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1. TEORETICKA VYCHODISKA

1.1. TEORIE PRENATALNIHO/POSTNATALNiHO MODELOVANI
Mnoho epidemiologickych ditkazii naznacuje, Ze jak obezita, tak fada dalSich tzv.
komplexnich chorob ma krom¢ nezpochybnitelného genetického pozadi 1 proménlivou
komponentu environmentalni responzivity, jejiz pocatek lze vysledovat az do fetalniho
obdobi.
Suboptimalni nutri¢éni podminky v prenatdlnim a ¢asném postnatalnim obdobi mohou vést
k zasadnim zménam na urovni bunééné proliferace, diferenciace a maturace buné¢k, spojenym
s nevratnymi strukturdlnimi i funkénimi zménami v bunikéch, tkdnich 1 organovych systémech
[1]. Tyto zmé&ny mohou mit dlouhodobé souvislosti ve smyslu zvySeni individualniho rizika
rozvoje komplexnich onemocnéni v¢etné hypertenze, obezity, metabolického syndromu i
diabetu, a to pozdéji v zivoté [2], jestlize se jedinec ocitne v podminkach, které rozvoj téchto
onemocnéni podporuji (napi. dostatek dostupné potravy nebo nevhodné sloZeni stravy).
Souvislost mezi udalostmi v ¢asném postnatalnim a perinatdlnim obdobi (environmentalnimi
faktory, zejména podvyzivou) a kardiovaskularnimi chorobami pozdé&ji v zivoté byla
zaznamenana jiz v roce 1934. Tehdy Kermack et al. prokazali, ze celkova mortalita ve
Spojeném Kralovstvi a Svédsku v letech 1751-1930 poklesla; autofi tuto skutecnost pficitali
Zlepseni zivotnich podminek déti v tomto obdobi [3]. Forsdahl et al. nasledné publikovali
svou praci, ve které upozornili na korelaci mezi riznymi geografickymi regiony v Norsku,
vyskytem ischemické choroby srde¢ni v letech 1964—1967 a urovni kojenecké mortality o 70
let diive. Autofi této prace formulovali hypotézu, ze chudoba vede prostfednictvim nutri¢niho
deficitu k dlouhodobé a casto celozivotni vnimavosti vici kardiovaskularné rizikovému
zivotnimu stylu v dospélosti [4].
V roce 1986 se zacali Barker et al. zabyvat vlivem rizné urovné mortality na mozkovou

mrtvici a kardiovaskularni choroby v rtiznych regionech Anglie a Walesu. PovSimli si pfitom,
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ze geograficka distribuce mortality na mozkovou mrtvici a kardiovaskularni choroby v letech
1969-1978 tizce souvisela s novorozeneckou mortalitou v letech 1921-1925. Své zkoumani
uzavieli s tim, ze chudoba a Spatny zdravotni stav matek v t€hotenstvi jsou u potomstva
dilezitym rizikovym faktorem vyskytu mozkové mrtvice pozdéji v zivote [5].

V roce 1962 Neel et al. zvefejnili hypotézu tzv. ,,spotfivého genotypu®, ktera si kladla za cil
patofyziologicky vysvétlit souvislosti mezi udélostmi v ¢asném postnatdlnim obdobi a
rizikem vzniku komplexnich chorob pozdé&ji v zivoté [6]. Podle Neelovy hypotézy doslo
béhem sbéracsko-loveckého obdobi lidského vyvoje k selekei ,,spofivych® gent, které pfi
snizeni dostupnosti potravy zvySuji schopnost vytvaiet energetické zasoby. To ma
nezpochybnitelny evoluéni vyznam pro preziti v podminkach energetického nedostatku.
Druhou stranou mince je fakt, ze tyto geny v podminkach relativniho dostatku potravy vedou
u predisponovanych jedinci pozdgji v zivoté K vys$simu riziku vzniku napf. inzulinové
rezistence. Na Neelovu hypotézu navazali v roce 1992 Hales a Barker [7] svou hypotézou
,,spofivého fenotypu. Neelovou hypotézou bylo, Ze spofivé geny byly vyselektovany béhem
evoluce v dob¢ nedostatku, coz vedlo ke vzniku ,,rychlé inzulinové spousti“. Hypotéza
spofivého fenotypu naopak ftikd, Ze pokud je prostiedi, v némz se plod vyviji, n&jakym
zpisobem naruSeno, dojde k adaptivni negenetické odpovédi, ktera optimalizuje rast
klicovych orgénd téla na tukor jinych. Zaroven dochazi ke zménam postnatalniho
metabolismu, ¢imz ma byt dosaZzeno pieziti v podminkdch narazového dostatku ci
dlouhodobého nedostatku vyzivy [7].

Baker a Hales pfitom popisuji vyznamné souvislosti mezi nizkou porodni hmotnosti a
hypertenzi, ischemickou chorobou srde¢ni, intoleranci glukdzy, inzulinovou rezistenct,
hyperlipidémii, hyperkortizolémii, obezitou, chronickou obstrukéni plicni chorobou a
poruchami reprodukce [8]. Jednim z kli¢ovych produktii definice spotfivého genotypu ziistava

koncepce vnimavé nebo kritické periody”“ vyvoje, béhem které piasobeni urcitych



specifickych nutri¢nich vlivii zptisobuje dlouhodobé zmény ve vyvoji, jez mohou ptipadné
souviset se zdravotnimi riziky pozd¢ji v zivoté [9-11]. Tato koncepce pfitom navazuje ptimo
na myslenku ,metabolického imprintingu®, historicky poprvé zminénou Konradem
Lorenzem. Ten pouzival termin ,,imprinting” k oznaceni urCit¢ho chovéani zvitat, které
vychdzelo z ¢asné zkusenosti ziskané prave v kritické fazi vyvoje.

Hypotéza Bakera a Halesa byla v nedavné dobé& podpoiena [12] zjisténim, Ze za vyvojem
diabetu mellitu 2. typu, metabolického syndromu i obezity stoji s vétsi pravdépodobnosti
spiSe nepfiznivé fetdlni prostfedi nez genetické determinanty. Tuto hypotézu podporuji
vysledky studii na dvoj¢atech udavajici vyssi konkordanci vyskytu nizs$i porodni hmotnosti u
jednovajeénych dvojcat s diabetem mellitem 2. typu oproti geneticky identickym, avSak
nediabetickym dvojcatim [13].

Potize ve smyslu narustu frekvence komplexnich chorob pozdéji v dospélosti atd. vznikaji
Vv ptipadé vyrazného nesouladu environmentalnich podminek mezi fetdlnim a postnatalnim
obdobim, napt. pfi vyssi dostupnosti energeticky denzni potravy V postnatalnim obdobi [7].
Hypotéza, ktera tika, Ze embryondlni i fetalni adaptivni reakce na suboptimalni intrauterinni
prostfedi vede k trvalym, z dlouhodobého hlediska nepfiznivym nasledkim pro konkrétniho
jedince, je vsouladu s definici metabolického programovani dle Lucase et al. Tu autor
publikoval v roce 1991 a metabolické programovani je tu definovano jako indukce, ztrata
nebo naruseni vyvoje trvalych somatickych struktur nebo ,,nastaveni* fyziologického systému
¢asnym stimulem nebo inzultem plisobicim béhem vnimavé periody vyvoje [14].

Z vysledkl na poli mnoha oblasti vyzkumu vcetné evolu¢ni ekologie a molekularni biologie
vyplyva, Zze konkrétni genotyp miize vést v zavislosti na environmentalnich podminkach ke
vzniku raznych fenotypickych projevii [15]. U mnoha zivocisSnych druht byla pozorovana
souvislost mezi vlivem okolniho prostfedi piisobiciho na konkrétni generaci a vyvojem a

chovanim generace nasledujici. Napfi. u ptakl jsou samicky schopny ovlivnit mnoho aspekt



slozeni vejce v zavislosti na fadé environmentalnich faktorti jako dostupnosti potravy, urovné
sourozenecké soutézivosti a kvality partnerd [16]. Tim piimo ovliviiuji i strukturdlni a
behavioralni rysy nasledujici generace.

Pozorovani skutecnosti, ze wurCité typy udalosti v pozdnim prenatalnim ¢&i Casném
postnatalnim Zzivoté mohou ovliviiovat riziko uréitych udalosti pozdéji v dospélosti, tzv.
paradigma vyvojového puvodu zdravi a nemoci (DOHaD), vedlo k zasadni zmén¢ chapani
konceptu metabolického programovani. Fenomén DOHaD zahrnuje Sirsi fadu procest
vyvojové plasticity, pomoci kterych se organismy adaptuji na své okolni zivotni prostiedi.
Spoustéce téchto procest plasticity se v typickém piipad¢ uplatiuji béhem ¢asného vyvoje,
mohou postihovat konkrétni tkan nebo organ, ale obecné¢ vedou ke vzniku komplexniho
metabolického fenotypu. To je zprostfedkovano zejména nejriiznéjSimi epigenetickymi
mechanismy. Zakladni pfedstava o mechanismech vzniku vysledného fenotypu je uvedena na

obrazku 1.

Obrazek 1.
Vysledny fetalni fenotyp ve vztahu ke stresu matky, adaptovano dle Wadhwa et al [17].
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Z povahy celého procesu logicky vyplyvé, ze fetadlni programovani, ¢i spiSe ,,metabolicka,
vyvojova ¢i dynamickd plasticita®, neni samo o sobé manifestaci patofyziologického procesu.
Jedna se o fyziologickou adaptacni reakci plodu pro =zajisténi optimalni adaptace
V postnatalnim zivoté s cilem maximalizovat budouci zdravi a zlepsit preziti [2, 18-20].
Formalni definici vyvojové plasticity dle Barkera je pfitom schopnost konkrétni genetické
varianty vytvofit vice alternativnich strukturalnich forem, mechanismt fyziologického
fungovani nebo chovani v ramci reakce na podminky okolniho prostiedi [21].

Plod prizpisobuje sviij vyvoj dodavce nutrientd a kysliku od matky a z téchto stimuld
,,odecCita“, do jakého prostfedi se chysta narodit. Pokud ovSem dojde pozdé€ji v zZivoté
k vyrazné zméné environmentalnich podminek oproti podminkam fetalniho zivota, adaptacni
reakce se muze stat vychozim bodem pro maladaptivni metabolické nastaveni ¢i chovani
vedouci ke zvySenému riziku vzniku tady onemocnéni. Konkrétni genotyp tak muze
Vv zavislosti na charakteru vnéjSich podminek vést k celé fad¢ fenotypickych projevi, z nichz

nckteré jsou adaptivnéjsi a nékteré naopak méné vyhodné.

1.2. MECHANISMY MODELOVANI

Mnoho epidemiologickych studii ukazuje, Ze adaptacni odpoveéd’ na fetalni prostredi mize mit
za nasledek nezadouci neptiznivé jevy pozdéji v Zivoté jednotlivce. Mechanismy téchto dé&ji
zustavaji dosud z velké casti nejasné. Nejnovéjsi data poskytuji silné dikazy o tom, Ze
kli¢ovou roli v regulaci adaptacnich odpovédi na nutri¢ni a environmentalni faktory béhem
fetalniho a casného postnatalniho Zivota hraji epigenetické procesy [22]. Epigenetické
regulace spolu s genomickym imprintingem piedstavuji tedy dvé zasadni regulace, které je
nutné zohlednit pfi uvazovani o faktorech ovliviiujicich fetalni rist, Casny postnatalni vyvoj i
metabolické nastaveni pozdé&ji v dospélosti [23, 24].

Epigenetické zmény v ramci projevii vyvojové plasticity postihuji velmi Siroké spektrum
genti. V tomto okamziku nejsme schopni tyto zmény vyzkumné jednotné¢ obsdhnout a
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zejména jednoznacné interpretovat. V zasadé se da fict, Ze na vrcholu pomysiné pyramidy
celého vyvojového modelovani stoji konkrétni fenotyp. Ten je podepfeny specifickymi
zménami na urovni intermedidrniho metabolismu, za nimiz stoji dlouhd tada udalosti na

urovni epigenetickych modifikaci cilovych genti.

1.3. ZAKLADNI SPECIFIKACE ETAP METABOLICKEHO
MODELOVANI

Jak bylo zminéno vySe, vyvojova plasticita je realizovana procesy na subcelularni, celularni ¢i
tkanové trovni a procesy na urovni organovych regulaci a regulaci v ramci celého organismu.
V soucasnosti nam nejsou zndmy konkrétni procesy a mechanismy stojici za vznikem danych
fenotypt. Na zakladé jednotlivych asociacnich studii ale muZzeme usuzovat, Ze jak na
subcelularni trovni, tak na urovni intermediarniho metabolismu dochazi v prenatalnim obdobi
k fadé adaptacnich procest, kterymi plod reaguje tzce na zmény V environmentalnim

prostiedi, s nimz je matka v kontaktu.

1.4. RUST PLODU A JEHO PRIMERENOST NA GESTACNI VEK, POJMY
AGA,SGA LGA

Suboptimalni fetalni prostfedi se mize odrazet v nizké porodni hmotnosti, coz ve své podstaté
predstavuje okamzitou adaptacni reakci plodu, kterd mu umoziluje prezit pii snizenych
energetickych narocich az do obdobi porodu. NaruSeny fetdlni rst neni konstantni proces a
souvislost mezi vyvojovou plasticitou a rizikem onemocnéni je v rozmezi porodnich
hmotnosti kontinudlni, pfi¢emZ maximalni neZadouci u€inky maji v daném rozmezi porodnich
hmotnosti kontinualni distribuci. Nejvyraznéjs$i nezadouci ucéinky jsou pomérné logicky
pozorovany u obou extrému porodnich hmotnosti.

Piiméfeny vzrist na gestaéni vék je ozna¢ovan jako AGA (Appropriate for Gestational Age),

anomalni fetalni rist zahrnuje maly vzrust na gestacni vék (Small for Gestational Age, SGA)
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nebo naopak velky rist na gestacni vek (Large for Gestational Age, LGA). Zatimco SGA je
definovan dle American College of Obstetricians and Gynecologists jako porodni hmotnost
novorozence pod desaty percentil pro dany gestaéni vék, LGA je definovan jako porodni
hmotnost nad devadesatym percentilem spolu s makrosomii (porodni hmotnost minimalné 4
000 gramu) [25, 26]. S extrémy porodni hmotnosti pak souvisi Casty vyskyt peripartalnich
komplikaci, at’ uz se jedna o porod mrtvého plodu, neonatalni acidézu, zachvaty u SGA nebo
zvySenou fetalni a neonatalni mortalitu u LGA z divodu porodnich traumat nebo vykyvii
glykémie u plodu.

Ve velké studii zkoumajici 123 383 porodd v Milwaukee byl vyskyt SGA o 57 % vyssi nez
vyskyt LGA (11 % oproti 7 %). Urovei novorozenecké mortality v této studii byla u AGA
5,3/1000, u SGA 11,0/1000 a u LGA 2,7/1000 a tato uroven se udrzovala po celych 12 let
pokrac¢ovani studie. Dale bylo zjisténo, Ze SGA je rizikovym faktorem ¢asné novorozenecké
mortality (0—6 dni po porodu), ale nikoli postneonatalni mortality (28-364 dni po porodu)
[27], coz by naznacovalo, ze pokud dité ptezije rizikové obdobi porodu, jeho Sance na pieziti
se blizi obecné populaci.

Je znamo, Ze podvyziva matky nebo narusend placentarni vaskularizace z nejriiznéjsich pficin
navozuji intrauterinni rdstovou retardaci (IUGR) a rezistenci vici rustovému hormonu
Vv Casném détstvi. Pfevazna vétSina novorozencl malych na sviij gestaéni vék vSak v prvnich
letech Zivota rustovou retardaci z fetalniho obdobi vyrovna [15]. SGA novorozenci, u kterych
k tomuto ristovému vyrovnani dochazi, maji ¢asto v porovnani s béznou populaci vyssi body
mass index, vétsi mnozstvi tukové tkang, inzulinovou rezistenci a vyssi systolicky krevni tlak
béhem détstvi i adolescence [28-30]. V soucasné dobé nejsou znamy mechanismy tohoto
rastového vyrovnani, ani neni jasné, jak postupovat v otazce Casné vyzivy a behavioralnich
intervenci v ¢asném postnatalnim obdobi u SGA novorozenct a kojenci. SGA fenotyp plodu

v dob¢ porodu mutze byt odrazem epizody malnutrice ve tietim trimestru t€hotenstvi, naopak
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maly obvod hlavicky plodu (ktery je korelovan skrevnim tlakem siln€ji nez porodni
hmotnost) odrazi zpomaleni ristu béhem celého téhotenstvi. D4 se tedy ocekavat, ze
k patofyziologickému ,,inzultu doslo v rangjsi fazi gestace. Klicovym obdobim pro vyvoj
dlouhodobych zdravotnich konsekvenci ve smyslu komplexnich onemocnéni pozdéji
v dospélosti je i ¢asné postnatalni obdobi. Bylo pozorovano, Ze tkang, které byly v prub&hu
fetdlniho zivota vystaveny nizkym koncentracim inzulinu a inzulinu podobného rtstového
faktoru 1 (IGF-1), mohou v ramci metabolické obrany proti hypoglykémii pfi expozici vy$§im
hladinam téchto hormoni vyvinout v poporodnim obdobi inzulinovou rezistenci. Zda se tedy,
ze udalosti ve fetalnim obdobi dostavaji sviij koneény metabolicky vyznam az v kontextu

casného postnatalniho obdobi [15].

1.5. ADIPOKINY V INTERAKCI MATKA DITE

Téehotenstvi predstavuje v Zivoté Zeny specifické obdobi, kdy dochazi k reprodukéné zasadné
vyznamné adaptaci intermediarniho metabolismu matky na rostouci metabolické naroky
plodu. Zaroven vsak matka zprostfedkovava i neustaly tok informaci o charakteru vnéjsiho
prostfedi smérem k samotnému plodu, ¢imz dochédzi k unikdtnimu a neopakovatelnému
modelovani celého metabolického nastaveni plodu jesté in utero.

Tukova tkan matky pfedstavuje metabolicky nesmirné aktivni organ, ktery béhem téhotenstvi
hraje specifickou tulohu ve smyslu zajisténi energetickych rezerv pro zdarny priubéh
t€hotenstvi a zejména navazujici laktace ve smyslu regulace vyvojové plasticity. Béhem
t€hotenstvi dochazi fyziologicky k redistribuci matetské tukové tkané. Pfitom se ukazuje, Ze
mnozstvi podkozniho tuku se zvySuje jiz od prvniho trimestru a je pravdépodobné, ze
adipokiny, do zna¢né miry secernované proporcionalné s celkovou masou tukové tkanég,
zvysuji inzulinovou rezistenci s pokracujicim téhotenstvim. Tim umoziuji organismu matky
uvolnit dostate¢nou funkéni rezervu glukdzy pro saturaci rostoucich narokt plodu [31]. Tento
komplexni proces zvySovani inzulinové rezistence, ktery je markantné znatelny ve druhém a
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tietim trimestru, je zprosttedkovan ptisobenim celé fady endokrinnich a parakrinnich faktort
[32, 33].

Dosud bylo identifikovano jiz celkem 77 endokrinné-parakrinné pusobicich latek
uvolnovanych z tukové tkan€, oznaCovanych jako adipokiny. Je velmi zajimavé, ze tyto
molekuly jsou produkovany ve velké mife také placentarni tkani a ze se pfimo ucastni
regulace fady reprodukénich funkci. Je mozné se domnivat, Ze tyto molekuly ovliviiuji jak
prenatalni riist plodu, tak jeho postnatalni adaptaci ve smyslu ovlivnéni vyvojové plasticity.
Soubor vSech adipokind, tzv. adipokinom, spolecné s lipidovymi piisobky uvolfiovanymi
adipocyty vytvaii spole¢né tzv. sekretom adipocytt [34].

Zakladni adipokiny tcastnici se danych regulacnich okruhii a jejich subcelularni efektory jsou

uvedeny na obrazku 2.

1.6. VZTAH ADIPOKINU, ADIPOZITY PLODU A FUNKCI IMUNITNIHO
SYSTEMU

Nékteré diikazy naznacuji, Ze na nutriéni stav plodu i postnatdlni zdravi ditéte maji vliv
transgeneracni efekty. Studie na mysSich v 70. letech 20. stoleti ukazuji, Ze malnutrice matky
muZze vést k permanentnimu imunodeficitu u potomstva, ktery nelze zvratit optimalni vyZivou
V postnatalnim obdobi. Potomstvo téchto mysi pfitom také vykazuje abnormality imunitnich
funkci, zvlasté tehdy, kdyz u matky doslo k vyrazné karenci zinku v te¢hotenstvi [35, 36].
Tento transgeneracni efekt byl také popsan u ¢lovéka — bylo pozorovéano, ze koufeni babicky
béhem tehotenstvi ma za nasledek vyssi vyskyt astmatu u vnoucat, bez ohledu na to, zda
matka déti kouti ¢i nikoli [37].

I kdyZ konkrétni mechanismy i celkové zdvaznost alterace imunitnich funkci u plodu/kojence
Z divodu suboptimalni adipozity matky v té¢hotenstvi, kterd do zna¢né miry odraZzi jeji nutric-
ni stav ovlivnény podminkami okolniho prostedi, ndm nejsou v soucasnosti zndmy, existuji

jasné dikazy o tom, Ze podvyziva nebo nevhodné sloZeni vyzivy v ¢asném postnatalnim
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Obrazek 2.

Zakladni adipokiny Gi¢astnici se regulace adipozity v t€hotenstvi a jejich intracelularni

efektory, adaptovano dle: 2012, R&D Systems, Inc.
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obdobi mliZze vést k trvalym strukturdlnim 1 funkénim zmé&nadm na Grovni imunitniho systému
[38, 39]. Kohortové studie provedené v Gambii v ,,hladovém® obdobi prokazaly sniZzenou
velikost 1 funkci thymu u podvyzivenych déti — u téchto déti byly pozorovany zvysSené
hladiny CD8+ T bunék a NK bunék a toto procento silné korelovalo s rizikem tmrti
v détském a adolescentnim veéku na infekci [40]. Teorie vyvojové plasticity pfitom dobie
vysvétluje pozorovani z Gambie, kdy doba narozeni ditéte umoziiuje pomérné piesné
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odhadnout souvisejici kojeneckou/détskou mortalitu. Déti narozené v ,,hladovém obdobi* jsou
daleko ¢astéji obétmi infek¢énich chorob nez déti narozené béhem obdobi hojnosti. Dilezité je
také pozorovani, ze mléko matek v ,,hladovém obdobi* obsahovalo vyznamné niz§i mnozstvi
IL-7 nez mléko matek v obdobi hojnosti, coz poukazuje na moznou vyznamnou ulohu
matetského mléka pti zprosttedkovavani poporodni adaptace ditéte.

Zakladni schéma, jakym zptsobem spolu souvisi adaptacni imunitni odpovéd’ a aktivita bilé

tukové tkané v podminkach energetického dostatku, je uvedeno na obrazku 3.

Obrazek 3.
Souvislost mezi adaptivni imunitni odpovédi a aktivitou bilé tukové tkané v podminkach

nadmérného piijme energie, adaptovano dle Winer et al [41].
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1.7. ADIPOKINY, HYPOXIE A REGULACE GLYKEMIE
Faktor indukovany hypoxii (HIF) pfedstavuje zasadné dulezity transkripéni faktor, ktery je
indukovan jednak environmentalnimi zménami (napf. vysokd nadmoiska vyska), jednak
patologickymi stavy spojenymi s hypoxii (napf. nadorovymi chorobami) [42, 43]. Vyskytuje
se ve form¢ heterodimeru sestavajiciho z podjednotek a a B; hladiny proteinu HIFa koreluji
se zékladni tkanovou biologickou dostupnosti kysliku, urcita hladina proteinu HIFB
(oznacovaného také jako protein ARNT) je exprimovana konstitutivné. Pfi normoxii dochazi
k hydroxylaci proteinu HIFa, ubikvitinizaci a degradaci a tento proces je zprostfedkovan
prolylhydroxylazami (PHD) a ubikvitin-E3-ligazou pVHL, coz je produkt von Hippel-Lindau
(VHL) genu [42, 43]. Pii hypoxii se PHD suprimuji, coz vede ke stabilizaci HIFa proteinu a
k transkripénimu pusobeni HIFo/p na trovni indukce exprese gentl, které klasicky reguluji
metabolickou adaptaci, cévni rist a preziti bunék.
Z toho divodu je logické zjisténi, ze hypoxie predstavuje i jeden ze zasadnich stimulatorii
fetalniho ristu, kde de facto dochazi k prorastani fetalnich tkani ,,za kyslikem®, tedy z mist o
niz8i koncentraci kysliku do mist o vySs$i koncentraci, kde se ndsledné exprese hypoxii
indukovatelnych proristovych gent tlumi [44].
Mezi geny citlivé na hypoxii patii fada gend kodujicich adipokiny, napf. leptin [45],
angiopoietinu podobny protein 4 (Angptl4), interleukin-6 (IL-6), faktor inhibujici migraci
makrofagi (MIF) a cévni endotelialni rastovy faktor (VEGF) [46-48]. V n¢kolika studiich u
mysi i u ¢lovéka bylo prokazano, ze nizky pO2 stimuluje v diferencovanych adipocytech i
preadipocytech tvorbu leptinu [48-50], pfi¢emz mnozstvi leptinu secernované preadipocyty je
podstatné nizsi.
Je vSeobecné zndmo, Ze zakladnim mistem integrace signall a regulace energetického piijmu
(potravy), energetického vydeje a t€lesné hmotnosti je hypothalamus [51-55]. Na trovni

hypothalamu pfitom dochazi ke kombinaci autokrinnich, parakrinnich i endokrinnich
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mechanismu signalizace. Odpovidajici neuronalni regula¢ni déje zahrnuji kromé hormonalni
signalizace typu leptinu a inzulinu i signaliza¢ni kaskady zahrnujici samotné nutrienty, napf.
glukézu, aminokyseliny a mastné kyseliny [56]. Oproti dlouhodobé regulaci télesné hmotnosti
hypotalamickou hormonalni signalizaci je hypothalamické vnimani glukézy rychlé a podle
nejnovegjSich praci za n€ zodpovidaji  hypothalamické neurony  exprimujici
proopiomelanokortin (POMC) [57]. Nedavno bylo prokazano, ze hypothalamicka signalizace
hladiny glukozy je zprostiedkovana aktivaci HIF a vede k upregulaci POMC genu [58] a ze
HIF komplex hraje zasadni ulohu v regulaci gluk6za-dependentni hypothalamické kontroly
pfijmu potravy a energetické rovnovahy. V této prelomové praci bylo zjisténo, ze jako
nutri¢ni senzor na urovni hypothalamu ptisobi pravé HIF a ze hladina oxémie pfimo ovliviiuje
homeostazu piijmu potravy a energetické rovnovahy v realném Case. Tato regulace navazuje
dale na STAT3-dependentni expresi POMC genu u leptinové signalizace S naslednymi
dlouhodobymi uc¢inky na piijem potravy a télesnou hmotnost [59, 60].

Toto pozorovani dale podporuje nedavna studie prokazujici [58], ze chronicka hypoxie ma u
ryb vliv na pfijem potravy, expresi leptinu a jeho receptoru a jejich mRNA na trovni
klicovych hypothalamickych gent regulujicich pfijem potravy a aktivitu hypothalamo-
pituitarni osy. Ryby, které byly vystaveny po dobu 8 dni 10 % saturaci O, byly chronicky
anorektické a konzumovaly piiblizn€ o 79 % méné potravy nez normoxické ryby. Autofi sva
pozorovani uzaviraji tim, Ze sniZzeni biologické dostupnosti O, (nikoli samotny piijem
potravy) stimuluje u ryb expresi leptinu [61].

Tyto vysledky jsou v souladu s empirickymi pozorovanimi, ze u onemocnéni provazenych
chronickou hypoxii byva velkd tendence pacientd k anorexii a hmotnostnimu ubytku.
Hypotéza, ze hypoxie a integrace télesné energetické homeostdzy na trovni hypothalamu
spolu tizce souviseji, umoziuje vysvétlit fadu fyziologickych 1 patofyziologickych

pozorovani.
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1.8. ADIPOKINY, EPIGENETICKE REGULACE, MIKROVEZIKULY

U potkanti bylo popsano, ze adipocyty secernuji mikrovezikuly zndmé jako adipocytarni
vezikuly (ADM), které maji angiogenni aktivitu [62]. Ve studii, kterou publikoval Ogawa et
al. v roce 2010, autofi udavaji, Ze tyto vezikuly obsahuji RNA bez pfitomnosti typickych 28S
a 18S ribozomalnich RNA a popisuji pfitomnost ptiblizn¢ 7000 mRNA a 140 mikroRNA
v téchto vezikulach [63]. Autofi prace si také povsimli, ze mikrovezikuly secernované
Z tukové tkan¢ do séra obsahuji velké mnozstvi genovych transkriptti kodujicich adipokiny,
napi. adiponektin a resistin. Na zakladé¢ toho je mozné domnivat se, ze adipocytarni
mikrovezikuly mohou pfedstavovat nastroj mezibunéné komunikace spojujici centralni
regulacni okruhy zahrnujici hypothalamické zpétnovazebné okruhy a konkrétni regulace
exprese na tkanové urovni prostiednictvim diferenéni exprese MiRNA. Lze ocekavat, ze
adipokiny zde hraji tlohu jakéhosi metabolického prostfednika.

V nedavné studii bylo zjisténo, ze v mikrovezikulach detekovanych v plazmé a v monocytech
periferni krve se soucasné exprimuje az 71 miRNA. U vétSiny miRNA, které jsou
exprimovany v mikrovezikulach do séra/plazmy, se jiz diive piedpokladalo, ze reguluji

buné¢nou diferenciaci krevnich bunék, metabolické drahy a imunitni funkce [64].

1.9. VARIABILITA GENU KODUJICiCH DANE PEPTIDY/PROTEINY
Pfesnd povaha vztahu mezi genetickou variabilitou v genech kddujicich adipokiny,
konkrétnimi hladinami danych adipokinti v kritickych fazich vyvoje a epigenetickymi efekty
neni v soucasnosti znama. D4 se ocekavat, Ze genetickd variabilita v konkrétnich lokusech
ovliviiuje konstitutivné udrzovanou hladinu adipokinii v této tkéni. Ta je ovSem pod
kontrolou fady dalSich faktord, vCetné environmentalnich, jako je napt. vyziva. Konkrétni
hladiny v konkrétni fazi ontogenetického cyklu tedy nelze spolehlivé oznacit za vyslednici

Cisté genetickych vlivi.
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Navrhuji zde spiSe pohlizet na vysledné hladiny adipokini jako na vysledek urcité
triangulace:
- genetickych faktorGi vcéetné konkrétni interindividudlni variability reprezentované
zejména SNP v téchto lokusech;
- modula¢nich faktori puasobicich v konkrétnich kritickych fazich vyvoje, napft.
V prenatalnim obdobi;
- vysledné aktualni metabolické situace, ktera je charakterizovana celkovou adipozitou
a nutriénim stavem organismu v hodnoceném ¢asovém bodg.

Uvedeny princip je graficky zachycen na obrazku 4.

Obrazek 4.
Hladina adipokint jako vysledek genetickych a epigenetickych faktort
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Poznani genetické variability konkrétnich gend kodujicich adipokiny pak predstavuje prvni

etapu charakterizace téchto obtizné hodnotitelnych a ¢asto transgeneracnich efekta.
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1.10. VYBER KANDIDATNICH PEPTIDU/PROTEINU
Z vyse zminénych skuteCnosti vyplyva, Ze adipokiny jsou elegantnimi kandidaty na pozici
efektord modulovani vyvojové plasticity na arovni intermediarniho metabolismu. Podléhaji
pritom systémovému zpracovani ze strany CNS i lokdlnim regulacnim pochodim az na
uroven epigenetickych déja typu mistni metylace nebo Casoprostorové synchronizace exprese
miRNA. Adipokiny piedstavuji logickou a konzistentni spojku mezi auto- a parakrinnimi
ucinky na lokalni tkdnové trovni a celkovym fizenim slozitymi zpétnovazebnymi okruhy na

urovni CNS.
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2. VYZKUMNE PROJEKTY

2.1. VYCHODISKO

Zakladnim vychodiskem mé prace zamétené na tlohu adipokini (eventualné kooperujicich

orexigennich/anorexigennich molekul) v metabolickém modelovani jsou nasledujici

skute¢nosti:

0 efektech adipokini V prenatalnim/¢asném postanatalnim obdobi toho s vyjimkou
leptinu neni mnoho znamo;

k dispozici nejsou témét zadné informace o tloze adipokint v ¢asném postnatalnim
obdobi, a to ve smyslu jejich sekrece do mateiského mléka i nasledného ovliviiovani
adipozity plodu;

malé mnozstvi dostupnych informaci pochazi z fyziologickych studii, neni pfesné
definovana uloha adipokini pfi zprostfedkovani nepfiznivych uCinkli naruSeného

fetalniho prostiedi (napf. u preeklampsie) na rizika u potomstva pozdéji v zivoté.

2.2. CILE PROJEKTU

Realizované projekty mély stanoveny nésledujici zakladni cile:

Sledovani vybranych adipokind u matek i déti v peripartalnim obdobi.

Sledovani vybranych adipokind v matefském mléce po porodu a v obdobi 180denniho
obdobi plného kojeni.

Sledovani téchto vybranych adipokini u komplexnich onemocnéni pozdéji v zivoté
(obezita, ischemicka choroba srde¢ni, srde¢ni selhani).

Sledovani genetické variability vybranych adipokinti jako faktoru ovliviiujiciho
konstitutivné exprimované hladiny daného peptidu/proteinu a ptispivajiciho tedy k

interindividualnim rozdilim ve vnimavosti ke komplexnim nemocem.
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2.3. MATERIAL A METODY
Do této prace jsem zatfadila sedm adipokini a souvisejicich molekul (leptin, adiponektin,
agouti-related peptid, faktor aktivujici B bunky, visfatin, mozkovy natriureticky faktor,
endokannabinoidni receptor typu I) u kterych zakladé jejich fyziologické funkce existuje
predpoklad, Zze mohou hrat vyznamnou tulohu v ramci vyvojové plasticity prenatdlniho a
casného postnatalniho obdobi.
S vyjimkou leptinu, jehoz tiloha v reprodukci je jiz relativné dobie charakterizovana, neni o
zkoumanych molekuléch a jejich tloze v organizaci vyvojové plasticity ve fetdlnim a ¢asném
postnatalnim obdobi mnoho zndmo. U ftady adipokinti, véetné téch v nasi studii, neni ¢i
nebylo znamo, zda jsou u ¢loveéka secernovany do matetského mléka, ptipadné jaka je
dynamika jejich hladin béhem ¢asného i pozdnéjsiho poporodniho obdobi. Proti sobé pak
stavime nase vysledky pozorovani z prenatalniho/Casného postnatalniho obdobi a vysledky
pozorovani u komplexnich chorob na populaci ztéhoz geotrafického regionu o nékolik
generaci pozdéji.
Pro sledovéani dlouhodobych regulaci, které mohou byt ¢asto realizovany aZz transgeneracné,
jsme zvolili dva soubory pacientl:
I. Soubor pro prenatalni/Castné postnatalni modelovani pro sledovani fyziologickych/
patofyziologickych zavislosti pti ptechodu z fetdlniho do vnéjsiho prostiedi; zde jsme svolili
tyto subkohorty:
I.  Zdravé matky s fyziologickym t&€hotenstvim, koncepci i porodem, od kterych
byla ziskéna i pupeénikova krev.
Il.  Zdravé matky s fyziologickym tehotenstvim, koncepci a porodem sledované
po dobu 180 dni plné laktace, od kterych byly ziskavany vzorky mateiského
mléka.

iii.  Matky s preeklampsii (model prenatalni hypoxie — hyponutrice).
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Iv.  Matky s gestacnim diabetem (model prenatalni hyperglykémie).
Il. Soubor pacienti s komplexnimi nemocemi, které jsou v populaci Casté, u kterych se
predpokladd vyznamna tloha prenatalniho/Casného postnatalniho modelovani, konkrétné se
jednalo o nasledjici subkohorty:
I. Pacienti s ischemickou chorobou srdeéni véetné¢ end-stage fenotypu
chronického srde¢ni selhani a komplikaci typu restenoza ve stentu po PCL
ii.  Pacienti s obezitou.
iii.  Srovnavaci populace odpovidajici véku a pohlavi s normalnim BMI bez
dalsich komorbidit.
U kohort I i Il jsme sledovali tytéz adipokiny a cilem bylo vyhodnotit, jestli existuje
souvislost mezi hladinami v pupecnikové krvi/mléce/periferni krvi matky a adipokinovym
fenotypem komplexnich chorob pozdé¢ v dospélosti.

Detaily jednotlivych kohort i metodiky jednotlivych praci jsou popsany v nasledujici sekci.

2.4. VYSLEDKY

Viz ¢ast dokumentu s komentovanym souborem praci.

2.5. ZAVER
Vychozim predpokladem této prace je vyznamnd uloha adipokini pifi zprostfedkovavani
prenatalniho modelovani na trovni intermediarniho metabolismu. Tyto regulace Ize
povazovat za dulezity ¢lanek spojujici celularni-subcelularni regulace a meziorganové
interakce. Druhym vychozim bodem byla pozorovani jinych vyzkumnych skupin, které dosly
k zavéru, ze v podminkach nejsilngjsich prenatalnich stimulll typu hypoxie a hypoglykémie
dochazi ke zméné exprese adipokinil. Tretim piedpokladem bylo, Ze interakce mezi matkou a

ditétem zprostfedkovana adipokiny nekon¢i porodem, ale pokracuje déale béhem celého
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obdobi kojeni, kdy matka dité dale ,,modeluje* kontinudlni a adaptivné se ménici dodavkou
adipokinti do matefského mléka. Ctvrtym, finalnim vychodiskem je piedpoklad, Ze adipokiny,
resp. vyznamna interindividualni variabilita v jejich konstitutivni expresi nastavena z&asti
epigeneticky v kritickych fazich prenatalniho/¢asného postnatalniho obdobi, hraji vyznamnou
ulohu i pozdéji v dospélosti, pii vzniku komplexnich onemocnéni. To by mélo dat specificky
vznik pozorovatelnému fenotypu s ohledem na adipokinovou expresi.

Lze spekulovat o tom, Ze anomalni vzorce sekrece/exprese adipokinti ziskané b&hem
prenatalniho/Casného postnatalniho zivota se udrzuji az do hluboké dospélosti a v podminkach
ptihodného okolniho prostfedi mohou facilitovat vznik komplexnich chorob. V takovém
pripad¢ by ovsem méla existovat korelace mezi dysregulacemi pozorovanymi uz peripartalné
a metabolickymi projevy V pozdni dospélosti, tedy pokud ptedpokladame tcast podobnych
mechanisml na urovni intermedidrniho metabolismu. Zajimalo nas tedy mimo jiné, jakym
zpusobem se odrazeji pozorovani ziskana na prenatalnich kohortdch smérem k pozorovanim u

komplexnich chorob v dospélosti.

NaSe studie ukazuji nasledujici:
I.  Pfi srovnani genetické variability v genech pro leptin a adiponektin ve skupinach zen
s fyziologickym t¢hotenstvim a preeklampsii jsme nepozorovali rozdily v distribuci
genotypu ani alel. Pozorovali jsme Kkonzistentni trend smérem k nizké porodni
hmotnosti plodu pii pifitomnosti T alely polymorfismu v genu pro adiponektin
ADIPOQ T94G. Tato alela byla sledovana i u rozsahlé kohorty pacientt s obezitou,
kde nebyly pozorovany vyznamné asociace ani s antropometrickymi parametry, ani

S parametry nutri¢nimi.
[l.  Pfi zkoumani hladiny faktoru aktivujictho B-lymfocyty (BAFF) v peripartalnim

obdobi jsme zjistili, Ze hladiny BAFF v periferni krvi matek v peripartdlnim obdobi

24



jsou vyznamné niz8i u zen s preeklampsii oproti zdravym rodi¢kam. Prokézali jsme
také viibec poprvé v literatuie, ze u matek s fyziologickym téhotenstvim je BAFF ve
vyznamném mnozstvi pfitomen v matefském mléce béhem celych 6 mésici po
porodu, pficemz hladina BAFF je extrémné vysoka v kolostru a pak zahy klesa
k nizsim hodnotam. Tato hladina neni zavisla na cirkulujici plazmatické hladiné BAFF
u matky. Pfi zkoumani hladiny BAFF u o nékolik desetileti stars$i obézni kohorty jsme
pozorovali, ze hladiny BAFF jsou vyznamné vyssi u obéznich oproti neobéznim
kontroldm, pticemz BAFF byl vyznamné korelovan s procentudlnim zastoupenim
télesného tuku i obvodem pasu, a to jak u obéznich, tak u neobéznich jedincu.

Pii zkoumani visfatinu jsme jako prvni skupina v literatufe prokazali pfitomnost
visfatinu v matefském mléce, pfiCemz primérna koncentrace v matefském mléce
presahuje koncentraci vV matefském séru priblizné 100krat a tento pomér pretrvava
béhem celého sledovaného obdobi 180 dni po porodu. Nizkou hladinu visfatinu
Vv kolostru Ize navic pouzit pro predikci hmotnostniho vyvoje novorozence S tim, ze
¢im vy$s$i hladina je visfatinu v kolostru, tim vyraznéj$i je hmotnostni Ubytek
novorozence vV poporodnim obdobi. Pii sledovani obézni kohorty byl visfatin inverzné
korelovan s leptinem a nejvyssich hladin dosahoval visfatin u obéznich muzt, zatimco
hladiny u obéznich zen byly ptekvapive velmi nizke.

Pozorovali jsme vyznamné rozdily v distribuci genotypu rs806368 v genu pro
endokannabionidni receptor typu I (CNR1) ptfi srovnani pacientek s preeklampsii a
kontrol, kdy u pacientek s preeklampsii byl vyznamn¢ nizsi podil homozygotek CC,
piicemzZ u kohorty obéznich dospélych vysSiho véku tento polymorfismus vykazoval
nezavislou predikéni ulohu pro diastolicky krevni tlak a procentudlni zastoupeni

svalové hmoty na télesné hmotnosti.
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Lze tedy uzavfit, ze genotypicka/fenotypickd variabilita exprese sledovanych adipokini

behem peripartalniho obdobi (jak u matky, tak u plodu/novorozence/kojence) ma sviij urcity

korelat v pfitomnosti vyznamnych asociaci téchto adipokini s komplexnimi chorobami u

populace starSi o 2-3 generace z téhoz geografického regionu (viz podkapitoly 4.1-4.9). Jaky

je konkrétni podklad téchto souvislosti, je nyni pfedmétem dalSiho intenzivniho vyzkumu.
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3. OREXIGENNI/ANOREXIGENNI PEPTIDY/ADIPOKINY A
JEJICH ULOHA V PRENATALNIM MODELOVANI

Orexigenni/anorexigenni peptidy/adipokiny v prenatalnim/¢asném postnatalnim obdobi:

Adipokines as Important Factor Related to the Prenatal Programming of Nutritional

Behaviour (ptfehledova prace)

Préace zkoumajici genové polymorfismy

Leptin u preeklampsii (Is There Any Link Between Severe Pre-Eclampsia And
Defined Polymorphisms In Leptin And Adiponectin Genes?)

Leptin u gesta¢niho diabetu (Associationof Leptin Genetic Polymorphism -2548
G/A With Gestational Diabetes Mellitus)

CNR u preeklampsie (A Common Variation In The Cannabinoid 1 Receptor
(CNR1) Gene Is Associated With Pre-Eclampsia In The Central European

Population)

Prace zkoumajici hladiny plazma matky/pupecnikova krev

BDNF (Brain-Derived Neurotrophic Factor (BDNF) And Ciliary Neurotrophic
Factor (CNTF) In Maternal Plasma And Umbilical Cord Blood From Pre-
Eclamptic And Physiological Pregnancies)

AGRP (Comparison Of Agouti-Related Peptide Levels In Peripheral Blood Of
Postpartum Pre-Eclamptic And Non Pre-Eclampticwomen And In Umbilical

Cord Blood From Their Pregnancies)

Prace zkoumajici mléko

BAFF (B-cell activating factor (BAFF) is present in umbilical cord blood in
healthy and pre-eclamptic pregnancies as well as in human breast milk with
specific dynamics during 180d lactation)

Visfatin (Visfatin Is Secreted Into The Breast Milk And Is Correlated With

Weight Changes Of The Infant After The Birth)
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3.1. ADIPOKINES AS IMPORTANT FACTOR RELATED TO THE
PRENATAL PROGRAMMING OF NUTRITIONAL BEHAVIOR

Resumé

Tato prace se zabyva celkovym piechledem soucasné¢ho chapani lohy adipokinti pfi rozvoji
nejraznéjSich téhotenskych komplikaci a jejich vlivem na fenotyp potomstva z téchto

téhotenstvi, zejména s ohledem na prenatalni programovani nutri¢niho chovani.

Clanek (monografie In Advances in Medicine and Biology. Nova Science Publishers, 1. vyd.,
2012, ISBN: 978-1-62100-843-9).

Adipokines as Important Factor Related to the Prenatal
Programming of

Nutritional Behaviour

Julie Bienertova-Vasku* and Petr Bienert
Department of Pathological Physiology, Faculty of Medicine,
Masaryk University, Kamenice 5, A19, Brno, Czech Republic

Abstract

It has been suggested previously that some of the obesity-associated behavioral patterns as
well as metabolic pathways are “programmed” during fetal development. The concept of
“developmental metabolic programming” is based on the hypothesis that nutritional as well as
metabolic status of the mother during the pregnancy affects the metabolism control in the
child, thus resulting in a unique phenotype allowing for better adaptation of the infant to the
environmental conditions. However, very little is known about factors that are responsible for
this programming. The products of the white adipose tissue, so called adipokines, could be
elegant candidates for controlling the process of fetal programming as they mostly correlated
with the total fat mass and have pleiotropic effects both at parakrine and endocrine levels. It
has been reported recently that e.g. leptin, adiponectin, resistin and visfatin as well as
numerous other adipokines are associated with specific nutritional or metabolic conditions
resulting in a wide range of adaptive phenotypes across the population. Moreover, placenta
has been identified as a major source of adipokines, which also lead to the recognition of

* E-mail: jbienert@med.muni.cz.
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prenatal period as a highly specific, unique metabolic state resulting in specific feeding and
metabolic patterns of the infant. This review covers the major aspects of adipokines in relation
to prenatal fetal modelling of the nutritional behaviour.

Keywords:Adipokines; early life programming; DNA methylation; miRNA, leptin; visfatin

Introduction

A long period of time between the action of environmental factor and the onset of subsequent
disease has been widely accepted in the etiology of specific types of cancer. However, this
phenomenon has been for a long time not recognized in the etiology of other non-cancer
conditions, such as obesity, cardiovascular diseases or behavioural patterns [1], probably as a
result of a less obvious cause-result relationship here. Recently, numerous clinical as well as
experimental studies based both on large sets of epidemiologic data and laboratory
experiments have shown that prenatal as well as early postnatal life plays a crucial role in
influencing later susceptibility to certain metabolic diseases, e.g. diabetes [2-4].

The induction of persistent epigenetic changes by prenatal environmental factors is supposed
to be a mechanism contributing to observed relationship between prenatal development and
later life health in humans [2]. It has been demonstrated that placental disorders or maternal
starvation can permanently change DNA methylation patterns and thus might by involved in
development of diabetes and hypertension [5-7]. However, the mechanisms by which a
phenomenon that onsets in early life can have long lasting effects on the function of a cell and
therefore on the metabolism of an organism decades later are largely unclear [8]. The
mechanisms, as defined by Tarry-Adkins JL [8] include: 1) permanent structural alterations of
an organ resulting from abnormal concentration of a crucial factor during a critical period of
development; 2) persistent epigenetic modifications (e.g. DNA methylation and histone
modifications) leading altered gene expression and 3) permanent alterations in regulations of
cellular aging (e.g. enhanced oxidative stress can lead to DNA damage, especially to
telomeres, thus contributing to such effects). We would add also 4) transient as well as
permanent changes induced by altered miRNA expression that might result also in persistent
epigenetic imprint making an individual more prone to certain diseases in adulthood.

Placenta in Prenatal Modelling

The placenta, specific organ playing a critical structural and functional role during pregnancy,
provides a key link in sequence of events leading to successful intrauterine programming of
late life health [9]. Placenta development is characterized by precisely regulated spatio-
temporally programmed epigenetic processes that, if impaired, lead to alteration in gene
expression of different cell types and thereby affecting birth outcome. At every stage of fetal
development there is a sequence of de novo methylation and chromatin remodelling that
indicates the tissue structure and function through a precisely tuned pattern involving the
switching on and off of specific gene expression [10]. The failure to complete critical
spatiotemporal checkpoints during which the specific epigenetic programs must be completed
may be irreparable and can have long-term (life-long or fatal) consequences for the fetus. The
results of the study by Chavan Gautam [9] demonstrate that methylation patterns can also
have implications for the consequences of prematurity since premature birth may impede the
normal spatio-temporal pattern of gene expression affecting later development of the infant
after birth, and for fetal programming of adult diseases since preterm babies are known to be
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at increased risk of neurodevelopmental and metabolic disorders in later life. It can be
assumed that every individual is under constant pressure of “programming factors”, both
intrauterine and environmental that consequently provide a specific, absolutely unique imprint
in order to render the individual as adaptable to surrounding environment as possible.

In humans, periconceptional exposure (e.g., exposure around conception and during the first
trimester) to the Dutch famine, a famine at the end of WWII, was associated with persistent
differences in DNA methylation of various important loci involved in growth and metabolism,
including IGF2, GNASAS, INSIGF and LEP [11]; the individuals who were prenatally
exposed to famine in 1944-1945 had 6 decades later less DNA methylation of the imprinted
IGF2 gene compared with their unexposed, same-sex siblings. Epigenetic differences were
found among individuals who were exposed to famine early in gestation and had a normal
birth weight; exposure to famine late in gestation was associated with low birth weight, as
expected, but not with epigenetic changes. Tobi et al [12] investigated methylation of 15 loci
implicated in growth and metabolic disease in the same group of individuals who were
prenatally exposed to a war-time famine in 1944-45. Methylation of INSIGF gene was lower
among individuals who were periconceptionally exposed to the famine (n = 60) compared
with their unexposed same-sex siblings; methylation was also different for GNASAS and LEP
gene, in men.

Another mode of alteration may be through the aberrant expression of microRNA (miRNA),
18-25 nucleotide long non-coding RNAs involved in post-transcriptional gene regulation [13-
4]. miRNA base-pair to the 3’-untranslated region of target mRNA and are capable of
effectively silencing gene expression by a mechanism of either translational repression or
direct mMRNA degradation. The finding by Maccani et al [15] that low expression of miR-16
and miR-21 in the placenta is associated with poor fetal growth may have many important
implications as dysregulation of miR- 16 in the placenta may lead to aberrant expression of its
targets and may lead to functional and developmental abnormalities in the placenta that might
result in reduced infant birth weight. This provides another line of evidence for possible
robust epigenetic changes that the fetus undergoes during its prenatal development and makes
more studies to provide a detailed research into miRNA roles in pregnancy a necessity.

Adipokines

Fetal adipose tissue development is regulated by the complex interaction of transcription
factors, nutrients, and adipocytokines released both by placenta and maternal white adipose
tissue [16]. Adipocytokines are mainly endocrine substances secreted mainly (but not
exclusively) by the white tissue that has recently proved to be a highly active endocrine organ,
secreting plenty of substance involved in energy homeostasis as well as tissue growth/death
[17]. These adipocytokines are expressed and secreted by adipocytes and the human placenta
during fetal life and are highly likely to play a major role in the etiopathogenesis of insulin
resistance and cardiovascular disease [16]. The also provide a concise logical link between
alterations of DNA methylation patterns in the early prenatal life and metabolic consequences
decades later.

Leptin

Leptin is primarily synthesised in white adipose tissue and acts as an endocrine signal of
energy reserves to the hypothalamus and other tissues in the coordination of appetite and
metabolism with nutrient availability [18]. Leptin expression in the fetus is altered by
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different intrauterine conditions, and these responses vary according to the nature of the
stressor [19]. An upward trend in leptin levels has been reported through the three trimesters,
which seems to parallel the increase of percent fat throughout gestation. In addition, placental
leptin production makes a substantial contribution to maternal circulating levels during
pregnancy [20]. Circulating leptin levels are high in the fetus at term, probably representing
an important feedback modulator of substrate supply, and subsequently for adipose tissue
status during late gestation [21]. However, leptin levels rapidly and dramatically decline after
birth in healthy neonates [16, 21, 22].

As mentioned previously, altered methylation patterns are characteristic for individuals
exposed to adverse environmental conditions, such as famine, during critical developmental
windows [12], and these effect seem to be highly time- and sex-specific. For example, the
famine exposed women presented with an increase in body mass index [22] and various lipids
in blood [23], irrespectively of the precise gestational timing of the exposure. However, the
results from the Dutch Famine study indicate that an increased risk of coronary artery disease
was specific for exposure to famine in early gestation [25]. As for the LEP gene, there was no
indication for a significant interaction between the famine association with DNA methylation
and the gestational timing of the exposure, even though the methylation difference was
significant only following periconceptional famine exposure [12]. In men in this study, LEP
methylation was associated with prenatal famine irrespective of the timing of exposure and
the observation that the methylation changes in relation to the prenatal environment may be
sex-specific is in agreement with the sex-specific methylation changes found in offspring of
sheep that were folate- and vitamin B12-restricted during periconception [25]. How these sex-
specific associations can appear is currently unknown, but interactions between sex hormones
and the expression of DNA methyltransferases may be the crucial factor [26]. The
presumption that leptin gene methylation could be associated with metabolic patterns later in
life was confirmed by the study by Jousse et al [18] who investigated the effects of perinatal
undernutrition/starvation on methylation of LEP gene and observed that the nutritional stress
resulted in the removal of methyls at CpGs located in the promoter of leptin gene, causing a
permanent specific modification in the dynamics of the expression of leptin [27].

Visfatin

Visfatin is identical to pre-B-cell colony enhancing factor (PBEF, NAMPT), a cytokine
involved in B-cell precursor maturation [28]. Visfatin is expressed in the human fetal
membranes during normal gestation and parturition in the absence of infection and shows its
effects on the expression of interleukin (IL)-6 and 1L-8 [29].

Recent studies on the NAD(+) biosynthetic enzymes in the salvage pathway, nicotinamide
phosphoribosyltransferase (NAMPT) and nicotinamide mononucleotide adenylyltransferase 1
(NMNAT-1), have revealed important functions for these enzymes in SIRT1-dependent
transcription regulation which is of interest with respect to the fact that SIRT1 can modulate
chromatin function through direct deacetylation of histones as well as by promoting
alterations in the methylation of histones and DNA, leading to the repression of transcription
[30]. SIRT1 also participates in the recruitment of other nuclear enzymes to chromatin for
histone methylation and DNA CpG methylation, thus making SIRT1 an elegant candidate for
linking visfatin circulating levels with epigenetic regulation.

Adiponectin
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It has been reported that decreased serum levels of adiponectin, an insulin sensitivity-related
adipocytokine, in early pregnancy are able to predict an increased risk of GDM [31]. Also, it
has been reported that the human placenta produces and secretes adiponectin, and that
adiponectin and its receptors are differentially regulated by cytokines and their expression
altered in women with gestational diabetes mellitus [32]. In addition, contrary to adults, some
studies demonstrated a positive correlation between cord blood adiponectin levels and birth
weight [33-34]. Recently, it has been reported that serum adiponectin levels at 11-13 weeks
are increased in women that develop early pre-eclampsia by a mechanism unrelated to
impaired placentation [35]. The relationship between circulating levels of adiponectin and
fetal growth is, however, unclear. The results from studies investigating adiponectin levels in
cord blood are highly contradictory [34, 36] and it is highly likely that any relationships
between fetal growth and circulating adiponectin levels are covered by the negative
correlation between maternal total fat mass and adiponectin plasma levels. In other words, it
is highly difficult to separate possible causal effect of adiponectin on fetal growth from robust
negative correlation of adiponectin levels with total maternal fat mass.

Fatty Acid Binding Protein

Adipocyte fatty acid binding protein (AFABP, also known as aP2 and FABP4) has recently
been described as a novel adipokine associated with insulin resistance, T2DM, and
cardiovascular disease. It was reported that the serum levels of AFABP were significantly
increased in overweight and obese subjects as compared with lean controls and were
correlated positively with waist circumference, blood pressure, and insulin resistance [37].
The results of study by Kralisch et al [38] indicate that maternal AFABP levels are
significantly increased in GDM which might contribute to increased metabolic and
cardiovascular risk in these patients and that body weight, renal function, and
triacylglycerides are independently associated with serum AFABP concentrations [38]. This is
highly interesting in the light of experiments carried out by Li et al [39] who demonstrated
that transfection of the fibroblast-like preadipocytes with miRNA-143 antisense inhibitor
induced a significant suppression of differentiation, and indicated decreased storage of lipid
droplets and down-regulated expression of key adipocytes regulatory genes, such as
CCAAT/enhancer-binding protein-a (C/EBPa) and AFABP. On the contrary, cells
proliferation was increased with miR143 inhibitor transfection, which provides the first
evidence for stimulation of endogenous miR143 in the differentiation of mammalian
intramuscular fat, which in part contribute to the regulated expression of adipocyte genes. It is
highly likely that expression of miR143 is being precisely regulated during pregnancy,
although no experimental data are available yet, where it participates in control of
differentiation of the human fat cells. Therefore, it can be hypothesized that AFABP could
generally represent a good candidate for an intermediate factor in mediating persistent
epigenetic changes during the prenatal development.

Resistin

Resistin is a metabolic hormone secreted by human adipocytes and mononuclear cells that has
been postulated to play important roles in regulating energy homeostasis [40-42]. Resistin is
expressed also in human placenta [43]. In a small cohort of cord blood samples obtained from
pregnancies with intrauterine growth restriction (IUGR), macrosomia or normal pregnancies
[44], umbilical serum levels and placental expression of resistin had positive correlation with
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maternal serum resistin and negative correlation with birth weight. In addition, maternal
serum resistin levels were inversely correlated with birth weight. In another study by Seol et
al [45], maternal serum resistin levels were significantly elevated in women with
preeclampsia compared to normal pregnant women and non-pregnant women. There was no
significant difference in placental resistin expression and therefore it could be suggested that
the source of the resistin in circulation is rather the maternal fat than placenta itself.

Conclusion

The presence of substantially increased concentrations (compared to the adults) of numerous
adipocytokines in cord blood and placental and/or fetal tissues supports the hypothesis of
adipocytokines involvement in the prenatal programming of postnatal development. The
concentrations of adipokines in the fetus respond to a range of nutritional and endocrine
stimuli, and therefore may represent a signal to changing environmental factors, thus
providing a basis for establishment of neural pathways important for energy balance in later
life. The precise mechanisms through which the epigenetic changes are induced are largely
unclear. DNA methylation and miRNAs represent good candidates for possible mediators of
these long-term, unique and highly individual effects. A deeper understanding of exact
underlying mechanisms mediating prenatal modelling of postnatal metabolic pathways as well
as more insight into early-life-based pathophysiology of civilization diseases may lead to
individually-tailored, precisely-targeted therapy in the future.
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3.2. IS THERE ANY LINK BETWEEN SEVERE PRE-ECLAMPSIA
ANDDEFINED POLYMORPHISMS IN LEPTIN AND ADIPONECTIN
GENES?

Resumé

v

zUstava 1 pres zjevné pokroky soucasné védy stale nejasné. Nedavno se objevila hypotéza, ze
dilezitou roli pfi vzniku preeklampsie hraje naruSena regulace rozsahlé sité adipokint,
produkovanych kromé tukové tkdn€ i placentou. Genetické pozadi exprese jednotlivych
adipokint pfitom mize byt dilezitym uréujicim faktorem jejich sekrece.

Cilem studie bylo prozkoumat, zda jsou Casté polymorfismy v genu pro leptin (LEP) a
adiponektin (ADIPOQ) spojeny s rozvojem preeklampsie a souvisejicich znakd (gestacni
hypertenze, proteinurie, intrauterinni ristové retardace plodu).

Studie zahrnovala celkem 123 zen s preeklampsii a 150 zdravych kontrolnich zen podobného
véku a parity, u kterych byl genotypizovan polymorfismus LEP -2548 G/A a ADIPOQ T94G.
Mezi obéma skupinami nebyly rozdily v distribuci genotypti ani alel sledovanych
polymorfismt. Ve skupiné preeklamptickych téhotenstvi byl ov§em polymorfismus ADIPOQ
T94G spojen s vyskytem nizké porodni hmotnosti a matky, které byly nosickami T alely,
mély ptiblizné tiikrat vyssi pravdépodobnost narozeni ditéte s nizkou porodni hmotnosti (p =
0.004).

Na zékladé vysledkii nasi studie se nezda, ze by sledované polymorfismy byly dulezitymi
genetickymi determinantami preeklamsie, je ovSem mozné, Ze polymorfismus ADIPOQ
T94G se ucastni regulace télesné hmotnosti novorozencl, zvlast€é u preeklamptickych

t€hotenstvi.
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Abstract

Aim: The pathophysiclogy of pre-eclampsia, one of the leading causes of maternal mortality worldwide, still
remains unclear. Recently, it has been suggested that impaired regulation of complex interactions among
various adipokines plays an important role in the development of pre-eclampsia. The aim of this study was to
investigate whether the two common polymorphisms of the leptin (LEF) and adiponectin (APM1) genes are
associated with the development of pre-eclampsia and its related traits (gestational hypertension, proteinuria
and various measures of reduced fetal growth ) in the Czech pre-eclamptic population.

Methods: The case—control study comprised a total of 123 pre-eclamptic women and 150 healthy controls of
similar age and parity distribution. They were genotyped for the LEP —-2548CG /A (5"-untranslated region) and
APM]1 TG (exon 2) polymorphisms using polymerase chain reaction.

Results: The allele frequency of the LEP —2548C polymorphism was 0.541 in the pre-eclamptic group versus
0.583 in the control group (F=0.578); the frequency of the APM1 94C polymorphism was 0.073 and 0.079
(P = 0L.628), respectively. No significant associations were detected between either of the two single nucleotide
polymorphisms or any of the parameter biomarkers related to pre-eclampsia, such as gestational hypertension
or proteinuria. However, the APM1 T94C polymorphism was significantly associated with a low birth weight
in pre-eclamptic pregnancies, with mothers carrying the T-allele having an almost three-fold increase in the
likelihood of giving birth to a child with a low birth weight for its gestational age (odds ratio, 2.7; 95%
confidence interval, 0.18-5.9; P = 0.004).

Conclusions: The APM1 TM4C and LEP -2548G/ A polymorphisms do not seem to be major genetic determi-
nants of susceptibility to pre-eclampsia in the Czech Caucasian population. However, evidence has been
provided for possible APM1 T94G involvement in controlling the birth weight of children from pre-eclamptic
pregnancies, thus supporting the hypothesis of TM4C involvement in controlling the birth weight of newborns.

Key words: adiponectin, leptin, polymorphism, pre-eclampsia.

Introduction Pre-eclampsia is a pregnancy-associated condition

that is characterized by increased vascular resistance,
During the last few vears, many reports on the physi- proteinuria, oedema and coagulopathy; it has been
ological importance of adipokines, especially leptin, generally linked to endothelial cell malfunction of
adiponectin and resistin, during pregnancy have been the maternal vasculature. Potentially related to the
published.™ important role of adipokines in implantation and
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angiogenesis, pre-eclampsia is  characterized by
shallow trophoblastic invasion, the sudden onset of
maternal hypertension and dramatic increases in both
maternal and fetal leptin concentrations s So far, it
remains unclear whether the dramatic hyperleptine-
mia in pre-eclampsia is a compensatory response to the
decreased nutrient and oxygen supply to the underper-
fused placenta or the possible cause of it™

Leptin is a 167-amino acid hormone that is synthe-
sized mainly by adipocytes. Itis released into the blood
in propordon to the size of adipose tissue, which is
consistent with the role of leptin as a signal of the energy
stores.' [t has already been reported that the expression
of leptin increases markedly during pregnancy. This
increase occurs during the first trimester before any
perceptible increase in body weight, and this relation-
ship suggests that its expression levels are modulated
by other factors, possibly unrelated to the amount of
body fat. Leptin concentrations rise along with those of
estrogen and are correlated in early pregnancy with
those of human chorionic gonad otrophin.' Muy-Rivera
et al.”® observed that pregnant women with elevated
plasma leptin levels have a 3.8-fold increased risk of
developing pre-eclampsia. These authors also invest-
gated the association between a tetranucleotide repeat
(TTTC)in) polymorphism in the 3-flanking region of the
leptin gene and plasma leptin levels in pre-eclampsia.
They reported that the risk of developing pre-eclampsia
was higher in women who carried this polymorphism
when compared with those who did not However, as
this study was undertaken in a very small population
sample, further investigation into this association will
be necessary to assess the potential of the (TTTC)(n)
polymorphism in the 3-flanking region of the leptin gene
in pre-eclampsia development.

In 2000, Mammés et al.” reported that a single nucle-
otide polymorphism (SNP), LEP -2548G/ A, located
within the 5"-untranslated region of the leptin gene and
immediately adjacent to sequences implicated in the
regulation of lepfin gene transcription, is associated
with obesity phenotypes in the French population.
Because it is located in an important regulatory
sequence of the leptin gene, we postulated that this SNP
has the potential to influence leptin gene expression in
early pregnancy and could account for the shallow tro-
phoblastic invasion in the placentae from pre-eclamptic
pregnancies.™*

Adiponectin is a circulating protein hormone that is
secreted mainly by adipocytes” and has previously
been associated with obesity, "™ metabolic syndrome™
and type 1 and 2 diabetes.® Chow et al.® report that

€ 2008 The Authors

Leptin and adiponectin polrmorphisms in pre-eclampsia

hypoadiponectinemia is a potential risk factor for
hypertension in the non-diabetic Chinese population.
Brikenhielm et al.® have recently reported that adi-
ponectin plays an important role in angiogenesis,
employing caspase-mediated endothelial cell apopto-
sis, which represents a possible mechanism of
adiponectin involvment in the pathogenesis of pre-
eclampsia. Common polymorphisms in the APMI
gene are considered to participate in controlling insulin
resistance and,/ or components of the insulin resistance
syndrome. Yang ef al ™ reported on the association of
the TG polymorphism in exon 2 of the APMI gene
and insulin resistance. The common haplotypes of SNP
+45 and SNP +276 polymorphisms of the APMI gene
have been shown to be associated with increased sus-
ceptibility to pre-eclampsia.®

In this investigation, we studied the possible influ-
ence of the functional polymorphism LEP -2548 G/ A
within the promoter of the leptin gene (dbSNP 1D
rs7799039) and the APM1 TMC polymorphism on
exon 2 of the adiponectin gene (dbSNT rs2241766) on
the risk of developing pre-eclampsia in a highly
homogenous cohort of central European Caucasian
women. To date, no such study focusing on these two
polymorphisms and their potential in pre-eclampsia
has been undertaken and published. The specific aims
of the study were: (i) to compare allele and/or geno-
type frequencies of these two SNPs between cases of
pre-eclampsia and controls; and (ii) to identify the
potential genetic risk variants for developing pre-
eclampsia. Finally, we attempted to ascertain a genetic
risk factor (allele or genotype) for an adverse preg-
nancy outcome, namely pre-term birth (<37th gesta-
tional week), associated with pre-eclampsia or a low
birth weight.

Methods

Subjects

A total of 123 pre-eclamptic women were enrolled in
the association study, together with 150 randomly
selected healthy pregnant women of similar parity
whose pregnancies were uncomplicated and spontane-
ous. Pre-eclampsia was defined according to the guide-
lines of the Czech Gynecological and Obstetrical
Society: development of hypertension after the 20th
week of pregnancy (systolic blood pressure,
=140 mmHg; and/or diastolic blood pressure,
=00 mmHg; measured at rest on two consecutive occa-
sions at least 24 h apart) in previously normotensive
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angiogenesis, pre-eclampsia is  characterized by
shallow trophoblastic invasion, the sudden onset of
maternal hypertension and dramatic increases in both
maternal and fetal leptin concentrations. > So far, it
remains unclear whether the dramatic hyperleptine-
mia in pre-eclampsia is a compensatory response to the
decreased nutrient and oxygen supply to the underper-
fused placenta or the possible cause of it"™

Leptin is a 167-aminoe acid hormone that is synthe-
sized mainly by adipocytes. Itis released into the blood
in proportion to the size of adipose tissue, which is
consistent with the role of leptin as a signal of the energy
stores." It has already been reported that the expression
of leptin increases markedly during pregnancy. This
increase occurs during the first trimester before any
perceptible increase in body weight, and this relation-
ship suggests that its expression levels are modulated
by other factors, possibly unrelated to the amount of
body fat. Leptin concentrations rise along with those of
estrogen and are correlated in early pregnancy with
those of human chorionic gonadotrophin.! Muy-Rivera
et al.® observed that pregnant women with elevated
plasma leptin levels have a 3.8-fold increased risk of
developing pre-eclampsia. These authors also invest-
gated the association between a tetranuclectide repeat
(TTTC)(n) polymorphism in the 3-flanking region of the
leptin gene and plasma leptin levels in pre-eclampsia.
They reported that the risk of developing pre-eclampsia
was higher in women who carried this polymorphism
when compared with those who did not However, as
this study was undertaken in a very small population
sample, further investigation into this association will
be necessary to assess the potential of the (TTTC){n)
polymorphism in the 3-flanking region of the leptin gene
in pre-eclampsia development.

In 2000, Mammés ef al." reported that a single nucle-
otide polymorphism (SNP), LEP —2548G/ A, located
within the 5-untranslated region of the leptin gene and
immediately adjacent to sequences implicated in the
regulation of leptin gene transcription, is associated
with obesity phenotypes in the French populaton.
Because it is located in an important regulatory
sequence of the leptin gene, we postulated that this SNP
has the potential to influence leptin gene expression in
early pregnancy and could account for the shallow tro-
phoblastic invasion in the placentae from pre-eclamptic
pregnancies. s

Adiponectin is a circulating protein hormone that is
secreted mainly by adipocytes” and has previously
been associated with obesity,"* metabolic syndrome™
and type 1 and 2 diabetes.® Chow et al = report that
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hypradiponectinemia is a potential risk fackor for
hypertension in the non-diabetic Chinese population.
Brikenhielm et al.® have recently reported that adi-
ponectin plays an important role in angiogenesis,
employing caspase-mediated endothelial cell apopto-
sis, which represents a possible mechanism of
adiponectin involvment in the pathogenesis of pre-
eclampsia. Common polymorphisms in the APMI
gene are considered to participate in controlling insulin
resistance and/ or components of the insulin resistance
syndrome. Yang ef al™ reported on the assodiation of
the TMC polymorphism in exon 2 of the APMI gene
and insulin resistance. The common haplotypes of SNP
+45 and SNI +276 polymorphisms of the APM1 gene
have been shown to be associated with increased sus-
ceptbility to pre-eclampsia.™

In this investigation, we studied the possible influ-
ence of the functional polymorphism LEP -2548 C/A
within the promoter of the leptin gene (dbSNP 1D
rs7799039) and the APM1 TMC polymorphism on
exon 2 of the adiponectin gene (dbSNP rs2241766) on
the risk of developing pre-eclampsia in a highly
homogenous cohort of central European Caucasian
women. To date, no such study focusing on these two
polymorphisms and their potental in pre-eclampsia
has been undertaken and published. The specific aims
of the study were: (i) to compare allele and/or geno-
type frequencies of these two SNPs between cases of
pre-eclampsia and controls; and (ii) to identify the
potential genetic risk variants for dewveloping pre-
eclampsia. Finally, we attempted to ascertain a genetic
tisk factor (allele or genotype) for an adverse preg-
nancy outcome, namely pre-term birth (<37th gesta-
tional week), associated with pre-eclampsia or a low
birth weight.

Methods

Subjects

A total of 123 pre-eclamptic women were enrolled in
the association study, together with 150 randomly
selected healthy pregnant women of similar parity
whose pregnancies were uncomplicated and spontane-
ous. Pre-eclampsia was defined according to the guide-
lines of the Czech Gynecological and Obstetrical
Society: development of hypertension after the 20th
week of pregnancy (systolic blood pressure,
=l40mmHg; and/or diastolic blood  pressure,
=00 mmHg; measured at rest on two consecutive occa-
sions at least 24 h apart) in previously normotensive
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women, and the onset of proteinuria (=300mg of
urinary protein/L over 24h). Women with chronic
hypertension preceding pregnancy were excluded
from the study. Furthermore, women with polycystic
ovary syndrome, hirsutism or menstrual cycle distur-
bances and those previously treated for infertility were
excluded from both the study and control groups. The
gestational age was repeatedly confirmed by standard
ultrasound examination. All participants in the study
originated from the very homogenous Czech Cauca-
sian population.

A structured questionnaire and individual medical
records were used to obtain covariate information
on maternal age, height, pre-pregnancy and end-
pregnancy weight, personal and family reproductive
history and the medical history of first- and second-
degree family members along with smoking history
and socioeconomic status. Infant weight, length, prena-
tal history and medical history of neonates were also
obtained from the medical documentation. Pregnancy
weight gain, pre-conception body mass index (BMI)
and BMI at the time of delivery were calculated.

This study was approved by the Committee for
Ethics of Medical Experiments on Human Subjects,
Faculty of Medicine, Masaryk University, Brno, and
was performed in adherence to the Declaration of Hel-
sinki Guidelines. Each participant gave her written
informed consent, which has been archived.

Genotyping

The white cell fraction from a peripheral venous blood
sample (5 mL) was used to extract DNA according
to the standard procedure using proteinase K. The
SINPs, LEP -2548G/ A (dbSNP 1D rs7799039) 2548 bp
upstream from the beginning of the exon 1 and APM1
THME (dbSNP rs2241766) on exon 2, were detected
according to previously published methods = Briefly,
each 12 pL reaction volume contained 10 ng genomic
DNA, 1.5pL 10X polymerase chain reaction (PCR)
buffer, 1.5 pl. MgCl;, 200 pM dNTP, 2 pmol of each
primer and 0.4 U of Tag DNA polymerase (Fermentas).
The reactions were performed using an XP Cycler. The
PCR amplification conditions were as follows: LEP
—2548G /A polymorphism, 95°C for 5 min, 94°C for
30 s, 50°C for 45 5, 72°C for 50 s for 35 cycles and 72°C
for 10min; APM1 TWMC polymorphism, Y4°C for
& min, 94°C for 30 s, 65°C for 155, 72°C for 40 s for 30
cycles and 72°C for 10 min. The reliability of genotyp-
ing was assessed by double-genotyping of approxi-
mately 20% of the samples, and no differences were

A6

found in independent assays. Negative controls were
included in each reaction batch to exclude possible
false-positives.

Statistical analysis

Differences in genotype distributions and their consis-
tency with the Hardy-Weinberg equilibrium were
compared using the y'-test, and differences in allele
frequencies were compared using Fisher's exact test.
The Hardy-Weinberg was measured for both SNPs
using an online program on the website of Human
Genetics, Munich (htp:/ /ihg.gsf.de). Differences in
parameters studied between the two groups were
tested using the Mann-Whitney test The Bonferroni
correction was used to correct for multiple compari-
sons where appropriate. Logistic regression analysis
was used to investigate the independence of the asso-
ciation between the quanttatve variables (age, pre-
gravid maternal weight, maternal height week of
delivery and parity were included as independent vari-
ables) and pregnancy complications (preterm birth,
low birth weight) using the alleles of examined poly-
morphisms; the analysis was adjusted for potential
confounders (smoking, socioeconomic status). We used
anova and ancova to examine the individual effects of
the SNPs on pre-eclampsia-related parameters. The
Statistica version 7.0 computer statistical package was
used for analysing the data.

Results

The baseline clinical and anthropometric characteris-
tics of the study subjects are summarized in Table 1.
Pre-eclampsia cases had significantly higher pre-
concepton BMI (P < 0.001) and gave birth to children
with a significantly lower birth weight than the control
subjects (F < 0.001).

Relationship between LEP —2548G/A and APM1
T%G and pre-eclampsia risk

The Hardy-Weinberg equilibrium evaluated for both
SMPs expressed a significant deviation from that of the
cases cohort (P=0.02). No significant differences in
genotype distributions of both the LEP -2548G/ A and
the APM1 TG were observed when comparing the
pre-eclampsia cases and the controls (Figs 1,2). When
assuming a codominant model of inheritance, no dif-
ferences in distribution of genotypes between pre-
eclampsia cases and controls were observed (P=not
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Table 1 Baseline patient characteristics
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Cases Controls Pvalues
(m=123) (n =150
Maternal age (vears) 3024 54 Bh =016 NS
pre-conception body weight (kg) 7130 £ 1616 6816 = 1423 =0.001
BMI at the time of delivery (kg/m") 3115 =75 20337 £ 65 NS
Pregnancy weight gain (kg) 1434 + 670 1317 =524 NS
Birth weight (g) 1537 £ 785 g 3060 =747 g <0001
Birth length (cm) 471 £ 47 459 = 37 N5
Week of gestation at delivery 37 Y] N5
Primiparity/ multiparity 45/78 61/89 NS
BMI, body mass index; NS, not significant
Table 2 Genotype distribution of examined polymorphisms in cases and controls
Polymorphism Total (m) Pre-eclampsia cases (1) Controls () P-values
LEP —25480G/A Codominant model 0.376
AA 48 26 22
AG 142 A1 81
GG 83 36 47
Recessive model 0.108
GG + GA N (%) 275 97 128
AAN (%) 43 26 2
AMP1 T94G Co-dominant model 0650
GG 4 2 2
TG 2 12 2
T 237 109 128
Recessive model 0610
TT+ TGN (%) 269 121 148
GG N (%) 4 2 2
P-values were obtained by comparison between pre-eclampsia cases and controls.
Genotype distributions of LEP-25458GIA Ganotype distributions of APM1 T34G
B0% 100%
Y B0% g a0%
] ;: % | |oprescizpsia g B0% O pre-acispsia
E % mhealthy controls E 40% m haalthy controis
§ 20% - &&&— — g
10% %— &Kg— - %
0% _ _ 0% T Eza
A AG GG (=] TG
genotypes genotypes
Figure 1 Genotype distributions of LEF -2548 G/A Figure 2 Genotype distributions of APM1 T94G between

between cases and controls.

significant). Furthermore, when assuming a recessive
model of inheritance, no significant differences
between pre-eclampsia cases and controls were
observed either (Table 2). The LEP —2548C /A did not
express a significant deviation from the Hardy—
Weinberg equilibrium both in the cases and the
controls; neither the genotypes nor the alleles of

© 2008 The Authors

cases and controls.

this polymorphism were significantly associated with
increased pre-eclampsia risk.

Relationship between LEP —2548G/A and APM1
T94G and hypertension and proteinuria

We used amova to examine the individual effects of
both LEP -2548C/A and APM1 T9C on blood
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pressure and proteinuria, and then used stepwise
linear regression to consider the joint effects of both
polymorphisms on these traits. None of the examined
genetic variants expressed any effect on neither blood
pressure or proteinuria (P = not significant).

Relationship between LEP —2548G/A and APM1
T94G and anthropometric data

Since both leptn and adiponectin are recognized to
play an important role in adipose tissue signalling, we
also investigated the potential of the examined poly-
morphisms to influence the adipose tissue status of
pregnant women in the study. In the multivariate
regression modeling, none of both examined polymor-
phisms served as the independent predictor for
increased BMI or the absolute body weight (P =not
significant).

Relationship between LEP —2548G/A and APM1
T94G and adverse pregnancy outcome

We evaluated the effect of the two SNPs studied on the
risk of adverse pregnancy outcome defined as (a) pre-
term birth associated with pre-eclampsia (<37th gesta-
tional week); and (b) low birth weight, both in cases
and controls. Cenotypes of the LEP 258G/ A and
APM1 T94C, together with maternal preconception
weight, height and parity, represented input variables.
Of the independent variables, maternal height was in
the cases significantly correlated with both low birth
weight and preterm birth risks (r=-0266, P=0.03,
P =0.03, respectively). As parity is recognized as an
important risk factor for pre-eclampsia, we also ana-
lyzed the pre-eclamptic multiparous women separately
from nulliparous ones, with no statistically significant
differences. Furthermore, when using ancova to est-
mate the potential influence of examined polymor-
phisms on birth weight of children from the pre-
eclamptic pregnancies, the APM1 T94C showed an
independent influence on birth weight in relation to
gender of the child (P =0.04, beta =0.227), suggesting
it controls birth weight in female newbormns (= 0,002,
beta =0.542) rather than in males. The observed effect
was independent on the pregnancy weight-gain of the
mother. Further analysis revealed that there was a sig-
nificant trend toward low birth weight for gestational
age associated with the T-allele (OR, 2.7; 95% CI, 0.18-
59: P=0.004) in the cases. However, no effect of the
T-allele of APM1 T94C toward the lower birth weight
was observed in the controls.
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Discussion

Although it has been only a few years since the discov-
ery of leptin and adiponectin, and initial recognition of
their association with satiety and energy homeostasis,
it is now evident that these adipokines also play crucial
roles in reproductive biclogy. Pre-eclampsia is cur-
rently recognized as a complex pathophysiological
condition that is characterized by aberrant endometrial
invasion and hyperleptinemia in the maternal periph-
eral drculadon®™ Moreover, hyperleptinemia has
been proposed as a potential biomarker for placental
insufficiency.® Expression of LEP mRNA transcripts in
the placentas of pre-eclamptic women is enhanced;
however, it is not paralleled by adipose tissue specific
upregulation, which further sugpests causal leptin
involvement in placental pathology.™

This study examined the possible relatonship
between LEP -2548C/A and APMI1 TMC poly-
morphisms and pre-eclampsia risk in a sample of
pre-eclamptic women originating from the wvery
homogenous central European Czech population. It
has been reported previously by our research group
that the A-allele of the LEP -2548CG /A polymorphism
can contribute to gestational diabetes, despite the
absence of genotypic associations with the condition.™
This finding suggests that the leptin gene may play a
role in the pathogenesis of insulin resistance in preg-
nancy. However, the results of the current study
showed no significant associations between the LEP
—2048G/ A polymorphism and examined parameters
related to pre-eclampsia.

Recently, it has been suggested that adiponectin gene
variability can play an important role in modulating
insulin sensitivity. Yang ctal® reported that the
C-allele of the APM1 TMC polymorphism is signifi-
cantly associated with increased insulin sensitivity:
subjects carrying the G-allele seem to be more insulin
sensitive than T-allele carriers. Jeng™ recently reported
that individuals carrying the TT genotype of the APM1
THC polymorphism had reduced plasma adiponectin
and higher plasma plasminogen activator inhibitor 1
(PAI-1) levels in a Chinese population. In that study,
the hypertensive patients had significantly lower
plasma adiponectin (9.7 = 11.1 vs 11.5 = 10.0 pg/ml,
P=0.M) and higher plasma PAI-1 (F < 0.001) levels
than those measured in the normotensive subjects. In
addition, Jeng etal. described that the frequency of
the adiponectin TT genotype, (38.7 vs 33.5%) and the
T-allele (0.620 vs 0.585) was significantly greater in the
hypertensive group than in the normotensive subjects.
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Collectively, these findings provide supporting evi-
dence that the APM1 TG polymorphism has func-
Honal properties.

In the current study, a significant linkage disequilib-
rium of the APM1 T94C polymorphism was observed
in those individuals who developed pre-eclampsia. The
APMI TWMC polymorphism was also an independent
predictor for birth weight of the newbom according to
gender, independent of maternal pregnancy weight
gain. This finding is in full concordance with the results
of previous studies on APM1 T94C polymorphism and
its role in controlling insulin sensitivity, which is crucial
for fetal growth and weight gain during gestation. Chur
results are also in agreement with those reported by
Yang etal® for the T-allele. They reported that the
T-allele was more frequent in individuals who had low
insulin sensitivity, and it was also significantly associ-
ated with a risk of low birth weight in our pre-eclamptic
cohort The TMC polymorphism of the adiponectin gene
is a silent mutation for Gly15 (GCT to CGCCG). Yang and
colleagues speculated that it might be in linkage dis-
equilibrium with other genetic alterations, and that it is
probably a regulatory mutation. Based on our findings,
this hypothesis is to be supported.

Although substantial differences in allele and geno-
type frequencies across populations of differing
geographical origins could be expected, the allele fre-
quencies of the two polymorphisms closely resemble
those of other European Caucasians as well as non-
Caucasian populations, namely, German, French and
Japanese populations.™™"  Consistency in  the
genotype-phenotype patterns across different popula-
tions also contributes to the hypothesis of a possible
functonal impact of the examined genes.

Collectively, our results do not clearly support the
idea of isolated involvement of LEP -2548C/A and
AMP1 TMC polymorphisms in increased susceptibil-
ity to pre-eclampsia. However, we report here that the
AMP1 T94C polymorphism expresses a significant
influence on the birth weight of necnates, dependent
om the gender of the child. Further work is necessary to
determine the exact role of the APM1 T9C polymor-
phism in controlling the insulin sensitivity of pre-
eclampsia, as well as its linkage disequilibrium with
other functional variants.
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3.3. ASSOCIATIONOF LEPTIN GENETIC POLYMORPHISM -2548 G/A
WITH GESTATIONAL DIABETES MELLITUS

Resumé

Leptin je klicovym adipokinem produkovanym ve velkém mnozstvi tukovou tkéani, ale bylo
zjisténo, Ze je ve velkém mnozstvi produkovan i placentou. Je zndmo, Zze ma vliv i na rlst
plodu. Cilem této studie bylo prozkoumat moznou souvislost mezi polymorfismem -2548 G/A
v promotoru genu pro leptin a téhotenskymi onemocnénimi charakterizovanymi mimo jiné
moznoU poruchou rastu plodu, jako je gestac¢ni diabetes (makrosomie) nebo preeklampsie
(intrauterinni ristova retardace). Tato studie se zamétfuje na srovnani genetického pozadi
matky i ditéte a vyhodnocenti jejich vlivu na vysledny fenotyp daného téhotenstvi.

Do studie bylo zatazeno 49 preeklamptickych Zen, 53 Zen s fyziologickym téhotenstvim a 48
pacientek s gestatnim diabetem a novorozenci z danych téhotenstvi. Byla zkoumana
distribuce genotypt a alel polymorfismu LEP -2548 G/A.

Byla pozorovana statisticky vyznamn¢ vyssi vnimavost ke gestacnimu diabetu v pfitomnosti
alely A a dale byla pozorovana nejvyssi uroven vyskytu spontannich potrati v anamnéze u
Vysledky této studie podporuji hypotézu, ze genetické pozadi na irovni genu pro leptin mize
determinovat genetickou vnimavost k nckterym té€hotenskym patologiim typu gestacniho

diabetu ¢1 preeklampsie.
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ABSTRACT: The aim of this study was to investigate possible
associations of -2548 GIA polymorphism in leptin gene promoter

and pregnancy-associated diseases with abnormal fetal growth

sch as preeclampsia and gestational diabetes. The study was also

focused on whether it is rather maternal or fétal variants that

determines the pathological growth status. Peripheral or cord
blood samples obtained from 49 preeclamptic women and their

39 newborns, 53 healthy controls and their 53 bealthy newborns
and 48 patients with gestational diabetes mellitus were evaluated
for leptin gene (LEP) locus -2548 genotypes. The significantly
higher risk for gestational diabetes mellitus was observed in the

presence of an allele (AA and AG genotypes) against carriers of
GG genotype (OR=2.84, 95%CI 1. 14-7.07, p=0.02). There isa

significant risk of diabetes mellitus associated to A allele

(OR=1.79, 95%CI 1.02-3.14, p=0.03). Furthermore,

evaluations of preeclamptic patients " data revealed a significant

association of genotype distribution and delivery and
spontaneous abortion rate, where the GG carriers performed the

highest pregnancy rate while the AG carriers performed the lowest

spontaneous abortion rate. Our results support the hypothesis
for -2548 GIA leptin gene polymorphism involvement in

ethiopathogenesis of pregnancy-associated diseases with abnormal
[fetal growth, especially gestational diabetes mellitus.
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INTRODUCTION
Leptin, a small peptide produced by adipocytes, is implicated

in a great number of endocrine regulations, including obesity,
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saticty regulation and fertility. This 167 amino acid protcin
transcribed from the ob gene, was ariginally cloned in the mousc
during rescarch directed at identifying the molecular defectin an
obesity-prone strain, the ob/ob mouse (Zhang Y ct al, 1994).
Human leptin gene is located to 7931 and contains three cxons.
At first, leptin was considered to be a signaling molecule limiting
food intake and increasing energy expenditure (Zhang etal, 1994).
This was essentially supported by the fact that rodents with genctic
(Campficld et al, 1995; Halaas et al, 1995; Pelleymounter et al,
1995; Stephens ct al, 1995; Weigle et al, 1995) or dict induced
(Campficld et al, 1995) obesity that were injected with leptin
had manifested with decrease in bodyweight and improvement
of metabolic parameters. Furthermore, hypothalamus has been
identified as the most probable critical target for the saticty cffect
of leptin that can be transported through the blood/brain barricr
via a saturable transport system (Baumann et al, 1996; Golden et
al, 1997).

Recently, human placentas have been identified as a major
source of leptin and the existence of placenta specific upstream
cnhancer indicates that placenta leptin may be regulated
differently to that of adiposc origin (Green et al, 1995; Bictal,
1997; Masuzaki et al, 1997). Furthermore, the placenta leptin
localization suggests it could be released into both maternal and
fetal blood. The localization of the leptin receptor on the maternal
side of the placenta supports the hypothesis that placenta leptin
may have an autocrine role on the placenta itself as well as an
endocrine role in the mother (Lea et al, 2000). The recent reports
suggest that leptin may exert physiclogical effects on the placenta
and conception, including fetal and placenta angiogenesis, fetal
growth and development, embryonic hematopoiesis (Holness et
al, 1999; Henson and Castracane, 2000).

Taking into account that hyperinsulinemia and hypoxia induce
partially overlapping pathophysiological disturbances during
pregnancy and both of them are known to induce leptin sccretion,
we may ask what clements of the leptin promoter are responsible

for thCSC CH:CCIS. R.CCCI'ITII}'. C'\’idCI'ICC was providcd d'lat il'lSLl“l'l
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and hypoxia act as agonists on the human leptin transeription but
on two different regulatory clements. It has been published that
hypoxia induces leptin transcription by a hypoxia-inducible-factor-
1 (HIF-1) dependent mechanism (Meissner et al, 2003) by
identifying at lcast onc hypoxia-responsive clement, located -120
bp to-116 bp in the leptin promoter being involved in this HIF-1-
mediated cffect on the transcriptional regulation. Morcover, it was
rcporrcd (Grosfeld et al, 2001) that the human lcptin promoter
carries a potential insulin response element, located in the region
from -720 bp to -150 bp. Therefore, it could be suggested that
placenta leptin synthesis can be stimulared by the combination of
local (e. g., hypoxia) and generalized factors (e. g., hyperinsulinism).
This is in agreement with recent finding that leptin genc expression
and production are markedly clevated in placenta of diabetic women
treated with insulin. The previous findings provide strong evidence
that leptin production can be regnlated in uteri and emphasize the
rolc of placenta leptin in human pregnancy (Lepercqetal, 1998).
In keeping with these findings, disturbances in leptin plasma levels
occur not only in diabetic pregnancies with tendency to fetal
macrosomia, but also in pregnancics representing the opposite trend
— Intrautcrine growth retardation (IUGR, Jaquet ctal, 1998).

As previously described, DNA polymorphisms in leptin gene
(LEP) arc linked to extreme obesity (Jaquet ctal, 1998). Unlike the
other polymorphic sites, the G-2548A polymorphism in the 5
region of the LEP gene was reported not only to be associated with
overweight (Clement et al, 1996; Mammes cral, 2000) but also to
have a strong influence on leptin gene expression and adipose tissuc
secretion (Hoffstedt et al, 2002). Thus, we suppose it might also
influence leptin levels during pregnancy, especially when taking
into account that the polymorphic sitc is located approximatcly
1800 bp from the

pramotcr.

lnsulin responsc ClCITICI'Il' wld'lll'l tI'IC |cpt1r1

From the personal history of patients whose fetuses suffer from
TUGR we knot that some women are prone to have [UGR pregnancy
while in others pregnancies with [UGR can alternate with normal
birth weight pregnancies. As [IUGR can in these cases be considered
a maladaptive maternal-fetal genotype, attention was focused on
investigating possible genctic background of intrauterine growth
restriction In precclampsia not only on mothers but also on the
newborns from these pregnancies.

Based on thesc observations and the fact the G-2548A
polymorphism has proved to influence leptin gene expression,
possible associations between the -2548 G/A leptin genc
polymorphism variants and pregnancy assoclated discases implicating
abnormal leptin status such as preeclampsia and gestational diabetes
mellitus were set out to be identified.

MATERIALS AND METHODS

Subjects

Forty-ninc women (group A; median age 29, age range 19-46
years) with preeclampsia, thirty-nine newborns of these preeclamptic
women (group B, median of birth weight 1950 g, birth weight
range 700-2300 g, 23 of these newborns were diagnosed
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intrauterine grawth restriction (IUGR)), ﬁl:t}'—thrcc hcaith}'
women with non-complicated single pregnancy without
positive history of pregnancy or delivery complications and
without scrious internal discasc (group C; median age 28, age
range 21-45 years), fifty-three newborns of these healthy
women (group D, median of birth weight 3650g, birth weight
range 2350-4600 g} and forty-cight pregnant women with
gcsrationa] diabetes mellitus (group E; median age 30, age
range 24-39 years) were cnrolled in  study. To ensurc
homogencity of the genctic background, the healthy controls,
originating from a regional Czech population, were enrolled
by random selection. Women with polycystic ovary syndrome,
hirsutism or menstrual cycle disturbances and women
previously treated for infertility were excluded from both the
study and control groups.

In ninc cascs of children coming from precclamptic
pregnancies we did not succeed in obtaining the cord blood
sample. All individuals in the study were Caucasians; the
pregnant women were followed-up and their children delivered
at Gynecology and Obstetrics Clinic, University Hospital Brno,
Czech Republic.

All indi\'iduals in tl'lc Stud}-’ had givcn infomcd conscnt
prior to their inclusion in the study cxpressing their agreement
to the fact their blood samples and blood samples of their
children would be included in the study. The study was
approved by the Committee for Ethics of Medical Experiments
on Human Subjects, Faculty of Medicine, Masaryk University

Brno.

Glucose and diagnostic criteria for GDM

Astandard OGTT protocol was used. Aftera 12-h overnight
fasting, venous plasma samples were collected fasting, 1-h and
2-h post-oral 75-g glucose. The diagnosis of GDM was based
on the criteria of the World Health Organization (plasma glucose
thresholds mmel/l: Oh, 7.0; 2h, 7.8). This OGTT was
performed routinely between 24 and 28 wecks gestation, but
occasionally performed at other stages of gestations if clinically
warranted. Women with type 1 or type 2 diabetes diagnosed
betore the pregnancy were excluded from the study.

Diagnostic critcria for precclampsia

Precclampsia was defined as the development of hypertension
and new-onset protcinuria (=300 mg ofuri nary pratcin in 24
h) in women with no proteinuria at baseline. Hypertension
was defined according to current guidelines that accept 140
and/or 90mmHzg of systolic and diastolic pressure, respectively,
or higher, as hypertension, when measured on two consccutive
occasions at least 24 h apart. Women with chronic hypertension
were excluded from the study.

Intrauterine growth restriction diagnostic criteria
IUGR was defined as infants whose birth weight is below
the 10th percentile of birth weight adjusted for sex and
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choty‘ping of LEP -2548 G/A by’ PCR.-Restriction
Fragment Length Polymorphism (RELP)

After venous blood samplc (5-10 ml) or umbilical cord blood
sample (1-5 ml) collection from cach subject, white cell fraction
was used to extract DNA according to standard procedure using
proteinase K. The -2548 G/A polymorphism of the LEP genc
was analyzed by RFLP as previously described (Mammes ct al,
2000). The method was performed by PCR amplification using
fo“owing primcrs: forward -
TTTCCTGTAATTTTCCCGTGAG and reverse 3°-
AAAAGCAAAGACAGGCATAAA.

The PCR was followed by incubation of the resulting 242 bp
at 37°Clovernight with Hin6] restriction enzyme, an isosquizemer
of Cfo [ The restricted fragments were separated by clectrophoresis
on 2% agarosc gels with cthidium bromide staining. The
polymorphism was defined by presence (G allele) or absence (A
allele) of a restriction site. To assess genotyping reliability double
sampling in more than 20% of the samples was performed and
found no differences. A quality control and negative controls
were always used to identify possible falsc positive.

Statistical Analysis
Thc diﬂ—crcnccs in gcnotypc aﬂd ajlclic dj.stributioﬂs as WC]I as

Coﬂsistc nl_‘}! OF gcnot}'Pc d ist ri bution with H ard)“-w‘rciﬂ bcrg

cquilibrium were tested using

the + test. Statistical

d i FFCrchCS bctwccﬂ mcan

mothers and children

\-'QI'LlCS CIF groups WCrc
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the obscrved distributions were consistent with the Haedy-

\x"cin bCl'g cqm”ibrium Or not.

RESULTS

Borderline significant differences in genotype distributions
between patients with precclampsia and healthy controls
(p =0.06) and paticnt.s with gcstatio nal diabetes mellitus and
healthy controls (p=0.07) were found. This is presented in Table
1 as well as the genotype distributions and allelic frequencies in
the two groups of children. The significantly higher risk for
gestational diabetes mellitus was observed in presence of A allele
(AA and AG genotypes) against carricrs of GG genotype
(OR=2.84, 95%CI 1.14-7.07, p=0.02).

The main preeclamprtic patient characteristics according to LEP
-2548 GIA genotypes arc shown in Table 2. A stat 'Istllca"}'
significant assoclation between number of pregnancics and
genotype distributions was found (p=0.04).

A statistically significant association between the number of spon-
tancous abortions in anamnesis of the paticnt and genotype dis-
tribution of cxamined polymorphism (p=0.03) was obscrved. In
Table 3, we present the main personal characteristics of healthy
women according to LEP -2548 G/A genotypes. No statistically
significant differences were found between LEP -2548 G/A geno-
types and age, weight or BMI. No stadstically significant associa-
tlon afpcrsana.l characteristic with a genotype of LEP -2548 G/

A polymorphism in the group of gestational diabetes mothers
was observed (Table 4).

TABLE 1. The frequency distribution of the genotypes of LEP -2548 polymorphism among

evaluated using the unpaired (e iNnaIIRGS GA AA PG G A PA
ANOWA test (Kruskal-Wallis). Preeclampsia 12/24.5% | 24/49.0% | 13/26.3% 0.490 0.510

The observed numberof each | HCMs 21/39.6% | 24/45.3% | 8/15.1% 0.06* 0.623 0.377 | 0.02**
gcnclty‘pc wWas Ci:lmparcd Wirh

that expected fora population | GDs 9/18.8% 28/58.3% | 11/22.9% 0.479 0.521

in Hardy-Weinberg | HCMs 21/39.6% | 24/45.3% | 8/15.1% 0.07* 0.623 0.377 0.04**
cquilil:-rium using—:ztcst. Thc

cascs were analyzed according [ GDs 9/18.8% | 28/58.3% | 11/22.9% 0.479 | 0521

to age, weight, BML, parity, "precdampsia | 12/24.5% | 2449.0% | 13/26.5% | 0.775° | 0.490 | 0.510 | 0.882°
delivery ratc and spontancous

a|:lo rtion histor}', TI'IC data

Statistica v. 6.0 (Statsoft Inc.. | CPG 12/30.8% | 20/51.3% | 7/17.9% 0.564 | 0.436

Tulsa, USA) program | HCC 15/28.3% | 25/47.2% | 13/24.5% | 07717 | 0.519 | 0.481 | 0.543°

packagc, TI'IC txpcctcd

gCI’IOl’}'PC distributions for

LEP -2548 G/A under
Hardy-Weinberg equilibrium
WCrc Calculatcd For both
Pﬂticﬂts a.ﬂd 'Controls aﬂd thc)“
were compared with the
observed distributions. This
stratcg}-’ Conﬁrmcd whcthcr

HCMs — healthy comrols mother, GDys — gestational diabetes mother, CPG — newborn from preedampric pregnancy,
HCC — bealthy control child

* - Analysis for linear trend according to the presence of null, one or rwo A-alleles

* - Chi-square test

P, probability of difference in genotype distributions berween preeclampsia and HCM5, GDs and HCMs and GDs and
preecampsia

P - probability of difference in allelic frequencies berween preeclampria and HCMs, GDs and HCMs and GDs and

preeclampsia
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TABLE 2. Preeclamptic women Characteristics and LEP -2548 G/A Genotypes

AA AG GG P-
VALUE
Agc /means 29.40+4.24 30.08+4.44 33.80+6.01 0.136
Weight /means 71.00£19.19 73.56219.18 67.00£11.38 0.579
BMI /means 25.78+6.84 25.8025.86 24.23+3.88 0.783
Spontancous abortion rate /median, (min+max) | 1.0 (0.0-2.0) 0.0 (0.0-1.0) 0.0 (0.0-1.0) 0.03
Numbcrofprcgnancicsf'mcdian\(min-rma.x) 1.5 (1.0-5.0) 1.0 {0.0-4.0) 2.5 (1.0-6.0) 0.04

LEP— leptin, BMI — body mass index, Mean + SEM, P- probability of difference in genotype distributions
TABLE 3. Healthy women Characteristics and LEP -2548 G/A Genotypes

AA AG GG P-VALUE
Age 30.25+7.28 30.0424.48 26.67+4.09 0.070
Weight 65.75£14.35 70.43z11.19 71.76x11.47 0.581
BMI 23.18+3.75 25.1423.88 25.66+3.43 0.321

LEP — leptin, BMI — body mass index, Mean + SEM

TABLE 4. Diabctic women Characteristics and LEP -2548 G/A Genotypes

AA/MEANS AG/MEANS GG/MEANS PVALUE
Age 31.63+4.80 30.50+3.98 20.88+1.96 0.686
Weight | 77.18£27.54 T1.00+17.32 T3.77£20.53 0976
BMI 27.40+0.43 25.38+5.65 26.67+6.66 0974

LEP — leptin, BMI — body mass index, Mean + SEM

TABLE 5. Comparative study of Genotype Frequencies in Normal Controls from Different Ethnic Populations

STUDY GROUP

REE

Caucasian-European 314 63 (20.1) 165 (52.5) | 86 (27.4) 0.185%/0.635"* | Mammes et al, 2000
France

Japanesc 237 144 (60.8) | 86 (36.3) 7 (3.0 <0.001/<0.001 | Hamajima etal, 2002
Caucasian—Europcan 152 24 (15.8) 84 (55.3) 44 (28.9) 0.338%/0.341*" | Nicters etal, 2002
Germany

Caucasian-European 53 8(15.1) 24 (45.3) 21(39.6) 0.331%**

Czech - Mothers

Caucasian-Europcan 53 13 (24.5) 25 (47.2) 15 (28.3) referent

Cazech - Children

Chi-square analysis comparing reported genotype frequencies with the present study

* - genotype frequencies of mothers

- genotype frequencies of children

¥ genotype frequencies of mothers against children
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DISCUSSION

GMD represents a heterogencous disorder with both genetic
and cnvironmental component, as women with GMD tend to
have morc often family history of diabetes and as GMD is more
frequent in some cthnic groups, independent of BMI (Domhorst
etal, 1992).

The physiological rolc of leptin in GMD pregnancy has yet to
be cntirely clarified. Leptin is known to be produced in large
amounts by the placenta, which may explain why some rescarches
described corrclation berween leptin levels and preeclampsia.
However, in most of the studies, the results were not adjusted for
matcrnal age or BML Previously, there were several conflicting
reports on leptin levels in GMD pregnancy, with authors reporting
similar (Simmons and Brier, 2002), reduced (Festa er al, 1999) or
clevated (Hoffman et al, 1998) leptin levels in GMD women
compared to healthy pregnancy controls.

The-2548 G/A polymorphism was first described as a sequence
variant in the 5 flanking region of the leptin genc (Li cral,
1999) and was prcviously assoclated to obcsiry. In 2002, it was
reported that this polymoerphism increasc genc expression and
adlposc secretion oﬂcptin (Hoffstedr, 2002).

As large for gestational age (LGA) infants coming mainly from
diabetic pregnancics as well as those with IUGR associated rather
with preeclampsia were reported to have different leptin expression
Profilcs (Meissner etal, ZDUS;Jaquﬂ ctal, 1998; Hoffman etal,
1998), the possible associations of promoter polymarphism LEP
gene -2548 G/A variants and maternal states with abnormal feral
growth such as precclampsia and gestational diabetes mellitus
were investigated.

Bascd on our data, it can be suggested that the AA and AG
genotype carricrs (that arc supposcd to have higher transcriptional
activity of the LEP genc) have a significantly higher risk for
gestational diabetes mellitus against those carrying the GG
genotype, which supports the hypothesis for leptin involvement
in cthiopathogenesis of GMD. Furthermore, cvaluation of
precclamptic patients” anamnestic data revealed a statistically
significant asseciation of genotype distribution and delivery and
spontancous abortion rate, where the GG carriers had the highest
pregnancy rate while the AG carricrs had the lowest spontancous
abortion rate. This suggests the leptin could also be involved in
ferility regulation.

Asitis known that women with a history of GMD havea high
risk of progression to type 2 diabetes mellitus, it would be
interesting to know whether A or Gallele could be protective or
risky in respect to type 2 diabetes risk. However, it definitely
requires further investigation and paticnts” follow-up to cstimate
whether the GG carricrs arc in higher risk of in the clderly or not,
cven if it is known that hyperleptinacmia in type 2 diabetes often
gocs hand in hand with insulin resistance, which supports the
hypothesis leptin is involved in GMD as well as type 2 diabetes
cthiopathogenesis. Still, we have to take into account that GMD
as well as typc 2 diabetes definitely are complex multifactorial
disorders with both genetic and environmental component. A
number of cpidemiological studics cxamined scrum leptin
concentration in diabetic and non-diabetic subject. For example,
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among US Pima Indians, subjects suffcring from type 2 diabetes
had lower leptin concentrations than non-diabetic subjects,
independently of percentage body fat (Fox cral, 1999). Even if
it has been discussed previously that insulin resistance assoclated
with GMD results in increased leptin scerction (Malmstrom ctal,
1996, Utriainen exal, 1996), the prognosls of GMD Paticnts in
respect to type 2 diabetes still remains unclear.

The allelic distribution of -2548 G/A polymorph'lsm oflcptin
gene promoter varies cssentiallyamong the European and Japanese
population (Table 5). These findings proved to be consistent
with allele frequencies reported recently for the German and
French P-ol:l-ulation (Mammes et al, 2000, Nieters et al, 2002).
The Aallele in the Japanese population showed essentially higher
frcqucncy (60.8%, Ha.rnajima et al, 2002) than in the Czech
Republic, which confirms previous findings.

A larger clinical study should be undertaken with a larger
population sample to investigate the real meaning of correlatons
between leptin polymorphisms and preeclampsia, [IUGR and
gestational diabetes, supporting cvidence for leptin gene
polymorphism as a genctic factor on gestational diabetes risk.
This is belicved to be the first study focused on association berween
-2548 G/A leptin gene polymorphism and risk for gestational
diabetes or preeclampsia.
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3.4. A COMMON VARIATION IN THE CANNABINOID 1 RECEPTOR
(CNR1) GENE IS ASSOCIATED WITH PRE-ECLAMPSIA IN THE
CENTRAL EUROPEAN POPULATION

Resumé

Nedavno se objevila hypotéza, ktera tvrdi, ze pfisn¢ regulovana exprese endogennich
kanabinoidii mize hrat velmi dtlezitou roli v ¢asném vyvoji placenty. Cilem této studie bylo
proto  prozkoumat souvislost mezi tfemi jednonukleotidovymi  polymorfismy
v endokanabinoidnim receptoru typu I (CNR1 — rs1049353,rs12720071 a rs806368) a
souvisejicimi haplotypy a preeklampsii, onemocnénim charakterizovanym meélkou invazi
decidualnich arterii a obecné poruchami placentace.

Tato studie zahrnuje celkem 115 Zen s preeklampsii a 145 zdravych zen s fyziologickym
téhotenstvim, pti¢emz vSechny Zeny pochdzely ze stejného sttedoevropského regionu.

Byly pozorovany vyznamné rozdily v distribuci genotypu rs806368 pii srovnani pacientek
s preeklampsii a kontrol, kdy u pacientek s preeklampsii byl vyznamné niz$i podil
homozygotek CC. Ve vicerozmérné analyze slouzil polymorfismus rs806368 jako vyznamny
prediktor rozvoje preeklampsie. Haplotypova analyza odhalila existenci ¢tyt Castych
haplotypt, pficemz haplotyp CAA byl méné Casty u preeklampsie nez u kontrol. Analyza
regresnich modelti potvrdila nezévislou predikéni roli haplotypu AAC pro nastup
preeklampsie.

Jedna se o prvni studii popisujici vztah mezi jednonukleotidovymi polymorfismy v genu pro
CNRI1 a rizikem preeklampsie. Ackoli je sledovany soubor relativné malo rozsahly, vysledky
naSi studie ukazuji, ze rs806368 se miize chovat jako jeden z markeri vnimavosti

k preeklampsii u sttedoevropské populace.
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DOhjecrive: Recently it has been proposed that tightly regulated levels of endogenous cannabinoids play a
fundamental role in early placental development. The aim of this study was to investigate associations of
three single-nucleotide polymormphisms (SMPs) in the cannabinoid 1 receptor {CNR1) gene (= 1049353,
12720071 and rsBOG368) and their inferred haplotypes with pre-eclampsia a severe pregnancy-
associated condition characterized by abnormal development and remodeling of spiral decidual arteries.
Smdy design: The case-control smdy comprised a total of 115 pre-edamptic women and 145 healthy
pregnant controls, all orginating from the Cenfral-European Czech population Using POR-based
methods, we tested rs1049353, 12720071 and rsBO6368 in the CNR1 gene and haplotypes were
constructed.
Results: Statistically significant difference in genotype distributions of rsBOS36E (p, < 107%) was
ohserved when comparing the cases and the contmls; the cases presenting with significanty lower
propartion of CC homozygotes. In multivariate modeling, the =B06368 served as a predictor for pre-
eclampsia development (B =015 p={04) Haplotype analysis revealed presence of four common
haplotypes; the CAA haplotype being less frequent in pre-eclamptic cases compared to the controls
(p = LO0E). Analysis of regression models confirmed the independent prediction role of AAC haplotype
for pre-eclampsia onset ([ = —0L18; p=0.03).
Conclusion: This is the first study focusing on the relationship between SMPs in the CNR1 gene and pre-
eclampsia risk. Although limited by a relatively small sample size, the study indicates that rsB06368 in
the CMR1 gene may act as a susceptibility marker for pre-eclampsia in humans,

@ 2010 Elsevier Ireland Ltd. All rights reserved.

Reywonds:
Enclocanmnalyi naoids
CKR1

Pre-eclam paia
Palymar phism
Huapl oty pee

1. Introduction Successful implantation and pregnancy progression are char-

acterized by low plasma levels of anandamide (AEA), the crucial

The endocannabinoid system (BCS), including cannabinoid
receptors 1 and 2 (CB1 and CB2), endogenous ligands (“endo-
cannabinoids®), regulating enzymes and transporter molecules,
has been detected from the earliest embeyonal stages, implanta-
tion and throughout pre- and posmatal development [ 1,2]. The ECS
seems o play an essental role not only durng the crucial
developmental stages, Le. early embryonal development, the early
phase of fetal brain development, and regulation of sudkling in
newborns and infanis, but alse in aduolthood, where it has
pleiotropic modulatory and regulatory effects on various meuro-
endocrinological pathways

* Corredponding auhor. Fax: +420 549 454 340
E- il kil ress e jhiens n@med muni of, Vaskujulie@sernamoz (] Biens rova
Wasku]

030 -2115(8 - see Font matter © 2000 Bsevier Irelind Ltd. All fghts reserved.
i 101071 6 jogrbh 20101 1.004

endocannabinoid [3 4], whil e in labour in humans the level s of this
molecule dramatically rise [3]. It has been suggested that for
successful pregnancy progression, a higher plasma AEA level at
ovulaton and a significantly lower level during implantation are
required [5]. On the contrary, high levels of anandamide in early
pregnancy [6] were reported to be associated with spontaneous
s cart age.

Following implantation, the vterus undergoes contnuous
extensive remod eling inorder to provide an adaptive e nvi ronment
for the successful development of the embiyo [7]. The ongoing
process of tissue remodeling of the uterus represents a crucial
condition for swecessful pregnancy, and its failure might result in
development of pre-eclampsia, but very little is known about the
miclecular mechanisms underlying this prooess.

The recent study by Fonseca et al. [7] indicates that a tightly
regulated level of endocannabinoids might play a crucial role not
only in the early implantation period but also in the subsequent
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spatic-temporal placental development. The results of immuno-
histochemical analysis indicated that CB1 is expressed mainly in
deddual a=lls throughout gestation, suggesting that funct oni ng of
CB1 is related to the further phases of pregnancy following
implantaton. The differential spatio-te mporal expression patterns
of CB1 and CB2 in the pregnant uterus suggest that there is an
unupling of these two types of anandamide binding rec ptors in
midflate gestation that are related to changes in cell phenoty pe.

Pre-eclampsia is a severe pregnancy-associated condition with
relatively high morbidity and mortality that is characterized by
abnormal development and remodel ing of spiral decidual arteries,
resulting later in pregnancy in impaired blood supply to the fetus
and mal adaptive maternal systemic response. Since the ECS plays
an important role during the early stages of pregnancy which are
crucial for optimum decidual spiral artery development, dysre-
gulation of this system could be involved in the pathogenesis of
pre-eclampsia

The aim of the study therefore was to investigate possible
associationsof three common polymorphis ms in the cannabinoid 1
receptor (CNR1) gene, 1359 AJG (rs1049353) 3813 AlG
(es12720071) and 4895 CT (rsBOG368) and their inferred
haplotypes with pre-eclampsia risk and its related risk factors
and fetal parameters.

2. Materials and methods
2.1. Subjects

At the Clinic of Gynaewmlogy and Obstetrics of the University
Affiliated Hospital Brng, a total of 115 pre-eclamplic women were
enrolled into this study, together with 145 healthy pregnant
women of similar parity whose pregnancies were p hysiological,
uncmplicated and s pontaneous. The controls were recruited after
the index cases in order to reduce possible bias. Gestatdonal age
was confirmed by Arest-trimester ultrasound in all subjects;
gestational age at recruitment © the study was 27-40 weeks
for the cases and 38-41 weeks for the controls,

Pre-eclampsia was defined according to the recent criteria of
the International Society for the Study of Hypertension in
Pregnancy [8] These criteria include no previous history of
hypertension, cardiovascular, or renal disease before pregnancy
and blood pressure values exceeding 140/90 mmHg after the 20th
wiee k of gestation, confirmed by two mnsecutive readings at least
six hours apart, with blood pressure reverting to normal within
rwo months after delivery. The subjects were considered o havea
physiological pregnancy if they did not have obstetrical, medical,
or surgical complications of pregnancy, and delivered a term (=38
weelks ) neonate with a birth weight above the 10th percentile for
gestational age [9].

Intrauterine growth restricion (IUGR) was defined as an
estimated birth weight below the 10th percentile of a referenae
group. Doppler velocimetry of material uterine arteries, umbilicl
cord, and middle cerebral arteries of the fetus was performed ona
routine basis in the pre-eclamptic cohort. Pregnancy weight gain,
pre-conception body mass index (BMI) and BMI at the time of
delive ry were calaulated based on information obtained from the
study subjects.

Women with pre-eclampsia superimposed on chronic hyper-
tension preceding pregnancy were included in the study: on the
contrary, subjects who had chronic hypertension of any etiology
before pregnancy without superimposed consequent pre-eclamp-
stawere not included in the study, as they might carry such genetic
variants that are protective against pre-clampsia development

This study was approved by the Committee for Ethics of Medical
Experiments on Human Subjects, Faculty of Medicine, Masaryk
University, Broo, and was performed in adherence to the

Dedaration of Helsinki Guidelines, Each participant gave her
written informed consent, which has been archived.

22 Genobyping

DMNA for analyses was extracted from 5ml of the patient’s
peripheral blood using the standard protocol based on proteinase
K Genotyping of the polymorphisms was performed as described
previously [10,11] using a standard PCR-based methodology with
following restriction fragment length polymorphism  (RFLF)L
Restricted fragments were separated by electrophoresis on 2%
agarosis gels with ethidiu m bromide staining. To assess genolyp-
ing reliability, we performed double sampling in more than 208 of
the samples and found no differences. We always used quality
control, and negative controls were used to identify possible false-
positives. The genoty ping success was 100% for all included single-
nucleotide polymorphisms (SNPs).

23, Statistics

The genotype distributions were tested for Hardy-Weinberg
equilibrium by a set of chi-square tests. Allelic frequendes were
estimated by “counting method” and differences in allele frequen-
cies between case and control subjects were tested by likelihood
ratio x” tests for 2 « 2 tables {two alleles, case v, control subjects).
Where applicable, it was first determined whether the variable
presented a normal distribution using the Kolmogorov-Smirnoy
test, and in cases of skewed variables, logarithmic ransformation
was performed. To identify genetic as wiell as non-genetic variables
that may contribute to predicting the spedfic phe noty pe, we carried
outa forward stepwise logistic regression, a sequential procedure of
adding one input variable at a time to build up a regression model in
which the dependent variable (Le. probability of presenae orabsence
of pre-edampsia) is represented as the logiste fundion of linear
variables (anthropometric and clinical data and genoty pes of three
investigated SNPs). Odds ratios were calculated for the multiple
logistc regression analysis models; we adjusted for covariates
including age (continuous ) BMI{<23,23-249,25-299,30-34.9, o
=135 kg/m®), smoking (never, past, and current) and parity.

Thedata analysis was performed using Statistica v. 8.0 (Statsoft
Inc., Tulsa, OK, USA) program package at the significance lewvel
defined as p < 5%. Analysis of haploty pes was performed using the
Haploview program package [http://www broadmitedu/haplo-
view ]

3. Results

The clinical dharacteristics of the study population are shown in
Table 1. Maternal age, parity, maternal pre-conceptional as well as
end-pregnancy BMI, gestational age at delivery, birth weight and
smoking status were Tound to be significantly different between
the two cohorts (p < 0.06). In addiion, 22 (19%) of the 115
preeclamptc patients delivered a fetus with IUGE, defined as birth
weight below the 10th percentile for gestational age.

Table 2 shows the allele and genotype distribution of CNR 1. For
all of the investigated polymorphisms except for 4895 CfT
(rsBOG368) in the case cohort, genotype distributions conformed
to Hardy-Weinberg equilibrium. The determination of the
pairwise linkage disequilibrium (LD) indicated that there was a
strong LD between the polymorphisms rs806368 and rs12720071
(¥ = 08) in the cases as well as in the mntrols,

31, 1359 AMG (rs1049353)

MNo significant differences in allele or genotype frequencies
were observed between the cases and the controls. As only a few
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Table 1

Baseline characteristics of the pre-eclamptic subjeas and contral subjects with physiological pregnancies.

Caged (= 115) Controls (si=145) B
Mlaternal age | yead) 3024 =547 TA43=526 00001
Pre-conception BMI lg.l'm’] 2607 =612 D 34+399 [T
Enl- pregnancy BMI (kg fm?) 3214699 2692=395 00003
Pragnancy weight gain (kg) 1434 =670 1256=424 KE
Rirth weight (g) 2537 =785 3395 =486 <O
Week of gestation at delivery (madianrangs) 38 (2®-41) A4 (38-41) L]
Week of gestation U recruitment | median/range) 34 (Z7-40) 39 (3840 00
UGE (1) Fri (1] <O
Primiparity [ooul tiparicy S50y65 66 KE
Smokiers | non- smakers 34/81 Aj125 0w
BML by mass index; IUGR, intrauterine growth redtriction; NS, not significant, resulis ame given a3 mean= S0, il not otherwise staed
Table 2
DvifTere e in genotype distributions and allele Faquencies in the investigated cohsors_
SKP Number and lrequency (X)) of genotypes o OR (95% 1)
Pre-edampsia Controls
1358 AJG (rsl045353)
AR [ (53] B4 (85) o1g 0a1 55-123
AG 45 (43 47 (41) 015 132 Q82-210
oG 5 i4) i 4] 075 126 36-d4.46
3813 AJG (rsl 2720071)
AR 31 (79 114 (759) 055 1M QA70-165
AG 23 (200 i) 20 056 100 55-1.82
oG 1 i) 2 i 0559 126 08-2038
4355 CT (rs806368)
oC 35 (34 82 (57) 002 060 138-094
T 71 62 52 (36) 0.0 1.2 1.12-2.66
T 5 i4) 11 L] 0322 057 L1s-170

* Signilicances of dilTersnds in the number of genoy pes were established by comparing the numbers on each line with the sdditional numbers on both other lines using

conventional Fishers ot e,

cases of GG homozygotes were identified, the analysis was
performed according to a G dominant model (AG + GG vs. AA)
When assuming the G dominant model of inheritance, significant
differences were observed between the studied cohorts, the
carriers of the G allele (AG + GG) being more frequent in the cases
(p=0.004). Univariate analysis, adjusted for covariates, revealed
no significant associations of the 1359 AfG polymorphism with
anmy of the investigated quantitative traits.

32 3813 AG (rs12720071)

Mo significant differences in allele or genotype frequencies
were observed for the 3813 A/G polymorphism We also pooled
the GG homozygotes and AG heterozygotes to perform the
analysis under a G dominant model (AG+ GG vs. AA) and no
significant associations were observed. Univariate analysis also
didnotreveal any significantrelationship with investigated traits,
such as pre-conceptional BMI, end-pregnancy BML pregnancy
weight gain, birth weight of the infant or the gestational week of
delivery.

33, 4895 T (rsBOGIES)

A strong deviation from the Hardy-Weinberg equilibrium was
observed in the cases for the CNR1 4895 C/T. Moreover, significant
difference in genotype distributions was observed when compar-
ing the cases and controls (p=0,0002) The CC homozygole
genotype was significantly less frequent in the cases compared to
the controls (34% in the cases ve 57% in the controls, p = 0,002),
which is indicative of a possible protective role of the C allele
against pre-eclampsia development. Therefore, an analysis was
performed assuming the dominant model (CC+ CT carriers va. TT
carriers ) The mean end-pregnancy BMI was significantly higher in

pooled Callele carriers CC and CT (32,06 + 6.09 kg /m®) compared Lo
T allele carriers (2460 +48) In the multivariate regression
modelling, the 4895 CT polymorphism expressed a significant
prediction role on the end-pregnancy BML, whereas this assodation
retained its signifiance after appropriate adjustments and this
association was independent of pregnancy weight gain, The mean
values of end-pregnancy BMI related o 4895 C[T are given in Table 3.

34 Haplotype analysis

Haplotype analysis revealed presence of four common
haplotypes in both the cohorts: (f = 1%) CugasPanisfiass
(m}- Tdﬂsﬁﬂﬂliﬁliﬂ {TM}' cdHEF‘EIS'IBG'IBEEI (Eﬁc}-
Tagasbagiafizss (TGA) (Table 3). The CAA haplotype seems to
be less frequent in pre-eclamptic cases compared o controls
(p = 0,008); on the contrary, the CAG and TAA haplotypes were
significantly more frequent in the pre-eclampsia cases (p < 0.04
and p< 003, respectivelyl Analysis of regression models
confirmed the independent prediction role of CAA haplotype
for pre-eclampsia onset (f=-018; p=0.03). Mone of the
polymorphisms o haplotypes was associated with IUGR
development or any other investigated traits.

Table 3
e values o énd-prrég nancy BM1 in relation o 4895 OT polymarphism in CNE1
locus

Genotypes of 4855 CT Cated (1= 115) Control (f=145) o

a 326521175 2688419 w13
o 3183=5323 2654347 111 e]
s 2460248 2914379 012

Diilferences berween the cohorts caloaulated wiing Mann-Whitney U-pese

61



22 J. Bienertova-Vasku er al Furapean Journal of Obstemics & Gynecology and Reproductive Balogy 155 (2011) 19-22

4. Comment

Several lines of evidence support the hypothesis that dis-
turbances in the endogenous cannabinoid system are associated
with aberrant early placental development [12-14]. Undoubtedly,
there is a wide range of individual genetic variants, both maternal
and fetal, that are more or less likely tocontribute to pre-eclampsia
development, whereas endocannabinoids theoretically seem to
represent suitable candidate genes for pre-eclampsia susceptibility
modulators. Yet it is rather uncertain which genes of the
endocannabinoid system are directly involved in the molecular
pathophysiology of pre-eclampsia, and their interadions are far
from being clear.

The endocannabinoid system has been investigated mainly in
relation o the implantation period in the endometricm of the
mouse model [15-17] but only a limited number of reports is
avail able that refer to the later placentation stages. Fonseca et al.
[7] reported that cannabinoid rece pror expression, mainly CB1, in
the smooth muscle cells of blood wessels occurs untl day 12 of
pregnancy, and they sugegested that anandamide, acting through
the vascular CB1 that is expressed till the end of the pregnancy,
might have an important role in regulaton of fetal-placental
vasoreactivity. In additon, anandamide seems to produce vasor-
elaxation in different vascular beds in an endothe livm-depend ent
and endothelium-independent manner [1]. It has been also
suggested that although anandamide has been shown to exert
some of its effects directly on vascular smooth muscle via the CB1
receptor [ 18], a direct action of anandamide on the endothelium is
possible [7]. Since anandamide is thought to have adverse effiects
on pregnancy and embryonic development, the activity of the
degradative enzyme anandamide hydrolase may be crucial for
prevention of excessive concentrations of anandamide in the
uterus, and thus prevention of pregnancy falure or female
infertility [19]. It has been reported that decreased anandamide
hydrolase activity and expression in peripheral lymphocytes 1s an
early (=8 weeks of gestation) marker of spontaneous abortion
which might prove useful as a diagnostic tool for large-scale,
routine monitoring of gestation [19].

To the best of our knowledge, this is the frst study so far
focusing on genetic variability in the CNR1 gene and pre-eclampsia
risk. In the ffamework of the presented study, we observed
significantly different genotype distributions of CNR1 4895 C/T in
pre-eclamptic cases compared to controls. There was a significant
decrease in the frequency of CC homozygotes in the cases, the
heterozygote CT genotype being on the contrary significantly more
frequent in cases compared tothe controls (OR = 1.72, 95%C1 1.12-
2,66, p=0,009). There was a strong Hardy-Weinberg disequilibri-
um (HWD) in the cases, which is highly indicative of a possible
valid marker-d isease assoclation. The functional background tothe
observed associations isunclear as the CHE1 4895 CT is located in
the untranslated 3" region and therefore the most probable
explanation is a strong linkage with another, functional variaton.

Alter controlling for possible confounding effeds from 1359 A/
G to 3813 AG; the polymorphism 4895 CfT was still associated
with increased risk of pre-eclampsia development Therefore, in
CNREI1, there might be a risk locus for pre-eclampsia that is in strong
linkage with 4895 C/T. Interest ngly, we did not observe the strong
LD of 4895 C/T with rs 1049353, which is the well- known 1359G/A
(Thr4533Thr) variant at CNR1, as described elsewhere [20]. As there
is no evidence of functional impact of 4895 C/T related to pre-
edampsia, we propose a hypothesis that another pre-eclampsia
related locuws might be in strong linkage with rs4895 CT.

Toconclude, we observed a strong associationof CNR14895 CT
with pre-eclampsia in the Central-European caucasian populaton.
Based on our results, we propose that the C allele in the
homozygous state might be associated with decreased suscepti-

bility to pre-eclampsia To properly understand this observation,
replication of the study on a larger population sample in a
multentric design is highly advisable as well as further studies
using denser marker sets that will be focused on localizaton of the
disease-related loci near rsB06368 and on investigation of the
exact medhanisms of physiological-pathophysiological effects of
this SNP.
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3.5. BRAIN-DERIVED NEUROTROPHIC FACTOR (BDNF) AND
CILIARY NEUROTROPHIC FACTOR (CNTF) IN MATERNAL
PLASMA AND UMBILICAL CORD BLOOD FROM PRE-ECLAMPTIC
AND PHYSIOLOGICAL PREGNANCIES

Resumé

Neurotrofiny predstavuji dilezité stimulatory vyvoje nervové tkdn¢€ a hraji pravdépodobné
stézejni ulohu pii prenatadlnim a ¢asném postnatalnim modelovani vyvoje nervové tkané u
savcl. Neni prekvapivé, ze jsou produkovany i placentou. Cilem této studie bylo prozkoumat
cirkulujici hladiny ciliarnitho neurotrofniho faktoru (CNTF) a mozkového neurotrofniho
faktoru (BDNF) v séru matek a umbilikalni krvi u téhotenstvi postizenych preeklampsii a
zdravych kontrol.

Do studie bylo zatazeno 12 matek s preeklampsii a 34 Zen S fyziologickym téhotenstvim a
byla zkouména hladina BDNF a CNTF v umbilikélni krvi, respektive periferni krvi matky.
Hladina BDNF byla vyznamné vyssi v umbilikalni krvi z preeklamptickych téhotenstvi, kdy u
kontrolni skupiny byl vyznamny rozdil i v hladiné BDNF mezi periferni krvi matky a
umbilikalni krvi (p<0,001). Hladina CNTF v umbilikalni krvi byla vyznamné vyssi u
preeklamptickych téhotenstvi nez u kontrol (p = 0.03).

Tyto vyznamné rozdily v expresi proteini CNTF a BDNF mezi preeklamptickymi
t€hotenstvimi a kontrolami mohou ukazovat na mozné zapojeni téchto proteint pii vytvareni
anomalnich vzorcl postanatdlniho modelovani vyvoje nervové tkdné. To je konzistentni 1

s dal§imi empirickymi pozorovanimi u déti prenatalné zatizenymi podobnymi patologiemi.
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Abstract

The aim of the study was to investigate circulating levels of ciliary neurotrophic factor
(CNTF) and brain-derived neurotrophic factor (BDNF) in maternal serum and umbilical cord
blood from respective pregnancies in pre-eclampsia and the controls. A total of 12 pre-
eclampsia cases and 34 healthy controlswere enrolled in the study and the maternal peripheral
blood - umbilical cord blood duos were examined for BDNF and CNTF levels.BNDF levels
were significantly higher in umbilical cord blood from pre-eclamptic pregnancies, there was
also significant difference between maternal plasma and umbilical cord blood levels of
BDNF(p<0.001) in the controls. The CNTF levels in umbilical cord blood (CNTF-UCB) were
significantly higher in PE cases than in the controls (p = 0.03).Significant differences were
observed in expression of BDNF and CNTF proteins in maternal peripheral blood and
umbilical cord blood between pre-eclampsia cases and the healthy controls.

Introduction
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Pre-eclampsia (PE) is a severe pregnancy-associated condition characterized by elevated
blood pressure and proteinuria with onset after 20 weeks of gestation. It affects up to 5% of
pregnancies(Robillard et al., 2011) and represents one of the leading causes of maternal as
well as fetal mortality worldwide. The pathophysiology of PE still remains to be elucidated;
most of PE cases are associated with the first pregnancy — primiparity; it has been suggested,
however,that it is rather the first pregnancy with a particular father — primipaternity than
primiparity that induces pre-eclampsia in susceptible women (Chaouat et al., 2005). In this
view, pre-eclampsia seems to be partially underlined by specific genetic background (Hiby et
al., 2004; Saftlas et al, 2005; Shelling et al., 2011), making the mother more prone to
pathological response to paternal antigens of the fetus, which results in impaired trophoblastic
invasion, typical for PE.

Neurotrophins (NT) are known to be important factors in the survival, maintenance and
differentiation of neuronal tissue (Barde, 1990; Nguyen et al., 2009). The NT family consists
of numerous nerve growth factors including nerve growth factor (NGF),brain-derived
neurotrophic factor (BDNF), neurotrophin-3 (NT-3) or neurotrophin-4 (NT-4). Brain-derived
neurotrophic factor (BDNF) is as a typical member of the neurotrophin family known to
activate the high-affinitytyrosine kinase B (TrkB) receptor together with the panneurotrophin
low-affinity co-receptor p75 (Barbacid, 1995).As signalingmediated by BDNF through its
receptor TrkB was reported toplay an important role in embryo implantation,
subsequentplacental development and fetal growth by increasing trophoblastcell growth and
survival in mice (Kawamura et al., 2009), it is highly likely to play an important role in
pathophysiology of impaired placentation characteristic for pre-eclampsia. In their study,

Kawamura demonstrates an augmentingrole of the BDNF/TrkB signaling pathway in
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trophoblast celldevelopment which further underscores the importance of BDNF-related
autocrine/paracrinesystem during peri- and postimplantation.

So far, only one study was performed that focused on possible correlations between BDNF in
maternal blood and umbilical cord blood under physiological conditions (Malamitsi-Puchner
et al., 2004), whereas the authors concluded that higher BDNF levels in mothers may reflect
the mature nervous and immune systems of mother, they also observed higher BDNF levels in
fullterm neonates than in the prematures ones, possibly due to overall higher maturity of the
fullterm neonates. In another study, Fujita et al. (Fujita et al., 2011) focused on differences in
BDNF levels between PE and non-PE cases; however, they do not report any association
between BDNF maternal plasma levels and umbilical cord blood.

The results of study by Akahori et al. (Akahori et al., 2010) suggest that also the ciliary
neurotrophic factor (CNTF) could be associated with pre-eclampsia, as its levels in PE are
significantly lower than in healthy pregnancies, which the authors explain by the relationship
between CNTF and insulin resistance, which is typical for most of the PE cases, however,
they did not investigate CNTF levels in umbilical cord blood and/or their relationship to
maternal plasma levels.

Taken together, the relationship between BDNF/CNTF maternal plasma and umbilical cord
blood levels in PE and non-PE pregnancies is unclear as well as the source of BDNF in fetal
circulation. As the animal experiments suggest that maternal BDNF reaches the fetal brain
through uteroplacentalbarrier and might contribute to its development (Kodomari et al.,
2009),wehypothesized that there might be a correlation betweenthe levels of BDNF in
umbilical cord blood and maternalperipheral blood. Based on previously reported associations
of BDNF with the total fat mass in mice (Godar et al., 2011; Wang et al., 2010), we also
hypothesized that the birth weightof infants, roughly reflecting the fat mass, might be

correlatedwith BDNF and/or CNTF levels in the umbilical cord blood as BDNF/CNTF have
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distinct effects on regulation of total body adiposity. In order toinvestigate this, we compared
the mothers-neonates duoswith uncomplicated, physiological pregnancies with those affected

by pre-eclampsia, either with intrauterine growthrestriction (IUGR) or without it.

Material and methods

Study subjects

A total of 12 pre-eclampsia cases and34 randomly selectedhealthymothers originating from
the Caucasian Central-European population that gave birth at the Clinic of Gynecology and
Obstetrics of the Masaryk University affiliated Hospital in Brno, Czech Republic, whose
conception, pregnancy anddelivery were physiological, were enrolled in the study. The duos
of maternal peripheral blood sample obtained during 2 h pre-partum from peripheral vein and
umbilical cord blood sample obtained from umbilical artery immediately afterthe childbirth
were collected. Pre-eclampsia was defined according to theconsensual criteria of the
International Society for the Study ofHypertension in Pregnancy (blood-pressure values
exceeding140/90mmHg after the 20th week of gestation, confirmed bytwo consecutive
readings at least six hours apart and theconcomitant onset of proteinuria (>300 mg of urinary
protein/Lover 24 h). The study was approved by the Committee for Ethicsof Medical
Experiments on Human Subjects of the MasarykUniversity, Brno, Czech Republic, and was
performed in adherence to theDeclaration of Helsinki Guidelines.

The inclusion criteria for normal pregnancy cohort were: 1) spontaneous conception, 2)
singleton pregnancy, 3) delivery of a term neonate with a birth weight above the 10"
percentile and 4) normal oral 75-g glucose tolerance test between week 24 and 28 of gestation
based on the criteria set up by the World Health Organization (WHO). The exclusion criteria
for the study were: 1) multiple pregnancy, 2) in vitro-assisted reproduction, 3) pre-existing

hypertension disease, 4) gestational diabetes.

67



Biochemical analysis

BDFN and CNTF plasma levels were measured using a commercially available Milliplex
MAP multiplex Human Brain-derived Protein Panel (Millipore Corp., Billerica, MA), which
allows the simultaneous measurement of the analytes. Plasma samples of umbilical cord blood
were 3 times diluted before assay using the Assay buffer. All analyses were performed in

duplicates. Intra- and inter-assay precisions were less than 10 %.

Statistics

We used logarithmic transformation of non-normally distributed BDNF and CNTF levels for
all analyses in all study groups. Generally, we performed Pearson’s correlation testing
between BDNF or CNTF and clinical and anthropometric parameters and we report
thePearson’s r coefficients, giving the strength of an association in the range of -1 and +1 and
the Spearman’s coefficient where appropriate. We also evaluated differences betweenthe
groups using two-tailedMann Whitney test, dependent t-test andWilcoxon matched pairs test
for the maternal plasma/umbilical cord blood duos,followed by linear regression analyses
with BDNF or CNTF as dependent variable and birth weight of the infant as independent
variables.The data analysis wasperformed using the Statistica v. 9.0 (Statsoft Inc., Tulsa,OK,
USA) program package. The conventional values of p < 0.05 were considered statistically

significant.

Results
BDNF
The baseline characteristics of the study subjects are summarizedin Table 1. There were no

significant differences in circulating levels of BDNF in maternal plasma between the pre-
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eclampsia cases and the controls (p = 0.623). When comparing BDNF levels in umbilical cord
blood, significant differences were observed between the pre-eclampsia cases and the controls
(p = 0.04). In the healthy pregnancies, the BDNF levels in umbilical cord blood (BDNF-UCB,;
mean + SD: 1357 = 1718 pg/mL) were significantly lower than in maternal peripheral blood
(BDNF-BP; mean + SD: 5864 + 2836 pg/ mL, p = 0.000002; Fig. 1) ; the BDNF-UCB levels
in the pre-eclamptic cohort (mean = SD: 3236 + 3153 pg/mL) were significantly different
from BDNF-BP levels (mean + SD: 6473 + 3591 pg/mL, p = 0.02), whereas the levels also
tended to be lower in the umbilical cord blood in the pre-eclamptic subjects.In the univariate
regression modelling, the BDNF-BP levels were not proportionally correlated with BDNF-
UCB levelseither in the pre-eclampsia cohort (R = -0.3279, p = 0.2981), or in the controls (R
=0.0740, p = 0.6775).

The BDNF-BP or BDNF-UCB levels were not proportionally correlated with maternal pre-
pregnancy weight; neither in the pre-eclamptic women (R = -0.3217, p = 0.3087) nor in the
controls (R = 0.0374, p = 0.8333) the analysis of BMI at time of birth also did not reveal and
significant associations except for the correlation of BDNF-BP levels in the controls with
BMI at the time of birth: r = 0.3727, p = 0.03. In the multiple regression modeling, BDNF-
UCB levels were significantly correlated with maternal weight at the time of delivery (R =
0.617; p = 0.03). No correlations of BDNF-BP or BDNF-UCB levels with pre-pregnancy

weight or BMI at the time of delivery or birth weight of the infant were observed.

CNTF

There were no significant differences in CNTF levels in maternal plasma (CNTF-BP)
between the PE cases and the controls (p = 0.13), however, the CNTF levels in umbilical cord
blood (CNTF-UCB) were significantly higher in PE cases (mean + SD: 8446 + 8950 pg/ml)

compared to the controls (2526 + 3105 pg/mL; p = 0.03; Fig. 2). Generally, the CNTF-UCB
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levels substantially exceeded the levels in maternal plasma in both study cohorts. The CNTF-
BP levels in the pre-eclamptic pregnancies weren’t (mean = SD: 2321 £ 2280 pg/mL)
significantly different from CNTF-BP levels in the controls (mean + SD: 4464 + 5633 pg/mL,
p = 0.14). When comparing CNTF-BP levels and CNTF-UCB levels, no significant

differences were observed either in pre-eclamptic (p = 0.09) or control cohort (p = 0.14).

In the control subjects, CNTF levels in maternal plasma and umbilical cord blood were
significantly correlated (r = 0.4549, p = 0.007). The CNTF-BP or CNTF-UCB levels were not
proportionally correlated with maternal pre-pregnancy weight in pre-eclamptic women (R = -
0.0455, p = 0.888), nor in the controls (R = 0.1467, p = 0.407).

The multivariate regression modelling didn’t reveal any significant correlations of CNTF with
pre-conceptional BMI, pregnancy weight gain or birth weight of the infant as dependent
variables. In the umbilical cord blood from pre-eclamptic pregnancies, there was a significant

correlation between BDNF and CNTF levels (r = 0.7167, p = 0.009).

BDNF and CNTF and week of gestation

In the regression modeling, no association was observed between the week of gestation at the
time of delivery and BDNF, resp. CNTF levels; also the comparison of groups of PE women
giving birth in the week 33-36 and 37-39 of their pregnancy did not reveal any significant

associations.

Discussion

In this study on a small, homogenous cohort of Caucasian, Central-European women with or
without PE, we studied the BDNF and CNTF levels in maternal plasma and umbilical cord

blood.
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BDNF, as a typical representant of neurotrophins, plays an important role in proliferation,
differentiation and survival of neurons during development and is also capable of modulating
synaptic activity and plasticity in many groups of mature neuron (Lebrun et al., 2006).
Recently, it has been proposed that neurotrophins play an important role in development of
feto-placental interface(Mayeur et al., 2011) and it is becoming apparent that this ligand
signalingsystem, originally found to be essential for the development anddifferentiation of the
neuronal system, is also essential for development of preimplantation embryos as well as
trophoblast invasion and trophoblast survival (Seifer et al., 2002; Kawamura et al., 2005;
Martins da Silva et al., 2005) After implantation,BDNF suppresses apoptosis in the embryo
and promotes earlyembryonic development through its receptorTrkB (Kawamura et al., 2007).
Little is known about the dynamics of BDNF level throughout pregnancy — BDNF plasma
levels were reported to rise during the pregnancy, peaking in the third trimester (Chouthai et
al., 2003), in this study the average BDNF values are reported to be 2190 + 356 pg/mL after
the 36th week of gestation, which could be relatively consistent with our observation of 1357
+ 1718 pg/mL in the umbilical cord blood from physiological pregnancies at the time of birth.
In another study that was performed on 45 parturients with their fullterm or preterm neonates,
the umbilical cord blood levels of BNDF were reported to be approx. 2472 (1179 — 13296
pg/mL) in the fullterm neonates and 1854 (1351-2094 pg/mL) in the pre-term newborns
(Malamitsi-Puchner et al., 2004), which is also roughly in accordance with our findings. In
our study, the BDNF-UCB levels in non-PE subjects were significantly lower than those in
the pre-eclamptic subjects (3236 + 3153 pg/mL). Even though the PE neonates were delivered
in an earlier stage of gestation than the newborns from the physiological pregnancies, which
makes them more prone to low BDNF levels, the BDNF levels were higher in the umbilical
cord blood from PE pregnancies, which is consistent with the findings reported by Fujita et al.

from the Japanese population (Fujita et al., 2011). However, the BDNF levels reported by
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Fujita et al.were substantially lower (623.8 pg/mL [330.9-1024.0)than those observed in our
study or in the studies conducted by Malamitsi-Puchner (Malamitsi-Puchner et al., 2004) or
Chouthai (Chouthai et al., 2003). It can be hypothesized that the samples in Fujita’s study
were sampled at earlier stage of pregnancy (the time of sampling was located somewhere in
the third trimester), the number of cases in our study was also higher. The observed variability
of BDNF levels between above mentioned studies is also to be at least partially attributed to
different ethnicity of the investigated cohorts.

Fujita et al.(Fujita et al., 2011) reported that BDNF/TrkBsignaling had anti-apoptotic effects
against oxidative stress in JEG-3 cell lines, suggesting a protective role ofBDNF/TrkB in
human villous tissue under unfavorable conditions in utero. Therefore, it could be
hypothesized that the activation of BDNF/TrkB system atthe feto-maternal interface under
unfavorable conditions could lead to development of pre-eclampsia. However, the role of
BDNF at the late pregnancy remains to be elucidated.

In their study, Kodomari et al reported that maternal BDNF was capable to reach the mouse
fetal brain via placenta, in a dose dependent manner (Kodomari et al., 2009). However, we
did not confirm the baseline presumption that BDNF levels in maternal plasma and umbilical
cord blood are correlated and we suggest the mechanisms of regulation of BDNF levels in the
umbilical cord blood are more complicated than just simple utero-placental transmission.

Our study is the first to report a significant difference between CNTF levels in umbilical cord
blood from pre-eclamptic and physiological pregnancies, which could be explained by an
important role played by CNTF in regulation of insulin resistance. Pregnancy is generally
accepted as a state of physiological insulin resistance and the treatment of insulin resistance
using ciliary neurotrophic factor (CNTF) has been suggested for severe insulin-resistance-
associated disorders where CNTF exerts a leptin-like effect, even in leptin-resistant states

(Lambert et al., 2001). This effect is mediated through PTP-1B that constitutes a key
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divergent element between leptin/insulin and CNTF signaling pathway (Benomar et al.,
2009), thus providing a possible mechanism explaining the efficacy of CNTF in leptin-
resistant states. So far, nothing is known about the possible transmission of maternal CNTF
through utero-placental barrier to the fetus. In our study, the CNTF levels in umbilical cord
blood exceeded the levels in maternal blood, both in PE and non-PE subjects, and therefore it
we suggest that the fetus itself produces significant quantities of CNTF, however, the source
of the CNTF production in the fetus remains to be elucidated. In their study on the Japanese
population, Akahori et al.(Akahori et al., 2010) observed decreased CNTF levels in PE
pregnancies, and suggest this effect could be associated with relative hemoconcentration in
PE. In our study, we did not observe any differences in maternal CNTF levels between the
both cohorts, however, the sampling was performed in different periods of gestation in both
studies (approx. week 32 in Akahori’s study vs. week 37 for PE and week 40 for non-PE
cases in our study). More research into the dynamics of CNTF levels in physiological as well
as pathological pregnancy seems to be necessary as well in order to elucidate the source of
circulating CNTF both in maternal and umbilical cord blood.

It is well known that maternal disease or pathological condition can affect fetaldevelopment
and neurogenesis. In this study, we investigated possible relationship between BDNF/CNTF
levels in maternal plasma and umbilical cord blood and observed certain associations between
BDNF/CNTF levels in maternal peripheral blood and umbilical cord blood from the
physiological and pre-eclamptic pregnancies. To conclude, more research is necessary into the
role of BNDF/CNTF in dramatic metabolic changes in maternal as well as fetal organism in

the peripartum period.
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Figure 1 - Relationship between the BDNF circulating levels in maternal peripheral blood and
umbilical cord blood in physiological pregnancies and pre-eclampsia
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Figure 2 - Relationship between the CNTF circulating levels in maternal peripheral blood and
umbilical cord blood in physiological pregnancies and pre-eclampsia
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Table 1. Baseline characteristics of the pre-eclamptic subjects and the control subjects with
physiological conception, pregnancy and delivery

Cases (n=12) Controls (n = 34) p
Maternal age (yrs) 326+4.0 29.3+4.9 0.0128"
HELLP/early/late pre-
0/1/11 0 NA
eclampsia*
Pre-conception BMI (kg/m?) 26.7+6.5 249+4.0 0.5820"
BMI at the time of delivery
28.4+5.7 28.2+ 9.0 0.3731+
(kg/m?)
Pregnancy weight gain (kg) 12.3+5.0 152+7.0 0.063+
Birth weight (g) 2075+ 435 3687 + 337 0.000008"
Week of gestation at delivery 36.4+19 404+10 0.000000002*
IUGR (n) 3 0 0.0145™"

BMI, body mass index; IUGR, intrauterine growth restriction; NS, not significant, results are
given as mean = SD, * early/late pre-eclampsia defined as onset of disease < 34th week of
gestation / > 34th week of gestation

* Mann-Whitney test

**chi-squared test
" Fisher’s exact test
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3.6. COMPARISON OF AGOUTI-RELATED PEPTIDE LEVELS IN
PERIPHERALBLOOD OF POSTPARTUM PRE-ECLAMPTIC AND NON
PRE-ECLAMPTICWOMEN AND IN UMBILICAL CORD BLOOD
FROM THEIR PREGNANCIES

Resumé

Fyziologicka uloha agouti-related peptidu (AgRP) v regulaci apetitu a energetické rovnovahy
organismu zprostfedkovavana zejména melanokortinovou signaliza¢ni drahou je znama uz
fadu let. Kromé svych dobie prozkoumanych ucinka na urovni CNS ma AgRP ovSem svoje
ucinky i v periferii — patofyziologicky podklad téchto regulaci je vSak zatim nejasny. Cilem
této studie bylo prozkoumat hladinu AgRP v umbilikdlni krvi a periferni krvi matek
s fyziologickym téhotenstvim a s preklampsii.

Do studie bylo zatfazeno 12 matek s preeklampsii a 32 nahodné vybranych zdravych matek
s fyziologickym tc¢hotenstvim a porodem. Vzorek krve matky byl ziskdn béhem dvou hodin
pted porodem a po porodu ditéte byl ziskdn vzorek pupecnikové krve ditéte.

Primérnd hladina AgRP v pupecnikové krvi piesahovala nejvy$s§i hodnoty udévané u
obéznich dospélych vice nez 200krat, coZ miize naznaCovat extrémné robustni peripartalni
potravni ,,drive* u novorozenct. Tento trend byl podobny u novorozencii z preeklamptickych
1 fyziologickych téhotenstvi.

Tato studie ovSem dale ukazuje, Ze plazmaticka hladina AgRP v periferni nebo pupecnikové
krvi je vyznamné odlisnd pfi srovnani matek s placentalni dysfunkci, konkrétné preeklampsii,
a zdravych kontrolnich zen.

AgRP muze hrat vyznamnou ulohu v anomalnim metabolickém a nutricnim programovani
potomstva z preeklamptickych téhotenstvi, coz by alespon z ¢asti Vvysvétlovalo ,,thrifty*

fenotyp pozorovany u téchto déti.
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Flasma levels of agouti-releted peptide [AgRF) were reported to continuously rise during
on going pregnancy in mts. The sim of the study was to investiga te the matermnal pre-partum
periphem] plasma levels of AgRF and levels in umbilical cord blood in pre-eclamptic and
physiological pregnencies in humans.

i 3010 Elsevier Irelend Ltd All rights reserved.

1. Introduction

Recently, alot of attention has been paid to the physidlogical
role of agouti-related peptide (AgRF) in regulation of appetite
and energy balance, mediated mainly via melanocortin-4
receptor (MC4R) and melanocortin-3 receptor (MC3R). Apart
from the essential effects of AgRF in the central nervous
systern, AgRP also circulates in plasma, however, its role in the
periphery is far from being understood. Recently, it has been
reported that plasma AgRP [1] is elevated in obese men
compared to non-obese men, which might be indicative of
some peripheral involvement in transduction of adiposity

= gnals, however, this was notconfirmed by other studies [2,3].
Mevertheless, most of the studies reported a consistent
correlation of AgRP levels with the total body fat mass [1,3].

Considering the proposed relationship between total fat
mass and circulating levels of AgRP in the adults, we
hypothesized that there might be & relationship between
the levels of AgRF in umbilical cord blood and maternal
peripheral blood. We also hypothesized that the birth weight
of infants, roughly reflecting the fat mass, might be correl ated
with AgRF lewels in the umbilical cord blood. In order to
investigate this, we compared the mothers-necnates duos
with uncomplicated, physiological pregnancies with those

* Comrespond g author. Tel.: +420 739 300 485; fao +420 549 454 340,

E-mazil address: jhienert@med muni.cz (J. Benertove-Vasku).
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Table 1 - Baseline characteristics of the pre-eclamptic subjects and the control subjects with physiological conception,

pregnancy and delivery,

Cases (n=13) Controls (n= 33) i
Maternal age (yr=) 20841419 2098 4+ 531 NS
HELLF/late/early pre-eclampsia™ '3 - -
Pre-conception BMI (kg'm?) 2492 4333 2500 + 198 N5
EMI at the time of delivery (kg/m®) 3115475 2934 4+ 65 NS
Pregnancy weight gain (kg 14.3 £+ 670 1317 £ 5.4 N5
Eirth weight (g) 1944 L 735 3581 L 460 p = 0.00001
Wesek of gestation at delivery 35 40 B = Q0001
TUGR (1) 7 1] B = 00004
Primiparnity multparity =7 20/12 NS
Smokers/non-amokers 2110 3429 N5

EMI, body mass index; IUGE, intrauterine growth restriction; NS, not significant, results are given & mean + S0.
* Early/late pre-eclampsia defined as onset of disease <3th wesk of gestation>34th week of gestation.

affected by pre-eclampsia, either with intrauterine growth
restriciion ([UGR) or withoutit, using pre-eclampsia associat-
ed IUGR as a model of sberrant body composition in necnates
not carrying any karyotype sbnormalities.

2. Material and methods

21, Subjects

A total of 12 pre-eclamsia cases and 32 randomly selected
healthy mothers with physological conception, pregnancy and
delivery were enrolled in the study. The maternal peripheral
blood sample was obtained during 2 h pre-partum and the
sample of urmbilical cord blood was obtamed immediately after
the childbirth. Pre-eclampsia was defined according to the
consensual criteria of the International Society for the Study of
Hypertension in Pregnancy (blood-pressure values exceeding
140/90 mmHg after the 20th week of gestation, confirmed by
two consecutive readings at least six hours apart and the
concomitant onsetof proteinuria (=300 mgof urinary protein,L.
over 24 h). The study was approved by the Committee for Ethics
of Medical Experiments on Human Subjects of the Masaryk
Uniwversity, Brno, CR and was performed in adherence to the
Declaration of Helsinki Guidelines.

2.2, Biochemical analysis

AgRP plasma levels were measured using a commercially
available ELISA kit [Quantikine, R&D Systems, Minneapolis,
MM, USA). Plasma samples of umbilical cord blood were 11
times diluted before assay using the Calibrator Diluent RDE-10
mcluded in the kit. All analyses were performed in duplicates.
The analyses were repeated twice in 30% of peripheral blood
samples and in the whole set of umbilical cord blood samples
to confirm the obtained results.

2.3, Statistics

We used logarithmic transformation of non-normally distrib-
uted AGRP levels for all analysesin all study groups. Generally,
we performed Pearson's correlation testing between AgRP and
clinical, and anthropometric parameters and we report the
Pearson's rooeffiicients, giving the strength of an association in

the range of -1 and +1. We also evaluated difference between
the groups using two-tailed, independent-sample t tests,
followed by linear regression analyses with AgRP as depen-
dent variable and birth weight, birth length and gender of the
infant a5 independent varisbles. The data analysis was
performed using the Statistica w. 80 (Statsoft Inc., Tulsa,
0K, USA) program package. The conventional wvalues of
p = 0.05 were considered statistically sigraficant.

3. Results

The baseline characteristics of the study subjects are summa-
rized in Table 1. The plasma levels of AgRP in the umbilical cord
blood (AgRF'™®) in the pre-eclamptic cohort (mean
983.35 + 1048.93 pg'mlL) and non-pre-eclamptic cohort (mean
2340.29 + 1138.07 pg/mL) were almost 11-fold, respectively 19-
fold higher, compared with AgRF levels in peripheral blood
(AgRF®") of pre-eclamptic subjects (mean 88.04 + 32.47 pgimlL)
and the control subjects (mean 12409 + 38.92 pg'mL, Fig 1).

The ABFLFW' levels were not proportionally correlated with
maternal body weight either in pre-eclamptic women
[r=-023, p=034) nor in the controls [r=-010, p=053);
the analysis of BMI also did not reveal and sgnificant
Bss0Ciations.

The J\E_E.Fw levels were proportionally correl ated with AgRP
concentrations in umbilical cord blood in the pre-eclampsia
cohort (r =064, p=0.0Z), however, not in the controls (-0.07,
p=070).

The AgRF'™ from pre-eclamptic pregnancies were signifi-
cantly lower than in the control pregnancies (p < 0.001).
Furthermare, the AgRPY were proportionally correlated with
birth weight of the infant in the pre-eclamptic cohort
[r=-023, p=003), however, not in the control cohort
(r=0.22, p=020). No significant prediction role of AgRP levels,
both AgR FE and}\BB.an, for TUGR developmentwas observed
in univariate regression modelling adjusted for ape, BMI and
smoking status of the mother.

4, Discussion

Clofsson et &l. [4] have recently reported that the hypotha-
lamic expression of AgRP is associated with cyclic changes in
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AgRF could play an important role in sherrant peripartum
modeling of the pre-eclamptic newborns, resulting e.g. in
“thrifty' feeding patterns of such neonates. However, this
hypothesis should be inwvestigated on larger population
samples of different ethricity in a varety of study designs,
mainly prospective ones, following also the weight gain and
feeding patterns of the infants in relation to postnatsl AgRP
circulating levels,
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Fig 1 - Plasma levels of AgRP in peripheral blood and
umbilical cord blood in pre-edamptic and non-pre-
eclamptic cohort ( p < 0.0008).

feeding across the estrous cycle in mice suggesting that
neurons co-expressing AgRP are functionally required for the
cyclic changes in feeding across estrous cycle. In a recent
study by Szczepanldewicz et al. it has been reported that AgRP
is expressed in the placents in rats and that AgRP levels
consecutively rise during ongoing pregnancy [5]. In another
snimal study by Caminos et al. [6], the placental AgRP
expression remained unchanged between 12 and 16 days of
pestation reaching the highest levels at the end of the
gestation period (p < 0.001) in rats.

The average AgRF levels in umbilical cord blood samples in
our study exceeded the highest AgRF levels reported in obese
adults [1] almost 200 tmes, which might be an evidence of
extreme robustness of peripartum feeding drive in neonates,
bothin pre-eclamptic and non pre-eclamptic of fspring and this
finding is well in accordance with previows findings on rats.

The present study demonstrates that plasma levelsof AgRP
in peripheral or umbilical cord blood are significantly different
when comparing mothers with placental dysfunction - pre-
eclampsia - and healthy control women. We hypothesize that
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3.7. B-CELL ACTIVATING FACTOR (BAFF) IS PRESENT IN
UMBILICAL CORD BLOOD IN HEALTHY AND PRE-ECLAMPTIC
PREGNANCIES AS WELL AS IN HUMAN BREAST MILK WITH
SPECIFIC DYNAMICS DURING 180D LACTATION

Resumé

Aktivacni faktor B-bunék (B-cell activating factor, BAFF) je ¢lenem TNF super rodiny
membranovych proteinlt — jednd se o nedavno definovanou molekulu ovliviiyjici pfeziti,
maturaci a diferenciaci perifernich B bunék. Nedavno byla ovSem publikovana i prace
popisuyjici uvoliiovani BAFF z adipocytli, coz naznacuje, Ze se miiZze jednat o molekulu, u
které se kiizi endokrinni regulace adiposity a imunitni regulace v rameci specifické imunity.
Cilem této studie bylo prozkoumat hladinu BAFF v mateiském séru a pupec¢nikové krvi u
preeklamptickych a fyziologickych téhotenstvi a stanovit, zda se BAFF secernuje do
matetského mléka a jakd je dynamika jeho hladin béhem Sestimésicniho obdobi po porodu.
Do casti studie zkoumajici hladiny BAFF v umbilikélni krvi a mateiské periferni krvi bylo
zatazeno 12 zen s preeklampsii a 34 Zen s fyziologickym t¢hotenstvim a byly od nich
peripartalné ziskany dvojice vzorkll matetska periferni krev / pupecnikova krev. Dale byla do
studie zafazena kohorta 10 laktujicich zen, které byly sledovany po dobu 180 dnti po porodu a
ve stanovenych ¢asovych intervalech (den porodu, den 1-3, den 12-14, den 28-30, den 88-90 a
den 178-180) od nich byly odebirany dvojice vzorki periferni krev / matetské mléko.
Pozorovali jsme vyznamné rozdily v hladinach BAFF v séru z periferni krve matky mezi
preeklamptickou a kontrolni kohortou; hladiny BAFF v pupeénikové krvi pfitom byly vyrazné
vyS$$i nez v matetském séru. Jako prvni ve svétové literatuie jsme prokazali, Ze BAFF se
konzistentné secernuje do matetského mléka béhem celého sledovaného obdobi, piicemz
hladiny v kolostru byly extrémni, S tendenci k rychlému poklesu v obdobi nasledujicim po
porodu.

82



Jednd se o viibec prvni studii zkoumajici cirkulujici hladiny BAFF u preeklampsie. Navic
vV této studii vibec poprvé poddvame zpravu o piitomnosti BAFF v matefském mléce.
Vzhledem Kk vyraznym pleiotropnim efektim BAFF lze ocekavat, ze BAFF muze hrat
vyznamnou ulohu pfi stimulaci imunitni maturace novorozence Vv ¢asném poporodnim obdobi.
Zaroven je pravdépodobné, ze umoznuje efektivni komunikaci mezi matetskym organismem

a imunitnim systémem novorozence.
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Abstract

Background, aims: The TNF family member protein B-cell-activating factor (BAFF) is a
recently defined molecule influencing peripheral B-cell survival, B-cell maturation and
immunoglobulin class-switch recombination. The aim of this study was to investigate role of
BAFF in maternal serum and umbilical cord blood in pre-eclampsia and physiological
pregnancy, to establish whether BAFF is secreted into breast milk and to determine the
dynamics of BAFF levels in maternal serum and in breast milk during the six-month-long
period of full breastfeeding.

Study design, subjects, outcome measures:Pairs of maternal peripheral blood and umbilical
cord blood samples were obtained from 12 pre-eclamptic and 34 physiological pregnancies in
order to analyze circulating BAFF levels. A second cohort of 10 healthy lactating women was
recruited for analyses of BAFF levels in breast milk and maternal serum who were followed-
up for 180 d following delivery.

Results: BAFF levels in maternal serum differedsignificantly between pre-eclamptic and
healthy mothers. BAFF levels in umbilical cord blood significantly exceeded those of
maternal serum. The analysis of BAFF levels in breast milk throughout the entire study period
revealed a consistent presence of BAFF in breast milk, whereas levels in the colostrum were
extreme and subsequently dropped.

Conclusion: This is the first study to investigate the circulating levels of BAFF in pre-
eclampsia thus far. This is also the first study to report the presence of BAFF in human breast
milk;BAFF may be helpful in the maturation of an infant’s immune system in
GALT throughout the 180d period following delivery.
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Introduction
The B-cell-activating factor (BAFF), also known as BLyS, TNFSF13B, TALL-1,

ZTNF4 and THANK, is a member of the tumor necrosis factor (TNF) superfamily which
influences peripheral B-cell survival, selection of autoreactive B-cells, maturation and
immunoglobulin class-switch recombination and which therefore has a wide range of
potential clinical implications’. Overexpression of BAFF in animal models leads to B-cell
hyperplasia, lymphoproliferation, hypergammaglobulinemia and symptoms of autoimmunity
while BAFF-deficient animals show defects in peripheral B-cell maturation as well as
decreased levels of circulating immunoglobulins®. As the signaling through the BCR and B
cell activating factor receptor (BAFF-R or BR3) differentially regulates apoptosis within early
transitional (T1) and late transitional (T2; CD21int-T2) B-cells during selection processes to
create mature B lymphocytes*, the BAFF-cascade could be an elegant therapeutic target in
numerous pathophysiological conditions including B-lineage neoplasms, autoimmunity,
allergy or infections.

Apoptosis, i.e. “programmed cell death”, is a cellular suicide mechanism which plays
a crucial role in the maintenance of homeostasis and self-tolerance®. Apoptosis also plays a
central part in the trophoblast life cycle of the placenta®. Normal trophoblast development
begins with the proliferation and differentiation of a mononucleated cytotrophoblast’,
followed by its fusion into an overlying multinucleated syncytiotrophoblast, and finally
resulting in the formation of syncytial knots, whereas the initiation of apoptosis in the
cytotrophoblast is tightly associated with the described process of syncytiogenesis and often

referred to as trophoblast turnover®.
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To date, three members of TNFSFs have been identified in human placenta®*°. The
BAFF/BAFF-R signaling system is typically anti-apoptotic via induction of nuclear factor
kappaB and Bcl-2, acting at the transition stage of B-lymphocyte development and inducing
the Bcell differentiation markers CD21 and CD23™. It has been suggested that BAFF
signaling through BAFF-R regulates the primary B-cell pool whereas BAFF and/or APRIL
acting via the TACI receptor affects short-lived, proliferating B cells'.

The sensitivity of immune cells in peripheral blood (i.e. lymphocytes, neutrophils,
etc.) to undergo or evade apoptosis oscillates and the mechanism of apoptosis in these cells
has been widely studied*?. However, there is only one study of BAFF expression in B-cells
from umbilical cord blood, reporting an increased in vitro rate of apoptosis of cultured B-cells
from cord blood*®,

Pre-eclampsia is a severe pregnancy-associated condition, representing one of the
major causes of mortality and morbidity worldwide®. Several studies reported an increase in
placental apoptosis and formation of syncytial knots in pre-eclamptic pregnancies®®*®.
independently on Fas-Fas ligand expression™.

So far, nothing is known about BAFF secretion and its possibledynamics of changes in
human breast milk. Therefore, the objectives of this study included i) an investigation of
BAFF levels in umbilical cord blood from physiological and pre-eclamptic pregnancies, ii) an
investigation of maternal serum levels sampled the same time when the umbilical cord blood
was withdrawn and iii) an investigation into whether BAFF is present in maternal milk and

the examination of the dynamics of possible trends in BAFF secretion into milk.

Material and methods

Subjects

Preeclampsia-physiological pregnancy cohort
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A total of 12 pre-eclampsia cases and 34 randomly recruited healthy mothers with
physiological conceptions, pregnancies and deliveries, all with a Caucasian Central-European
background, who delivered at the Clinic of Gynecology and Obstetrics of the University
Hospital Brno, Brno, Czech Republic, were enrolled in the study. The pairs of maternal
peripheral blood samples obtained during 2 h pre-partum and umbilical cord blood samples
obtained immediately after childbirth were collected. Pre-eclampsia was defined according to
the consensual criteria specified by the International Society for the Study of Hypertension in
Pregnancy (blood-pressure values exceeding 140/90 mmHg after the 20" week of gestation,
confirmed by two consecutive readings at least six hours apart and the concomitant onset of
proteinuria (> 300 mg of urinary protein/L over 24 h). The inclusion criteria for normal
pregnancy cohort were: 1) spontaneous conception, 2) singleton pregnancy, 3) delivery of a
term neonate with a birth weight above the 10" percentile and 4) normal oral 75-g glucose
tolerance test between weeks 24 and 28 of gestation based on the criteria specified by the
World Health Organization (WHO). Exclusion criteria for the study were: 1) multiple
pregnancy, 2) in vitro-assisted reproduction, 3) pre-existing hypertension disease, 4)

gestational diabetes.

Lactation cohort

Breast milk and venous blood samples were obtained from another 10 healthy lactating
women of Caucasian origin [mean age + SD: 29.6 + 3.4 y; mean preconceptional BMI + SD:
23.2+3.9 kg/m2] with uncomplicated, physiological pregnancies and appropriate-for-
gestational age (AGA) neonates. The serum-milk sample pairs were collected at the time of
birth and at days 1-3, 12-14, 28-30, 88-90 and 178-180 postpartum, with full lactation
maintained during the entire 180-d period of the study (women who did not complete the 180-

d duration of full lactation or introduced solid food before day 180 were excluded from the

87



study). These subjects were also enrolled at the Clinic of Gynecology and Obstetrics of the
University Hospital Brno, Brno, Czech Republic. Inclusion criteria for the lactation cohort
included (1) spontaneous conception; (2) uneventful, singleton pregnancy, (3) spontaneous,
uncomplicated delivery and (4) a normal oral 75-g oral glucose tolerance test (OGTT)
between 24 and 28 weeks of gestation based on the World Health Organization (WHO)
criteria and (5) their children were appropriate-for-gestational age neonates. The study was
approved by the Committee for Ethics of Medical Experiments on Human Subjects of
Masaryk University, Brno, Czech Republic, and was performed in adherence to the

Declaration of Helsinki Guidelines.

Biochemistry

Umbilical cord blood and maternal venous blood sampling in pre-eclampsia cohort

Umbilical cord blood (5 ml) was withdrawn from the placenta immediately after
childbirth;following clotting at room temperature and centrifugation, a serum specimen was
collected into a plastic microtube and aliquots were stored at —80°C until analysis. Maternal
venous blood (5 ml) was withdrawn duringthe two-hour pre-partum period and stored using

the same procedure.

Breast milk

Milk samples were collected by manual expression from both breasts by the study subjects at
given time points, always 2 h after previous breastfeeding or manual expression of
milk;a total of 5 ml of milk was collected whenever possible (at timepoints 1 and 2, as much
milk was sampled as possible). Samples were vortexed, divided into 200 pl aliquots and

frozen at —80°C until analysis.
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BAFF measurement

Concentrations of BAFF were measured in duplicate using a commercially available
sandwich ELISA (R&D Systems, Inc. Minneapolis, USA) according to the manufacturer’s
instructions. Serum samples were diluted twice before assay using a calibrator diluent.
Thawed milk samples were first delipidated by centrifugation at 12000xg for 15 min at 0 °C
and then diluted up to 40-fold in duplicate to assay range (62.5-4000 pg/ml) with calibrator
diluent. Intra- and inter-assay coefficients of variation stood at <6.0% and < 9.0%,
respectively, with a detection limit of 3.38 pg/ml. The plates were read using a microplate
reader (Spectra MAX 340PC, Molecular Devices, Sunnyvale, CA, USA), and the data were

analyzed using Softmax Pro software.

Statistics

All statistical analyses were carried out using Statistica 8.0. Data were tested for normality
using the Kolmogorov-Smirnov test and log-transformed where necessary. Pearson’s
correlation coefficient was used to determine whether linear associations were present and
multivariate linear regression modeling was used to determine significant predictors of breast
milk or serum BAFF concentration. Changes in BAFF serum and milk levels during the entire
period of 180 days of lactation were examined by one-way ANOVA followed by Tukey’s
pairwise multiple comparison method. Differences in log values of whole milk or serum
BAFF concentrations and their changes with the lactation periods were examined by one-way
ANOVA followed by Tukey’s pairwise multiple comparison method, with the assumption of

homoscedasticity verified using Bartlett’s test.

Results

89



Umbilical cord blood levels of BAFF in pre-eclamptic and physiological pregnancies

The basic characteristics of mothers with pre-eclampsia and physiological pregnancies
arepresented in Table 1. While pre-eclampsia cases were significantly older than controls
(p = 0.01), there were no differences in pre-conceptional BMI or BMI at the time of birth, the

weight gain in pregnancy was significantly higher in PE cases (p < 0.001).

Comparison of BAFF circulating levels between pre-eclampsia cases and controls

There were significant differences in BAFF levels in maternal peripheral blood between
physiological and pre-eclamptic pregnancies (p = 0.03) while BAFF levels were higher in
physiological pregnancies than in pre-eclamptic pregnancies. No differences in BAFF cord
blood levels were observed between the cohorts (p = 0.91). When comparing maternal serum
levels and umbilical cord blood levels, highly significant results were observed both in the
pre-eclamptic (p <0.002) and physiological (p <0.001) cohorts, in favor of higher serum
levels in umbilical cord blood. The individual relationships between BAFF levels in maternal
serum and umbilical cord blood serum duos in pre-eclampsia and the controls are summarized
in Figure 1. When using linear regression modeling, no significant correlation of BAFF
concentration in maternal blood and umbilical cord blood was observed either in pre-

eclampsia cases (r = 0.44, p = 0.15) or in the controls (r = 0.22, p = 0.20).

BAFF levels in breast milk

The demographic and clinical characteristics of the lactation cohort are reported in Table 2.
BAFF was consistently present in all evaluated milk samples in the study throughout the
entire study period of 180 days; there was a continuous tendency towards a decrease of BAFF
levels in milk and significant differences between investigated timepoints were also observed

[F(5;42) = 33.06, p <0.001], BAFF levels in breast milk throughout the study period are
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given in Fig2. There were no significant differences in BAFF serum concentrations between
the given time points [F(5;38) = 3.09, p =0.68] Fig3. Furthermore, no correlation between
BAFF levels in maternal serum and breast milk was observed either during the entire study
period or when analyzing the individual timepoints. BAFF levels in breast milk exceeded
those in maternal serum more than 25times (time point 1); during the 180-d duration of the

study, the milk-serum concentrations equalized.

Discussion

The physiological role of BAFF in pregnancy and lactation is unknown. Apoptosis-inducing
tumor necrosis factor (TNF) ligands and receptors have been reported in human placentas,
including BAFF which was present primarily in villous cytotrophoblast cells®. The important
role of BAFF in apoptosis has been previously defined in a study on B survival and selection
through the BAFF/BAFF-R pathway, in addition to BCR-initiated signals®®. BAFF/BAFF-R
interaction activates the alternative NF-kB pathway through IKKa-mediated phosphorylation
of p100 (NF-kB2) and results in its conversion to p52*which is capable of binding to the NF-
kB family member c-Rel which has been previously shown to regulate Bcl-xL and Al gene
expression in B cells?. c-Rel, the prototype member of the NF-kB family, is expressed in
numerous tissues in both adult and fetal hematopoietic organs, and is essential for the normal
function of B and T cells, macrophages and dendritic cells®.

To date, two studies focusing on BAFF levels in umbilical cord blood™**have been
performed — with contradictory results. In the study by Kessel et al."*, BAFF serum levels in
cord blood were reported to be lower than in peripheral blood of adult subjects, which the
authors attribute to reported functional immaturity of cord blood macrophages (the expected

24
l.

source of the main proportion of BAFF). In the study by Kreuzaler et al.””, sera from cord

blood contained more BAFF (2.1 ng/ml; range, 0.6-4.5 ng/ml) than sera from the blood of the
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corresponding mothers (0.6 ng/ml; range, 0.3-2.25 ng/ml), suggesting that BAFF
concentrations are higher in individuals when the immune system and the B cell repertoire are
not yet fully developed.

In this study, higher serum levels in umbilical cord blood were observed than in maternal
peripheral blood from the respective pregnancy, independently of case-control status; average
values of BAFF in maternal peripheral blood observed in the study (mean BAFF in maternal
plasma 1.0+ 0.3 ng/ml for the physiological cohort) were lower than those observed by
Kessel et al. for non-pregnant subjects (mean BAFF 1.8 + 0.5 ng/ml); moreover, there were
largedifferences in BAFF levels in cord blood between our study (mean BAFF in cord blood
2.2 £ 0.7 ng/ml for the physiological cohort) and the study performed by Kessel et al. (mean
BAFF in cord blood 0.68 + 0.13 ng/ml). It must be mentioned that the study by Kessel et al.
did not involve complete pairs of umbilical cord blood and maternal peripheral blood
samples; the peripheral blood levels of BAFF were measured in 15 unrelated non-pregnant
females and 15 males in their study, which could introduce a significant selection bias that
was avoided in ourstudy.

The observed BAFF levels in maternal serum in this study were consistent with the
circulating BAFF levels observed in non-pregnant non-obese women originating from the
same population in another study of ours®:this might indicate that pregnancy doesnot
substantially increase maternal circulating levels of BAFF. The results of our study are highly

1.2 as the observed

concordant with the results of the study carried out by Kreuzaler et a
concentrations of BAFF are almost identical between these two studies, possibly also due to
the similar geographic origin of both study cohorts.

It has been recently suggested that the BAFF locus could act as a potential novel pre-

eclampsia susceptibility gene”®in Australian/New Zealand families, however, these results
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were not replicated in Norwegian case/control cohort, however no physiological role for
BAFF has been suggested so far.

This study has observed extremely high BAFF levels in maternal milk at the beginning of a
180-d study period starting with the day of birth; it may thus be hypothesized that extremely
high BAFF levels in the colostrum could provide a strong B-cell maturation boost for the
infant at the point of birth. As BAFF is involved in 1gG, IgA and IgE isotype switching in B
cells, which is a biological mechanism by which B cells change their antibody production
from one isotype to another, the release of BAFF in maternal milk could influence the B cells
of the mucosal lymfoid tissue (MALT) of the gut (GALT) of the newborns. It could
contribute to the accumulation and maturation of B lymphocytes in the newborn as well as to
the increase of intestinal production of secretory IgA antibodies in GALT.

To date, this study is the first to demonstrate that BAFF levels are significantly lower in
maternal peripheral blood in pre-eclampsia compared to physiological pregnancy. Moreover,
we are the first to demonstrate that BAFF is secreted into human breast milkand we show
thatBAFF concentrations show a consistent decreasing tendency during the 6 months of full
breastfeeding after birth. Although the population size of our study is limited, we report
highly significant results which might provide a basis for further investigation of the role of

BAFF in the stimulation of neonate/infant immunity/adiposity.
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Figure 1. Individual relationships between BAFF levels in maternal serum and umbilical
cord blood in PE and the control cohort
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Figure 2: BAFF in breast milk at given timepoints of the study — individual trends
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Figure 3: BAFF in maternal serum at given time points after birth
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Table 1. Baseline characteristics of pre-eclamptic (PE) subjects and control subjects
with physiological conception, pregnancy and delivery

PE cases (n =12) Controls (n = 34) p
Maternal age (yrs) 32.6+4.0 29.3+4.9 0.0128"
Pre-conception BMI (kg/m?) 23.9+6.5 249+4.0 0.5820"
BMI at the time of delivery
28.4+5.7 28.2+9.0 0.3731°
(kg/m?)
Pregnancy weight gain (kg) 12.3+5.0 52+7.0 0.000063"
Birth weight () 2075+ 435 3687 + 337 0.000008"
Week of gestation at delivery 36.4+1.9 40.4+1.0 0.000000002*
IUGR (n) 3 0 0.0145™"
Primiparity/multiparity 2/10 22/12 0.0042""
BAFF level in maternal serum 843.4 +£314.3 1021.4 +327.4 0.03"
BAFF level in umbilical cord
blood serum 2453.3+1352.1 2186.3 + 698.4 0.91°

BMI, body mass index; IUGR, intrauterine growth restriction; NS, not significant, results are
given as mean =+ SD, * early/late pre-eclampsia defined as onset of disease < 34th week of
gestation / > 34th week of gestation

* Mann-Whitney test
** chi-squared test
*** Fisher’s exact test
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Table 2. Basic demographic and clinical findings in the lactation cohort (n = 10)

Mean * SD Min Max
Maternal age [y] 31.1+3.7 26.4 36.6
Preconceptional BMI [kg/m?] 23.9+4.9 191 33.4
BMI before the birth [kg/m?] 28.9+5.2 22.0 38.9
Pregnancy weight gain [kg] 13.8+4.2 7 19
Birth length of the infant [cm] 51.1+2.0 48 55
Birth weight of the infant [g] 3645 £ 547 3060 4640
Menarche [y] 13.1+1.1 11 14
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3.8. VISFATIN IS SECRETED INTO THE BREAST MILK AND IS
CORRELATED WITH WEIGHT CHANGES OF THE INFANT AFTER
THE BIRTH

Resumé

Visfatin je velmi zajimavym adipokinem s mnoha metabolickymi a imunoregulacnimi efekty.
Predpoklada se, ze diky svému inzulinomimetickému pusobeni hraje vyznamnou tlohu
Vv regulaci pochodu v bilé tukové tkani. Vyznamné oscilace cirkulujicich hladin visfatinu byly
hlaseny i v obdobi téhotenstvi. Dosud nebyly publikovany zadné zpravy o tom, zda se visfatin
secernuje i do matetského mléka.

Cilem této studie bylo prozkoumat, zda se visfatin u ¢lovéka uvoliuje do materského mléka,
eventualné prozkoumat dynamiku hladin visfatinu v mléce v 180dennim poporodnim obdobi
a dale prozkoumat korelaci hladin visfatinu v mléce s plazmatickymi hladinami u matky. Do
studie byly zafazeny dvojice vzorkli matetské mléko/sérum ve stanovenych ¢asovych bodech:
den porodu, den 1-3, den 12-14, den 28-30, den 88-90 a den 178-180 po porodu.

Nase vysledky ukazuji, ze: |. Visfatin je v hojném mnozstvi uvoliiovan do matetského mléka
béhem celého sledovaného poporodniho obdobi, Il. Koncentrace visfatinu v matefském mléce
v ruznych ¢asovych bodech se zna¢né 1isi, I1l. Koncentrace visfatinu v kolostru mize byt
pouzita pro naslednou predikci hmotnostniho pfirtstku novorozence (vice ¢i méné vyjadreny
hmotnostni tibytek béhem prvnich tfi dnti po porodu). Nase data naznacuji, Ze visfatin mize
hrat vyznamnou roli v regulaci adipozity kojence po porodu prostiednictvim matefského

mléka.
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Introduction: Visfatin is & recently identified sdipokine with numerous metsbolic and
immunoregulatory properties that has been impliceted in the regulation of the white
edipose tissue (WAT) and significent changes in visfatin levels were reported during
pregnancy. The aim of the study was to mvestigate dynamics of visfatin levels in maternal
serumn &nd human breast milk during & 180-d period after the delivery.

Materialz and methods: : Breast mik and venous blood samples were obtained from 24
healthy lactating women with uncomplicated, physiological pregnancy end appropriate-

Eeywords: for-gestationel age neonates and serum-mik sample duos were collected at the time of
Visfatin birth, at the 1-3, 12-14, 28-30, 88-90 and 178180 postpartum.

Breast milk Resultz: Our study demonstrates that (1) visfatin is sbundently secreted into breast milk in
Adiposity humans, reaching approx. 100x higher concentrations compared to maternal serum; ()

visfatin concentrations in maternal senmm show significant variations afterthe delivery and
(3)visfatin concentration in colostrum could be used for predicionof the subsequent weight
development (less/more severe weight loss during first 3 days after the birth) of the infant.
Drizcuzsion: Our date sugpest that visfatin could play an important role in reguleation of
ediposity of the infetn after the birth.

Infant weight

i 2011 Elsevier Ireland Ltd All rights reserved.

s feedback signals to regulate WAT metabolism and have
huge effects on food intake, energy expenditure, and carbo-
hydrate and lipid metabolism including imporant implica-

1. Introduction

Lactationis a physiological state with major changesin ener gy
homeostasis taking place in order to meet the energy as well as
muirient demands to maintsin milk production. The huge
metabolic demands associated with lactation are covered both
by increased energy intake and excessive mobilization of
energy from fatreserves, mainly from the white adipose tissue
[WAT).

WAT is now strongly esteblished as an active endocrine
organ capable of producing a mumber of adipokines that serve

* Comesponding guthor. Tel.: +430 739300485, fax +420 5494594340,

E-mgzil address: jbienert@med. muni.cz (J. Bienertowva-Vaski).

tions for insulin sensitivity, thus having crucial effects in the
intermediate metabolism [1,2].

Lactation is an immunologically unique state where
immune factors are produced by the mother preferentially
for the protection of the child. Several previous studies have
focused on the immunological compaosition of human milk [3-
6], however, much less information is available on maternal
immune status during lactation. In a study by Zimmer [7],
maternal peripheral blood lymphocytes showed dynamic,

0168-8227/% — see front matter ¢ 2011 Ekevier Ireland Ltd. Al rights reserved.
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post-partum changes in the B-cell subpopulation and the
relative percentage of CD19+ B-cells was significantly lower
than control levels at 1-2 weeks and 1 month post-partum, but
showed a significant, polynomial-inear nse over time, reach-
ing control values by 24 months post-partum. In this study,
the formula-feeding women presented with an earlier rise in
the percentage of CD19+ cells, with relative percents always
significantly higher than their lactating counterparts, which
could be indicative of an inwvolvement of another factor
regulating population of B-lymphocytes during the perinatal
period as well as during lactation.

Pre-B cell colony-enhancing factor/PBEF/Nampt, also
known as visfatin, is a highly conserved, 52-kDa protein
found in living species from bacteria to humans [Luc), havinga
unique structure and no obvious homology to other known
proteins. Human visfatin was first identified by Samal et al. [8]
85 8 protein that was secreted by activated lymphocytes in
bone marrow stromal cells and acts synergistically with IL-7
and stemn cell factor (SCF) to stmulate early stape B cell
formation. Within the cell, visfatin functions as a nicotin-
amide phosphoribosyl transferase, the rate-limiting step in a
salvage pathway of nicotinamide adenine dinucleotide (MAD)
biosynthesis [9] and is also involved in two processes criical to
cellular energetics: the synthess of NAD and the uptake of
ener gy substrates mediated by the actions of insulin [9). PBEF
pene was subsequently identified as one of the genes
upregulated by distending the human fetal membranes
in vitro [10], &s wisfatin is expressed in the normal fetal
membranes and upregulated upon infection of the fetal
membranes and it can be also speculated that visfatin plays
g8 role in the cytoline network that facilitates normal,
spontanecus labor and that initiates infection-induced pre-
term labor [11]. Engagement of the THF superfamily member
TALL-1 in B lymphocytes or B cell lymphoma cells induces
expression of visfatin [12], and pre-B cells themselves also
express visfatin following stimulation by [FM-gamma [13].

Recently, in a study by Folgueira etal. [14], PBEF wasreported
tobe expressedin doxorubicin-responsive breast cancer, which
could be, along with the report by Bae et al. [15] describing
hypoxia-induced upregulation of wvisfatin mBNA in breast
cancer cells, somewhat indicative of visfatin inwolvement in
metabolism of mammary epithelials cells. Yonezawa et al. [15]
performed ainvitrostudy ona bovine mammary epithelial cells,
lartating bovine mammary gland and humnan breast cancer cell
line, MCF-7, and observed visfatin mRNA &s well as protein
presence in the MCF-7 cells, BMEC and lactating mammary
gland, which was the first dernonstration of the presence of the
visfatin protein in bovine milk, suggesting that the secretory
epithelial cells could be the source of visfatin in the milk

S50 far, no data on visfatin lewels in human milk or the
dynamics of visfatin levels in milk or maternal serum after
delivery are available. In this study, we investigated visfatin
levels in human milkin selected time points after delivery in
order to examine the pattern of visfatin secretion to maternal
milk within the 180d post-partum period. We also investigated
visfatin concentration in mater nal serum sampled at the same
time points as breast milk, in order to compare visfatin
dynamics in maternal serumn and milk and we also investi-
gated possible associations with maternal weight changes as
well as infant weight gain after the birth.

2. Materials and methods

Between October 2009 and June 2010, breast milk and venous
blood samples were obtained from 24 healthy lactating
womenwho gave written informed consent with participation
in the study. The present study was conducted according to
the guidelines laid down in the Declaration of Helsinki and all
procedures invalving human subjects were approved by the
Committee for Ethics of Medical Experiments on Human
Subjects, Faculty of Medicine at Masaryk University (Broo,
Cazech Republic).

The study had alongitudinaldesign; couples of serum-milk
samples were withdrawn at given time points from the same
study subjects. Breast millk-serum samples were obtained on
day of the childbirth (Hme point 0), further at day 1-3 (time
point 1), 12-14 (time point 2), 28-30 (time point 3), 88-90 (dme
point 4) end 178-180 (tme pomnt 5), Le. 6 times during the
whole 180 days of the stody. The basic anthropometric
description of the study subjects is given in Table 1.

21, Study subjects

The presented study was designed to investigate changes in
serum & well & milk concentrations of visfatin during a
period of 180 days of full lactation after healthy, uncomplicat-
ed and physiclogical pregnancy and uncomplicated sponta-
neous delivery. Inclusion criteria in the study included (1)
spontanecus conception; (2) uneventful, singleton pregnancy,
(3) spontaneous, uncomplicated delivery and (4) & normal oral
75-g oral glucose tolerance test (OGTT) between 24 and 28
weeks of gestation based on the World Health Orgenization
(WHO) criteria [ 17] and (5) their children were appropriate-for-
gestational age (AGA) neonates. Exclusion criteria encom-
passed complicated pregnancy, pre-pregancy or pregnancy
hormonal therapy, previous fertility treatment, surgical or
induced deliveryor multiple pregnancy or pre-conce ption BMI
above 35 kg/m®. All women in the study were primiparas.

Due to the demanding design of the study, we observed
significant drop-out during duration of the study. The total of
24 women entered the study (N =24; age [years] 29.8 + 2.9, BMI
[kgfmi]ﬁﬁ + 3.7) and further continued to ime point 1, out of
whom the 16 subjects further continued to the time point 2
(N=15 sge [years] 24.4+3.8 BMI [kg/m® 244+ 38, 11
subjects continued to the time point 3 (N=11; ape [years]
255 + 3.8, BMI [kg'm?] 25.5 + 3.8), 10subjects continued to the
time point 4 (N=10; ape [years] 25.5+4.4, BMI [kg'm?|
#55+44) and only 4 subjects finished the whole 180-d
duration of the study, ie. reached the time point 5 (N=4;
age [years] 26.4 + 6.3, BMI [kg/m?] 26.4 + 6.3, ANOVA - age ~ (0,
1,2, 3 4, 5): Bartlett's test: p=0.70).

All the twenty-four women completed & questionnaire
regarding their demographics and personal and family history
with special attention paid to possible problems with fertility
and previous fertility treatments.

22 Milk samples

Milk samples were collected by manual expression from both
breasts by the study subjects at the given time points, always

103



DIABETES RESEARCH AND CLINICAL PRACTICE XXX (201 l] KEA-XXX 3

Table 1 - Basic demografic findings and wvisfatin levels at the given timepoints,

Mean + 5D Min Max
Demographics
Matemal age [y] 298429 56 366
Preconceptional BMI [kgim?| 231443 17.7 337
EMI before the birth [kgim?] 79444 230 389
Pregnancy weight gain [kg) 137+ 48 410 50
Eirth length of the infant form] 503414 480 53.0
Eirth weight of the infant [g] 33104 4+ 283 R0 3710
Menarche [y] 1304116 110 15.0
Visfatin levels
Serum —at the birth [ng/mi] 107 + 9.1 12 464
Serum — 1-3 days postparnim [ngfml] B4+ 98 17 468
Serum — 12-14 days postpartum [ng/mil] 35440 0.4 152
Serum — 28-30 days postpartum [ng/mil] 30423 07 7.1
Serum — B850 days postpartum [ng/mil] 34417 18 55
Serum — 178-180 days postpartum [ngfml] 25411 11 45
Breast milk — at birth fng/mi] 1208 + 1508 129 5430
Ereast milk - 1-3 days postpartum [ng/mil] 54 4+ BE3 124 3374
Breast milk - 12-14 days pestpartum [ng'ml] 1777 + 1204 243 5187
Ereast milk - 28-30 days postparturm [ng'ml] 1851 4+ 1804 % 5982
Ereast milk - 88-90 days postpartum [ng'ml] 1269 4+ 1174 199 2559
Breast milk - 178-180 days postpartum [ngmi] 1244 + 1711 335 4012

2 h after previous breastfeeding or mamual expression of the
mulk, whereas the total of 5 ml of milk was collected where
possble (at timepoints 1 and 2, as much milk was sampled as
possible). Samples were vortexed, divided into 200 pl aliquots
and frozen at —B0°C until analysis. Maternal venous blood
(5ml} was withdrewn at the same time point as the milk
sample and after clotting at the room temperature and
following centrifugation, a serum specimen was collected
into & plastic microtube and aliquotes were stored at —80°C
untl analysis. Concentrations of active visfatin in maternal
serum and breast milk were determined using the human
Mampt (visfatin/FBEF) ELISA (AdipoGen, Korea) according to
manufacturer's instructions.

23,  Biochemistry

For the measurements of the dimeric active form of visfatin in
breast milk and serum, an enzyme immunoassay (ELISA) was
used [AdipoGen, Korea). All milk and serum samples from the
individual subjectswere assayed in duplicates in the same test
battery/batch'run. Thawed milk samples were first delipi-
dated by centrifugation at 12000 = g for 15 minat 0 °C and then
300-fold diluted in singlet to assay range (0.125-8 ng'ml) with
assay diluent. Intra- and inter-assay coefficients of variation
(CW) for the visfatin in breast milk and serum were <4.5% and
«<59%, respectively, with a detection limit 30 pg'ml using
100 pl samples.

24, Statistics

All statistical analyses were carmied out using Statistica §0.
Data were tested for normality using the Kolmogorowv-
Smirnov test and log-transformed wherenecessary. Pearson's
correlation coefficient was used to determine whether linear
associations were present and multivariate inear regression
modelling was used o determine significant predictors of
breast milk or serum visfatin concentration. The changes in

serumn and milk visfatin levels during the whole period of 180
days of lactation were examined with one-way ANOVA
followed by Tukey's paireise multiple comparison method.
Differences in the log values of whole milk or serum visfatin
concentrations and their changes with the lactation periods
were examined with one-way ANOVA followed by Tukey's
pairwise multiple comparson method, with the assumption
of homoscedasticity wverified using Bartlett's test. If not
otherwise stated, data are given as mean + standard deviation
(Std); p values less than 0.05 were considered significant in all
tests.

3. Results

The basic demografic data are given in Table 1.

3.1,  Distribution of visfatin milk concentrations across
the study period

We observed consistent presence of visfatin in breast milk,
whereas the average concentrations of visfatin in milk were
approxmately 100-higher thanin maternal serum at the same
time point (Fig. 1). Visfatin concentration in breast milk
showed a lognormal distribution across the research period,
no significant changes were in visfatin concentrations in
materna milk during the study period, although a tendency
could be ohserved towards an increase of visfatin levels in
early mature milk [F[5, 63) = 1.743, p=0.13].

3.2, Visfatin concentrations in maternal serum

Analysis of visfatin levels in matermnal serumn across the whole
study period revealed significant differences in visfatin serum
concentrations along the given time points [F[5, 80) = 8.3094,
p=0.000002], Fig. 2. There were significamt differences
between the visfatin concentrations in maternal serum at
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Fig. 1 = Serum/milk ratio of visfatin througout the study
period. The graphic representation reveals that at the time
of birth and shortly afterwards, there is more variation in
the milk/serum ratio of visfatin, and the longer the elapsed
time since delivery, the less variations is present The
trends in milk/serum ratio are opposing the trends in
serum visfatin concentrations, the milk/serum ratio
reaching the highest values at the time point 3 where

serum visfatin levels are the lowest.

time point 0 and 2 (p=0.0001), 0 and 3 (p=0.0006), 0 and 5
(p=0.004), 1and 2 (p=00132), 1 and 3 (p= 0.042), whereas the
serum visfatin levels showed a tendency towards a continu-
ous decrease throughout the 180 days postpartum. When
analyzing the individual trend s of visfatin plasma levels in the
study individuals, a tendency towards a decrease in visfatin
plasma levels could be still observed (Fig. 3).

33 Rdationship between milk and serum visfatin and
maternal BMI after the delivery

Mo significant associations of milk and serum wisfatin levels
and maternal preconceptional BMI or BMI at the time of birth,
however, there were significant correlations between visfatin
concentration in milk at time point 0 and maternal BMI at the
delivery r= —06771, p=0015§).
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Fig. 2 = Dynamics of visfatin levels in maternal serum
during the study period.
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Fig.3 = Visfatin in maternal serum at the given timepoints
of the study - individual trends. “Women who completed
at least 4 time points of the study were included into this

graphic representation.

34.  Relationship between milk visfatin and weight gain
of the infants

The women with higher levels of milk visfatin in colostrum
expressed a strong tendency towards a decrease of visfatin
milk levels at the following time point, while there was a
strong tendency towards an increase of visfatin in milk in the
subgroup of women with lower levels of visfatin (r = —0.696,
p =002, Fig. 3), and this association was BMI-dependent.

The multiple linear regresson modelling of the infant
weight gain as the dependent variable and milk visfatin at
time point 0 and birth weight of the infant as independent
variables revesled a significant correlation of investipated
parameters (multiple R =0905, p=0032), whereas there was
no significant correlation of birth weight of the infant and the
infant weight gain.

The subsequent increase of visfatin levels in women with
lower visfatin concentration in colostrum was associated with
less expressed weight loss of the infant after the hbirth,
similarly, the decrease of visfatin concetr ation inwomen with
higher visfatinlevels in colostrum indicated more pronounced
weight loss of the infant after the birth (r =0798, p= 0.058),
independently on visfatin levels in maternal serum.

Furthermore, the lower level of visfatin in colostrum was
indicative of lower weight loss of the infant between the birth
day and time point 1, whereas the higher concentration of
visfatin in colostrum was indicative of more pronounced
weight loss of the infant in the next few days after the birth
(r=—0679, p=0.044, Fig, 4).

4, Discussion

At present, the pathophysiclogical background to the regula-
tons of adiposity in postpartum women as well as to
regulation of infant adiposity through signaling molecules
transmitted via breast milk is elusive. However, an abundant
presence of varous adipokines, such as leptin or adiponectn,
in breast milk was described elsewhere [18-20], suggesting a
complex network of adipokines is participating in regulating
the adiposity status as well as nutritional behaviour of the
infant.
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Fig. 4 - Relatioship between visfatin milk concentration
and weight gain of the infant between the day of the birth
and time point 1.

Visfatin is a remarkable adipoldne with a wide range of
effects, both at the subcellular and endocrine levels [21].
VisfatinmRMA as well as protein was reported to be present in
cloned bovine mammary epithelial cells, lactating bovine
mammary gland and human breast cancer cell line [16] and it
seems that mammary epithelial cells express the visfatin
protein and secrete it into the milk. Lemor et al. [22] observed
changes related to transient perod of lactation in the
abundance of the mRNAs of visfatin in adipose tissue of
high-yielding dairy cows. However, no study so far has
investigated visfatin levels in human breast milk. Our study
demonstrates that visfatin is consistently secreted into
human milk throughout the first 6§ month of lactation and
that it achieves approximately 100x higher concentrations in
milk than in maternal serum.

While verylittle is known about visfatin role in lactation in
humans, the role of visfatin in pregnancy has been studied
more extensively [23-25]. In their study on 100 women with
pestational diabetes, Ferreira et al. [26] report reduced serum
concentration of adiponectin and increased concentration of
visfatin at 11-13 weeks of gestation in patients with
pestational disbetes mellitus, which could be possibly
explained by higher placental expression of visfatin in
pestational disbetes, described elsewhere [27]. Mazald-Towi
et al. [28] report that the acute pyelonephritis during
pregnancy was associated with a high circulating maternal
visfatin concentration which is consistent with the role of
visfatin/FBEF in the regulation of the complex and dynamic
crosstalk between inflammation and metabolism during
pregnancy a also during delivery, as the same research group
did chserve in their another study that median visfatin
concentration was higher in umbilical cord plasma of
neonates appropriate for the gestation age born following a
spontaneous labor at term than that of those who were bom
by an elective cesarean section [29], whichcould be suggestive
of a role of visfatin in labor-associated inflammation. The
absolute values of visfatin concentration in maternal serum at

the time of birth in this study were consistent with our
presented findings (mean value of 8.5 ng/mL for the study by
Mazaki Tovi vs. 10.7 ng/mL in our study).

In another study, Mazald-Tovi et al. [30] did not observe
differences in maternal and neonatal circulating visfatin
concentrations in patients with pre-eclampsia and a small-
for-gestational age (SGA) neonates, suggesting that it is
unlikely that the fetal circulation serves as the source of high
maternal visfatin concentrations reported in patents with an
SGA neonates. Based on these chservations, a presence of a
feedback mechanism secondary increasing visfatin levels in
maternal serum in reaction to abnormal adiposity of the child
could be suggested. In our study we observed an inverse
relationship between maternal BMI and visfatin serum levels
at the birth, indicating that the relationship between total
adiposity of the mother and visfatin level would not be a
ample correlation. In our cohort, women with lower visfatin
concentration in serum at birth (typically presenting with
preconceptional BMI of 28-30kg'm®) expressed a strong
tendency towards a further increase of visfatin levels after
delivery and children of these mothers were less likely to have
a significant weight loss after the delivery. This suggests that
dynamics of wvisfatin concentration in milk, namely the
dgnificant increase of visfatin conentration in breast milk,
could act as a protective factor ageinst a weight loss of the
infant during the first days after the birth. On the contrary,
children fromthe pregnancies where the preconceptional BMI
of the mother was in the range of 22-35 kg/m” were more likely
to have aserous weight loss after the delivery and there was a
strong tendency towardsa decrease of visfatin levels in milk in
a few days after the delivery. Based on our data, visfatin
concetration in maternal milk could be used a prediction
marker for thesubsequent weight loss of the infant during the
first few days of life.

Why the children from the mother with higher preconcep-
tional BMI were less likely to develop a significant weight drop
after the birth, that was significantly associated with visfatin
level in milk, is unclear. Taken our data together, it seems that
increase of visfatin levels in the early postpartum period could
be a protective factor against the weight loss of the infant and
that this association is dependent on maternal BMI.

The role of visfatin in lipogeness/lipolysis is unclear. It is
clear that visfatin is produced abundantly in adipocytes and it
is highly likely that there is a strong relationship between
visfatin levels and lipid metabolism. Ithas been suggested that
the relationship between visfatin andlipid profile represents a
compensatory mechansm for disbetic dyslipidemia, as Sun
et al. [31] reported that in rats, visfatin/PBEF/Nampt improved
insulin sensitivity and exerted strong hypocholesterolemic
effects at least partially through upregulation of the tyrosine
phosphorylation of IRS-1 protein and the mRMA levels of
PPARgamma and SREBP-2 [31]. Visfatin has insulinomimetic
effects mediated through insulin receptor [3Z] and as insulin
harbours strong antilipolytic properties, it could be hypothe-
dgzed that visfatin in milk could have a insuling-mimicing
antilipolytic effect on the adipose tissue of the child, thus
preventing the child from a severe weight loss during the
vulnersble pericd of the first days of its life where the
production of sufficient amount of milk hasn't been estab-
lished yet.
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Cur analyses are based on multiple measurements in
women with physiological, uncomplicated pregnancies with
AGA children and are reflecting the dynamics of visfatin levels
in milk and serum over time umder the physiological
conditions. The major limitation of our study is the low
number of study subjects and the significant drop-out of the
study, possibly due to the demanding study design requinng7
appointments, whereas only several mother finished the
whaole duration of 180 daysof the study. It would be interesting
to investigate larger population samples of different ethnicity
and to measure serial changes of serum and milk visfatin
levels in different subsets of study subjects, e.g. in mother-
infant duos with pregnancy affected by pre-eclamsia, prema-
ture birth or intrauterine growth restriction of other eticlogy
(e.g. karyotype abnormalities) to clarify the role of visfatin in
regulation of maternal as well as infant adiposity after the
birth.

5. Conclusion

Our study demonstrates that (1) wisfatin is sbundantly
secreted into breast milk in humans, reaching approx. 100=
higher concentrations compared to maternal serum; (2)
visfatin concentrations in breast milk did not show significant
variations while visfatin levels in maternal serum expressed a
significant tendency towards a steady decrease during the
whaole period of 180 days after the delivery and (3) we observed
a dgnificant prediction role of visfatin concentration in
colostrum for the subsequent weight development (less/more
severe weight loss during first 3 days after the birth) of the
infant, suggesting that visfatin could play an importantrolein
regulation of infant adiposity through the maternal milk. The
use of visfatin concentration in colostrum for prediction of the
weight loss of the infant after the delivery thus can have
potentially huge implication in the neosnatal medicine as the
neonates at increased risk of severe weight loss could benefit
from more agressive treatment

Larger population studies are imperative to reach a
conclusion on role of visfatin in regulation of infant weight
during the lactation period.
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4. OREXIGENNI/ANOREXIGENNI PEPTIDY/ADIPOKINY A
JEJICH ULOHA PRO RIZIKO KOMPLEXNICH CHOROB
POZDEJI V DOSPELOSTI

V nésledujicich podkapitolach jsou uvedeny préce z oblasti civiliza¢nich onemocnéni. Jsou

rozdéleny do dvou skupin na préce s kardiologickou a obezitologickou tématikou.

Prace s kardiologickou tématikou:

Are common leptin promoter polymorphisms associated with restenosis after
coronary stenting?

Association between variants in the genes for leptin, leptin receptor and
proopiomelanocortin with chronic heart failure in the Czech population.
Common polymorphism +45T/G in adiponectin gene as potential modulator

of in-stent restenosis development.

Prace s obezitologickou tématikou:

V.

VI.

VII.

VIIIL.

Relation between adiponectin 45 T/G polymorphism and dietary
composition in the Czech population.

Genotype vs. nutrient association of common polymorphisms in obesity-
related genes with food preferences and time structure of energy intake.
Genotype vs. Nutrient association of common polymorphisms in obesity-
related genes with food preferences and time structure of energy intake
association of genetic variability in selected regions in visfatin (Nampt) gene
with anthropometric parameters and dietary composition in obese and non-
obese central-european population.

Visfatin and its role in obesity development.

B-cell activating factor (BAFF) — a new factor linking immunity to diet?
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IX. Variability in CNR1 locus influences protein intake and smoking status in

the Central-European population.
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4.1. ARE COMMON LEPTIN PROMOTER POLYMORPHISMS
ASSOCIATED WITH RESTENOSIS AFTER CORONARY STENTING?

Resumé

Z hlediska cévniho modelovani hraji zasadni ulohu hypertrofie hladkych svalovych bun¢k cév
a neoptimalni proliferace. Jeden z nejvyznamnéjSich adipokint, leptin, ma kromé Cetnych
endokrinnich efektd i parakrinni U¢inky na Urovni periferie. Cilem této studie bylo
prozkoumat, zda mozné asociace dvou v populaci Castych jednonukleotidovych polymorfismu
v genu pro leptin (LEP -2548 G/A a LEP -188C/A) souviseji s resten6zou po perkutanni
koronarni intervenci (PCI).

Do studie bylo zatazeno celkem 98 pacientll s implantaci Cistého kovového stentu, ktefi
podstoupili stentovani do malych koronarnich arterii (<3 mm). Pii rekoronarografii po 6
mésicich byla stanovena mira vyskytu restendzy ve stentu, pficemz restenéza >50 % se
objevila u 33,3 % nosicu A alely a 31,4 % nosi¢t CC polymorfismu LEP-188C/A a u 25 %
pacientt s AA alelami, 32,7 % pacienti s AG genotypem a 30,4 % pacienti s GG alelami
polymorfismu LEP-2548G/A.

Heterozygotni genotyp AG v LEP-2548G/A pfedstavoval vysoce vyznamné riziko
onemocnéni vice koronarnich tepen oproti obéma homozygotnim genotyptim AA a GG (odds
ratio = 4,038, 95% konfide¢ni interval 1,732 — 9,465; p = 0,0001).

Na zaklad€ nasi studie 1ze sledované polymorfismy povaZovat za urc¢ité markery vnimavosti

vici vyskytu restendzy ve stentu u ischemické koronarografované populace.
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Abstract The hypertrophy of vascular smooth muscle cells
as well as neointimal proliferation is eritical in vascular
remodeling, whereas leptin has proved to play an important
role recently. The aim of the study was to investigate pos-
sible associations of two common leptin gene polymor-
phisms with restenosis after percutanecus coronary
intervention (PCI). To study the association of two pro-
moter polymorphisms, LEP 2548 G/A and LEP 188 C/A
(dbSNP I rs7799039 and rs791620) with necintimal pro-
liferation in humans, 98 consecutive patients undergoing
stenting into small coronary arteries (<3Imm) were geno-
typed. After a 6-month follow-up, the restenocsis rate was
estimated. Restenosis >50% occurred in 33.3% of patients
carrying both A alleles, 33.3% of carriers of A and C alleles,
and 31.4% of carriers of two CC alleles of LEP 188 C/A
polymorphism; and in 25.0% of patients with AA, 32.7%
with AG, and 30.4% with GG genotype of LEP 2548 G/A
polymorphism. Interestingly, the heterozygote AG geno-
type of LEP —2548 polymorphism represented a highly sig-
nificant risk for multiple-vessel disease when compared to
both homozygote genotypes AA/GG (odds ratio = 4.038,
95% confidence interval; 1.732-9.465, P, = 0.001). Based
on our findings, the AG genotype of LEP -2548 G/A poly-
morphism might be considered a genetic marker for multi-
ple-vessel disease but not for restenosis after PCL The role
of the leptin gene polymorphisms as genetic markers of
restenosis will require further investigation to elucidate the
underlying pathophysiological consequences.
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Introduction

Coronary artery disease (CADD) represents the major cause
of morbidity and mortality in developed countries and
World Health Organization (WHO) statistics confirm that
this trend will continue well into the future.! Coronary
artery disease is considered a multifactorial disease as it
aggregates in families; however, it does not segregate like a
Mendelial single-gene disorder.

Apart from coronary artery bypass grafting, percutane-
ous transluminal coronary angioplasty (PTCA) and intra-
coronary stent placement stand for the established treatment
strategy for CAD. Percutaneous transluminal coronary
angioplasty was introduced as an alternative means of coro-
nary revascularization in 1977 and it has readily become
widely accepted as a safe and effective treatment for coro-
nary artery disease. Unfortunately, various strategies have
failed in preventing the major drawback to PTCA - reste-
nosis of the treated vessel.

Intracoronary stenting has considerably reduced the
incidence of restenosis’ Generally, restenosis occurs in
approximately 30% of patients after PFTCA and in 12% of
patients after intracoronary stent placement.* At present
when the treated lesions are much more complex the reste-
nosis rate is even higher. Fortunately drug-eluting stents,
discovered recently, further reduce the risk of restenosis.
Morphological changes after coronary stenting mainly rep-
resent an early thrombus formation and acute inflamma-
tion, followed by neointimal hyperplasia, which seems to be
almost the sole mechanism of restenosis after stenting.”

As genetic factors seem to considerably contribute to the
risk of restenosis after PTCA and stent implantation, genetic
epidemiology might provide insights into pathophysiologi-
cal consequences of restenosis after stenting and should be
alsoable to identify possible markers for predicting increased
risk of restenosis. From this point of view, single nucleotide
polymorphisms (SNPs), variants of a single nucleotide in
DNA that can easily be identified. are most suitable for
individual risk stratification that will enable tailoring of
interventional treatment to the individual patient.
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Results

To examine the hypothesis that variability of leptin gene
promoter is involved in restenosis after stent implantation,
a total of 98 patients after bare metal stent implantation
were enrelled in the study. The genotype distribution of
LEP —-2548 G/A polymorphism in the patient cohort con-
formed to the Hardy—Weinberg equilibrium while genotype
distributions of LEP-188 C/A polymorphism conformed to
strong disequilibrium. When comparing the patients’ geno-
type distributions of LEP -2548 G/A polymorphism to
those of 200 healthy individuals, no statistically significant
difference was found either in genotypes distributions (P, =
0.38) or allelic frequencies (P, = 0.46), the differences in
penotype distributions as well as allelic frequencies of LEP
—188 C/A polymorphism between the patients with resteno-
sis and healthy individuals proved to be borderline statisti-
cally significant (F, =0.07, P, = 0.06).

Follow-up angiography was performed at 6 months in 98
patients. The restenosis rate was 33.3% for AA, 33.3% for
AC, and 31.4% for CC genotype of LEP —188 C/A poly-
morphism, and 25.0% for AA, 32.7% for AG, and 30.4%
for GG genotype of LEP —2548 G/A polymorphism; when
comparing genotype distributions and allelic frequencies of
both examined polymorphisms between patients expressing
restenosis and patients without restenosis after & months,
no statistically significant differences were found (P, =0.68,
P,=0.33 for LEP -188 CVA polymorphism; P, = 054, P, =
0.41 for LEP 2548 G/A polymorphism).

Relevant clinical and anthropological characteristics of
study subjects are summarized in Tables 1 and 2. The angio-
graphic and procedural data are listed in Tables 3 and 4.
For the LEP-2548 G/A polymorphism, the mean diameter
stenosis before percutaneous coronary intervention (PCI)
was 82.6% = 7.4% for the patients with two A alleles, 81.2%
+ 13.2% for heterozygotes, and 80.3% £ 5.7% for carriers
of two GG alleles. For the LEP —188 C/A polymorphism,

the mean diameter stenosis before intervention was 85.3%
+ 6.1% for AA carriers, 85.1% = 7.8 for AC genotype, and
80.6% % 10.8% for CC homozygotes. Due to the large vari-
ability of the parameter this difference did not prove to be
statistically significant.

Consequently, multivariate logistic regression was used
to analyze if a certain genotype of examined polymorphisms
is a potential risk factor for adverse long-term PCI outcome.
In the regression modeling, genotypes of either examined
polymorphisms were not significantly associated with the
baseline variables such as age, gender, hypercholesterol-
emia, insulin-dependent diabetes mellitus, non-insulin-
dependent diabetes mellitus, the lesion length, or previous
myocardial infarction history. In both examined polymor-
phisms no association with weight, height, waist-to-hip
ratio, and body mass index (BMI) was observed.

Furthermore, we evaluated the effect of the two SNPs
studied on the risk of adverse PCI outcome with special
attention paid to the restenosis defined as =50% diameter
reduction; reoccluded vessels were not excluded from the
statistical analysis. The genotypes of the LEP -25480G/A
and LEP -188 C/A together with patients’ weight, BMI,
cholesterol plasma levels, and number of affected vessels
represented input variables. None of the independent vari-
ables was significantly correlated with restenosis.

The results suggested that the heterozvgote genotype
AG of LEP 2548 G/A polymorphism might be associated
with the increased number of affected vessels. Further anal-
ysis was performed on the grouped genotype AA/GG as
compared to heterozygote genotype AG. According to this
analysis, the relative risk of AG genotype compared to
homozygote genotypes AAGG for multiple-vessel impair-
ment was estimated to be 4038 (95% confidence interval:
1.732-9.485; Py, = 0.001; Fig. 1). No statistically significant
association was observed between specific double geno-
types and restenosis risk in a case—control approach as well
as when comparing restenotic and non-restenotic males
versus females.

Table 1. Baseline patients’ characteristics in relation to LEP —-2548 /A genotypes

—2548 (/A Oreerall AA AG GG P value
n kA n % n % n k.
All patients 98 100.0 20 0.4 55 56.1 23 235
Female 26 26.5 4 15.4 14 538 8 8 070
Hypertension a7 684 14 0.9 L] 56.7 15 114 099
1IDDM 8 82 1 12.5 5 62.5 2 250 086
NIDDM 26 26.5 5 19.2 15 57.7 fi 231 09
Hypercholesterolemia 57 58.2 11 19.3 g ] 491 18 s 054
Stable angina ] 235 5 2.7 ] 435 8 ME 047
Previous MI 19 0.4 1 53 15 T8.9 3 158 015
STEMI 41 418 o 2.0 4 5B.5 8 19.5 088
Non-STEMI 4 4.1 L] 0.0 4 100.0 L] o0 022
CAD
I-vessel 50 510 14 28.0 0 40.0 16 32.0 MNA
Z-vessel 26 26.5 4 15.4 18 69.2 4 154 MNA
J-vessel n 114 2 2.1 17 77.3 3 13.6 MNA

1DDM, insulin-dependent diabetes mellitus; NIDDM, non-insulin-dependent diabetes mellitus;
MI, myocardial infarction; STEMI, ST-segment elevation myocardial infarction; CAD, coronary

artery disease; NA, not analyzed
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Results

To examine the hypothesis that variability of leptin gene
promoter is involved in restenosis after stent implantation,
a total of 98 patients after bare metal stent implantation
were enrolled in the study. The genotype distribution of
LEP -2548 G/A polymorphism in the patient cohort con-
formed to the Hardy-Weinberg equilibrium while genotype
distributions of LEP —188 C/A polymorphism conformed to
strong disequilibrium. When comparing the patients’ geno-
type distributions of LEP -2348 G/A polymorphism to
those of 200 healthy individuals, no statistically significant
difference was found either in genotypes distributions (P, =
0.38) or allelic frequencies (P, = 0.46). the differences in
genotype distributions as well as allelic frequencies of LEP
188 C/A polymorphism between the patients with resteno-
sis and healthy individuals proved to be borderline statisti-
cally significant (P, = 0.07, P, = 0.05).

Follow-up angiography was performed at 6 months in 98
patients. The restenosis rate was 33.3% for AA, 33.3% for
AC, and 31.4% for CC genotype of LEP —188 C/A poly-
morphism, and 25.0% for AA, 32.7% for AG, and 30.4%
for GG genotype of LEP 2548 G/A polymorphism; when
comparing genotype distributions and allelic frequencies of
both examined polymorphisms between patients expressing
restenosis and patients without restenosis after & months,
no statistically significant differences were found (P, =068,
F,=0.33 for LEP -188 C/A polymorphism; P, =054, P, =
0.41 for LEP -2548 G/A polymorphism).

Relevant clinical and anthropological characteristics of
study subjects are summarized in Tables 1 and 2. The angio-
graphic and procedural data are listed in Tables 3 and 4.
For the LEP -2548 G/A polymorphism, the mean diameter
stenosis before percutaneous coronary intervention (PCI)
was 82.6% = 7.4% for the patients with two A alleles, 81.2%
+ 13.2% for heterozygotes, and 80.3% + 5.7% for carriers
of two GG alleles. For the LEP —188 C/A polymorphism,

the mean diameter stenosis before intervention was 853%
£ 6.1% for AA carriers, 85.1% £ 7.8 for AC genotype, and
80.6% = 10.8% for CC homozygotes. Due to the large vari-
ability of the parameter this difference did not prove to be
statistically significant.

Consequently, multivariate logistic regression was used
to analyze if a certain genotype of examined polymorphisms
is a potential risk factor for adverse long-term PCI outcome.
In the regression modeling, genotypes of either examined
polymorphisms were not significantly associated with the
baseline variables such as age. gender, hypercholesterol-
emia, insulin-dependent diabetes mellitus, non-insulin-
dependent diabetes mellitus, the lesion length, or previous
myocardial infarction history. In both examined polymor-
phisms no association with weight, height, waist-to-hip
ratio, and body mass index (BMI) was observed.

Furthermore, we evaluated the effect of the two SNPs
studied on the risk of adverse PCI outcome with special
attention paid to the restenosis defined as =50% diameter
reduction: reoccluded vessels were not excluded from the
statistical analysis. The genotypes of the LEP -2548G/A
and LEP 188 C/A together with patients’ weight, BMI,
cholesterol plasma levels, and number of affected vessels
represented input variables. None of the independent vari-
ables was significantly correlated with restenosis.

The results suggested that the heterozygote genotype
AG of LEP -2548 (/A polymorphism might be associated
with the increased number of affected vessels. Further anal-
ysis was performed on the grouped genotype AA/GG as
compared to heterozygote genotype AG. According to this
analysis, the relative risk of AG genotype compared to
homozygote genotypes AA/GG for multiple-vessel impair-
ment was estimated to be 4.038 (95% confidence interval:
1.732-9.465; Py, =0.001; Fig. 1). No statistically significant
association was observed between specific double geno-
types and restenosis risk in a case—control approach as well
as when comparing restenotic and non-restenotic males
versus females.

Table 1. Baseline patients’ characteristics in relation to LEP -2548 G/A genotypes

—2548 GiA Crverall Al AG GG P value
n T n % n % n 1
All patients 98 100.0 20 20.4 55 56.1 3 235
Female 26 6.5 4 154 14 538 B 308 070
Hypertension &7 6iE.4 14 20.9 3E 56.7 15 2.4 0.
IDDM 8 B2 1 12.5 5 62.5 2 250 0BG
NIDDM 26 6.5 5 192 15 5717 6 3.1 0.9
Hypercholesterolemia 57 58.2 11 193 8 491 18 e 054
Stable angina 3 235 5 na 10 435 B M3 047
Previous MI 19 19.4 1 53 15 789 3 158 015
STEMI 41 41.8 9 n.0 4 58.5 8 19.5 0.88
Non-5TEMI 4 4.1 o 0.0 4 100.0 i} 00 022
CAD
I-vessel 50 510 14 28.0 0 40,0 16 32.0 NA
T-vessel 26 6.5 4 154 18 69.2 4 154 NA
Jvessel n 114 2 ol 17 713 3 136 NA

1M, insulin-dependent diabetes mellitus; NIDDM, non-insulin-dependent diabetes mellitus;
M1, myocardial infarction; STEMI, ST-segment elevation myocardial infarction; CADD, coronary

artery disease; NA. not analyzed
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Table 2. Bascline patients’ characteristics in relation to LEP - 188 C/A penotypes

—188 C'A Owverall AA AC CC F valoe
n % n " n % n g
All patients o8 100,00 4 4.1 11 1.2 83 247
Female 26 265 o 0.0 3 1.5 23 385 MA
Hypertension 67 684 2 30 7 104 58 6.6 MA
1DDM 8 32 ] 0.0 ] 1 1i] 8 1000 MA
NIDDM 26 265 1 38 3 1.5 2 246 MA
Hypercholesterolemia 57 582 1 L8 7 123 40 6.0 MA
Stable angina 23 235 ] 0.0 3 13.0 20 7.0 MA
Previous MI 19 194 ] 0.0 3 158 16 242 MA
STEMI 41 418 2 4.9 2 49 37 902 MA
Mon-STEMI 4 41 o 0.0 ] 11] 4 1000 MA
CAD
I-vessel 50 51.0 3 6.0 4 20 43 6.0 MA
Z-vesse] 26 265 1 38 3 1.5 2 246 MA
J-vessel 22 22. ] 0.0 4 182 18 318 MA
Abbreviations: see Table 1
Table 3. Cuantitative coronarocgraphy data in relation to LEP -2548 G/A genotypes
—2548 GrA Genotype n Mean 5D Qa5 50 Q75 Min Max
MLD before PCI (mm) AG 55 04 02 03 05 117 o 0ne
AN 0 04 02 03 04 117 oo 07
GG 23 0s 02 04 05 05 0.2 0E
Sum a8 04 02 03 05 111 oo 09
DS before PCI (%) AG 55 811 13.0 743 81.2 900 18.6 100.0
AA 0 826 T4 53 gLE 388 T29 1000
GG 23 0.3 57 757 801 248 7L 927
Sum a8 812 10.6 T48 gL 284 18.6 100.0
MLD after PCI (mm) AG 55 25 04 23 25 2 L7 L]
AN 0 24 04 22 25 2 L3 a0
GG 23 15 04 23 26 2 L& a0
Sum a8 15 04 13 25 2 L& 3B
DS after PCL (%) AG 55 &0 73 1.1 6.5 133 0o 268
AA 0 72 55 32 6.4 106 0o 174
GG 23 69 69 04 51 26 0o 122
Sum a8 75 69 09 6.2 11.6 00 268
MLD after 6 months (mm) AG 55 12 08 06 L3 1.7 oo a0
AN 0 1.3 08 04 L5 12 oo 16
GG 23 1.1 1.0 01 13 1.7 oo 3l
Sum 98 12 0E 04 14 1.7 o 3l
DS after & months (%) AG 55 409 28R 235 352 570 0o 1000
AN 0 35.1 304 129 3L 399 00 100.0
GG 23 321 355 134 264 T00 0.0 100.0
Sum a8 303 308 19.0 321 58.0 0.0 100.0

AA, AG and GG genotypes of 2548 G/A polymorphism in leptin gene promoter
MLD, minimal lomen diameter; PCI, percutancous coronary intervention; 5, diameter stenosis; 310, standard deviation; before, before inter-
vention; after, after intervention; after & months, after 6 months of follow-up

A
*
30
)
o AG
?:__ BAA+ GG
04—
[ B
li] r

1-vesss mpaiment =2-vessal impairment

Fig. L. Relative risk of AG genotype of LEP 238 G/A polymorphism
for multiple vessel impairment

Discussion

Physiological actions of leptin were previously demon-
strated to regulate a variety of cardiac and vascular effects
including angiogenesis, thrombosis, hemodynamics, and
cardiac hypertrophy. Leptin contributes to the modulation
of metabolism, breathing control, and inflammation, which
all have been linked to cardiovascular health and disease.
Thus, leptin might be involved both in local chronic inflam-
mation and systemic immune response, which is well in
accordance with new finding that atherosclerotic coronary
artery disease seems to be accelerated in some patients with
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Table 4. Cuantitative coronarography data in relation to LEP —188 C/A genotypes

—1BE CrA Genotype n Mean S50 Q25 Q50 Q75 Min Max
ML} before PCI (mm) (A a3 04 032 03 05 0 a 09
AC 11 04 02 02 0.4 05 o 0.6
AA 4 04 032 03 0.4 05 02 0.6
Sum a8 04 032 03 05 11 oo 09
DS before PCI (%) (A a3 BO.6 10.8 747 BO.1 875 186 100.0
AC 11 B5.1 T8 815 B4.8 BH.E 69.7 100.0
A 4 853 6.1 8.2 875 894 7.0 913
Sum a8 812 10.6 T4E BlL0O 88.4 186 100.0
ML} after PCI {mm) (A a3 15 04 22 25 27 LG 3B
AC 11 27 03 25 28 29 232 31
AA 4 27 032 26 16 18 16 19
Sum a8 25 04 23 25 28 LG 38
DS afier PCI (%) (A a3 T4 6.8 09 6.1 1.7 oo 26.8
AC 11 T4 6.8 oo 6.2 122 oo 180
AA 4 124 71 9.4 16.3 174 24 185
Sum a8 T5 69 09 6.2 116 oo 26.8
ML after 6 months (mm) o a3 12 0.8 03 1.4 1.7 i) 3l
AC 11 1.5 0.8 12 1.3 18 ] 30
AA 4 14 1.0 09 1.3 21 o0 13
Sum a8 12 0.8 0.4 1.4 1.7 oo 3l
DS after & months (%) (. a3 398 31.0 195 3.6 G605 0o 100.0
AC 11 38.1 251 174 4.1 525 0.8 B0.0
A 4 402 425 108 215 603 oo .0
Sum a8 39.7 309 19.0 321 580 oo 100.0

AA, AC and CC genotypes of —188 C/A polymorphism in leptin gene promoter

Abbreviations: see Table 3

human immunodeficiency virus infection.” Recent resulis
suggest that hyperleptinemia is independently related to
poorer cardiovascular outcome.™ Smooth muscle cell pro-
liferation following the implantation of a coronary stent is
the predominant factor contributing to restenosis, whereas
recent findings confirm the role of leptin in vascular smooth
muscle cell proliferation™ and thus it can be hypothesized
that variability of leptin gene promoter might be associated
with altered vessel characteristics in restenotic patients.

In patients with anglographically confirmed coronary
atherosclerosis, leptin predicts future cardiovascular events
independent of other risk factors including lipid status or
C-reactive protein® In the West of Scotland Coronary
Prevention Study that included only males, leptin was found
to act as a moderate predictor of coronary events during
a S-year follow-up™ On the other hand. a smaller study
using the Quebec Cardiovascular Study population, again
restricted to male subjects, did not confirm those findings.™
In patients with symptomatic coronary artery disease who
developed in-stent restenosis after stent implantation, leptin
levels were found to be increased and correlated to reduced
serum nitric oxide levels.”

In vitro studies demonstrate direct effects of leptin on
vascular and inflammatory cells that may promote athero-
thrombosis independent of the centrally mediated meta-
bolic effect of leptin. Studies in mice have implicated
altered leptin signaling in both arterial thrombosis and
atherosclerosis.™ ™

In this study, in both LEP -2548 G/A and LEP-188 C/A
polymorphism genotypes, no association with restenosis
(either binary or clinical), lumen diameters, or baseline

patients’ characteristics was observed when comparing the
CAD patients to the healthy individuals. On the other hand,
our data revealed a four-fold risk of AG genotype of LEP
—2548 G/A polymorphism against both homozygote geno-
types AA/GG for multiple-vessel impairment. Also, patients
with AG genotype tended to suffer more frequently from
myocardial infarction, although this association did not
prove to be statistically significant. However, it cannot be
casily concluded that AG genotype is a marker of severity
of CAD as this would require a special study on numerous
CAD cases. On the other hand, it has to be taken into
account that the tissue leptin levels in AA homozygotes
exceed those of GG/GA carriers more than 60%. Pro-
vided that both constitutively increased plasma leptin levels
in AA carriers and low plasma leptin in GG homozygotes
are not as risky in relation to multiple-vessel disease as
intermediate AG genotype, it is rather genetic variability of
leptin gene than plasma levels that should be considered a
marker of potential risk.

Limitations of the study include a significant lack of data
on leptin phenotypic effects, which makes further functional
studies a necessity to determine the exact genotype—
phenotype correlation, putting special emphasis on leptin
plasma levels. Moreover, the number of patients after PCI
included in the study was rather low and thus it may be
suggested that the results are affected by selection bias.
However, it should be also mentioned that the present
study was carried out on a highly static population from a
wide region of Moravia, part of the Czech Republic, settled
by a Slavonic population that can be assumed to be homo-
geneous. Therefore, the associations discussed cannot be
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easily attributed to selection bias; the risk genotype AG of
LEP-2548 G/ A is likelv to be truly associated with increased
multiple vessel disease risk in this particular Czech popula-
tion. To conclude, further comparative studies on different
populations need to be carried out to elucidate the underly-
ing genetic component of CAD as different phenotypic
variations in CAD have been reported worldwide thus
faJ'.“

Despite the limitations mentioned above, this study
clearly indicates that genetic variations in the leptin gene
may act as an attractive susceptibility marker for multiple-
vessel disease. In contrast, no association of variability in
tandem region of leptin gene with restenosis after PCI has
been observed. To investigate the possible utility of SNPs
in the 5-untranslated region of leptin gene as genetic
markers for restenosis after PCI, further investigation
Appears necessary.
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4.2. ASSOCIATION BETWEEN VARIANTS IN THE GENES FOR LEPTIN,
LEPTIN RECEPTOR AND PROOPIOMELANOCORTIN WITH
CHRONIC HEART FAILURE IN THE CZECH POPULATION

Resumé

Pacienti s chronickym srde¢nim selhanim (CHF) vykazuji znaky metabolického onemocnéni
typu progresivniho ubytku svalového hmoty a akcelerované lipolyzy, tedy typické znaky
terminalni kachexie. Cilem této studie bylo zkoumat mozné asociace definované variability
v genech pro leptin (dbSNP ID rs7799039), proopiomelanokortin (dbSNP ID rs3754860 a
dbSNP ID rs1009388) a leptinovy receptor (dbSNP rs1137101) s CHF a vyhodnotit jejich
potencial jako genti vnimavosti pro CHF. Tato studie zahrnovala 372 pacientl s chronickym
srdeénim selhanim (NYHA funkéni tiida 11-1V, ejekéni frakce < 40%), s ischemickou
etiologii nebo dilata¢ni kardiomyopatii.

Nebyly pozorovany case-control rozdily ve frekvenci genotypt ani alel mezi pacienty s CHF
a kontrolami. Jako dalsi krok jsme konstruovali POMC haplotypy — nenalezli jsme
vyznamnou souvislost s body mass indexem (BMI), ejekéni frakci levé komory (LVEF),
hypetrofii levé komory (LVH) ani souCasnym vyskytem diabetu mellitu. Vicerozmérné
modelovani ukazalo pftiblizn¢ dvakrat vyssi riziko NYHA IV u GIn223Arg polymorfismu
Vv genu pro leptinovy receptor (0dds ratio [OR] = 2,10, 95% konfiden¢ni interval [CI] = 1,56—
2,84), ktery také vykazoval nezévislou predikéni ulohu pro LVEF u srde¢niho selhéni vSech
etiologii dohromady (p = 0,002, OR = 4,05, 95% CI = 1,36-10,06). Role v populaci ¢etnych
polymorfismi v patofyziologii CHF je nejasna. Na zéklade naSich pozorovani, 1ze GIn223Arg
polymorfismus v genu pro leptinovy receptor povazovat za geneticky marker CHF modulujici
prubéh onemocnéni jak U pacientii s ischemickou chorobou srde¢ni, tak u pacientt s dilatacni

kardiomyopatii.
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Abstract Patients with chronic heart failure (CHF) express
enhanced catabolic metabolism finally resulting in overall
weight loss, whereas adipokines might play a crucial role in
signaling among tissues. The aim of this study was to inves-
tigate the possible associations of defined varability in
leptin (dbSNP ID rs7799039), proopiomelanocortin (dbSNP
1D rs3754860 and dbSNP 1D rs1000388), and leptin recep-
tor gene (dbSNP rs1137101) with CHF and evaluate their
potential as the CHF susceptibility genes. The case—control
study comprised a total of 372 patients of Caucasian origin
with chronic heart failure (New York Heart Association
[NYHA] functional classes II-1V, ejection fraction (EF)
<40%) and 407 healthy controls. They were genotyped for
the leptin (LEP) -2548 G/A, leptin receptor (LEPR)
GIn223Arg, and proopiomelanocortin (POMC) Rsal (5'-
untranslated region) and C1032G variants (intron 1) using
PCR-based methodology. No case—control differences in
genotype as well as allele frequencies were observed
between CHF patients and controls. We constructed POMC
Rsal/C1032G haplotypes, having found no significant asso-
ciation with body mass index (BMI), left ventricle ejection
fraction (LVEF), left ventricle hypertrophy (LVH) and dia-
betes mellitus (DM). Multivariate regression analyses
revealed an approximately 2-fold risk for NYHA class [V
associated with the LEPR GIn223Arg (P = 0.0000001, odds
ratio [OR]=2.10,95% confidence interval [CI] = 1.56-2.84);
it also displayed an independent prediction role for LVEF
in heart failure cases of all etiologies (P= 0.002, OR = 4.05,
95% CI = 1.36-10.06). In subanalyses according to CHF
etiology the LEPR GIn223Arg showed an independent pre-
diction role for NYHA IV in IHD patients (P = 0.0001, OR
= 2.50, 95% CI = 1.69-3.82) and both for NYHA IV(P =
0.007, 0R=2.04,95% CI=1.20-3.84) and LVEF (P=0.004,
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OR = 11.87, 95% CI = 2.08-55.6) in DCMP patients. The
role of the polymorphic variants in the genes encoding for
adipokines as potential CHF susceptibility genes is unclear.
Based on our findings, the LEPR GIn223Arg polymorphism
could be considered a disease susceptibility modulating
factor both in ischemic heart disease or dilated cardiomy-
opathy patients.

Key words Adipokines - Polymorphisms - Leptin - Leptin
receptor - Proopiomelanocortin - Chronic heart failure

Introduction

Chronic heart failure is characterized by progressive
catabolic syndrome in the advanced stages of the disease.
Recent research has emphasized the potential importance
of peripheral changes in the development and progression
of heart failure, where adipokines play a pivotal role.'

Leptin and leptin receptor (LEP, LEPR)) and heart failure

Generally, physiological actions of leptin have been dem-
onstrated to have important implications in the cardiovas-
cular system including angiogenesis, thrombosis, neointimal
proliferation, and cardiac hypertrophy. The adipocyte-
derived hormone leptin has recently been reported to have
predictive value for future cardiovascular events,”” suggest-
ing that hyperleptinemia is independently related to poorer
cardiovascular outcome, which could be explained by the
enhanced sympathetic activation in response to central
stimulation of hypothalamic leptin receptors® being initially
a supporting mechanism counteracting impaired cardiac
function through positive inotropic effect in the failing myo-
cardium mediated by sympathetic nervous outflow.” Hyper-
leptinemia was also reported to be associated with increased
rate of in-stent restenosis following percutaneous coronary
intervention (PCI)." Both ischemia and reperfusion induce
leptin and leptin receptor gene expression.” Mammes et al."”
were the first to report that the —2548 G/A variant in the
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promoter of the leptin gene was associated with body mass
index (BMI) reduction in overweight women and thus
might express a functional effect in population. In the study
by Guizar-Mendoza et al.," the Gln allele carriers (Q/Q and
Q/R) had also significantly higher heart sympathetic activ-
ity, body fat percentage, and leptin levels.

Proopiomelanocortin (POMC) and heart failure

Recently, evidence has been provided that in normal
animals, leptin enhances cardiovascular dynamics but
paradoxically decreases in obese animals.”” There is strong
evidence that much of leptin’s action is mediated by its
stimulation of POMC expression and the subsequent
increase in POMC peptide products.” Proopiomelanocortin
and POMC-derived peptides are important regulators in
a number of central nervous pathways eliciting downstream
events including food intake regulation as well as
autonomic responses, acting both centrally to increase
sympathetic nerve activity and cardiovascular tone" and
decreasing cardiovascular tone by primary L- or K-receptor
activation.”

The POMC gene is expressed in response to leptin sig-
naling by neurons of the hypothalamic arcuate nucleus. The
POMC propeptide is intracellularly processed by prohor-
mone convertase 2, leading to the production of o-, - and
Y-melanocytes-stimulating hormones.

Obesity is generally recognized as one of the crucial risk
factors in chronic heart failure development. Thus, it might
be hypothesized that variability in quantitative trait loci
determining leptin levels could play a role in chronic heart
failure pathogenesis. Previously, the major guantitative
trait locus (QTL) determining leptin levels was linked to
the POMC region in several studies,"™"”

Moreover, the circulating alpha-melanocyte stimula-
ting hormone (0-MSH) was reported to be increased in
CHF patients.”® As this neuropeptide with potent anti-
inflammatory properties inhibits tissue injury in a wide
array of inflammation models, the potential treatment
options of alpha-MSH in CHF patients are considered.
Hence, it might be hypothesized that the genes encoding
for proteins controlling alpha-MSH production such as
POMC may play a role in an individual susceptibility to
aberrant myocardial remodeling resulting in chronic heart
failure development.

The Rsal polymorphism the in 5-untranslated region
(UTR) of POMC gene has been previously reported to be
associated with the serum leptin and body fat in normal
female population.” In addition, the 1032 C/G polymor-
phism within the first intron of the POMC gene has been
reported to be associated with the waist-to-hip ratio.™

The possible contribution of leptin, leptin receptor, and
proopiomelanocortin gene variability to the regulation of
catabolic/anabolic processes in chronic heart failure still
remains to be clarified. Cachexia has been in the chronic
heart failure recognized as an negative prognostic factor;
however, the underlying mechanisms of its onset and pro-
gression remain still elusive. In the framework of this study,

we hypothesized whether the four previously mentioned
SNPs with significant phenotypic effects associated to the
body weight (LEP -2548 G/A, LEPR GIn223Arg, POMC
Rsal, and POMC C1032G) could contribute to disease
onset and modulated the disease progression of CHF. We
thus conducted a preliminary survey of these four single
nucleotide polymorphisms (SNPs) in the total of three
genes in a population of 372 chronic heart failure patients
and 407 healthy control subjects and investigated possible
associations of this genetic variability in LEP, LEPR, and
POMC genes with chronic heart failure pathogenesis.

Patients and methods
Subjects

The study cohort consisted of 372 consecutive patients
(median of age 56 wyears, age range 21-91 years, 107
females/265 males) inclusive of chronic heart failure diag-
nosis (functional class New York Heart Association
(NYHA) II-IV, gjection fraction median 25%, cardiotho-
racic index more than 50%) both of ischemic heart disease
(IHD) or dilated cardiomyopathy (DCMP) origin. To esti-
mate the population frequencies of the examined genotypes
and alleles, the control cohort was recruited consisting of
407 healthy individuals of similar age and sex distribution,
without clinical signs of cardiovascular diseases and without
family history of early cardiovascular disease (median of
age 51 years, age range 15.8-86 years, 218 females/189
males). The prevalence of diabetes mellitus and hyperlipid-
emia in the controls was approximately 6% and 8%, respec-
tively, which corresponds well with the general prevalence
in the Czech population. In all subjects, a complete medical
history with respect to conventional cardiovascular risk
factors was obtained.

All patients had chronic heart failure of at least of 3
months duration and were stable on unchanged medication
for at least 1 month. All patients originated from the Czech
Caucasian population and were recruited at the 1st Cardio-
angiological and 2nd Internal Departments, St. Anne’s
Hospital, Brno. This study was approved by the Committee
for Ethics of Medical Experiments on Human Subjects,
Faculty of Medicine, Masaryk University, Brno (no. 64/93,
1993) and was performed in adherence to the Declaration
of Helsinki Guidelines. Participants gave their written
informed consent before they entered the study.

Clinical examination

Clinical examination, basic and special laboratory (includ-
ing renal functions), were done early in the morning fol-
lowed by echocardiographic examination (SONOS 5500,
Hewlett-Packard: Andover, MA, USA). The echocardio-
graphic measurements were performed using a 2.5-MHz
phased array transducer; volumes were measured from
apical four-chamber view and ejection fraction was calcu-
lated using the single plain Chapman method. Electro-

120



cardiography and standard X-ray (with evaluation of
cardiothoracic index and pulmonary congestion by the
method of Meszaros) were obtained. Hyperlipidemia was
defined as plasma total cholesterol level of =200 mg/dl,
plasma triglyceride level of =150 mg/dl, or current use of
antilipidemics with the previously established diagnosis of
hyperlipidemia.

The patients were treated with heart failure therapies
including cardiac transplantation. After venous blood
sample (5-10ml) collection from each subject, white cell
fraction was used to extract DNA according to standard
procedure using proteinase K.

Single nucleotide polymorphism genotyping

The common noncoding polymorphism LEP -2548 G/A
within the promoter of leptin gene (db ID rs7799039) was
investizated as previously described." Each 12-ul reaction
contained 10 ng genomic DNA, 1.5 ul 10 x PCR Buffer—
MgCl,, 1.8 ul MgCl,, 200 uM dNTP. 2 pmol each primer,
and 04U of Tag DNA polvmerase (Fermentas: UAB,
Lithuania). The reactions were performed using an XP
Cycler (BIOER; Technology, Germany). Polymerase chain
reaction (PCR) amplification conditions were as follows:
05°C for 5 min, 94°C for 1 min, 52°C for 1 min, 72°C for
1 min for 35 cycles, and 72°C for 5 min.

The LEPR GIn223Arg polymorphism within the exon 4
of leptin receptor gene (dbSNP ID rs1137101) was investi-
gated as previously described.” Each 12-pl reaction con-
tained 10 ng genomic DNA, 1.5 ul 10 x PCR Buffer-MgCl,,
1.5 ul MgClL,, 200 uM dNTP. 2 pmol each primer, and 0.4 U
of Tag DNA polymerase (Fermentas). The reactions were
performed using XP Cycler (BIOER). PCR amplification
conditions were as following: 95°C for 3 min, 95°C for 30 s,
53.5°C for 30s, 72°C for 30 s for 30 cycles, and 72°C for
5 min.

Furthermore, the subjects were genotyped for the fol-
lowing two SNPs of the POMC gene as previously described
by Baker et al.”: the Rsal polymorphism 1789 bp 5’ to the
beginning of the first exon (dbSNP rs3754860) and the Aval
polymorphism within the first intron (C1032G, dbSNP
1009388). Each 12 pl reaction contained 10ng genomic
DNA, 1.5 ul 10 x PCR Buffer-MgCl,,1.5 pl MgCl,, 200 pM
dNTP, 2 pmol each primer, and 0.4 U of Tag DNA poly-
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merase (Fermentas). The reactions were performed using
XP Cycler (BIOER). PCR amplification conditions were as
following: Rsal polymorphism: 95°C for 5 min, 95°C for
30s, 62°C for 45 s, 72°C for 30 s for 35 cycles, and 72°C for
10 min; Aval: 95°C for 6 min, 95°C for 30s, 59°C for 15,
72°C for 20 s for 30 cycles, and 72°C for 10 min.

Quality control measures included blinded analyses,
replicating 20% of samples, and negative controls (water
blanks) in every set of PCR reactions. The overall sample
success rate was 96.3%., the sample success rate for LEP —
2548 G/A, LEPRGIn223Arg, POMC Rsal was approxi-
mately 98% (97.9%.98.1% and 98.9%): the rate for POMC
Aval was approximately 92%.

Statistics

The observed number of each genotype was compared with
that expected for a population in Hardy-Weinberg equilib-
rium using ¥* test. Fisher’s exact test with the Tukey—Kramer
method of adjustment for multiple comparison were used
for comparison of categorical variables. Differences between
continuous variables were evaluated by analysis of variance
(ANOVA) with corresponding post hoc test for more than
two groups:; multiple regression analysis was applied in all
cases of associations between the genotypes and clinical
parameters, significant in the univariate analysis. The data
analysis was performed using the Statistica v. 7.0 (Statsoft;
Tulsa, OK, USA) program package. To estimate the risk of
chronic heart failure associated with the proopiomelanocor-
tin SNPs, odds ratios were calculated using multiple re-
gression analysis; for each odds ratio, P values and 95%
confidence intervals were estimated. The data analysis was
performed using the Statistica v. 7.0 (Statsoft) program
package. Furthermore, we tested the association of statisti-
cally inferred haplotypes with continuous traits as described
previously,” the probabilities of haplotype pairs being
estimated by PHASE 2.0 software. The power calculations
were performed using Quanto software.™

Results

A total of 779 unrelated Caucasian subjects (372 cases and
407 controls) were enrolled in the study. The basic demo-

Table 1. Baseline characteristics of the CHF cohorts

Variable IHD patients DCMP patients
LVEF (%) 264 +1 315+1

NYHA (No.in class IFTIVIV) 45/98/95 15/75/44

BMI (kg/m®) 30.14 (16.78-38.34) 28.08 (16.14-33.14)
DMTI (%) 88 74

DM II (%) 1.0 16.4

HLPP (%) 38.0 13.4

Renin (U/ml)
Aldosterone (nmaol/l)

4.12 (0.01-229)
0.21 (0.0-5.97)

8.50 (0.11-46.19)
0.40 (0.07-11.92)

Values are given as median (min-max range)

CHEF, chronic heart failure; THD, ischemic heart disease; DCMP, dilated cardiomyopathy: LVEF,
left ventricular ejection fraction; NYHA, New York Heart Association classification; DM 1, type
I diabetes; DM II, type II diabetes; HLPP, hyperlipoproteinemia
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Table 2. Genotype distribution of examined polymorphisms in cases and controls

Polymorphism Total N Cases n Controls n P value*
LEP -2548 G/A 0.226
Co-dominant model
150 65 85
AG 378 193 185
GG 235 109 126
Recessive model 0.128
GGIGA (n) (%) 613 302 311
AA () (%) 150 65 85
LEPR GIn223Arg 0.981
Co-dominant model
00 222 114 108
OR 334 169 165
RR 158 81 7
Recessive model 0.503
QOQIQR (n) (%) 556 283 273
RR (n) (%) 158 &1 77
POMC Rsa 1 0.680
Co-dominant model
++ 330 170 169
+— 344 161 183
-— 84 41 43
Recessive model 0.570
++H+— (m) (%) 683 331 352
——(n) (%) 84 41 43
POMC C1032G 0.537
Co-dominant model
cC 467 228 239
CG 265 130 135
GG 31 12 19
Recessive model 0.176
CCICG (n) (%) 732 358 374
GG (n) (%) 31 12 19

LEP, leptin; LEPR, leptin receptor; POMC, proopiomelanocortin
*Hardy-Weinberg equilibrium tests (") in case and control groups, respectively

Table 3. Haplotype frequencies of POMC Rsal/C1032G haplotypes in CHF cases according to etiology and controls

DCMP IHD Controls
Haplotype Rsal/Aval +C +HG =IC -G +C +HG =iC =G +HC +HG =iC =G
Frequency 0.500 0.197 0.301 0.002 0.456 0.208 0.329 0.003 0484 0.196 0319 0.001

DCMP, dilated cardiomyopathy; THID, ischemic heart disease: POMC, proopiomelanocortin

graphic, clinical and laboratory parameters of the cases are
listed in Table 1.

Associations between examined single nucleotide
polymorphisms in leptin, leptin receptor and
proopiomelanocortin gene, and chronic heart failure

None of the investigated SNPs expressed deviation from
Hardy-Weinberg equilibrium (tested by conventional ¥
test). After assuming a codominant model, the genotype
distributions of examined polymorphisms were not differ-
ent between cases and controls (P = not significant [NS]).
Moreover, when assuming a recessive model of inheritance,
no significant differences between CHF cases and control
were observed (Table 2). As some sex-linked differences in
allele or genotypes of examined polymorphisms could have
been expected, the analysis by sex was performed; however,
no significant sex-dependent associations of genotype dis-
tributions or allele frequencies were observed (P = NS).

Furthermore, we estimated the frequency of the POMC
Rsal/C1032G haplotypes among chronic heart failure cases
(subdivided into ischemic heart disease CHF patients and
dilated cardiomyopathy patients) and the controls and did
not observe any significant differences between cohorts

studied (Table 3).

Effect of examined SNPs on ejection fraction and
NYHA class

In the next step, we tested whether these SNPs had any
effect on ejection fraction or CHF risk. No association of
LEP -2548 G/A and POMC C1032G with ejection fraction
of NYHA class was observed.

In regression modeling, the LEPR GIn223Arg showed
an independent prediction role on chronic heart failure,
with age being the strong predictor of it (P < 0.001), thus
suggesting that a remarkable proportion of the gene effect
on CHEF risk is dependent upon aging. Therefore, we con-
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Table 4. Multivariate analysis of the association of the clinical data and the LEPR Gln223Arg polymorphism

Variable Heart failure, all etiologies THD heart failure DCMP heart failure
Hazard ratio P Hazard ratio P Hazard ratio P
(95%CT) (95%CT) (95%CI)
Age 3.31 (0.61-17.98) 0.16 031 (0.01-8.77) 047 1.34 (0.05-13.02) 0.72
Age <56 years 1.29 (1.09-1.55) «<0.001 1.33 (1.02-3.72) 023 1.21 (0.87-1.77) 0.66
Age =56 years 1.10 (0.50-4.23) 021 142 (1.02-4.01) 047 1.54 (0.88-3.87) 0.88
Male sex 3.23 (1.87-5.58) <0.0001 315 (1.68-5.91) <0.001 35 (1.13-10.81) 0.02
NYHA IV 2,10 (1.56-2.84) <0.0000001 2.50 {1.69-3.82) =0.0001 2,04 (1.20-3.48) 0.007
LVEF 4.05 (1.63-10.06) 0.002 264 (0.81-8.22) 010 11.87 (2.08-55.6) 0.004

NYHA. New York Heart Association functional class. IVEF, left ventricular ejection fraction; CI. confidence interval; IHD, ischemic heart

disease; DCMP. dilated cardiomyopathy

secutively tested the possible relation between age of CHF
onset and LEPR GIn223Arg by subdividing the study group
according to individual age (i.e., below or above 56 years,
the median value of the entire CHF cohort). As supposed,
these two subgroups differed significantly in LEP GIn223 Arg
allele frequency, the R allele being more frequent in CHF
below 56 years of age (P = 0.0002, odds ratio [OR] = 1.29,
05% confidence interval [CI] = 1.089-1.549). Moreover, the
strongest predictor of chronic heart progression in relation
to LEPR GIn223Arg polymorphism was sex, with more
than 3-fold increased risk of accelerated progression associ-
ated to male sex (Table 4).

In the next step, we analyzed the relationship between
LEPRGIn223Arg polymorphism and ejection fraction and
NYHA class in all heart failure cases. Multivariate regres-
sion analyses revealed an approximately 2-fold risk for
NYHA class I'V associated to the examined polymorphism
(P = 0.0000001, OR = 2.10, 95% CI = 1.56-2.84). LEPR
GIn223Arg also displayed an independent prediction role
for LVEF in all heart failure cases (P = 0,002, OR = 4.05,
95% CI = 1.36-10.06) (Table 4).

The possible diversity in CHF etiology and its relation
to LEPR GIn223Arg was further tested by subdividing the
study group according to CHF etiology (ischemic heart
disease vs dilated cardiomyopathy), whereas the LEPR
GIn223Arg showed an independent prediction role for
NYHA IV in IHD patients (P = 0.0001, OR = 2.50,95% CI
= 1.69-3.82) and for NYHA IV (P = 0.007, OR = 2.04, 95%
CI=1.20-3.84) and LVEF (P = 0.004, OR = 11.87,95% CI
= 2.08-55.6).

In a multivariate analysis, the POMC Rsal polymor-
phism served as an independent predictor for hyperlipid-
emia in CHF patients (P = 0.0004), with the-allele being
more frequent in CHF patients with hyperlipidemia (70.1%
vs 63.6%, P = 0.05). Power calculations assuming 779 indi-
viduals with complete genotypic and phenotypic data
suggest that a SNP with minor allele frequency (MAF) of
0.20 provides approximately 80% power at o = 0.05 to
observe a 0.22 change in standard deviation. This analysis
indicates that the study has the power to detect clinically
meaningful differences in quantitative measures of heart
function.

The post hoc power calculations using Quanto and
Gauderman™ showed that our study (372 cases and 404
controls) had 98%:98%:99.6%, and 99.8% statistical power

to detect an odds ratio of 2.0 for polymorphisms with an
allele frequency of 0.44 (approximate for LEP -2548 G/A),
0.46 (approximate for LEPR GIn223Arg), 0.33 (approxi-
mate for POMC Rsal), and (.21 (approximate for POMC
Aval) under the dominant model assuming the disease
prevalence of 1%. When the subanalysis was performed by
subdividing the cases cohort to ischemic heart disease
patients (n = 238) and the patients with dilated cardiomy-
opathy (n = 134), the statistical power was 78% (LEP-2548
G/A), 76% (LEPR Gln 223 Arg). 86% (POMC Rsal), and
80% (POMC Aval).

Discussion

Generally, there are numerous accepted adverse clinical
prognostic markers for human heart failure, including male
sex, African American race, age, disease severity, ischemic
etiology, hypertension, and low body weight.”” However,
an increasing number of single nucleotide polymorphisms
are being accepted as underlying causes for numerous car-
diovascular disorders. Recently, it has been reported by our
research group that the LEP -2548 G/A polymorphism is
associated with multiple vessel disease,” the AG heterozy-
gote carrying almost fourfold risk for multiple vessel
disease against both homozygotes.

In this case—control study carried out in a Czech Cauca-
sian population we provide evidence for association between
the GIn223Arg variant in leptin receptor gene and chronic
heart failure in the Czech Caucasian population. Based on
our results, the LEPR GIn223Arg associates with age of
onset in chronic heart failure in the studied population,
independently of CHF etiology (ischemic heart disease vs
dilated cardiomyopathy) or BMI of the patients. The sig-
nificant trend toward earlier CHF onset was observed in R
allele presence when compared to QOQ+QR carriers, thus
suggesting that LEPR GIn223Arg does modulate covariate
factors associated with CHF disease. Moreover, the LEPR
GIn223Arg polymorphism was also an independent predic-
tor for LVEF in chronic heart failure patients, whereas this
effect was significant in dilated cardiomyopathy patients,
while the lower LVEF was associated with the Q allele (P
=0.004, OR = 11.87,95% CI = 2.08-55.6).

The functional consequences of LEPR GIn223Arg poly-
morphism for various phenotypic traits are not entirely
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clear. Several studies also reported conflicting information
on obesity predisposition in individuals with specific leptin
receptor gene polymorphisms.” ' Recently, van der Vleuten
et al.” carried out a study on 644 individuals from 37 fami-
lies and reported the GIn223Arg polymorphism within the
leptin receptor gene to be associated with familial combined
hyperlipidemia (FCH): the carriers of one or two R alleles
had an increased risk of CHF, compared to subjects homo-
zygous for the Q allele (OR = 1.6:95% CI 1.0-2.4). More-
over, Guizar-Mendoza et al." reported the higher prevalence
of O allele among subjects with higher insulin levels (0.72
vs 0.57; P = 0.04 for adolescents with msulin levels higher
and lower than 100 pmol/l, respectively).

A major question concerns the possible mechanism by
which LEPR GIn223Arg influences CHF onset and its pro-
gression. The LEPR GIn223Arg leads to an amino acid
change, consecutively leading to a change from neutral to
positive charge of the molecule, in the extracellular domain
of the receptor that represents a typical leptin-binding site
and it was suggested that a change of charge could signifi-
cantly affect the functionality of the receptor.” Despite
these obvious functional consequences, the reports on
GlIn223Arg in body weight regulation and its related disor-
ders remain highly controversial.***" It has been reported’
that there is a relationship between increased leptin levels
and the progressive functional impairment in advanced
CHF, which is well in accordance with the finding that
hyperleptinemia represents a negative prognostic factor in
CHEF patients. The LEPR Gln223 Arg polymorphism leading
to a charge change might considerably impair the ability of
leptin to bind to its receptor and thus provide a phenotype
of leptin resistance with inadequate leptin signaling,
however this is in contrast with the study by Schulze and
Kratzsch’ that suggest that the leptin signaling is adequate
in CHF patients.

The possible limitation of the present study includes a
significant lack of data on phenotypic effects of examined
polymorphisms, which makes further population-based
studies on CHF patients, preferably using the nested design,
necessary to determine the exact genotype—phenotype cor-
relation, putting special emphasis on leptin, leptin receptor,
and glucocorticoids plasma levels. Power to examine possi-
ble interactions of LEPR GIn223 genotvpe and clinical data
of CHF patients was somewhat limited, however, by the
lower proportion of subjects with dilated cardiomyvopathy
along with lower proportion of females in the study, leading
to wide confidence intervals in some analyses. Even although
for some analyses the CHF sample in the study was rela-
tively large, we were still limited in our power to examine
interactions between genotype and CHF phenotypes; the
sample size needed to detect the sex-dependent interactions
was typically at least five times larger than that needed to
detect the main effect of a single variable. We had even less
power to analyze these relations among females or males
separately.

However, it should be also mentioned that the present
study was carried out on a highly static population from a
wide region of Moravia, part of the Czech Republic, settled
by Slavonic population that can be assumed to be homoge-

neous. Therefore, we assume that the associations discussed
cannot be easily attributed to selection bias; the RR homo-
zygotes of LEPR GIn223Arg are likely to be truly at higher
risk of earlier onset of CHF in the examined Czech popula-
tion. To conclude, further comparative studies on different
populations possibly employing the nested case—control
approach have to be carried out to elucidate the underlying
genetic component of CHF cachexia, as various phenotypic
variations in relation to hyperleptinemia have been reported
worldwide so far.”™*

Despite the limitations mentioned above, this study 1s
the first to demonstrate a direct effect of a genetic variabil-
ity in leptin receptor gene on disease progression in CHF
both of ischemic and dilated cardiomyopathy origin. Nowa-
days, molecular evidence is being accumulated for different
genetic traits predisposing for CHF. Hereafter, confirmed
associations of CHF with some SNPs might help identify
patients who are either at greater risk of developing CHF
or whose CHF is likely to progress more rapidly, and such
patients might benefit from a targeted aggressive therapeu-
tic approach.
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4.3. COMMON POLYMORPHISM +45T/G IN ADIPONECTIN GENE AS
POTENTIAL MODULATOR OF IN-STENT RESTENOSIS
DEVELOPMENT

Resumé

Je zjevné, Ze existuje riiznd individudlni vnimavost vici rozvoji nejriznéjSich komplexnich
onemocnéni typu ischemické choroby srde¢ni i jejich komplikaci ¢i komplikaci jejich 1éCby,
napf. restendzy ve stentu. Tato vnimavost je bezesporu ¢asteéné determinovana geneticky.
Nedavno byly publikovany zajimavé zavéry naznacujici, ze nizké hladiny adiponektinu u
pacientli pfi terapeutické koronarografii maji velkou predikéni hodnotu pro pozdni rozvoj
restendzy ve stentu. To je zjisténi s potencidlné zadvaznym terapeutickym dopadem. Dana
studie se ovSem zaméfovala pouze na fenotyp onemocnéni a neodliSovala, zda jsou nizké
hladiny adiponektinu zptsobeny konstitutivné nizsi expresi adiponektinového proteinu, nebo
zda jsou vysledkem samotného patofyziologického procesu. V nasi studii jsme zkoumali
moznou souvislost mezi polymorfismem +45T/G (rs2241766) v lokusu ADIPOQ s rizikem
restendzy ve stentu u ¢eské populace pacientl s ischemickou chorobou srde¢ni podstupujicich
stentovani malych koronarnich tepen s pouZzitim ¢ist€¢ kovového stentu. Alelické frekvence 1
frekvence genotypi byly srovnany s frekvencemi u zdravé ceské populace podobného véku a
to ve stejném zastoupeni 0bou pohlavi. Morfologie 1ézi byla hodnocena podle ACC/AHA. Ve
vicerozmérné regresni analyze slouzil sledovany polymorfismus jako nezavisly prediktor
minimalniho priméru lumen okamzit¢ po PCI — nezavisle na vé&ku, pohlavi, BMI 1
minimalnim priméru lumen byla alela T spojena s pfitomnosti mensiho luminalniho priméru
nez alela G (beta = 0,34, p = 0,02).

Jiz diive bylo prokazano, Ze a¢ synonymni, polymorfismus +45T/G vyznamné ovliviiuje
hladiny adiponektinu v plazmé¢, coz lze vysvétlit tim, ze je v izké vazbé s jinym, funkénim

nesynonymnim polymorfismem. Bylo pfitom popsdno, ze nosicstvi alely T predisponuje
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k nizkym hladindm adiponektinu. To je v souladu s nasimi pozorovanimi, ze nosici T alely, at’

restendzy ve stentu.
Nase studie tedy naznacuje, ze adiponektin, respektive jeho geneticka variabilita, mize hrat

dilezitou tlohu pfi regulaci mistnich déji v ischemické oblasti a mlize ovliviiovat i rychlost

nastupu a pfipadnou zavaznost restenozy ve stentu.
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Kitta et al. [1] have recently reported that low adiponectin levels
have a predictive value for late in-stent restenosis (ISR) after
percutaneous coronary intervention (PCl) with bare-metal stents in
native coronary arteries. This is a very interesting finding with
potential huge diagnostic and therapeutic implications. However, as
the analyses were based exclusively on phenotypic data from the
patients, it remains rather difficult to distinguish between constitu-
tively increased adiponectin plasma levels due to specific individual
genetic background (levels elevated/reduced already before the
cardiac event) predisposing the patient for the primary disease as
well as for the worse PCl outcome and post-hoc elevated /decreased
plasma levels as a pathophysiological consequence of the primary
disease. In principle, resolution between these two conditions might
influence the prognostic value of the marker.

Therefore, we investigated in our study possible assodation of
+45T/G (rs2241766) polymorphism at the adiponectin (APM1) locus
with risk of ISR in the Czech ischemic heart disease (IHD) patients
(n=88) undergoing bare-metal stenting into small coronary arteries
(<3 mm). The selecdon of the SNP was based on the previously
reported functional consequences that were validated also on the
Czech population in our previous studies [2,3]. The study subjects
were genotyped using the PCR-based methodology with following
restriction analysis and the allele and genotype frequencies were
established and compared to those of the healthy Czech individuals of
similar age and gender distribution (n = 163). Lesion morphology was
interpreted according to the American College of Cardiology/Amer-
ican Heart Association (ACC/AHA) classification. In-stent restenosis

* Corresponding author. Depa riment of Pathological Physiology, Faculty of Medicine,
Mas aryk U niversity, Beno, Kamenice 5 A18, 625 00, Czech Re public. Fax: +420 549 494
340
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was defined as = 50% diameter reduction; reoccluded vessels were not
excluded from the statistical analysis. In all patients, a follow-up
coronarography was performed 6 months after the primary PCL
Extended quantitative coronarography data were collected at the
moment of primary intervention and at the 6-month follow-up, no
data on adiponectin plasma levels were available. Written informed
consent was obtained from all patients before the study, and the study
protocol, which was in accordance with the Dedaration of Helsinki,
was approved by the Ethics committee of the Masaryk University.

In the multivariate modelling, the APM1 +45T/G polymorphism
served asinde pendent predictor for minimal lumen diameter examined
immediately after PCI (5=034, p=0.02, after correction for multiple
comparisons ), independently on age, gender, BMI and minimal lumen
diameter before PCL; the T allele was associated with smaller minimal
lumen diameter values than the G allele. The diameter of stenosis before
PCl was identical between the TT and TG carriers, diameter of stenosis
after PCl was higher in TG carriers (9.1%) compared toTT genotype ( 7.8%;
p=0.56) as well as diameter of stenosis at the 6-months follow-up (in
TG carriers 55.9% compared to 43.1% in TT carriers, p=10.52). The AMP
45T/G has been descibed o have functional impact on adiponectin
plasma levels [4], whereas the carrier status of the T allele is assodated
with the lower adiponectin plasma levels. Based on our results, we
propose the 4 45T/G polymorphism in the adiponectin gene to be
considered a possible genetic marker for diameter of stenosis after PCL
However, we do not confirm the protective role of the G allele described
elsewhere. Obviously, the study was underpowered and therefore it
would be challenging to perform a genotype-phenotype study on a
larger population sample to investigate the underlying consequences of
the genetic determination of circulating adiponectin plasmalevels in the
patients before and after PCL

The authors of this manuscript have certified that they comply
with the Principles of Ethical Publishing in the International journal of
Cardiology [5].
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4.4, RELATION BETWEEN ADIPONECTIN 45 T/G POLYMORPHISM
AND DIETARY COMPOSITION IN THE CZECH POPULATION

Resumé

Preference urcitych typ potravy mohou piispét ke vzniku obezity a zda se, Ze zastoupeni
jednotlivych makronutrientii ve volné¢ preferované stravé ma alesponn z Casti dédi¢nou
komponentu. Excesivni pfijem tuku ve stravé je uzce spojen s rizikem obezity a n¢kolik studii
naznacuje, ze preference tukii oproti jinym makronutrientim je z¢asti dédi¢na. Tukova tkan
ptitom sama produkuje fadu plsobkil s parakrinné-endokrinnimi efekty, tzv. adipokind, které
mohou samy modulovat nativni potravni preference. Adiponektin pifedstavuje jeden
z nedavno identifikovanych adipokint — polymorfismus 45T/G (rs2241766) v exonu 2 genu
ADIPOQ ma podle literatury souvislost s plazmatickou hladinou adiponektinu i se zvySenym
rizikem obezity, inzulinovou rezistenci a diabetem 2. typu.

V této studii jsme zkoumali mozny vliv tohoto polymorfismu na nemodifikované, nativni
slozeni potravy u Ceské §tihlé, obézni a extrémné obézni populace.

Ve vicerozmérném regresnim modelovani mél polymorfismus ADIPOQ 45T/G vyznamnou
predikéni roli pro celkovou tukovou masu (8 = - 0,98, p = 0,02) u morbidné obéznich jedinca.
T alela slouZila také jako nezévisly prediktor vysokého piijmu proteini ve stravé (beta = 1,87,
p = 0,04) a tukt (B = 2,75, p = 0,04), kdy homozygotni genotyp TT byl spojen s nejvyssim
pfijmem vlakniny v potravée (beta = 0,45, p = 0,04).

Vzhledem k tomu, ze polymorfismus 45T/G v ADIPOQ genu byl jiz v minulosti asociovan
s funkénimi efekty na Grovni plazmatické hladiny adiponektinu, 1ze ofekévat, ze exprese T
alely miize byt spojena S rtiznymi odchylkami na urovni intermedidrniho metabolismu, které

ve vysledku vedou k ur€itym rizikovym potravnim preferencim.
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In this study on 138 Czech Caucasians, the ADIPOG) 45T/ G polymaorphism was essociated
with the dietary composition. As the GG homozygotes were associated with the incressed
intake of carbohydrates, we sugpest that a proportion of the prodiabetogenic effect of the
polymorphism might be due to its influence on esting behaviour.

iy 2004 Elsevier Ireland Ltd All rights reserved.

The personal food preferences can either induce or retard the
development of cbesity. The selection of macronutrients in the
dietappearstobe, atleastin part, heritable. Excesave dietary fat
intake is strongly tied to cbesty, and several studies suggest
that a preference for fat and the resulting cbesity are also
partially genetically determined [1]. Recently, a novel adipo-
cyte-derived hormone, adiponectin (ADIPOQ) was identified [2];
its silent 45 T/G palymaorphism (rs2241766) in exon 2 (45 T/G,
Gly15Gly) was reported to have functional effects on plasma
adiponectin levels and was also assocated with an increased
risk of obesity, insulinresistance and type 2 dinbetes [3]. In this
study, we aimed to investigate the possible role of the ADIFOQ
45 T/G on food preferences and general eating patterns of lean,
obese and extremely obese Czech Caucasians,

The baseline demographic, anthropometric, dietary and
clinical characteristics of the study subjects in relation to

* Comespand g author. Tel.: +430 739300485, fax +430 549494340,

E-mazil address: jhienert@med. municz (J. Bienertova-Vasku).

pender are listed in Table 1. The anthropometric parameters
were measured (BMI, lean body mass, fat mass, waist and hip
crcumferences, walst-to-hip ratio) and natve 7-day food
records were collected. After having obtained the informed
consent, DMA for analyses was extracted from 5 mL of the
patients' saliva collected after 3h fasting The genotypes of
ADIPOQ 45 T/G were determined using PCR with following
restriction analysis as described previously [4). Flasma adipo-
nectin levels were measured by a commercially available
enzyme-linked immunosotbent asays (Raybiotech, Inc., Nor-
cross, GA, USA) with a sensitivity less than 10 pgml. Samples
were 50,000-fold diluted in singlet to assay range (4.1-1000 pg/
ml) with stand ardized assay diluent. The oheerved number of
each genotype was compared with that expected for a
population in Hardy-Weinberg equilibrium using x° test.
Fisher's exact test with Tukey-Kramer's method of adjustment

O0168-B2X27/% — see front matter 4 2009 Ekevier Ireland Ltd. All rights reserved.

doi:10.1016/j diabres. 2009.02.023
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Table 1 - Baseline patients’ characteristics.

Variable Obesa Morbidly obese Controls

Body composition Female Meles Females Meles Females Males

N 38 8 38 B 38 8
Age (years) 4904 £ 1193 4487 L 985 5017 £ 934 48 4F 1 1536 48 I8 1 997 527311338
EMI &g"l]]:] 3444 + 296 3430 4+ 397 45731 L 557 g7 43 4+ 4 .40 5854335 6B L TR
Bady fat () 4200 + 5,749 3946 + 361 5184 + 4.05 H1E 4309 M+ 6TT H9F +551

Dietary intake
Energy (M) T2 +246 10454271 73824+191 10804 493 T+ 181 1026 + 1968
Frotein (3% energy) 1480 + 206 1482 4 2 95 1547 + 234 1555 4+ 367 14 28 4 224 136+ 180
Carbohydrates (%) energy) 4933 + 4.64 5186 L E3R 4913 £ 591 49 83 4+ 363 50.38 4+ 635 5147 +£933
Fat (% energy) 3596+ 472 3234766 3539 4475 34.58 4+ 546 BH41+593 3441 4893
Adiponectin (g ml) 1079+ 678 12854716 1132 4+ 672 1299 4 761 9.8+ 571 3854148

values are expressed as mean + 5D, morbidly obese (EMI » 40 kg/m®), obese (30 < BMI < 40 kg/m?), lean controls (20 < BMI < 30 kg/m?).

Table 2 - Standardized B coefficients (95% confidential intervals) for associations of total dietary carbohydrate intake with

adiponectin plasma level by ADIPOQ 45 T/G polymorphism: multivariate regression analysis in the total stady cohort.

Model ADIPO 45 T/G polymoarphism P for interaction’
TT GG+ TG

1 0132 (- 0.36-0.11) 034 (—0.16-0.84) 004

2 011 (-0.23-0.18) 025 (- 006-044) 007

3 012 (-035-011) 0,12 (—006-031) 012

4 013" {-0.37-0.08) 005 (—0.15-0.38) 011

Maode] 1: total dietary carbohydrate intake adjusted for age, sex, fat and protein intake.

Model 2: Mode 1 + fibre intake
Maodel 3: Mode 1 +waist-to-hip ratio.
Maodel 4: Modd 1 +BML

" Interaction betwesn total carbohydrate intake and ADIPOO 45 T/G polymorphisrm
~ significant association of total carbohydrate intake with plasma adiponectin in the model, P < 0.05.

for multiple comparisons was employed for comparison of
categorical variables; the data analysis was performed using
Statistica w. 8.0 (Statsoft Inc., Tulsa, OK, USA).

In the mulivanate regression modelling, ADIFOQ 45T/G
expressed an independent prediction role for the total fat
mass [f=-098, P=0.02) in the morbidly obese individuals
along with the thickness of the triceptal skin fold (=-1.1,
P=0001} in the lean subjects.

Moreover, the T allele served also as an independent
predictor for the highest proteinintake (#=—1.87,F =0.03) and
fat intake (f = —2.75, P= 0.04), reported by the study subjects,
whereas the TT genotype was associated with the highest
aheolute fat intake In addition, we observed a strong
associationof Tallele with high fibre intake in food consumed,
significant also after adjustment for age, sex, carbohydrate
intake, protein intalee and BMI (§ = 0.45, F = 0.04). The resultsof
the multivariate analysis of the daily dietary intake of
carbohydrates with respect to ADIPOQ 45T/G are presented
in Table 2.

So far, no data on possible associations of ADIPOQ 45 T/G
with the specific food preferences in either normal-weighed or
the obese population are avalable. However, Cecil et al. [5]
have reported recently that a genetic varant that confers a
predisposition to obesity does not appear to be involved in the
regulation of energy expenditure; the authors suggest that it
may have a role in the control of food intake and food choice,
which supports our hypothesis that the significant proporton

of the “obesitogenic” effect of SMPs is due to food preferences
rather than initial metabolic disturbances,

In the French study on DESIR cohort, ADIPOQ 45 T/G was
significantly associated with the increased 3-year nsk of
developing hyperglycaemia and the risk was increased in GG
carriers against the TT homozygotes [6]. In our study, we
ohserved a significant association of the G allele with the
carbohydrate intake as well as its negative association with
the protein and fat intake, independently on the total amount
of food consumed, thus implying that the GG carners,
reported to be more susceptible to hyperhlycaemia-type II
diabetes, are more prone to increased carbohydrate intake
than the T allele carrers. To conclude, the prodiabetogenic
effect of the polymorphism seems to be at least partially
assorciated with the increased carbohydrate preferences of
the individuals.
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4.5. GENOTYPE VS. NUTRIENT ASSOCIATION OF COMMON
POLYMORPHISMS IN OBESITY-RELATEDGENES WITH FOOD
PREFERENCES AND TIME STRUCTURE OF ENERGY INTAKE

Resumé

Nativni stravovaci preference a stravovaci vzorce jsou v podminkach okolniho dostatku
potravy klicové pfi rozvoji excesivni akumulace télesného tuku, tj. obezity. Ackoli genetické
pozadi obezity bylo jiz v mnoha studiich rozsdhle zkoumdno, o genetickém pozadi
stravovacich vzorcii a preferenci toho dosud vime velmi malo. V této studii se proto
zam&fujeme na slozeni potravy jako na specificky znak souvisejici s obezitou; zejména
sledujeme, zda definované jednonukleotidové polymorfismy v genech pro leptin (LEP),
leptinovy  receptor (LEPR), adiponektin  (ADIPOQ), interleukin-6 (IL6) a
proopiomelanokortin  (POMC) souviseji s ptfirozenymi, nemodifikovanymi stravovacimi
preferencemi a antropometrickymi znaky spojenymi S obezitou u ¢eské populace 409 jedincti.
SNP byly uréeny na zaklad¢ odpovidajicich RFLP metod na bazi PCR. Potravni preference a
stravovaci vzorce u subjektl byly stanoveny pomoci sedmidenni zdznamové metody. U Casti
subjekti byly dale meéfeny plazmatické hladiny adiponektinu, leptinu a solubilniho
leptinového receptoru.

Ve studii jsme pozorovali, ze nezavisle na BMI jedinci souviseji ¢asté polymorfismy
v genech LEP a LEPR se specifickymi vzorci pfijmu potravy, a to hlavné s ohledem na
¢asovou strukturu stravovani. Polymorfismus 19 A/G v genu pro leptin se dale projevil jako
vyznamny nezavisly prediktor celkového BMI, procenta télesného tuku a souctu tloustky
koznich ftas. Vyznamné ovliviioval 1 ¢asovou strukturu denniho pfijmu energie.
Polymorfismus Rsal v genu pro POMC byl asociovan s procentem télesného tuku.
Polymorfismus +45T/G v genu ADIPOQ souvisel s tloustkou koznich fas. S mnoha

sledovanymi parametry byl asociovan i polymorfismus GIn223Arg v genu pro LEPR, ktery
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byl vyznamné asociovan s diastolickym krevnim tlakem, velikosti porci jidla i plazmatickou
hladinou adiponektinu.

V této studii jsme tedy pozorovali velky pocet asociaci mezi definovanou variabilitou
v genech pro konkrétni adipokiny a antropometrickymi i behaviordlnimi charakteristikami

provézejimi obezitu, a to zejména s ohledem na nemodifikované nutri¢ni preference.
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Personal food prefeenoes can either enhance or suppress the development of obesty and the seloction and proportion of macronutrients in the dist
szem b0 have a heritable component. Inthe present study, we henefore focused on distary composition as a specific trait related to obesity and we
determined whether genetic variations in keptin (LEF), LEP receptor (LEPR), adiponectin (ADIPOO), TL-6 and pro-opiomelanccontin {POMC)
underlie specific native food preferences and obesity-related anthropometric parameters The wtal of 409 individuals of Crech Cancasian
arigin were enrolled into the present fudy and 7d food records were obtained from the study subjects along with selected anthropometric measune-
ments. In a subset of sudy subjects, plasma levels of ADIPOO), LEP and soluble LEPR were measured. Independently of the BMIT of the
individuals, common variations in LEP and LEPR genes were associated with specific eating patterns, mainly with respect to timing of cating.
The LEP + 19406 polymaonphism served as an independent predictor for BMI, percentage of body fat and skinfold thickness and significandy
affecied the tme sgrocture of the daily encrgy intake. The POMC Rssl polymorphism was associated with percentage of body fat
The ADIPOD 45 TAG polymaorphism was associated with the thickness of the subscapular skinfold. The LEPR Gln223Arg polymorphism was
asspciated with multiple parameiers, including diastolic blood pressure, meal sizes during the day and plasma ADIPOO levels. In a separate
analysis, soluble leptin recepir (30bR) plasma levels and LEP=OBR ratio weme significandy comelated with syswlic blosd pressre
{p=—0-66, P=04002; B= —1-23, P=0-02) and 20bR plasma levels abko served as an independent predictor for diastolic Hood pressire
B = —0:-50; P=0{4). To conclude, we repont common allelic variants associated with specific fording bohaviour and obesity-melatod anthopo-
metrie rats. Moreover, we identified allkelic variants that significantly influence the time structere of food intake during te day.

Adipokines: Pobymorphisms: Obesity: Nutrition: Feeding behaviour

In Westernsocieties, the prevalence of obesity has been steadily Recently, it has been reported by de Krom er al A2 bt

increasing for the last few decades. Obesity (Online Mendelian
Inheritance in Man™ (OMIM) no. 601665) is generally associ-
ated with an increased risk for candiovascular disomders,
dighetes, lipid disorders and some types of cancer, The disease
is penerally associated with speci fic lifestyle and dietary habits
that imerfere with the given genatic background of the indi-
vidual and several sdies have focused recently on the genetic
hackground of these characteristics™ ', However, resolution
af the genetic factors underlying the susceptibility to certain
feeding or lifestyle behaviour is far from being completed.

Previously, various studies reported a heritable component
for specific feeding behaviour™ . However, the underlying
mechamsms that could explan credibly the inheritance of
food preferences are yet to be elucidated. Various adipokines
and their genetic variability have been found to be associated
with obesity and its related traits; however, the msults are
aften contmdictory ™13,

certain common allelic variants in leptin (LEP) and LEP
receptor (LEPR) genss are specifically associated with dis-
tinctly different eating patterns, namely extreme snacking
behaviour or excessive portion size'™, On the other hand,
Schulz er al. " propose stong evidence for lifestyle-hased,
ie. environmental, influences based on their observations of
Pima Indians and they sugpest that the lifestvle associated
with Westermsation plavs a major mle in the global epidemic
of type 2 diabetes, independently of genstic bacdkground of an
individual ™,

Although it has been reported that genetic van ations underlie
specific eating patterns™ and that specific food preferences
are considered to be arnsk factor for obesity, only a few reports
have focused on these genotype X nutrient associations™,
and none has examined thoroughly the melationship betwesn
the single mucleotide polymorphisms (5NP) in genes encoding
for adipokines and the ime structure of the daily energy intake.

Abbreviations: ADTPOCQ), adiponectin; LEF, leptin; LEFR, lepin moepior; POMC, pro-opiomelnoconting SNF, single mclkatide poly momphism; s0bBR, soluble kepdn
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Our previous study on 185 healthy Caucasian volunteers of
Midd le- European origin did not reveal any sigm ficant associ-
ations of selected SNF in LEF, LEFR, adiponectin ( ADNPOCY),
pro-opiomelanocortin {POMC) and ghrelin genes with specific
food behaviour. Howewer, in further anal yses, distinct trends
were observed towands specific mutritonal behaviour and
therefore the cohont sample was substamtially extended for
the purpases of the present study.

The aim of the present case —contml study on 409 unmelated
individuals of Crech (middle- European) Caucasian ongin was
to analvse the possible associations of eight selected SNF in
obesity-related genes with selected  lifestvle and  dietary
characteristics of studied individuals.

Experimental methods
Study subjects

A total of 404 unrelated Crech Cavucasian individuals were
recruited for the present study in a mass media campaign
addressing the pug)ulatlm of the south Moravia region of the
Czech RC"FIJ':I[‘[L The participants were divided into two
gmups: obese and lean subjects. The inclusion and exclusion
criteria were derived from Ma er al. " The present study
was conducted according to the guidelines laid down in the
Declaration of Helsinki and all procedures involving human
subjects were approved by the Committee for Ethics of
Medical Expenments on  Human Subjects, Faculty of
Medicine at Masaryk University (Broo, Czech Repuhlic).
Written informed consent was obtained from all subjects
and 1t was archived.

The first HL]JJE]‘U'IJF consisted of 252 obese individuals
(BMI = 30 kg/m™; mean BMI 374 (sp 625) kg/m"; median
age 491 yeam: apge range 18:6-T739 years). The contmol
group consisted of 157 healthy normal-weight contmol subjects
with no history of childhood obesity or eating disorder {mean
BMI 252 (sp 3.1) kgﬁnzz median age 37-1 years; age range
18:1-675 years). A set of sixty-four morbidly obese patients
was selected from the uhcta: group (BMI = 40 kg/m~; mean
BMI 455 (3D 54) kg/m®; median age 524 years; age range
186-T732 yeam). These individuals were available for
plasma LEP, soluble LEPR (sObR) and ADIPOC) analvses
and were precisely matched for age and sex with another
sixty-four subjects (control or non-morbidly obese) that under-
went the same set of biochemical analyses,

Anthropometric characteristics

All phenotypic measurements wen: performed by three
specialists and incloded weight, height, BMI, lean body
mass, fat mass, body fat, waist and hip circumferences, waist:
hip mtio and skinfold thickness, Body composibon was
assessed by bioelectncal impedance analysis, using  the
single frequency bioimpedance analyser (BodyStat Lud,
Douglas, Isle of Man, UK), with the subject lyving in a
supine position. The measurement of height was performed
with a calibrated stadiometer and weight (in light indoor
clothes and without shoes) was measuned with a precisely
calibrted set of scales.
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Dhigtary intake

Participants weme furthermone advised to complete standar-
dised 7d food meords. Food imntake data were obtuined
from the study subjects and were further analvsed, whemas
the percentage of daily energy intake from carbohydrates,
fat and protein as well as total energy and macronutrient
mtake were calculated wsing the Nutnimaster Diet Analysis
software modified for the Crech population {Abbott Labora-
tories, Abbott Park, IL, USA). Special attention was paid to
extreme snacking behaviour (defined a5 higher daily energy
intake from snacks than 25 %), eventual dieting, extreme por-
ton sizes and irregulanty in eating. The structure of the duly
energy imake was also investigated — a snacking index (estab-
lished as a mto of daily energy intake from snacks v. dmly
energy intake from the main meals) was calenlated.

Candidate penes

The selection of particular SNP was based on: (1) population
frequency in the Ewropean Caucasian populstion: (2) their
known or potential functional or regulatory impact on feeding
behaviour or association in the case of synonvmous SNP;
and/or (3) a previously described association with obesity or
feeding behaviour.

Genotyping was carnied out for eight SMP in fi ve genes related
to the production of adipokines, comtmol of energy homeo-
stasis, appetite and satiety regulation: LEP (m2167270)
LEPR (rs113710M); ADIPOG (2241766, 4+ 94T/G): IL-6
(rs1B0O797, m 1B00795): POMC (rs3754860, rs10049388).

Gienatyping

DMNA for analyses was extracted from Sml of the patients’
saliva using a standand technigue emploving proteinase
K. Genotyping of each of eight mvestgaed SNP in
ADIPOC, LEP, LEPR. IL6 and POMC genes was perfformed
as  described 'Fl'c'-"i.l.].].‘ilj":]g_zm. using standard PCR-based
methodology followed by restriction fragment length paly-
morphism with subsequent electrophoresis on the agarose
gel with ethidium bromide staining. The DNA fragments
were visualised by UV illumination wsing Image Analyser
(Alphalmager™ 1220: Alpha Innotech Corp., San Leandm,
CA, USA)

All meactions were performed using the XP BIOER Cvcler
(Biver Technology Co. Ltd, Hangzhou, Chima), the ovemll
genotyping success varied between 833% (LEP 4 194/G)
and %7 % (LEPR GInZ23Arg): missing genotypes were due
to either consistent PCR dmopout or depletion of template
DNA. To assess genotyping meliability we performed double
sampling in more than 20% of the samples and found
no differences. We always used quality contmol and negative
comrols were used to identify possible false-positives.

Derermination of plamma leptin. soluble leptin receptor
and adiponectin

Blood samples for total LEP, ADIPCM) and s0bR plasma
analyses were collected after overnight fasting and wers
immediately centrifuged at 1700 g for 20min and then stored
at —BOFC until analysis, Plasma LEP and sObR levels were



Grznotype > nutrient associations 3

measured by commercially available sandwich ELISA (R&D
Systems, Minneapolis, MM, USA) with a sensitvity of
TEpg'ml and 0057 ng/ml, mespectively. Plasma samples for
LEP and s0bR were 100-fold and 5-fold diluted with calibmator
diluent immediately before the assay, respectively. The intra-
and inter-assay CV were less than 3.3 and 54 % for the LEP
assay, and 61 and 86% for the sObR assay, respectively.
Plasma ADIPOQ levels were measured by a commercially
available ELISA (RayBiotech, Morcross, GA, USA) with a
sensitivity less than 10pg/ml. Samples were SO000-fold dil uted
in singlet to assay rangs (41— 1000 pg/ml) with standandised
assay diluent. The intra- and inter-assay CV were less than
10 and 12 %, respectively.

Statistics

The genotype distributions were tested for Hardy - Weinberg
equilibium by a set of y° tests. Allelic frequencies were
estimated by the “counting method” and differences in allele
frequencies between case and contml subjects were tested
by likelihood ratio +* tests for 2% 2 tahles (two alleles, case
v. control subjects). Where applicable, it was finst determined
whether the variable presented a normal distribution using the
Kolmogomow —Smirnov test, and in cases of skewed variables,
loganthmic transformation was performed. For descnptive
purposes, mean values are presented using  untransformed
values, Results are expressed as mean values and standand
deviations unless otherwise stated.

To identify genetic as well as non-genetic variables that
may contnbute to predicting the anthmopometric phenotype
or muiritonal phenotype, we carried out a forward stepwise
logistic regmession, a sequential procedure of adding one
input variahle at a time to build up a regression model n
which the dependent variable (ie. presence or absence of
ohesity) 1s represented as the linear combination of indepen-
dent wvariables (anthropometric and mutritonal - parameters
and genotypes of eight investigated SNP). In this analysis,
the codes of genotypes wene used as quantitative variables
AA=0 AB=1, BE=12)

OR were calonlated using the multiple logistic regression
amalvsis models; we adjusted for covariates incuding age
fcontimuous), BMI (<223, 23-24.9, 25-294, 30-344,
or = 35kg/m®), sex, smoking (never, past, and current),
aleohol intake (non-drinker and donker (01-49, 5-10, or
=10g/di), family history of obesity and menopausal status
in females.

Using sample tertiles, the nutrent variables wen: cate-
gonsed in thres groups of equal size (the upper third, the
middle thind and the lower third) as descrbed by Santos
et al. ™. Each nutrient variable was then included in logistic
regressions a5 binary indicators leaving one category as the
meference.

The data analysis was performed using the Statistica v. 8.0
(Statsoft Inc., Tulsa, OK, USA) progmm package. The values
af P<(H)5 were considersd statistcally sigmficant.

Results

The baseline demographic, anthropometric, dietary and clini-
cal characteristics of the study subjects in relation to sex are
listed in Table 1. The allele frequencies of all examined

SMNP excesded 0405, The Hardy—Weinberg equilibrinm test
showed that the examined polymorphisms, except for the
ADIPOO 45T/G and ADIPOO 94T/G polymorphisms in
the obese gmoup, were in Hamdy—Weinberg equilibrium.
Moreover, no significant differences both in genotvpe distni-
butions and al lele frequencies were observed when comparing
the morbidly obese cobort (BMI = 40 kg/m®) with the controls
and the obess cobort (30 < BMI = 40kg/m®) with the
controls (BMI = 30 kgim®) (Table 2.

Effect af single nucleotide polymorphisms on anthropometric
characreristics (BMI, waist:hip ratio, total body far, skinfold
thickness)

In the next step, we tested whether these SNP had any effect
on anthmpometric characteristics related o obesity in the
study subjects,

Univariate logistic regression analysis mevealed that the
subjects with the GG genotype of LEP 4 194/G had a 1.9
higher risk for the development of cbesity compared with
subjects with the LEP 4 19 A allele (OR 1.9 (95% CI (87,
302y, P=0:002). Moreover, the AA homozygotes of the
LEPR GIn223Arg polymorphism carfed in the univariate
analvsis approximately half the nisk for the development of
increased diastolic blood pressure when compared with the
G allele carers (OR 049 @5% C1 (012, 132) P=0002),
In the multivariate megression modelling across all the swdy
subjects that was hased on the results of the univariate anal-
ysis, the LEP 4 194/G polymomphism expressed an indepen-
dent prediction role for BMI (f = — 015 P=0:02), while
LEPR GIn223Arg was significantly comelated with diastolic
blood pressume (B = —(015 P= (:02). When analysing the
pussible relatonships between the SNP and the thickness of
the skinfolds, LEP 4 194/G expressed a significant prediction
role for the thickness of the tnceptal skanfold (f = — 014
P=0Hk) and ADIPOG 4+ 94T/G was comelated with the
thickness of the subscapular sknfold (f =013 P=004)
Moreover, LEP + 194/G and POMC Rsal expressed an inde-
pendent prediction role for percentage of body fat in the mult-
vanate analysis (B = — 017, P=0008; B =013 =013,
P=003, respectively).

Effect of single nucleotide polymorphisms on dietary
characreristics and food preferences of the smdy subjeas

In the univanate regression modelling, none of the examined
polymorphisms served as an independent predictor for percen-
tage of daily energy intake from macronuiments or abnormal
eating patterns (extreme snacking behaviour, extreme portion
sizes, night eating, imegular food mntake; NS). When analysing
the generl eating behaviour patterns in the tertile anal ysis, the
presence of extreme snacking behaviour was in the total
studied cohort (obese plus non-obese individuals) associated
with lower obesity risk (Table 3). This effect was also
observed in females separately (OR 042 (95% CI 023
0771, P=04003), but not in males (OR 1:26 (95 % CI 042,
374) P=0-4).

When analysing the distribution of energy intake during the
day, the ADIPOG) + 45TIG polymorphism was in the univan-
ate regression modelling associated with the energy value of
breakfast, defined as the fimt meal dunng the day (f = 015,
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Table 1. Descriptive statetics of hw patients’ baseline characterstcs
(Mean values and standard deviathons)

Group. .. Obese (n 252 Moidly obese (n&4)° Confrols (n 157}
Femaie Males Females Maes Femsdes Males
Mean an Mean an Mean an Mean 8D Mean a0 Mean a
Bubjects (n} 188 &1 54 1% 120 a7
Body compostion
Age (years) 501 114 A6-4 122 516 106 A8T 130 388 132 368 -0
BMI (g} 375 &3 370 &0 453 52 A5G 53 250 3 257 25
Body fat (%) 463 53 328 &7 524 a1 418 38 35 70 185 &0
Duatary intake —
Enengy (k) THAB 2410 1079 3201 T34 1885 10357 3304 T 1768 10747 2435 =]
Protemn (% enengy) 156 35 14-8 27 156 30 156 35 14-2 25 13-4 18
Carbohydrates (% energy) 434 54 A6 54 496 &7 488 a9 511 &1 51-6 61 E
Fat (% energy) 350 43 356 5.2 348 a5 356 53 347 &7 348 58 £
Homonal statust o
Legtin (ngimi} 456 258 T3 177 454 256 384 185 256 281 HA =
S0bR (ngimi) 20.4 43 168 40 202 43 183 40 27.7 52 NA E
Legtin:=0ObR rato 2.4 14 2.2 [:] 24 13 23 08 11 10 NA "
Adponectin (pgmi) 23 &1 &4 &6 28 a1 &8 &7 a7 &6 NA E
Anfropometry -
Waist croumierance (om) 1039 LX) 1160 a2 1245 102 1414 1"z &21 a7 201 16
Hip crcumterence {om) 132 76 1141 &1 1384 126 1370 108 023 78 1004 a2
Waisthip ratio o9 [i13] 1-0 o1 09 (3] 10 01 08 01 09 (3]
Shnfoid fuckness (mm)
Supraspnal skntokd 260 k] 231 2] 303 125 320 164 184 244 153 58
Subscapular skaniold 301 216 284 &7 354 100 3140 146 181 106 224 X
Biceptal sknfoid 221 &4 ] 56 263 &2 251 &80 145 51 13 &3
Triceptal skiniold 256 56 228 70 k] L] 81 74 215 55 165 53
Sum of gl skinfolds w77 275 21-3 200 1228 30-3 172 333 T4-2 315 654 28
Sysiolic bieod pressure (mmHgh 1352 195 141-0 175 1400 247 140:3 170 1213 173 1258 125
Diasiolic blood pressure fmmiHg) &30 1490 w23 136 31 178 57 128 817 111 TIT 1z
A, not analysed.
*Subsat of obess st
tAnalysed in 3 aubsot of ndhiduale, conssing of $ha skoy-four mortidly cbese bt and sxty-our subjects oM e oher goups mathad by age and sax.
Table 2. Distrbutons of genotypes and allsles of examned polymonphiama in the aisdied subpopuBtions”®
Polymorphiam Genotypes Aleles
ADIFOC raZ241766 (+45T/6) (synonymole coding, GGT — GGG, Gy — Gy) T TG GG P T a P
Obese cases 149 (81} 28 (15) 7 i) 036 326 (89) 42 (1) 042
Morbidy chese cases 51 (80 12 (19) 1(1) 000 114 (B4} 14 (1€} 084
Controls 126 (82 25 (18) 2e) - 277 (31) 29(3) -
ADIPOQ +84T/G (synonymous coding, GGT — GGG, Gly — Gy) T TG aa P T a P
Obese cases a7 (61) a5 (28) 16 (1) 028 239 (76) 77 (24) o074
Morbidy chese cases 35 (61) 19 (33) 36 086 89 (78) 25 (22) o078
Confrols B2 (59 48 (36) BBl - 212(77) &4 (23) -
LEF rsZ16T270 (+19A4°G) (5 UTR) AR AG G P [ A P
Obese cases T3 (404 84 (46) 24 (14) 08 230 (83) 132 (37) 085
Morbidly chese cases 30 (45 28 (42) 6 (13) 041 88 (69) 40 (31) 024
Controls 58 (37) 80 (52) 18 (11} - 196 (83} 116 (37) -
LEPR rs1137101 (+27265AG) (synonymous coding, CAG — CGG, Gin— Arg) AR AG GG P A G P
Obese cases 48 (26 o8 (53) 30 £21) 030 194 (52} 176 (48) 059
Morbidy chese cases 20 (31) 33 (51) 12 (18) 086 77 (57} 57 (43) 075
Controls =0 (33 7O (45) 38 @3} - 170 (54} 142 (48) -
POMC rs3754860 (+ 17380/ T) (5 UTR) ++ + - - - P + - P
Obese cases 76 (41) 20 (42) 19 (10} 088 242 (85} 128 (35) 040
Morbidy chese cases 23 (39 34 (52) B (13) 034 80 (62) 50 (38) 016
Controls T1 (45 73 (46) 13 @) - 215 (82) 29 (31) -
POMC rs1 009388 (+10320/G) (ntonic) (e [ec} GG 4 [ G P
Obese cases 11 (59 &4 (34) 127 075 2B (TE) B8 (24) 089
Morbidy chese cases 40 (62 21 (3) 4 B) 081 101 (78} 29 (22) 088
Controls 28 (53 48 (31) 127 - 240 (77} 72 (23) -
IL-6 rs1B00TST | 5364/G) (5' UTR) a6 GA AL P ! A P
Obese cases =8 (37 20 (51) 3 (17} 004 202 (57) 152 (43) 075
Morbidy chese cases 22 (34) 28 (44) 14 22} 054 72 (58) =8 (44) 084
Controls 46 (30} 80 (52) 28 (18) - 172 (38} 136 (44) -
1L rs1B007I5 (— 174G/C) (5 UTR) ce ca aa P [+ a P
Obese cases 54 (31) a2 (52) 30 (17} LEE] 200 (57) 152 (43) 0E7
Morbidy chase cases 20 (31) 30 (47) 14 22} 082 70 (55) =8 (45) 043
Controls 43 (30y 75 (51) 28 (19) - 181 (55} 131 (45) -

ADIPO0, adiponectn; LEP, lapin; UTA, untsinsied regior; LEPA, lapin recepto r; POMG, po-opomelanocorsn.
of e

“Humbas inp am
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Table 3. Association betwesn e upper and lower tertles of extreme snacking behaviour with chesity in

he shudied cohorts

Otsesity (+) Otsesity (—)
% Taaln % Totd n OR 95 % Ol P
Total 057 035, 0-96 0018
Upper tertile 7= 248 53 155
Lovwver tartile b ¢ 248 42 155
Male 1-26 042, 3-74 0-44
Upper tertile 13 &1 7 36
Lovwver tartile B 61 12 36
Female 0-12 023, 077 0-003"
Uipper tertile & 187 52 113
Lovwver tartile & 187 3 112
P00

P=002). In the multivariate modelling adjusted for age, sex
and smoking, the LEPR Gln223Arg polyvmorphism was posi-
tively cormelated with the energy value of the dinner
(B= 013 P=0404), whersas the GG carriers expressed a
trend towand higher energy intake later on, in their dimner.
Moreover, the LEP 4 194/G polymomphism was cormelated
with the energy value of the supper (B= 013 P=0.05),
with the AG heterozygotes expressing a tendency toward the
highest energy intake in their supper.

In the sbove-defined subset of patients, LEP, sObR and
ADIPOC) plasma levels were analysed in relation to exam-
ined SMP. Meither ADIPOQ + 45T/G nor +MTIG was
associated with ADIPOO plasma levels either in the obese
or lean individuals. The LEPR GIn223Arg polymorphism
wis  comelated  with  the  ADIPOO)  plasma  levels
(B= —0:28; P=0:03), whereas the GG homozygotes were
showing on average the lowest plasma ADIPOO) levels.
The Rsal polvmomphism was associated with both plasma
LEP levels (P=0:007) and the LEP:sObR ratio (P=(-003).
Furthermore, the bivariate analysis was  performed on
examined polyvmorphisms to assess possible  associations
of LEP, sObE and the LEP:sObRE ratio or ADIPOK) and
dietary charactenstics. To control for possible confounders,
the results from the bivarate correlaton analvsis were
consecutively explored using multivariate analysis using
logarithmical ly transformed plasma LEF and sObR and LEF:
sObR ratio regressed on total energy intake as well as on the
energy intake provide by each macronutrient’™. However, no
significant associations were ohserved.

In a separate analysis, sObR plasma levels and the LEP:
sObR ratio were significantly cormelated with systolic blood
prssure (= —066, P=0402; B= —1.23, P=0:02) and
sObR plasma levels also served as an independent predictor
for digstolic blood pressure (B = — 0:50; P=0404).

Discussion

The investigation of genotype X nuirient interactions is a
general base for a better understanding of the mul tifactorial
pathogenesis of complex diseases as well as for the identi-
fication of obesity-related traits, Unfortunately, the evaluation
of genotype ® mutnient associations seems to be extremely
difficult, mainly because of the complicated epidemiology of
obesity, too many candidate genes investigated and also

because of the small power of the reported ohserved findings,
altogether making the investigation of genotype x food prefer-
ences highly tangled and difficult to accomplish'™®.

In the present study, we investigated the associations of
eight SNP in adipose tssuerelated genes in a cohort of
4(F individuals with precisely quantified anthropometric and
dietary characteristics and we employed different statistical
maodels to precisely assess interactions defined as departures
from the multiplicative risk ratios'™ thus strengthening our
analysis,

The allele frequencies and genotype distributions within the
present study closely resembled those previously reported in
other Caucasian European populations'™ > no significant
differences were observed both in allele and genotypes
frequencies and these were highly similar to those reported
for the HapMap CELU population (Utsh residents with ancestry
from northern and western Europe)™",

Moreover, the results of the present study refer to the poss-
ible interaction between the carfers of the penetic vanant of
the LEF + 19A/G polymorphism and various anthropometric
parameters including BML percentage body fat and skinfold
thickness, Our findings are partially in accordance with the
findings of Mizuta er al. *", as we did not chserve any associ-
ation of the LEP + 19A/G polyvmorphism with plasma LEP
levels either; however, we did not confirm any associations
of LEP + 194G or LEFR GIn223Arg with sweet preference
described by these Japanese investigators,

Analysis of the anthmpometnc parameters mevealed a
significant association of ADIPOCY 4+ TG with subscapular
skinfold thickness, As reparted by Yang er al ®* the synon-
ymous mutation ADIPOCY + 94T/G might affect steady-state
mBNA levels by altering RNA splicing or stability ™™,
This TG or linked polymomphism nearby could therefore
affect mRMA splicing or stability and lead to extensive
metabolic consequences that might result in varving body fat
distribution. The strong linkage disequilibrium with type 2
digbetes, measures of adiposity, and insulin levels found in
the chromosomal region where the ADIPON) gene s
located®™* ™ suppest that somewher on this locus a
common genetic variant should be located, such as the T-G
polymorphism in the ADIPON) gene, that expresses measur-
ahle effects on adiposity-related traits. As far as we know,
the present study is the fimt to report an association of
ADIPOC) + MTIG with skinfold thickness,
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Muoreover, we ohserved a significant effect of the * —°
allele of the POMC Rsal polymorphism on the percentage
of body fat, where the * — —" homozygotes presented with
the highest percentage of body fat when compared with the
“ 4 " allele camiers. This is in contrast to the study by Baker
et al. ™ who did not observe any effects of Rsal an BMI
or waist:hip rabo; moreover, we did not observe the associ-
ation of the POMC C1032G polymorphism with the waist: op
mtio or BMI reported by these authors.

Surprizingly, the tertile analysis of the macronutnent intuke
revealed that the presence of extreme snacking behaviour
was in the total studied cohort (obese cases plus non-obese
individuals) associated with lower obesity nisk, which contra-
dicts the penemlly accepted model of muaintaining steady
body weight. The present mesults are in accordunce with a
study by Liomt er al ®™ on 748 French children, as the
authors concluded that a combination of more feguent
food intake occasions and lower contribution of the main
meals to total duily energy intake is associated with a smaller
nsk of overweight in children. However, the ohserved pat-
tems were not consistently expressed in males in the present
study and thus conclusions on these eating pattems in relation
to obesity risk require further investi gation. passibly with a
prospective design.

Furthermore, significant interactions with vanous dietary
and  cimadian  charactenistics conceming  the  LEPR
GIn223Arg polymorphism wen: ohserved. Recently, it has
been repotted by Guizar-Mendoza et al. ™ that adolescent
individuals with the A allele (A/A and AMG) had higher
heart sympathetic activity. body fat percentage and LEP
levels. This is partially in contrast to our findings of higher
plasma LEP levels in G allele carners (GG + GA), also
ohserved in our previous study™™; however, the G allele
carmriers in the present study presented with lower body fat
percentage, which is in accordance with the Mexican adoles-
cent cohort. The finding of half the risk of AA carriers for
diastolic blood pressure in our cohort s also in contmst
to this Mexican study, whens a sympathatic effect of the
A allele was observed. The present study is so far the fimt
to demonstrate any effect of LEFR GIn223Arg on the structur-
ing of energy intake durng the day, and thus it provides a
hasis for further investigation of the possible association of
GIn223Arg with eating behaviowr and imvolvement of this
polymomhism in the mgulation of circadian rhythmicity.
In this context, the observed significant association of the
LEPR GIn223Arg polymomphism with the blood pressure
values 15 of particular importance.

We did not confirm the observations by Yamnakoulia
et al. ™ that the sObR is positively associated with energy
intake from carbohydrates and negatively with energy
intake from dietary fat, whereas the free LEP index was in
this study on a Greek population negatively  associated
with energy intake fmom carbohydrates and positively with
energy intake from dietary fat, thus contrusting with the
present msults. The present study also did not reveal amy
associations of free LEP and s0bR with energy mtake and
the macromutrient composition of the diet reported by Yanna-
koulia et al. ™,

The main strength of the present study is the use of state-
of-the-art  methodology  including 7d food records  for
evaluating the subjects’ dietary intake. The 7d food records
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provide quantitatively accurate information on food consumed
during the mrecording period by reconding food while it is con-
sumed, the problem of mporting bias or omission 15 lessened.
whemneas subjects are not restricted to selecting from a prede-
termined list of foods included in a FEQU™. Although con-
founding was appropriately controlled for through standard
statistical procedures, there is always a possibility of residual
confounding by other serum adipolines, genetic factors or
unmeasured and unknown factors that have o be considered.
Confimmation of the present results by future studies on differ-
ent populations and above all the precise assessment of the
adipoline genes in melation to the tme strocture of daily
energy intake are warmnted.

To conclude, the present population-based case—control
study mevealed significant associations of selected polymorph-
isms in genes encoding for adipokines both with percentage
body fat, skanfold thickness and specific dietary composition
and time pattems of fesding behaviour.

Ench author has made an important scientific contribution to
the study and has assisted with the drfting or revising of
the mamuscript, in accondance with the defimiion of an
author as stated by the International Committee of Medical
Journal BEditors,

The presemt study was supported by the Ministry of
Education of the Czech Republic (gramt no. 881/2006) and
by a project of the Danone Institute of the Coech Republic
(DANONE2NIT) focused on genetic vanability of adipokines
in obese individuals,

The authors are grateful to Dana Polagkova, Petra Prikry-
lova, Svatava Tschoplova and Jarmila Lawsova for technical
assistance, 'We thank Katefina Hecekovd, Zlata Piskatkova
and Lenka Kuoerowvi for their assistance in pmcessing and
analysing food records.
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4.6. ASSOCIATION OF GENETIC VARIABILITY IN SELECTED
REGIONS IN VISFATIN (NAMPT) GENE WITH
ANTHROPOMETRIC PARAMETERS AND DIETARY COMPOSITION
IN OBESE AND NON-OBESE CENTRAL-EUROPEAN POPULATION

Resumé

Visfatin je vyznamnym adipokinem s inzulinomimetickym piisobenim, ktery mé radu ucinki
na urovni intracelularniho i intermediarniho metabolismu. V této studii jsme zkoumali, zda a
piipadn¢ jak souvisi geneticka variabilita v genu pro visfatin s antropometrickymi
determinantami obezity a slozenim potravy. Analyzovali jsme celkem 6 exonl v genu pro
visfatin u 20 extrémné obéznich jedincii (primémy BMI 52,2 + 5 kg/m?) a frekvenci
sledovanych SNP jsme dale ovéfili na validaéni kohorté 605 jedincu. ldentifikovali jsme
pfitomnost tfi ¢astych SNP — dvou v nekddujicich oblastech pfiléhajicich ke sledovanym
exonum (rs78411774 AJC, rs71564769 A/C) a jednoho synonymniho SNP v exonu 7
(rs2302559 A/G). Posledni zminény polymorfismus byl vyznamné korelovan s hladinou
visfatinu v celé populaci, v€etné rozsahlé validacni kohorty s riznym BMI (p<0,001). Navic
byla pozorovana vyznamna inverzni korelace hladin visfatinu a leptinu. Nebyla naopak
pozorovana asociace mezi zkoumanymi SNP a sledovanymi antropometrickymi ¢i nutri¢énimi
parametry.

Jedna se o prvni studii, ktera popisuje, ze polymorfismus rs2302559 ma ptimy vliv na

cirkulujici hladinu visfatinu.
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Abstract: Visfatin (NAMPT/PBEF) is a recently identified adipocytokine which
harbors strong insulin-mimetic activity and was reported to be associated with
obesity. However,nothing is known about whether visfatin is related to specific
nutritional behavior which may result in obesity development. This is the first
study focusing on genetic variability of the visfatin gene and its association with
circulating visfatin, anthropometric parameters and dietary composition.We
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analyzed a total of 6 exons and adjacent non-coding regions of the NAMPT gene
in 20 extremely obese Czech individuals (mean BMI 52.2 + 5.0 SD) using direct
sequencing and a frequency of rs2302559 was established in the validation cohort
of another 605 individuals with completed 7-day food records and complex
anthropometric measurements. Serum levels of visfatin, leptin and leptin-receptor
were measured in all sequenced individuals and in part of the validation
cohort. Three common polymorphisms were identified, two in non-coding regions
(rs78411774 AIC, rs71564769 AJ/C) and one synonymous SNP in exon 7
(rs2302559 A/G). The rs2302559 showed significant correlation with visfatin
serum level throughout the entire study cohort (p < 0.001); there was a significant
tendency towards higher visfatin levels in G allele carriers with GG homozygotes
having the highest visfatin serum levels. Furthermore, a negative correlation was
observed between visfatin and leptin serum level (p = 0.01). No association
between investigated SNPs and anthropometric parameters or native dietary
composition was observed.This is the first study to demonstrate that the
rs2302559 polymorphism in the PBEF gene is related to circulating levels of
visfatin. As the SNP is synonymous, we hypothesize it might be linked to another
SNP in the PBEF gene which controls visfatin serum levels.

Keywords: Visfatin, NAMPT, SNP, dietary composition, anthropometric
parameters, extreme obesity

1. Introduction

Visfatin is a recently identified adipokine [1] associated with obesity development, insulin-
resistance, plasma lipids profile, atherosclerosis, inflammation and many other conditions.
The visfatin/NAMPT gene is located on the 7922.3 complement strand , contains 11 exons
and spans a region of 34.7kb. The product of the gene was originally recognized by Samal et
al. [2] in 1994 as a pre-B-cell colony-enhancing factor which was identified in peripheral
blood lymphocytes and which induced lymphocyte maturation and inhibited apoptosis of
neutrophils [3]. Subsequently, the same protein was identified as an intracellular enzyme
further characterized as the nicotinamide phosphoribosyltransferase (Nampt), which is a key
limiting step in the nicotinamide adenine dinucleotide (NAD+) biosynthesis pathway [4].
Furthermore, it was demonstrated that the extracellular visfatin also harbors a strong
enzymatic activity and that it participates in the regulation of insulin secretion from pancreatic
beta-cells [5].

In 2005, Fukuhara et al. [1] reported increased expression of the NAMPT gene product
within visceral adipose tissue and named it accordingly: visfatin. In his observation of 101
males and females, a significant positive correlation between visfatin plasma levels and the
amount of visceral adipose tissue was observed. On the other hand, only a mild association
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between the circulating visfatin and subcutaneous adipose tissue was demonstrated in the
study. The authors also observed an increase in visfatin plasma levels during obesity
development. However, the most important finding of the study was the insulin-mimetic
activity of visfatin via the insulin receptor. Similarly to insulin, visfatin induces
phosphorylation of the insulin receptor (IR) and also IRS1 and IRS2 (insulin receptor
substrate). Moreover, visfatin binds to PI3K (phosphatidylinositol 3-kinase) and induces
phosphorylation of Akt (protein kinase B) and MAPK (mitogen-activated protein kinase). An
interesting finding, making visfatin signaling an attractive therapeutic target in insulin
resistance and T2DM, is the ability of visfatin to bind to IR on a different site than insulin.
The importance of visfatin in metabolic pathways is supported by the fact that homozygous
mice with visfatin deficiency die during early embryogenesis. Insulin-mimetic activity of
visfatin was also observed in experiments on heterozygous mice with mutated NAMPT gene.
Heterozygous mice had slightly increased plasma glucose levels in comparison with the wild
type individuals. When the authors focused on visfatin effects in cultured cells, effects similar
to insulin were observed. Not only had visfatin influenced the glucose uptake into 3T3-L1
adipocytes and L6 myocytes, it also suppressed glucose release from H41IEC3 hepatocytes.
Furthermore, visfatin stimulated the accumulation and synthesis of triglycerides in cultured
mice preadipocytes, and thus is likely to influence the differentiation of adipose tissue in
much the same ways as insulin does [1]. Visfatin is not exclusively expressed by adipocytes,
there are others sources of visfatin in circulation [6]. In addition to adipocytes and leukocytes,
visfatin is also expressed in hepatocytes [7] and skeletal muscles [8]. When a person is
becoming obese, the amount of adipose tissue macrophages (ATM) in visceral fat increases
and these macrophages become a major source of visfatin in circulation [9]. Obesity and its
associated accumulation of white adipose tissue (WAT) is linked to a low-grade inflammation
and it is associated with tissue hypoxia [10]. One of the possible explanations of increased
visfatin expression under these conditions is a regulation of its expression through a hypoxia-
inducible factor 1a (HIF1a), which is a transcription factor accumulated during hypoxia and
plays a key role in adaptation to hypoxia. HIFla is binding to two hypoxia responsive
elements (HREs) of visfatin promoters in mice and promotes visfatin expression [11].

As mentioned above, there is a considerable amount of evidence that visfatin has
pleiotropic endocrine, paracrine and autocrine effects. As visfatin harbors certain insulin-
mimicking effects, it could influence specific nutritional behavior which may further result in
obesity development. This is the first study to evaluate the association of visfatin
concentration in relation to the genetic variability of the NAMPT gene, adipokines and
anthropometric parameters related to obesity and native, unmodified, dietary composition in
the Central-European population.

2. Material and Methods

2.1. Subjects
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A total of 10 women and 10 men (mean age 47.8 y £ 11.6 [SD]) with extremely high BMI
(mean BMI 52.2 [kg/m2] = 5.0 [SD]) were selected from a large population cohort of 673
volunteers of Central-European Caucasian origin, more information on recruitment of the
subjects is provided elsewhere [12]. Of the original cohort of 673 individuals, a total of 605
subjects were available for genotyping of the rs2302559 A/G polymorphism in the NAMPT
gene to validate the population genotype and allele frequencies of this polymorphism. The
complete native nutritional profiles (food frequency questionnaire (FFQ), 7-day food records)
were obtained from all the study subjects along with anthropometric information (BMI, body
fat percentage, skin fold thickness, waist and hip circumference, W-H ratio). Food intake data
were obtained from the study subjects and further analyzed, whereas the percentage of daily
energy intake from carbohydrates, fat and protein as well as total energy and macronutrient
intake was calculated using the Nutrimaster Diet Analysis software modified for the Czech
population (Abbott Laboratories, Abbott Park, IL, USA). Special attention was paid to
extreme snacking behavior (defined as higher daily energy intake from snacks than 25 %),
eventual dieting, extreme portion sizes and irregularity in eating. All phenotypic
measurements were performed by the same specialists and included weight, height, BMI, lean
body mass, fat mass, body fat, waist and hip circumferences, waist-to-hip ratio (WHR) and
skin fold thickness. Body composition was assessed by means of bioelectrical impedance
analysis, using a single frequency bioimpedance analyzer (BodyStat Ltd, Douglas, Isle of
Man, UK) with the subject lying in a supine position. The measurement of height was
performed with a calibrated stadiometer and weight (in light indoor clothes and without
shoes) was measured on a precisely calibrated set of scales.

2.2. Biochemistry

The number of adipokines was measured in the serum samples of the study subjects using
ELISA (leptin, leptin receptor, adiponectin, adipsin, agouti-related peptide) and visfatin
circulation levels were determined in all sequenced individuals and in a subset of 128
individuals from the validation cohort, consisting of the sixty-four obese subjects and sixty-
four subjects from the non-obese cohort matched by age and sex.

Blood samples for the serum analyses were collected following overnight fasting and were
immediately centrifuged at 1700 g for 20 min and then stored at -80 °C until analysis. Serum
levels of the respective adipokines were measured by commercially available sandwich
ELISA (R&D Systems, Minneapolis, MN, USA), where intra-assay variability did not exceed
10 %.

2.3. DNA Analysis

Principally, the appropriate pairs of primers were designed using the ExonPrimer program
for exons 3 to 8 based on the gene sequence obtained from the Ensembl database
(www.ensembl.org); exon 1 and 3 were not analyzed. PCR reaction for the amplification of
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the exons was carried out using the TouchDown PCR  reaction
(www.pcrlinks.com/variants/touchdown.htm).

The total of 6 exons were used for direct sequencing using the ABI PRISM 3130 sequencer
with the BigDye Terminator v3.1 Cycle Sequencing Kit, used as per the manufacturer’s
instructions. The sequenced regions were further analyzed and compared with the database
sequence (www.ensembl.org) using the SeqScape Software v. 2.5 from Applied Biosystems.

Genotyping of rs2302559 A/G was performed using the XP BIOER Cycler (Bioer
Technology Co. Ltd, Hangzhou, China); overall genotyping success was 100 %. In order to
assess genotyping reliability, double sampling in over 20 % of all samples was performed; no
differences were found. Quality control and negative controls were always used in order to
identify possible false-positives. PCR products were digested using the Tagl exonuclease and
set on 2% agarose gel to visualize the respective fragments.

2.4. Statistics

All statistical analyses were carried out using Statistica 8.0. Data were tested for normality
using the Kolmogorov-Smirnov test and log-transformed where necessary. Pearson’s
correlation coefficient was used to determine whether linear associations were present and
multivariate linear regression modeling was used to determine significant predictors of
visfatin concentration. Differences in the log values of serum visfatin concentrations and their
association with dietary and anthropometric findings were examined with one-way ANOVA
followed by Tukey’s pairwise multiple comparison method, with the assumption of
homoscedasticity verified using Bartlett’s test.

In order to identify genetic as well as non-genetic variables which may contribute to
predicting the anthropometric or nutritional phenotype, we carried out a forward stepwise
logistic regression, a sequential procedure of adding one input variable at a time to build up a
regression model in which the dependent variable (i.e. the presence or absence of obesity) is
represented as the linear combination of independent variables (anthropometric and
nutritional parameters and genotypes of three investigated SNPs). In this analysis, the codes
of genotypes were used as quantitative variables (AA =0, AB =1, BB = 2).

Unless otherwise indicated, data are given as mean + standard deviation (Std); p values
less than 0.05 were considered significant in all tests.

3. Results

The basic descriptive statistic of the patients’ baseline characteristics of the morbidly obese
sequenced individuals are given in Table 1, descriptive characteristics of the validation cohort
is provided in Table 2.
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Table 1.Descriptive statistics of the patients’ baseline characteristics (mean values
and standard deviations)—the sequenced individuals.

Morbidly Obese

Females Males p

Subjects (N) 10 10
Age (years) 48.60 £10.38 46.92 +13.20 0,706
Body composition
BMI 54.80 £4.06 49.66 + 4.58 0.013
Body fat (%) 56.60 +2.29 43.33+£2.82 <0.001
Dietary intake
Energy (kJ/day) 7501 + 2302 9005 + 3435 0.364
Proteins (% energy) 16.35 £ 4.09 15.20+3.16 0.345
Carbohydrates (% energy) 49.81 £ 6.87 50.69 £4.31 0.427
Fat (% energy) 34.00 +£5.97 33.86+5.21 0.762
Fluids intake (ml/day) 1982 + 1080 1393 + 792 0.186
Cholesterol (mg/day) 237.32+£93.19 210.79 £ 105.64 0.564
Biochemistry
Visfatin (ng/mL) 1.80 £0.97 1.50 £ 0.89 0.289
Leptin (ng/mL) 62.66 £ 29.72 4545+ 18.63 0.253
Leptin receptor (ng/mL) 17.87 +£2.44 17.70 £2.90 0.704
Adiponectin (pg/mL) 8.10+5.04 9.36 £7.08 1
AgRP (ng/mL) 75.71 £ 14.24 80.28 = 12.69 0.762
Adipsin (pg/mL) 3669 + 1085 3363 £ 747 0.594
Anthropometry
Waist circumference (cm) 136.35+11.17 145.90 + 11.99 0.096
Hip circumference (cm) 151.65 £13.67 142.00 £ 7.04 0.112
Waist-to-hip ratio 0.91+£0.10 1.03 £0.08 0.006
Skinfold thickness (mm)
Supraspinal skinfold 39.71 £ 7.80 38.00+£9.12 0.816

Table 1. Cont.
Subscapular skinfold 43.22+9.92 36.00 +5.13 0.111
Biceptal skinfold 35.78 £9.55 2470 £ 6.72 0.022
Triceptal skinfold 37.44 £6.78 28.30 + 7.60 0.008
Sum of skinfold thickness 155.86 £21.74 131.14 £ 16.07 0.025
Blood pressure
Systolic blood pressure (mmHg) 147.25 £ 18.81 138.90 £ 18.31 0.450
Diastolic blood pressure (mmHg) 100.75 +10.98 93.50 +£12.98 0.307
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Table 2.Descriptive statistics of the patients’ baseline characteristics (mean values
and standard deviations)—the validation cohort.

Non-Obese Obese

Females Males Females Males p
Subjects (N) 172 63 264 106
Age (years) 39.96 +13.61 4229+14.84 51.25+11.67 50.20+12.57 <0.001
Body composition
BMI 24.88 +£3.46 26.10 £2.42 37.08+6.18 36.79+5.70 <0.001
Body fat (%) 3128+7.30  21.45+6.07 4585+594  3388+6.72 <0.001
Dietary intake
Energy (kJ/day) 6203 + 673 7862 + 1265 6735 + 764 9003 + 1156  <0.001
Proteins (% energy) 14.07 £ 2.55 13.53£2.00 15.48 £3.37 1491 +2.66 <0.001
Carbohydrates (% energy) 51.46 £5.37 51.29 + 5.87 49.24 £5.55 49.09+4.84 <0.001
Fat (% energy) 34.51 +4.80 34.98 + 5.64 35.16 £ 5.04 3596 +£4.75 0.107
Fluids intake (ml/day) 1607 + 688 1579 £ 764 1473 + 628 1561 £ 690 0.911
Cholesterol (mg/day) 180.80 £ 83.69 261.86+118.02 205.28 £91.16 278.53 +131.66 0.003
Biochemistryy
Visfatin (ng/mL) 6.29 £21.90 3.34+£4.10 1.71+£1.73 15.02+56.74  0.283
Leptin (ng/mL) 29.61+28.10 2325+18.17 46.21+2633 37.26+17.74  0.014
Leptin receptor (ng/mL) 27.68 £5.25 26.40+3.11 20.15+4.17 16.80 +4.05 <0.001
Adiponectin (ug/mL) 9.24+5.81 531+2.50 9.01 +6.39 8.55+7.41 0.996
AgRP (ng/mL) 89.05+24.92  99.24 +24.03 77.48+20  78.61+11.99  0.003
Adipsin (pg/mL) 2196 + 255 2325+ 530 3191 + 788 3148+719  <0.001
Anthropometry
Waist circumference (cm) 81.08+10.04 92.31+£9.56 109.17+12.88 120.74+14.08 <0.001
Hip circumference (cm) 101.88+£7.64 101.24+4.88 123.40=+12.65 118.20+11.05 <0.001
Waist-to-hip ratio 0.79 £ 0.07 0.91+0.08 0.89 +0.07 1.02 +0.07 <0.001
Skinfold thickness (mm)
Supraspinal skinfold 16.61 +5.94 15.11£6.36 27.24 + 8.60 24.93+9.43 <0.001
Subscapular skinfold 18.03 £ 6.26 17.91 £7.02 30.61 + 8.33 29.42+9.60 <0.001
Biceptal skinfold 13.92+5.24 10.65 £ 6.06 23.13+7.03 18.05+7.09 <0.001
Triceptal skinfold 20.83 £5.67 16.13 £ 6.53 30.33+ 591 24.01+7.59 <0.001
Sum of skinfold thickness 69.39+£19.25 61.13+£20.31 110.55+23.38 94.76+25.95 <0.001
Blood pressure
Systolic blood pressure (mmHg) 120.06 +18.46 128.62 +13.16 136.95+18.49 141.44+21.62 <0.001
Diastolic blood pressure (mmHg) 80.21 +11.71 80.57+9.84 89.4+11.54 9095+14.14 <0.001

7 Analysed in a subset of individuals, consisting of the sixty-four obese subjects and sixty-four subjects from the non-obese cohort matched

by age and sex.

p value refers to the comparison between the lean and obese subject (males and females pooled together).

No novel unreported mutations were identified in our study. When analyzing the coding
sequence of the NAMPT gene, three common single-nucleotide polymorphisms (SNPs) were
identified: two in adjacent non-coding regions (rs78411774 T/G, rs71564769 A/C) and one
synonymous SNP in exon 7 (rs2302559 A/G).
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The rs78411774 located in the non-coding region adjacent to exon 2 presented as two T/T
and five T/G individuals. Another SNP identified in the non-coding region of PBEF gene
(rs71564769 A/C) showed a different sequence variation compared to the database sequence —
C/G in two and G/G in 18 individuals (instead of the reported A/C).

3.1.rs2302559

In case of rs2302559, there were no differences in genotype distributions and allele
frequencies of rs2302559 between obese and non-obese individuals, both cohorts were in
HWE. In a total of 20 sequenced individuals, a significant association between rs2302559 and
visfatin serum levels (p < 0.001) was observed. This initial observation that visfatin serum
level is associated with rs2302559 was further confirmed on the larger population cohort of
128 investigated individuals with rs2302559 genotypes and visfatin serum levels available for
analysis (p = 0.01), whereas there was a significant tendency towards higher visfatin serum
levels in G allele carriers, the male GG homozygotes having the highest visfatin levels (Fig.
1).

Figure 1.Association of genotypes of rs2302559 with visfatin serum levels (mean values).
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3.2. Association of Investigated SNPs with Anthropometric Characteristics

For the rs2302559 polymorphism, no significant association with any of the investigated
anthropometric parameters (weight, height, BMI, lean body mass, fat mass, body fat, waist
and hip circumferences, WHR and skin fold thickness) was observed, the other two
polymorphisms (rs78411774 T/G, rs71564769 A/C) were not investigated in the large cohort,
hence they were excluded from the analysis.

3.3. Association of Investigated SNPs with Nutritional Characteristics

None of the investigated polymorphisms, rs78411774 AJC, rs71564769 A/C and
rs2302559 A/G, showed — following BMI and gender adjustments — significant association
with any of the investigated nutritional parameters based on the 7-day food records, including
total energy intake, percentage of energy derived from the respective macronutrients, total
intake of macronutrients in g, fluid intake, cholesterol intake and vitamin C intake. Lastly,
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analysis of nutritional records of the studied individuals did not reveal any significant
association of visfatin serum levels with dietary composition of these individuals.

3.4. Association of Visfatin Serum Levels with other Adipokines

Significant negative correlation was observed between visfatin and leptin serum levels (r =
-0.61; p = 0.02) (Fig 2), but not between any of the remaining investigated adipokines.

Figure 2.Correlation between circulating visfatin and leptin levels.
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4. Discussion

Visfatin is an adipokine which is being studied extensively across various fields of
medicine — from obesitology and endocrinology to rheumatology, cardiology, etc. Visfatin is
capable of influencing numerous metabolic pathways at the intra- as well as extracellular
levels, which makes it an elegant candidate for an obesity-related marker.

In this study, we identified a synonymous SNP in exon 7 (rs2302559) which was
significantly associated with visfatin serum levels in the examined extremely obese Central-
European population as well as in the large population cohort (n = 605). The homozygotes
with the GG genotype presented the highest serum levels of visfatin, while the carriers of the
AA genotype had the lowest visfatin levels; it may be therefore suggested that higher visfatin
serum levels are associated with the presence of the G allele. The frequencies in our study
were significantly different from the frequencies observed by Tokunaga et al. [13] in their
cohort of 200 diabetic and 200 non-diabetic individuals (the observed frequencies were: GG
83.5 %, AG 16.5 % and AA 0.0 % compared to ours: GG 30 %, AG 40 % and AA 30 %). The
different frequencies between the Japanese and our Central-European population could be
attributed to different ethnicity and BMI of the investigated subjects (52.2 + 5.0 [kg/m2] in
our population vs. 23.2 + 3.5 [kg/m2] in the Japanese cohort).

Another SNP (rs71564769 A/C) identified in our study showed a different sequence
variation compared to the database sequence — C/G in two and G/G in 18 individuals (instead
of the reported A/C). The possible explanation is that this site is polymorphic which hasn’t
been reported so far.
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It was reported previously that the visfatin serum level correlates with BMI (Berndt et al.
2005). In our study, we did not observe such association, i.e. visfatin serum levels were not
associated with BMI or other investigated anthropometric traits. When investigating
associations of the rs2302559 with anthropometric traits, the AG genotype showed the highest
BMI (54.2 + 6.4 [kg/m2]) compared to the AA (50.8 £ 4.8 [kg/m2]) and the GG (51.1 + 1.8
[ka/m2]) genotypes. As rs2302559 is a synonymous SNP, its significant relationship with
visfatin serum levels could be attributed to possible linkage with another SNP in the region
that is functional. Our preliminary results obtained on the small cohort of sequenced
individuals (n = 20) were confirmed on a larger population cohort, however, further studies on
other populations with different ethnicity are necessary to elucidate the role of rs2302559 in
influencing the visfatin plasma levels.

The principal role of visfatin in the intermediate metabolism is unclear. The mechanism of

visfatin action through the insulin receptor [1] and its physiological meaning remains elusive.
Under physiological conditions, adipose tissue does not produce high levels of visfatin and
visfatin plasma levels increase during obesity development. The association between higher
visfatin levels in plasma and T2DM [14] and obesity [15] were observed but its mechanism
thus far remains unclear. As Fukuhara et al. [1] showed, visfatin exerts insulin-mimetic
activity within adipose tissue and hepatocytes and also leads to intense adipogenesis with a
subsequent increase in fat deposits — circulus vitiosus. Large population studies on cohorts of
different ethnicities are necessary to further clarify the underlying mechanisms of visfatin
association with insulin metabolism as well as obesity development.
So far, no information is available on the relationship between rs2302559 and anthropometric
and/or dietary parameters. The pivotal study by Boéttcher et al [16] reports that the ratio of
visceral/sc visfatin mRNA expression is associated with three genetic polymorphisms in
visfatin gene (p <0.05). No correlation between rs2302559 and anthropometric parameters
(waist, hip circumference or WHR) was observed in our study. The relationship between the
native dietary composition derived from the 7-day food records and the rs2302559
polymorphism was also investigated in our study. Based on our results, examined SNP do not
seem to be a determinant of the nutritional intake of the macronutrients or the total energy
intake.

The logistic modeling of investigated adipokines (leptin, leptin receptor, adiponektin,
adipsin, agouti-related peptide, visfatin) showed a negative correlation between serum levels
of visfatin and leptin. Leptin plays a key role in energy intake regulation and energy
expenditure and correlates with the amount of body fat. This correlation between visfatin and
leptin seems to be logical as there is an increase of visfatin expression in obesity. However,
there is no evidence of visfatin effect as an appetite inhibitor, thus mimicking leptin action in
nucleus arcuatus. In our study, visfatin reached the highest levels in obese males, while the
levels in obese females were very low. Moreover, visfatin levels in obese males showed
considerable variation, which was not due to a few outlying values in this cohort but rather
due to homogenously wide distribution in this population. Therefore, it could be hypothesized
that there two opposite trends in visfatin levels in relation to increasing BMI, whereas in
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females the visfatin levels are inversely correlated with increasing BMI, while in males the
visfatin levels significantly rise along with an increase in BMI. However, at this moment we
are unable to explain the considerable interindividual variability in visfatin levels in these
population extremes of distribution. Therefore we suggest that in the extremely obese
population, visfatin levels are gender-dependent. The increase of visfatin in obese individuals
may be due to higher visfatin expression by adipose tissue macrophages as a result of low-
inflammatory state [9], hypoxia [10] or simply as a correlate of a number of adipocytes [1].

The main strength of the present study is the use of state-of-the-art methodology including
7-day food records for evaluating the subjects’ dietary intake in the context of the genetic
variability of the PBEF gene and visfatin serum levels; a total of 605 individuals with
available 7-day food records provide the necessary statistical power to our study. The 7-day
food records provide quantitatively accurate information on food consumed during the
recording period by recording food while it is consumed, the problem of reporting bias or
omission is lessened, as subjects are not restricted to selecting from a predetermined list of
foods included in a FFQ. Although confounding was appropriately controlled by means of
standard statistical procedures, there is always a possibility of residual confounding by other
serum adipokines, genetic factors or unmeasured and unknown factors which must be taken
into consideration. On the other hand, the major limitation of our study are the significant
differences in age between the cases and the controls that are due to the consecutive nature of
the enrollment into the study (the subject were enrolled consecutively, not on the basis of their
BMI or other anthropometric traits). The confirmation of the present results by future studies
on different populations is warranted.

Conclusion

To the best of our knowledge, this is the first study to demonstrate that the rs2302559
polymorphism in the NAMPT gene is associated with visfatin serum levels suggesting that
this synonymous polymorphism is associated with significant expressional effect, possibly
due to the linkage with another, nonsynonymous SNP. On the other hand, our study failed to
demonstrate significant effects of visfatin circulating levels or variability in investigated
regions in PBEF gene including rs2302559 with native dietary composition of the individuals.
To conclude, further studies on the functional impact of this polymorphism and its possible
associations with other loci are imperative.
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4.7. VISFATIN AND ITS ROLE IN OBESITY DEVELOPMENT

Resumé

Visfatin, produkt NAMPT/PBEF genu, je adipokin se silnou inzulinomimetickou aktivitou
realizovanou cestou inzulinového receptoru. Jiz v minulosti byl v nékterych studiich
asociovan s obezitou. Existuji i diikkazy o diilezitych intracelularnich efektech visfatinu, ktery
je homologni s nikotinamidfosforibosyltransferazou (NAMPT). Ukolem této prace je
zhodnotit soucasny stav poznani na poli chapani patofyziologické tlohy visfatinu pti vzniku
excesivni akumulace bilé tukové tkané.

Ptivodné se mélo za to, Ze visfatin je ¢isté produktem tukové tkang, ktery koreluje s celkovou
masou bilé tukové tkané v organismu. Dalsi studie ale prokazaly, ze tomu tak neni — visfatin
je produkovan v celé tad¢ tkani i bunck, a to hlavné buiikami imunitniho systému, napf.
makrofadgy. Zéasadni otdzkou je, ktera z tkani organismu je hlavnim zdrojem visfatinu
v konkrétni fazi Zivota a jaké dusledky to ma z hlediska patofyziologie obezity. Soucasny
konsensus fika, ze visfatin je produkovan zejména adipocyty a makrofazy tukové tkané.
Wang et al. naznacuji vyznamnou negativni korelaci mezi visfatinem a triglyceridy v plazmé.
Navrhuji hypotézu, Ze vztah visfatinu k lipidovému profilu je vysledkem spise
intracelularnich metabolickych aktivit visfatinu na irovni NAD metabolismu neZ souvislosti
S metabolismem visceralniho tuku nebo inzulinovou rezistenci.

Zpravy tykajici se hladin visfatinu u obéznich populaci tak i nadale zGstavaji protichiidné a
bude nutny dalsi vyzkum pro objasnéni role visfatinu v regulaci excesivni akumulace bilé

tukové tkané u této populace.
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1. Introduction

I this review, we would like to present the interesting and
relatively long way of discovering a new protein — Visfatin - and
primarily the effecs that it has on obesity development, insulin
resistance, lipid profile, inflammaton and more other. So far, many
of probable effects of this protein have been identified and many of
them proved their importance in metabolic pathways and
subsequently in develepment of many pathological conditions,
Mevertheless, it has to be mentioned that most of these efects are
still unclear or mostly controversial.

The produd of Visfatin/PBEF gene was initially identified by
Samal and his collegues in 1994 [1] as a oytokine subsequently
named pre-B-cell colony-enhancing factor ( PBEF) that is expressed

* Corresponding auf hor. Tel: +00 T7790E2660, (o0 +00 549454340
E-rail address: oprawdu o ast midserna mer (| Stastny )

in lymphocytes of periphecal blood and plays a role inlymphocytes
maturation and inhibition of neutrophil apoptosis [2]. Subse-
quently, the same protein was confirmed as intracellular enzyme
nicotinamide phosphoribosyltransferase {Mampt). It is involved in
nicatinamide adenine dinucleotide (NAD) biosynthesis[3]. Finally,
in January 2005 Visfatin was recognized a5 one of adipogrtokines
by Fukuharaet al. [4] in artdcle in Science. Visfatin was reported to
have numerous proinflammatory [5,6] amd insulin-mimetic [4]
effects, rel ationship to lipid profile [6-12], to insulin resistance [6],
fundion of B cells in pancreas [13)] and many other e fects.

2. Fukuhara's discovery

Visfatin is a 52 kDa large protein, and its gene PBEFVisfatn is
located on chromosome 79222, It consists of 11 exons and 10
introns and is 34.7 kb large. The history of this adipocytokine
started in January 2005 with the article in Sdence [4]. In their
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article, Fukuhara et al. presented Visfatin as a newly identified
adipocytokine with many possibly effects in physiological
regulaton in humans and possible role in development of some
pathological conditions. The authors obserwed that Visfatin
plasma levels were positively correlated with obesity develop-
ment and had insulin-mimetic activity. However, this positive
correlation between obesity development and increased Visfatin
levels was notclearly confirmed as many fol lowi ng works showed
[14,15]. The insulin-mimetic activity was observed during
experiment with cultured cells, whereas Visfatin lowered plasma
glucose level in mice. [n experiment with heterozygous mice with
mutated Visfatin gene, lightly higher plasma glucose levels were
observed than in wild type individuals. Further it was described
that Visfatin binds w the insulin receptor and activates it,
however itbinds o a different binding site than insulin Therefore,
Visfatin could act as an attractive target molecule with insulin-
mimetic activity, which is non-competitive with insulin, in
pharmacotherapy of insulin-resistant conditions [16]. It is not
surprising that Fukuhara et al. were considering the role of
Visfatin in some metabolic disorders related to glucose homeo-
stasis. Surprisingly, the Fukuhara's paper has been withdrawn
from Science in October 2007 as the investigation by the
Committee for Research Integrity of Osaka University revealed
that not all preparations of Visfatin were capable to bind to the
insulin receptor [17].

3. Where is Visfatin expressed?

The Visfatin/PBEF gene is expressed in many tissuwes and it was
originally identified as the pre-B-cell colony-enhancing factor
(PBEF), expressed in levcocytes of peripheral blood, by Samal and
his collegues in 1994 [1]. The adipokine-like character of the
molecule was for the first time identified by Fukuhara et al. and
the molecule was reported to be predominantly expressed in
visceral fat tissue [4] However, the visceral fat is not the only
tissue where Visfatin is expressed. Lewcoc ytes of peripheral blood
[1] or adipose tissue macrophages [18], hepatocytes [19] or
skeletal muscles [20] also participate in Visfatin production and
may influence Visfatin plasma levels. Friebe with collegues [21]
recently published the paper, describing the lewcocytes, especial -
ly granulocytes, as the major source of Visfatin plasma levels.
However, the expression of Visfatin in visceral adipose tissue is
not constant and itincreases in obesity [14]. The one of possible
explanations of this could be that the ad ipose tissue is more prone
to be hypoxic in the obese individual s [22]. Segawa et al. suggest
that Visfatin in adipocytes is upregulated by hypoxia through
HIF 1 {hypoxi a-inducible factor 1 ) dependent mechanism [23 ]
HIF1xisa transcription factor accumulated during hypoxia and it
play a key role in adaptation to hypoxic state. They also showed
that HIF1 «x is binding to two HREs (hypoxia responsive elements)
of Visfatin promotore in mice and through them is Visfatin
expression upregulated.

Interesting are also findings of Revollo et al. [13] where they
showed that VisfatinfeNampt is secreted by cells actively but in
non-classical secretory pathway, not through Golgl -ER secretory
sysbem.

4. The role of macrophages in Visfatin production

The obesity is considered a chroni ¢ low-inflammatory state. The
research group by Curat et al reported interesting findings in 2006
[18]. They recognized a population of CD14+ macrophages in
visceral fat tissue that was inoreasing its size with increasing BML
Within the adipose tissue, the adipose tissue maaophages, not
adipocytes, was found to be predominant producers and rel easers
of Visfatin,

Similarly, Chang et al. [6] pol shed in 20010 their study describing
a strong correladon between Visfain and macrophage-specific
CD6H and TMF-or gene expressions in human adipose tissues,

This supports the presumption that Visfatinis predominantly a
pro-inflammatory substance and its growth in visceral obesity is
caused mainly by visceral adipose tssue macrophages,

5. Regulation of Visfatin expression

Hormonal regulation of Visfatin expression is very complicated
and has been studied extensively. Kralisch et al. [24] used various
hormones, which are known to alter insulin sensitivity, to observe
their effects on Visfatin expression at 3T3-1L1 adipocytes in vitro. A
hypothesis of influence of insulin on Visfatin expression was not
confirmed, however, there was a decrease of Visfatin expression
after TNFalpha, GH and isoproterenol stimulaton. And increase
after stimul ation by dexamethasone,

In 20010, Mayi et al. studied the role of the nuclear rece ptor
peroxisome proliferator-activated receptor gamma (PPARgamma)
in regulation of Visfatin expression and secretion in adipose tissue
macrop hages. They used synthetic ligands of PPARgamma and they
observed increased Visfatin expression and secretion in maao-
phages, but not in adipocytes [25], which they explain by proved
attribute of PPARgamma — to have distinct functions in different
cell types. The Visfatin expression in subcutaneous adipose tissue
was nol increased evien by the TZD's, which also act as PPARgamma
agonists [26]. Treatment by TZD's lead to an improvement of
peri pheral insulin resistance, but according this study, not through
the increase in Visfatin expression and i s insulin- mimeric activi by,
But there is a prediction, that positive influence of TZD's is because
of a mobilizadon of lipids o suboitaneous adipose tissue as a
defence against insulin resistance,

And a few months later Mayi et al. [27] observed in their
experiment that liver X receptor (LXR) activation negatively
regulates Visfatin expression in macophages. Synthetic LXR
ligands decreased Visfatin gene expression and the decrease of
Visfatin mRNA was paralleled by a decrease of protein secretion.

Taken together these two studies s howed op posite regulation of
Visfatin expression in macrophages.

In the study on the OLEFT rats the expression of Visfatin mRNA
in visceral fat tissue was elevated by rosiglitazone or fenofibrate
treatments when compared to unireated rats. [28]

6. The role of Visfatin in regulation of insulin signalling

A very important is the finding of Visfatn insulin-mimetic
activity. As we mentioned previously, at very first time has been
this effect showed by Fukuhara et al. [4] in 2005, The insulin-
mimetic activity was observed during various experiments with
cultured cells, whereas Visfatin lowered plasma glucose level in
mice. In experiment with heterozygous mice with mutated
Visfatin gene, lightly higher plasma glucose levels were observed
than in wild type individuals. When they focused on Visfatin
effects in cultured cells the simil ar results o insulin were showed.
Visfatin had not only influence on glucose uptake into 3T3-L1
adipocytes and L6 myocytes, but also suppressed glucose release
from HAIEC3 hepatocytes. And, what is important, stimulated
accumulation and synthesis of triglycerides in cultured mice
preadipocytes, so had an influence on diferentiation of adipose
tissue as insulin has. Fukuhara et al. went further and showed that
moleaile of Visfatin is binding on insulin receptor, but in distinct
site from insulin. Visfatin induced the phosphorylation of insulin
receptor, IRS 1 and also IRS2 (insulin receptor substrate ). Visfatin is
binding o PI3K (phosphatidylinositol 3-kinase ) to IRS1 and RS2
amd also induced phosphorylation of Akt (protein kinase B) and
MAPK (mitogen-activated protein kinase].

http: {fdx doiorg10.1016/j.dsx 2012.08.011

Flease cite this article in press as: Stasmy ], et al. Visfatin and its role in obesity development. Diab Met Syndr: Clin Res Rev (2012),

158



L Snaseny el al f Diaheres & Merabaolic Syndrome: Clinical Ressarch & Reviews ook (200 2) aox- e 3

To over-feeding and normal-chow rats was injected pcDMA3. 1-
Visfatin plasmid and caused Visfatin over-expression. The increase
of insulin-sensitivity and also a beneficial influence to cholester-
olaemia through increased expression of SREBP2, PPARga mima and
increased tyrosine phosphorylation of IRS1 were showed [29].

The insulin-mimetic activity of Visfatin was also observed in
experiment with osteoblasts [30] Human osteoblasts express IR
but not Visfatin. After stimulation of osteoblasts, Visfatin induced
the phosphorylation of IR, IRS1 and IRS2 and promotes glucose
uptake, proliferaton and type | collagen prodoction. Taken
together, the same effects as exerts insulin

Despite of these findings, Revollo et al. came with another
theory of physiological role of Visfatin. They proved that not the
insulin-mimetic activity, but synthesis of NAD is more important
in glucose homeostasis in vive. They found that the heterozy gous
mice with mutated Visfatin gene and pancreatic beta cells had
defects in MNM/NAD biosyn thesis and also in glucose-stimulated
insulin secretion. After chemical inhibition of Nampt by FKBG66 the
defects in NAD synthesis and in glumse-stimulated insulin
secretion were observed. After administration of exogenous
MMM were these defects cancelled.

Diabete mellitus type 2 is a pathological condition with
increasingly incidence worldwide, which is associated with
obesity. The state of insulin resistance and its relation o Visfatin
was also studied. Chen et al. [31] in 2006 showed a significantly
positive correlation between level of circulating Visfatin and
T2DM.

The similar results showed El-mesallamy et al. [32] in Egyptian
T2DM obese and non-obese patients. By cmparing these patients
to healthy cntrols the increased plasma Visfatin levels were
observed. The possible explanations for this relation are sull
unclear but there is a realistic presum ption of direct pathophysio-
logical linkage.

7. The differences within adipose tissue

Human body contains two types of adipose tissue - subcuta-
neous and visceral fat Visceral fat mass is more tightly correlated
with obesity-associated pathological conditons than overall
adiposity. Visceral fat has significant relabon to metabolic
disorders, especially metabolic syndrome, and represents a strong
risk factor [33], whereas the metabolic syndrome is associated
with the central obesity, type 2 diabetes mellitus, insulin
resistance, hypertension and higher cardiovascular risk. In
numbers, it is associated with a 2-fold increase in cardiovascular
events and a 1.5-fold increase in all-cause mortality rates [34]). The
obesity has been also associated with increased accumulation of
macrophages in visceral fat and the amount of macrophages is
positdvely correlated with the wtal fat mass of the body [18.35].

Fukuharaet al. [4] showed in their experimenton 100 male and
female human subjects that Visfatin plasma levels correlated
strongly with the amount of visceral fat, but only mildly with the
amount of subcutaneous fat. They also analyzed the mENAVisfatin
expression in the visceral and subcutaneous fat in KKAy mice
which are models for obese diabetes type 2. In the time period,
when these mice become obese (between 6 and 12 week of age),
Fukuhara et al. found increased levels of plasma Visfatin which
correlate with the increase of mENA Visfatin expression in visceral
far. On the contrary, no significant changes in mENA expression in
subcutaneous and surprisingly in liver Fat were obsersed.

MNevertheless, Berndt et al. [36] in October 2005 published the
results of the study involving 189 subyects which was only partally
with acoordance with the findings by Fukuhara's group. Berndt
et al. observed that Visfatin plasma concentrations were positively
correlated with visceral and negatively with subcutaneous Visfatin
mENA expression and formulated the hypothesis that Visfatin

mRNA expression in subcutaneous fat culd be, at least partially,
regulated by plasma Visfatin concentration. However, in a
subgroup of 73 subjects in the study, there was no correlaton
between plasma Visfatin coneentrations and visceral fat mass The
authors also reported that Visfatin plasma levels and mRENA
expression in visceral fat corresponded with some criteria of
obesity such as BMI and body fat content, but not with WHE and
waist circumference. No difference between visceral and subcuta-
neous mREMNA expression was also showed.

Pagano et al. [14] had also some very interesting findings that
are partially in agreement and partially contradicting previous
studies, These authors showed that plasma Visfatin levels are
down-regulated in obesity as well as Visfatin mRNA expression in
subcutaneous adipose tsswe. Furthermore, they observed differ-
ences in Visfatin mRNA expression in various subcutaneous fat
locations. In the fat sampled from the gluteal region, there was a
significant negative correlation between Visfatin mR NA expression
and BML If the sample of subcutaneous fat was taken from
abdominal region, no correlation was observed. Maybe, there are
some differences in Visfatin expression within subcutaneous
adipose tissue. However, increased expression of Visfatin mRENA
wias found in visceral fat of obese subjects. In another recent study,
the Visfatin gene expression in subcutaneous adipose tissue of
normal-weight controls was significantly higher than in samples of
obese adults [37], which isin agreemen t with most of the previous
reports,

Jian et al. [15] in their stud y on Chinese subjects observed lower
Visfatin plasma concentrations in obese subjects in compare with
non-obese and over-weight ones. Furthermore, Visfatn plasma
levels were negatively correlated negatively with BMI and
positively with waist/hip ratio - but only in male subjects.

Varma et al. [26] observed that Visfatin mRNA expression in
visceral and subcutaneous fat was dependent on BML The Visfatin
expression in visceral fat was associated positively with BML
whereas mENA expression in subcutaneous fat decreased with
BML However, the expression in the visceral and subcutaneous fat
in non-obese showed no differences, whidch is well in agreement
with Berndt et al. [36]. Moreover, Visfatin mRNA expression in
subcutaneous fat was posiively correlated with insulin sensitivity,
as the insulin-resistant subjects had lower expression of Visfatin
However, the authors observed no correlation between Visfatin
plasma levels and BMI which the authors concluded may be a
consequence of different regulaton of Visfat n mENA expression in
visceral and subcutaneous fat tissue.

Interesting findings were presented by Filippatos et al. [9] who
observed higher Visfatin plasma concentrations in subjects with
metabolic syndrome compared to the group of similar BML
however without metabolic syndrome.

In another study [38] on relatively more study subjedas (500
subject), plasma correlation of Visfatin was negatvely correlated
with BMI in male subjects, but not in females.

8. Visfatin in children

Childhood obesity is an increasing problem in developed
countries and is associated with interrelated pathologies, such as
hy pertension and insulin resistance in this period. Visfatin plasma
levels and their correlaton with further parameters were siudied,
eg in obese and non-obese children [39]. The comparison of two
cohorts of 30 obese and 30 non-obese children revealed that the
levels are similar to those of the adult probands. Positve
correlations were observed between Visfatin plasma levels and
BMI and also between plasma Visfatin and insulin,

In another study [7] comparing Visfatin plasma levels in
Chinese adolescents, a positive correlation was ident fied between
plasma levels of Visfatin and HDL cholesterol in obese subjects, but
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not in the normal-weighted individuals. The Visfatin plasma
concentrations were significantly higher in obese individuals, but
were not directly crrelated with BML. The similar conclusion was
also described by Haider et al. [40] who observed that Visfatin
plasma concentrations were almost 2-fold elevated in obese in
compare with non-obese. However, no relations hip was detectable
between Visfatin and other subject characteristics, hsCRP or the
lipid profile in their study.

Kolsgaard et al. [38] compared in their study the total of 175
overweight and obese individuals aged 3-17 years. In their group
of children with metabolic syndrome, Visfatin plasma levels were
significantly higher than in other investigated groups. Visfatin
plasma levels were also increased proportonally to the mumber of
components of metabolic syndrome.

9. Visfatin and lipid profile

The physiological role of circulating Visfatin seems to be
elusive. Some papers found positive associations of plasma Visfatin
concentrations with HOL-cholesterol [7.8] and negative associa-
tions with triglycerides in non-diabetic Caucasian subjects[8]. The
relationship with lipid metabolism seems to be not dependent on
visceral obesity and insulin resistance and is probably linked to
intracellular enzymatic function in NAD synthesis [8]. The authors
concluded that circulating PBEF{NAMPT/Visfatin levels are an
indicator of benefidal lipid profile in non-diabetic Caucasian
subjects, whereas the relation o lipid metabolism does not depe nd
on visceral obesity and insulin resistance, but may be linked o the
enzymatic function of Visfatin in NAD metabolism.

However, when Filippatos et al. [9] compared a group of
patients with metabolic syndrome with another group of patiens
without metabolic syndrome, whereas all patiens in both groups
had BMI over 28, the results were contradictory. Plasma Visfatin
levels were positively correlated with triglycerides and negatively
with HDL-cholesterol in this study.

In another work [38], plasma Visfatin levels were shown to be
correlated positively with HDL-cholesterol levels and negatively
with LDL-cholesterol levels only in female subjects, not in males.

Sun et al [11] investigated the response of Visfatin plasma
level s to short-term over feeding in 61 healthy young men. Visfatin
showed a total decrease of 19% and there was positive corre lation
berween Visfatin plasma concentratons and triglycerides.

Visfatin also correlated positively to HDL-C in the Asian Indian
men and women [12].

10. Conclusion

Visfatin is a recently identified adipocytokine that was
originally considered to be a product of visceral adipose tissue
correlated with its masss [4]. The following studies [18-21] as
well as study by Samal et al. [1] proved, that the Visfatin is
produced widely within various tissues in whole human body. An
important observation is thatVisfatin is prod vced and secreted by
the cells of immune system, especially macrophages [18], which
might play an important role in obesity and its associated
comorbidities. The crucial question remains what is the main
source of Visfatin responsible for its effects in obesity develop-
ment? AL the present, a prevailing hypothesis is that Visfatin is
produced directly by adipocytes [4] of visceral fat tissue or the
macrophages [18,26] present in the white adipose tissue during
obesity development

‘When different fractions of adipose tssue were examined, the
stromal vascular fraction expressed significantdy more Visfatin
than the adipocyte fraction, which could be indicative of the fact
that adipocytes are not the major source of Visfatin in the adipose
isswe [26].

The hypothesis of the crucial role of macrophages in Visfatin
production is further supported by the differences in Visfatin
production among different types of adipose tdssue. It seems that
mRNA expression in visceral and subcutaneous fat seems to be
virtwally identcal in non-obese individuals [26,36]. However, the
differences are emerging in obese subjects. The visceral fat
becomes a more potent producer of Visfatin [14], while the
production of Visfatin in the subcutaneous tissue diminshes [36]
or remains the same in obese individuals [4]. The question is
whether the adipocytes are solely responsible for these changes or
whether this is rather the role of macophages, which are present
in higher amount in visceral fat in obese individuals [18.35]7

Furthermore, the possible influence of gender has to be
mentioned. |n twostudies [ 10,15], Visfatin plasma conce ntrat ons
were significantly negatively correlated with BMI only in men.
The different dispositions of adiposity in male and female are a
widely recognized fact and this could allow for an interpretation
of the fAndings from these studies. However, the negative
correlation of Visfatin with BML without the gender influence,
was reported in the study by Pagano et al. [14], positive
correlations were observed in Berndt's work [36] and no
correlation at all was observed in Varma's study [26] which
makes the interpretation of the gender influences in Visfatin
production a difficult issue.

BMI was also assoclated with Visfatin mRNA expression in
visceral fat mass amd these observations achiewed statistical
significance [14,26] On the other hand, there was a negative
correlation between BMI and mRNA expression in subcutaneous
fat mass in these studies. The Visfain mRENA expression in the
adipose tissue isalso related to the Visfatn plasma levels. Negative
association of Visfatin plasma levels and Visfatn mRNA expression
in subcutaneous adipose tisswe was reported in some studies
[14.36], conversely, there was a positive association with Visfatin
expression in visceral fat mass [4,36].

Fukuhara et al. compared the Visfatin plasma levels with the
total amount of visceral fat with positive results [4], however,
Berndt et al. observed no correlations [36]. In both papers, the
subjects visceral adiposity was estimated using the computed
tomography.

A link between Visfatin plasma levels and lipid metabolism
should be also discussed. Relatively many papers describe a
positive association between plasma Visfatin and HDL- chol esterol
[7.8.12], both in men and women, with an exception of the paper
by Chen et al [10], who observed positdve association only in
females and in addition to this reported negative realations of
plasma Visfatin to LDL-cholesterol. Also, Flippatos et al. report
negative correlation between HDLe and plasma Visfatin concen-
trations.

There is no unanimous consensus on the correlaton between
plasma Visfatin levels and triglycerides. The majority of research-
ers describe a positive correlation [6.9,11], but Wang et al. report
significantly negative correlation and also suggest that relation of
Visfatin to lipid profile is a resul tofits enzymatic properties in NAD
metabolismn rather than the dependence on visceral obesity or
insulin resistance [8].

Visfatin was also studied inchildren where the plasma levels of
Visfatin and BMI were showed positive correlation [39] or no
correlation [7]. Almost all studies here found higher plasma
Visfatin levels in obese children compared to the nonfobese [7,38-
40) Kolsgaard et al [38] also noticed that Visfatin plasma
concentrations inaeased with number of metabolic syndrome
COMPONENLS.
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4.8. B-CELL ACTIVATING FACTOR (BAFF) — ANEW FACTOR
LINKING IMMUNITY TO DIET?

Resumé

Faktor aktivujici B lymfocyty (BAFF) je nedavno objevenym c¢lenem superrodiny ligandi
TNF, u néjz bylo prokazano, Zze kromé rozmanitych ¢leni myeloidni fady je produkovan i
adipocyty. Jiz v minulosti byl intenzivné zkouman u lymfoproliferativnich chorob. Cilem této
studie bylo prozkoumat vztah mezi plazmatickymi hladinami BAFF a nemodifikovanym
nativnim sloZenim stravy u obézni a neobézni ¢eské populace.

Vicerozmérné regresni modelovani ukazalo, Ze hladiny BAFF slouzi jako nezavisly prediktor
celkové adipozity. Navic byly korelovany i obvodem pasu a bokli a také s celkovym
zastoupenim makronutrient v nativni, nemodifikované straveé, kde hladiina BAFF korelovala
s celkovym procentem energie odvozené ze sacharidii a tukli. NaSe vysledky naznacuji, ze
BAFF by mohl predstavovat elegantni molekulu spojujici imunitni stav organismu s aktualni

metabolickou odpovédi na stravu.
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1. Introduction

The B cell activation factor (BAFF), also known as
THANK, TALL-1 or BLys, is a recently discovered mem-
ber of the TNF ligand superfamily (TNFSF13B) [1,2]; itis
best known for its role in the survival and differentiation
of B cells. The biclogical effects of this type Il transmem-
brane protein are mediated mainly via specific recep-
tors: B cell maturation antigen (BCMATNFRSF17),
transmembrane activation and calcium modulator and
cyclophilin ligand interactor (TACIHTNFRSF13B), and
BAFF receptor (BAFF-R/TNFRSF13C) that are present
on B cells, plasma cells, but also on specific subpopu-
lations of T cells [3,4]. BAFF is generally produced by
myeloid pathway cells, malignant B cells, activated T
cells, and the stromal cells of the bone marrow [2,5-7].

* E-mail- jhienert@med muni cz
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In humans, BAFF has been linked mainly to systemic
autoimmune diseases, such as multiple sclerosis, sys-
temic lupus erythematosus, rheumatoid arthritis [8-10].
However, BAFF expression has also been reporied fo
increase during adipocyte differentiation [11], whereas
BAFF expression was augmented by TNF-a treatment
and decreased by rosiglitazone treatment in that study.
Kim et al. [11] have also reported BAFF secretion fo
be surprisingly lower in ob/b mice sera compared
with controls. Furthermore, those authors reported a
considerable difference in mRNA and protein expres-
sion between epididymal tissue and visceral adipose
tissue [11]. In a study by other authors, the presence of
all known BAFF receptors (BAFF-R, BCMA, and TACI)
was confirmed in adipocytes, and their expression was
upregulated during adipocyte differentiation [12]. To



summarize, it is highly likely that, apart from its role in
the immune system, BAFF can be also considered an
adipokine, which might have potentially huge conse-
quences for comprehension of immune mechanisms
within the white adipose tissue (WAT). As the BAFF
expression is tightly related to the adipose fissue, it
probably plays an important role in development of the
low grade inflammation that is characteristic of obesity.

To date, little is known about the relationship between
BAFF and the diet. Fabris et al [13] reported elevated
BAFF plasma levels in a small cohort of patients with
coeliac disease, and concluded that BAFF might play
a pathogenic role in its development. Jee ef al. [14] ob-
served a relationship between food allergens and BAFF
levels in a cohort of children with atopic dermatitis,
suggesting that food allergens are more important for
atopic dermatitis development than are aeroallergens;
however, dietary composition was not investigated in
their study.

Previously, it has been suggested that daily fast-
ing serum leptin levels are different when comparing
individuals on a diet with a high glycemic index and
versus a low-glycemic-index diet [13]. Also, it has been
reported that leptin, which is produced by adipocytes
present mainly in the perilymphonodal adipose tissue,
promotes differentiation of TH1 cells and secretion of
pro-inflammatory cytokines (e.g. IFN-y, TNFa) [16], and
that it is highly likely that there is a direct link between
the BAFF secretion and leptin plasma levels. In the study
by Kim et al. [11] that measured BAFF serum levels in
lean and ob/ob mice, BAFF secretion was surprisingly
decreased in leplin-deficient ob/ob mice — which are
generally resistant to the induction of autoimmune dis-
eases. Therefore, we hypothesized that there could be
a relationship between circulating BAFF plasma levels
and diet composition, mainly in terms of proportion of fat
and carbohydrates in the diet.

The aim of this study was to investigate the rela-
tionship between plasma levels of BAFF and the non-
modified, usualdietary composition in an obese and
non-obese Caucasian Central-European population and
to evaluate possible associations of BAFF plasma levels
with anthropometric parameters related to obesity.

2. Material and methods
2.1. Study subjects
We recruited 58 unrelated Czech Caucasian individuals

for the present study in a mass media campaign, as
described previously [17]; the inclusion and exclusion

criteria have also been described elsewhere [18]. The
study was conducted according to the guidelines of the
Declaration of Helsinki; all procedures involving human
subjects were approved by the Committee for Ethics of
Medical Experiments on Human Subjects, Faculty of
Medicine at Masaryk University (Bmo, Czech Republic).
Written informed consent was obtained from all subjects
and was archived.

The study cohort was subdivided into fwo subgroups:
the obese arm consisted of 36 obese individuals (BMI
= 30 kg/m? mean BMI 43 .97 + 6.39 kg/m?, mean age
50.7 + 12.8 years). The non-obese arm consisted of 22
healthy non-obese control subjects with no history of
childhood obesity or eating disorder (mean BMI 23.14 +
2.68 kg/m?, mean age 40.3 £ 10.3 years). All the study
subjects were available for leptin, soluble leptin receptor
(sObR), and BAFF analyses.

2.2. Anthropometric characteristics

All phenotypic measurements were performed accord-
ing to the standardized protocol and included weight,
height, BMI, lean body mass, fat mass, body fat, waist
and hip circumferences, waist-to-hip ratio, and skinfold
thickness measured on four different loci. The quality
of the measurement was repeatedly monitored during
the study. Body composition was assessed by bioelec-
trical impedance analysis using the single frequency
bioimpedance analyser (BodyStat Ltd, Douglas, Isle
of Man, UK) with the subject in a supine position. The
height measurement was performed with a calibrated
stadiometer, and weight (in light indoor clothes and with-
out shoes) was measured with a precisely calibrated set
of scales.

2.3. Dietary intake

Participants were furthermore advised to complete
T-day food records augmented by the food frequency
questionnaire of Willet ef af [19] that has been validated
for the Central-European population [20]. Food intake
data were obtained from the study subjects and were
further analyzed to establish the percentage of daily en-
ergy intake from carbohydrates, fat, and protein, as well
as total energy and macronufrient intake. The nutritional
analyses were performed using the Nutrimaster Diet
Analysis software (Abbott Laboratories, Abbott Park, IL,
USA). Special attention was paid to extreme snacking
behaviour (defined as higher than 25% daily energy
intake from snacks), eventual dieting, extreme portion
sizes, and irregularity in eating. The structure of the
daily energy intake was also investigated: a snacking
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Table 1. Cinical, anthropometric and nutriticnal data in the cbese and non-obese cohorts

Non-ohese (18 = BMI < 30) Qbese (BMI > 30)

Female Male Female Male Prvalue
Subjects (n) 17 5 25 11
Bedy compositicn
Age (years) 02112 0778 528 =120 401 =147 = 0.0
BMI (kgim2) 22626 B0x28 435 =567 452 =78 = 0.0
Body fat (%) 301 67 162 =31 51.0 £ 63 303 6.0 = 0.001
Dietary intaks
Energy (k) 5065 = 632 3484 = 15858 7140 = 708 10050 = B8 0.500
Protein (% energy) 141 =19 130=10 168 = 36 167 =33 0.007
Carbohydrates (% snergy) 8iE=x48 836 x24 487 £ 6.7 487 x£6.2 0.017
Fat (% energy) 342=43 334=27 EE =56 BEE=51 0.220
Anthropometry
Waist circumference (cmj) T58=T78 gfd =112 1208 =124 1358 = 161 < 0.001
Hip circumference (om) 56 =548 1003 = 8.3 1347 =118 131.8 = 1641 < 0.001
Waist-hip ratio 0.70 = 0.06 0.87 007 0.60 = 0.08 1.04 =008 = 0.001
Skinfcld thickness (mm)
Supraspinal skinfold 13742 04=17 311 =100 4112 < 0.001
Subscapular skinfold 171 =561 15040 44=x02 3Bo0=01 < 0.001
Biceptal ckinfold 12337 8.0x 37 26.2 = BA 249 x03 = 0.001
Triceptal skinfold 184 =52 124=2a8 322 =57 28671 = 0.001
Sum of all skinfolds 625130 458 =04 1226 = 280 1166 = 342 = 0.001
Systolic bloed pressure (mmHg) 1123 =157 1272+ 88 1440 =172 1401 = 100 < 0.001
Diastolic blood pressure (mmHg) T4 =84 802 £ 146 1.7 =128 g7.E =114 < 0.001
BAFF [pg/ml] 1007 = 211 836 = 118 1303 = 333 1037 = 210
Results given as mean = S0. Pvalue refers fo the Mann-Whitney test for the comparison of the obese and non-obess cohort
{males and females pooled fogether)

Table 2. Clinical and anthropometric date from the studied populstion in the study subgroups
Non-obese Obese Morbidly obese Total P-value
18 = BMI = 30 30 = BMI < 40 BMI = 40

Gender M/F aM7 2/6 aMg 16/42
Age (vears) 40.3 =10.3*2 B3 x0T 50.8 =135° 474 =134 0.004
BMI (kg/m?) 23127 36.2 = 420 462 = b1 /1 =115 = 0.001
% body fat 27086 406009 404 = Bg= w7 =120 = 0.001
Waist circumference (em) T8E =BT 1110 =142 1202 =13.3= 1076 = 2656 = (.0
Hip circumference (cm) 075 = .44 1220 =11.2# 137.0 =11 6= 120.0 = 208 = 0.0
WWaist-to-hip ratio 0.80 = .07 091 = 0.08° 095= 011" 080 =011 = 0.001
Sum of skin fold thicknesses (mm)  68.8 = 13.8% gezx212 1283 = 24.14= g80=374 = 0.001

Resufts given as mean = SD. Pvalue refers to the KnuskalWallis test for the three groups (non-obess, obese, morbidly obese). The infer-group
differences were tested using the Tukey-Kramer” s method with a comection for a.

4&_ P = 0.05 when comparing the pairs of the groups (non-obese x obese, nan-obese x morbidly obese, obese x morbidly obese) on the same lins;
“w_p =001

are reported in Table 1, obese females had the high-
est BAFF levels; however, these observations lacked
statistical significance.

In unvariate linear modelling, BAFF was significantly
comelated with waist circumference (R = 0432, P <
0.05) and body fat (R = 0.447, P < 0.05); this data is

presented in Figure 3. In multivariate regression model-
ing across the entire cohort, BAFF expressed an inde-
pendent prediction role for BMI (g = 0.380, P = 0.005;
all P values adjusted for age, gender, smoking status).
Moreover, BAFF had an independent predictive role for
percentage of body fat (B = 0.310, P = 0.009), waist
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Table 1. Cinical, anthropometric and nutritional data in the obese and non-cbese cohorts

Mon-obese (18 < BMI < 30) Obese (BMI > 30)

Female Male Female Male Pvalus
Subjects (n) 17 & 25 11
Body composition
Age (years) 402112 40770 520 =120 401 =147 < 0.0
BMI (kg/m2) 22625 2B0x28 43557 45278 < 0.0
Body fat (%) 301 =867 162 = 34 510=63 303 =60 = 0.0
Digtary intaks
Energy (kJ) 6065 + 632 8404 ~ 1685 7140 = 700 10060 = 068 0.500
Protein (% energy) 141 =18 13010 168 = 36 167 =33 0.007
Carbohydrates (% energy) 518=x48 536 =24 487 = 87 487 =82 0017
Fat (% energy) 342x43 427 365656 366561 0.220
Anthropometry
Waist circumference (cm) 760+78 gT4=112 1208 =124 1358 = 1641 < 0.001
Hip circumference (cm) 066 b8 100.3 = 83 147 =118 1318 = 1641 < 0.004
Waist-hip ratic 0.70 = 0.06 0.87 =007 0.00 = 0.08 104 = 0.08 = 0.0
Skinfold thickness {mm)
Suprazpinal skinfold 13742 04=17 311 =108 H4=112 < 0.001
Subscapular skinfold 171 =51 15040 4402 3bo=x01 < 0.001
Biceptal skinfold 12337 B0=37 262 + BA 240=03 = 0.0
Triceptal ekinfold 10452 124 =30 32287 285=71 < 0.0
Sum of all skinfolds 626 =130 458 =04 1226 =280 1166 =342 = 0.0
Systolic blocd preszure {(mmHg) 1123 =167 1272+ 88 1440 =472 1484 =100 < 0.001
Diastolic blood pressure {mmHg) T4Ex= B 802 = 148 1.7 =128 675 =144 < 0.004
BAFF [pg/mi] 1007 = 211 838 = 118 1303 = 333 1037 = 210
Results given as mean x SD. Pvalue refers fo the Mann-Whitney test for the comparison of the obese and non-obess cohort
{males and females pooled fogether)

Table 2. Clinical and anthropometric date from the studied population in the study subgroups
Non-obese Obese Morbidly obese Total P-value
18 < BMI < 30 20 = BMI < 40 BMI = 40

Gender M/F 817 2/6 8/18 16/42
Age (yearz) 40.3 £10.3*# 85387 50.8 +13.5% 474 =131 0.004
BMI (kgim?) {2 363 =42 462 =51 361 =115 = 0.001
% body fat 270+ 85 406 =00 404 =66 a7 =120 < 0.001
Waist circurmference (om) T8.6 = B.7== 1110142 1202 =13.3= 1076 = 2656 = 0.0
Hip circumference (om) 075 = G.4d=* 1220 =11 2% 137.0 =115 1200 = 208 = 0.004
Waizt-to-hip ratio 0.80 = 0.07 081 = 008 005=011" 0.80 =0.11 = 0.001
Sum of skin fold thicknesses (mm) 680 = 138« 083 =22 1283 = 241~ 080 =374 = 0.001

Results given as mean = SD. Pwvalue refers to the Kuskal-Wallis fest for the three groups (non-obese, obess, morbidly obese). The infer-group
differences were rested using the Tukey-Kramer ™ s method with a comection for a.

A8_ P < .05 when comparing the pairs of the groups (non-obese x obese, non-obese x morbidly obese, obese x morbidly obess) an the same line;
w_p w001

are reported in Table 1, obese females had the high-
est BAFF levels; however, these observations lacked
statistical significance.

In unvariate linear modelling, BAFF was significantly
correlated with waist circumference (R = 0432, P <
0.05) and body fat (R = 0.447, P < 0.05); this data is

presented in Figure 3. In multivariate regression model-
ing across the entire cohort, BAFF expressed an inde-
pendent prediction role for BMI (B = 0.380, P = 0.005;
all P values adjusted for age, gender, smoking status).
Moreover, BAFF had an independent predictive role for
percentage of body fat (B = 0.310, P = 0.009), waist
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Fi gure 2. Comelation between BAFF and percentage of body fat by gender. The correlation coefficient was determined using the Pearsen’s

test; the observed trend is indicated by the solid line.
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circumference (B = 0.312, P = 0.01), and hip circumfer-
ence (B = 0.392, P = 0.003), but not on waist-to-hip ratio
(WHR) (B = 0.06, P = 0.547).

3.4. Correlation of BAFF levels with nutritional
parameters

In the multivariate regression modeling, BAFF plasma
levels were significantly correlated with percentage of
energy derived from the carbohydrates (g = 0.38, P =
0.01), whereas BMI was also a significant predictor (B
=-0.30, P = 0.04). BAFF plasma levels also served as
an independent predictor for the proportion of energy
derived from the dietary fat (g = -0.36, P = 0.02) inde-
pendently of age, gender, smoking status, and BMI. No
significant associations of BAFF levels with total daily
energy intake, percentage of energy derived from pro-
teins, dietary fibre intake, or dietary cholesterol intake
were observed.

As BAFF plasma levels were significantly correlated
with the percentage of energy derived from carbohy-
drates and fats, we investigated the differences in BAFF
plasma levels between the highest, middle, and lowest

tertile of carbohydrate/fat intake (Table 3). The results
of the tertile analysis did not reveal any significant ORs
of the categories we investigated (upper, lower tertile of
carbohydrate/fat intake) for elevated BAFF in plasma.
Mo association between BAFF plasma levels and ab-
normal eating behavior (imegular food intake, extreme
portion sizes, increased snacking index) was observed.

3.5. Correlation of BAFF with leptin and
soluble leptin receptor

In multivariate regression models for prediction of BMI
using the available plasma levels of leptin, sObR, and
BAFF, only BAFF plasma levels were significantly cor-
related with BMI (g = 0.438, P = 0.003). No significant
correlation of BAFF plasma levels with plasma leptin or
sObR was observed.

Furthermore, the bivariate analysis was performed
to assess possible associations of LEP. sObR and the
LEP:sObR ratio, and BAFF and dietary characteristics.
To control for possible confounders, the results from
the bivariate comrelation analysis were consecutively
explored using multivariate analysis with loganthmically
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Figu re 3. Corelation between BAFF and waist circumierence by gender. The correlation coefficient was determined using the Pearson's test;
the cbeerved trend is indicated by the solid line.
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Table 3. Associstion betwesn the upper and lower teniles of fat and carbohydrats intake for elevated or normel BAFF plasma levels in the

study cohorts

FATS BAFF BAFF OR 95% CI P -value
elevated not elevated

Total 13 45 0.408 0.084-1.047 022

Upper tertile 3 16

Lower tertile 6 13

CARBOHYDRATES EAFF BAFF OR 95% CI P -value
elevated not elevated

Total 13 45 0.254 0.044-1 475 0.1

Upper terile 2 17

Lewwer tertile [ 13

QR — odds ratfio,
Ci — confidence interval, elevated values defined as BAFF plasma Jjevels higher than the 97 5 percentile (1374 ng/mi) of the control plasma samples

transformed plasma LEP and sObR and LEP- the sobr 4. DIScussion

ratio regressed on total energy intake as well as on the

energy intake provided by each macronutrient. How- BAFF represents a fundamental cytokine of the T-

ever, no significant associations were observed in these  independent IgA class-switching recombination system

analyses. through the interaction with the common receptor TACI
shared also by other proteins, such as APRIL [21]. In this
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study, we report elevated BAFF levels among Central-
European Caucasian patients with obesity, and we also
demonstrate substantial dependence of differences in
BAFF plasma levels on gender.

The role of BAFF in obesity is unclear, and it seems
to be related to the role of BAFF in the low-grade
inflammation typical of obesity. It has been recently
demonstrated that BAFF is expressed in adipocytes and
that BAFF expression is augmented via TNF-alfa treat-
ment [11]. Moreover, all the three types of known BAFF
receptors (BAFF-R, BCMA, and TACI) are expressed
in adipocytes and are upregulated during adipocyte dif-
ferentiation. In agreement with this, is the expression of
BAFF mRNA and protein reported in ob/ob mice [11].

In a recent study by Hamada et al [22], BAFF levels
in the sera and visceral adipose tissue (VAT) of obese
mice were investigated. In obese mice, the BAFF levels
were preferentially increased in VAT and sera compared
with these levels in normal control mice. BAFF also
induced alterations in the expression levels of genes
related to insulin resistance in adipocytes in vivo. In
addition, BAFF directly affected the glucose uptake
and phosphorylation of insulin receptor substrate-1 in
adipocytes. Therefore, the present authors conclude
that paracrine BAFF and BAFF-receptor (BAFF-R) inter-
action in VAT can lead to impaired insulin sensitivity via
inhibition of insulin signaling pathways and alterations in
adipokine production.

It is difficult to define whether the observed high
BAFF phenotype in obese individuals is a priori linked
to obesity as a result of a specific shared genetic back-
ground, or whether it results from consecutive changes
in cytokine profiles during obesity development. Previ-
ously, it has been suggested that limited BAFF signaling
leads only marginally towards selection against higher
affinity autoreactive B cells, whereas BAFF overexpres-
sion leads to broad tolerance escape and positive selec-
tion of autoreactive cells. In animal experiments, the B
cells in BAFF/I3H9 mice were elevated in number, used
a broad L chain repertoire, including L chains generat-
ing high-affinity autoreactivity, and produced abundant
autoantibodies [23], making BAFF an outstanding can-
didate for being a factor linking obesity and autoimmune
diseases. It seems to be highly likely that increased
BAFF levels favor the development of autoimmune and
also lymphoproliferative diseases, which is also consis-
tent with empiric observations that obese individuals are
more prone to certain types of autoimmune diseases
and cancer [24]. It has also been reported that the pres-
ence of an underlying IgA deficiency (IgAD) character-
ized by increased BAFF levels could represent a further
risk factor for lymphoproliferative diseases in course of
autoimmune diseases, such as systemic rheumatologic

diseases, suggesting also a BAFF-targeted therapeutic
interventions might be of advantage under specific cir-
cumstances, such as IgAD [25].

Our resulis show that plasma BAFF levels are
gender-dependent, proportional to BMI, waist circumfer-
ence, percentage of body fat, and significantly different
between obese and non-obese individuals. This is con-
sistent with observations that adipocytes are capable
of producing BAFF and that they carry BAFF receptors
capable of binding BAFF [3,4]. The pivotal role of BAFF
in adipogenesis has recently been proposed [12] and
the site-dependant differences in BAFF expression
might possibly contribute to differences in body fat dis-
tribution, making patients with higher BAFF circulating
levels more prone to develop abdominal obesity than
the others.

In this study, we also observed multiple associations
of BAFF plasma levels with dietary composition param-
eters, the possible explanation of which could be the
presence of a leptin-BAFF axis, as proposed recently by
Kim et al. [11]. Decreased responsiveness to leptin was
documented in mice fed a high-fat diet (HFD), probably
in relation to gender and/or duration of exposure to diet
and/or the strain of mice [26,28]. The reduced activity
of STAT-3 in lymphocytes of mice kept on an HFD is
consistent with prior reports showing decreased STAT-3
activity in the hypothalamus of HFD mice [29]. This effect
of an HFD has recently been found to be associated, at
least in part, with an increased level of the suppressor
of cytokine signaling 3 (SOCS3), acting also as an
inhibitor of leptin signaling [29]. In the study by Papatha-
nassoglou et al. [30], ObR/STAT-3-mediated signaling
in T lymphocytes was decreased in the diet-induced
obese mouse model of ocbesity and leptin resistance.
This research group demonstrated that the leptin recep-
tor (ObR) is expressed on normal mouse lymphocyte
subgroups and that leptin plays a role in lymphocyte
survival as it alters the ObR/STAT-3-mediated signaling
in T cells in relation to the proportion of fat in the diet. On
the whole, the data in the Papathanassoglou et al. study
support the hypothesis that nutrition status acting via
leptin-dependent mechanisms might significantly alter
the strength and quality of the immune response, and
based on our data, it can be suggested that BAFF is a
missing piece in this pathway.

The major limitation of our study is its failure to find
a significant association between circulating BAFF and
leptin levels, which is detrimental to the study hypoth-
esis. However, this study was performed on a small
population sample, and we presume the effect could
be observed on a larger cohort. Moreover, some of the
variations in diet parameters could be at least partially
attributed to seasonal variation, and therefore, another
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study in a prospective design investigating food records
and BAFF levels in various seasons of the year would
be also advantageous. Finally, the lack of observation
of an association between circulating BAFF and leptin
levels does not exclude presence of other mechanisms
linking the BAFF plasma levels to dietary composition
observed in this study.

In conclusion, we report here multiple associations
of BAFF plasma levels with anthropometric determi-
nants of obesity as well as with dietary composition
in the Caucasian Central-European population. The
results provide some evidence that BAFF might play an
important role in linking body composition and risk of
autoimmune or malignant diseases.
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4.9. VARIABILITY IN CNR1 LOCUS INFLUENCES PROTEININTAKE
AND SMOKING STATUS IN THE CENTRAL-EUROPEAN
POPULATION

Resumé

Endokannabioidni receptor typu 1 (CB1) je kodovan CNR1 genem. V nedavné dobé bylo
zjisténo, Ze hraje dulezitou tlohu pii regulaci sytosti potravniho chovani — je schopen
modulovat metabolickou odpovéd’ i samotny piijem potravy.

Cilem nasi studie bylo prozkoumat potencial tii jednonukleotidovych polymorfismi v CNR1
genu z hlediska nativnich potravnich preferenci ve vzorku typické stiedoevropské populace.
Do studie bylo zafazeno celkem 258 jedinci ze stfedoevropské populace a byly u nich
genotypizovany polymorfismy rs1049353, rs12720071 a rs806368 v CNR1 genu. U jedinct
ve studii bylo dale bioimpedan¢ni metodou hodnoceno télesné slozeni a zméfeny ruzné
antropometrické parametry subjekti (obvod pasu, obvod bokt, tloustka koznich fas). Jejich
nativni stravovaci zvyklosti byly vyhodnoceny na zakladé¢ 7denni zdznamové metody i
pomoci FFQ dotazniku, sledovano bylo i koufeni.

Alelické varianty a bézné haplotypy v CNR1 genu byly statisticky vyznamné spojeny se
zastoupenim jednotlivych makronutrientd v nativni stravé jedinct, a to bez ohledu na jejich
fyzickou aktivitu.

Bézny haplotyp v genu pro CNR1 byl dale spojen s vyskytem koufeni, resp. mnozstvim
vykoutenych cigaret za den i roky koufeni.

Nase vysledky ve studované stiedoevropské populaci naznacuji, ze specifické genetické
varianty v CNR1 genu muZeme povazovat za markery vnimavosti u specifického slozeni

stravy i vnimavosti ke koufeni.
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Variability in CNR1 locus influences protein
intake and smoking status in the Central-
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Objectives: The endocannabinoid receptor 1 (CB1) is encoded by the CNR1 gene and has been recently
recognized to play an important role in the regulation of satiety and feeding behaviour with a huge
potential of modulating metabolic response and feeding control. The aim of the study was to investigate
the potential of three selected single nucleotide polymorphisms (SMPs) in the CNR1 locus on native
dietary composition in the Central-European Caucasian population.

Methods: A total of 258 unrelated individuals originating from the Central-European Caucasian population
were enrolled into the study and rs1049353, rs12720071, and rs806368 polymorphisms in CNR1 locus
were examined in these individuals using PCR-based methodology. Body composition was assessed
using a bicimpedance method, various anthropometric parameters were investigated (waist and hip
circurnference, skin folds), and native dietary composition was analysed using 7-day food records as well
as a food frequency questionnaire.

Results: Allelic variations and common haplotypes in the CNR1 gene were associated with the daily intake of
proteins, fluids, and fibre, regardless of the physical activity of the individuals. The common haplotype in the
CMNR1 gene was associated with self-reported smoking (number of cigarettes per day, smoking years).
Discussion: Our results indicate that specific genetic variations in the CNR1 gene may act as susceptibility

markers for specific dietary composition in the Central-European population.

Keywords: Endocannabinoids, SMP, Dietary composition, Macronutrients, Gene

Introduction

The endocannabinoid system (ECS) has been recog-
nized to play a pivotal role in the regulation of
feeding behaviour in mammals. Both its endogenous
and synthetic agonists cause orexigenic behaviour at
the central level and modulate cascade of pepudes
involved in the regulation of feeding behaviour; more-
over, ECS significantly contributes to the hedonic
appraisal of food mtake and mcreasing attention 1s
being paid to the role of ECS in peripheral metabolic
regulation and the paracrine effects of ECS.

Animal experiments suggest that agonists of ECS
can increase the rewarding value of food and diminish
latency for intake as well as induce food intake in
satiated animals whose motivation to eat 15 hughly sup-
pressed.’ The ECS is strongly tied to the brain reward

Correspondence to: Julie Bienertova-Vasku, Department of Pathological
Physiology, Faculty of Medicine, Masaryk University, Kamenice 5, Brno
625 00, Czech Republic. Email: jbienert&med.muni.cz

system and thus expresses pervasive mnfluence on
addictive behaviour. Indeed, it is generally well
known that consumption of cannabis triggers vora-
clous appetite, especially for sweet food.! In 1970,
Tart® described that marijuana intoxication induces
appreciation of new qualities of food. A subsequent
study by Sofia and Knobloch® supported the hypoth-
esis for tetrahydrocannabinol (THC) involvement in
sweel preference regulation. More of these empincal
observations could be explained following the discov-
ery of specific ECS receptors found in food mtake-con-
trolling centres such as hypothalamic nuclei or the
dorsal motor nucleus of the vagus nerve.””® These
receptors are generally expressed in peptidergc hypo-
thalamic crcuts regulatng food intake, such as
neurons in the arcuate nucleus (ARC) secreting pro-
opiomelanocortin / cocaine- and amphetamine-
regulated transcript (POMC/CART), neurons of the
lateral hypothalamic nucleus (LHN) releasing
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Melanin concentrating hormone (MCH) and orexin,
and periventricular nucleus (PVN) neurons secreting
corticotropin-releasing hormone (CRH).” The actual
signalling in the endocannabinoid pathway is
mediated via the binding of 2-arachidonylglycerol (2-
AG) and ananadamide (AEA) to endocannabinoid
receptor 1 (CNR1).® Subsequently, the CNR1 antag-
onists have been developed as potential therapeutic
agents for the treatment of obesity and its comorbid-
ities,”"* where these agonists were meported (o
induce weight loss, reduce food intake, improve
glucose metabolism, and regulate plasma lipid levels
in humans."*

Based on these findings, we postulated our primary
hypothesis that the CNRI locus, positioned 6qld4—ql5,
controls dietary and behavioural characterstics in
humans, representing possible risk factors for obesity
development or modulating the severity of the disease.
We presumed that rather than the nsk of obesity itsell
as a metabolic disease, it could be the specific dietary
habits which are associated with the CNR1 locus.

For the purpose of the study a total of three
common polymorphisms in  the CNRI gene
(rs1049353, rs12720071, and rs806368) were selected,
all of which were previously reported to be associated
with obesity-related anthropometric traits. The poss-
ible relationships between these polymorphisms and
dietary composition, patterns of food intake, and
specific patterns of physical activity in the study sub-
jects were thus investigated.

Material and methods

Subjects

A total of 258 unrelated Czech Caucasian individuals
were recruited for this study in a mass media campaign
addressing the population of the South Moravian
Region of the Czech Republic as described previously
and — for the purposes of genotype and allele frequen-
cies comparisons — assigned (according to their body
mass index (BMI)) either to the non-obese or the
obese cohort." The inclusion and exclusion criteria
were derived from Ma ef al '” The study was approved
by the Committee for Ethics of Medical Experiments
on Human Subjects, Faculty of Medicine, Masaryk
Umiversity, Brno and was performed in accordance
with the Declaration of Helsinki Guidelines.
Participants gave their written informed consent
before they entered the study; the written consent
forms were subsequently archived.

The obese subgroup consisted of 160 obese individuals
(BMI > 30 kg/m? mean BMI 37.5 + 6.4 kg/m?, mean
age 50.0 = 11.5 years). The non-obese group comprised
a total of 98 healthy normal-weight control subjects with
no history of childhood obesity or eating disorders (20 <
BMI < 30 kg/m™ mean BMI 25.2 + 3.2 kg/m”, mean
age 37.5+12.4 vears); for the purposes of some

analyses, the non-obese group was further divided into
a normal-weight (20 <BMI <25kg/m?), and over-
weight (25 < BMI < 30 kg/m?) cohort.

Data on personal or family history of obesity, birth
weight, age at onset of obesity, eating disorders, age of
menarche and menopause in women, family history of
sterility, infertility, or stillbirth were obtained by a pro-
fessional using a semi-structured interview. A positive
family history for obesity was established as one obese
relative with BMI = 30 kg;’mz in the close family (sib-
lings, parents and their siblings, and grandparents).
Both the obese cases and the non-obese controls under-
went the same subset of examinations focusing on their
anthropometric characteristics, dietary intake, and
genetic background of both the individual and the
family; the subjects of the study were also interviewed
with respect to their smoking status and history.

Anthropometric characteristics

All phenotypic measurements were performed by a
specialist and included weight, height, BMI, lean
body mass, total body fat, waist and hip circumferences,
waist-to-hip ratio (WHR), skin-fold thickness. Body
composition was assessed by bioelectrical impedance
analysis, using the single-frequency bio-impedance ana-
lyser BodyStat (Bodystat Ltd, Douglas, Isle of Man,
UK) with the subject lying in a supine position.

Pedometer-defermined physical activity

To roughly estimate the physical activity of the study
individuals, all participants were provided with an
Omron HIJII3 E pedometer (OMRON Corp.,
Tokyo, Japan) and a daily step log m order to
perform a 7-day record of their physical activity, sim-
ultaneously with the 7-day food records.

Participants were instructed to wear the pedometer
throughout all waking hours for a period of 7 days,
only removing it when bathing or showering. The
correct position to wear the pedometer was on the waist-
band in line with the midline of the thigh and this pos-
ition was demonstrated to participants at the beginning
of the study. Each night before going to bed participants
recorded the number of steps displayed in their log. The
pedometer was then reset for each following day, accord-
ing to the method described by Clemes er al. '®

All participants were encouraged not to change their
typical daily routine of work and leisure activities. On
finishing the study, the participants were questioned as
to whether they had suffered from any ill health or for-
gotten to wear the pedometer for an entire day or
whether they made any changes to their daily routine,
diet, or general activity during the study period.

Dietary intake

The dietary habits of the subjects were assessed simul-
taneously with physical activity records using a modi-
fied diet history method as described by Larsson
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et al," which considers the entire diet, including
cooking methods.

The method combined quantitative and semi-quan-
titative measurements of dietary intake, using a version
of a food frequency questionnaire which surveys the
regularly consumed foods during last 7 days. For
each food item, usual intake frequency and portion
size were given. Portion sizes were estimated using a
booklet with pictures of the different food items with
varying portion sizes. All cooked meals and beverages
during 7 days were recorded 1n the menu book, includ-
ing all ingredients of each meal. At the start of the
study, the subjects were instructed individually by a
dietician how to fill out the gquestionnaires. After 2-3
weeks later, the subjects returned to the dietician
individually and their eating habits were consulted.

The dietician recorded the usual amount consumed
by the subject of each food item in the food frequency
questionnaire and the 7-day food record. Participants
were furthermore advised to complete 7-day food
records. Food mtake data obtained from the study sub-
jects were analysed and energy and nutrient intake were
calculated using the Nutrimaster Diet Analysis software
{Abbott Laboratories, Abbott Park, IL, USA) adjusted
for the Czech population. Special attention was paid to
extreme snacking behaviour, dieting, extreme portion
sizes, and irregularity in eating.

Selected quantitative parameters were followed,
including: total energy intake per day; per cent of
energy intake in fat, carbohydrate, and protein; per
cent of total energy intake per day and servings per
day for each food group; cholesterol, saturated fat, and
fibre intake; and grams of carbohydrates per day and
the percentage of energy derived from carbohydrates.

Genotyping

DNA for analyses was extracted from 5ml of the
patients’ saliva collected after a 3-hour-long fasting
period. The selection of the polymorphisms was based
on their previous association with obesity-related anthro-
pometric traits. Genotyping of the polymorphisms was
performed as described previously using a standard poly-
merase chain reaction (PCR}based methodology with
following  restriciondragment-length  polymorph-
ism."®" Restricted fragments were separated by electro-
phoresis on 2% agarosis gels with ethidium bromide
staining. To assess genotyping reliability, we performed
double sampling in more than 2004 of the samples and
found no differences. We always used quality control,
and negative controls were used to identify possible false-
positives. The genotyping success was 100% for all of the
included SNPs.

Statistics
The genotype distributions were tested for the
Hardy—Weinberg equilibrium by a set of chi-square

tests. Allelic frequencies were estimated by a ‘counting
method” and differences in allele frequencies between
case and control subjects were tested by likelihood
ratio chi-square tests for 2 x 2 tables (two alleles, case
vs. control subjects). Where applicable, it was first deter-
mined whether the variable presented a normal distri-
bution using the Kolmogorov—Smirnov test, and in
cases of skewed variables, logarithmic transformation
was performed. For descriptive purposes, mean values
are presented using untransformed values. Resulis are
expressed as mean = SD unless otherwise stated.

In order to identify genetic as well as non-genetic vari-
ables which may contribuie to predicting the anthropo-
metric phenotype or nutritional phenotype, we carned
out a forward stepwise logistic regression, a sequential
procedure of adding one input variable at a time to
build up a regression model in which the dependent vari-
able (i.e. presence orabsence of obesity) is represented as
the linear combination of independent wvariables
(anthropometric and nutritional parameters and geno-
types of three investigated SNPs). In this analysis, the
codes of genotypes were used as quantitative variables
(AA=0,AB=1,BB=2)

0Odds ratios were calculated for the multiple logistic
regression analysis models; we adjusted for covanates
including age (continuous), BMI (<23, 23-249
25-29.9, 30-34.9, or =35 kg!mz}. gender, smoking
(never, past, and current), alcohol intake (non-
drinker and drinker (0.1-4.9, 5-10, or =10 g/day),
family history of obesity, and menopausal status in
females.

Using sample tertiles, the nutrient variables were
categorized in three groups of equal size (the upper
third, the middle third, and the lower third) as
described by Santos er al ™ Each nutrient variable
was then included in logistic regressions as a binary
indicator leaving one category as reference.

Data analysis was performed using the Statistica v. 9.0
(Statsoft Inc., Tulsa, OK, USA) programme package at a
significance level defined as P < 5%. An analysis of hap-
lotypes was performed using the Haploview program
package (http:/ /www.broad.mit.edu /haploview/ ).

Results
The general characteristics of the study participants
with respect to their dietary composition are shown
in Table 1. No significant differences were observed
in total energy intake, percentage of energy denved
from dietary proteins, carbohydrates or fats when
comparing the cases, and the controls both together
and separately according to their gender. Moreover,
no significant differences were observed when dividing
the study subjects into three tertiles in a tertile analysis.
The entire investigated population was found to be
in Hardy-Weinberg equilibrium at the investigated
CNR1 loci. The genotype frequencies in the total
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Table 1 Baseline patients’ characteristics

Obese (BMI = 30)

MNon-obese (BMI < 30)

Variable Femnales Males Females Males
Body composition
N 118 42 74 24
Age (years) 50.65+ 10.92 4844 = 1306 3806+ 1274 3581+ 1150
BMI (kg /m®) 3750 +6.40 3750+ 6.64 2501 =344 2576 +2.32
Body fat (%) 4609 +5.83 3284626 3102+732 1912 =463
Dietary intake
Energy (MJ) 777246 10.59+ 356 776+ 187 1096 =2.49
Protein (daily intake in g) 69.77 + 22.37 002 +31.14 6531+ 1759 87.08 + 23.50
Carbohydrates (daily intake in g) 22890 +70.04 304 47 + 11022 23260 +58.46 32098 +86.12
Fat (daily intake in g) 71.57+28.28 97.61 +37.36 71.79+ 2176 99.91 + 30.00
Teiles of carbohydrate intake N (%)
1 50 (23) 8(8) 26 (19) 2(3)
2 80 (37) 22(22) 62 (45) 8(13)
3 84 (40) 69 (70) 51 (36) 54 (84)

study cohort were 55, 39, and 6% for AA, AG, and
GG (1359 G/A); 83, 15, and 2% for AA, AG, and
GG (3138 G/A); and 66, 30, and 4% for CC, CT,
and TT (4895 C/T), respectively. Significant differ-
ences were observed for the CINRI1 3813 A/G poly-
morphism genotype as well as allele frequencies
when comparing the obese subjects (30 < BMI) with
the non-obese ones (BMI < 30) ( pg = 0.02, p, = 0.39).

Haplotype analysis

Five common haplotypes with the general population
frequency over 1% were estimated (Table 2). The
linkage disequilibrium (LD) plot of the investigated
SNPs 15 presented in Fig. 1. Five common haplotypes
(_f-Z 10/0) were  estimated: A|351)A35|3C4p;95 (MC),
(CAG), ApsoAsgisTages (AAT),
A1399G3813T 4895 (AGT), and A359G3813C 4805
(AGC). The established frequency of the
A359G13513C4505 haplotype in the obese cohort was
under 1%.

GI35')A3H 1 SC-I-H')S

Table 2 Haplotype frequencies of CNR1 haplotypes in
studied populations according to their obesity status

Haplotype 1359/3813/4895  Total Obese  Non-obese
AAC 0.560 0.580 0.562
CAG 0.243 0.222 0.243
AAT 0.098 0.028 0.024
AGT 0.080 0.096 0078
AGC 0011 0.006 0.011

g?gﬁgzzg_
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Figure 1
single nucle otide polymorphisms rs 1049353, rs12720071, and
rs806368.

Haploview linkage disequilibrium plot of the CNRT

Effects of CNR1 polymorphisms on
anthropometric characteristics (BMI, WHR,

total body fat, skin-fold thickness)

In the next step, the entire cohort was tested with respect
to whether any of the studied SNPs expressed significant
effects on obesity-related anthropometric character-
istics. For the CINR1 1359 G/ A, a significant increase
in the percentage of body water was observed among
AA homozygotes (45.9%) and AG heterozygotes
(46.7%) in comparison with GG carriers (50.5%) (P =
0.03). In the case of the CNR1 3813 G/A polymorph-
ism, the AG heterozygotes presented with the highest
thickness of the triceptal skin fold (an average thickness
of 36 mm) when compared with the AA (25 mm) and
GG (21.5 mm) homozygotes (£ = 0.05). Moreover, sig-
nificant differences in diastolic blood pressure were
observed across the genotypes; the carrving of the
3813 ( allele was associated with the highest diastolic
BP both in GG homozygote (92 mmHg) and AG het-
erozygote genotypes (mean 93.5 mmHg), compared to
AA (86.3 mmHg) (P = 0.002).

In the multivariate regression modelling across all
study subjects, the CNR1 3813 G/A polymorphism
expressed an independent prediction role on BMI,
this association remained significant after adjustment
for age and sex (f = 0.14, P = 0.05) but lost its signifi-
cance following the introduction of the daily step
count into the analysis (= —0.06, F=0.21).
Furthermore, this SNP also expressed an independent
prediction role on the total percentage of body fat (§ =
0.15, P=0.05), where the gender of subjects played a
significant prediction role (f =049, P < 0.00001),
mdependent of the daily step count.

The AGC haplotype was associated with the highest
thickness of the supraspinal skin fold (29.2 mm) and
there was a significant difference when compared
with the GAC haplotype with the lowest supraspinal
fold thickness (19.2 mm, P = 0.03).

In the multivariate modelling of systolic blood
pressure, both the CNRI1 3813 G/A and CNRI
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4895 C /T served as independent predictors for systolic
blood pressure (f=0.23, P=0.002; f= —0.19, P =
0.009, respectively) along with the gender of subjects
(f=—0.13, P=10.03). The AGC haplotype was sig-
nificantly associated with the highest average systolic
blood pressure (mean 149 mmHg); on the other
hand, the AAT haplotype was assocated with the
lowest systolic blood pressure (124 mmHg, P = 0.03).

Effects of CNR1 polymorphisms on smoking
status and history of the study subjects

None of the polymorphisms investigated separately
were significantly associated with current smoking
status, previous smoking history, total vears spent
smoking per lifetime, or the calculated number of ciga-
rettes per lifetime. The AGC haplotype was signifi-
cantly associated with the average number of
cigarettes per day in smokers (average count 30 per
day in AGC carriers compared to the GAC haplotype
with the lowest number of cigarettes per day (6 cga-
rettes per day, P = 0.03).

Effects of CNR1 polymorphisms on dietary
characteristics of the study subjects

As the GG genotype of CNR1 3813 G/ A was substan-
tally less frequent, we assumed the G dominant mode
of inheritance (GG + AG vs. AA). In muluvariate
regression modelling, both the CWNR1 3813 G/A and
CNRI1 4895 C/T served as independent predictors
for total daily intake of fluds (f = —0.17, P =0.02;
p=0.18, F=0.02, respectively). The CNR1 3813
G/ A polymorphism served as an independent predic-
tor for the total amount of proteins in food (f = 0.15,
P =10.05), whereas the GG homozygoles were associ-
ated with the lowest daily protein intake (59.5 g per
day) when compared with AA and AG genotypes
(72.7, respectively 78.6 g per day). However, none of
the investigated polymorphisms served as a predictor
for food intake of fat or carbohydrates, both in uni-
variate and multivaniate analyses.

The results of the tertile analysis of carbohydrate
mtake mn relation to CNR 3813 G/A did not reveal
any significant associations. No significant effects of
any of mvestigated polymorphisms on average daily
imtake of carbohydrates were observed when dividing
the study subjects into three subgroups according to the
tertile of daily energy intake derived from carbohydrates.

Table 3 presents the stratified multivanate analyses
of total carbohydrate intake across the whole study
population of 258 mdividuals in relation to CNRI1
genotypes. None of the presented models adjusted
for age, sex, and percentage of body fat (model 1),
plus total energy intake per day (model 2), or total
carbohydrate intake (model 3) was significantly associ-
ated with the investigated genotypes except for the
3813 G/ A polymorphism in model 1 (P =0.02).
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Table 3 Standardized beta coefficients (95% confidential intervals) for associations total protein intake by CNR1 1359 G /A, 3813 G/ A, and 4895 C/T polymorphisms: multivariate regression

analysis across the total study cohort

CNR1 4895 C/T

TC+CC

CNR1 3813 G/A

GG + GA

CNR1 1359G /A

AG + GG

P for interaction

TT

P for interaction

Al

P for interaction

Model

0.23
0.45
0.65

—0.03 (—0.16-0.10)
—0.03 (—0.10-0.04)

—0.03(—0.11-0.07)

0.05 (—0.08-0.18)
—0.03 (—0.10-0.04)

—0.02 (—0.11-0.07)

0.02
0.44
0.67

0.01(-0.23-0.25)
—0.05(—-0.19-0.09)

0.01(-0.19-0.186)

—0.11(-0.35-0.11)
0.01(-0.13-0.15)

—0.04 (—0.22-0.16)

012
013
0.43

0.02 (—0.10-0.14)
—0.05 (-0.12-0.02)
—0.03 (-0.12-0.05)

—0.01(—0.10-0.07)

—0.02(—0.14-0.10)
—0.04 (—0.11-0.03)

Madel 1: total fat intake adjusted for age, sex, and % of body fat.

Maodel 2: model 1 + total energy intake per day.
Maodel 3: model 1 +total carbohydrate intake.



Table 4 Mean (SD) demographic data and step counts for normal-weight, overweight, and obese participants (along with the

data for the complete cohort)*

Normal weight

Between-group

(n=40) Overweight (n =58) Obese (n=160) differences (P value) All (n = 258)
32 females 42 females 118 females 182 females
8males 16 males 42 males 66 males
Age (years) 33.3 (9.4 40.4 (134 50.1 (11.5)" <0.001 45.3(13.3)
Height (cm) 170.7 (9.2) 162.2 (9.2) 167.0(9.3) 0.041 168.1 (0.4)
Weight (k) 64.2 (9.0)" 7AT (B4 1047 (205)"" <0.001 92.6(235)
BMI (kg/m) 220 (2.1)" 27.4 (15 375 (85" <0.001 32.8(8.1)
Mean steps/day a779 (3011)* 8009 (2600)" 6679 (2892 <0.001 7303 (2957)

BMI, body mass index, calculated by weight in kilograms divided by height in metres squared.

Between-group differences were tested by the Kruskal-Wallis test.

* ! 2 Significant differences between groups, following post-hoc analyses (all P < 0.05).

Table 5 Mean (SD) daily step counts calculated for each day of the we ek, for normal-weight, overweight, and obese participants

(along with data for the complete sample)

Normal weight Between-group
(m=40) Overweight (n=58) Obese (n=160) differences (P value) All (m = 258)

32 females 42 females 118 females 192 females

8 males 16 males 42 males 66 males
Monday 9122 (3626)" 8631 (3798) 7093 (3876)" <0.001 7753 (3888)
Tuesday 8329 (4658) 7838 (3398) 6725 (3643) 0.012 7224 (3B07)
Wednesday 8683 (3957)" 8522 (a7ae)! 6864 (3719) <0.001 7518 (3849)
Thursday 9635 (4357)" 8407 (4165) 7037 (3897) <(0.001 7748 (4134)
Friday 9210 (3978)" 8455 (3722)! 7139 (4170)," <0.001 7756 (4112)
Saturday 9241 (6224)" 7043 (3864) 6253 (4672)" <0.001 6896 (4880)
Sunday 7232 (3782) 7167 (4338) 5666 (3728) 0.007 6246 (3936)
Within-group differences 0117 0.061 <0.001 <0.001
Within-group differences* 0513 0.784 0.921 0.468

BMI, body mass index, calculated by weight in kilbgrams divided by height in metres squared.

Between-group differences were tested by the Kruskal-Wallis test.

=V Significant differences between groups, following post-hoc analyses (all P < 0.05).

Furthermore, the AGC haplotype was also signifi-
canily associated with the lower protein intake per
day (62.5 g per day) as opposed to AGT carriers with
the highest protein mtake (77.5 g per day, P = 0.01).

None of the investigated polymorphisms or haplo-
types was associated with investigated eating patterns
(time structure of daily energy intake, extreme snack-
ing, and excessive portion sizes).

Effects of CNR1 polymorphisms on the patterns
of physical activity of the study subjects

For the purposes of the analysis of physical activity as
described by Clemes er al.,'® the study participants

were divided into three subgroups: normal weight
(20 < BMI = 25), overweight (25 < BMI = 30), and
obese (BMI = 30). The demographic characteristics
of the three BMI groups, and of the complete
sample, are presented in Table 4; the analysis of the
day-of-the-week effect is summarized in Table 5. The
mean step counts reported by the normal-weight, over-
weight, and obese groups differed significantly (P <
0.001). Generally, there was a significant trend for all
three BMI groups to report a decrease in activity on
Sunday (P =0.007), the normal-weighted subjects
were significantly younger than the obese participants
and therefore a stratified analysis by age was

Table 6 Mean (SD) daily step counts calculated over 7-day study for normal-weight, o ight, and ob participants
stratified by age group (along with the data for the whole cohort)
Nomal weight Overweight
n =40) n=58) Obese (n=160) Botween-group All (n=258)

N Steps N Steps N Steps differences (P value) N Steps
16-29 (years) 18 7979 (3434) 14 B8B8O0(2844) 7724 (3919) 0.310 39 8260 (3272)
30-45 (years) 17 9290 (2711 22 7223(2046) 49 6473 (3008)" <0.001 88 7206 (2068)
46-71 (years) 5 9925 (1797) 22 B8234(2816) 104 6705 (2728) 0.004 40 7085 (2815)
Within-group 0131 0.182 0511 0.158

differences

BMI, body mass index, calculated by weight in kilograms divided by height in metres squared.

Between-group differences were tested by the Kruskal-Wallis test.

*Significant differences between groups, folowing post hoc analyses (all P< 0.05).
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performed across the study cohorts (Table 6). In the
multivariate modelling, the 4895 C/T polymorphism
was associated significantly with the daily step count
on a working day (8 = 0.16, P = 0.03).

Discussion

Cannabis is one of the most common illegal drugs
worldwide and the cannabinoids have been used in
therapy for centuries, e.g. the first evidence of the use
of cannabis for medical purposes was recorded in
China in ca. 4000 BC. Cannabis has been used in
therapy mainly for its potential in appetite stimulation,
indeed, cannabis users often report persistent hunger
and a craving for sweets, although this does not result
in sigmificant weight gain among cannabis users.*’

Numerous authors have hypothesized that a number
of genes influence the reward pathways and may con-
tribute to a ‘reward deficency syndrome’ associated
with, e.g. alcohol and drug abuse.?>* As the food
intake also represents a ‘reward-controlled” system,
we hypothesized that the common polymorphisms
within the CNRI1 gene could significantly influence
dietary composition or patterns of food intake with
special attention paid to the increased intake of carbo-
hydrates and extreme snacking behaviour, indepen-
dently of physical activity carried out by the
individual. As all three investigated polymorphisms
were previously reported to be associated with specific
anthropometric traits, possible associations with
various anthropometric determinants of obesity were
also investigated.

This study presents multiple significant associations
between the 1359 G/A polymorphism located in
codon 453 of the coding exon in the CNR1 gene and
3813 G/A and 4895 C/T polymorphisms within the
3" region of CNRI gene and anthropometric par-
ameters related to obesity as well as some of the inves-
tigated dietary parameters. The carriers of the 1359A
allele presented with sigmificantly higher body water
percentage. The carriers of the 3813 G allele were sig-
nificantly more frequent in the obese cohort and,
moreover, the 3813 G allele was associated with
BMI. percentage of body fat, and higher diastolic
blood pressure; however, only until adjustments for
the daily step count were made. In the dietary analysis,
the 3813 G/A polymorphism served as an indepen-
dent predictor for daily fibre intake and the total
amount of proteins in food. The heterozygote AG gen-
otype of 3813 G/A was agificantly assocated with
the highest thickness of the triceptal skin fold, when
compared with both the homozygote genotypes. It
has been previously reported by Russo er al.'” that
the 3813 G allele was associated with waist circumfer-
ence and BMI; this could be partially in accordance
with our findings as we observed significant associ-
ation of the allele with BMI. However, no assocation

FUULEN HILERE @ilu SHIURIIEE 3Latus il Lne CENLar Cuiu e an g Ut L

of 3813 A /G polymorphism with waist circumference
was observed in our study. The 4895 C/T polymorph-
ism expressed an independent prediction role on the
percentage of body water and diastolic blood pressure;
however, no association with BMI and waist arcum-
ference (WC) was observed. Thus, although our
study supports the hypothesis of the involvement of
CNR1 varahility in influencing various anthropo-
metric parameters, we do not confirm the relationship
of investigated polymorphisms with waist circumfer-
ence reported by Russo et al '

Furthermore, haplotype analysis revealed multiple

associations of the common AGC haplotype with

behavioural
(supraspinal skin fold

characteristics
systolic  blood

and anthropometric
thickness,

pressure, low protein intake, and number of cigarettes
per day for smokers), these remained significant even

after all

relevant adjusiments had been made.

However, as the overall population frequency of the
AGC haplotype was limited to approximately 1%,
we considered this haplotype a rmare population
variant (although — based on our results — a highly
risky one), its related behavioural impact definitely
requiring further investigation. As the number of
AGC cases was extremely low mn our study, any con-
clusions regarding this variant must be considered
rather speculative.

The limitations of the study include a significant lack

of data on the phenotypic effects of the investigated

polymorphisms, which makes

further functional

studies a necessity in order to determine the exact gen-
otype—phenotype correlations. Moreover, the number
of subjects included in the study was limited, which
makes further studies on larger population samples
necessary. On the other hand, it should also be men-
tioned that the study was carried out on a highly
static, unrelated population from a wide region of
Moravia (part of the Czech Republic) settled by a
Slavonic population. In a large meta-analysis of the
Euwropean populations, the Moravian population has
been recently reported to be genetically slightly different
from the rest of the Czech Republic, which could be
explicable by the fact that Moravia has a long-shared
history with the remainder of the Czech Republic, but
is nevertheless separated from the rest of the country
by the Czech-Moravian highlands, which hindered
stronger intermixing in the past.™ Therefore, we
assume that the associations discussed cannot be
easily attributed to selection bias. In a study by
Muller ez al,*® conducted on the German — geographi-
cally highly related — population of children and adoles-
cents, no evidence in favour of the association of any of
investigated CNR1 alleles, including the 1359 G/A
polymorphism, with obesity was observed, which
stands in contrast to the association of the 3813G/A
polymorphism with obesity observed in our group.
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Despite the above-mentioned limitations, this study
indicates that common genetic variations in the endo-
cannabinoid type-1 receptor gene may act as attractive
susceptibility markers for specific dietary character-
1stics and obesity-related anthropometric traits.
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