diseases. Frontiers in Endocrinology. 2014, Sv. 107, 5.

141. Inagaki, T, a dalSi. Endocrine regulation of the fasting response by PPARalfa-
mediated induction of fibroblast growth factor 21. Cell Metabolism. 2007, Sv. 6, 5,
stranky 415-425.

-86-



142. Matikainen, N, a dalsi. Decrease in circulating fibroblast growth factor 21 after
an oral fat load is related to postprandial triglyceride-rich lipoproteins and liver fat.
European Journal of Endocrinology. 2012, Sv. 3, 166, stranky 487-492.

143. Dushay, JR, a dalSi. Fructose ingestion acutely stimulates circulating FGF21
levels in humans. Molecular Metabolism. 2014, Sv. 1, 4, stranky 51-57.

144. Kim, KH, a dalSi. Acute exercise induces FGF21 expression in mice and in
healthy humans. PLoS One. 2013, Sv. 5, 8, str. e63517.

145. Hansen, JS, a dalSi. Glucagon-to-insulin ratio is pivotal for splanchnic
regulation of FGF-21 in humans. Molecular Metabolism. 2015, Sv. 8, 4, stranky 551-
560.

146. Cartoumpekis, DV, a dal§i. Brown adipose tissue responds to cold and
adrenergic stimulation by induction of FGF21. Molecular Medicine. 2011, Sv. 7-8, 17,
stranky 736-740.

147. Lee, P, a dalSi. MIld cold exposure modulates fibroblast growth factor 21
(FGF21) diurnal rhytm in humans: relationship between FGF21 levels, lipolysis, and
cold-induced thermogenesis. The Journal of Clinical Endocrinology & Metabolism.
2013, Sv. 1, 98, stranky E98-E102.

148. Tong, X, a dalsi. Transcriptional repressor E4-binding protein 4 (E4BP4)
regulates metabolic hormone fibroblast growth factor 21 (FGF21) during circadian
cycles and feeding. The Journal of Biological Chemistry. 2010, Sv. 47, 285, stranky
36401-36409.

149. Staiger, H, a dalSi. Fibroblast Growth Factor 21 - Metabolic Role in Mice and
Men. Endocrine Reviews. 2017, Sv. 5, 38, stranky 468-488.

150. Zhang, X, a dalSi. Serum FGF 21 levels are increased in obesity and are

independently associated with metabolic syndrome in humans. Diabetes. 2008, 57,
stranky 1246-1253.

151. Mraz, M, a dalSi. Serum concentrations and tissue expression of a novel
endocrine regulator fibroblast growth facotr-21 in patients with type 2 diabetes and
obesity. Clinical Endocrinology. 2009, Sv. 3, 71, stranky 369-375.

152. Akyildiz, ZI, a dalSi. Epicardial fat, body mass index, and triglyceride are
independent contributors of serum fibroblast growth factor 21 level in obese

premenopausal women. Journal of Endocrinological Investigation. 2015, Sv. 3, 38,
stranky 361-366.

153. Taniguchi, H, a dalSi. Cardiorespiratory fitness and visceral fat are key
determinants of serum fibroblast growth factor 21 concentration in Japanese men. The
Journal of Clinical Endocrinology and Metabolism. 2014, Sv. 10, 99, stranky E1877-
E1884.

-87-



154. Heilbronn, LK, a dalSi. Metabolically protective cytokines adiponectin and
fibroblast growth factor-21 are increased by acute overfeeding in healthy humans.
PLoS One. 2013, Sv. 10, 8, str. ¢78864.

155. Jansen, PLM, a dalSi. Alterations of hormonally active fibroblast growth
factores after Roux-en-Y gastric bypass surgery. Digestive Diseases . 2011, Sv. 1, 29,
stranky 48-51.

156. Kharitonenkov, A, a dals$i. FGF-21 as a novel metabolic regulator. Journal of
Clinical Investigation. 2005, Sv. 6, 115, stranky 1627-1635.

157. Li, H, a dalsi. Fibroblast growth factor 21 levels are increased in nonalcoholic
fatty liver disease patients and are correlated with hepatic triglyceride. Journal of
Hepatology. 2010, Sv. 5, 53, stranky 934-940.

158. Dushay, J, a dalsi. Increased fibroblast growth factor 21 in obesity and
nonalcoholic fatty liver disease. Gastroenterology. 2010, Sv. 2, 139, stranky 456-463.

159. Badman, MK, a dalSi. Hepatic fibroblast growth factor 21 is regulated by
PPARalpha and is a key mediator of hepatic lipid metabolism in ketotic states. Cell
Metabolism . 2007, Sv. 6, 5, stranky 426-437.

160. Berglund, ED, a dalSi. Fibroblast growth factor 21 controls glycemia via
regulation of hepatic glucose flux and insulin sensitivity. Endocrinology. 2009, Sv. 9,
150, stranky 4084-4093.

161. Xu, J, a dalsi. Acute glucose-lowering and insulin-sensitizing action of FGF21 in
insulin-resistant mouse models-association with liver and adipose tissue effects.
American Journal of Physiology-Endocrinology and Metabolism. 2009, Sv. 5, 297,
stranky E1105-E1114.

162. Fisher, FM, a dalsi. Integrated regulation of hepatic metabolism by fibroblast
growth factor 21 (FGF21) in vivo. Endocrinology. 2011, Sv. 8, 152, stranky 2996-
3004.

163. Chavez, AO, a dalSi. Circulating fibroblast growth factor-21 is elevated in
impaired glucose tolerance and type 2 diabetes and correlates with muscle and hepatic
insulin resistance. Diabetes Care. 2009, Sv. 8, 32, stranky 1542-1546.

164. Li, SM, a dalsi. Fibroblast growth factor 21 expressions in white blood cells and

sera of patients with gestational diabetes mellitus during gestation and postpartum.
Endocrine. 2015, Sv. 2, 48, stranky 519-527.

165. Esteghamati, A, a dalSi. Serum fibroblast growth factor 21 concentrations in
type 2 diabetic retinopathy patients. Annales d'Endocrinologie. 2016, Sv. 5, 77,
stranky 586-592.

-88 -



166. Dutchak, PA, a dalSi. Fibroblast growth factor-21 regulates PPARYy activity and
the antidiabetic actions of thiazolidinediones. Cell. 2012, Sv. 3, 148, stranky 556-567.

167. Gaich, G, a dalSi. T|he effects of LY2405319, an FGF21 analog, in obese human
subjects with type 2 diabetes. Cell Metabolism. 2013, Sv. 3, 18, stranky 333-340.

168. Lee, Y, a dalsi. Serum FGF21 concentration is associated with
hypertriglyceridaemia, hyperinsulinaemia and pericardial fat accumulation,
independently of obesity, but not with current coronary artery status. Clinical
endocrinology. 2014, 80, stranky 57-64.

169. An, SY, a dalsi. Serum fibroblast growth factor 21 was elevated in subjects with
type 2 diabetes mellitus and was associated with the presence of carotid artery plaques.
Diabetes research and clinical practise. 2012, Sv. 2, 96, stranky 196-203.

170. Chow, WS, a dalS$i. Serum fibroblast growth factor-21 levels are associated with
carotid atherosclerosis independent of established cardiovascular risk factors.

Arteriosclerosis, thrombosis, and vascular biology. 2013, Sv. 10, 33, stranky 2454-
2459.

171. Ulu, SM, a dalsi. Associations between serum hepcidin level, FGF-21 level and
oxidative stress with arterial stiffness in CAPD patients. International Urology and
Nephrology. 2014, Sv. 12, 46, stranky 2409-2414.

172. Zhang, X, a dalsi. Serum fibroblast growth factor 21 levels is associated with
lower extremity atherosclerotic disease in Chinese female diabetic patients.
Cardiovascular Diabetology . 2015, Sv. 32, 14.

173. Xiao, Y, a dalSi. Serum fibroblast growth factor 21 levels are related to
subclinical atherosclerosis in patients with type 2 diabetes. Cardiovascular
diabetology. 2015, Sv. 72, 14.

174. Mikela, J, a dalsi. Fibroblast growth factor-21 enhances mitochondrial functions
and increases the activity of PGC-1alpha in human dopaminergic neurons via Sirtuin-
1. Springerplus. 2014, 3, str. 2.

175. Hsuchou, H, Pan, W a Kastin, AJ. The fasting polypeptide FGF21 can enter
brain from blood. Peptides. 2007, Sv. 12, 28, stranky 2382-2386.

176. Bookout, AL, a dalSi. FGF21 regulates metabolism and circadian behavior by
acting on the nervous system. Nature Medicine. 2013, Sv. 9, 19, stranky 1147-1152.

177. Liang, Q, a dalSi. FGF21 maintains glucose homeostasis by mediating the cross
talk between liver and brain during prolonged fasting. Diabetes. 2014, Sv. 12, 63,
stranky 4064-4075.

-89 -



178. Owen, BM, a dalSi. FGF21 acts centrally to induce sympathetic nerve activity,
energy expenditure, and weight loss. Cell Metabolism. 2014, Sv. 4, 20, stranky 670-
677.

179. Wei, W, a dalsi. Fibroblast growth factor 21 promotes bone loss by potentiating
the effects of peroxisome proliferator-activated receptor gama. Proceedings of the
National Academy of Sciences of the United States of America. 2012, Sv. 8, 109,
stranky 3143-3148.

180. Hanks, LJ, a dalSi. Fibroblast growth factor-21, body composition, and insulin
resistance in pre-pubertal and early pubertal males and females. Clinical
Endocrinology. 2015, Sv. 4, 82, stranky 550-556.

181. Fisher, FM, a dalSi. Obesity is a fibroblast growth factor 21 (FGF 21)-resistant
state. Diabetes. 2010, Sv. 11, 59, stranky 2781-2789.

182. Hale, C, a dalsi. Lack of overt FGF 21 resistance in two mouse models of
obesity and insulin resistance. Endocrinology. 2012, Sv. 1, 153, stranky 69-80.

183. Ryo, M, a dalsSi. Adiponectin as a biomarker of the metabolic syndrome.
Circulaton Journal. 2004, 68, stranky 975-981.

184. Saely, CH H, a dalSi. Low serum adiponectin is independently associated with
both the metabolic syndrome and angiographically determined coronary
atherosclerosis. Clinica Chimica Acta. 2007, 383, stranky 97-102.

185. Horakova, D, a dalSi. Adipocyte fatty acid binding protein and C-reactive
protein levels as indicators of insulin resistance development. Biomedical Papers of
the Medical Faculty of the University Palacky Olomouc. 2011, 155, stranky 355-359.

186. Lamounier-Zepter, V, a dalSi. Adipocyte fatty acid-binding protein supresses
cardiomyocyte contraction: a new link between obesity and heart disease. Circulation
Research. 2009, 105, stranky 326-334.

187. Von Eynatten, M, a dalSi. Relationship of adiponektin with markers of systemic

inflammation, atherogenic dyslipidemia, and heart failure in patients with coronary
heart disease. Clinical Chemistry. 2006, 52, stranky 853-859.

188. Miyoshi, T, a dalsi. Serum adipocyte fatty acid-binding protein is independently
associated with coronary atherosclerotic burden measured by intravascular ultrasound.
Atherosclerosis. 2010, 211, stranky 164-169.

189. Rhee, EJ, a dalsi. The association of serum adipocyte fatty acid-binding protein
with coronary artery disease in Korean adults. Journal of Clinical Endocrinology and
Metabolism. 2009, 160, stranky 165-172.

-90-



190. Zhou, M, a dalSi. Serum A-FABP is increasedand closely associated with

elevated NT-proBNP levels in type 2 diabetic patients treated with rosiglitazone. PLoS
One. 2011, 6, str. €27032.

191. Kralisch, S a Fasshauer, M. Adipocyte fatty acid binding protein: a novel
adipokine involved in the pathogenesis of metabolic and vascular disease?
Diabetologia. 2013, 56, stranky 10-21.

192. Hoo, RC, a dalsi. Inflammatory biomarkers associated with obesity and insulin
resistance: a focus on lipocalin-2 and adipocyte fatty acid-binding protein. Expert
Review of Endocrinology and Metabolism . 2008, 3, stranky 29-41.

193. Huating, L, Jing, Z a Weiping, J. Fibroblast growth factor 21: a novel

metabolic regulator from pharmacology to physiology. Frontiers in Medicine. 2013, 7,
stranky 25-30.

194. Kharitonenkov, A, a dalSi. FGF-21/FGF-21 receptor interaction and activation
is determined by betaKlotho. Journal of Cellular Physiology. 2008, 215, stranky 1-7.

195. Campos, H, a dalSi. LDL particle size distribution. Results from the
Framingham Offspring Study. Arteriosclerosis, Thrombosis, and Vascular Biology.
1992, 12, stranky 1410-1419.

196. Demacker, PN, a dalSi. Comparison of the measurement of lipids and
lipoproteins versus assay of apolipoprotein B for estimation of coronary heart disease
risk: a study in familial combined hyperlipidemia. Atherosclerosis. 2000, 153, stranky
483-490.

197. Matthews, DR, a dalSi. Homeostasis model assessment: insulin resistance and

beta-cell function from fasting plasma glucose and insulin concentrations in man.
Diabetologia. 1985, 28, stranky 412-419.

198. Park, SE, a dalsi. The role of serum adipocyte fatty acid-binding protein on the
development of metabolic syndrome is independent of pro-inflammatory cytokines.
Nutrition, metabolism, and cardiovascular diseases. 2012, 22, stranky 525-532.

199. Xu, A a Vanhoutte, PM. Adiponectin and adipocyte fatty acid binding protein in

the pathogenesis of cardiovascular disease. American journal of physiology. Heart and
circulatory physiology. 2012, 302, stranky H1231-H1240.

200. Spurna, J, a dalSi. Relationship of Selected Adipokines with Markers of
Vascular Damage in Patients with Type 2 Diabetes. Metabolic syndrome and related
dysorders. 2018, Sv. 5, 16, stranky 246-253.

201. Makin, AJ, a dalSi. Assessment of endothelial damage in atherosclerotic
vascular disease by quantification of circulating endothelial cells. Relationship with
von Willebrand factor and tissue factor. European Heart Journal. 2004, Sv. 5, 25,
stranky 371-376.

-91-



202. Lee, MY, a dal$i. Chronic administration of BMS309403 improves endothelial
function in apolipoprotein E-deficient mice and in cultured human endothelial cells.
British Journal of Pharmacology. 2011, 162, stranky 1564-1576.

203. Agardh, HE, a dalsi. Expression of fatty acid-binding protein 4/aP2 is correlated
with plaque instability in carotid atherosclerosis. Journal of internal medicine. 2011,
Sv. 2, 2609, stranky 200-210.

204. Makowski, L, a dalSi. The fatty acid-binding protein, aP2, coordinates
macrophage cholesterol trafficking and inflammatory activity. Macrophage expression
of aP2 impacts peroxisome proliferator-activated receptor gamma and IkappaB kinase
activities. The Journal of biological chemistry. 2005, Sv. 13, 280, stranky 12888-
12895.

205. Pierce, GL, a dal$i. Nuclear factor-{kappa}B activation contributes to vascular
endothelial dysfunction via oxidative stress in overweight/obese middle-aged and
older humans. Circulation. 2009, 119, stranky 1284-1292.

206. Liang, YJ, Ma, XC a Li, X. The role of p38 mitogen-activated protein
kinase/nuclear factor-KB transduction pathway on coagulation disorders due to
endothelial injury induced by sepsis. Zhongguo Wei Zhong Bing Ji Jiu Yi Xue. 2010,
22, stranky 528-532.

207. Kohler, HP a Grant, PJ. Plasminogen-activator inhibitor type 1 and coronary
artery disease. The New England Journal of Medicine. 2000, 342, stranky 1792-1801.

208. Karasek, D, a dalsi. Prothrombotic markers in asymptomatic dyslipidemic
subjects. Journal of thrombosis and thrombolysis. 2011, 31, stranky 27-36.

209. Galkina, E a Ley, K. Vascular adhesion molecules in atherosclerosis.
Arteriosclerosis, Thrombosis, and Vascular Biology. 2007, 27, stranky 2292-2301.

210. Blankenberg, S, Barbaux, S a Tiret, L. Adhesion molecules and
atherosclerosis. Atherosclerosis. 170, stranky 191-203.

211. Karasek, D, a dalSi. Soluble intercellular cell adhesion molecule-1 and vascular
cell adhesion molecule-1 in asymptomatic dyslipidemic subjects. Infernational
angiology. 2011, 30, stranky 441-450.

212. Iglesias, P, a dalsi. Biological role, clinical significance, and therapeutic
possibilities of the recently discovered metabolic hormone fibroblastic growth factor
21. European journal of endocrinology. 2012, 167, stranky 301-309.

213. Ge, X, a dalsi. Fibroblast growth factor 21 induces glucose transporter-1
expression through activation of the serum response factor/Ers-like protein-1 in
adipocytes. 2011, Sv. 40, 286, stranky 34533-34541.

-92-



214. Li, H, Zhang, J a Jia, W. Fibroblast growth factor 21: a novel metabolic

regulator from pharmacology to physiology. Frontiers in Medicine. 2013, 7, stranky
25-30.

215. Spiel, AO, Gilbert, JC a Jilma, B. von Willebrand factor in cardiovascular
disease: focus on acute coronary syndromes. Circulation. 2008, 117, stranky 1449-
1459.

216. Karasek, D, a dalSi. Endothelial hemostatic markers in members of families with
familial combined hyperlipidemia. Thrombosis Research. 2009, 123, stranky 466-475.

217. Grant, PJ. Diabetes mellitus as a prothrombotic condition. Journal of Internal
Medicine. 2007, 262, stranky 157-172.

218. Tibshirani, R, a dalsi. Strong Rules for Discarding Predictoers in Lasso-type
Problems. Journal of the Royal Statistical Society Series B. 2012, Sv. 2, 74, stranky
245-266.

219. Hao, Y, a dalSi. Serum Adipocyte Fatty Acid Binding Protein Levels Are
Positively Associated With Subclinical Atherosclerosis in  Chinese Pre- and
Postmenopausal Women With Normal Glucose Tolerance. 2014, 299, stranky 4321-
4327.

220. Zhong, L, a dalSi. The ApoB/ApoAl ratio is associated with metabolic

syndrome and its components in a Chinese population. Inflammation. 2010, 33,
stranky 353-358.

221. Jing, F, a dalSi. The value of Apolipoprotein B/Apolipoprotein Al ratio for
metabolic syndrome diagnosis in a Chinese population: a cross-sectional study. Lipids
in Health and Disease. 2014, 13, stranky 81-87.

222. Panayiotou, A, a dalSi. ApoB/ApoAl ratio and subclinical atherosclerosis.
International Angiology. 2008, Sv. 1, 27, stranky 74-80.

223. Kim, WJ, a dalsi. Association between Serum Fibroblast Growth Factor 21 and

Coronary Artery Disease in Patients with Type 2 Diabetes. Journal of Korean medical
science. 2015, Sv. 5, 30, stranky 586-590.

-93-



SEZNAM ZKRATEK

AdipoR1
AdipoR2

A-FABP

Al
AMPK
ANOVA
ANCOVA
ApoAl
ApoB
BAT
BMI

CCA

C-IMT
CRP
DBP
ELISA
FABPs
FFA
FGF
FGFR
FGF 21
HDL
HDLc

HOMA

membranovy receptor pro adiponektin 1
membranovy receptor pro adiponektin 2
adipocytarni protein vazajici mastné kyseliny (,,Adipocyte Fatty
Acid — binding Protein‘)
aterogenni index plazmy
adenosinmonofosfatem aktivovana proteinkindza
analyza variance
analyza kovariance
apolipoprotein Al
apolipoprotein B
hnéda tukova tkan (,,Brown Adipose Tissue*)
index télesné hmotnosti (,,Body Mass Index*)
spole¢na karoticka arterie (a. carotis communis) (,,Common Carotid
Artery®)
intimomedialni tloustka spolecné karotidy
C-reaktivni protein (,,C-reactive protein®)
diastolicky krevni tlak (,,diastolic blood pressure®)
imunoenzymaticka metoda ,,Enzyme-Linked ImmunoSorbent Assay*
proteiny vazajici mastné kyseliny (,,Fatty Acid-binding Proteins®)
volné mastné kyseliny (,,Free Fatty Acids*)
fibroblastovy riistovy faktor (,,Fibroblast Growth Factor®)
receptor pro fibroblastové ristové faktory
fibroblastovy riistovy faktor 21 (,,Fibroblast Growth Factor 21)
lipoprotein o vysoké hustoté (,,High Density Lipoprotein®)
HDL cholesterol

,, Homeostasis Model Assessment Index‘
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MAPK
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MetS-

MetS+

mRNA

NFkB
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NT-proBNP
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PPAR-y
SBP

s-ICAM-1

sTBM

s-VCAM-1

vysoce senzitivni C-reaktivni protein (,,high sensitivity C-reactive
protein)

imunoradiometricka analyza

C-Jun N-terminalni kinaza

“Least Absolute Shrinkage and Selection Operator”

lipoproteiny s nizkou hustotou

LDL cholesterol

mitogenem aktivovana proteinkinaza (,,Mitogen-Activated Protein
Kinase*)

metabolicky syndrom

skupina studovanych dyslipidemickych jedincti bez metabolického
syndromu

skupina studovanych dyslipidemickych jedincii s metabolickym
syndromem
mediatorova ribonukleova kyselina (,,messenger ribonucleic acid*)

nuklearni faktor kappa B

non — HDL cholesterol
N-terminalni prohormon mozkového natriuretického peptidu
inhibitor plazminového aktivatoru 4G/5G
,Peroxisome Proliferator-Activated Receptor o
,Peroxisome Proliferator-Activated Receptor y*
systolicky krevni tlak (,,systolic blood pressure®)
solubilni interacelularni adehzivni molekula 1 (,,soluble Intercellular
Adhesion Molecule-1°)
solubilni trombomodulin
solubilni vaskularni adhezivni molekula 1 (,,soluble Vascular Cell

Adhesion Molecule-1¢)
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TC

TG

TNF-o

t-PA

WAT

celkovy cholesterol

triacylglyceroly

faktor nekrotizujici nadory-a (,, Tumor Necrosis Factor-a)
aktivator tkanového plazminogenu

von Willebrandiiv faktor

bila tukova tkan (,, White Adipose Tissue®)
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Abstract OBJECTIVES: Some findings support the role of serum adipocyte fatty acid-
binding protein (A-FABP) as a key pro-inflammatory mediator that links obesity
with cardiovascular diseases. The aim of the study was to evaluate the association
of A-FABP with endothelial/hemostatic markers [von Willebrand factor (vWF),
plasminogen activator inhibitor-1 (PAI-1), tissue-plasminogen activator (t-PA),
soluble intercellular cell adhesion molecule-1 (s-1CAM-1) and soluble vascular
cell adhesion molecule-1 (s-VCAM-1)] in asymptomatic dyslipidemic subjects.
DESIGN: We examined 105 dyslipidemic patients (with apolipoprotein B con-
centration 21.2g/] and/or triglyceride (TG) concentration =1.5 mmol/l) without
clinical manifestation of atherosclerosis and 50 normolipidemic healthy subjects,
who served as a control group. Except of endothelial hemostatic markers, anthro-
pometric and lipid parameters, markers of insulin resistance and inflammation
were assessed.

RESULTS: In dyslipidemic patients, A-FABP positively correlated with age
(p<0.05), TG (p<0.05), insulin (p<0.05), homeostatic model assessment (HOMA)
index (p<0.05), body mass index (p<0.001), waist circumference (p<0.05), high
sensitivity C reactive protein (p<0.01), and vWF (p<0.05) and negatively with
male gender (p<0.05). There were no correlations between A-FABP and PAI-1,
t-PA, s-VCAM-1 or s-ICAM-1. By using linear multivariate regression analysis
the positive association between A-FABP and vWF was independent of age, gen-
der, insulin resistance, and visceral obesity.

CONCLUSION: Study displayed an independent positive association of A-FABP

with vWF in dinically asymptomatic dyslipidemic subjects. Contribution of

A-FABP in the process of endothelial dysfunction could help to explain the role of

obesity in cardiovascular damage.
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INTRODUCTION

Adipocyte fatty acid-binding protein (A-FABP) is
expressed in adipocytes, macrophages and lympho-
cytes (Xu & Vanhoute 2012). In adipocytes, A-FABP
regulates fatty acid storage and lipolysis. Its putative
function is to serve as a lipid-biding for fatty
acids (Hoo et al 2008). In macrophages, A-FABP prob-
ably regulates central molecular pathways to coordinate

cholesterol trafficking and inflammatory
activity (Makowski ef al 2005). It integrates metabolic
and lipid-mediated pathways that are critical in the
metabolic syndrome, for which some authors suggest
A-FABP as a central mediator of obesity-related cardio-
vascular diseases (Xu & Vanhoute 2012).

Clinical investigations and animal models identify
A-FABP as a factor associated with insulin resistance,
adverse lipid profiles - i ing increased serum tri-
glyceride (TG), LDL-cholesterol (LDL-C) and decreased
HDL-cholesterol (HDL-C), hyperglycemia, obenty
metabolic syndrome, type 2 diabetes, ,and
also with lhedevelupmem of atherosclerosis (l—lnnltmm
et al 2011; Hsu et al. 2010; Tso ef al. 2007; Xu et al. 2006;
Xu et al. 2007; Xu & Vanhoute 2012). A-FABP positively
correlates with coronary artery disease (Bao ef al. 2011;
Dwi ef al. 2011; Hsu et al 2010; Miyoshi et al. 2010; Rhee
et al. 2009) and ischemic stroke (Tso ef al. 2011). Serum
levels of A-FABP are associated with carotid (Yeung et
al. 2007) and femoral (Xiao ef al. 2010) intima-media
thickness and with impaired endothelium-dependent
vasodilatation (Xiao ef al 2010). The pro-atherogenic
effect of A-FABP is probably mediated by vascular
inflammation. The plasma concentration of A-FABP
correlates positively with several pro-inflammatory
markers, such as high sensitivity C reactive protein (hs-
CRP), tumor necrosis factor-alpha (TNF-a), monocyte
chemo attractant protein-1 (MCP-1) and interleukin-6
(Horakova et al 2011; Park ef al. 2012; Xu et al. 2007; Xu

A-FAEP and endothelial markers

& Vanhoute 2012). These findings also support the role
of A-FABP as a key pro-inflammatory mediator that
links obesity with cardiovascular damage.

Endothelial dysfunction and atherothrombosis play
i ant roles in is. Some serum markers
of endothelial dysfunction and/or hemostasis have been
shown to predict the development of cardiovascular
events in addition to conventional risk factors (Smith et
al 2005). There is increasing evidence that endothelial
dysfunction is closely associated with insulin resistance
accompanying obesity and some types of dyslipidemias
(Garanty-Bogacka et al 2005; Karasek et al 2011a and
2011b). Thus, we could suggest that pro-inflamma-
tory effect of A-FABP on artery wall leads to vascular
damage detected by serum elevation of the correspond-
ing markers.

The aim of this study was to evaluate the relation-
ship between A-FABP and markers of hemostasis and
endothelial dysfunction: von Willebrand factor (vWF),
tissue-plasminogen activator (t-PA), plasminogen acti-
vator inhibitor-1 (PAI-1), soluble vascular cell adhe-
sion molecule-1 (s-VCAM-1), and soluble intercellular
adhesion molecule-1 (s-ICAM-1) in a high risk popula-
tion of dyslipidemic subjects without clinical manifesta-
tion of atherosclerosis.

MATERIALS AND METHODS

The study was carried out as a cross-sectional study with
“lipid-modifying drug naive” asymptomatic patients,
their affected relatives, spouses and healthy volun-
teers. All subjects filled in a questionnaire about their
status, medication, and smoking habits. Body mass
index (BMI), waist circumference, systolic and diastolic
blood pressure (SBP, DBP) were determined. Exclu-
sion criteria were: diabetes mellitus, hypothyroidism,
hepatic or renal impairment and nephrotic syndrome
(causes of secondary hyperlipidemia); history of clini-
cally manifesting atherosclerosis (coronary artery dis-
ease, C ischemic disease and peripheral
arterial disease); hypolipidemic therapy in the previous
8 weeks; hormone therapy with estrogens; and clini-
cal presence of acute infectious disease or trauma. The
study was reviewed and approved by the institutional
Fthics Committee of Medical Faculty and University
Hospital Olomouc and informed consent was obtained
from all participants.

Individuals who met the above-mentioned criteria
(155 subjects, 74 men and 81 women) were divided into
two groups: 105 hyperlipidemic patients (males/females:
53/52, mean age: 45.0+13.4 vears) and 50 normolip-
idemic healthy subjects (males/females: 21/29, mean
age: 4524169 years) who served as a control group.
Hyperlipidemic subjects were defined as those with
serum triglycerides (TG) concentration >1.5mmol/l
and/or apolipoprotein B (apoB) concentration 21.2g/l.
The value for TG was chosen because small dense LDL
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particles become common above this level (Campos ef
al 1992), the value for apoB was chosen because it is a
level from which cardiovascular risk rapidly increases
(Demacker et al. 2000).

Biochemical analyses

Venous blood samples were drawn in the morning
after a 12-h fasting period. Total cholesterol, TG and
HDL-C were determined enzymatically on Modular
SWA analyzer (Roche, Basel, Switzerland) using com-
mercially available kits (Roche, Basel, Switzerland).

Tab. 1. Basic characteristics.

NL (n=50) DL (n=105)
_Age (years) 4524170 4504135
TC (mmoli) 5614088 72841.73°
16 ¥ immokt) 1051083-121]  258[1.73-4161
HDL-C (mmalrl 168405 1264038%%
LDL-C (menol) 1474078 42741.53%
non-HOL-C (mmolf) 1944081 5.99+1.76%
apos (g/) 0.9140.18 130:0.30%%
fasting glycemia (nmol)  5.08:0.58 5.48:1.1°
insulin ¥ miu/) 69147-113] 9.0 [7.1-125]°
HOMAY (miU*mmolf?)  1.5710.97-26]  2.18[1.57-316)*
SBP (mm Hg) 12974146 129.6+153
DEP {men Hg) 79.2493 78.9489
BMI (kg/m2) 25.5447 27.4:46°
walst circumfesence 8524147 9184119
lcm)
hs-CRP Y (mg/) 1010522 19108371
VWE (%) 123.5452.1 13474523
-PAY g/l 10120-35] 10[2.1-42]
PAL 1 (ug/h 00295745  63.5[343-941)
5-ICAM-1Y (ug/) 327 R40-473] 346 [280-475]
S-VCAM-1 (ug/) 657 [488-867] 651 [418-871]
A-FABPY (ug/l) NINSONI] 13N61-43

NL=n Ic controls, DL = dysl su
aumﬂsm,m mg&mlcm Pt apos
TG = trighycerides, HDL-C = HDL cholesteral,

LDL-C = LDL cholesterol, non-HDL-C = non-HDL cholesteral
(TC-HOL-Q), = apolipoprotein B, HOMA = homeastasis
model assess:lpe?:. SBP = systolic blood pressure, D8P = diastolic
blood pressure, EMI = body mass Index, hs-CRP = high sensitivity C
reactive protein, vWF = von Willebrand factor,

t-PA = tissue-plasmin activator, PAI-1 =

activator Inhibitor-1, sogmm-] = soluble Inmml;nc?dheshn
molecule-1, s-VCAM-1 = soluble vascular cell adhesion molecule-1,
A-FABP = serum adipocyte fatty add-binding protein

Values are expressad as mean + standard deviation, for ¥
mmmhshenddlnﬂhnm)ammmmﬂs
percentiles]. Differences In varlables between

analyzed with ANOVA after adjustment for age se:.'pdm.&
**p<0.01, ***p<0.001 ... statistical significance level

Determination of HDL-C was made by a direct method
without precipitation of apoB containing lipoproteins.
LDL-C levels were calculated according to the Friede-

wald formula (for TG < 4.5 mmol/l). We also calculated
non-HDL-cholesterol (non-HDL-C = TC - HDL-C).

Concentration of apoB was determined immunoturbi-

dimetrically (TinaQuant Apo B kit, Roche, Basel, Swit-

zerland). A-FABP was determined in serum by ELISA
(enzyme-linked immunosorbent assay) according to
the manufacturer's instructions (BioVendor Labora-
tory Medicine, Inc., Brno, Czech Republic). Hs-CRP
was assessed by means of an ultra sensitive latex
immunoturbidimetric method (CRP latex TinaQuant
kit, Roche, Basel, Switzerland). Glycemia was deter-
mined by enzymatic-colorimetric method (Glucose
GOD-PAP kit, Roche, Basel, Switzerland). Insulin was
determined using commercially available kit (Immu-

notech, Marse:.lle France) using specific antibodies by
immunoradiometric assay method. The result obtained
was then used for the calculation of the parameter of
insulin resistance HOMA [homeostasis model assess-
ment index (Matthews et al 1985): fasting glyce-
mia (mmol/).fasting insulin (mIU/M)/22.5]. Serum
levels of the soluble adhesion molecules s-ICAM-1
and s-VCAM-1 were measured by immunoenzymatic
assay using standard kits (both Immunotech, Marseille,
France). The following endothelial'hemostatic markers
were examined: von Willebrand factor by immuno-
turbidimetric assay (Instrumentation Laboratory Spa,
Milan, Italy), plasminogen activator inhibitor-1 and
tissue plasminogen activator by ELISA (both Techno-
clone, Vienna, Austria).

Statistical analysis

All values are expressed as means + standard deviation
or as median with 25 and 75 percentiles for variables with
non-normal distribution. The Kolmogorov-Smirnov
test was used to test for normal distribution. Variables
with skewed distribution (TG, insulin, HOMA, hs-CRP,
t-PA, PAL-1, sICAM-1, sVCAM-1, A-FABP) were log
transformed to normalize their distribution before sta-
tistical testing. Differences in variables between indi-

vidual groups were analyzed with ANOVA after the
adjustment for age and sex. The correlation between
individual parameters was tested by a univariate cor-
relation analysis. Multivariate regression analysis was
used for testing of an independent association between
dependent and independent wvariables. Statistical
analyses were performed by using SPSS for Windows
version 12.0 (Chicago, IL, USA). Probability values
of p<0.05 were considered as statistically significant.

RESULTS

Basic characteristics of the investigated groups are
summarized in Table 1. Compared to normolipidemic

controls, dyslipidemic patients had significantly higher
insulin levels, fasting glycaemia, HOMA, BMI, waist
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circumference, levels of PAI-1 and of hs-CRP. There
were no signi differences in vWFE, t-PA, s-ICAM-1,
5-VCAM-1 and A-FABP levels. Levels of A-FABP corre-
lated positively with age (r=0.252, p<0.05), TG (r=0368,
p<0.001), insulin (r=0.229, p<0.05), HOMA (r=0.238,
p<0.05), BMI (r=0.481, p<0.001), waist circumference
(r=0233, p<0.05), hs-CRP (r=0.279, p<0.01) and vWF
(r=0214, p<0.05), and negatively with male gender
(r=-0.252, p<0.05) in dyslipidemic subjects. In nor-
molipidemic controls, A-FABP positively correlated
with TG (r=0311, p<0.05), insulin (r=0.561, p<0.001),
HOMA (r=0.571, p<0.001), BMI (r=0.437, p<0.01) and
negatively with HDL-C (r=-0.324, p<0.05). By using
linear multivariate regression analysis A-FABP was
independently associated with gender, BMI, and vWF
in dyslipidemic subjects - see table 2, and with BMI
(beta=0.43, t=3.62, p<0.001) and insulin (beta=0.62,
t=2.99, p<0.001) in normolipidemic controls.

DISCUSSION

The presented study did not reveal significantly
increased levels of A-FABP in asymptomatic dyslipid-
emic patients compared to normolipidemic controls.
A-FABP did not correlate with total cholesterol, LDL-C,
HDL-C, non-HDL-C or apoB. But, except of age and
gender, A-FABP correlated with TG, markers of insulin
resistance, visceral obesity and inflammation.

These findings confirm the key contribution of obe-
sity and insulin resistance in serum increase of A-FABP
and some authors suggest A-FABP as a marker for adi-
posity (Park et al. 2012; Xu e al 2006). The positive
association of A-FABP with TG levels was not inde-
pendent in the present study. It might have been caused
by adiposity and insulin resistance leading to elevation
of TG levels. Nevertheless, some authors suppose the
direct role of A-FABP in the increase of TG concentra-
tion. A-FABP could serve as a regulator of the liver X
receptor ATP-binding cassette transporter A1, which
might stimulate the transfer of TG to HDL and catabo-
lism of TG (Park ef al 2012).

We found a positive correlation between A-FABP
and hs-CRP levels. Recent studies have also reported
similar results (Bao ef al 2011; Horakova et al 2011;
Miyoshi et al. 2010; Park et al 2012; Xu ef al. 2007).
Furthermore, A-FABP was also positively associated
with other inflammatory cytokines such as MCP-1 and
TNF-a, even after adjusting for adiposity (Park e al
2012).This pointed to A-FABP as a pro-inflammatory
mediator, connecting insulin resistant states with sys-
temic inflammation. The precise mechanism, whereby
A-FABP modulates inflammation, remains undear.
Recently, A-FABP was reported to potentiate vascular
inflammation by forming a positive feedback loop with
C-Jun N-terminal kinases (JNK) and activator protein-1
to exacerbate lipopolysaccharide induced inflammatory
responses in macrophages (Hui et al 2010). Activated
JNK increases A-FABP expression by enhancing gene

A-FABP and endothelial markers

transcription and conversely, elevated A-FABP potenti-
ates JNK activation leading to augmented production
of pro-inflammatory cytokines (Hui ef al. 2010; Xu &
Vanhoute 2012).

From the endothelial/hemostatic markers, only
vWF paositively correlated with A-FABP in dyslipidemic
patients and this relation was independent of other
metabolic factors, age, gender, and BMI. As we know,
the positive independent association between serum
levels of A-FABP and vWF has not been reported yet
and the plausible explanation of this finding remains
unclear. This factor is produced almost exclusively by
vxsculzretﬁotheha]cd]sacmwdbywomﬂmma
tory s. Plasma levels of vWF are elevated in dif-
ferent states of endothelial damage and they have been
proposed as a useful marker of endothelial dysfunction
(Makin ef al. 2004). In patients with acute coronary
syndrome, vWF correlated significantly with circulat-
ing endothelial cells - a marker of endothelial damage
(Lee et al. 2005). The role of A-FABP as a factor caus-
ing endothelial dysfunction was verified by impaired
endothelium-dependent  vasodilatation in  animal
and human studies (Lee ef al. 2011; Xiao ef al. 2010).
A specific inhibitor of A-FABP improved endothe-
lium dependent relaxations by endothelial nitric oxide
synthase phosphorylation leading to increased nitric
oxide production. Lee ¢f al found the co-localization
of A-FABP and vWF in the endothelial layer of apoE /-
mice (Lee ef al 2011). In a human study, Agardh ef al
(2011) identified A-FABP in carotid plaques. Moreover,
this expression of A-FABP was increased in unstable
plaques and there was a co-localization of A-FABP and
macrophage population indicating A-FABP as a key
factor connecting vascular inflammation and cellular

Tab. 2. Multivariate regression analysis of the relations batween
A-FABP as dependent variable and correlated parameters as
Independent predictors In dysiipidemic group.

Beta t p-value
age 0.07353 132655 ns
gendes -0.09485 -2.89502 0.006
1G tlog_l 0.00637 0.16525 ns
CRP (log) 000398 019876 ns
Insulin (hg_] 0.30240 187779 ns
HOMA (log_] -0.08541 -1.28458 ns
BMI 0.52517 336664 0.002
waist clrcumference 0.10472 0.46511 ns
VWF 0.144583 znn 0.002

TG = triglycendes, hs-CRP = high sensitivity C reactive protein,
HOMA = homeostasis model assessment, BMI = body mass index,
vWF = von Willebrand factor

Parameters with skewed distribution (TG, hs-(RP, Insulin, HOMA,
A-FABP) were log transformed to normalize thedr distribution before
statistical analysls
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lipid accumulation. A-FABP can activate both INK and
nuclear factor kappa B (NFxB) pathways, which regu-
late the transcriptional activity of inflammatory genes
(Makowski ef al 2005). This involvement of A-FABP
in inflammatory reactions by the activation of the
NFxB pathway may result in increased oxidative stress
and decreased nitric oxide bioavailability, leading to
endothelial dysfunction (Pierce et al. 2009). The activa-
tion of NFkB pathway could also be a cause of the over-
expression of vWF, as was shown in endothelial injury
induced by sepsis (Liang ef al. 2010).

It remains unclear - why A-FABP did not correlate
with other endothelial hemostatic markers investigated
in the presented study. PAI-1 is probably less specific
for endothelial damage than vWE PAI-1 originates
from several sites, induding the endothelium, liver and
adipose tissue (Kohler & Grant 2000). Thus, higher
levels of PAI-1 detected in dyslipidemic subjects may
not reflect only endothelial dysfunction, but they could
also be caused by increased production of PAI-1 in the
liver or in adipose tissue by a mechanism independent
of A-FABP. The production of PAI-1 is connected with
t-PA levels, because most of the assessed t-PA antigen
in blood is a part of an inactive circulating complex
with PAI-1 (Karasek et al 2011a). While VCAM-1 is
expressed locally in the endothelium overlying sites
of atherosclerotic lesion formation, the expression of
ICAM-1 is not restricted only to the endothelium, since
it can also be found on macrophages, smooth muscle
cells, fibroblasts and hematopoietic cells (Galkina &
Ley 2007). In addition, we could expect NFxB pathway
activation by A-FABP leading to VCAM- and ICAM-1
expression (Kawakami et al. 2006). However, soluble
forms of these adhesion molecules may not reflect their
initial endothelial overexpression in dinically asymp-
tomatic dyslipidemic patients. Especially the levels of
s-VCAM-1 are increased (and predicting a risk for
future coronary events) only in patients with manifest
atherosclerosis. In contrast, s-ICAM-1 appears to be a
marker of a more general inflammatory condition and
it may be predictive also in healthy people (Blanken-
berg et al. 2003; Karasek et al. 2011b). Moreover, various
hemostatic/endothelial markers are probably regulated
differently and may represent a different type or sever-
ity of endothelial dysfunction. The other reasons and
the concurrent limitation of the study may be the small
number of patients (105 dyslipidemic patients and 50
normolipidemic controls) and the heterogeneity of dys-
lipidemic group, a significant increase of A-FABP was
detected mostly in subjects with metabolic syndrome
(Horakova et al 2011; Hsu ef al 2010; Tso et al 2007;
Xu et al. 2006; Xu et al. 2007). Another examinations
especially testing microcirculation endothelial function
are needed to clarify the importance of A-FABP in an
initial step of endothelial dysfunction and during the
whole process of atherogenesis.

The presented study found independent positive
association of A-FABP with vWF in clinically asymp-

tomatic dyslipidemic subjects. This association could
participate in explaining of the role of A-FABP in the
process of endothelial dysfunction. Further studies are
necessary to elucidate the contribution of A-FABP in
atherogenesis.
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Summary

Athough many studies have investigated the relationships of
several adipokines W metabolic syndrome (MetS), the
imerrelationships of adiponectin  (ADP), adipocyte fatty acid
binding protein (A-FABP) and fibroblast growth (factor 21
(FGF 21) hawe not been described in detail. We examined 209
asymptomatic dyslipidemic patients divided into MetS+ (n=73)
and MetS- (n=136) groups. The aim of study was to evaluate the
refationships between cbserved adipokines, to compare the levels
of total ADP, A-FABP and FGF 21 in individuals with and without
MetS, and to elucidate the relationships of individual adipokines
to lipid parameters, markers of insulin resistance and endothelial
hemostatic markers in these groups. In MetS+ group, we found
the independent positive association ADP with A-FABP
(beta=0,4888, p=0.0382), A-FAEBP with FGF 21 (beta=0.3811,
p=0.0002) and von Willebrand factor (beta=0.4502, p=0.0013),
and FGF 21 with A-FABP (beta=0.4422, p=0.0002). Our study
has confirmed the well-established risk profile of subjects with
MetS, akthough dinically asymptomatic. MetS+ patients had also
lower levels of ADP and higher levels of A-FABP and FGF 21. Our
study evaluated the interrelationships of ADP, A-FABP and FGF
21 in asymptomatic dyslipidemic subjects with diagnosis of MetS,
Especially strong association between A-FABP and FGF 21 neads
to be darified in further studies.
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Metabolic syndrome « Adiponectin « Adipocyte fatty acid binding
protein « Fibroblast growth factor 21 « Dyslipidemia
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Introduction

The metabolic syndrome is 3 common metabolic
disorder associated with increased risk of type 2 diabetes
mellitus and cardiovascular diseases (Eckel et al. 2005).
Although the mechanisms underlying MetS have not
been well understood, recent research studies support the
idea that visceral obesity plays an important role (Han et
al. 2002).

Adipose nssue serves both as reservoir of the
energy storage and the active endocrine tissue producing
many proactive substances including adipokines. These
molecules have many important metabolic effects
(Funahashi er al. 1999). Inflammation of adipose tissue 15
characterized by mfiltration of the macrophages and other
types of inflammatory cells. Proinflammatory adipokines
exert adverse effects on the vasculature by promoting of
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insulin resistance and monocyte infiltration into the
vessel wall (Libby et al. 2011).

Adiponectin is an adipose tissue-derived
adipokine with a protective role m initiation and
Pprogression of atherosclerosis through irs
adiponectin levels are decreased in obesity, type 2
diabetes and patients with coronary artery disease, efc.
(Haluzik eor al. 2004, Shimada er al. 2004). Low
adiponectin concentrations were found to independently
associare with both MetS and coronary atherosclerosis
(Saely et al. 2007).

Adipocyte fatty acid binding protem is an
Sunfavourable” adipokine, probably a new marker and/or
predictor of metabolic syndrome. A-FABP is a dominant
cytoplasmic protein of mature adipocytes and a regulator
of lipid and glucose metabolism, present also in
macrophages of fat tissue. Oxidized LDL induces ifs
expression. Higher levels of A-FABP were associated
body mass index (BMI) and waist circumference, and
decreased HDL cholesterol (HDLc) in patients with
metabolic syndrome in the smdy of Xu er al. (2006).
A-FABP is also considered a walusble marker of
metabolic disturbances in patients with tvpe 2 diabetes
mellitus (Haluzik er al. 2009).

Fibroblast growth factor 21 is a “favourable”
cytokine considered as a new metabolic regulator of non-
insulin dependent glucose transport in cells. Systemaric
admunistration of FGF 21 decreases plasma levels both of
glucose and triglycerides and leads to mmproving of
lipoprotein profiles in pgenetic compromised FGF
ransgenic mice and primates (Kharitonenkov er al
2007). Nevertheless, increased levels of FGF 21 and
a pegative correlation with HDL and adiponectin were
found in patients with MetS (Zhang er a/. 2008). In
general, high levels of FGF21 are found in
cardiometabolic disorders such as obesity, MetS, type 2
diabetes, non-alcoholic fatty liver disease and coromary
artery disease in human smdies (Woo er al. 2013). These
findings may indicate a compensatory response to
metabolic stress or resistance to FGF 21. Serum FGF 21
has been implicated as a potential biomarker for early
detection of these syndromes (Woo er al. 2013).
relationships of adipokines to MetS, there is only limited
interrelationships in asymptomatic subjects with signs of
MetS.

Therefore, the aim of our study was to compare
the levels of ADP, A-FABP and FGF 21 in individuals
with and without MetS, and to elucidate the relationships
of individual adipokines to lipid parameters, markers of
insulin resistance and endothelial hemostatic markers in
these groups.

Materials and Methods

Study design and subjects

The study was performed with asymptomatic
dyslipidemic subjects (ie. individuals without history of
clinically manifest atherosclerosis- coronary artery
disease, heart failure, cerebrovascular ischemic disease
and peripheral wvascular disease, with altered plasma
lipids), their relatives and spouses, without lipid-
modifying therapy. They had been examinated for the
first time in the Lipid Centre of the 3rd Department of
Internal Medicine, University Hospital Olomouc, Czech
Republic, dunng the period from January 2009 to March
2012. All subjects were tested for the signs of secondary
hyperlipidemia: diabetes mellitus, hypothyroidism, renal
or hepatic diseases and nephrotic syndrome. Other
exclusion criteria were as follows: history of climically
manifested atherosclerosis presented by coronary artery
disease, cerebrovascular disease and peripheral arterial
disease, hypolipidemic therapy in previous 8 weeks,
hormone therapy and clinical presence of acute
mnfections. All individuals filled out a questionnaire on
their previous medical history, especially cardiovascular
status, medication and smoking habits. Body mass index
and systolic and diastolic blood pressure (SBP, DBP)
were also determinated The study was reviewed and
approved by Ethics Committee of Medical Faculty and
University Hospital Olomouc and informed consent was
obtained from all participants.
(n=209) were divided info two Eroups: patients with
presence of metabolic syndrome (MetS+, 0=73, 31 males,
42 females), and individuals with absence of metabolic
syndrome (MetS-, p=136, 74 males, §2 females).
Following criteria were used for identification of MetS
according to NCEP- ATPII Panel 2001: waist
circumference (men =102 cm, women =88 cm),
riglycerides (TG) >1.7 mmoll, HDL cholesterol (men
<1.04 mmoll, women <1.30 mmol/l), blood pressure
>130/>85 mm Hg and fasting glucose =6.1 mmol1l The
presence of minimally three of following factors was
sufficient for diagnosis of MetS.
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Laboratory analysiz

Venous blood samples were drawn in the
morning after a 12-h fast. After centrifugation, the serum
was used for other amalyses. For assessment of
thrombotic markers, venous blood was collected in 3.8 %
sodium citrate tubes and plasma was obtained after
centrifugation.

Routine serum biochemical parameters were
analyzed on Modular SWA (Roche, Basel, Switzerland)
in the day of blood collection. Concentrations of
adipokines and other special analytes were measured in
the sample aliguotes stored at —80 (-20) °C, no longer
than 6 months - see below in text.

Total cholesterol (TC), TG and HDLc were
determined enzymatically on a Modular SWA system
(Roche, Basel, Switzerland). Determination of HDLc was
realized by a direct method without precipitation of apoB
cholesterol (LDLc) levels were calculated using
Friedewald formula (for TG less than 4.5 mmoll).
Another calculated parameters were as follows:
non-HDL-cholesterol  (nonHDLc=TC-HDLc) and
atherogenic index of plasma (AI) (logTG/HDLc).
Concentration of Apo B and Apo Al were determined
ApoA-1 kits (Roche, Basel, Switzerland). Lipoprotein(a)
[Lp(a)] was determined immmunoturbidimetrically using
Tina-Quant Lipoprotein(a) TQ kit (Roche, Basel,
Switzerland). C-reactive protein (CRP) was assessed by
kit Tina-Quant (Roche, Basel, Switzerland). Glucose was
determined using GOD-PAP method (Roche, Basel,
Switzerland). N-terminal prohormone of brain natriuretic
peptide (NT-proBNP) was determined by ECLIA method
(Elecsys pro BNP reagemt kit, Roche, Basel,
Switzerland). All tests were measured from fresh sera in
the day of blood collection.

Insulin was determined by the commercially
available kit (Immunotech, Marseille, France) using
specific antibodies by the IRMA method C-peptide and
proinsulin  (PINS) were determined wusing the
commercially available kits: C-peptide (Immunotech,
Marseille, France), and Proinsulin (DRG Instruments
GmbH, Marburg, Germany), by the IRMA method, and
RIA method, respectively. The sample aliquotes were
stored at—20 °C, no longer than 6 months.

The following thrombotic markers were
examined from buman plasma stored at -20°C: von
Willebrand  factor (immumoturbidimetric  assay,

Instrumentation Laboratory Spa, Milan, Iraly),
plasminogen activator mhibitor-1 (PAI-1) and tssue
plasminogen activator (tPA) (ELISA, Technoclone,
Vienna, Austria).

Total adiponectin, A-FABP and FGF 21 were
measured in serum (one separate aliguot stored at —80 °C
until the day of analysis) by following imumochemical
kits: Human Adiponectin ELISA, Human A-FABP
ELISA and Human FGF 21 ELISA (all Biovendor
Laboratory Medicine Inc, Bmo, Czech Republic),
according to the manufacturer's instuctions and after
verification of all three methods. Both the intra- and
inter-assay coefficients of variation were below 10 % for
all parameters.

Serum levels of the soluble adhesion molecules
s-ICAM-1 and sVCAM-1 were determined by
Immunoenzymatic assay using commercially available
kits s-ICAM-1 and sVCAM-1 (both Immumotech
Marseille, France) from one separate aliquot stored at
=20 °C.

Statictical analysis

All values are expressed as means = standard
deviation (SD) and parameters with skewed distribution
also as medians. The Kolmogorov-Smirnov test was used
to test for normal distribution. Variables with skewed
dismribution (CRP, TG, Lp(a), fibrinogen, vIWF, tPA,
PAI-1, insulin C-peptide, PINS, ADP, FGF 21, AFABP,
NT-proBNP) were log transformed in order to normalize
their distribution before statistical analysis. Differences in
variables between individual groups were analyzed with
ANCOVA after adjustment for age and sex. For staristical
evaluation of a correlation between individual parameters
we used a Pearson correlation analysis for analytes with
normal distribution, and a univariate Spearman
comrelation analysis for variables with skewed
distribution. Multiple regression analysis was performed
for testmg of an independent association between
dependent and independent variables. Statistical analysis
was performed using SPSS for Windows version 12.0
(Chicago, IL, USA). Probability values of p<0.05 were
considered as statistically significant.
Results

The basic clinical and laboratory characteristics
of all subjects and divided into two groups according to

absence/presence of MetS are summarized in Table 1.
Besides of expected unfavourable lipid and lipoprotein



222 Novotyetal Vol 63
Table 1. Basic characteristics of all individuals and subjects without MetS and with MetS,
All individuals MetS- Met S+
n=209 n=136 n="73

Age (vears) 467145 447+159 50.1+=11.0
CRP (mg/) 3.8+10.1(1.6) 20+:42(14) 38+£45Q.3)*
IC (mmoi) 6.69 =1.84 6.42=1438 7122225 o=
TG (mmoid) 3.01=421(1.77) 1.76 = 1.74 (1.38) 434 +£6.18 (3.31) *ne
Al 0.1931 = 04373 —0.0223 = 03207 05827 £ 0.3563 ***
nonHDL (mmol/T) 533=192 487=151 6.10£ 227 *¢*
HDLc¢ (mmoi) 137=046 1.55=045 1.03 £ 023 ***
LDLc (mmol) 406=157 406=133 397+1.0901
Apo Al (g/) 154=037 1.65=0.38 134025 #e¢
Apo B (g/l) 121=038 1.13=0.34 1.33 =043 o4
Lpra) (g1) 0.399 = 0.465 (0.201) 0.409 = 0.455 (0.221) 0381 =0.489 (0.189)
Fibrinogen (g/1) 298 =0.76 (2.80) 290=0.70 (2.73) 3.04x064(291)
vIFF (%) 130+ 55 (118) 128 = 50 (118) 132+ 60 (118)
tPA (ng/mi) 335+£243(3.0) 279=088(2.8) 411=282(3.0) ¢
PAILl (ng/mi) 65 =42 (58) 56+ 36 (44) 83 =48 (78) **
SICAM-1 (ng/mi) 358 =148 335=128 380173
SVCAM-1 (ng/mi) 743 £ 360 700 = 327 819411+
Glucose (mmoi/) 538=1.04 5.10=0.56 5.92+1.46 2
Insulin (mIUA) 10.3= 6.6 (8.5) 84=45(0.5) 13.7=8.2(11.7) ***
C-peptide (mg/1) 27+ 14(2.5) 2310022 36217 (3.4)%
BMI (kg/m’) 2699475 2519417 3036 =4.05 ***
Waist (cm) 91.1+£142 859=119 101.0=12.7 #=*
PINS (mIU/I) 148 =105 (11.4) 120+ 8.3 (9.6) 203122 (16.6) ***
ADP (mg/) 86+52(74) 94=50(3.0) TO=53 (54) %+
FGF 21 {ng/l) 317.7+ 4404 (197.6) 222.3=2000(156.5) 4714+ 531.7 (305.6) ***
A-FABP (ugi) 262=17.9(21.9) 222=+12.7(19.9) 33.8+£23.5(29.1) *ne
NT-proBNP (ng/) 65.7 = 82.1 (40.7) 654842 (445 67.7+810(414)
SBP (mm Hg) 1287+152 1251+136 136.1 = 15.6 ***
DBP (mm Hg) T78+8.7 759+83 81.7+=8.0 *e=

Data are expressed as means & standard deviations, in parameters with skewed distribution aiso as medians (in parentheses).

1i

in variables between groups were analyzed with ANCOVA after adjustment for age and sex. Variables with skewed
istribution (CRP, TG, Lp(a), fibrinogen, VWF, tPA, PAL-1, insulin, C-peptide, PINS, ADP, FGF 21, A-FABP, NT-proBNP) were log
to normalize their distribution before statistical analyses. Significant differences between MetS- and MetS+ groups:

* p<0.05, ** p<0.01, *** p<0.001. CRP, C-reactive protein; TC, total cholesterol; TG, wiglycerides; HDLc, high density lipoprotein
cholesterol; LDLc, low density lipoprotein cholestercl; nonHDL=TC-HDLc; Al, atherogenic index of plasma (logTG/HDLE); Apo,
apolipoprotein; Lp(a), Spoprotein (a); VW, von Willebrand factor; tPA, tissue plasminogen activator; PAL-1, plasminogen activator
inhibitor-1; SICAM-1, soluble intercellular adhesion molecule-1; SVCAM-1, soluble vascular cell adhesion molecule-1; BMI, body mass
index; PINS, proinsulin; ADP, adiponectin; FGF 21, fibroblast growth factor 21; A-FABP, adipocyte fatty acid binding protein;
NT-proBNP, N-terminal prohormone of brain natriuretic peptide; SBP, systolic blood pressure; D8P, diastolic blood pressure.

profiles (elevated TC, TG, nonHDLc, Al, Apo B, and
decreased levels of HDLc and Apo Al) and pronounced
insulin resistance (increased levels of glicose, insulin,
proinsulin and C-peptide), individuals with MetS had
significantly elevated concentrations of endothelial and
hemostatic markers tPA, PAI-1 and adhesive molecules

sVCAM-1 and sICAM-1. Adiponectin was significantly
lower in MetS+ (p<0.001), whilst A-FABP and FGF 21
concenfrations were elevated in comparison with MetS-
group (p<0.001).

In Table 2, significant correlations of adipokines
with other parameters in MetS+ and MetS- groups are
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introduced. In MetS+ group, ADP positively comelated
with age, HDLc, Apo Al, A-FABP and NT-proBNP, and
negatively with sex and waist circumference. A-FABP

positively comelated with vWF, ADP, FGF2l and
NT-proBNP, whereas FGF 21 positively correlated with
TG, AI, vWF, PAI-1, A-FABP and waist circumference.

Tabile 2. Significant correlations of adipokines with other parameters in MetS+ and MetS- groups (r and o values).

a) ADP
Age Sex Waist HDLc Apo Al vWF A-FABP NT-proBNP
ADP MetS+ 0.386 -0.520 -0.414 0.499 0.355 0.139 0.267 0.411
0.001 0.000 0.001 0.000 0.002 0.254 0.022 0.000
ADP MetS- 0.261 -0.399 -0.253 0.476 0.507 0.310 0.124 0.442
0.002 0.000 0.008 0.000 0.000 0.000 0.151 0.000
b) A-FABP
Age BMI Waist vWF ADP FGF21 NT-proBNP
A-FABP MetS+ 0.117 0.050 0.046 0.404 0.267 0.521 0.399
0.326 0.678 0.729 0.001 0.022 0.000 0.001
A-FABP MetS- 0.327 0.379 0.288 0.266 0.124 0.282 0.198
0.001 0.000 0.002 0.002 0.151 0.001 0.023
€) FGF 21
TG Al vWF PAI-1 A-FABP Waist
FGF 21 MetS+ 0374 0.340 0.362 0.223 0521 0.256
0.001 0.001 0.002 0.050 0.000 0.050
FGF 21 MetS- 0.240 0172 0.079 0201 0.282 0.050
0.005 0.046 0.371 0.022 0.001 0.606

Pearson correlation analysis for parameters with normal distribution.

correlation analysis for parameters with skewed

distribution (TG, VWF, tPA, PAI-1, ADP, FGF 21, A-FABP, NT-proBNP). Bold values indicate significance at p<0.05.

In order to evaluate the independent association
of followed up parameters with ADP, A-FABP and
FGF 21, the multiple regression analysis with adipokines
as dependent variables and comelated parameters as
independent predictors was performed (see Table 3). In
MetS+ group, ADP was independently positively
associared with A-FABP (beta=0.4888, p<0.05), A-FABP
was positively associated with FGF 21 (beta=0.3811,
p=0.001) and vWF (beta=0.4502, p<0.01), whilst FGF 21
was posinvely associated only with A-FABP
(betz=0.4422, p<0.001). In MetS- group, ADP was
A-FABP was positively associated with FGF 21, vWF
and BMIL and FGF 21 was positively associated with
A-FABP, TG, and negatively with AL

Discussion

Our study confirms the well-established risk
profile of subjects with MetS, although clinically
profiles, increased parameters of insulin resistance, and
significantly elevated concentrations of endothelial
hemostatic markers represented by tPA,
PAI-1 and adhesive molecules, in comparison with MetS-
individuals. Decreased levels of ADP in MetS+ ndividuals
are not surprising and they are comsistent with recemt
literamare (Ryo er al. 2004, Saely er al. 2007), as well as the
increase of A-FABP levels (Horakova et al. 2011, Park et
al. 2012), and FGF 21 concentrations (Zhang er al. 2008,
Chen et al. 2011, Reinehr et al. 2012).
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Table 3. Independent associations of ADP, A-FABP and FGF 21 as result of the multiple regression analysis (bold values).
a) ADP
A-FABP YWF sex
ADP MetS+ beta = 0.4888 NS NS
p=0.0382
ADP MetS- NS beta =0.4332 beta = -0.0609
p=0.0245 p=0.0447
b) A-FABP
FGF 21 YWF BMI
A-FABP MetS+ beta = 0.3811 beta = 0.4502 NS
p=0.0002 p=0.0013
A-FABP MetS- beta =0.1491 beta = 0.3524 beta = 0.3785
p=00392 p=0.0352 p=0.0026
¢) FGF 21
A-FABP TG Al
FGF 21 MetS+ beta = 0.4422 NS NS
p=0.0002
FGF 21 MetS- beta =0.2984 beta =0.1150 beta =-0.1105
p=00026 p=40.0358 p=0.0178

Bold values indicate significance at p<0.05. NS - no significance.

Significant correlations of adipokines with other
selected parameters in MetS+ and MetS- groups as
a result of univariate correlation analysis are described in
Table 2. There are minimally three mteresting points in
this summary: 1. positive comelation of ADP and
A-FABP with NT-proBNP in both groups, which was
amplified especially in MetS+ group (although no
differences were seen in NT-proBNP levels), 2. only
weak or no correlation of A-FABP with metabolic and
anthropometric parameters of insulin resistance, and
3. strong correlation of A-FABP and FGF 21 in both
observed groups.

Adiponectin is one of the few adipokines that
has multiple favourable effects on the prevention of
cardiovascular disease through its pleiotropic actions on
the blood vessels and the heart. In our study, we have
verified correlations with many climical, anthropometrical
and laboratory parameters (age, sex, waist circumference,
HDLc, Apo Al), mostly well described in previous
studies. But positive relationship of ADP to A-FABP as
an independent predictor was seem only im MetS+
individuals and was confirmed by multiple regression

analysis (however, A-FABP as dependent variable did
not correlate with ADP in this group). We can speculate
about the reason of this relationship. One of the main
beneficial functions of adiponectin is cardioprotective
acion (Xu ef al. 2012). The antispoptotic activity
represents a key mechanism whereby ADP protects
against cardiac mjury (Tao er al 2007). In
cardiomyocytes, adiponectin promotes decrease of
oxidative/nitrosative stress, apoptosis, fibrosis and
inflammation and increase of fatty acid and glucose
uptake. On the other side, despite its atheroprotective
properties, ADP has been associated with both decreased
(Pischon et al. 2004, Frystyk er al. 2007) and increased
(Lindsay et al. 2005) risk of cardiovascular disease and/or
mortality. In our recent study, the positive association of
ADP was found with thrombomodulin, vWF and
sVCAM-1 in dyslipidemic subjects, which might
conmribute to increased risk of cardiovascular disease
associated with higher plasma ADP levels (Vaverkova er
al. 2013).

Data from animal studies support an etiological
role of A-FABP in cardiovascular disease (Furuhashi et
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al. 2008). A-FABP has been identified as a major
cardiodepressant factor that confers the suppressive effect
of adipocytes on cardiac contractile functions
(Lamounier-Zepter er al. 2009). Thus, independent
association of ADP with A-FABP m MetS+ group may
be connected with the relationship of these adipokines to
cardiac andor wvascular functions, and may reflect
compensatory response of ADP to higher nisk of
cardiovascular disease. In addition, both parameters have
correlated positively with NT-proBNP (see Table 2),
which has been shown to be an accurate and sensitive
diagnostic marker in patients with heart failure, although,
after multiple regression analysis, the association has lost
significance in our study. Von Eynatten er al. (2006) have
investigated the relationship of adiponectin to markers of
in patients with coronary artery disease. After adjusting
for age and sex, adiponectin was associated positively
with HDL cholesterol and NT-proBNP. Moreover,
several studies found the relationship between A-FABP
and coronary atherosclerosis (Miyoshi et al. 2010, Rhee
et al. 2009) and its possible role in the development of
cardiac dysfunction have been suggested, including
positive correlation with NT-proBNP (Zhou et al. 2011).

In recent cross-sectional studies, serum A-FABP
correlated with parameters of IR (glucose, insulin, waist
circumference, BMI) in obese individuals, patients with
type 2 diabetes mellirus, patients with familial combined
bhyperlipidemia and patients with metabolic syndrome
(Kralisch ef al. 2013). But we have found only weak or
no comelation of A-FABP with these parameters in
MetS+ group, although siznificant differences were
observed between MetS+ and MetS- groups, as shown in
Table 1. We speculate about relatively small number of
individuals in MetS+ group. In any case this
phenomenon is surprising and we have no other relevant
explanation for it.

A-FABP is a key proinflammatory mediator that
links obesity with cardiovascular disease in humans (Xu
et al. 2012). The proatherogenic activity 15 mediated by
its direct action on macrophages, mdependently of lipid
metabolism and insulin sensitivity (Hoo et al. 2008). In
MetS+ group, the positive correlation between A-FABP
with vWF, ADP, FGF21 and NT-proBNP was observed,
but independent relationship with only vWF and FGF 21
was revealed by the nmitiple regression analysis (see
Table 3). Positive association with vIWWF is in accordance
with owr previous study (Karasek er al. 2012) and
supports the role of A-FABP in development of

endothelial dysfunction. The independent association
with FGF 21 is discussed below.

Fibroblast growth facter 21 is a member of the
FGF superfamily, with relevant metabolic actions
(Iglesias @r al. 2012). FGF21 has been recently
considered as a metabolic hormone regulated by
mtritional status, with multiple beneficial effects on
glucose homeostasis and lipid metsbolism m animal
models. Indeed, FGF 21 improves insulin sensitivity,
glucose, and lipid homeostasis and preserves beta-cell
functions in diabetic animal models (Eharitonenkov et al.
2007, Coskun er al. 2008, Kralisch ef al. 2011). However,
increased levels of FGF 21 and negative correlation with
HDLc and adiponectin were found in patients with MetS
(Zhang et al. 2008). In general, high levels of FGF 21 are
found in cardiometabolic disorders such as obesity,
MetS, type 2 diabetes, non-alcoholic fatry liver disease
and coronary artery disease in human studies (Woo ef al.
2013).

As shown in Table 2, FGF 21 has positively
comrelated with waist, TG, Al, vWF, PAI-1 and A-FABP
m MetS+ group. Some of these relationships have been
described in previous studies: higher levels of FGF 21
and positive correlation with TG in patients with
coronary artery disease and dyslipidemia (Lin er al
2010), independent association with TG and LDLc in
patients with impaired glucose tolerance and/or type 2
diabetes (Chen er al. 2011) or above-mentioned study of
Zhang et al. (2008) revealing positive correlation with
adiposity and TG in obese individuals with metabolic
syndrome.

There are only limited information about the
relationships of FGF 21 and endothelial hemostatic
markers in recent literature PAI-1 is probably less
specific marker of endothelial damage (Karasek er al.
2012). It originates from several sites, including
endothelium liver and adipose tissue, and higher levels
may not reflect endothelial dysfunction. In our recent
study, positive associations of ADP and vIWF were found
m dyslipidemic patients (Vaverkova er al. 2013).
Correlation of FGF 21 with vIWF is surprising and may
reflect higher nisk of atherothrombosis in MetS+ group in
general. However, both relatonships have lost
significance after the multiple regression analysis.

The favourable effects in animal studies would
support the potential role of FGF 21 as a therapeutic
agent for diabetes and obesity (Dostalova et al. 2009,
Woo et al. 2013). However, high FGF 21 levels
were observed in obese individuals, and patients with
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obesity-related disorders and insulin resistance (Zhang ef
al. 2008, Chen er al. 2011). The causes of this
phenomenon need to be clarified FGF 21 resistance has
been proposed as one of the causes in animal study
(Fisher et al. 2010).

The most important finding of our study was the
strong reciprocal positive association of FGF 21 with
A-FABP levels in both mvestigated groups, with
pronounced relationship in MetS+ group (p=0.0002). One
of the reasons of elevated FGF 21 could be the presence
of compensatory response to higher metabolic stress
presented by high levels of A-FABP. As mentioned
above, high levels of FGF 21 were foumnd in
cardiometabolic disorders such as obesity, MetS, type 2
diabetes, non-alcoholic fatty liver disease and coromary
artery disease in human studies (Woo et al. 2013). It
seems likely that this circulating FGF 21 is derived from
the liver, perhaps due to the induction of FGF 21 by
elevated bepatic lipid and carbohydrate levels (Huating er
al. 2013). But it is not clear if circulating A-FABP is only
a strong marker of metabolic disturbances or one of its
primary causes (Haluzik er al. 2009).

FGF 21 resistance has been proposed as one of
the causes for the raised circulating levels in obese mice
(Fischer er al. 2010). For activation of FGF receptor
mediated signaling, FGF 21 has to bind a FGF receptor:
beta-Klotho complex (Kharitonenkov ef al. 2008). Beta-
Klotho 15 highly expressed in metabolically active tissues
including adipose tissue, liver and pancreas. A receat
study suggests that adipose tissue inflammation in obesity
can lead to the repression of beta-Klotho expression by
TNF alpha and mmpaired FGF 21 in adipocytes (Diaz-
Delfin er al. 2012). Similar actions may also lead to
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FGF 21 resistance in subclinical inflammation such as
metabolic syndrome, type 2 diabetes and coronary artery
disease (Woo er al. 2013). Therefore, it is possible that
A-FABP (as a key proinflammatory mediator that links
obesity with cardiovascular disease) may participate i
the process of FGF 21 resistance, for example by its
proinflammatory effect. Further smdies are needed to
address the mechsnisms underlying the observed
relationship.

Conclusion

Although many smdies investigated the
relationships of several adipokines to metabolic
syndrome, we have first evaluated the mterrelationships
of ADP, A-FABP and FGF 21 in dyslipidemic subjects
with signs of MetS. We have found independent positive
association of ADP with A-FABP, and, to the best of our
knowledge, we have first documented strong positive
reciprocal association between FGF 21 and A-FABP
dyslipidemic subjects highlighted in MetS+ group. In
addition, we have confirmed previously described
mdependent relationship of A-FABP and vWF.
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Summary:

Background: Diseases caused by atherosclerosis play the most important role in
mortality and morbidity worldwide. Serum adipocyte fatty acid binding protein (A-
FABP) seems to be a new promising marker to determine the risk of atherosclerosis.
Objective: The aim of this study was to evaluate relationships between serum A-FABP
levels in studied individuals and to assess the possibility of modeling intima media
thickness of common carotid artery (C-IMT) by A-FABP levels and other observed
characteristics.

Methods: Seventy two Caucasian individuals were enrolled and divided into 3 groups:
dyslipidemic patients with or without metabolic syndrome (MetS+, n=17; MetS-, n=
34) and controls (n=21).

Results: There was confirmed the well-established risk profile of individuals with
MetS (unfavorable lipid and lipoprotein profile, as well as increased parameters of
insulin resistence and C-IMT). A-FABP concentrations in this group were
significantly higher in comparison with both MetS- and controls. By using multiple
linear regression models of C-IMT values for all individuals data and also for
subset of healthy controls and dyslipidemic patients without metabolic syndrome
(MetS-) A-FABP levels was not reveal as an important predictor of C-IMT in our
model. In contrast, age, gender, waist circumference, nonHDL cholesterol levels and
ApoB/ApoAl ratio were important repressors of C- IMT in study individuals. This
finding may be attributed to the overwhelming effect of other more robust risk factors

for atherosclerosis in these individuals.

Key words: Adipocyte fatty acid binding protein, Intima media thickness,

Dyslipidemia
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Introduction

Diseases caused by atherosclerosis as stroke or myocardial infarction play the most
important role in mortality and morbidity worldwide, especially in highly developed
countries. New markers for onset of atherosclerosis are searching. Serum adipocyte
fatty acid binding protein (A-FABP) seems to be a new promising marker to determine
the risk of atherosclerosis.

Adipocyte fatty acid-binding protein (A-FABP) is a member of the fatty acid binding
protein super family, accounting for approximately 6% of total cellular proteins in
mature adipocytes'. It is also present in macrophages, which possess similar functions
as adipocytes, and modulated by proliferator-activated receptor-c agonists and
oxidized low density lipoproteins®. Recently, ectopic expression and function of A-
FABP in several other types of cells and tissues (for example endothelial cells of
capillaries and small veins in the heart and kidney) have been demonstrated”. A-
FABP-deficient mice are protected from insulin resistance, hyperglycemia, and
atherosclerosis*. It has been demonstrated that A-FABP is released into the human
blood stream®.

Human serum A-FABP levels are significantly higher in men than in women, possi-
bly because of the larger amount of body fat in women®’. Its circulating levels are
elevated in patients with obesity and other components of the metabolic syndrome,
including adverse lipid profiles, hyperglycemia and hypertension, independently of
sex, age and adiposity™ 819 Serum A-FABP levels correlate also positively with

markers of endothelial dysfunction, and coronary atherosclerotic burden''"’.
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High concentration of A-FABP at baseline was an independent predictor for the
development of metabolic syndrome during a five-year follow-up period in a Chinese
population'®. A 10-year prospective study also showed that high level of A-FABP at
baseline independently predicted the development of type 2 diabetes'’. Associations
of A-FABP levels with the development of left ventricular (LV) hypertrophy and with

systolic and diastolic cardiac dysfunction have also been reported'®'

. These findings
support the role of A-FABP as a key pro-inflammatory mediator that links obesity

with cardiovascular damage and atherosclerosis.

The aim of this cross sectional study was to evaluate relationships between serum A-
FABP levels in studied individuals and to assess the possibility of modeling intima
media thickness of common carotid artery (C-IMT) by A-FABP levels and other

observed characteristics.

Methods

Study design and subjects

The study cohort included Czech asymptomatic dyslipidemic subjects and healthy
volunteers who underwent C-IMT measurement in the Lipid Centre of the Department
of Internal Medicine III, University Hospital Olomouc, Czech Republic. Medical
history was obtained and physical examination was performed, including measurement
of waist circumference, body mass index (BMI), and systolic and diastolic pressure
(SBP, DBP). Patients with following conditions were excluded from the study:
secondary hyperlipidemia (hypothyroidism, renal or hepatic
diseases, nephrotic syndrome), hypolipidemic therapy in previous 6 weeks, hormone
therapy, acute infection or trauma and history of clinically manifested

atherosclerosis (coronary artery disease, cerebrovascular disease or peripheral arterial
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disease). Individuals who met criteria mentioned above (72 subjects, 31 men and 41
women) were divided into three groups: 17 hyperlipidemic patients with presence of
metabolic syndrome (MetS+, men/women: 8/9, mean age: 47.9 £ 14.5 years), 34
hyperlipidemic patients with absence of metabolic syndrome (MetS-, men/women:
16/18, mean age: 40.8 + 15.5 years) and 21 normolipidemic healthy subjects
(men/women: 7/14, mean age: 47.0 = 17.3 years) who served as a control group.
Diagnosis of metabolic syndrome was based on a modified version of the National
Cholesterol Education Program Adult Treatment Panel (NCEP ATP III) and defined
as the presence of at least three of the following at baseline: waist circumference
(men > 102 cm, women > 88 cm), triglycerides (TG) > 1.7 mmol/l, HDL cholesterol
(men < 1.04 mmol/l, women < 1.30 mmol/l), blood pressure > 130/> 85 mm Hg
and fasting glucose > 6.1 mmol/l. Presence of metabolic syndrome was evaluated at
the time of first patient examination in the lipid center. The study was reviewed and
approved by Ethics Committee of Faculty of Medicine and Dentistry, Palacky
University Olomouc and University Hospital Olomouc and informed consent was
obtained from all participants.

Laboratory analysis

All subjects were assessed after overnight fasting for at least 12 hours. Venous blood
samples were obtained and after centrifugation, the serum was used for analysis.
Routine serum biochemical parameters were analyzed in the day of blood collection,
concentrations of adipokines were measured in the sample aliquots stored at -80 °C, no
longer than 6 months. Total cholesterol (TC), TG and high density lipoprotein
cholesterol (HDL-C) were determined enzymatically on Modular SWA system
(Roche, Basel, Switzerland). HDL-C was measured by direct method without

precipitation of apoB containing lipoproteins. Low density lipoprotein cholesterol
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(LDL-C) levels were calculated using Friedewald formula. Non-HDL-cholesterol
(nonHDL-C) was calculated as TC — HDL-C. Concentration of apoB and
apolipoprotein Al (apoAl) were determined immunoturbidimetrically using Tina-
Quant ApoB and ApoA-1 kits (Roche, Basel, Switzerland). Glucose was measured
using GOD-PAP method (Roche, Basel, Switzerland). A-FABP was determined using
Human A-FABP ELISA kit (Biovendor Laboratory Medicine Inc., Brno, Czech
Republic).

Measurement of carotid IMT

High-resolution B-mode ultrasound (Philips Sonos 5500, 2004) was used to measure
the IMT of the common carotid arteries (CCA). Linear array transducers with
frequency of 10 MHz were used. Anterolateral approach was used to longitudinally
image the right and left CCA. This image was displayed just before the widening of
the bulb. When an optimal longitudinal image of the far wall of the CCA in the region
of 1 cm proximally from the bulb was obtained, it was frozen on the R wave according
to a simultaneous ECG and video tapered. Three video records were made on both
CCA. C-IMT measurements were processed off-line using the software Image-Pro
plus (Version 4.0, Media —Cybernetics, Silver Spring, USA). The region under
evaluation was the CCA wall 1-2 cm distant proximally from the mentioned border.
The average of all mean C-IMT of three frozen images of both sides was chosen as
outcome variable. Plaque was defined as a focal protrusion into the lumen with a
thickness of at least 50% more than adjacent intima-media complex. Subjects with this
atherosclerotic plaque in the evaluated region were not included in the study. The
measurement of C-IMT was made without knowledge of laboratory results.

Statistical analysis
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Statistical analyses were performed with software R, ver. 3.4.2. (ref.*?). Data in tables
were summarized as mean and standard deviation. Distributions of observed variables
were compared with ANOVA and Student’s t-test, resp. Kruskall-Wallis and
Wilcoxon test. In case of more than two groups, multiple comparisons were done with
Tukey test, resp. Nemenyi test. Distribution of categorical variables were presented as
contingency tables and analyzed with Pearson’s chi-square test, resp. Fisher’s exact
test. Multiple linear models of IMT values were built for all individuals’ data and also
for subset of healthy controls and dyslipidemic patients without metabolic syndrome
(MetS-). Feature selection was based on LASSO (Least Absolute Shrinkage and
Selection Operator) regression results for lambda parameter obtained as minimal value
in 5-fold cross-validation process for each analyzed set of data (R package glmnet)
(ref.”). Linear model for dyslipidemic patients with metabolic syndrome was not
performed due to empty non-zero coefficient set of Lasso regression results for these
subset of patients. In suitable cases (existence of non-significant regressors), a
stepwise selection process was also performed. In case of healthy subset, based on fit
diagnostic plot (Cook’s distance), one leverage observation was excluded in final

model.

Results

The demographic, clinical and biochemical characteristic of the investigated groups
are summarized in Table 1 and Figure 1, 2. Individuals with MetS (MetS+) had
highest BMI and waist circumference and expected unfavorable lipid and lipoprotein
profiles (elevated TC, TG, and nonHDL-C, ApoB, ApoB/ApoAl ratio and decreased
HDL-C and ApoAl) and signs of insulin resistance (increased levels of insulin and C-

peptide). A-FABP concentrations in this group were significantly higher in
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comparison with both MetS- and controls. Differences in A-FABP levels between
MetS- and controls were not significant. Similar results were found in C-IMT
(significantly thicker C-IMT in MetS+ than in MetS- and in controls, but no difference
between MetS- and controls).

By using multiple linear regression models of C-IMT values for all individuals data
and also for subset of healthy controls and dyslipidemic patients without metabolic
syndrome (MetS-) A-FABP level was not reveal as an important predictor of C-
IMT. Only age, gender, waist circumference, nonHDL cholesterol levels and

ApoB/ApoAl ratio were important regressors of C-IMT —see Tab. 2, 3, 4.

Discussion

In the current study we confirmed the well-established risk profile of individuals with
MetS. They had unfavorable lipid and lipoprotein profiles, as well as increased
parameters of insulin resistence. A-FABP concentrations in this group were
significantly higher in comparison with both MetS- and controls. This finding is
consistent with the results of previous studies and our previous reports'?. It has been
reported that increased circulating A-FABP levels are associated with obesity, insulin
resistance, type 2 diabetes, hypertension, cardiac dysfunction, and

6:.14.16.17.24.35  Hioh concentration of A-FABP at baseline was an

atherosclerosis
independent predictor for the development of metabolic syndrome during a five-year
follow-up period in a Chinese population'®. A 10-year prospective study also showed
that high level of A-FABP independently predicted the development of type 2
diabetes'’.

Relationship between serum A-FABP and C-IMT was observed in some previous

studies. Hao Y. et al. revealed a positive correlation between serum A-FABP and
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subclinical atherosclerosis in a cohort of Chinese pre- and postmenopausal women
with normal glucose tolerance™. A study from Yeung et al. reported that serum A-
FABP levels were strongly associated with C-IMT in women including both
hyperglycemia and normal glucose tolerance'*. These findings support the notion that
circulating A-FABP is not only a potent biomarker but also plays an important role,
as an adipokine, in the development of atherosclerosis.

From this point of view is surprising, that A-FABP was not found as a predictor of
C-IMT in our multiple linear regression models in contrast with classical factors as
age, gender or waist circumference , even when all subjects were included in the
analysis.

This is in contrast with study from Yeng et al. 2007 (ref.'*), where multiple
regression analysis had identified serum A-FABP together with age and hypertension
to be independent risk factors related to C-IMT in female subjects. Study cohort
consisted of much more subject than ours (479 vs. 72 individuals), this could be
one of the explanation of the difference. The other factor is separate testing men and
women. There is the difference in race of participiants, too (Chinese vs.Caucasian).
Other limitation of our study are as follows. First, there was used a cross-sectional
study design and therefore could not establish a cause-and-effect relationship between
A-FABP and C-IMT. Second, participants of our study were Caucasians, so our
findings cannot be generalized to other ethnicities.

Other possible explanation for our findings is that the proatherosclerotic effects of
conventional risk factors were stronger than A-FABP and probably outweighed its
effect on carotid atherosclerosis. Therefore, future studies should be prospective and

include a large number of cases to clarify relationship between A-FABP and C-IMT.

-135-



The confounding factor in this study is impossibility to perform linear model for
dyslipidemic patients with metabolic syndrome due to empty non-zero coefficient set
of Lasso regression results for this subset of patients. We only can speculate about
small number of individuals in MetS+ group or about wide heterogeneity of these
patients (different proportion of presence of the factors of metabolic syndrome). In
any case, this phenomenon is surprising and we have no other relevant explanation for
it.

An interesting fact is the presence of ApoB/ApoAl ratio as an important predictor of
C-IMT in dyslipidemic patients without metabolic syndrome.

The apoB/apoAl ratio has been reported to be associated with the metabolic
syndrome (MetS), and it may be a more convenient biomarker in MetS predicting,
especially in Chinese population®*. In single study on older healthy volunteers,
Panayiotou et al. demonstrated that high ApoB/ApoAl ratio is associated with early
atherosclerosis®. In linear regression analysis, the ApoB/ApoAl ratio was
significantly associated with all the ultrasonic measurements of early atherosclerosis
(among others C-IMT). In our study it is the first observation of influence of
ApoB/ApoAl on C-IMT in dyslipidemic individuals.

Our data, in agreement with previous animal and clinical studies, revealed higher A-
FABP levels and C- IMT in Czech dyslipidemic individuals with metabolic syndrome.
This supports the role of A-FABP in the development of the metabolic syndrome and
probably atherosclerosis. Contrasting to these findings A-FABP did not prove its
importance as predictor of C-IMT in dyslipidemic patients. This finding may be
attributed to the overwhelming effect of other risk factors of atherosclerosis in

dyslipidemic individuals. Interesting finding is revealing of ApoB/ApoAl ratio as an
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important predictor of common C-IMT in dyslipidemic patients without metabolic
syndrome.

In our knowledge, it is the first observation. Further investigations are needed to
identify model regressors especially for very heterogenic group of dyslipidemic

patients with metabolic syndrome.
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Table 1. Clinical and biochemical characteristics of study subjects

Parameters Controls MetS- MetS+
n=21 n=34 n=17
Age (years) 47.0+17.3 40.8+15.5 479+ 14.5
A-FABP (ug/L) 21.6+11.0° 21.5+£9.5° 38.4+30.1*
C-IMT (mm) 0.60£0.12° 0.60 £ 0.14° 0.80 +0.13*
SBP (mm Hg) 129.4 + 14.3 122.0 £ 14.3¢ 139.3 +16.1°
DBP (mm Hg) 77.8+7.8 75.6+9.5 81.6 8.7
BMI (kg/m?) 24.2 +3.0° 24.8 +3.6° 29.7 + 4.0*°
Waist circumference (cm) 78.5+8.7° 86.0+11.4° 100.5 +9.9*
hs-CRP (mg/L) 1.8+£24° 29+£35 3.4+3.8°
Total cholesterol (mmol/L) 5.9+ 0.8"¢ 7.4+1.4° 72+1.9%
Triglycerides (mmol/L) 1.0 +0.25>° 2.3+ 1.75% 42+2.18%
LDL- cholesterol (mmol/L) 3.6+0.76° 4.94+1.32° 43+1.6
HDL-cholesterol (mmol/L) 1.9+ 0.42°¢ 1.5+ 0.44 1.1+0.26*
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nonHDL-cholesterol (mmol/L) 4.0 +0.75" 5.9+ 1.41° 6.2 +1.83°

ApoAl (g/L) 1.9 +0.32° 1.7+0.43 1.4+ 0.26"
ApoB (g/L) 0.9+0.18"° 1.4 £0.29° 1.4+0.38"
ApoB/ApoAl 0.5+0.17"° 0.9 +0.30° 1.0 £0.26°
Fasting glycaemia (mmol/L) 4.9+ 0.37 5.0£0.55 5.5+£091
Insulin (mIU/L) 7.4 +4.86° 8.4 +£3.74° 12.5 + 4.64*°
C-peptide (mg/L) 510.9 £376.21° 741.9 +235.76° 1026.4 + 345.66™°

MetS-, dyslipidemic patients without metabolic syndrome; MetS+, dyslipidemic patients with
metabolic syndrome; A-FABP, adipocyte fatty acid-binding protein; IMT, carotid intima-media
thickness; SBP, systolic blood pressure; DBP, diastolic blood pressure; BMI, body mass index; hs-CRP,
high sensitivity C reactive protein; ApoAl, Apo lipoprotein Al; ApoB, Apo lipoprotein B

Data are presented as mean + standard deviation.

Differences in variables between subgroups were analyzed with ANOVA after adjustment for age and
sex. Significant difference p<0.05 at least - * vs. Controls; ® vs. MetS-; ©vs. MetS+

Figure 1. Presence of diabetes mellitus in study groups

Fisher's exact test, p-value<0.001
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MetS-, dyslipidemic patients without metabolic syndrome; MetS+, dyslipidemic patients with
metabolic syndrome; DM, diabetes mellitus.

Figure 2. Gender distribution of the studied groups

Pearson’s test, p-value=0.565

gender
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[{e]

=g

<

= -

[aV]

N -

e _

< Controls MetS+
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group

MetS-, dyslipidemic patients without metabolic syndrome; MetS+, dyslipidemic patients with
metabolic syndrome; M, male gender; F, female gender

Table 2. Linear model of C-IMT mean for all study individuals (n=65) after stepwise selection
process for initial model with regressors: group, gender, hypertesion, age, waist circumference,
nonHDL-cholesterol and ApoB/apoA1 (Multiple R*=0.71, Adjusted R*=0.69).

Coefficient Estimate Std. Error P value Significance
(Intercept) 0.1148 0.0809 0.161 NS
male gender 0.0513 0.0254 0.048 < 0.05
hypertesion 0.0514 0.0275 0.0666 NS
age 0.0050 0.0007 0.000 < 0.001
waist circumference 0.0019 0.0011 0.0851 NS
nonHDL-cholesterol 0.0258 0.0710 0.000 < 0.001
Residuals:
Min 1st quartile Median 3rd quartile Max
-0.2480 -0.0477 0.0014 0.0268 0.2459

Table 3. Linear model of C-IMT mean for subset of controls (n=18) after one leverage
observation exclusion from initial model with the same regressors (Multiple R?=0.89,
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Adjusted R*=0.87).

Coefficient Estimate Std. Error P value Significance
(Intercept) 0.1434 0,0809 0.1610 NS
waist circumference 0.0031 0,0011 0.0122 < 0.05
Residuals:
Min 1st quartile Median 3rd quartile Max
-0.0256 -0.0255 0.0062 0.0162 0.0505

Table 4. Linear model of C-IMT mean for subset of displipidemic patiens without

metabolic syndrome MetS- (n=34, Multiple R’=0.72, Adjusted R*=0.7).

Coefficient Estimate Std. Error P value Significance
(Intercept) 0.2452 0.0511 0.0000 < 0.001
age 0.0069 0.0009 0.0000 < 0.001
ApoB/apoAl 0.1384 0.0456 0.0048 < 0.01
Residuals:
Min 1st quartile Median 3rd quartile Max
-0.1986 -0.0359 0.0085 0.0384 0.1299
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Abstract

Dysiipidemias are very important risk factors for onset of atheroscierosls.
Serum fibrobiast growth factor 21 (FGF 21) could be a new promising marker
10 oetermine the risk of atherosclenosls However, thare s Imited Information
about the reiationships of FGF 21 and atherosclerosis In recent Iiterature the
alm of this study was 1o evaluate relationships of serum FGF 21 levels 1o Intima-
media thickness (IMT), as a surogate marker of subcinical atherosclerosls
maniesiation, In gysipidemic patents. We examined 155 Individuals divided
Into 3 groups: dyslipidemic patients with or without metabolc syndrome (MetS+,
MetS-) and controls. We found significantly higher serum FGF 21 levels
and IMT In MetS+ group than In MetS- group (p<0.0S5) as well as In controls
(p<0.0S). In MetS- group and In all patients (MetS- and MetS+),
IMT comrelated positively with serum FGF 21 (r-0.486, r=0.573; p<0.01 botn).
In MetS- group, IMT was Independently associated with FGF 21 (p<0.01). We
vertfiad iIndependent posiiive association between IMT and FGF 21 In Caucaslan

Received: August 15, 2014; Accepted: September 23,
2014; Published: September 29, 2054

dyslipkemic patients without presence of metabolic syndrome.

Keywords: Flrodlast growth factor 21;
Dyslpigemia; Metabolc syndrome

intma-media Mickness;

Abbreviations

ANOVA: Analysis of varlance; ApoAl: Apo lipoprotein Al;
ApoB: Apo lipoprotein B; BML: Body mass Index; CCA: Common
carotid artery; DBP: Disstolic blood pressure; ELISA: Enzyme-
linked tmmunosorbent assay; FGF 21: Fibroblast growth factor 21;
GOD-PAP method: Glucose oxidase- peroxidase method; HDIL:
High densaty lipoprotetn; HDL-C: HDL-cholesteral; Hs-CRP- High
sensittvity C reacttve protein; IMT: Intima-media thickness; IRMA-
Immunoradiometric assay; LDL: Low density lpoproteln; LDL-C:
LDL-cholesterol; MetS+: Dyslipidemic patients with metabolic
syndrome;  MetS- Dyslipidemic patients without metabolic
syndrome; NonHDL-C: NonHDL-cholesterol; SBP: Systolic blood
pressure; SPSS: Statistical package for the soclal sclences; TNF alpha
Tumor necrosis factor alpha; TC: Total cholesterok; TG: Triglycerides

Introduction

Diseases assoclated with atherosclerosls as stroke or myocardial
infarction play the most important role In mortality and morbidity
worldwide, espectally tn highly developed countries. Beside the
classical risk factors, new markers for onset of atherosclerosls are
searching. Serum fibroblast growth factor 21 (FGF 21) could be this
new promising marker to determine the risk of atherosclerosis.

FGF 21 1s a protein predominantly produced by the ltver; but it
1s also expressed tn adipocytes and the pancreas [1, 2]. It ts widely
involved In glucose and liptd metabolism through plelotropic actions
in these tissues and the brain. In mice, fasting leads to Increased
expression of FGF 21 in the liver where stimulates gluconeogenesls,
fatty acsd oxidation and ketogenesis, as an adaptive response to fasting

and starvation [3). Administration of recombinant FGF 21 has been
shown to confer multiple metabolic benefits on insulin sensttvity,
blood glucose, lipid profile and body weight In obese mice and
diabetic monkeys |4, 5]. FGF 21 seems to be a promising therapeutic
agent for obesity related medical conditions [6]. In contrast with
this findings , tn human studies, high circulating RGF 21 levels are
found tn obestty and its related cardiometabolic diseases Including
the metsbolic syndrome, dizbetes type 2, non-alcoholic fatty Hver
disease and coronary artery disease [7.,8]. This paradoxical increase
of FGF 21 level might be a defensive response of the human body
to counteract the metabolic stress, or It maybe caused by resistance
to FGF 21 actions, leading to Its compensatory up regulation (2, 9.
Serum FGF 21 could be used as potential blomarker for the early
detection of these cardiometabolic disorders [10].

The aim of the cross sectional study was to evaluate relationships
of serum FGF 21 levels to Intima-media thickness of the arterta
carotis communis, as 3 surrogate marker of subclinical atherosclerosis
manifestation, in dyslipidemic patients.

Materials and Methods

Study design and subjects

The study cohort Induded Czech asymptomatic dyslipidemic
subjects withowt liptd modifying therapy and healthy volunteers
who underwent carotid IMT measurement in the Lipid Centre
of the Department of Internal Medscine [1I, University Hospital
Olomouc, Czech Republic. Medical history was obtained and
physical examination performed. All subjects were tested for
secondary hyperiipidemia: hypothyroidism, renal or hepatic diseases
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Tabde 1: Cinical and blochemical characiensscs of study subjects.
FPara—eters Controis Met3- MetS-

nes0 FmS4 nes1
Age (yearz) 4522170 4182145 2842114
FGF 21 ingM) 141.0 (88 5-210.19 169.2 (1D6.1-285.7T) 2908 :m.‘-s:n.sr'
M7 (mm) 0.65 2092 065 2 0.14° 0762043
(e8P (mm Hg) 12072446 12362148 13522 1370
D8P (mm Hg) 792293 TED= 170 B1E=T4"
BMI (kg'm?) 255z4T 250239 30.0 = 3.6~
|watst croumterence (cm) 8482148 72114 100.5 £ 13.1%
hs-CRP (mgl) 1.00 (0.50-2.201 175 (0.73-2987 270 (1.90-4.300
Total cholesaerol (mmolt) 5.6220.88" 7492 1.31° TA2: 1700
Trigiycerdes (mmot) 1.08 @&-1.217 178 (1.54-272 381 (2.34-7.12p
LDL- ehaiestersl (mmai) 3472078 47521220 3732 155
HOL-cholestersi (mmoil) 1.68 = 0.50* 142 =20.38* 1.08 = 0.29**
nenHOL-cholesteral (mmait) 3542081 $7721.29 §27 22141
ApcAl (gh) 1.7020.40° 1542037 1.£020 220
ApaB (g") 0.51 2 0.98% 133=027 125 = 0.38*
Fasting glycaemia (mmoln) 5.09 : 0.58° 5062052 59821350
Insuln (=L 5.85 (4.68-11.30F 00 (6.30-10.05F 11.85 (8.46-15.85
C~peptide (mgd) 653.5 (411.7-9018.07 7140 (S32.5-823 5) 1079.0 (T71.3-1486.5*

MetS-, gysiipidemic patisnts without metabolic syndrome; MetS-, aysipidemic patents with metabolic syndrome; FGF 21, Sbroblast growth factor 21; IMT, carobid
Intima-meda thickness: 38P, systoi blood pressure; DEF, dasioic biood pressure; EMI, body mass index; hs-CRP, high sensitivity C reactive protein; ADoA1, Apo

lipoprotein A1; ADDE, Apo Ipoprotein B

Data are preserted as mean= standard deviation for parameters with noral dissrbution

or median (Imerguartie range) for parameters with skew distribution.

Farameters with skewed distrbution (FGF 21, CRP, TG, insulin, C-peptide) were iog transformed to nomailze their distribution before statisScal analysis.
Diferences in vanables between subgroups wene analyzed with ANOVA afer acjustment for age and sex. Signicant dfMerence p<0.05 at least - = vs. Controis; *

3. Met2+ * vz, MetS~
and nephrotic syndrome. From the study were excluded patients
with hypolipidemic therapy in previous 6 weeks, with hormone
therapy, with secondary hyperlipidemias, with acute infectlon or
trauma or with acute cardsovascular event In previous 3 month (
without personal history of acute coronary syndrome or myocardial
Infarction, without devation of tropontn T or ischemic changes
on electrocardsogram). Hypertension was defined as a sstting blood
pressure of = 120/80 mm Hg, taken as 2 mean of 3 readings or on
regular antthypertenstve medications. Dyslipidemia was defined as
having one or more of the following criterix triglycerides (TG) =
1.5 mmol/l, Apo lipoprotein B (apoB) = 1.2 g/l [11]. The value for
TG was chosen because small dense LDL particles become common
abowe this level [12], the value for apoB was chosen because 1t 1s a level
from which cardsovascular risk rapidly Increases [13]. Dysliptdernic
Individuals were divided Into two groups: 50 hyperltpidemic patients
with presence of metabolic syndrome (MetS+, males/females:
28/22, mean age: 48.3:11.3 years) and 53 hyperlipidemic patients
with absence of metabolic syndrome (MetS- |, males/females: 25/28,
mean age: 41.8+14.5 years). Criteria for sdentification of MetS were
used according to 2001 National Cholesterol Fducation Program/
ATP IIL 50 normolipidemic healthy subjects (males/females: 30/20,
mean age: 45.2+16,8 years) served as a control group. The study was
reviewed and approved by Ethics Committee of Faculty of Medicine
and Dentistry, Palacky Untversity Olomouc and University Hospital
Olomouc and informed consent was obtained from all partictpants.

Laboratory analysis

All subjects were assessed after overnight fasting for at
least 12 hours. Venous blood samples were obtalned and after
centrifugation, the serum was used for analysts. Routine serum
biochemical parameters were analyzed In the day of blood collection,
concentrations of adipokines were measured In the sample aliquots
stored at -80 *C, no longer than 6 months. Total cholesterol (TC), TG
and high density lipoprotein cholesterol (HDL-C) were determined
enzymatically on Modular SWA system (Roche, Basel, Switzerland).
HDL-C was measured by direct method without precipitation of
apoB contalning lipoproteins. Low density lipoprotein cholesterol
(LDL-C) levels were calculsted using Friedewald formula
NonHDL-cholesterol (nonHDL-C) was calculated as TC - HDL-C.
Concentration of apoB and Apo lipoprotein Al (apoAl) were
determined immunoturbidimetrically using Tina-Quant ApoB and
ApoA-1 kits (Roche, Basel, Switzerland). CGlucose was measured
using GOD-PAP method (Roche, Basel, Switzerland). Insulin and
C-peptide were determinated by the commercially avallable kits
(Immunotech, Marsellle, France) using specific antibodies by the
IRMA method FGF 21 levels were determined using Human FGF
21 ELISA kuts (Blovendor Laboratory Medicine Inc., Brno, Czech
Republic).
Measurement of carotid IMT

High-resolution B-mode ultrasound (Philips Sonos 5500, 2004)
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was used to measure the IMT of the common carotid arteries (CCA).
Linear array transducers with frequency of 10 MHz was used. The
longitudinal image of the CCA was displayed just before the widening
of the bulb. When an optimal longttudinal image of the far wall of the
CCA In the region of | cm proximally from the bulb was obtained,
It was frozen on the R wave according to a simultaneous ECG and
video tapered. Three video records were made on both CCA. IMT
measurements were processed off-line using the sofiware Image-
Pro plus (Version 4.0, Media-Cybernetics, Sdiver Spring, USA). The
region under evaluation was the CCA wall 1-2 cm distant proximally
from the mentioned border. The average of all mean IMT of three

frozen images of both sides was chosen a5 outcome varizble.
Statistical analysis

All znalysis was performed with Statistical Package for Soclal
Sclences Version 12.0 (SP'SS) (Chicago, IL, USA). Values are expressed
zs mean + standard devistion (SD) or median with Interquartile
range as appropriate. Ditferences In means between groups were
analyzed using ANOVA after adjustment for age and sex. Data
that were not normally dsstributed (RGF 21, hs-CRP, TG, Insultn,
C-peptide) as determined using Kolmogorov-Smirnov test, were log
transformed before analysis. For statistscal evaleation of a correlation

Tabde 2: Correlations of FGF 21 levels with vanous dinical and biochemical parameters.

|FeF21 contros

FGF21 Meta- FGF21 Met3e £GF21 Met3+ and Mes3-
T 0043 0.488 0254 0.673
0.850 0.006 0324 0000
Age -0.037 D.488 0081 o310
0.800 0.001 053¢ 0.002
Sex 0283 2118 oo1e 0.008
0.088 0.443 0002 0.930
Waist crou—serence 208 0223 0134 0.450
0.803 0.182 0261 0.000
Bmi o113 0218 o127 0.374
p.453 0.145 a8t 2.000
T 2038 0081 ooss 0.183
0.801 0.745 26007 0127
DeP 0033 0.050 0225 0.200
0.820 0781 0133 0.060
Totai cholestero: 0.130 0.086 0241 0.183
0.390 0.501 0.009 0.099
Trgncendes 0.143 .18 0340 ™
|0.343 0.208 0018 0.000
LDL-cholessercl 0,138 0.133 Q070 0.071
0.195 0.386 082 0.400
HOL<hoiesterl o028 YT a0ss 0278
|o.as1 0.270 ase7 0.006
nonHDL<hoiesterdl 0188 .13 0246 0.202
0.210 0.388 0.003 0.048
ADoAt o113 o064 0041 0183
0.435 0.004 2781 0074
ADOB -0.098 0.182 0142 0.033
0.517 0.273 0335 0.367
he-CRP 0.000 0.009 0127 0.136
1.000 0.063 0.400 0190
Fasting gycaemia jo.0e2 0.155 0048 0.125
|o.782 0.204 0765 0.220
C-peptide |0.408 0333 0045 0.273
|0.008 0.021 0785 0.007
zmokng ™ 0.375 0.498 0.452
|0.008 0.008 0.000 0.000

MetS-, dysiipidemic patients wihout metabolic syndrome; MetS+, dysipidemic patients with metabolic syndrome; FGF 21, fibrobiast growth factor 21; IMT, canotid
Intima media thickness; SBP, systolc biood pressure; DEP, diastolic bicod pressure; M, body mass inder; Ps-CRP, high sensithvity C reactive proter; ApoAl, Apo

lipoprotein A1, ApoB, Apo ipoprotein B

Spearman comeiation analysis for parameters wth skewed distrbution (FGF 21, CRF, TG, Insuln, C-peptide). Bold values ndcate significance at p<0.05.

Submit your Monuscript | were curtispsblssinggroep com

| Dt Markers (3 9012 (2014) - Page - 0O



Orsag J

Austin Publishing Group

between Individual parameters Pearson correlation analysis was used
for variables with normal distribution and an univariate Spearman
correlation analysss for variables with skewed distribution. Multiple
regression analysis was done for testing of an independent assoclation
between dependent and independent variables. Probability values of
P<0.05 were considered statistically significant.

Results

The demographic, clinical and blochemical characteristic of the
subjects divided In into three groups (healthy controls, dysliptdemic
patients with or without presence of metabolic syndrome) are
summarized in Tzble 1. Individuals with MetS (MetS+) had expected
unfavorable Iipsd and lipoprotetn profiles (elevated TC, TG, and
nonHDL-C, ApoB, and decreased HDL-C and ApoAl) and marked
signs of Insulin reststance (Increased levels of glucose, Insulin and
C-peptide). FGF 21 concentrations were In this group significantly
higher in comparison with both MetS- and controls, whilst differences
in FGF 21 levels between MetS- and controls were not significant
Similar results were found in IMT (significantly thicker IMT in
MetS+ than In MetS- and in controls, but no difference between
MetS- and controls).

In Table 2, correlations of adipokine FGF 21 with other
parameters In various study groups are presented In MetS- group,
FGF 21 positively correlated with IMT (see Figure-1), age, C-peptide
and smoking, but in MetS+ group, FGF 21 positively correlated
only with TG and smoking. In all dyslipidemic patients (MetS- and
MetS+ group) FGF 21 correlated with more parameters - positively
with IMT, age, watst circumference, BMI, TG, nonHDL-C, C-peptide

and smoking, negatively with HDL-C.

In order to evaluate the Independent assoclation followed up
parameters with IMT, the multiple regression analysis with IMT
as dependent variables and correlated parameters as independent
predictor was performed (see Table 3). In MetS- group, IMT was
Independently posttively associated with FGF 21 and nonHDL-C
In both the full regression model (beta=0.3449, p=0.01; beta=
0.1775, p<0.05) and the stepwise regression model (beta=0.3401,
p=0.01; beta=0.1738, p<0.05). However, In MetS+ group, [MT was
Independently positively assoclated with walst circumference, non

1.2

1 4

o 100 00 00 o 50 00
Lag- trandormed FGF 21 (mgT)
Figure 1: Comeistion between serum fibroblast growth factor 21 (FGF 21)

levels and camtd intima-meda thickness (IMT) In dysiipidemic pasents
wiEhout metaboic syndrome (Met3-). re 0.485; p<D.01.

HDL-C and SBP and negatively with TG in both regression models.

Neverthelles, the association IMT with FGF 21 lost Its significance,

when multivariate regression analysis was performend (n all patients
(MetS- and MetS+).
Discussion

In our study, we confirm the well-established risk profile of
Indtviduals with MetS. They had unfavorable lipid and lipoprotetn
profiles, a5 well as Increased parameters of Insulin resistance.
Increased levels of FGF 21 In MetS+ subjects are consistent with
recent literature [2]. Fibroblast growth factor 21, as a member of
the FGF superfamily, involves many metabolic pathways, espectally
these regulated by nutritional status. It has multiple benefictal effects
on glucose and liptd metabolism In animal models, on the other
hand, high levels of FGF 21 are found In cardio metsholic diseases
such as obesity, type 2 diabetes, non-alcoholic fatty liver disease and
coronary artery disease In human [10]. This could be explained by
the FGF 21 reststant state [9], analogues to Insulin resistance In these
clinical conditions. For activation of FGF 21 medisting signaling 1s
crucial binding a FGF receptor: beta-Klotho complex [14). A recent
study suggests that adlpose tissue Inflammation In obesity can lead
to the repression of beta-Klotho expression by TNF alpha and
impaired FGF 21 in adipocytes [15]. Stmilar pathways could also lead
to FGF 21 resistance in subclinical inflammation such as metabolic
syndrome, type2 diabetes and coronary artery disease [10]. However,
the finding that elevated serum FGF 21 levels are significantly
associzted with carotid IMT suggest that the elevation of serum FGF
21 levels 1n Individuals with atherosclerosts could be a compensatory
protective response to atherosclerotic process [16). Consistent with
this theory, elevated serum FGF 21 levels were observed In mice
after administration of variety of stimulants that induce an acute
phase response [17]. Mraz et al. [18] showed significantly higher
serum FGF 21 levels with  a visceral fat FGF 21 mRNA expression
in obese subject compared with that of lean subjects. Consequently,
Ikonomidis et 2l [19] supplied other evidence for the theory of
presence of elevated serum adipokines levels as a compensatory
response to Inflammation and atherosclerosts. They revealed, that
Increzsed mRNA and protein expression of adiponectin receptors
Is related with Increased aortic stiffness, coronary and peripheral
atherosclerosis In patients with coronary artery disease. [n recent
study, there was found that admintstration of FGF 21 protects H5c2
cardiomyoblasts against hydrogen peroxide-induced oxidative stress
Injury [20].

In present study, FGF 21 posttively correlated with [IMT
(Independent assoclation was verified only In MetS- group),
age, walst circumference, BMI, TG, nonHDL-C, C-peptide and
smoking, negatively with HDL-C in dyslipidemic Individuals These
relattonships have been demonstrated in previousstudles: higher levels
of FGF 21 and postttve correlation with TG in patsents with coronary
artery disease and dyslipidemia [21], Independent assoclation with
TG and LDL-C tn patients with impatred glucose tolerance and/
or type 2 diabetes [22] or positive correlation with adiposity and
TG tn Individuals with metabolic syndrome [2,23]). However, there
are limited data about the relationships of FGF 21 and carotid [MT
In recent literature. Only Chow et al. demonstrated Independent
positive assoclation between FGF 21 and carotsd IMT in women, but
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Table 3. MuRpie incar regression analysis showing the parameters with significant independent associations with carotid né@ma-meda thickness in diferent study

oroups.
FGF 21" TG" wam |momsipL< |zep
Meta- Fut AM beta 0.3848 |-0.0091 02432 01776 .
cvaive 0.0110 0.8584 02370 0.0453 .
Stepwise RM beta 0.34801 | 02351 01738 02488
pvaive 0.0110 n 0.2¢56 0.0668 0.1449
Metse Full AM veta 00124 20.1067 05768 01898 0.2458
vaive 6.0160 0.0285 <0.001 0.0069 0.0363
Stepwise AM beta N 01067 e.5708 01878 0.2438
vaive - 0.0240 <0.001 0.0044 0.0336
Meta- Ful AM beta 0.1787 20768 24354 o.1682 0.2030
ana ovaive 0.0604 0.0044 .00t 00021 0.0395
MetS+ Stepwise RM beta 01787 -0.0768 042564 1682 0.2030
cvaive 0.060¢ 0.0043 <0.00t 0.0044 0.0400

MetZ-, dysiipidemic patients without metabolic syndrome; MetS+, dysipidemic patients with metabolic syndrome; FGF 21, dbroblast growth facior 21; IMT, carolid
Intima media thickness; SBP, systolic bicod pressure; TG, rigiycerides; non-HDL-C, monHDL-cholesterol; Waist, walst circumference; RM, regression model.

“Log ransformed before anafyses. Boid values indicate significance at p<0 05

not In men from a large cohort of Southern Chinese subjects [16].
Authors explain this ditference by overwhelming presence of other
cardsovascular risk factors in male subjects of thelr cohort, including
2 higher prevalence of smoking history and an older mean age. [nour
study, we described Independent assoctation of FGF 21 with carotid
IMT in dyslipidemic patients without metabolic syndrome (MetS-),
but not in dyslipsdemic patients with metabolic syndrome (MetS+).
This may be caused by presence of other stronger cardiovascular risk
factors tn our MetS+ Individuals. There were signtficantly higher
values of established laboratory and clinical cardiovascular risk
factors in MetS+ group (BMI, walst circumference, IMT, fasting
glycaemia). Higher number of men In comparison with women in
MetS+ group could play a role, because the Independent assodlation
between FGF 21 and IMT was demonstrated only in women, not in
men, as showed Chow et al [16]. There was a higher prevalence of
smoking In MetS+ group and this may contribute to overwhelming
presence of atherogenic risk factors In these patients. There was
significant correlation of FGF 21 levels with smoking 1n all groups
(see Table 2). In additson, our study had some limitations. The matn
limitation was Its cross-sectional design. Our findings could not
rule out the possihility of 2 reverse causal relationship between FGF
21 and carotid IMT. Study participants were mostly asymptomatic
dysliptdemsc patients without clinical manifestation of cardiovascular
diseases. Our findings remain to be confirmed In other larger studles
In the future.

Conclusion

In our study, we have found significantly higher serum FGF 21
concentrations and Intima-media thickness (IMT) in dysliptidemsc
patients with metabolic syndrome (MetS+) In compartson with
dysiptidemsc patients without metabolic syndrome (MetS-) and
controls. In MetS- group and in all dyslipidemic patients (MetS-
and MetS+), IMT correlated posittvely with serum FGF 21. We also
described Independent association of FGF 21 with carotid IMT tn
dysliptdemsc patsents without metabolic syndrome (MetS-), but not
in dyslipidemic patients with metabolic syndrome (MetS+). This may
be caused by presence of stronger established cardiovascular risk

factors tn our MetS+ individuals.
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Fibroblast Growth Factor 21 and Endothelial/Hemostatic
Markers in Dyslipidemic Subjects

Nowvotny I'*, Karasek D®, Vaverkova H*, Orsag J*

and Kubickova V* Abstract

‘Department of Clinical Biochemistry, University Hospital Alm: Fibroblast growth factor 21 (FGF 21) has been suggested as an
Olomouc, Crech Republic Ingependent tacior for the profection of cardlovascular sysiem cells. We
*Department of Internal Medicine, Palacky University performed an analysis to evaluate 3 possible association of FGF 21 levels with
Olomouc, Ceech Republic endothellalhemostatic markers In asymptomatic dysiipkdemic Individuals. We

nypothesized that a potential protective action could be refiected In plasma
elevation of FGF 21 In patients with adverse dysiipidemic phenotype.

Methoda: The study was conducted with asymptomatic patients (n - 214),
MMWMQm(mm[CGLn-BBSBMZB
females: dysiplaemic group [DLP], n = 148, 70 males, 78 females), according to
apolipoprotein B (Apo B) and triglyceride (TG) levels. The plasma FGF 21 levels
were measured by Elisa. while biochemical and endothelialhemostatic markers
were analysed by routine kit methods.

Resufts: in DLP group (Le. In Individuals with TG=21.5 mmol andior Apo B21.2
gf), plasma fibrincgen and FGF 21 levels were significantly higher (p<0.01 and
p<0.001, respeciively), compared to CG. We cbserved no significant differences
In parameders of Insulin resistance between groups after adjustment for sex,
age and body mass Index (BMI). The muitipie analysls revealed that
FGF 21 was assoclated posiively with von Wiliebrand factor (VWF, p = 0.0031),
fissue plasminogen activator (tPA, p = 0.0099), and gluccse (p = 0.0313) only
In DLP inanviduals.

Concluslon: The significant positive assoclation of FGF 21 with vWF and
tPA In subjects with no clinical symptoms of atherosclerosls could be related
to emenging endothellal damage In dysipidemic patients, although ciinically
asymptomatic.
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Abbreviations

ANOVA: Analysis of Variance; Apo Al: Apolipoprotein AL Apo
B: Apolipoprotein B; BMI: Body Mass Index; CG: Control Group;
DBP: Diastolic Blood Pressure; DLP: Dyslipidemic Phenotype; ED:
Endothelial Dysfunction; ELISA: Enzyme-linked Immunosorbent
Assay; FGF 21: Fibroblast Growth Factor 21; GOD-PAP: Glixose
Oxidase- peroxidase Method; HDL: High-density Lipoproteins;
IR: Insulin Resistance; [RMA: Immunoradiometric Assay; LDLc:
Low-density Lipoprotein cholesterol; MetS: Metabolic Syndrome;
mRNA: Messenger Ribonucleic Acid; oxLDL: Oxidized Low-density
Lipoproteins; PAl-1: Plasminogen Activator Inhibitor-1; PINS:
Proinsulin; RIA: Radicimmuno Assay; SBP: Systolic Blood Pressure;
SD: Standard Deviation; sICAM-1: Soluble Intercellular Adhesion
Molecule-1; SPSS; Statistical Package for the Soclal Sclences;
sTBM: Soluble Thrombomodulin; sVCAM-1: Scluble Vascular Cell
Adheston Molecule-1; TC: Total Cholesterol; TG: Triglycerides; tPA:
Tissue Plasminogen Activator; vWF: von Willebrand Factor

Introduction

Adipokines have been recognized as adipocyte proteins which
link obesity with metabolic and vascular diseases Endothelial

dysfunction (ED) and atherothrombosis play significant roles in
atherogenests, and some serum markers of Insulin resistance (IR),
ED and/or hemostasis have been shown to predict the development
of cardiovascular events, In addition to conventional risk factors [1].
Adipokines have been suggested to play an important role in these
processes. Proinflammatory adipokines exert adverse effects on the
vasculature by promoting of IR and monocyte infiltration Into the
vessel wall [2]. They also participate in low-grade proinflammatory
processes leading to development of IR and cardiovascular diseases.

Fibroblast growth factor 21 (FGF 21) i1s considered as a new

metabolic regulator of non-insulin dependent glucose transport
In cells FGF 21 improves Insulin sensitivity, glucose and lipid
homeostasts, and preserves beta-cell functions in diabetic animal
models [3-5]. However, increased levels of FGF 21 and a negative
correlation with high-density lipoproteins (HDL) and adiponectin
were observed In patients with metabolk syndrome (MetS) [6].
In general, higher levels of FGF 21 are found In cardiometabolic
disorders, such as obesity, MetS, type 2 diabetes mellitus, non-
alcoholic fatty liver disease, and coronary artery disease in human
studies [7]. These findings may Indicate a compensatory response
to metabolic stress or a resistance to FGF 21. The evidence from the
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animal model explains FGF 21 resistance in the receptor and the post-
receptor pathway, but the mechanism in humans 1s still unclear [B].
Recent studles have been focused on the role of FGF 21 espectally in
metabolic disorders [9]. Nevertheless, FGF 21 has been also suggested
as an Independent factor for protection of cardiovascular system cells.

We hypothesized that the above-mentioned action could be
reflected In plasma devation of FGF 21 in patients with adverse
dysliptdemic phenotype. In the presented study, we also performed
an analysis to explain a possible association of FGF 21 with ED
markers and some parameters of IR in two cohorts of patients.

Materials and Methods

Study design and subjects

The study was carried out with the patients and thetr relatives who
had been firstly examined in the Lipid Center of the 3 Department
of Internal Medicine, University Hospital Olomouc, Czech Republic,
during the perlod from October 2009 to May 2012 This cohort
represented 2 group of asymptomatic subjects (Le. individuals
without history of clinically mantfest atherosclerosis-coronary
artery disease, heart fallure, cerebrovascular ischemic disease and
peripheral vascular disease, with altered plasma lipids). All subjects
were tested for an underlying cause of secondary hyperlipsdemiz
diabetes mellitus, hypothyroidism, renal or hepatic diseases and
nephrotic syndrome. Other exclusion criteria were as follows: history
of dinically manifested atherosclerosts presented by coronary artery
disease, cercbrovascular disease and peripheral arterial disease,
any hypoltpidemic therapy In previous 8 weeks, hormone therapy
and clinical presence of acule infections. All Individuals filled
out 3 questionnaire on thetr previous medical history, especially
cardsovascular status, medication and smoking habits. Body mass
Index and systolic and diastolic blood pressures (SBP, DBP) were
also determined The study was reviewed and approved by Ethics
Committee of Medical Faculty and University Hospital Olomouc,
and written informed consent was obtained from all participants.

Dyslipidemia was defined as having one or more of the following
parameters: trigiycerides (TG) =1.5 mmaol/l, apolipoprotetn B (Apo)
=12 g/l [10]. Individuals, who met the above-mentioned criterta,
were divided into two groups (CG: Apo B<1.2 g/l and Jor TG<1.5
mmol/l, n = 66, 38 males, 28 females; DLP: Apo B =1.2 g/l and Jor
TG=1.5 mmol/l, n = 148, 70 males, 78 females). A value 1.2 g/l for
Apo B was chosen because it 1s level from which the cardlovascular
risk Increases rapidly [10]. The use of TG value In this algorithm Is
Justified as well. It had been proved that the amount of small dense
low density lipoprotetns rises with TG concentration from the level
of 1.5mmol/l [10].

Laboratory analyses

Venouws blood samples were drawn in the morning after a 12-h
fast. Afier centrifugation, serum was used for other analyses. For the
assessment of hemostatic markers, venous blood was collected in 3.8%
sodium citrate tubes and plasma was obtained after centrifugation.

Routine serum biochemical parameters were analyzed on
Modular SWA (Roche, Basel, Switzerland) In the day of the blood
collection. Concentrations of FGF 21 and other spectal analytes were
measured (n the serum sample aliguotes stored at -80 (-20) °C, no
longer than 6 months.

Total cholesterol (TC), triglycerides (TG) and HDLc were
determined enzymatically using commerctal kits (Roche, Basel,
Switzerland). Measurement of HDLc levels was performed by a direct
method without precipstation of Apo B containing lipoproteins.
Low density lipoprotetn cholesterol (LDLc) levels were calculated
using Friedewald formula Apo B and Apo A1 were determined
immunoturbidimetrically using Tina-Quant ApoB and ApoA-1 kits
(Roche, Basel, Switzerland). Glucose was determined using enzymatic
GOD-PAP method (Roche, Basel, Switzerland). Insulin was measured
by the commerdcially avatlable kit (Immunotech, Marsellle, France)
using the spectfic anttbodies by the IRMA method. C-peptide and
proinsulin (PINS) were determined using the commercially avallzble
kits: C-peptide (Immunotech, Marsellle, France), and Protnsulin
(DRG Instruments GmbH, Marburg, Germany), by IRMA and RIA
methods, respectively. Serum levels of the soluble adheston molecules
5-1CAM-1 and sVCAM-1 were assessed by Immunoenzymatic assay
using commercially available kits s-ICAM-1 and sVCAM-1 (both
Immunotech, Marsetlle, France).

The following hemostatic markers were examined from human
plasma: fibrinogen (function coagulation method by Clauss,
Technoclone, Vienna, Austria), von Willebrand factor (vWF,
immunoturbidimetric assay, [nstrumentation Laboratory Spa, Milan,
[taly), plasminogen activator inhibitor-1 (PAI-1), tissue plasminogen
activator (tPA, both ELISA, Technoclone, Vienna, Austriz), and
soluble thrombomodulin (sTBEM, ELISA Thrombomodulin,
Diagnostica Stago, Asnleres sur Seine, France).

FGF 21 was determined from the separate serum aliquot
by Hisa Imunochemical kit: Human FGF 21 ELISA (Blovendor
Laboratory Medicine Inc., Brno, Czech Republic), according to the
manufacturer's instructsons, and after a vertfication of the methods.
The Intra- and inter-assay coetficlents of variation were below 10%.
Statictical analysis

All values are expressed as means + standard deviztion (SD),
and parameters with skewed distrbution also as meditans The
Kolmogorov-Smirnov test was used to check for normal distribution.
Vartables with skewed distribution (TG, Apo B, fibrinogen, vWF, LPA,
PAI-1,sTBM, insulln, C-peptide, PINS, FGF 21) were log transformed
in order to normalize their distribution before statistical analysis.
Diferences in variables between Individuzl groups were analyzed
with ANOVA, after adjustment for age, sex and BMI. For statistical
evaluation of a correlation between individual parameters we used
2 Pearson correlation znalysis for analytes with normal distribution,
and 2 univariate Spearman correlation analysss for variables with
skewed dsstribution. The multiple regression analysis was performed
for testing of an Independent assoclation between dependent and
independent variables. Statistical analysis was performed using SPSS
for Windows version 120 (Chicago, IL, USA). Probability values of
p<0.05 were considered as statistically significant.

Results and Discussion

The basic clinical and laboratory characteristics of Investigated
groups are summarized In Table 1. Compared to CG subjects,
DLP patients had significantly higher plasma TC, LDLc (p<0.001),
fibrinogen and FGF 21 (p<0.01 and p<0.001, respecttvely), and
decreased HDLc and Apo Al levels (p<0.001 and p<0.01, respectively),
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Tabie 1: Basic characterisics of dysiipidemic subjecis dvided into CG and DLF groups.

All cubjeotc ce DLP
n=214 n=88 n =148
Male'Fernale 108/108 3828 TOTS
smoking 54 (25%) 11 (17%) 43 (29%)
45T 2145 4612159 4702137
Age, years
(35.0-57.0) (33.7-87.2) (35.3-57.0)
22992475 2500=406 ZTB5=24.78"
BMI, kgim*
29.51) (22.03-26.90) (24.62-30.T4)
SM1.1=142 831=114 842=139%9
Waict, om
(80.0-100.3) (75.0-21.0) (85.0-104.0)
128672152 1276126 12932162
8B8P, mm Hg
(120-140) (120-140) (120-140)
TT8=z87 TT5=80 779290
DEP, mm Hg
(Te-80) (TC-80) _ (T0-80)
66952184 £62:093 TAT 2 184"
TC. mmoll
(5.48-7.58) (5.00-6.31) £.50-8.20
3012421 1.77] 1.01 =028 [1.01] 390:4 80251
TQ, mmoll
(1.42-3.08) (0.83-1.23) (1.74-3.88)
1372045 1682049 1232037
HDLa, menodl
(1.02-1.63) (1.28-2.00) (0.35-1.43)
4082157 3482085 4332 174"
LDLo, mmoln
(3.09-£.69) (2.96~£.08) (3.28-5.25)
1542037 1672041 148 =2034™
Apo A1, gn
(1.26-1.78) 1.37-2.01 (1.22-1.71
1212038 [1.13] 0832019095 1332038 (12851
Apo B, gl
(0.97-1.40) (0.79-1.07) (1.05-1.53)
258:076 [2.80 274=055[280] 308 = 082 [2.96]"
Flbrinogen, gA
£0-3.30 3.02 (2.62-3.30)
130=55[118] 123541127 1233 =5511200
YWF, %
130-162) (86-158) (57-163)
335:224300 288:091030] 34022173 0]
tPA, ngimi
(20-3.2) 2.0-3.0) (2.0-35)
ES =42 58] 5= 32 4] E8= 44 [E])
PAL1, ng/mi
(33-30) (30-76) (36-93)
cTBM, ngmi 233=124190 2402134205 220= 1130150
115.0-28.0) 116.8-28.0) (34.0-23.0)
358 ¢ 148 3342128 3692156
GICAM-1, ngiml
(255-851) (235-428) (2TO=-459)
T4l = 350 TE2 =333 TiE=3I72
EVCAM-1, ng/mi
(505-916) (518-958) (496-954)
5382104 £12:05%59 E50=1.17
OGlucoce, mmoll
|4.80-5.73) (4.7T0-5.50) {4.90-5.90)
103=66(B.5] B1=z48B9 113=7101]
Inculin, miln
(6.3-12.3) (4.8-10.4) (T.4=14.1)
27:14R5 231212 29:15R7
C-peptice. mg
11.7-34) (1.3-3.1) (1.8-37)
1482 105[11.4) 1282890139 ST 111120
PINS, maun
(B.2-17.4) (7.4-15.9) (B.8-18.4)
31T T =4404 197 8] 2. T=3883 128 4] 3599 = 4563 Q34 &)
FOF 21, ngit
(103.3-357.6) (63.7-225.5) (134.6~419.3)

Data are expressed 3z means : standard deviabions. In parameters with skewed distribution aiso as medans [n brackets] Values of 25 and 75 percenties are
ewpressed In parenteses. Differences In varabies Detaeen groups were anaiyzed Wi ANOVA after adjustment for age, sex and BASL VarlabDies with skewed
dstribution (TG, Apo B, fbrinogen, vIWF, IPA, PAK1, sTBM, insulin, C-peptide, PINS, FGF 21) were iog ransformed o nommailze ther distribution before statistical

analyses.
CG ApoB <12ghandlor TG < 1.5 mmal
OLP:ApoBa 12 glandlor TG 2 1.5mmeln

Significant differences between CG and DLP groups: “p<0.05, “'p=0.01, and "~'p=<0.001.
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Abbreviations: CG: Control Growp: DLP: Dysiipideic Phenotype: EMI: Body Mass Index; SBP: Systolc Blood Pressure; DEP: Diastoic Biood Pressure; TC:
Total Cholesterol; TG: Triglycendes. HDLE: High-densiy Lipoprotein cholesteroi; LDLC: Low-density Lipoprotein cholesterl; Apo A1: Apolipoprotein Al Apo B
Apoiipoprotein 8; VW von Wiliebrand Factor; A Tissue Flasminogen Activator; PAI-1: Plasminogen Acthvator inhibRor-1; sTEM: Soluble Thrombomoduiing
SICAM-1: Solubie Imterceluiar Adhesion Mokecule-1; SVCAM-1- Soubie Vascuar Cel Aghesion Molketule-1. PINS: Proinsulin; FGF 21: Fibrobiast Grows Facior 21

AMNCAAC Analysis of Vanance

Table 2: Comelation of FGF 21 wih endomeilalhemostatic markers and
parameters of nsulin resistance in CG and DLP growps.

FOF 21 (CO, n = &8) FOF 21 (DLP, n = 148)
Fibrinogen ns. ns.
0.182
vWF ns.
p<00s
0.338
LY ns.
p<0D1
0244
PAL1 ns.
p<00s
cTEM ns. ns.
D.199
CICAM-1 ns.
p <005
0.163
EVCAM-1 ns.
p <0.05
0.27%
Gluocse ns.
p<0.01
Ingunn ns. ns.
0.310 024
C-pepiide
p<00DS p <0.05
0.232
PN ns.
p <0.01

CG- ApoB <12gfand ior TG < 1.5 mmoi

DLP- Apo B 2 12 91 and Jor TG 2 1.5 mmoln

n.3., nor-signifcant gifference

r and p values are expressed In Table 2 Probabilty values of p<0.05 were
considered as siatsticaly significant.

Abbrevistions: CG Control Group: DLP: Dysiipide~ic Phenotype; viW®: von
Wilebrand Factor, tPA: Tissue Flasmimogen Activator, PA-1: Flasmimogen
Activator Inhibfor-1; sTEM: Scluble Thrombomodulim; sICAM-1: Soluble
intercelulr Aghesion Molecule-1; VCAM-1: Soluble Vascular Cel Aghesion
Molecule-1; PINS: Proinsalin; FGF 21: Fibroblast Growsh Factor 21; DLP:
Dyzipidemk Phenctype; Apo B: Apoipoprotein B; TG: Trighycerides

after adjustment for sex, age and BML Also classtfication parameters
(TG and Apo B) were naturally significantly elevated in DLP subjects
{both p<0.001).

FGF 21 levels correlated positively with C-peptide In CG subjects,
whilst in DLP group we observed a significant positive correlation
of FGF 21 with vWF, tPA, PAL-1, adhestve molecules sICAM-1 and
sVCAM-1, glucose, C-peptide and PINS - see Table 2.

To evaluate the associatson of the observed parameters with FGF
21, the multiple regresston analysis with FGF 21 as dependent variable
and correlated parameters as Independent predictors was performed
(Tzble 3). In contrast to CG, FGF 21 was posittvely assoclated with
vWF (beta = 0.4214, p = 0.0031), tPA (betz = 0.1103, p = 0.0099), and
glucose (beta = 0.2655, p = 0.0313) 1n DLP subjects.

Elevated levels of FGF 21 in DLP group

The presented study revealed the strong significant difference
in the levels of FGF 21 between two groups with different levels
of TG and Apo B, which Is in accordance with our previous work
[11). As mentloned above, higher levels of RGF 21 are found In
cardsometabolic disorders, Including obestty, MetS, dyslipidemta, and
insulln resistant states in human studles [12-14). These conditions

are more pronounced tn DLP subjects. However, the precise reason
of the FGF 21 elevation remains still unclear. The FGF 21 resistance
has been suggested to be one of the causes of elevated FGF 21 levels
In obese mice [15). Nevertheless, a study of Hale et al. [16] reported
that FGF 21 resistance was not evident at the whole-organism level
in obvob and diet-induced obese mice models of genetic or acquired
obesity and Insulin resistance. Increased hepatic FGF 21 expression
and elevated FGF 21 levels are probably due to the metsbolic changes.
[t seems likely that circulating FGF 21 1s dertved from the liver, and
its levels are probably higher due to the FGF 21 induction caused by
elevated hepatic lipid and carbohydrate levels [9]. Thus, we belteve
that increased TG, Apo B, and Apo B-containing lipoproteins might
be an essential cause of the FGF 21 elevation in DLP group in our
study.

Nevertheless, one of the main objectives of the presented work
was to evaluate, If FGF 21 lewels elevation could be explained as a
response to emerging endothellal damage FGF 21 has been previously
suggested as an independent factor for protection of cardlovascular
system cells. In experimental models the recent studles showed,
that FGF 21 Induced cardiac protection and restoration of cardiac
function involving autocrine/ paracrine pathways [17], and FGF
21 action on cardsomyocytes prevents cardiac hypertrophy [18].
The study of L. et al. [19] aimed to ducidate the changes of FGF 21
levels induced by oxidized-low density lipoprotetn (oxLDL), and the
changes of apoptosts atfected by regulating of FGF 21. The expression
of FGF 21 on both the mRNA, and the protein levels in cultured
cardtac microvascular endothelizl cells confirmed that cardlovascular
endotheltal cells had the ability to produce FGF 21. The authors
concluded that FGF 21 can be secreted by endotheltal cells in response
to stress, and it may be a signal In damaged tissues [19]. The protein
may play phystological roles a5 an endogenous protective factor in
Improving the endothellal function at an early stage of atherosclerosls.
However, these observations have not been subsequently confirmed
In any clinical study. Therefore, it 1s only a speculatson, if the increased
levels of FGF 21 in DLP could be partially explatned as a response
to endothelial damage. In additson, from the endothelial/hemostatic
markers and the markers of IR, only fibrinogen, 2 determinant of
blood viscosity and platelet aggregation, was significantly higher in
patients with adverse dyslipidemic phenotype.
Endotheliallhemostatic parameters as predictors of FGF
21 levels in DLP group

Correlation analysis confirmed the well-known relationship of
FGF 21 to the parameters of insulin resistance in DLP group. Newly
we performed an analysis with endotheltal/hemostatic markers. FGF
21 correlated with all parameters, except of sSTEM. These observations
might Indicate proposed closer link of FGF 21 to markers of
endothelial dysfunctson only In patients with adverse dysliptdemic
profile. Nevertheless, the most of these relationships have lost
significance after the multiple regression analysis performance. The
observed association of FGF 21 with vWF and tPA in DLP group
was probably the most important finding of the study. To the best
of our knowledge, the presented work 1s the first to found both ED
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Table 3: Association of FGF 21 wih comeiated parameters n CG and DLP
roups.

FOF 21 (CO, n = 88) FOF 21 (DLP, n = 148)
01172 0.019%
fbrirogen
p=0.4877 p=07Ti8
-0.1201 L4214
vWF
p=05757 P =0.0031
-0.0206 o103
tPA
p = 08533 P =0.0008
03180 o180
PAL1
Pp=0.0540 p=00912
01922 -0.0550
cTEM
p=0.3241 p=0.5828
-0.0285 cos3z
GICAM-1
p=07552 p=01357
00832 ooses
EVCAM.1
p=01827 p = 00553
0.5591 02866
Qlucoce
p= 00884 p =0.0313
00418 <0.0076
Inguwilin
p= 066 p=05304

CG: Apo B < 1.2 and for TG < 1.5 mmol

DLP:Apo B2 1.2 9" and jor TG & 1.Smmoln

Mytiple regression analysis with FGF 21 as dependent variable and other
parameters as nospendent prediciors IS presented. Resuls with endothelal
hemostatic markers and some of IR parameters only are shown.

Sets and p valeez are sxpreszzed in Tabile 3. Probabiity values of p<005 wers
considered as statstically significant (bold valuec ).

Abbreviationc: CG- Control growp: DLP: Dysipidemic Phenotype; vIWF: von
Wilebrand Factor, tPA: Tissue Plaszminogen Activator, PAK-1: Pasminogen
Activator InmbRor-1; STBM: 3cluble Trrombomodulim, SICAM-1. 3oiuble
Infercelular Adhesion Moleowe-1; sVCAM=1: Soluble \Vascular Cel Adhesion
Moiecule-1; FINE: Proinsuln; FGF 21: Flbroblast Growth Factor 21; IR: Insulin
Resistance

parameters as Independent predictors of FGF 21 levels in the patients
with dyslipldemia vWF plasma levels have previously been proposed
as 3 useful marker of endothelial dysfunctson [20.21]. In our former
study, vWF levels Independently predicted Intima- media thickness,
a marker of subclinical atherosclerosts, in asymptomatic dyslipidemnic
subjects [22]. Stmilarly, clinical studies have Identified tPA 25 a strong
predictor of future cardiac events [23]). tPA 1s released from the
vascular endothelium, and circulating levels of tPA antigen may be
2 useful marker of endothelial dysfunction. As discussed above, FGF
21 could play a physiological role s an endogenous protective factor
improving the endothelial function at an early stage of atherosclerosis.
Therefore, 1t can be assumed that the posittve assoctation of FGF 21
with vWF and tPA could be related to emerging endothelial damage
in dyslipidemic patients, although clinically asymptomatic. The
question remains, why no elevatton of vWF and tPA plasma levels
in subjects with adverse lipid phenotype was found In our study.
Similarly, no association of FGF 21 with the other endothelial/
hemostatic parameters requires further explanation.
Limitation of the study

The results of the study could be Influenced by relatively a small
number of control subjects and the different number within two

analyzed groups, which could reduce the power of significance of
the observed relatsonships. The presented work was conducted with

Individuals divided according to TG and Apo B levels. Considering
this fact, the control group could not be regarded as a cohort of
“normal” healthy subjects. Another markers influencing ED, such as
the parameters of Inflammation and oxidative stress, could be taken
into account.

Conclusion

The presented study revealed the strong significant elevation
of the RGF 21 levels In asymptomatic dyslipidemic patients with
elevated TG and/or Apo B. Probably the most important finding was
the positive assoclation of FGF 21 with vWF and tPA levels in DLP
group. To the best of our knowledge, the study 1s the first to found

both parameters as Independent predictors of FGF 21 in patients with
the high-risk dyslipidemic phenotype. Correlation with endothelial/
hemostatic markers and the positive association of FGF 21 with viWF
and tPA might be a sign of emerging prothrombotic conditsons In
the high-risk lipsd profile carniers These observations should be
evaluated in further studies with different populations.
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