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Abstrakt

Prevalence obezity i ptfidruzenych kardiometabolickych komplikaci u déti je celosvétove
vysoka. Obezita je multifaktoridlni onemocnéni, které vznikd zejména vlivem nepiiznivych
faktorti vn&jSiho prostiedi v interakci s faktory genetickymi. Celogenomové asociacni studie
odhalily desitky jednonukleotidovych polymorfismil asociovanych s obezitou. Zvazovana je i
kauzalni role infekce v patogenezi obezity, zejména prostfednictvim lidského adenoviru 36
(Adv36). Cilem dizerta¢ni prace bylo provéfit mozné asociace vybranych polymorfismi
kandidatnich genti pro obezitu (TMEMI1S8, SH2B1, KCTD15, PCSKI, BDNF, SECI6B,
MC4R, FTO) a infekce Adv36 ve vztahu k fenotypovym charakteristikdm obezity a jejim
komplikacim u ceské dospivajici populace. Vysledky jsou popsany v celkem osmi
publikacich, z nichz je Sest piivodnich praci a dvé reSerSe. Dil¢i studie byly provedeny jak na
reprezentativnim vzorku ¢eské adolescentni populace (1 533 jedinct epidemiologické studie),
tak u adolescenti snadmérnou hmotnosti, ktefi podstoupili redukéni lazeniskou nebo
ambulantni terapii (562 jedincl intervenc¢ni studie). Vysledky analyz prokdzaly souvislost
genovych variant TMEMI1S8, SECI6B a FTO s obezitou. Popsdna byla rovnéZz spojitost
variant genl zapojenych do hypotalamické regulace energetické rovnovahy — MC4R, BDNF a
PCSK1 — s vyskytem metabolického syndromu, ptfijmem jednotlivych nutrientii ¢i infekci
Adv36. Potvrzena byla také asociace mezi pfitomnosti protilatek proti Adv36 s obezitou,
zejména pak s nadvahou. Adv36 pozitivita dale ovliviiovala tspéSnost redukéniho programu.
Zavery predkladané prace podporuji vyznam genetickych i infek¢nich faktorti v patogenezi

obezity.

Klicova slova: obezita, adolescence, celogenomové asociacni studie, jednonukleotidové

polymorfismy, infekce, adenovirus 36, metabolicky syndrom, redukéni program



Abstract

The prevalence of obesity and its related cardiometabolic complications in children remains
high across the world. Obesity is a multifactorial disease caused by interaction between genes
and environmental factors. Genome-wide association studies have discovered several single
nucleotide polymorphisms associated with obesity. A causal role of infection in the
pathogenesis of obesity has also been considered, particularly the role of adenovirus 36
(Adv36). The aim of the Ph.D. thesis was to investigate the associations of obesity
susceptibility loci (TMEM18, SH2B1, KCTD15, PCSK1, BDNF, SEC16B, MC4R, FTO) and
Adv36 infection with obesity-related characteristics and complications in the Czech
adolescent population. The results are described in eight publications, of which six are
original papers and two are reviews. Studies were performed on a cohort of Czech adolescents
recruited either from the general population (1,533 individuals from the epidemiological
study) and from in-patient or outpatient weight management clinics (562 overweight/obese
individuals underwent an intervention). The results demonstrated an association of TMEM18,
SECI6B and FTO gene variants with obesity. Some variants of the genes involved in
hypothalamic regulation of energy homeostasis — MC4R, BDNF, PCSKI — were related to
metabolic syndrome, individual nutrient intake or Adv36 infection. A relationship of Adv36
antibodies with obesity, and especially with overweight, was further confirmed. Moreover,
Adv36 positivity was associated with the response to weight management. Conclusions of this
Ph.D. thesis support the importance of genetic and infectious factors in the pathogenesis of

obesity.

Keywords: obesity, adolescence, genome-wide association studies, single nucleotide

polymorphism, infection, adenovirus 36, metabolic syndrome, weight management
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1 Uvod

Nadmérnd télesna hmotnost je spojena s vyskytem ptidruzenych zdravotnich
riziko kardiometabolickych poruch, vcetné rozvoje diabetu mellitu 2. typu (T2DM) a
metabolického syndromu. Pfi¢inou vzniku bézné obezity je pozitivni energeticka bilance, kdy
ptijem energie pievazi nad vydejem. Celosvétovou epidemii obezity nicméné nelze ptisuzovat
pouze zménam Zivotniho stylu charakterizovanym zvySenym energetickym piijmem,

nevhodnou skladbou jidelnicku a nedostatec¢nou fyzickou aktivitou.

Obezita patii mezi multifaktoridlni onemocnéni. Na jejim vzniku se zasadni mérou
podili genetické pozadi, které v interakci s faktory vnéjSiho prostiedi determinuje zékladni
fyziologické procesy od metabolismu Zivin, adipogeneze aZz po regulaci energetické
homeostazy. Prilomem ve vyzkumu obezity bylo zavedeni celogenomovych asociacnich
studii (GWAS), které identifikovaly fadu jednonukleotidovych polymorfismi (SNPs)
kandidatnich genl souvisejicich s indexem télesné hmotnosti (BMI) v populaci. V posledni
dekad¢ je vyznamné diskutovana rovnéz uloha infekce v etiopatogenezi obezity. Z dosud
studovanych infek¢nich agens se nejvlivnéjsim zda byt lidsky adenovirus 36 (Adv36), jenz
zpuisobuje zmnozeni tukové tkané u experimentalné infikovanych zvifat a byla u néj

prokézana souvislost s obezitou také u lidi.

Predkladana dizertani prace se zaméfuje na studium rizikovych faktorti obezity,
z nichZ vétsina nebyla v Ceské republice podrobné zkoumana — polymorfismy kandidatnich
genti pro obezitu TMEMI18, SH2BI1, KCTD15, PCSKI1, BDNF, SEC16B, MC4R, FTO a
infekci Adv36. Prace vyuzivd rozsahly a podrobné fenotypové charakterizovany soubor
adolescentli, ktery umoznil zkoumat tyto faktory nejen ve vztahu k obezité, ale i dalSim
parametrim Uzce souvisejicim s obezitou. Soucasti dizertacni prace je osm publikaci, z nichz

Sest je ptivodnich praci a dvé Ceské resersSe.



1.1 Cile dizerta¢ni prace

1. U Ceskych adolescentli popsat vztah vybranych polymorfismt kandidatnich genti pro

obezitu k:
e télesné hmotnosti a t€lesnému slozeni,
e metabolickym parametriim a komplikacim obezity,
e energetickému piijmu.

2. U ceskych adolescentll analyzovat ptitomnost protilatek proti lidskému adenoviru 36

ve vztahu k:
e t¢lesné hmotnosti a ispéSnosti jeji redukce,
e metabolickym a hormonalnim parametriim,
e energetickému piijmu,

e nosic¢stvi rizikovych alel kandidatnich genii pro obezitu.
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2 Literarni prehled

2.1 Obezita u déti a adolescentu

Obezita patfi mezi nejrozsifenéjsi metabolickd onemocnéni postihujici dospélou i
détskou populaci po celém svét€. Navzdory intenzivnim preventivnim a intervenénim
strategiim v poslednich letech prevalence obezity u déti a adolescentli stoupd. I kdyz se
v n¢kterych zapadnich evropskych zemich a USA podafilo tento trend zastavit, vyskyt
nadvahy a obezity ziistava velmi vysoky — napt. u dospivajicich ve véku 12—19 let az 35 %
(Ahluwalia et al. 2015, Ogden et al. 2014). Také v Ceské republice se pocet déti s nadmérnou
télesnou hmotnosti béhem poslednich deseti let zvySoval. Z dat studie ,, The Health Behaviour
in School-aged Children* pro Svétovou zdravotnickou organizaci vyplynulo, Ze zatimco
v roce 2001 mélo nadvahu a obezitu 13 % 15letych chlapct a 5,5 % divek, v roce 2010 to
bylo jiz 19 % chlapcii a 9 % divek (Obrazek 1) (Puklova 2013).

20 - 18,8 18,6 | m2001/2002
18 16 02005/2006
16 1 14
13.1 m2010
14 - 11, 12 ’
12
= 10 - . 9 93

8 A ’ 6 g
6 55
4 ]
2 ]
0 .

chlapci divky chlapci ‘ divky

13 let 15 let

Obrazek 1. Podil déti s vyssi nez normalni hmotnosti (pfevzato z Puklova 2013)

Obezita vyznamné zvysSuje riziko vzniku T2DM, ischemické choroby srdecni ¢i
nékterych typl nadort a sekundarné se tak fadi mezi nejcastéjsi pfi¢iny tmrti v rozvinutych
zemich (Borrell & Samuel 2014, Hainer 2011). Bylo zjisténo, ze se rizikové
kardiometabolické ukazatele mohou vyskytovat jiz u déti a dospivajicich (Lambert et al.
2008). Metabolicky syndrom definovany abdominalni obezitou, dyslipidémii, gluk6ézovou

intoleranci a hypertenzi (Zimmet et al. 2007) lze diagnostikovat u déti se stale vyssi
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prevalenci (Bokor et al. 2008). Pravdépodobnost, Ze bude obézni dospivajici obéznim 1
v dospélosti je az 60% (Guo et al. 2002). RovnéZz obezita u rodicl zdvojnasobuje vyskyt
obezity u potomkii (Whitaker et al. 1997). Obezita se tak stava celosvétovym zdravotnim i

ekonomickym problémem, kterému je tieba se vénovat.

2.2 Etiopatogeneze obezity

Obezita je definovand zmnoZenim tukové tkané v disledku energetické nerovnovéhy,
kdy energeticky piijem pievazi nad vydejem. Faktory zodpovédné za tuto nerovnovahu jsou
endogenniho 1 exogenniho charakteru a soubé&zné€ ovliviiuji neuroendokrinni regulaci

energetické bilance a nasledn¢ télesnou hmotnost (Hainer 2011).

2.2.1 Energeticka rovnovaha

Energeticky pfijem je definovan mnoZstvim a slozenim zadkladnich Zivin v potravé.
Nejvice jej ovliviiuje pifijem tukl, které maji nejvyssi energetickou hodnotu. Klidovy
energeticky vydej slouzi k zachovani zékladnich Zivotnich funkci organismu. Na celkovém
vydeji se podili z55-70 % a je také nejvice geneticky determinovan. Postprandidlni
energeticky vydej (8—12 %) souvisi s travenim, vstiebavanim zivin a aktivaci sympatického
nervového systému po jidle. Treti soucasti energetického vydeje je pohybova aktivita, ktera

v zavislosti na typu a intenzité ptedstavuje 20—40 % (Hainer 2011).

Energetickd rovnovéaha je fizena centralni nervovou soustavou, resp. hypotalamem,
kde dochazi k interakci perifernich signalti z tukové tkadn€ a gastrointestinalniho traktu
s hormony nervové tkané — neuropeptidy (Obrazek 2). V nucleus arcuatus hypotalamu se
nachazeji dvé hlavni populace neuronl, znichz jedna exprimuje tzv. anorexigenni
neuropeptidy, které stimuluji centrum sytosti ve ventromedialni ¢asti hypotalamu a snizuji tak
energeticky pfijem. Druha subpopulace naopak exprimuje orexigenni neuropeptidy aktivujici
laterarni ¢ast hypotalamu, kde se nachdzi centrum hladu — tyto neuropeptidy tak stimuluji

pfijem potravy a inhibuji energeticky vydej (Stanley et al. 2005).

Orexigenni neuropeptidy — agouti-related neuropeptid (AgRP), neuropeptid Y (NPY)
a anorexigenni neuropeptid proopiomelanokortin (POMC) a melanokortinovy receptor 4. typu

(MC4R) jsou soucasti tzv. melanokortinového systému, ktery je klicovy pro udrzeni
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energetické bilance (Obrazek 2). Stépenim POMC vznika mimo jiné a-melanocyt-stimulujici
hormon (a-MSH), ktery se vaze na MC4R a ve vysledku snizuje energeticky piijem a zvysuje
vydej. NPY/AgRP ptsobi na MC4R antagonisticky (Kim et al. 2014). MC4R ovliviiuje
expresi dal$i anorexigenni molekuly — brain-derived neurotrophic factor (BDNF) ve
ventromedialnim hypotalamu, ktery je tak soucasti melanokortinové signalizacni kaskady

distalné od MC4R (Xu et al. 2003).

Mezi periferni signaly regulujici piijem potravy patii hormony tukové tkané (leptin,
adiponektin), gastrointestinalniho traktu (ghrelin, cholecystokinin, glukagon-like peptid-1),
pankreatu (inzulin) a dal$i (Obrazek 2). Leptin je anorexigenni hormon, ktery aktivuje
neuropeptid POMC a inhibuje NPY/AgRP (Cowley et al. 2001). Ghrelin, tzv. hormon hladu,
je produkovan endokrinni tkani zaludku a zvySuje expresi NPY/AgRP a stimuluje tak piijem
potravy (Chen et al. 2004). Dalsi hormony traviciho traktu — cholecystokinin ¢i glukagon-like
peptid-1 ptlisobi anorexigenné jako signdly sytosti (Chaudhri et al. 2006). Exprese
inzulinovych receptort v oblasti hypotalamu naznacuje dilezitou roli inzulinu také v regulaci
energetické homeostazy. Jedna se o anorexigenni signal tlumici energeticky piijem, nicméné

pfesny mechanismus u¢inku je stale nejasny (Kim et al. 2014).

13
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Obrazek 2. Regulace energetické rovnovahy v hypotalamu (pfevzato a upraveno z van Vliet-

Ostaptchouk et al. 2009)

2.2.2 Rizikové faktory

Zména zivotniho stylu charakterizovand nedostatecnou fyzickou aktivitou a
nadmérnym energetickym pfijmem je povazovana za kli¢ovy exogenni faktor zodpovédny za
soucCasnou epidemii obezity u dospélé i détské populace (Hjorth et al. 2014, Niemeier et al.
2006). Piicemz vyznamnéjsi vliv nez samotny energeticky pfijem ma slozeni stravy a jidelni
navyky (Niemeier et al. 2006). Nékteré studie popisuji nizsi celkovy energeticky piijem u
obéznich adolescentll oproti jedincim s normalni télesnou hmotnosti (Hassapidou et al. 2006,
Skinner et al. 2012), ale naptiklad také vyssi konzumaci drobného obcerstveni (Hassapidou et
al. 2006). Rizikovym faktorem vn¢jSiho prostiedi mize byt i nedostatek spanku nebo doba

stravend u televize (Braithwaite et al. 2013, Hjorth et al. 2014).
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Genetické (endogenni) faktory determinuji metabolicky a endokrinni systém, ktery
reguluje energetickou rovnovahu, metabolismus zdkladnich Zivin, adipogenezi a v interakci
s faktory vnéjsiho prostiedi ovlivituji télesnou hmotnost (Hainer 2011). Genetické faktory tak

hraji zsadni roli v etiopatogenezi obezity a jsou podrobné diskutovany v kapitole 2.3.

Vedle zmén Zivotniho stylu a genetickych predispozic jsou zvazovany i1 dal$i méné
znamé faktory, které se mohou na patogenezi obezity podilet. Jednd se naptiklad o infekéni
agens. U obéznich jedinct byla nalezena vyssi prevalence urcitych druhti bakterii, naptiklad
Chlamydia pneumoniae (Lajunen et al. 2011), Helicobacter pylori (Arslan et al. 2009),
pribéhem virové infekce (Almond et al. 2013, Garcia et al. 2015). Tyto dikazy spiSe
upozornuji na zvySenou nachylnost obéznich jedinct k infekei v disledku zhorSené imunitni
odpovédi, ke které pti akumulaci télesn¢ho tuku dochézi (Karlsson et al. 2010, Tanaka et al.
1993). Nicméné€ infek¢ni agens mohou hrat i1 kauzalni roli v etiopatogenezi obezity. Bylo
zjiSténo, ze nékteré lidské adenoviry zvySuji akumulaci télesného tuku u experimentalné
infikovanych zvitat (Dhurandhar et al. 2000). S rozvojem obezity u lidi je nejvice spojovan

Adv36 (Atkinson et al. 2005). Této problematice je vénovana kapitola 2.4.

2.3 Genetické pozadi obezity

Télesnd hmotnost je determinovana genetickymi faktory ze 40—70 %, jak ukazaly
studie na dvojcatech (Allison et al. 1996, Stunkard et al. 1986). Mira heritability se také
b&hem détstvi postupné zvysuje (z 0,47 pii narozeni na 0,76 v 11 letech) (Choh et al. 2014).
Dédicnad slozka se uplatiuje i u dalSich parametrii souvisejicich s obezitou, ovliviiuje
naptiklad distribuci télesné¢ho tuku (Katzmarzyk et al. 2000), sloZeni mastnych kyselin v séru
(Kunesova et al. 2002), miru hmotnostni redukce (Hainer et al. 2000), ale 1 energeticky ptijem

(Faith et al. 1999) ¢i jidelni chovani (Rutherford et al. 1993).

2.3.1 Monogenni a polygenni obezita

Na zaklad¢ dédi¢nosti miizeme obezitu rozd¢€lit na dva typy — monogenni a polygenni
,»be€Znou* obezitu. Monogenné podminéna obezita je vzacné onemocnéni, které se manifestuje
jiz vraném détstvi nezavisle na prostfedi a je zpisobeno mutaci v jediném genu. Prvni

identifikované mutace v genech pro leptin (LEP) a leptinovy receptor (LEPR) vedly k
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leptinové deficienci, hyperfagii a narastu té¢lesné hmotnosti (Clément et al. 1998, Montague et
al. 1997). Nejcastéji se vyskytuji mutace v genu pro melanokortinovy receptor 4. typu
(MC4R) — u Ceskych obéznich déti je prevalence téchto mutaci 2,4 % (Hainerova et al. 2007).
Dale jsou mutace nachazeny v genech PCSKI, POMC, NTRK2, BDNF a SIMI (Aldhoon-
Hainerovd et al. 2014). VSechny tyto geny jsou zapojené¢ do leptin-melanokortinové
signaliza¢ni drahy (Obréazek 2), proto jejich identifikace a nasledné experimentalni studie na
zvitatech pomohly naznacit patofyziologické mechanismy regulace energetické bilance

v hypotalamu (Hinney et al. 2014).

Na polygennim typu dédi¢nosti se podili velké mnozstvi geni a genovych variant
malého ucinku, které interaguji nejen mezi sebou, ale i s faktory vnéj$iho prostfedi. Z tohoto
divodu je vyzkum genetického pozadi bézné obezity pomémé komplikovany. Pfed érou
GWAS byl vyzkum zaméfen na tzv. kandidatni geny, u kterych se ptfedpokladal vliv na
patogenezi onemocnéni. Tyto geny byly vytipovany na zdklad¢é experimentalnich studii zvifat
nebo vazebnych analyz, které vyhledavaji oblasti kosegregujici se zkoumanym znakem. Diky
témto strategiim bylo do roku 2005 identifikovano 127 kandidatnich genti pro obezitu
(Rankinen et al. 2006), nicméné Zadny nebyl dostatecné validovan (Saunders et al. 2007).
Vyjimkou je gen PCSKI (Benzinou et al. 2008), ktery bude podrobné&ji popsan v kapitole
2.3.3.

2.3.2 Celogenomové asociacni studie

Diky poznatkiim o variabilit€¢ lidského genomu (International HapMap Consortium
2005) a pokrocilym c¢ipovym genotypizaénim technologiim byla zavedena spéSna metoda
pro vyzkum komplexnich znakii a onemocnéni — GWAS. Tato metoda funguje na principu
detekce jednonukleotidovych polymorfismii rozmisténych v ramci celého genomu. 500 000
az 1 600 000 polymorfismil vjedné analyze zachyti az 80 % bé&zné variability genomu
(Barrett & Cardon 2006, International HapMap Consortium 2005). GWAS identifiku;ji
polymorfismy asociované se sledovanym znakem ¢i onemocnénim na rozséhlych populacnich
souborech. Varianty jsou povazované za celogenomové signifikantni, pokud dosdhnou
hladiny vyznamnosti p < 5x10®, coz odpovida 1 000 000 nezavislym testim provedenym
v jedné analyze. Nalezené asociace by poté mély byt verifikovany meta-analyzami a

nezavislymi studiemi na riznych populacich (Sandholt et al. 2012).
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GWAS, které zkoumaly vliv genovych variant na BMI miizeme rozdélit do Ctyf vin
probihajicich v letech 2007 az 2010 (Obrazek 3). V prvni viné€ byl objeven gen FTO, ktery je
dosud nejvyznamnéj$im a nejreplikovanéjSim vysledkem GWAS (Frayling et al., Dina et al.
2007). Posléze byly identifikovany varianty genu MC4R asociované s BMI (Loos et al. 2008).
Ve treti vin€, predstavované zejména dvéma rozsahlymi studiemi GIANT a deCODE
byla nejen potvrzena vazba obou piedeslych genli k BMI, ale byly popsany 1 dal§i genové
lokusy (Thorleifsson et al. 2009, Willer et al. 2009). Po ¢tvrté ving, ve které bylo potvrzeno
32 genovych variant asociovanych s BMI (Speliotes et al. 2010), nastala del$i odmlka spojena
s provadénim nezavislych replikacnich studii, asociacnimi analyzami zaméfenymi na jiné
fenotypové charakteristiky a s experimentdlnimi studiemi objevenych genli. Nejnovéjsi a
zaroven nejrozsahlejsi GWAS byla publikovana v roce 2015. V souboru téméf 340 tisic
jedincti bylo identifikovano 97 lokusti vyznamné asociovanych s BMI, z nichz 56 bylo
popséano poprvé. Tyto lokusy vysvétluji piiblizné 2,7 % celkové variability BMI a jednotlivé
alely v priméru zvysuji BMI o 0,1 kg/m’, t&lesnou hmotnost o 260-320 g na 160—180 cm
télesné vysky (Locke et al. 2015).
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Obrazek 3. Kandidatni geny pro obezitu objevené v jednotlivych vinach GWAS. Pocet
identifikovanych genti koreloval s nartstem vysetfovanych jedincti a poklesem efektu na BMI

(pfevzato a upraveno z Sandholt et al. 2012).

VysSe zminéné studie byly realizovany na populaci evropského ptivodu. GWAS byly
ovSem provedeny 1 u jinych etnickych skupin, naptiklad vychodoasijské (Wen et al. 2014) ¢i
africké (Monda et al. 2013). Celogenomové vyznamnosti tam dosdhly nové i jiz zndmé
lokusy, zahrnujici geny F70 a MC4R. GWAS analyzovaly vliv genovych variant na extrémni
obezitu, kde se porovnavali jedinci s vysokym stupném obezity (BMI > 35. nebo > 99.
percentil) se zdravymi kontrolami (Paternoster et al. 2011, Scherag et al. 2010) nebo na dalsi
fenotypové charakteristiky, jako je obvod pasu (Lindgren et al. 2009), pomér pasu a bokl
(WHR) (Heid et al. 2010, Lindgren et al. 2009) ¢i mnozstvi télesného tuku (Kilpeldinen et al.
2011b). Efekt objevenych genti k télesnym parametrim se piekryva (Obrazek 4). Zejména u
WHR byly také objeveny rozdily mezi pohlavim (Heid et al. 2010, Randall et al. 2013).
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Obrazek 4. Kandidatni geny pro obezitu, které byly objevené na zakladé GWAS majici vliv

na rizné télesné charakteristiky (pfevzato z Loos 2012)

Vroce 2011 byl u déti a adolescenti potvrzen vztah k BMI u 9 z 32 polymorfism
kandidatnich genii pro obezitu (Zhao et al. 2011). Varianty vsak vysvétluji pouze 1,12 %
celkové variability z-skore BMI (Zhao et al. 2009). Jejich efekt na BMI se mirn¢ li$i oproti
dospélé populaci — v piipadé genti SECI16B, TMEMI18 a KCTD15 byl u déti vyssi a u BDNF
naopak nizsi (den Hoed et al. 2010). Jak jiz bylo zminéno, dédi¢nost BMI se s v€kem zvySuje
(Choh et al. 2014), proto se ptedpoklada, ze i asociace jednotlivych rizikovych alel se mize
s vékem meénit. Podle britské longitudinalni studie mély rizikové alely kandidatnich gent pro
obezitu nejvyssi vliv na té€lesnou hmotnost ve véku 11 a 20 let (Elks et al. 2012). Nedavno
byla také provedena prvni GWAS zaméiend na zmény BMI béhem détstvi. Studie popsala
Ctyfi polymorfismy znamé z ptedchozich asociacnich studii, které ovliviiuji také zmény/narast

BMI béhem détstvi (Warrington et al. 2015).
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2.3.3 Polymorfismy a kandidatni geny zkoumané v dizerta¢ni praci

V dizertani praci bylo studovano az jedenact polymorfismi objevenych GWAS
(Tabulka 1). Pouze polymorfismy genu PCSK! byly identifikovany podrobnou analyzou
genu, ktery byl vytipovan diky strategii kandidatniho genu a vazebnych analyz (Benzinou et

al. 2008).

Tabulka 1. Polymorfismy kandidatnich genii pro obezitu zkoumané v dizerta¢ni praci

Typ Frekvence Vliv na Riziko
Gen SNP rizikové alely BMI k obezité Primarni studie
SNP (%)’ (ke/m’)  (OR; 96% CI)
) , 1,31 (1,23; (Frayling et al.
FT 3960 t 41 0,36
(0] rs9939609  intronovy , 1.39) 2007)
Chambers et al.
MC4R | rs12970134  intergenni 27 0,25 ; (Chambers et a
2008)
1,12 (1,08; Loos et al.
rs17782313  intergenni 24 0,22 . 1,f6’) : ( ‘;‘(’;)Z)a
. 1,15 (1,06; (Benzinou et al.
PCSK1 6232 kodujici 3 -
s odugiel 1,24)} 2008)
. 1,07 (1,04; (Benzinou et al.
6235 kodujici 26 -
s oduytel 1,10)° 2008)
) 1,11 (1,05; (Thorleifsson et
BDNF 925946 t ' 29 -
s fergennt 1,16) al. 2009)
Thorleif: t
154923461  intergenni 78 0,19° - ( ;)i 6210?)59(;n ©
) 1,20 (1,13; (Thorleifsson et
TMEMIS8 | 1rs7561317 int i 83 0,19°
IS intergenni , 1.27) al. 2009)
. 1,11 (1,06; (Willer et al.
SH2BI 7498665  kodujici 33 0,15
s oduiet . 1,17) 2009)
) 1,10 (1,04; (Thorleifsson et
KCTDI5 29941 t i 67 0,17 oY
IS itergenni R 1.15) al. 2009)
SECI6B | 1510913469  intergenni 18 0,112 LIT(05;  (Thorleifsson et
1 T
& . 1,18) al. 2009)

'Evropska populace z databaze 1000 Genomes. “Data z replika¢nich studii shrnutych v (Loos
2009). *Data z nejnovéj§i meta-analyzy bézné populace (Nead et al. 2015).
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Gen FTO (fat mass and obesity associated) byl v roce 2007 prvnim identifikovanym
kandidatnim genem pro obezitu pomoci GWAS. Je siln€ exprimovan v oblastech hypotalamu,
coz naznacuje jeho roli v regulaci energetické rovnovahy (Gerken et al. 2007), nicméné
pfesnd funkce tohoto genu je stile pfedmétem zkoumani. Jednd se o gen 16. chromozomu
(16q12.2) kédujici 2-oxyglutarat Fe(Il) dependentni demetyldzu s vyssi afinitou k RNA nez
DNA (Gerken et al. 2007, Han et al. 2010). U mysiho modelu vedla inaktivace genu FTO
k postnatalni ristové retardaci a redukci tukové i netukové tkdné (Fischer et al. 2009). Naopak
zvySena exprese genu F7O byla asociovand s vyS§im energetickym pfijmem a nartistem
télesné hmotnosti (Church et al. 2010). Dalsi studie poukdzaly na jeho souvislost s leptin-
melanokortinovou signalizaci (Rask-Andersen et al. 2011, Wang et al. 2011) nebo s regulaci
ghrelinu (Karra et al. 2013). Podle novych poznatki muze tento gen pusobit jako senzor
cirkulujicich aminokyselin (Gulati et al. 2013) a podilet se spiSe na vyvojovych fézich
organismu neZ na modulaci télesné hmotnosti (Boissel et al. 2009, Fischer et al. 2009).
Zvazovana je tedy hypotéza, Ze intronové polymorfismy asociované s obezitou mohou
ovlivitovat a regulovat télesnou hmotnost prostiednictvim jinych genti nez samotnym F70 —
napf. genem RPGRIPIL kolem 100 bp (Stratigopoulos et al. 2014), ¢i IRX3 vzdalenym az
500 kb od FTO (Smemo et al. 2014).

Efekt variant genu F70O na BMI dosud zlstava nejvétsi ze vSech gend objevenych
diky strategii GWAS (Tabulka 1). Pivodni asociace s obezitou byla nalezena pro
polymorfismus rs9939609, ktery je lokalizovan v prvnim intronu genu F70 (Frayling et al.
2007). V této oblasti se nachazeji dalsi polymorfismy (napt. rs1421085, rs17817449), které
jsou ve vzajemné silné vazebné nerovnovaze (r* > 0,8) a jsou rovnéZ popisované ve vztahu
k obezit¢ (Dina et al. 2007, Speliotes et al. 2010). Rizikovi homozygoté varianty rs9939609
genu FTO maji 1,67krat vyssi riziko obezity a télesnou hmotnost o 3 kg vyssi oproti
nenosi¢im rizikové alely (Frayling et al. 2007). Efekt variant genu F70 zacina byt patrny od
tfi let, béhem dospivani sili a od dvaceti let opét postupné kleséd (Hardy et al. 2010, Rzehak et
al. 2010).

Produkt genu MC4R (melanocortin 4 receptor) patii do rodiny 7transmembranovych
receptord sprazenych s G-proteinem. Gen je lokalizovan na 18. chromozomu (18q22) a silng

exprimovan v mozku, kde je zapojen do regulace energetické homeostazi, viz kapitola 2.2.1.
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Vyzkum napiiklad ukézal, Ze myS$ sknockoutovanym genem MC4R neodpovidala na
anorexigenni stimulaci a-MSH (Marsh et al. 1999), byla obézni s pfidruzenou hyperfagii,
hyperinzulinémii a hyperglykémii (Huszar et al. 1997). Obdobny fenotyp byl nalezen i u lidi s
mutacemi v MC4R (Farooqi et al. 2003).

Prvni polymorfismy asociované s BMI byly objeveny jesté pfed érou GWAS. Kodujici
varianty p.Vall03lIle a p.lle251Leu jsou popsany jako protektivni vici obezité (Geller et al.
2004, Stutzmann et al. 2007). Polymorfismus rs17782313 byl druhym vyznamnym
vysledkem GWAS — jeho asociace s rostoucim BMI byla potvrzena i na souboru 5 988 déti,
pficemz riziko obezity bylo 1,30 (Loos et al. 2008). Dalsi varianty rs17700633 a rs12970134
byly asociovany s BMI u dénské populace (Zobel et al. 2009). Vzhledem k intergenni
lokalizaci téchto SNPs (naptiklad rs17782313 lezi 188 kb od kodujici oblasti genu MC4R), je
ale tfeba prokézat, zda a jak tyto varianty reguluji expresi MC4R (Loos et al. 2008).

PCSKI1 (proprotein convertase subtilisin/kexin type 1) lezi na 5. chromozomu
(5q15-g21) a produkuje konvertazu prohormonu 1/3 (PC1/3) patiici do rodiny endoproteaz,
ktera specificky zpracovava prohormony a neuropeptidové prekurzory. Podili se naptiklad na
konverzi proinzulinu na inzulin ¢1 sestfihu anorexigenniho neuropeptidu POMC (Jansen et al.
1995). PC1/3 deficience zpiisobend mutaci v genu PCSKI vedla k obezité,
hyperproinzulinémii a hypogonadotropnimu hypogonadismu (Jackson et al. 1997). U mysi s
knockoutovanym genem PCSKI se obezita piekvapivé neobjevila (Zhu et al. 2002). Mysi
model obezity byl vytvorfen az prostiednictvim mutace p.Asn222Asp (Lloyd et al. 2006). Této
mutaci sousedi bézny polymorfismus rs6232 (p.Asn221Asp), ktery spolecné s dalsi variantou
1$6234-1r56235 (p.GIn665Glu-p.Ser690Thr) zvysuje riziko obezity v populaci (Benzinou et al.
2008, Nead et al. 2015). Funk¢ni analyza rs6232 potvrdila snizenou proteolytickou aktivitu
konvertazy, zatimco u rs6234-rs6235 ke zménam aktivity oproti wild-type nedoslo (Benzinou

et al. 2008).

Produktem genu BDNF (brain-derived neurotrophic factor) lokalizovaného na 11.
chromozomu (11p13) je nervovy rustovy faktor, ktery je produkovéan kortikdlnimi neurony v
mozku a hraje kliCovou roli pro ptfezivani neuronii striata (Zuccato et al. 2001). NarusSena
exprese genu BDNF je asociovana s neurodegenerativnimi i psychickymi chorobami
(Satomura et al. 2011, Zuccato et al. 2001). BDNF je siln¢ exprimovan v hypotalamu a

spole¢né¢ se svym tyrosin kindzovym receptorem (TrkB) je mimo jiné soucasti regulace
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energetického piijmu prostfednictvim melanokortinové signalizacni kaskady (Xu et al. 2003),
viz kapitola 2.2.1. Na myS$im modelu vedla delece genu BDNF k hyperfagii a obezit¢ (Unger
et al. 2007). Gen BDNF se také fadi mezi kauzalni geny pro monogenni obezitu (Gray et al.
2006). GWAS v roce 2009 detekovaly dva polymorfismy asociované s obezitou — rs4923461
a 15925946 (Thorleifsson et al. 2009).

TMEM18 (transmembrane protein 18) se nachdzi na 2. chromozomu (2p25.3) a
kéduje jaderny transmembranovy protein, ktery se pravdépodobné podili na bunééné migraci
(Jurvansuu et al. 2008). Podle dalsi studie tento protein specificky vaze DNA a tlumi
transkripci (Jurvansuu & Goldman 2011). TMEM1S8 je exprimovan ve vét§ing lidskych tkani
vcetné mozku, nicméné jeho role v patogenezi obezity nebyla dosud vysvétlena. Pokusy u
myS$i s riznym jidelnim a hmotnostnim profilem neukazaly zmény v expresi TMEMIS8

v hypotalamu (Almén et al. 2010).

SH2B1 (Src-homology-2 /SH2/ domain containing putative adaptor protein 1) je
lokalizovany na 16. chromozomu (16p11.2), jednd se o gen kddujici adaptorovy signalizacni
protein obsahujici doménu SH2, kterou se vaze na rGzné tyrosinové kindzy. Podili se tak
vyznamné na regulaci energetické bilance prostfednictvim signalizace leptinu a inzulinu (L1 et
al. 2007, Riedel et al. 1997). Delece genu SH2BI vedla u mysi k leptinové a inzulinové
rezistenci, hyperfagii a obezité (Ren et al. 2007).

KCTDI15 (potassium channel tetramerization domain containing 15) umistény na
19. chromozom (19q13.11) je gen se stale nejasnou funkci. Dosud byla popsana jeho role
v embryondlnim vyvoji neurdlni liSty prostfednictvim inhibice transkrip¢niho faktoru AP-2a
(Zarelli & Dawid 2013). Ten se mimo jiné podili na regulaci diferenciace adipocyti (Holt &
Lane 2001) a miize tak byt biologickym pojitkem mezi genem KCTD15 a obezitou.

SECI6B (SEC16 homolog B, endoplasmic reticulum export factor) lezi na 1.
chromozomu (1g25.2). Jeho produktem je savéi homolog kvasinkového Secl6
(Saccharomyces cerevisiae), ktery je umistén na membranu endoplazmatického retikula, kde

se ucastni transportu proteinii (Bhattacharyya & Glick 2007).

Polymorfismy vySe uvedenych gent TMEMIS8, SH2B1, KCTDI5 a SECI6B byly
objeveny vroce 2009 (Thorleifsson et al. 2009, Willer et al. 2009). Jedinou missense
variantou je rs7498665 (p.Thr484Ala) genu SH2B1, ostatni polymorfismy jsou umisténé mezi
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geny. Rs7561317 je lokalizovany 22 kb distaln¢ od TMEM 18 a jeho efekt na BMI byl hned
po FTO nejsilngjsi ze vSech identifikovanych variant (Thorleifsson et al. 2009).

2.3.4 Vztah polymorfismu kandidatnich genii k fenotypovym charakteristikam

Nejasnd uloha vétsiny polymorfismt kandidatnich genli v patogenezi obezity vede ke
zkoumani dalSich parametrli, které s obezitou uzce souviseji a mohou tak pomoci odhalit
oblast pisobeni daného genu. Asociacni studie sledovaly kromé vlivu genovych variant na
BMI také jejich vliv na dalsi télesné charakteristiky. Rizikové alely rs925946 BDNF,
rs7561317 TMEM18 a rs9939609 FTO byly asociované s vyssim obvodem pasu (Frayling et
al. 2007, Sandholt et al. 2011). TMEM18 a FTO mohou ovliviiovat mnozstvi té€lesného tuku,
SH2BI spiSe mnozstvi netukové tkané (Renstrom et al. 2009). Nicmén¢ tada studii vliv
rizikovych alel na obvod pasu ¢i mnozstvi a ukladani télesn¢ho tuku nepotvrdila, ptipadné

nalezené zavislosti po adjustaci na BMI vymizely (Bauer et al. 2009, Haupt et al. 2010).

Jednotlivé alely kandidatnich genii pro obezitu byly déale zkouméany ve vztahu
k biochemickym parametriim, metabolickému syndromu nebo T2DM. Mezi nejsledovanéjsi
patii rs9939609 genu FTO, nicméné vysledky nepfinesly jednoznacné zavéry. Rizikova alela
A tohoto polymorfismu byla asociovand svys§imi hladinami inzulinu, glukozy,
triacylglyceroll a niz8i hladinou lipoproteinu o vysoké denzit¢ (HDL) (Freathy et al. 2008).
OvSem na souboru némeckych déti a adolescentli se asociace s biochemickymi parametry
nepotvrdila (Miiller et al. 2008). V jiné studii se asociace nasla pouze s hladinou glukézy
(Liem et al. 2009). Riziko metabolického syndromu zvySuje nosiCstvi obezitogenni alely
r$9939609 genu FTO (Wang et al. 2012, Zhou et al. 2012). Ve srovnani s F70 byly ostatni
geny v souvislosti s metabolickymi zménami studovany mnohem mén¢. Rizikové alela
rs7498665 genu SH2BI byla asociovana s vyssi hladinou sérového leptinu u dospélych
dvojcat. Tento polymorfismus by se tak mohl podilet na rozvoji obezity zapojenim do
leptinové signalizace (Jamshidi et al. 2007). Polymorfismy genu PCSK! jsou davany do
souvislosti predevsim s glukézovym metabolismem (Gjesing et al. 2011, Heni et al. 2010). Se
zvySenym rizikem T2DM byl déle asociovan rs7498665 genu SH2B1. Naopak polymorfismus
154923461 BDNF ma vuci T2DM vliv protektivni (Sandholt et al. 2011), a to i po adjustaci na
BMI. Diabetogenni efekt genovych variant 70 a MC4R je pravdépodobné dan jejich vlivem
na BMI (Freathy et al. 2008, Zobel et al. 2009).
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Vzhledem k multifaktoridlnimu charakteru obezity se zkoumd i potencidlni vliv
genovych variant na behavioralni faktory, piedev§im na jidelni zvyklosti ¢i pohybovou
aktivitu. I v tomto sméru nejvice prozkouman gen F70O. Polymorfismy tohoto genu nejsou
asociovany s energetickym vydejem a fyzickou aktivitou (Berentzen et al. 2008, Speakman et
al. 2008), nicméné u fyzicky aktivnich jedinct je zeslaben efekt rizikovych alel 7O na BMI
(Kilpeldinen et al. 2011a). Naopak mnoho studii nalezlo asociace variant genu F70 s vyS§im
energetickym pfijmem a jidelnich chovanim (Cecil et al. 2008, Speakman et al. 2008,
Timpson et al. 2008). Dvé nedavné studie pracujici s rozsahlymi soubory jedinct (177 330
dospélych, 16 094 déti) potvrdily asociaci genu FTO s celkovym energetickym piijmem a
pfijmem proteinil (Qi et al. 2014, 2015). I u dalSich variant genl se na zaklad¢ dostupnych
informaci, zejména kvuli jejich vysoké expresi v hypotalamu, piedpokladd vliv na jidelni
ptijem. Svédska populaéni studie ukazala interakci mezi rs4923461 genu BDNF a piijmem
proteinti ve vztahu k BMI (Rukh et al. 2013). Varianty gentt SH2BI, KCTD15 a BDNF byly
rovnéz asociovany s pfijmem jednotlivych nutrientli (Bauer et al. 2009; McCaffery et al.

2012). Doposud v§ak bylo publikovano pouze né€kolik praci vénujicich se této problematice.

2.4 Lidsky adenovirus 36

Adenoviry jsou neobalené stiedné velké viry s ikosahedralni proteinovou kapsidou.
Genom se skladd zlinedrni dvoufetézcové molekuly DNA s kovalentné navazanymi
terminalnimi proteiny na obou 5’koncich a Casnych a pozdnich transkripénich jednotek,

zajiStujicich replikaci a translaci kapsidovych proteint (Obrazek 5).
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Obrazek 5. Struktura adenoviru a organizace genomu Adv36 s ¢asnymi (E) a pozdnimi (L)

proteiny (pfevzato z Al-Allaf et al. 2010; Ponterio and Gnessi 2015)

Inokulace viru Adv36 experimentalnim zvifatim (kufe, mys, opice) u nich zpisobila
zmnozeni tukové tkan¢ (Dhurandhar et al. 2000, 2002). Vyzkum ukazal, ze infekce Adv36
stimuluje diferenciaci a proliferaci preadipocytii a akumulaci lipidd v tukovych bunikach
mysich 1 lidskych bunéénych linii (Pasarica et al. 2008, Vangipuram et al. 2004). Nasledné
bylo zjisténo, Ze je infekce Adv36 asociovand s obezitou také u lidi (Atkinson et al. 2005).
V této americké studii byla prevalence pozitivity u obéznich jedincti vyznamné vyssi (30 %)
nez u neobéznich (11 %). Vyssi vyskyt protilatek proti Adv36 byl nalezen také u obéznich
dospélych z Italie (Trovato et al. 2009), Svédska (Almgren et al. 2012), Turecka (Karamese et
al. 2015) nebo Mexika (Lin et al. 2013). V belgické studii se asociace Adv36 s obezitou
nepotvrdila (Goossens et al. 2009). Adv36 pozitivita zvySuje riziko obezity rovnéz u déti, jak
ukézaly studie z Koreje (Atkinson et al. 2010, Na et al. 2010), USA (Gabbert et al. 2010),
Svédska (Almgren et al. 2012) &i Turecka (Karamese et al. 2015) s prevalenci 22-30 % u

obéznich a 620 % u neobéznich déti.

U zvifat ptitomnost infekce kromé obezity vedla paradoxné také ke sniZzeni hladin
cholesterolu, triacylglycerolli a zvySené inzulinové senzitivité¢ (Dhurandhar et al. 2000,
Pasarica et al. 2006). Zviteci a in vitro studie naznacuji mozné mechanismy u¢inku Adv36
v lidském organismu. Adv36 zvySuje bunécné vstiebavani glukézy nezavisle na inzulinu
prostiednictvim svého proteinu E4orfl (Dhurandhar et al. 2011, Wang et al. 2008). Efekt
Adv36 tedy nemusi byt pouze obezitogenni, ale piekvapivé také anti-hyperglykemicky a tudiz
potencialné vyuzitelny v 1écbé diabetu. Adv36 dale inhiboval expresi genu LEP v tukovych

buiikdch. Snizend hladina leptinu prostfednictvim Adv36 tak mlze vést k akumulaci lipidd a
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vysSimu energetickému piijmu (Vangipuram et al. 2006). U lidi asociace protilatek proti
Adv36 s metabolickymi parametry nebyly jednoznacné popsany (Almgren et al. 2012, Na et
al. 2012, Trovato et al. 2009). Ve studii Lin et al. byla Adv36 pozitivita asociovana a niz§imi
hladinami inzulinu piedevsim u Zen, u muzl naopak se zvysenou akumulaci tuku (Lin et al.

2013).

Kromé¢ mozného protektivniho vlivu Adv36 na glukézovy metabolismus byla
zkoumana i jeho role v redukei télesné hmotnosti. Dosud bylo provedeno pouze nékolik studii
zaméfenych na hodnoceni uspé$nosti redukénich intervencnich programi s ohledem na
Adv36. Podle studie 73 adolescentii Adv36 pozitivita mirné snizuje UspéSnost 4tydenniho
redukéniho programu (Vander Wal et al. 2013), ro¢ni intervencni studie 62 obéznich
dospélych naopak ukézala vys$i hmotnostni ubytky u Adv36 pozitivnich jedinct (Trovato et

al. 2012).

Vliv genetickych faktort na nachylnost k riznym typim infekci byl dokumentovan
dvojéecimi a adoptivnimi studiemi. Era GWAS zasdhla i vyzkum infek&nich onemocnéni a
byly tak objeveny desitky genovych lokust asociovanych s infekénimi chorobami, jako jsou
tuberkul6za, lepra, hepatitidy a dalsi (Chapman & Hill 2012). Potencialni vztah polymorfismu
kandidatnich genti pro obezitu a infekce Adv36 dosud nebyl zkouman. Uloha infekce
v patogenezi obezity vede rovnéz k hypotéze, zda nachylnost k infekci Adv36, ptfipadné

rozvoj obezity po prodélané infekci nejsou geneticky predisponovany.
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3 Soubor a shrnuti metodiky

Predkladané dil¢i studie, které jsou soucasti dizertacni prace, byly realizovany na
souboru Ceskych adolescentii z projektu Childhood Obesity Prevalence and Treatment
(COPAT). Projekt Endokrinologického tistavu COPAT probihal po celém tzemi Ceské
republiky a zabyval se problematikou obezity a jejich zdravotnich komplikaci, vcetné
metabolického syndromu u déti ve veéku 13-18 let. V rdmci epidemiologické cCasti byl
vySetfen reprezentativni vzorek 1 533 adolescenti. Do intervencni casti projektu bylo
zatazeno 562 jedinci s nadvéhou a obezitou, ktefi absolvovali 4tydenni redukéni program ve
specializovanych pracovistich pro 1é¢bu détské obezity. Na projekt navéazaly dalsi studie,
které umoznily rozSifeni sledovaného spektra genetickych, hormondlnich a télesnych

parametr(, ale také zamé&feni se na dalsi faktory, napfiklad jidelni ¢i infek¢ni.

Vyjimecnost souboru, na kterém byla dizerta¢ni prace zpracovana, spociva piredevsim
v jeho Cetnosti a velmi podrobné fenotypové charakterizaci. U vSech jedinct byly k dispozici
nasledujici parametry: anamnestické — porodni hmotnost a délka, perinatadlni komplikace,
délka kojeni, zdvazna onemocnéni, medikace, délka spanku, v€k manifestace obezity,
informace o télesné vySce a hmotnosti provedenych vramci dvouletych preventivnich
prohlidek, kardiometabolicka onemocnéni u ucastnika studie, jeho rodi¢i a prarodici
(hypertenze, dyslipidémie apod.); Klinické — krevni tlak a pulz; Antropometrické — télesna
hmotnost, télesnd vyska, obvody (pas, bficho, boky, paze), kozni fasy (nad bicepsem, nad
tricepsem, pod lopatkou, na bfiSe, na boku), indexy (BMI, WHR); VySetieni télesného
sloZeni — elektrickd bioimpedance pfistroji Tanita BC-418 MA a Tanita Viscan AB140
(Tanita Corporation, Tokyo, Japonsko); Behavioralni — dotazniky jidelniho chovani ,,Eating
Inventory®, a dotaznik fyzické aktivity ,,Physical Activity Questionnaire®; Energeticky
prijem — vyhodnoceni 3denniho jidelnicku programem NutriMaster (Abbott Laboratories,
Abbott Park, IL, USA), dotaznik jidelni frekvence; Biochemické — nalac¢no lipidovy profil,
glykémie,  C-reaktivni  protein,  alaninaminotransferdza,  aspartataminotransferaza,
glutamyltranspeptiddza; Hormonalni — inzulin, C-peptid, glukagon, tyreostimulacni hormon,
estradiol, testosteron, leptin, adiponektin, obestatin, ghrelin, inkretiny a dal$i (analyzétory

Cobas 6000 c501 a e601, Roche Diagnostics GmbH, Mannheim, Némecko; Bio-Plex, Bio-
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Rad Laboratories, Hercules, CA, USA). Soucésti vySetfeni byl informovany souhlas,

schvaleny etickou komisi Endokrinologického ustavu v Praze.

Genetické vySetieni bylo provedeno pomoci nasledujicich metod: Izolace DNA: z
periferni krve kitem QuickGene DNA whole blood kit (Fujifilm, Tokyo, Japonsko) na
ptistroji QuickGene 610L (Fujifilm, Tokyo, Japonsko). Genotypizace: 11 SNPs, které byly
vybrané na zadklade GWAS — r1s7561317 (TMEMIS), 1s7498665 (SH2BI), 1529941,
(KCTD15), 156232 ars6235 (PCSK1), 15925946 a rs4923461 (BDNF), 1s10913469 (SEC16B),
rs12970134 a rs17782313 (MC4R), 1s9939609 (FTO) bylo analyzovano metodou alelické
diskriminace ve formatu TagMan sond (TagMan SNP Genotyping Assays, Applied
Biosystems, Foster City, CA, USA). Rs12970134, rs17782313, rs9939609 byly analyzovany
na piistroji Real-Time PCR LightCycler 480 (Roche, Basilej, Svycarsko), ostatni SNPs na
Biomark (Fluidigm, South San Francisco, CA, USA) ve spoluprdci s Laboratofi genové

exprese, Biotechnologického tistavu AV CR.

Adv36 pozitivita byla stanovena prostfednictvim sérologické detekce protilatek
metodou kompetitivni Enzyme-Linked ImmunoSorbent Assay (ELISA), vyvinutou a
provedenou spolupracujicim pracovistém Obetech Obesity Research Center (Richmond, VA,
USA) pod vedenim profesora R. Atkinsona. Na zaklad¢ vyse titru protilatek proti Adv36 tak

byli vySetfovani adolescenti rozdéleni na Adv36 pozitivni, resp. Adv36 negativni jedince.

Statisticka analyza ziskanych dat, které byly pribézné uklddany do elektronické
databaze Microsoft Office Access 2007 (Microsoft Corporation, Redmond, Washington,
USA) byla provedena pomoci programi NCSS 2004 (NCSS, LLC, Kaysville, UT, USA),
Microsoft Excel 2007 (Microsoft Corporation, Redmond, WA, USA) a Statgraphics
Centurion, version XV (Statpoint Technologies, Warrenton, VA, USA). Pouzité metody
zahrnovaly neparametrické testy (Mann-Whitneyav test, Kruskal-Wallistiv test), chi-kvadrat,

odds ratio, linearni regresni analyzu a dalsi.
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4 Publikace

Vysledky dizertacni prace shrnuje osm publikaci. Pfedkladané ptivodni prace se vénuji
jednotlivym rizikovym faktorim u souboru c¢eské dospivajici populace. Polymorfismy
kandidatnich genti byly zkoumany nejen ve vztahu k nadvéaze a obezité, ale také k podvaze, k
jednotlivym antropometrickym a biochemickym parametriim a k metabolickému syndromu
(kapitola 4.1). Z pohledu zdravotnich komplikaci plynoucich z obezity, byla rovnéz
zjiStovana prevalence inzulinové rezistence a T2DM (kapitola 4.2). Otazku, zda vybrané
polymorfismy ovliviiyji také energeticky pfijem a vybér jednotlivych nutrientt si kladla dalsi
studie (kapitola 4.3). Druhému zkoumanému rizikovému faktoru obezity — infekci Adv36 —
se vénovaly dvé prace. Nejprve byl u ceské dospivajici populace ovéfovan samotny vztah
Adv36 ktélesné hmotnosti a kardiometabolickym charakteristikim (kapitola 4.4). V
nasledujicim kratkém sdéleni bylo feSeno mozné ovlivnéni spéSnosti redukéniho programu u
podskupiny obéznich divek ptitomnosti protilatek proti Adv36 (kapitola 4.5). Potenciélni
vztah mezi polymorfismy kandidatnich genti a infekci Adv36 u sledovaného souboru
analyzovala dalsi studie (kapitola 4.6). Dizertacni praci dopliuji dvé piehledové studie
zabyvajici se dosavadnimi poznatky o prvnim objeveném kandiddtnim genu pro obezitu na
zakladé GWAS — FTO (kapitola 4.7) a celkovym vyzkumem genetického pozadi b&znych
forem obezity (kapitola 4.8).

4.1 Asociace polymorfismi kandidatnich genli pro obezitu s metabolickym

syndromem a pifidruZenymi parametry u 1 443 ¢eskych adolescentl

Autori: Dusatkova L., Zamrazilova H., Sedlackova B., Vcelik J., Hlavaty P., Aldhoon-

Hainerova 1., Korenkova V., Bradnova O., Bendlova B., Kunesova M., Hainer V.
Folia Biologica (Praha) 2013, 59(3):123—133. IF = 1,000

Abstrakt: GWAS odhalily desitky genovych variant asociovanych s obezitou, ale jen malo
studii zkoumalo jejich asociaci s metabolickym syndromem. V této préaci byla provedena
genotypizace 11 variant gent TMEM 18, SH2B1, KCTD15, PCSK1, BDNF, SEC16B, MC4R a
FTO u 1443 adolescentii a byla zkouména jejich asociace s obezitou, metabolickym

syndromem a piidruzenymi parametry. Vysledky potvrdily asociaci polymorfismu rs9939609
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genu FTO s nadvahou a obezitou (OR 1,40; 95% CI 1,21-1,63; p < 0,001) a minoritni alely
rs7561317 genu TMEM18 s podvéhou (OR 1,78; 95% CI 1,14-2,79; p = 0,015). Rizikové
alely rs925946 BDNF a rs17782313 MC4R zvySovaly riziko pfitomnosti metabolického
syndromu (OR 1,53; 95% CI 1,14-2,04; p = 0,005; 1,51; 95% CI 1,12-2,04; p = 0,009).
Rs6235 genu PCSKI negativné korelovala se zvySenou hladinou krevni glukézy (OR 0,69;
95% CI10,49-0,97; p = 0,040). V této praci byla u souboru ¢eskych adolescentl potvrzena jak
asociace polymorfismit F70, MC4R a BDNF s nadvéhou a obezitou, resp. s metabolickym
syndromem, tak protektivni role PCSK! v rozvoji T2DM.

U této prace jsem se podilela na sbéru a analyze dat, vyhodnocovani vysledkli a sepsani

manuskriptu.
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Abstract. Genome-wide association studies have re-
vealed several gene variants associated with obesity;
however, only a few studies have further investigated
their association with metabolic syndrome. We per-
formed a study of eleven variants in/near genes
TMEMI18, SH2B1, KCTD15, PCSK1, BDNF, SEC16B,
MC4R, and FTO in Czech adolescents and analysed
their association with obesity, metabolic syndrome
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and related traits. Genotyping was performed in
1,443 adolescents aged 13.0-17.9 years. Anthropo-
metric parameters, biochemical parameters and
blood pressure were assessed. Metabolic syndrome
was defined according to the International Diabetes
Federation. The FTO rs9939609 variant was associ-
ated with overweight/obesity (OR 1.40, 95% CI
1.21-1.63, P < 0.001). The minor allele of THEM18
rs7561317 was related to underweight (OR 1.78,
95% CI 1.14-2.79, P = 0.015). BDNF rs925946 and
MC4R rs17782313 were associated with metabolic
syndrome (OR 1.53, 95% CI 1.14-2.04, P = 0.005;
1.51, 95% CI 1.12-2.04, P = 0.009). The PCSKI
rs6235 variant was negatively related to increased
blood glucose (OR 0.69, 95% C10.49-0.97, P=0.040).
In conclusion, the FTO variant was associated with
overweight/obesity in Czech adolescents. Moreover,
MC4R and BDNF variants increased the risk of meta-
bolic syndrome, probably through their effect on ab-
dominal obesity. The PCSKI variant may have a pro-
tective role in the development of type 2 diabetes.

Introduction

The prevalence of obesity has been increasing world-
wide in children and adolescents (Lobstein et al., 2004).
This trend is alarming because obesity in childhood
tends to persist to adulthood with a high incidence of
cardiometabolic complications (Katzmarzyk et al.,
2001). Metabolic syndrome (MS) is a cluster of risk fac-
tors for cardiometabolic discases that includes abdomi-
nal obesity, dyslipidaemia, impaired glucose metabo-
lism and hypertension (Zimmet et al., 2007). Due to the

Folia Biologica (Praha) 59, 123-133 (2013)
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current obesity epidemic, MS is often diagnosed alrcady
in children and adolescents (Bokor et al., 2008).

Genome-wide association studies (GWAS) have
identified several loci associated with body mass index
(BMI) and obesity. In 2007, a variant of the fat mass and
obesity associated gene (F70Q) demonstrating a strong
association with BMI was discovered and until now has
been considered as one of the most studied genes related
to obesity (Frayling et al., 2007). The following year,
single-nucleotide polymorphisms (SNPs) near the mel-
anocortin 4 receptor gene (MC4R) (Loos et al., 2008)
and the proprotein convertase subtilisin/kexin type 1
gene (PCSKI) were designated as candidate genes for
obesity (Benzinou et al., 2008). Thanks to extensive
GWAS, 10 other obesity susceptibility loci were identi-
fied, e.g. transmembrane protein 18 (TMEMIS), SH2B
adaptor protein 1 (SH2B1), potassium channel tetramer-
ization domain containing 15 (KC7TD15), brain-derived
neurotrophic factor (BDNF), and SEC16 homologue B
(SEC16B) (Thorleifsson et al., 2009; Willer et al., 2009).
The last GWAS focusing on BMI associations con-
firmed 14 previously reported loci and revealed 18 new
loci (Speliotes et al., 2010). Most of the mentioned
SNPs have been replicated in children and adolescents
with a similar effect on BMI (Zhao et al., 2009; den
Hoed et al., 2010). Confirmation and extension of find-
ings from GWAS in selected population represents the
next step of further investigations.

The aim of the present study was to explore the asso-
ciation of 11 previously reported variants in/near genes
TMEMIS8, SH2B1, KCTD135, PCSK1, BDNF, SEC16B,
MC4R and FTO with different body weight statuses (un-
derweight, normal weight, overweight, obesity), ab-
dominal obesity, MS and related traits in Czech adoles-
cents.

Table 1. Characteristics of the studied cohort

Material and Methods
Subjects

The total of 1,443 adolescents (661 boys, 782 girls)
aged 13.0-17.9 years were recruited from the Czech
Childhood Obesity Prevalence And Treatment (COPAT)
project, focused on risk factors for obesity and MS in
the adolescence. The COPAT project was conducted in
different regions across the Czech Republic and includ-
ed a representative cohort (N = 1,533) established by the
stratified random selection and overweight/obese ado-
lescents (N = 562) that had undergone a 4-week weight
management programme in specialized clinical settings.

The present study included participants from both co-
horts: 60 underweight, 713 normal weight, 194 over-
weight and 476 obese adolescents characterized in Ta-
ble 1. Underweight, normal weight, overweight and obesity
were defined by BMI percentiles according to the Czech
national reference data (Kobzova et al., 2004): <10%,
10"=90", 90"—97", 97" respectively. The standard de-
viation scores (SDS) of anthropometric parameters were
assessed according to the national reference data (Kob-
zova et al., 2004). The reference percentiles of German
adolescent population were used for the waist circum-
ference (Haas etal., 2011). MS was defined according to
the International Diabetes Federation (IDF) criteria for
children and adolescents (Zimmet et al., 2007).

The study was approved by the Ethics Committee of
the Institute of Endocrinology and was performed in ac-
cordance with the Helsinki Declaration. All participants
and their parent(s) provided written informed consent.

Anthropometric and biochemical characteristics

Body height was measured by a stadiometer (preci-
sion 0.1 cm); body weight was measured by Tanita

Variable Underweight Normal weight Overweight Obese
Number 60 713 194 476
Boys/girls 23/37 337/376 85/109 216/260
Age (years) 16.4 (15.5-17.1) 16.0 (15.1-16.9) 15.8 (14.6-17) 15.4(14.2-16.6)
Height-SDS -0.3(-0.9-0.3) 0.1 (-0.7-0.6) 0.0 (-0.5-0.8) 0.2 (-0.6-0.8)
Weight-SDS -1.4 (-1.7-1.0) 0.1 (-0.6-0.5) 1.5(1.1-1.9) 3.2(24-44)
BMI-SDS -1.4(-1.6-1.2) 0.0 (-0.5-0.5) 1.5(1.3-1.8) 3.3(2.64.6)
Waist circumference-SDS ~1.3(-1.6-1.0) ~04 (-0.8-0) 0.7(0.4-1.2) 23(1.5-3.1)
Abdominal circumference-SDS 0.5 (-1-0.2) 04 (-0.1-1) 2.3(1.6-2.8) 43(3.3-5.4)
Hip circumference-SDS -1.2(-1.4-0.7) 0.0 (-0.5-0.6) 14(1.1-1.9) 2.8(2.1-3.7)
Arm circumference-SDS ~1.3 (-1.7-0.9) 0.1 (-0.3-0.7) 1.7(1.2-2.2) 3.1(2.4-3.9)

Total body fat (%)

Trunk fat (%)

Systolic blood pressure (mmHg)
Diastolic blood pressure (mmHg)

15.2 (12.4-18.5)
11(8.1-13)
114 (105-124)

76 (69-81)

Glucose (mmol/l) 5.0(4.7-54)
C-peptide (mmol/l) 0.7 (0.6-0.8)
Insulin (mmol/l) 9.2(6.4-12.8)
Triglycerides (mmol/1) 0.7 (0.6-1.0)
HDL-cholesterol (mmol/1) 1.5(1.2-1.7)
Total cholesterol (mmol/l) 4.3(3.7-4.6)
LDL-cholesterol (mmol/l) 2.1(1.7-2.5)

20.1 (15.1-24.4)
15.2 (11.3-19.5)
121 (111-128)

293 (23.1-32.1)
23.8(19.4-27.3)
120 (111-128)

35.4(30.6-40)
304 (25.8-35.9)
122 (113-131)

77 (72-83) 76 (72-82) 78 (73-84)
5.0 (4.7-5.2) 5.0(4.7-5.3) 5.0(4.7-5.3)
0.7 (0.6-0.8) 0.8 (0.7-0.9) 0.9 (0.7-1.2)
9.7(7.3-12.8) 11.8(8.8-15.4) 14.7 (10.7-21.5)
0.8 (0.6-1.1) 0.9 (0.7-1.1) 1.1 (0.8-1.6)
14 (1.2-1.6) 1.3 (1.1-1.5) 1.2(1-1.4)

4.0 (3.6-4.6) 4.1 (3.7-4.7) 43(3.7-4.9)
2.1(1.7-2.6) 23(1.9-2.8) 2.4 (2.0-3.0)

Data are expressed as a median (lower-upper quartile).

33



Vol. 59

Obesity Gene Variants and Metabolic Syndrome 125

BC-418 MA (Tanita Corporation, Tokyo, Japan; preci-
sion 0.1 kg). Body circumferences were determined by
a tape measure (precision 0.1 c¢cm) in a horizontal level;
waist circumference midway between the upper iliac
crest and the lower rib, abdominal circumference at the
level of umbilicus, hip circumference over the maxi-
mum buttocks diameter, arm circumference in the mid-
dle of relaxed arm. The percentage of total body and
trunk fat was measured by bioelectric impedance Tanita
BC-418 MA and Tanita AB-140 ViScan (Tanita Cor-
poration, Tokyo, Japan). We previously demonstrated
that trunk fat determined by bioelectric impedance in
Czech adolescents highly correlated with both dual-en-
ergy X-ray absorptiometry and magnetic resonance im-
aging measurements (Zamrazilova et al., 2010).

Peripheral blood samples were taken from the cubital
vein after an overnight fast. Glucose, insulin, C-peptide,
total cholesterol, high-density lipoprotein (HDL) cho-
lesterol, low-density lipoprotein (LDL) cholesterol and
triglycerides were determined using the Cobas® 6000
instrument and commercial kits (Roche Diagnostics
GmbH, Mannheim, Germany).

Blood pressure was measured by the arm sphygmo-
manometer with appropriate cuff size. Two sets of meas-
urements were performed and an average value was cal-
culated.

Genotyping

Genomic DNA was extracted from peripheral blood
leukocytes using QuickGene DNA whole blood kit
(Fujifilm, Tokyo, Japan). Genotyping of SNPs:
157561317 (TMEM]18), 157498665 (SH2BI), rs29941
(KCTD1I5), 156232 and rs6235 (PCSK1), 15925946 and
rs4923461 (BDNF), 1310913469 (SEC16B),rs12970134
and rs17782313 (MC4R), 159939609 (FTO) was per-
formed using the TagMan SNP Genotyping Assays
(Applied Biosystems, Foster City, CA). The assays were
run in a Biomark instrument (Fluidigm, South San
Francisco, CA) and rs12970134, rs17782313, and
rs9939609 in a LightCycler 480 (Roche, Basel, Switzer-
land). To ensure consistency among runs, samples of
known genotypes and negative controls were used in
every run. The genotype distributions of all SNPs fol-
lowed the Hardy-Weinberg equilibrium (P > 0.2). The
SNPs located in PCSK/] (rs6232, rs6235) and BDNF
(rs925946, rs4923461) were incompletely linked (r* =
0.16 and 0.11, respectively). The SNPs near MC4R
(rs12970134, rs17782313) were in high linkage disequi-
librium (2= 0.79).

Statistical analysis

The statistical software NCSS 2004 (NCSS LLC,
Kaysville, Utah) and Microsoft Excel 2007 (Microsoft
Corporation, Redmond, WA) were used. P values (two-
tailed) < 0.05 were considered statistically significant.
The Hardy-Weinberg equilibrium was tested using the
¥ test. Linkage disequilibrium was estimated using
Haploview V3.2, (Barrett et al., 2005). Genotype and
allele frequencies were compared by ¥* test with Yates

correction. Odds ratios (ORs) and 95% confidence inter-
vals (CI) were calculated to determine associations of
each SNP and weight status (underweight, overweight,
obesity) using normal weight subjects as controls; for
MS and its components, non-carriers were used as con-
trols. Association of SNPs and quantitative traits (an-
thropometric, biochemical characteristics, blood pres-
sure) were analysed by general linear models after
adjustments for sex and age. Anthropometric traits were
additionally adjusted for BMI. Due to the non-Gaussian
distribution, data are expressed as medians with lower
and upper quartiles.

Results

Associations with body weight categories

The observed genotype and allele frequencies of
SNPs in the overweight/obese and underweight/normal
weight adolescents are shown in Table 2. Significant dif-
ferences were found for the F70 rs9939609 variant (P <
0.001) and the SEC16B rs10913469 variant (P = 0.033).
The FTO 159939609 A-allele was associated with over-
weight and/or obesity (Table 3). ORs were 1.27 (95% CI
1.01-1.59, P = 0.046) for overweight and 1.46 (95% CI
1.24-1.73, P < 0.001) for obesity. No other variants
showed significant associations. In the case of SECI168B
rs10913469 there was a tendency towards an associa-
tion with overweight and obesity (OR 1.21, 95% CI
0.99-1.47, P = 0.066).

Associations between each SNP and underweight are
demonstrated in Table 3. The TMEMI8 rs7561317 vari-
ant was found to be significantly related to underweight.
The minor allele increased the risk of underweight (OR
1.78,95% CI 1.14-2.79, P=0.015).

Associations with metabolic syndrome

The prevalence of MS in our cohort of 1,443 Czech
adolescents was 7.7 % (65 boys, 46 girls). MS was only
present in overweight and obese adolescents in whom
its prevalence reached 16.6 %. Table 3 shows associa-
tions of the 11 investigated variants with MS. The BDNF
1925946 T-allele (P = 0.005), the MC4R rs12970134
A-allele (P=0.035), and the MC4R rs17782313 C-allele
(P=10.009) increased the risk of MS. However, the gen-
der-specific analyses revealed that the increased risk
was only significant in boys with OR of 1.77 (95% CI
1.22-2.59, P = 0.004 vs. girls P = 0.412) for BDNF
18925946 and OR of 1.56 (95% CI 1.05-2.33, P=0.036
vs. P = 0.156) for MC4R rs17782313. The same ten-
dency for the MC4R rs12970134 variant (P = 0.069) was
also demonstrated in boys only.

A detailed case-control study was performed to deter-
mine the association of gene variants with individual
risk factors of MS (carriers vs. non-carriers). Abdominal
obesity was significantly related to the FTO variant (OR
1.39, 95% CI 1.19-1.64, p < 0.001). Furthermore, only
in boys the minor alleles of BDONF 15925946 (OR 1.42,
95% CI 1.09-1.84, p = 0.010), MC4R rs12970134 (OR
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Table 2. Differences of genotype and allele frequencies between overweight/obese and underweight/normal weight ado-

lescents
Variant Locus Group Genotypes (N) p: RAF (%) pe
AA AG GG G
rs7561317 TMEMI18 UW/NW 14 208 551 84.7
0.611 0.477
OW/OB 13 165 492 85.7
AA AG GG G
157498665 SH2BI UW/NW 249 388 136 427
0.461 0.235
OW/OB 234 329 106 40.4
AA AG GG G
1529941 KCTD15 UW/NW 63 328 369 70.1
0.853 0.876
OW/OB 57 274 326 70.5
cC CT T C
rs6232 PCSK1 UW/NW 3 65 702 4.6
0.143 0.098
OW/OB 2 77 589 6.1
cC CG GG G
rs6235 PCSKI UW/NW 407 316 49 26.8
0.243 0514
OW/OB 375 246 49 25.7
GG GT T T
rs925946 BDNF UW/NW 401 318 54 27.6
0.520 0.831
OW/OB 359 257 53 27.1
AA AG GG A
rs4923461 BDNF UW/NW 468 263 40 77.8
0.673 0.859
OW/OB 415 215 39 78.1
cC CT T C
rs10913469 SECI6B UW/NW 18 208 546 15.8
0.080 0.033
OW/OB 20 213 437 18.9
AA AG GG A
rs12970134 MC4R UW/NW 46 281 437 244
0.412 0.309
OW/OB 51 241 364 26.1
cC CT T C
rs17782313 MC4R UW/NW 59 297 407 272
0.554 0.337
OW/OB 51 256 312 289
AA AT T A
159939609 FTO UW/NW 139 387 240 43.4
<0.001 <(0.001
OW/OB 176 338 152 51.8

P value was calculated by ¥’ test with Yates correction.

OW/OB — overweight/obese adolescents; UW/NW — underweight/normal weight adolescents; RAF — risk allele frequency

1.39, 95% CI 1.06-1.82, p = 0.020) and MC4R
rs17782313 (OR 1.40, 95% CI 1.07-1.83, P = 0.018)
increased the risk of abdominal obesity. Increased blood
glucose was negatively associated with PCSK/ rs6235

(OR 0.69, 95% C1 0.49-0.97, P = 0.040). The protective
effect of this variant was only found in boys (OR 0.61,

95% CI 0.39-0.95, P = 0.035).
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Table 4. Association of FTO and SEC168B genotypes with
P . E g.:‘. % E % E E E 5 § g anthropomelric parameters
- = (=1 (=1 = (=1 = =] (=1 = = <
s AT AA
=
= FTO rs9939609
2 =l B Best+SE  Pest+SE
lglez 433 nR gl
F el dddd LA Weight-SDS 0.25£0.12  0.61+0.15 <0.001
E(EE383 388885
=élgscssszeseszz < BMI-SDS 028+0.12 0.58+0.15 <0.001
ﬂcﬂ T R B T T
(=1 = =1 = = - —_ —_ - — —_—
- 0.22+£0.10  0.46x0.11 <0.001
Waist
. |lees s =2 =22399g8 circumference-5DS 0.02+0.04 0054005 0.533°
£ 1223233238835 84 =
] (=2 — T =T — T O — T — R — T |
£ Abdominal 0332013 0.69+0.16  <0.001
= circumference-SDS 0.04+0.05 0.09+006 0305
PlEEEgERFERER — — -
§ Ol = =5 = = = = o S 0.13£0.11  047+0.13  <0.001
s Fle 8 2 8 ¥ x 8 8 5 8 &~ Hip circumference-SDS
dleseegceegeeed —0.08+0.05 0.02+0.06 0.082°
g 3328 2E8 32 ¢% % 0.23+0.11 049£0.13 <0.001
- (=1 =1 — (=1 (= - w— - b - . . R . 8
Arm circumference-SDS
T 0014005 002+006 0918
A R |
|l © 8 0o & ©6 © © © & ¥ 1.10£0.53 2.68+0.64 <0.001
T Total body fat (%)
é -0.17+0.24 032+029 0.155
2 = x T A8 o O &5 & & m
S o= e e e B 2 e B B 1.16£0.57 2.89+0.68 <0.001
e B T N O S A Trunk fat (%)
2 wlE S 338 8 3 22 49 -0.23+0.29 029+035 0237
S g Sz 883 ez =23 CT cc
g -ses-T=ss" 700 SECI6B rs10913469 P
2 T3 888285298 % eat=h  Pesdil
r E r 9 = d =% @O = 9 @ 8
% g MlEerEe 28 B oig g 8 Weight-SDS 0.30+£0.11  022+0.33 0.033
S| =
2| U, BMI-SDS 031+£0.12 0224033  0.024
IliglEREREE2 88 TR 0.32£012 027035  0.032
= = = = e = = = = = = - : . B B L35 2
e R P Y
g Bl s 23 &5 32s8 &3 circumfetence-SD3 0.034004 005+0.12 0.794
o Zl® v o = v o PR S
= z|lZ2 £ 2 8 £ 8 8 8 & 5§ &/
S Sl = = =2 2 8 = = &8 & = 0.28+0.10 0.28+0.28 0.018
5 = = Arm circumference-SDS
3 W -2 o2 o0oQon w2 o 0.05+0.04 0.10+012 0.406*
H S m = & = = % a9 %9 g
_‘: g Rl RiE e 88 R RE 88 P values were calculated by generalized linear regression using an
Lo | additive model adjusted for sex and age. *Parameters were addi-
% £ s e a e s o a8 as s tionaly adjusted for BMI.
S -é" 8 eSO B R B8 2 B BB est - coefficient estimate (compared to the wild-type genotype);
3 |= ° ; w &b i ; g' 2 %' 2 r-—i SE - standard error
o Slm ¥ @ m 3= 2 @ & & 8 &
= a|E E &8 2 2 2 2 2 € € €
5 gl 8888528 S 28 Associati ith anth tric and
g Bl o2 K B 2 Wa 5 8 ations with anthropometric an
s| - biochemical parameters
ENEES
;_ E Only significant associations of anthropometric and
| |[®F w8 A& ® 2389 biochemical parameters with the studied gene variants
& a are presented in Table 4. The FTO rs9939609 genotype
g E = B e e B g ol @ B was strongly related to body weight, BMI, body circum-
= ® z  ferences, total body and trunk fat (P < 0.001). The
= 2 " g SEC168B rs10913469 genotype was associated with an
8 P = & g & g increased body weight, BMI, abdominal and arm cir-
S| 2|32 S 8¢ 58358 S8 E|S cumferences (P<0.05). Gender-stratified analyses re-
] - Bk R ddada = 3 k|2 o i e
g = vealed further associations. Only in boys, associations
- = ow e = 2 3 2 g|x ofbody weight with MC4R 1512970134 (P = 0.004) and
o |2 £ 3 a0 d &2 2 5|T MC4Rs17782313 (P=0.014) and an association of ab-
= !>E 22 3 ¢ g g g = % = 2 5 dominal circumference with the rs17782313 variant
E - - - - - - - = - -

(P = 0.032) were found. However, after additional ad-
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justment for BMI, none of the above-mentioned associ-
ations remained statistically significant.

Discussion

We evaluated 11 previously reported gene variants
and their associations with weight statuses in 1,443
Czech adolescents. The association of FTQ variants in
Czech adults has already been confirmed (Hubacek et
al., 2008), in contrast to the other obesity susceptibility
locus in insulin-induced gene 2, which was not associa-
ted (Hubacek et al., 2010). This is the first study of other
obesity gene variants performed in Czech adolescents.
We confirmed the strong association of F70 rs9939609
with overweight and obesity with a similar effect as in
previously published studies performed in European de-
scendants (Dina et al., 2007; Frayling et al., 2007). The
10 remaining SNPs have not been found to be related to
obesity. These associations have already been confirmed
in children and adolescents; however, mostly in larger
studies and meta-analyses (Zhao et al., 2009; den Hoed
etal., 2010). We assumed that we were not able to repli-
cate the small effects (mostly explaining 1.12 % of the
total variation for BMI Z-score) of the SNPs (Zhao et
al., 2009). The SECI6B rs10913469 variant showed the
same tendency as the FTO variant. We demonstrated
that this SNP was associated with increased anthropo-
metric parameters. However, we suppose that the low
number of minor homozygotes in our cohort might have
been limiting. Variants near MC4R were related to body
weight and abdominal circumference, but only in boys.
A recent study of eight common obesity variants also
found gender-specific differences (Wang et al., 2012).

Our studied population included all weight categories
(obese, overweight, normal weight and underweight),
and thus we were also able to perform the case-control
study with underweight as the opposite extreme of BMI
variability. In the GWAS of Willer et al. (2009), the ma-
jor allele of TMEM18 rs7561317 was described as the
obesity risk allele. Surprisingly, the results of our study
demonstrated that the minor allele of this variant signifi-
cantly increased the risk of being underweight. TMEM 18
is a DNA-binding protein that could possibly affect re-
pression of the transcription of chromatin (Jurvansuu
and Goldman, 2011). However, its involvement in the
pathogenesis of obesity has not yet been elucidated. Our
findings have to be confirmed by other independent
studies. We are aware of the low frequency of the
TMEMI8 minor allele. Nonetheless, we emphasize the
importance of focusing further investigations on under-
weight individuals as well. Jacquemont et al. (2011)
have recently published a study in which they suggested
that severe obesity and underweight might share similar
genetic background.

Metabolic syndrome

Abdominal obesity defined by waist circumference is
usually considered as a crucial marker of MS (Bitsori et
al., 2009). The prevalence of MS has been rapidly in-

creasing in overweight and obese individuals (Weiss et
al., 2004). In our study, only overweight and obese ado-
lescents fulfilled the IDF criteria for MS. Although sev-
eral GWAS have identified SNPs related to the various
metabolic traits in recent years (Newton-Cheh et al.,
2009; Fox et al., 2012; Tukiainen et al., 2012), there 1s
still a lack of studies focused on MS as a complex dis-
order.

We found an association between the F7O variant
and abdominal obesity. However, the association did not
remain significant after the adjustment for BMI, simi-
larly to other studied antropometric parameters. It seems
that the FTO variant has an effect on BMI in general, but
does not influence the body fat distribution (e.g. abdom-
inal obesity) and related metabolic risks. Several studies
investigated the association of SNPs in FTO with meta-
bolic traits (Liem et al., 2010), but their findings were
not consistent. In agreement with our results, Miiller et
al. (2008) found no association between the FTO variant
and biochemical parameters. According to the meta-
analyses performed by Wang et al. (2011) and Zhou et
al. (2012), FTO variants were associated with MS but
dependent on the used definition for the MS. A signifi-
cant association in adult Europeans was only found
when the Third Report of the National Cholesterol
Education Program Adult Treatment Panel criteria
(2002) of MS were applied.

According to our results, the BONF rs925946 and the
MC4R 1512970134 and rs17782313 variants increased
the risk of MS. However, the association of MC4R
112970134 seems to be mediated through MC4R
rs17782313 because of the observed high linkage dise-
quilibrium between these SNPs and a weaker associa-
tion with MS for the rs12970134 variant. BDNF and
MC4R variants found only in boys probably play a role
in the development of abdominal obesity. BDNF, a
member of the nerve growth factor family, is necessary
for survival of striatal neurons in the brain and should be
an important mediator of energy balance regulated by
the MC4R gene (Zuccato et al., 2001; Xu et al., 2003).
Evidences about the involvement of BDNF in the patho-
genesis of MS have so far only been at the experimental
level. Heterozygous knockout mice exhibited elevated
levels of glucose, insulin and leptin (Duan et al., 2003).
Human studies focused on the association of plasma
BDNF with MS showed discrepancies (Levinger et al.,
2008; Corripio et al., 2012). Sandholt et al. (2011) re-
vealed association of BDNF 15925946 with elevated
blood glucose, although more likely mediated through
BMI. G protein-coupled MC4R is the key factor in the
regulation of food intake and energy homeostasis in the
hypothalamus (Marsh et al., 1999). rs17782313 is
mapped at 188 kb downstream of the MC4R gene, but it
is still unclear whether it modulates MC4R expression
(Loos et al., 2008). The association of MC4R variants
with MS and related traits has not been clearly demon-
strated. However, in studies of males, rs1 7782313 was
shown to be associated with lower HDL cholesterol
(Kring et al., 2010) and elevated diastolic blood pres-
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sure (Vogel et al., 2011). In agreement with our results,
Zobel et al. (2009) found no associations with blood
glucose, insulin, C-peptide and lipids in the study of
14,940 Danes.

PCSK1 is a neuroendocrine convertase that activates
hormones and neuropeptides. Mutations in the PCSK/
gene cause monogenic obesity accompanied by malab-
sorption and impaired glucose homeostasis (Jackson et
al., 1997). In our cohort, the obesity risk allele of PCSK/
rs6235 was less frequent in subjects with elevated blood
glucose. A similar finding was shown in a study of mid-
dle-aged Danes, in whom the risk allele carriers had sig-
nificantly lower fasting glucose (Gjesing et al., 2011).
Our data support the finding of Gjesing and the hypoth-
esis that the variants in PCSK/ may be protective against
type 2 diabetes.

In our study, most of the associations were only ob-
served in boys, who further demonstrated a higher fre-
quency of MS in comparison to girls. It is well known
that abdominal obesity as the key component for MS is
characteristic for men, in contrast to the gynoid obesity,
which is more prevalent in women and is characterized
by rare cardiometabolic complications (Canoy et al.,
2004). Therefore, the gender-specific effect of obesity-
related SNPs should be considered in the pathogenesis
of abdominal obesity and MS. GWAS focused on ab-
dominal subcutaneous and visceral fat or the waist-to-
hip ratio also revealed some loci with strong sex interac-
tions (Heid et al., 2010; Fox et al., 2012). Further studies
are necessary to confirm these findings and extend
knowledge about the involvement and possible interac-
tion of MC4R, BDNF and PCSK ] variants in the regula-
tion of energy metabolism. Moreover, according to our
results, we could hypothesize that PCSK/ and TMEMI8
variants may contribute to the metabolically healthy
obesity (Stefan et al., 2008).

In conclusion, in our cohort of 1,443 Czech adoles-
cents, of the 11 studied gene variants, an association
with obesity was only confirmed for the FTO variant.
Interestingly, the TMEMI & variant was associated with
underweight. MC4R and BDNF variants increased the
risk of MS, probably through their effect on fat distribu-
tion represented by abdominal obesity. The PCSKT var-
iant was negatively associated with elevated blood glu-
cose, and thus seems to have a protective role in the
development of type 2 diabetes.
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Abstrakt: Dospivani je spojeno s vysSim rizikem poruch gluk6zového metabolismu
v disledku tranzientni pubertalni inzulinové rezistence. Tato studie si dala za cile zjistit
prevalenci porusené¢ho glukézového metabolismu, definovat pohlavné specifické hodnoty
homeostatického modelu inzulinové rezistence (HOMA-IR), které jsou jiz spojené se
zvySenym kardiometabolickym rizikem a urcit prediktory HOMA-IR u ceské dospivajici
populace (615 jedincii s normalni hmotnosti, 230 s nadvédhou a 683 s obezitou). Prevalence
porusené la¢né glykemie byla 7 % a T2DM < 0,5 %. Prevalence porusené lacné glykemie
byla vyssi u chlapcti nez u divek bez ohledu na télesnou hmotnost. Inzulinova rezistence byla
také Castéji nalezena u obéznich chlapcl nez u obéznich divek. Hranice HOMA-IR
asociovand s kardiometabolickymi riziky byla stanovena na 4,4 u chlapct a 3,6 u divek. Jako
vyznamné prediktory HOMA-IR se ukazaly byt vék, BMI, pom¢r trijodtyronin/volny tyroxin,
gamma-glutamyltransferaza a hladiny triacylglycerolii a globulinu vazajici pohlavni hormony.
Studie tedy prokézala, Ze prevalence T2DM je u adolescentl (i té&ch obéznich) velmi nizka.
Obézni chlapci maji vyssi riziko inzulinové rezistence a vyskytu pre-diabetu nez obézni
divky. Hranice HOMA-IR spojené s kardiometabolickymi riziky jsou pohlavné specifické, na
rozdil od prediktort HOMA-IR, které jsou stejné pro ob¢ pohlavi.

U této prace jsem se podilela na sbéru a analyze dat a revizi manuskriptu.
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Abstract

Background: Adolescence, due to transient pubertal insulin resistance (IR), is associated with a higher risk for
disturbances of glucose metabolism. The aim of our study was 1) to investigate the prevalence of disturbances of
glucose metabolism, 2) to define gender specific homeostasis model assessment of insulin resistance (HOMA-IR)
thresholds associated with increased cardiometabolic risks and 3) to provide predictors of HOMA-IR.

Methods: The studied cohort consisted of Czech adolescents aged 13.0-17.9 years: 1,518 individuals of general
population and three studied groups according weight category (615 normal weight, 230 overweight and 683
obese). The prevalence of IR, impaired fasting glucose (IFG) and type 2 diabetes was assessed. Risky HOMA-IR
thresholds based on components of metabolic syndrome were investigated. HOMA-IR prediction was calculated
taking into account age, blood pressure, multiple anthropometric, biochemical and hormonal parameters.

Results: In general population cohort, the prevalence of IFG and type 2 diabetes was 7.0% and <0.5%, respectively.
Boys regardless of weight presented significantly higher levels of blood glucose and higher prevalence of IFG than
girls. Obese boys were found more insulin resistant than obese girls. HOMA-IR thresholds of 3.6 for girls and 4.4 for
boys were associated with increased cardiometabolic risks. For both genders, the model of HOMA-IR prediction was
composed of age, BM|, ratio of free triiodthyronine to free thyroxine, gamma-glutamyltransferase activity and levels

of triglycerides and sex hormone-binding globulin.

contrast to predictors were found gender specific.

Type 2 diabetes

Conclusions: The type 2 diabetes in adolescents, including those who were obese, was rarely diagnosed. Obese
adolescent boys were at greater risk for IR and for IFG than obese girls. In adolescence, thresholds of HOMA-IR in

Keywords: Adolescence, Glucose homeostasis, HOMA-IR prediction, Insulin resistance, Metabolic syndrome, Obesity,

Introduction

Insulin resistance (IR) together with an impaired insulin
secretion does play a role in the pathogenesis of type 2
diabetes [1]. A degree of IR is influenced by age, gender,
race and ethnicity, a stage of sexual development, total
adiposity and fat distribution [2-4]. To date, there is
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no universally accepted pediatric definition for IR.
The homeostasis model assessment of insulin resist-
ance (HOMA-IR) is simple method to measure IR [5]
and even in obese children strongly correlates with
the results derived from clamp studies [6]. An identifica-
tion of insulin resistant adolescent is highly important as
the occurrence of type 2 diabetes coincides with the peak
of pubertal IR [7]. The interpretation of HOMA-IR
value is particularly challenging at adolescence. Several
HOMA-IR thresholds to define IR in adolescence have
been suggested [8-11].

" © 2014 Aldhoon-Hainerova et al; licensee BioMed Central Ltd. This is an Open Access article distributed under the terms of
() Bmmed Centra‘ the Creative Commons Attribution License (http://creativecommons.org/licenses/by/4.0), which permits unrestricted use,
distribution, and reproduction in any medium, provided the original work is properly credited. The Creative Commons Public
Domain Dedication waiver (http//creativecommons.arg/publicdomain/zero/1.0/) applies to the data made available in this

article, unless otherwise stated.
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Fasting insulin level is sometimes used as a marker of
IR. A study of Moran et al. demonstrated a significant
correlation between glucose uptake during insulin clamp
and fasting insulin levels [4]. IR, particularly in girls, has
been shown to be associated with a decreased ratio of
C-peptide to insulin [12].

Patients with impaired fasting glucose (IFG) are re-
ferred to as having prediabetes and they are considered
at risk for future development of type 2 diabetes [13].
Data from National Health and Nutrition Examination
Survey showed that the prevalence of IFG in United
States (US) adolescents was 7.0% [14]. Higher prevalence
of IFG is usually found in obese adolescents than in
normal weight counterparts [14]. The prevalence of
type 2 diabetes in children varies across the world but an
increasing trend due to obesity epidemic is observed. A
higher prevalence of type 2 diabetes is found in the US
children mainly in those of non-White European descent
[15]. In the Northern and Central Europe type 2 diabetes
is still, even in obese children, rarely diagnosed and its
prevalence ranges 0.5 to 1.5% [16-18].

Metabolic syndrome due to IR predisposes affected
individuals to type 2 diabetes. Tresaco et al. showed that
HOMA-IR is a useful tool to detect children and adoles-
cents with this condition [8]. Several studies investigated
predictors of pubertal IR e.g. anthropometric parameters
[19], body composition [20], adipokines [20-22] and several
hormones [23,24].

The first aim of our study was to reveal the prevalence
of IR, IFG and type 2 diabetes in normal weight, over-
weight and obese Czech adolescents, and in a general
population cohort. Second, we aimed to investigate the
effects of gender and weight status on levels of blood
glucose, insulin, C-peptide, C-peptide to insulin ratio
and HOMA-IR. Our third aim was to examine the level
of HOMA-IR in relation to the presence of parameters
defining metabolic syndrome. Finally, we intended to
assess major predictors of HOMA-IR from the whole
cohort of studied Czech adolescents.

Methods

Study population

The cohort for the present study was constituted of Czech
adolescents aged 13.0-17.9 years from the Childhood
Obesity Prevalence And Treatment project which consists
of a general population cohort (all body weight categories)
and of in- and out-patient weight intervention cohort
(overweight and obese individuals only). Analyses were
performed in 1,518 Czech adolescents of general popula-
tion (775 girls, 743 boys; 23.9% of girls and 29.3% of boys
were either overweight or obese) and in three weight
categories: 615 normal weight (322 girls and 293
boys) for Body Mass Index (BMI) 25.-75. percentile
(derived from the general population cohort only), 230
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overweight (116 girls, 114 boys) for BMI 90.-97. per-
centile and 683 obese (381 girls, 302 boys) for BMI > 97.
percentile for sex and age of the Czech reference
[25]. The overweight and obese groups were consti-
tuted from both the general population cohort and
from the intervention study of the above mentioned
project. A detailed design of the project has already been
described [26].

Ethics statement

The study protocol was approved by the Ethical Committee
of the Institute of Endocrinology in Prague and was in
accordance with the Helsinki declaration II. All partici-
pants and their parent(s)/guardian(s) signed an informed
consent before the initiation of study procedures.

Clinical examination, anthropometry and body
composition

Following parameters were investigated: age; systolic and
diastolic blood pressure; anthropometric parameters and
indexes {weight, height, waist circumference, abdominal
circumference, hip circumference, arm circumference
and theirs z scores; sagittal abdominal diameter; skin-
folds: suprailiac, biceps, triceps, abdomen and subscapu-
lar; fat assessed by bioimpedance (Tanita BC-418 MA,
Tanita AB 140 MA Viscan, Tanita Corporation, Tokyo,
Japan): trunk fat, total body fat, and visceral fat; indexes:
BMI, BMI z-score, waist-to-hip ratio, waist-to-height
ratio, body adiposity index: [(hip circumference)/((height)
1.5] - 18, a body shape index: waist circumference divided
by BMI2/3 height1/2}.

Biochemical and hormonal parameters
We investigated following biochemical parameters:
blood glucose, total cholesterol, high-density lipoprotein
cholesterol, low-density lipoprotein cholesterol, trigly-
ceride (TG), C-peptide, C-reactive protein, uric acid,
activity of alanine aminotransferase, aspartate amino-
transferase and gamma-glutamyl aminotransferase (GMT)
and the following hormonal parameters: insulin, free tri-
iodothyronine (fT'3), free thyroxine (fT4), thyroid stimulat-
ing hormone, prolactin, cortisol, dehydroepiandrosterone
sulfate, sex hormone-binding globulin (SHBG), testoster-
one, luteinizing hormone, follicle stimulating hormone,
estradiol, progesterone, adiponectin, adipsin, ghrelin,
glucose insulinotropic peptide, glucagon-like-peptide 1,
glucagon, leptin, plasminogen activator inhibitor-1
(PAI-1), resistin and visfatin. Ratio of fT3 to fT4 was
calculated.

Anthropometric procedures, laboratory assays and
evaluations have been described in a previously pub-
lished paper [26].
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Definitions of glucose homeostasis disturbances, IR and
metabolic syndrome

According to the American Diabetes Association [FG is
defined by fasting blood glucose 5.6-6.9 mmol/l and
type 2 diabetes by fasting blood glucose = 7.0 mmol/l
[13]. IR was evaluated by the HOMA-IR that was calcu-
lated by the following formula: fasting plasma insulin
(microunits per liter) x fasting glucose (millimoles per
liter)/22.5 [5]. In order to estimate IR in our cohorts, we
used the thresholds of HOMA-IR > 2.5 and > 4.0 [5,27].
HOMA-IR < 4.0 was shown to be associated with a little
probability of type 2 diabetes development [28]. Para-
meters of the International Diabetes Federation (IDF)
definition of the metabolic syndrome were used in
our analyses [29].

Statistical analyses

To eliminate skewed data distribution and heteroscedasti-
city, the original data were transformed to a Gaussian dis-
tribution by a Box-Cox transformation before further
processing using the statistical software Statgraphics Cen-
turion, version XV from Statpoint Inc. (Herndon, Virginia,
USA). Data were analyzed using non-parametric tests:
Mann-Whitney test (for differences between two inde-
pendent groups) and Kruskal-Wallis multiple comparisons
(for differences among three or more independent
groups). Categorical data were tested by Chi-square test.
The statistical software NCSS 2004 (Kaysville, Utah, 190
USA) were used. P-value (two-tailed) < 0.05 was consid-
ered statistically significant.

In order to detect relationships between HOMA-IR and
studied parameters we applied a multivariate regression
with reduction of dimensionality, known as OPLS [30]. All
subjects that had been assessed for the present study were
used for the prediction of HOMA-IR. Analyses were per-
formed separately for boys and girls. OPLS allowed us to
find a model predicting HOMA-IR based both on the mini-
mum number of widely available parameters but also on
the best predictability. We tested the relevance of individual
variables for the model using a criterion variable import-
ance. At the first stage, all above mentioned parameters,
excluding levels of blood glucose and insulin, were studied
for HOMA-IR prediction. We constructed two models for
HOMA-IR prediction. The first model comprised compo-
nents with the highest predictability. The second model
was based on the first model and aimed at components that
are widely available in clinical practice (clinical model).

The statistical software SIMCA-P + Version 12.0.0.0
from Umetrics AB (Umed, Sweden) was used for data
analyses. The software enabled us to find the number of
the relevant components utilizing the prediction error
sum of squares and also allowed the detection of multi-
variate non-homogeneities and testing the multivariate
normal distribution and homoscedasticity.
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Results
Disturbances of glucose metabolism and IR
Basic characteristics and only those parameters, which
were found as major predictors of HOMA-IR, for all
studied groups are presented in Table 1. Between girls
and boys of each studied group, there were no differences
in age and BMI z-score except for BMI z-score in the over-
weight cohort (Table 1). Table 1 also shows the prevalence
of IFG, type 2 diabetes and of IR defined by two thresholds
of HOMA-IR in each cohort. IFG was more common in
boys than in girls regardless of weight status (Table 1).
Significant differences in BMI z-scores, levels of insulin,
C-peptide, C-peptide to insulin ratio (except for the ratio
in overweight vs. obese girls) and HOMA-IR (p = 0.000)
but not in blood glucose level were found when weight
categories were compared between each other (normal
weight vs. overweight; normal weight vs. obese; over-
weight vs. obese) in analyses within each gender (data not
shown). In all cohorts, boys presented significantly greater
level of blood glucose than girls (p = 0.000) (Table 1).
Levels of insulin and C-peptide were significantly higher
in girls than in boys in the normal weight and in the gen-
eral population cohorts (p = 0.001) (Table 1). However,
obese boys had significantly higher insulin, C-peptide and
HOMA-IR than obese girls (Table 1). C-peptide to insulin
ratio gradually decreased with an increasing body weight.
No gender differences in this ratio were noted except for
obese individuals (Table 1).

HOMA-IR thresholds associated with cardiometabolic risks
In both genders, HOMA-IR gradually increased with
increasing number of parameters derived from metabolic
syndrome definition. HOMA-IR of 3.6 for girls and of 4.4
for boys were identified as cut-off values that corresponded
to increased cardiometabolic risks defined as a presence of
three components of metabolic syndrome (Table 2). These
HOMA-IR values represent the 84.0 and 87.0 percentile in
girls and boys of general population, respectively.

HOMA-IR prediction

Out of 68 analyzed parameters, 57 parameters in boys
(43.2% variability of the dependent variable explained by
OPLS method) and 51 parameters in girls (30.1% variability
of the dependent variable explained by OPLS method)
showed a significance to HOMA-IR prediction. At this
stage, we first selected those parameters that presented
with the highest prediction and were more or less shared
by both genders. Similar prediction of most of the studied
anthropometric parameters were found, thus, for the fur-
ther model analyses we only included BMIL. In the predict-
ive model, age, BMI, ratio of fT3 to fT4, GMT activity,
levels of TG, SHBG, leptin, PAI-1, ghrelin, adiponectin and
testosterone explained 41.4% of the HOMA-IR in boys. Ex-
cept for the level of testosterone, girls presented with the

46



Page 4 of 9

Aldhoon-Hainerova et al. Diabetology & Metabolic Syndrome 2014, 6:100

http://www.dmsjournal.com/content/6/1/100

500 > d 1@ Jueapubis eleq ‘spueqoid
4O 13GUINU (WS ©) 3NP PalNd|e3 JON, ‘Pasn sem 1533140, ‘sajiuenb szddn pue 1amo| ‘ueipaw se paquasap aie eleq, ‘sapuadkibin ‘9| {|-1ouqiyul sojeanse uaboulwseld ‘|-yd 2s0on|b Bunse) paiedwn ‘94| tduelsisas
UINSUL JO JUBLUSSASSE [9POLL SISEISORWOY ‘YI-YWOH ‘@serajsuenjiwein|B-ewwed ‘| WO ‘Buix0AY) 331 01 3UIUCIAYIOPOILN 331) Jo ONel ‘b1 J/€ 14 ‘2s00n|B poojq Bunse) ‘Dg4 ‘sa1aqelp 7 adAl WAZL Xapul ssew Apoq ‘IWg

¥ (%0€°0) 1 %6050) € - 0 0 - 0 0 + oz (%ELD) | (%'v) wazL
10900 (%096) 62 (9608°S) 7T (1000 (9%0Z°€L) S1 ©02°1) T 4¥80°0 (%08'9) 0T 90271 21 10000 (%0£6) 72 %0V %) vE (%) D41
(%"u)

L0000 (%00FF) €1 (%01'62) 111 L0410 (%0521} 0T B0z 11} €1 9810 (%07°4) 1T 96027} S1 P00 (%0Ew1) 901 (%0801} ¥8 ¥ < 4I-'YWOH
(9%'u)

19000  (%0§°SL) 8T (9606'59) 15T L06£0  (9608'LS) 65 (900°05) 8S 45050 (9,00'87) 78 (907 0€) 86 FL80 (%06'0F) ¥OE (%050F PIE  §'T < HIFYWOH

E100 (9£9'€SE) £8%  (BLO6LEIOVY  TWBO (S¥P LT LEE  (OL¥'SVT) IVE  EEQO0  (LSENITT 6.7 (EVE681 PIT  T000  (OUVSEQ E0E (W6 'W0T) (6T  (lu/Bu) 41-1vd
0000 (ZES'BTE) BFS  (69%L 079) I¥6 0000 (OTE'LTLI9LT (966 LTS STL 0000  (68°0:1¥0) £90 (185182 0% 0000 (BUZ:1S0)680 (677 £0€) 187 (wy/bu) ,unda]

(67989 #L90F) (25652 '1LSHY) (BgrEss 'ty 08Y) (29798 L8029 (90698 ZZ09%) (26816 'SL'LOS) (ZE628 '8L651)  (6Y668 ‘2L £0S) (lw/Bd)

7100 LUERS 15785 €10 16085 S59F9 9000 59165 26889 0000 65009 11699 LuRYD

(9501 9£°5) {1/Bw)

0000 (009 0£€) Sy (184 '96%€) 89S 000 (ZFZ'00%) 8TS  (86'9'98%) ¥EQ 0000  (E¥R'S0G) 659  (PO'LL %60°G) 198 0000  (£1'8'65Y) 009 [4: ¥ Lundauodipy

(110wu)

0000 (PEV'SL1) 96T  (8Y0'9Z0) 950 0000 (L¥9'ZEE)09% (EFD'ECO) LEO 0000 (OUZ'2/v) /65 (L¥0'TC0) 0ED 0000 (E£9°70%) ST'S  (0¥F0'ZZ0) 0E0  ,BU0JBI50359)
(8£'€7 '9/'51) (8E'EF '94'12) (85'8F '¥6'50) (28'68 '9TSH) (08'er 'SL'ED) (coz8 'ses€)

0000 9 (bS'Sh 65C0) 06'LE 0000 6V 6T (29'1£%66'£2) OSPY 0000 SH'SE +OE9 0000 £9le LLLs (11owu) ,.o8HS

0000 (9¥0'9€0) 0¥0  (OFCFLED) SEO 0000 (9F0'9E0} OO0 (6ED 'ZEQ)9E0 0000 (O 'SED) 60 V0 Z€0) S0 0000  (WPDISE0) 6E0  (0¥0 'ZEQ) SEO SPL/EL

(£E€0TE0)

0000 (150°£20) €0 (Z£0°20) 520 0000 (ZF0'ST0}0E0  (0E0 80 EZ0 0000  (0E0°1T0) ST0 (FZ0 90 610 0000 9z0 (szoi1o)ozo  (eyr) .awo

0000 (P91 T80 ZUL  (BE'L H£0) 960  #1£0 (€T1°990) b60 (811 '990) 060 0000  (Z6'0'850) #£0 61'L '590) €80 2000 (80'1 '€9°0) 280 (8L’ £90) £80 (I/1oww) .o}

(8001 '869) FTLL ‘662 (6071 ‘87’8 (€67l %€8) suinsu|

0000 ¥S8 (SULL'ELL) 1T #1880 256 (EVLL9IB) 056  BTLO (L¥TL°/68) LFOL (ELTL'SI6) 6E0L €450 966 6001 repndad-)

0000 (P£S°152)95€  (BTP'0IT) S6C  09€0 (S9E€:161) 59T (ZE€ET6'L) IS 6600 (LLT'EV1) 681 (Zrz w607 1890 (o7e '€l eze  (LLle'991) 9ze HI-YWOH

(1/10wu)

OF00  (E7L:4£0) #60  (EU'L L0} 760 €240 (260°590) 840 (160'890) 640 0000  (££0'E50) ¥90 (Z80°090) 1£0 0000 (980 :S0) 690 (680 ‘€90) SLO Lopndad-)
(e ‘2’1l (6251 '68'8) (02°€L ST (80'%L '162)

1000 8651 (¥8'61 ‘TL6) €61 9790 0£'LL QUSLPTe) ¥ELL 1000 (1911 ‘Zv9) '8 (£1Z1'94 086 0100 8.6 £901 (/niw) ugnsu)

0000 (PES'I8Y) 80  (rL'S'ZSPI T8F 0000 (E¥S06%) €IS  (L0S'ZSPl 64y 0000  (LESITEY) 805 (90579 64F 0000  (SESHBY) 605 (606 'SSY) €81 (floww) 094
(sz'L 'B6e0-) (SI'L 97'0-)

9050 (ZL%'697) 0SE  (S9p'BLT) ESE 0000 (991°ZZ1) EFL  (09L'6EL09L  +110 (0L0'6E0-) S10- (610 °1¥0-) ZU'O— 08Z0 770 ¥Z0 21025-Z ,INg
(S6'EE '€1'87) (0£'5T 'BO¥T) (8¥'ST L1'vD) (8017 '85'61) 511z '8se6l) (8FET 'P961) (19°€Z “1¥6l)

9710 #E0E (LO'EE '68£2) 5667 +E60 (Y474 6L £9610 620C 8z0e 7700 e LTt (w/By) .1we
(9591'E0%1) 801 9b¥L) (2691 ‘Z8%1) (P89l ‘8051 (Zo'ZL 'oLst) (00rZ1'0Ls1)

06610 LTl (2791 L0FL) BLSL SO0 v09L 99561 L6010 /861 zLol Sr/0  (00ZL'ELSL) 809L zool (s1eaf) ,aby

d  (zog =u)shog (18€ =u)sHID d  (pLL=ushog (gLL=u)spy d  (gez=u)sheg (zze=u)so  d  (epL=u)skog (=) SHID
3s53qo0 Wbamiang Wbim jewion uonejndod |esauan 12)3weley

asaqo pue jyblamiano ‘ybiam jewsou ‘vonejndod eiausb - sJoYOI palpnis jo sajsuBIRIRYD BuUlaseq | d|qeL

47



Aldhoon-Hainerova et al. Diabetology & Metabolic Syndrome 2014, 6:100
http//www.dmsjournal.com/content/6/1/100

Table 2 HOMA-IR values in relation to the number of
metabolic syndrome components

HOMA-IR
Girls Boys

Number of metabolic
syndrome components
(number of girls/boys)

0 (468/301 girls/boys)
1 ( 381/359 girls/boys)
2 (174/168 girls/bays)
3 (54/76 girls/boys) 3.60 (2.56; 5.69)
4 (4/29 girls/boys) 5.86 (4.90; 9.19) 6.38 (4.26; 7.98)
5 (0/3 girls/boys) 719 (433; 1393)

HOMA-IR, homeostasis model assessment of insulin resistance. Data are described
as median, lower and upper quartiles.

2.12(1.53;284)
2.55(1.80; 345)
2.85 (2,09, 437)

190 (142; 261)
228 (165, 3.11)
319 (2.20; 5.03)
444 (288; 6.25)

same predictors but the HOMA-IR variability was ex-
plained by 28.9% (Figures 1 and 2). Construction of the
second predictive model was based on inclusion of the
minimum of widely used parameters in clinical practice
such as age, BMI, ratio of fT3 to fT4, GMT activity, levels
of TG and SHBG. The model showed still satisfactory
predictability (37.8% variability of the dependent variable
explained by OPLS method in boys, resp. 20.5% in girls).

Discussion

Disturbances of glucose metabolism and IR

Qur study of Czech adolescents presents an overview of
glucose metabolism with respect to different weight cat-
egories and to gender. To date, there are no data on
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glucose homeostasis disturbances in Czech adolescents. In
the representative cohort of Czech adolescents, IFG was
found in 7.0% with a higher prevalence in boys than in
girls (9.7 vs. 4.4%). This finding is in accordance with US
data which showed similar overall prevalence of IFG in
adolescents and also higher prevalence in boys than in
girls (10.0% vs. 4.0%) [14]. We further showed that boys
are at greater risk for IFG regardless weight status. Our
results of an overall prevalence of type 2 diabetes in
general population (0.2%) and obese adolescents (0.4%)
indicate that type 2 diabetes is still a rare diagnosis even in
the population of obese Czech adolescents. It is known
that the prevalence varies by ethnicity and that much
greater prevalence of type 2 diabetes is found in the US
non-White European descent [15]. Lower prevalence of
type 2 diabetes may partly be explained by ethnically
homogenous Czech Caucasian population. In contrast to
results from US it has been demonstrated that type 2
diabetes in the Northern and Central Europe is still rarely
diagnosed even in obese children [16]. It is highly interest-
ing that the level of fasting blood glucose was similar across
weight categories but always significantly higher in boys
than in girls. Brandou et al. found that the level of blood
glucose was significantly higher in obese than in normal
weight children but only in prepubertal period [31]. Several
studies concluded that men had tendency towards higher
prevalence of abnormalities of glucose homeostasis than
women [32,33]. A recent study performed on Chinese
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Figure 1 Relationships between HOMA-IR (vector Y) and major predictors (matrix X) for girls. Ra is a component loading expressed as
a correlation coefficient with the predictive component. T-statistic is a ratio of component loading and statistical error. BMI, body mass index;
fT3/fT4, ratio of free triodothyranine to free thyroxine; GMT, gamma-glutamyl aminatransferase; HOMA-IR, homeostasis model assessment of
insulin resistance; PAI-1, plasminogen activator inhibitor-1; SHBG, sex hormone-binding globulin; TG, triglycerides,
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Figure 2 Relationships between HOMA-IR (vector Y) and major predictors (matrix X) for boys. Ra is a component loading expressed as a
correlation coefficient with the predictive component. T-statistic is a ratio of component loading and statistical error. BMI, body mass index;
fT3/fT4, ratio of free triiodothyronine to free thyroxine; GMT, gamma-glutamyl aminotransferase; HOMA-IR, homeostasis madel assessment of
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BMI 0.406 40.44 0.735 p<0.01
TG 0.383 44.50 0.693 p<0.01
PAI-1 0.340 26.82 0.622 p<0.01

=
x Testosterone ~ -0.333  -28.87 -0.605  p<0.01
E SHBG -0.264 -11.98 -0.483 p<0.01
fT3/fT4 0.221 7.21 0.397 p<0.01
Ghrelin -0.218 -6.45 -0.398 p<0.01
GMT 0.203 12.95 0.386 p<0.01
Adiponectin -0.196 -7.67 -0.358 p<0.01
Age -0.157 -8.93 -0.281 p<0.01
vector Y HOMA-IR 1.000 16.52 0.538 p<0.01
Explained variabilibty 41.4% (40.0% after cross-validation)
insulin resistance; PAI-1, plasminogen activator inhibitor-1; SHBG, sex hormone-binding globulin; TG, triglycerides.

children and adolescents has also reported significantly
higher levels of fasting blood glucose in boys in compa-
rison to girls regardless of weight status [20]. Our results
as conclusions of others indicate that the HOMA-IR cut-
off point of 2.5 is not suitable for adolescence [9]. Interest-
ingly, only in the obese group there was a significant gender
difference in the prevalence of IR. This result emphasizes
the fact that obese adolescent boys are at greater risk for
IR than girls of comparable degree of obesity.

It has already been demonstrated by several investi-
gators that gender has an effect on insulin sensitivity
[1,3,4,9,34]. In normal weight Czech adolescents as well as
in the general population cohort, levels of insulin and C-
peptide were found significantly higher in girls than in
boys. This finding would therefore confirm the fact than
at puberty girls tend to be more insulin resistant than
boys. Several studies showed a higher IR in girls than in
boys even after adjustment for weight status, several an-
thropometric parameters, race and ethnicity [1,4]. Accord-
ing to our results, obesity in males led to a significantly
higher levels of insulin, C-peptide, HOMA-IR and lower
C-peptide to insulin ratio than in obese girls. This is in
line with conclusion of Kurtoglu et al. who demonstrated
that HOMA-IR cut-off values in the pubertal stage were
significantly higher in boys than in girls [10].

HOMA-IR thresholds associated with cardiometabolic risks
HOMA-IR was shown to be a useful tool to detect
children and adolescents with metabolic syndrome [8].
As expected and in accordance with the study of Chinese
children and teenagers we confirmed the trend of in-
creasing HOMA-IR values with the increasing number
of metabolic syndrome components [35]. At adolescence,
HOMA-IR thresholds of 3.6 for girls and 4.4 for boys
were associated with increased cardiometabolic risks.
In the agreement with the conclusion of Kurtoglu et al,
we also emphasize the necessity of gender specific cut-off
thresholds [10].

HOMA-IR prediction

According to our findings, a broad variety of parameters
had a predictive power for HOMA-IR. As expected the
majority of studied anthropometric parameters played a
role in the index prediction. Due to the fact that the pre-
diction rate among anthropometric parameters was simi-
lar, only BMI was included for further model assessment.
BMI is widely used in clinical practice, in epidemiological
studies and according to our findings had a comparable
prediction to other anthropometric parameters, e.g. waist
circumference. A study by Bosy-Westphal et al. concluded
that waist circumference and BMI have an equivalent
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value for obesity-related metabolic risk assessment [36].
The same study also showed that measurement of body
fat mass has no advantage over BMI and waist circumfer-
ence in the prediction of obesity-related metabolic risk
[36]. We are aware of the fact that in normal weight but
insulin resistant subjects other factors than BMI probably
play a role in the development of IR, e.g. fat distribution,
family history. According to our predictive models, age in
girls seemed to be stronger predictor of HOMA-IR than
in boys. Younger age particularly in girls was associated
with higher HOMA-IR. This is probably due to the fact
that younger girls of our cohort were at the peak of IR
associated with puberty.

In our cohort, GMT activity and levels of TG, SHBG,
leptin, PAI-1, ghrelin and adiponectin in both genders
and testosterone in boys were revealed as key compo-
nents in HOMA-IR prediction. A strong correlation
between IR and TG has already been confirmed by sev-
eral studies [37]. Significant associations between IR and
non-alcoholic fatty liver disease as well as similar risk
and protective factors for these two inter-related disor-
ders are known [38,39]. It is well recognized that GMT
activity is a marker of oxidative stress and is associated
with an increased risk of cardiovascular disease and
components of metabolic syndrome [40].

According to our results, testosterone was associated
with  HOMA-IR prediction in boys. Testosterone is
usually decreased in obese males than in their lean
counterparts. It has also been shown that glucose dis-
posal was significantly associated with serum testoster-
one, even after controlling for BMI and Tanner stage
and thus, linking the presence of IR with hypogonadism
[41]. The level of SHBG was found as an important
predictor of IR in both genders. A strong correlation
between level of leptin and IR measured by HOMA-IR
even after adjustment for gender and BMI has previously
been shown [42]. In a recently published study, leptin
was also found as a strong and independent predictor of
HOMA-IR in boys and in girls [20]. However, some
authors indicated this relationship due to increased fat
mass [43]. PAI-1 represents an independent risk factor
for cardiovascular diseases and its level and activity is
increased in type 2 diabetics [44]. A study on young adults
demonstrated that PAI-1 concentrations were higher in
subjects with impaired glucose tolerance than in subjects
with normal glucose tolerance even having comparable age,
BMI, waist circumference and fat mass [44]. In relation to
HOMA-IR, ghrelin was another parameter with a predict-
ive power in Czech girls and boys. Bacha et al. suggested
that ghrelin suppression might be another feature of IR
in overweight adolescents [23]. A correlation of adipo-
nectin with IR has already been demonstrated [21,22].

In the analyses, in which all studied parameters had
been taken into account, TSH in both genders, fT4 in
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boys and fT3 in girls were found to have some predictive
power for HOMA-IR. However, the ratio of fT3 to fT4
had stronger prediction than the above mentioned para-
meters, thus we included this ratio in the predictive
models. Several studies demonstrated that a higher T3 to
T4 ratio is associated with various markers of unfavorable
metabolic profile and cardiovascular risk [45].

The existence of such a difference in prediction vari-
ability between boys and girls is rather interesting. Boys
presented with higher prediction in all models regardless
number of components. We assume that this might be
due to the major influence of increased insulin level in
girls as the consequence of pubertal physiological IR.

The major limitation of our study is the lack of data
on the presence of acanthosis nigricans as the clinical
sign of IR and the lack of the assessment of pubertal
status in our adolescents. According to a unique longitu-
dinal study performed in our country in years 1961-
1982, the average age of pubertal maturity was 15.5-16.0
years in boys and 13.0 years in girls [46]. We thus
assume that probably all of the girls and the majority of
boys of our cohort have entered puberty at the time of
investigation.

Conclusions

In conclusion, type 2 diabetes in Czech adolescents even
in obese individuals was rarely diagnosed. Findings of
significantly higher level of blood glucose and higher
prevalence of IFG regardless of weight status in boys than
in girls lead us to a conclusion that adolescent boys in
general are at greater risk of glucose disturbances in
comparison to adolescent girls. This is further supported by
our results that showed obese boys more insulin resistant
than obese girls. In adolescence, HOMA-IR of 3.6 for girls
and of 4.4 for boys were identified as cut-off values that
corresponded to increased cardiometabolic risks. Several
parameters seemed to play a role in HOMA-IR prediction.
Major predictors for both genders were age, BMI, ratio of
fT3 to fT4, GMT activity and levels of TG and SHBG.
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Abstrakt: Vysoka exprese kandidatnich genti pro obezitu v hypotalamu indikuje jejich roli v
regulaci energetické rovnovahy. Cilem této studie bylo zhodnotit vztah 10 variant genu
TMEMI18, SH2B1, KCTDI15, PCSKI1, BDNF, SEC16B, MC4R a FTO u 1 035 neobéznich a
918 obéznich adolescentl k celkovému energetickému piijmu a ptijmu tukd, proteini, cukra,
vladkniny a vapniku. Rizikové alely rs7561317 TMEM1I8, rs10913469 SECI16B a rs9939609
FTO byly asociovany s vyssi télesnou hmotnosti a BMI (p < 0,005). Varianta genu F7O
rovnéZ ukézala pozitivni asociaci s obvodem pasu a télesnym tukem (p < 0,001). Obézni
adolescenti méli niz8§i celkovy energeticky piijem a piijem vapniku (p < 0,001), naopak
procentudlni zastoupeni tuki (p = 0,009) a proteinti bylo vyssi (p < 0,001) oproti neobéznim
jedincim. U 3 z 10 studovanych genovych variant byly nalezeny asociace s jednotlivymi
nutricnimi komponentami. Rs17782313 genu MC4R byl negativné asociovan s piijmem
proteint (p = 0,012) a pozitivné¢ s vldkninou (p = 0,032). Niz8§i pfijem vapniku byl
zaznamenan u nosici rizikovych alel rs925946 BDNF (p = 0,001) a 1rs9939609 FTO (p =
0,037). Po Bonferroniho korekci vyznamnost genti F70 a MC4R vymizela. Studie tedy
poukdazala na mozné ovlivnéni pfijmu vapniku béznou variantou genu BDNF, a to nezavisle

na BMI.

U této prace jsem se podilela na sbéru a analyze dat, vyhodnocovani vysledkli a sepsani

manuskriptu.
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Specific targets for most obesity candidate genes discovered by genomewide association
studies remain unknown. Such genes are often highly expressed in the hypothalamus,
indicating their role in energy homeostasis. We aimed to evaluate the associations of
selected gene variants with adiposity and dietary traits. Anthropometric parameters, fat
mass, dietary intake (total energy, fat, protein, carbohydrate, fiber, and calcium) and 10
gene variants (in/near TMEM18, SH2B1, KCTD15, PCSK1, BDNF, SEC16B, MC4R and FTO) were
analyzed in 1953 Czech individuals aged 10.0 to 18.0 years (1035 nonoverweight and 918
overweight: body mass index [BMI] >90th percentile). Obesity risk alleles of TMEM18
rs7561317, SEC16B rs10913469, and FTO rs9939609 were related to increased body weight and
BMI (P < .005). The FTO variant also showed a significant positive association with waist
circumference and fat mass (P < .001). Overweight adolescents had a lower total energy
intake (P < .001) but a higher percentage of fat (P =.009) and protein intake (P < .001) than the
nonoverweight subjects. There was also a lower calcium intake in the overweight group (P <
.001). An association with at least one component of dietary intake was found in 3 of 10
studied gene variants. The MC4R rs17782313 was associated negatively with protein (P =
.012) and positively associated with fiber (P = .032) intakes. The obesity risk alleles of BDNF
rs925946 and FTO rs9939609 were related to a lower calcium intake (P = .001 and .037). The
effects of FTO and MC4R variants, however, disappeared after corrections for multiple
testing. Our results suggest that the common BDNF variant may influence dietary calcium
intake independent of BML
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1. Introduction

The high worldwide prevalence of obesity in children and adoles-
cents is most likely due to a combination of unhealthy lifestyles,
characterized by an imbalance between energy intake and expen-
diture, and genetic predispositions. Family and twin studies have
shown that not only body weight but also energy and nutrient
intake are genetically determined. However, only a few susceptibility
loci associated with dietary intake have so far been identified [1,2].

Genomewide association studies (GWASs) have proved to be a
powerful tool in detecting gene variants associated with body
mass index (BMI) and obesity. The latest and largest GWAS meta-
analysis conducted in 2015 discovered 97 common gene variants
related to BMI, of which 56 were novel [3]. Besides the first reported
variants in the fat mass and obesity associated gene (FTO),
additional susceptibility loci have been replicated in children and
adolescents, for example, in/near the melanocortin 4 receptor
gene (MC4R), transmembrane protein 18 gene (TMEM18), SH2B
adaptor protein 1 gene (SH2B1), potassium channel tetramerization
domain containing 15 gene (KCTD15), brain-derived neurotrophic
factor gene (BDNF), SEC16 homolog B (Saccharomyces cerevisiae) gene
(SEC16B), and proprotein convertase subtilisin/kexin type 1 gene
(PCSK1) [4-6]. The mechanisms of how these genes regulate body
weight remain to be elucidated in most cases. Nevertheless, the
involvement of these genes in energy homeostasis and with
possible impacts on dietary intake is suspected, as most of these
genes are highly expressed in the central nervous system,
especially in the hypothalamus [3].

In several studies, FTO variants have been associated with energy
intake, in particular with dietary fat intake [78]. Moreover, it has
been shown that a high-fat diet strengthens the association of FTO
variants with obesity [9]. The most recent study of 16094 children
and adolescents confirmed the association of an FTO variant with
total energy intake but not with fat intake [10]. This study further
showed that a lower protein intake attenuated the effect of FTO on
BMI [10]. Another large-scale analysis (177330 adults) showed a
positive association of FTO variant with dietary protein intake [11].
Common MC4R variants have mostly been related to eating behavior
[12]. Only few studies have investigated the role of other obesity
candidate genes in dietary intake. Rukh et al [13] showed an
individual effect of BDNF rs4923461 and protein intake on BMI. There
is also evidence of the potential roles of SH2B1, KCTD15, and BDNF
variants in nutrient-specific food preferences [14,15]. Several studies
have focused on the relationship between GWAS loci and dietary
traits, but with inconsistent results.

We hypothesized that the mechanism of selected gene variants
on BMI is mediated through the effect on dietary intake. Firstly,
dietary intake was evaluated in nonoverweight and overweight
Czech adolescents. Secondly, we examined the association of gene
variants with adiposity and dietary traits and if dietary intake
modifies the association of these gene variants with BMI.

2. Methods and materials
2.1. Study population

The present study included 1953 adolescents (877 boys and
1076 girls) aged 10.0 to 18.0 years who participated in the

Childhood Obesity Prevalence And Treatment project and for
whom anthropometric characteristics, data on dietary intake,
and genotypes were available (Figure). The cohort was
classified as nonoverweight if BMI was less than the 90th
percentile (n = 1035) and overweight/obese if BMI was at least
the 90th percentile (n = 918; 76% obese: BMI =97th percentile)
according to the Czech BMI references specified for sex and
age [16]. The design of the original Childhood Obesity
Prevalence and Treatment project has already been described
in detail [17]. All participants and their parent(s) provided
written informed consent before the initiation of the study.
The study protocol was approved by the Ethics Committee of
the Institute of Endocrinology and was in accordance with the
Helsinki Declaration II.

2.2.  Adiposity characteristics

Body height, body weight, BMI, and waist circumference
were assessed using standard protocols. The z-scores were
calculated using an age- and sex-matched Czech reference
population [16]. Reference data of a German adolescent
population were used for the waist circumference [18]. Total
body fat and trunk fat were measured by bioimpedance
(Tanita BC-418 MA; Tanita Corporation, Tokyo, Japan). A
detailed description of all procedures has previously been
published [17].

2.3.  Dietary characteristics

The average daily dietary intake was evaluated using a self-
reported 3-day dietary record (2 weekdays and 1 weekend
day) that was filled out by each participant with the
assistance of a family member. Daily intakes of energy
(kilojoules per day), macronutrients-carbohydrates, fat, and
protein (grams per day and the percentage of total energy
intake), fiber (grams per day), and calcium (milligrams per day)
were calculated from the records using NutriMaster software
(Abbott Laboratories, Abbott Park, IL, USA).

24. Genotyping

Ten single nucleotide polymorphisms (SNPs) were investigat-
ed: rs7561317 (TMEM18), rs7498665 (SH2B1), rs29941 (KCTD15),
156232 and rs6235 (PCSK1), rs925946 and rs4923461 (BDNF),
1510913469 (SEC16B), 1s17782313 (MC4R), and 1s9939609 (FTO).
According to our previous findings, SNPs in both the PCSK1
(rs6232, rs6235) and the BDNF (rs925946, rs4923461) are
incompletely linked; therefore, these were analyzed separate-
ly [19]. Genotyping was performed using the TagMan SNP
Genotyping Assays (Applied Biosystems, Foster City, CA, USA)
on a Biomark (Fluidigm, South San Francisco, CA, USA) and
LightCycler 480 (Roche, Basel, Switzerland) as described by
Dusatkova et al [19].

2.5. Statistical analyses

Hardy-Weinberg equilibrium was verified using the 57 test, and
risk allele frequency was determined for each SNP. Because
of the non-Gaussian distribution, quantitative characteristics
are described as medians with lower and upper quartiles.
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Subjects participated in the COPAT project
August 2008 - April 2011

n=12,095

(n=1,533 from general pediatricians)
(n= 562 from in-patient or outpatient obesity clinics)

/

Subjects excluded from the study
due to incomplete anthropometric,
dietary and genotype data
n=142

\

Subjects included to the current
study
n=1953

/N

n=1,035

n=918

Non-overweight subjects ] [ Overweight subjects ]

Figure - Subject flowchart.

To eliminate the skewed distribution and heteroscedasticity,
original data were further normalized by a Box-Cox transforma-
tion. Differences of quantitative traits (adiposity and dietary
characteristics) between nonoverweight and overweight cohorts
and associations of genotype with these traits were analyzed using
a general linear regression assuming additive model. When the
minor allele frequency was less than 20%, minor homozygotes and
heterozygotes for such a genotype were combined. Coefficient
estimates () and standard errors (SEs) are reported using
transformed data. All analyses were adjusted for sex and age.
Significant associations with adiposity and dietary characteristics
were additionally adjusted for BMI. The relationship between SNPs
and BMI was also tested in 4 groups defined by quartiles of total
energy and individual nutrient consumption to detect possible
interactions between particular SNPs, dietary intake, and BML
Statistical analyses were done in NCSS 2004 (NCSS, LLC, Kaysville,
UT, USA) and Statgraphics Centurion, version XV (Statpoint
Technologies, Inc, Warrenton, VA, USA). Results were considered
statistically significant at P value < .05. An additional Bonferroni
correction for multiple testing considered the results statistically
significant at a significance level of .05/10 = .005 according to the 10
independent loci analyzed in our study.

3. Results

Adiposity and dietary characteristics of the studied adoles-
cents are shown in Table 1. Despite being significantly
younger, the overweight group had a higher z-height
than the nonoverweight group (Table 1). The overweight
individuals had a significantly lower intake of total energy
and of carbohydrate, fat, and protein compared to the
nonoverweight adolescents. However, the contributions of
fatand protein to total energy intake were significantly higher
and the percentage of energy from carbohydrates was lower
in the overweight than in the nonoverweight group (Table 1).
No differences in fiber intake were observed, but the daily

intake of calcium was lower in the overweight group (Table 1).

All SNPs studied followed the Hardy-Weinberg equilibrium
(P > .05). The risk allele frequencies and association analyses
of SNPs with adiposity characteristics are presented in
Table 2. Of the total studied variants, SNPs of 3 genes,
TMEM18, SEC16B, and FTO, showed a relation to body
adiposity traits (Table 2), with the strongest association for
FTO rs9939609. The associations of these variants with body
weight and BMI remained significant after correcting for
multiple testing. In all 3 variants (TMEM18, SEC16B, and FTO),
neither waist circumference nor the percentage of total and
trunk fat remained statistically significant after additional
adjustment for BMI; moreover, the associations of SEC16B did
not survive Bonferroni correction (Table 2). The SNP PCSK1

156235 had a borderline association with body height (Table 2).

Linear regression analyses of 10 SNPs with dietary intake
are shown in Table 3. Three gene variants showed significant
associations with individual nutrients. The obesity risk allele
of MC4R rs17782313 was negatively associated with the
percentage of daily intake of protein. The trend was not
linear, however, as the greatest differences were found
between heterozygous and risk homozygous carriers. A
significant but nonlinear association was further observed
for the intake of fiber. The carriers of the obesity risk
allele of MC4R were found to have an increased intake of
fiber (Table 3). Associations of the MC4R variant with both
protein and fiber intakes remained statistically significant
after additional adjustment for BMI (P = .007 and P = .032,
respectively) but not after correcting for multiple testing.
Obesity risk alleles of BDNF rs925946 and FTO rs9939609 were
associated with a lower intake of calcium (Table 3). After the
adjustment for BMI, the association disappeared for FTO (P =
.164) but persisted for BDNF (P = .002) even after an additional
Bonferroni correction. None of the studied SNPs was associ-
ated with macronutrient intake expressed in grams (data not
shown). The effect sizes of SNPs on BMI were also tested in 4
categories according to quartiles of the total energy intake or
of the intake of each nutrient, but no significant interactions
were found (data not shown).
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Table 1 - Adiposity and dietary characteristics of the study population according to the body weight

Characteristics Nonoverweight Overweight P

n 1035 918

Boys/girls 473/562 404/514

Age () 16.1 (15.2; 17.0) 15.2 (137; 16.7) <.001*
Body height (cm) 170 (164; 177) 168 (162; 175) 791
Body height z-score -0.1 (-0.7; 0.6) 0.2 (-0.5; 0.8) .001
Body weight (kg) 58.6 (53.0; 65.0) 80.4 (71.6; 92.8) <001
Body weight z-score -0.1(-0.7; 0.4) 26(1.7;3.7) <.001
BMI (kg/m?) 20.3 (19.1; 21.8) 28.4 (26.0; 31.6) <001
BMI z-score -0.1 (-0.6; 0.4) 3.0 (2.0; 4.1) <001
Waist circumference (cm) 69.5 (66.0; 73.0) 87.5 (81.0; 95.0) <.001
Waist circumference z-score -0.5 (-0.9; -0.1) 1.7 (0.9; 2.6) <.001
Total fat (%) 19.2 (14.9; 23.9) 33.2 (28.3; 38.3) <001
Trunk fat (%) 14.4 (10.9; 18.9) 28.5 (23.3; 33.6) <001
Total energy intake (kJ/d) 9356 (7765; 11587) 8174 (6550; 10089) <.001
Carbohydrate intake (% E) 53.0 (49.3; 56.7) 51.6 (47.2; 55.7) <.001
Carbohydrate intake (g/d) 297 (240; 369) 248 (194; 316) <.001°
Fat intake (% E) 32.9 (29.5; 36.3) 33.6 (30.1; 37.6) 009
Fat intake (g/d) 816 (65.1; 103.1) 72.7 (57.0; 93.7) .001°
Protein intake (% E) 13.7 (12.3; 15.3) 145 (13.0; 16.2) <.001
Protein intake (g/d) 77.0 (63.6; 93.3) 72.4(57.7, 91.9) <001°
Fiber (g/d) 11.0 (8.0; 14.0) 11.0 (8.0; 14.0) 267
Calcium (mg/d) 776 (596; 1014) 712 (520; 937) <.001

Quantitative data are described as medians (lower; upper quartiles). E, total energy intake. P values were derived from a general linear model

adjusted for sex and age.
* Adjusted for sex only.
b Adjusted for sex, age, and total energy intake.

4, Discussion

Compared with nutrient recommendations [20], the daily
amount of total energy and macronutrients in individuals of
both weight categories in our studied cohort was lower except
for the amount of fat intake, which was higher in
nonoverweight subjects. As a percentage of the total energy
intake, the amount of carbohydrates and protein was lower
than recommended for both weight groups, whereas the
percentage of fat was higher [20]. A comparison of dietary
intake between overweight and nonoverweight groups
showed a significantly lower intake of total energy, carbohy-
drate, fat, and protein in the overweight group than in the
nonoverweight group. We are aware of the fact that the
overweight group was significantly younger than the
nonoverweight group. In our opinion, however, it is highly
unlikely that this finding is due to the age difference (16.1 vs
15.2 years). This finding is in line with other published studies
showing that overweight adolescents consume fewer calories
than their nonoverweight counterparts [21-23]. Several other
possible explanations are necessary to take into account.
There may be differences in energy expenditure and therefore
different energy intake requirements between these 2 weight
categories. We did not assess the level of physical activity in
our subjects. Underreporting of daily food intake, especially in
obese individuals, may also be suspected [24]. The overweight
group further derived a greater percentage of their energy
from fat and less from carbohydrate than their normal-weight
peers, which corresponds to previous reports [22,23].

The beneficial role of a higher intake of fiber on body
weight has been documented [25]. We found no differences

between overweight and nonoverweight groups, although
both of them consumed less fiber than recommended (11 g/d
vs the recommended 22-30 g/d) [20]. This is very similar to the
data from the National Health and Nutrition Examination
Survey (2009-2010) in which children and adolescents con-
sumed less than 14 g/d of fiber [26]. A low level of dietary
calcium intake increases the risk of obesity in adults and
adolescents [27-29]. In our cohort, overweight subjects
demonstrated a significantly lower intake of calcium than
their nonoverweight counterparts. Moreover, the intake of
calcium was much lower than the recommended amounts
in both groups (712 and 776 mg/d in overweight and
nonoverweight, respectively, vs the recommended 1100-
1200 mg/d) [20], which is in line with a study of Slovenian
adolescents [30].

‘We confirmed the association of SNPs in TMEM18, SEC16B,
and FTO with BMI. The study of den Hoed et al [6] found an
even a stronger association of the TMEMI8 and SEC16B
variants with BMI in children and adolescents than in adults.
In our results, the FTO variant also demonstrated an influence
on body fat content after Bonferroni cormrection. However,
after adjustment for BMI, the associations with waist circum-
ference and total fat mass disappeared. Our results thus
support the hypothesis that common gene variants deter-
mine obesity in general but not body fat distribution [31]. The
observed association of PCSK1 rs6235 with body height has
not yet been described elsewhere. On the contrary, a study of
Li et al [32] found a relationship between MC4R rs17782313
and body height that we failed to confirm.

In our study, we found significant associations for the
BDNF, FTO, and MC4R variants tested with at least one
component of dietary intake. Both BDNF rs925946 and FTO
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Table 3 - Association of 10 SNPs with self-reported dietary intake

SNP Total energy (kJ/d) Carbohydrate (%) Fat (%) Protein (%) Fiber (g/d) Calcium (mg/d)
B SE P g SE P § SE P g SE P B SE P B SE P

157561317 0.000 0.001 760 0.002 0.004 .614 -0.002 0003 .537 0.000 0.004 .972 0.002 0.002 .418 0.005 0.005 .338

(TMEM18)®

157498665 0.000 0.002 995 0.004 0.005 .600 -0.001 0.004 .652 -0.009 0.005 .220 -0.003 0.003 .588 -0.003 0.007 .751

(SH2B1)

rs29941 (KCTD15) -0.004 0.002 .093 0.006 0.006 .313 -0.005 0.005
rs6232 (PCSK1)* 0.001 0.002 .719 0.003 0.006 .568 -0.003 0.004
rs6235 (PCSK1) -0.002 0.002 .176 0.000 0.007 .963 -0.001 0.005
15925946 (BDNF) -0.003 0.002 .293 0004 0.007 .537 -0.001 0.005
rs4923461 (BDNF) -0.001 0.002 831 -0.010 0.008 .475 0.007 0.006

1510913469 -0.001 0,001 335 -0.001 0.004 .850 0.001 0.003
(SEC16B)*

1517782313 -0.001 0,002 897 0.002 0.006 .610 0.002 0.005
(MC4R)

rs9939609 (FTO) -0.002 0.001 274 0.001 0.005 .752 0.001 0.004

.236 -0.001 0.006 .968 0.000 0.004 .644 -0.009 0.008 .448
446 0.002 0.006 695 0.004 0.004 296 0006 0.007 435
.871 0.003 0.007 .891 0.001 0.005 .979 -0.001 0.010 .051
636 -0.007 0.007 560 -0.003 0.004 .544 -0.030 0.009 .001"
389 0.004 0.008 .523 -0.001 0.005 .962 0.007 0.010 .650
.834 0.000 0.004 924 -0.001 0.002 678 -0001 0.005 .852

.092 -0.012 0.006 .012 0.002 0.004 .032 0.000 0.008 .597

472 -0.004 0.005 .556 -0.002 0.003 .289 -0.016 0.006 .037

# Minor homozygotes and heterozygotes were combined for analyses. Coefficient estimates and SEs were reported for additive model using
transformed data. P values were derived from a linear regression adjusted for sex and age.
P P values of statistical significance after Bonferroni correction for multiple testing.

rs9939609 were associated with a lower intake of calcium.
However, only the BDNF variant still showed a significant
relation to the intake of calcium after both Bonferroni
correction for multiple testing and adjustment for BMI,
whereas the association of the FTO variant disappeared after
each of these corrections. We assume that this association is
mainly driven by the effect of FTO variant on BMI. BDNF is a
member of the nerve growth factor family and has been
shown to be a downstream effector of MC4R anorexigenic
actions [33]. Mutations in BDNF have been reported in rare
cases of severe early-onset obesity manifested with hyper-
phagia and cognitive impairment [34]. The possible effect of
dietary calcium on body weight is mediated by increasing
postprandial fat oxidation, fecal fat excretion, and a modula-
tion of lipolysis and lipogenesis [35]. An association between
calcium intake and adiposity has been shown by several
studies in both adults and children [27-29]. However, a link
between dietary calcium and the regulation of energy
homeostasis, particularly through melanocortin signaling, is
still lacking. A recently published study found no association
between genetic risk score comprising BMI-related SNPs and
calcium intake [36]. Interestingly, the authors of that study
observed an interaction of waist circumnference-related SNPs
and calcium intake on waist circumference reduction [36].
More studies focused on calcium intake in relation to obesity
gene variants are needed.

We also found associations of MC4R rs17782313 with the
percentage of energy derived from protein and with fiber
intake, which remained significant after adjustment for BMI
but not after correcting for multiple testing. Only one study
has shown a relationship of this gene variant to a higher
intake of protein in women [37]. Fiber intake has rarely been
studied in relation to MC4R variants, although one study
found an association of genetic risk score including this MC4R
variant with higher fiber intake [13]. Hasselbalch et al [38]
found a positive association of MC4R variants with the intake

of energy from whole grains; but after controlling for multiple
testing, the significance disappeared, similarly as in our
study. There is clear evidence that protein and fiber induce
satiety [39,40]. We may speculate about the possible link
between MC4R and energy balance via the intake of protein
and fiber by promoting satiety.

None of the studied SNPs was associated with the total
energy intake, percentage of energy intake from carbohydrate
and fat, or macronutrient intake expressed in grams. A
population-based study of 12462 adults also did not find any
associations of these SNPs with lifestyle factors including
frequency of consuming fat or carbohydrate [41]. Bauer et al
[14] described an association of SH2B1 with increased fat
intake and KCTD15 with carbohydrate intake. According to our
analysis, the associations between SNPs of TMEM18, SEC16B,
and FTO and higher BMI were independent of dietary intakes,
which correspond to observations of other studies [13,41].

The strength of our study is the homogenous population-
based cohort of adolescents including both overweight and
nonoverweight subjects and detailed data on dietary intake. To
minimize bias, the 3-day dietary records of 1953 individuals
were evaluated by only 2 nutritionists. However, our study has
some limitations that need to be addressed. As mentioned
above, dietary intake based on self-reported records and the
lack of data on physical activity may impact the actual energy
balance. Despite the fact that underreporting is common,
especially in children and overweight subjects [24,42], the
study of Bémbhorst et al [43] achieved relative success in
validating dietary recalls in young children. Another limitation
is the size of our cohort, which may not be sufficient to detect
possible weak effects of gene variants and their interactions
with environmental factors. Such interactions might be even
smaller than the marginal effects of SNPs on BMI or diet alone
[44,45]. Discrepancies between studies investigating the inter-
action of dietary patterns with genetic variation may frequently
be caused by limitations mentioned above. Nevertheless, the
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fact that genetic predisposition defined by common gene
variants influences and is modulated by lifestyle factors
seems to be undoubted.

In conclusion, our results were not able to confirm the
hypothesis that common obesity risk variants (in/near TMEM18,
SH2B1, KCTD15, PCSK1, BDNF, SEC16B, MC4R, and FTO) contribute
to adiposity through effects on dietary intake. However, the
obesity risk allele of BDNF rs925946 was associated with a lower
calcium intake independent of BMI even after correction for
multiple testing.
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4.4 Klinické a laboratorni charakteristiky 1 179 ¢eskych adolescentll s ohledem

na ptritomnost protilatek proti adenoviru 36

Autori: Aldhoon-Hainerova 1., Zamrazilova H., Atkinson R.L., Dusatkova L., Sedlackova B.,
Hlavaty P., Lee Z.P., KuneSova M., Hainer V.

International Journal of Obesity (Lond) 2013, 38(2):285—291. IF = 5,004

Abstrakt: Publikované studie asociaci Adv36 s obezitou a metabolickymi ukazateli u déti byly
doposud pomérné malé a nepfinesly jednoznacné zaveéry. Prace zkoumala vztah adenovirové
infekce k télesné hmotnosti a antropometrickym a kardiometabolickym parametrim u
souboru 1179 ceskych adolescenti. Celkem 26,5 % adolescentii bylo pozitivnich na
protilatky proti Adv36 (znich 22,3 % mélo podvéhu, 21,5 % normalni hmotnost, 40 %
nadvéahu a 28 % obezitu). Mira rizika pro nadvahu, resp. obezitu pii pozitivnim titru protilatek
proti Adv36 byla 2,61 (95% CI 1,77-3,86; p < 0,001), resp. 1,46 (95% CI 1,07-1,99; p =
0,016). Vyznamné vysSi zachyt pozitivniho titru protilatek proti Adv36 byl pozorovan u
divek (32,5 %) oproti chlapcim (19,7 %; p < 0,001). Adv36 pozitivita byla asociovéna
s télesnou hmotnosti (p = 0,042), BMI (p = 0,015), obvodem bokl (p = 0,004), z-skérem
télesné vysky (p = 0,029) a celkovym a trunkdlnim télesnym tukem (p < 0,001), u divek navic
s télesnou vyskou a obvodem pasu (p = 0,01). Adolescenti s pozitivnim titrem protilatek proti
Adv36 dale vykazovali vyznamné vy$si hladiny celkového cholesterolu, lipoproteinu o nizké
denzit¢ (LDL) a niz$i hladiny glykémie. Studie tedy prokazala souvislost infekce Adv36 s
obezitou, zejména s nadvahou. Pozitivita byla dale asociovana s télesnym slozenim a

metabolismem tukt a glukédzy.

U této prace jsem se podilela na sbéru a analyze dat a revizi manuskriptu.
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Clinical and laboratory characteristics of 1179 Czech adolescents
evaluated for antibodies to human adenovirus 36

| Aldhoon-Hainerova'>®, H Zamrazilova'®, RL Atkinson®, L Dusétkova'”, B Sedla¢kova', P Hlavaty', ZP Lee®, M Kunesova' and V Hainer'

BACKGROUND: Human adenovirus 36 (Adv36) is associated with obesity in children. Most prior studies have been small and
the association of Adv36 status with markers of metabolic risks has been inconsistent.

OBJECTIVES: To determine the prevalence of Adv36 antibodies in different weight categories of adolescents and to evaluate the
association of Adv36 infection with anthropometric parameters and cardiometabolic health risks.

SUBJECTS AND METHODS: In 1179 Czech adolescents (85 underweight, 506 normal weight, 160 overweight and 428 obese),
the following variables were evaluated: anthropometric (body weight, height, body mass index, circumferences, fat mass),

blood pressure, biochemical and hormonal (lipid profile, glucose, insulin, liver enzymes, adiponectin) and Adv36 antibodies
(enzyme-linked immunosorbent assay).

RESULTS: Of the total cohort, 26.5% were positive for Adv36 antibodies (underweight: 22.3%; normal weight: 21.5%; overweight:
40.0% and obese: 28.0%). The odds ratio for Adv36 antibody positivity evaluated vs normal weight was 2.61 for overweight (95%
confidence interval (Cl): 1.77-3.86, P<0.001) and 1.46 for obesity (95% CI: 1.07-1.99, P= 0.016). A significantly higher prevalence of
Adv36 infection was observed in female subjects (32.5%) in comparison to male subjects (19.7%; P<0.001). Adv36 positivity of the
whole cohort was significantly related to body weight (P = 0.042), body mass index (P = 0.015), hip circumference (P = 0.004), body
height z-score (P=0.029), and total body fat (P = 0.000) and trunk fat (P =0.000). Adv36 antibody-positive girls demonstrated
significantly higher body height (167.8 vs 165.0 cm, P=0.01) and waist circumference (77.0 vs 72.0 cm, P=0.01). Infected
adolescents exhibited significantly higher levels of total cholesterol (TC) and low-density lipoprotein cholesterol (LDL-C), but lower
levels of blood glucose. Liver enzymes were significantly increased only in Adv36-positive boys.

CONCLUSION: These results demonstrated an association of Adv36 antibodies with obesity and an even greater association with
overweight. Adv36 positivity was related to increased fat mass, levels of TC and LDL-C, but to decreased level of blood glucose. No

relation to adiponectin levels was revealed.

International Journal of Obesity advance online publication, 4 June 2013; doi:10.1038/ij0.2013.72

Keywords: childhood obesity; adenovirus infection; Adv36; lipid profile; adiponectin; ELISA

INTRODUCTION

The prevalence of obesity has been increasing worldwide not only
in adults but also in children and adolescents." According to the
criteria of the International Obesity Task Force, 17% of Czech girls
and 25% of Czech boys are either overweight or obese.' Recent
findings suggested that neither changes in food intake and
physical activity nor changes in genetic background can be
entirely responsible for the current obesity epidemic? Other
causal factors leading to body weight gain have been proposed.”
Among these, infectious agents have been suggested to have a
role in the pathogenesis of obesity. An inoculation of human
adenovirus 36 (Adv36) into experimental animals, including
chickens, mice and non-human primates, induced obesity
through increasing the differentiation and proliferation of
preadipocytes to adipocytes.’ In contrast to Adv36, Atkinson
et al® failed to demonstrate any association of Adv2, Adv31 or
Adv37 antibodies with body mass index (BMI) or serum lipids.®
During the past decade, several studies in humans have been
investigating an association of antibodies to Adv36 with obesity

and obesity-related variables.® The link between obesity rise
and infection of Adv36 may be demonstrated by results of
Almgren et al” These authors showed a rise of the Adv36
seropositivity in lean subjects from 7% in the 1990s of the past
century to 20% in years 2002-2006, which is in line with the
increase of obesity prevalence in Sweden. The prevalence of
Adv36 antibodies in human serum ranges considerably (<5-
>40%) and is dependent on factors as region, race, gender, age,
body weight and perhaps detection method.® In adults, the
results of association of Adv36 with obesity have been somewhat
conflicting. A significantly higher prevalence of Adv36 antibodies
in obese subjects than in non-obese was confirmed in adults in
the United States,” in Italy,”' in severely obese Swedish female
subjects” and overweight but not obese Korean adults.'' The
prevalence of Adv36 seropositivity in obese adults in these
studies ranged from 30 to 65%. A lack of association of
Adv36 with obesity was found in Dutch and Belgian persons '
and US military personnel.'* Goossens'? et al. found an Adv36
prevalence of <6% in adults.
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Studies in children are more consistent. The first study on
children'* showed that 30% of Korean obese subjects tested
Adv36 positive and these had significantly higher BMI z-scores and
waist circumference in comparison to uninfected subjects.
Ancther study on Korean schoolchildren showed that more
obese than non-obese subjects had Adv36 antibodies (28.6% vs
13.6%).”° This finding was also confirmed in 124 children in the
United States (22% vs 7%)."° Infection with Adv36 has also been
found more common in obese (28.8%) than in lean (20.1%)
Swedish children.” The prior studies were relatively small, with all
fewer than 500 subjects.

Animal models proved that the infected animals, in spite of
their increased adiposity, exhibited low serum levels of total
cholesterol (TC) and triglycerides (TG)."” Studies of an association
of the presence of Adv36 antibodies with serum lipids in humans
led to inconsistent results.®'" In agreement with animal models,
Adv36-positive adults exhibited si%niﬁcantly lower serum TC and
TG than Adv36-negative subjects.>’ This was not confirmed by
other adult studies.'' A relationship of Adv36 status to lipid
disorder was also found in Korean children, but in the opposite
direction with obese Adv36-positive subjects Presenting higher
levels of TG and TC than Adv36-negative ones.'®

In infected animals, Adv36 enhanced insulin sensitivity and
improved hepatic steatosis.'®'® No association of Adv36 with
insulin resistance was reported in Italian adult subjects®'°
However, Adv36 seropositivity was found to be related to a
lower occurrence of non-alcoholic fatty liver disease.'°A recently
published meta-analysis of 10 observational studies concluded
that Adv36 had not been associated with abnormal metabolic
parameters.®

The primary aim of our study was to investigate the prevalence
of Adv36 antibodies in underweight, normal weight, overweight
and obese Czech adolescents and its relation to body weight
status. Further, we investigated whether Adv36 seropositivity is
associated with serum lipids, glucose homeostasis, insulin
resistance, liver enzymes and adiponectin.

SUBJECTS AND METHODS
Study population

A total of 1179 Czech adolescents aged 13.0-17.9 years were included in
this study. This cohort was randomly selected among weight categories
from the Childhood Obesity Prevalence and Treatment (COPAT) project.
This project was conducted between August 2008 and April 2011 and
recruited adolescents across the whole country either from general
pediatricians (n=1533) or from in-patient or outpatient clinics (n =562)
specialized in childhood obesity. Blood samples were obtained from 85
underweight adolescents (BMI < 10th percentile; 48 girls, 37 boys), 506
normal weight adolescents (BMI=25.0-74.9th percentile; 264 girls, 242
boys), 160 overweight adolescents (BMI = 90.0-96.9th percentile; 80 girls,
80 boys) and 428 obese adolescents (BMI = 97.0th percentile; 230 girls, 198
boys). To evaluate the weight status, the Czech references for BMI specified
for sex and age were applied.” All participants and their parent(s) signed
an informed consent before the initiation of study procedures. The study
protocol was approved by the Ethics Committee of the Institute of
Endocrinology in Prague and was in accordance with the Declaration of
Helsinki II.

Anthropometry, body composition and clinical examination

Height was measured to the nearest 0.5cm at the examination. Body
weight (in underwear and without shoes) was measured using a BIA Tanita
BC-418 MA scale (Tanita Corporation, Tokyo, Japan) to the nearest 100g.
Waist and hip circumferences were measured by standard procedures?'
BMI was calculated as body weight in kilograms divided by the square of
the height in meters. Waist-to-height ratio was calculated as waist
circumference (cm) divided by height (cm). Waist-to-hip ratio was
calculated as waist circumference (cm) divided by hip circumference
(cm). The body adiposity index was calculated using the equation: body
adiposity index = ((hip circumference)/((height)1.5) — 18).2

International Journal of Obesity (2013) 1-7

The z-score represents the number of standard deviations an individual
subject deviates from the mean BMI of the age- and sex-matched general
population. Z-scores of BMI, height, weight and hip circumference were
calculated with data obtained from the Czech population as a reference.®®
Reference percentiles of the German adolescent population were used for
the waist circumference.” The total amount of fat and trunk fat were
assessed by electrical bicimpedance by BIA Tanita BC-418 MA (Tanita
Corporation). In our previous pilot study in adolescents, we demonstrated
that the trunk fat evaluated by bioimpedance significantly correlated with
that measured by both magnetic resonance imaging and dual X-ray
densitometry.**

The average of two blood pressure measurements by Omron i-C10
(Omron Healthcare Co., Ltd, Kyoto, Japan) was used in the evaluation of
possible hypertension according to the current recommendations.?*

Laboratory investigations

All samples were collected after an overnight fast. Biochemical parameters
TC, high-density lipoprotein cholesterol, low-density lipoprotein cholesterol
(LDL-0), TG, alanine aminotransferase, aspartate aminotransferase and -
glutamyltransferase were determined spectrophotometrically using a Cobas
6000 ¢501 analyzer (Roche Diagnostics GmbH, Mannheim, Germany). Serum
insulin was assessed by immuno-electrochemiluminiscence (Cobas 6000 e601
analyzer; Roche Diagnostic GmbH). Plasma adiponectin level was analyzed by
Human Bio-Plex Assay (Bio-Rad Laboratories, Hercules, CA, USA). Homeostasis
model assessment index of insulin resistance was calculated as fasting
insulin x fasting blood glucose/22.5.

Detection of Adv36 antibody in the serum

Adv36 antibodies were assayed using the competitive enzyme-linked
immunosorbent assay method developed in the laboratory of the Obetech
Obesity Research Center (Richmond, VA, USA).” All samples were sent with
only an identification number, and Obetech laboratory personnel were
blind to group or individual information. Results of the assays were sent to
the principal investigator for combination with clinical data and statistical
analysis.

Statistical analyses

Owing to the non-Gaussian data distribution, data were expressed as
medians with lower and upper quartiles. The data were analyzed using
non-parametric Mann-Whitney test (for differences between two inde-
pendent groups), Kruskal-Wallis one-way analysis of variance by rank test (for
differences among three or more independent groups) and y° test. Odds
ratios and 95% confidence intervals (Cl) were calculated by logistic regression
analysis to determine associations between Adv36 and body weight
(underweight, overweight and obese). Comparisons were made between
underweight or overweight or obese vs normal weight individuals as controls.
The statistical software NCSS 2004 (Kaysville, UT, USA) and Microsoft Excel
2007 (Microsoft Corparation, Redmond, WA, USA) were used. P-values (two-
tailed) <0.05 were considered statistically significant.

RESULTS

The Adv36 frequencies in the whole cohort and according to the
weight status

The baseline characteristics of the Czech adolescent cohort
divided according to the weight status (underweight, normal
weight, overweight and obese) are shown in Table 1. Of the total
1179 adolescents, 26.5% (n=312) were positive for Adv36
antibodies. The frequency of Adv36-positive antibodies in the
underweight group was 22.3%, in the normal weight group 21.5%,
in the overweight group 40.0% and in the obese group 28.0%
(Table 2). In the whole cohort, a significantly higher prevalence of
Adv36 infection was observed in female subjects (32.5%) in
comparison to male subjects (19.7%; P<0.001) (Table 2). This
significant gender difference was found in all weight groups
except for the underweight group. Interestingly, 55.0% of over-
weight female subjects exhibited positivity for Adv36. There was
no difference in Adv36 prevalence in relation to age, except for
the overweight infected boys who were significantly older (16.5 vs
15.1 years, P=0.02). The odds ratios for Adv36 antibody positivity
are presented in Table 3.

© 2013 Macmillan Publishers Limited
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Waist circumference (cm)
Waist circumference z-score
Hip circumference (cm)
Hip circumference z-score
WHR

63.0 (61.0; 66.50)
—1.25(—1.48, —098)
85.80 (82.25; 88.75)
—1.19 (—1.48;, —0.82)
0.75 (0.72; 0.79)

700 (67.0; 73.0)
— 048 (-0.77;, —0.18)
93.0 (89.0; 96.0)
—0.04 (—048; 0.31)
0.76 (0.73; 0.79)

79.0 (76.0; 83.50)
0.61 (0.38; 1.11)
100.70 (97.0; 103.50)
1.29 (0.88; 1.66)
0.79 (0.76; 0.83)

95.0 (90.0; 101.30)
2,61 (2.01; 3.26)
113.50 (108.50; 119.0)
3.10 (2.48; 3.89)
0.85 (0.77; 0.89)

Table 1. Characteristics of study population
Parameter UW, median NW, median OW, median OB, median P-value*
(lower; upper quartiles) {lower; upper quartiles) (lower; upper quartiles)  (lower; upper quartiles)
Age (years) 16.16 (15.22; 17.12) 15.98 (15.07; 16.92) 15.53 (14.02; 16.94) 15.17 (14.06; 16.43) CE
BMI (kgm ?) 17.16 (16.45; 17.57) 20.51 (19.80; 21.26) 24.67 (23.92; 25.59) 31.33 (29.15; 34.25) A-F
BMI z-score —137 (-1.55 -1.22) —0.07 (-030;017) 1.53 (1.28; 1.77) 3.98 (3.14; 4.96) A-F
Body weight (kg) 48.10 (44.60; 51.80) 59.60 (54.98; 64.60) 71.75 (66.73; 78.30) 94.05 (83.95; 103.68) A-F
Body weight z-score — 140 (-1.62; —1.05) —0.06 (—043;032) 1.34 (1.03; 1.83) 3.86 (2.91; 4.80) A-F
Body height (cm) 168.0 (163.40; 173.50) 1700 (164.75; 177.23) 169.10 (164.08; 176.0) 169.40 (163.50; 175.50) NS
Body height z-score —0.38 (—0.83; 0.25) —0.03 (—063; 064) 0.16 (—0.55; 0.71) 0.17 (—056; 0.79) B, C

>bm.‘l‘7>b>
R ]

WHtR 0.38 (0.36; 0.39) 0.41 (0.40; 0.42) 0.47 (0.45; 0.49) 0.56 (0.53; 0.60) -
BAI 20.95 (19.26; 23.06) 23.52 (21.16; 25.86) 27.52 (25.02; 29.85) 33.66 (30.44; 36.23) —
BPS (mm Hg) 114.0 (104.50; 123.0) 120.0 (111.0; 128.0) 121.0 (113.8; 130.0) 1220 (113.0; 131.0) A-C E
BPD (mm Hg) 76.0 (69.0; 82.0) 77.0 (71.25; 83.0) 77.0 (72.0; 83.0) 79.0 (74.0; 85.0) CE
Total fat (%) 14.70 (11.90; 18.38) 19.40 (14.95; 23.90) 26.90 (21.0; 31.43) 37.40 (32.15; 41.55) A-F
Trunk fat (%) 10.30 (7.70; 12.60) 14.50 (11.30; 18.90) 21.60 (16.75; 26.15) 32.10 (27.60; 37.70) A-F
FG (mmoll ") 496 (4.64; 5.30) 4.90 (4.65; 5.17) 4.97 (4.69; 5.28) 4.98 (4.62; 5.27) NS
Insulin (mIU1~") 9.17 (6.33; 1238) 9.08 (7.04; 11.91) 11.75 (8.80 15.66) 16.49 (11.89; 24.69) B-F
HOMA-IR 1.92 (1.40; 2.77) 2.0 (1.48; 2.70) 2.63 (1.89; 3.54) 3.63 (2.54; 5.81) B-F
TC (mmol 1~ ") 4.03 (3.64; 447) 4.03 (3.54; 4.57) 4.22 (3.74; 4.67) 4.29 (3.68; 4.80) E
HDL-C (mmoll ") 1.49 (1.31;1.72) 1.43 (1.23; 1.65) 1.32(1.14; 1.54) 1.17 (1.02; 1.36) B-F
TG (mmoll~ ") 0.74 (0.61; 1.02) 0.79 (0.63; 1.04) 0.94 (0.67; 1.23) 1.05 (0.83; 1.61) B-F
LDL-C (mmol |~ ) 2.06 (1.74; 2.53) 2.14 (1.77; 2.6) 243 (2.12; 2.86) 2.54 (2.06; 3.03) B-E
ALT (ukatl ") 0.26 (0.21; 0.31) 0.26 (0.22; 0.32) 0.32 (0.24; 0.45) 0.38 (0.30; 0.59) B-F
AST (ukat| ") 0.40 (0.35; 0.45) 0.40 (0.35; 0.47) 0.43 (0.35; 0.50) 0.42 (0.36; 0.58) E
GMT (ukatl~") 0.22 (0.18; 0.27) 0.22 (0.18; 0.27) 0.26 (0.20; 0.36) 0.31 (0.23; 0.42) B-F
Adiponectin (mgl ") 7.31 (499; 10.11) 7.1 (4.74; 9.68) 5.84 (4.54; 8.35) 4.85 (3.51; 6.44) CEF

Abbreviations: ALT, alanine aminotransferase; AST, aspartate aminotransferase; BAI, body adiposity index; BMI, body mass index; BPD, diastolic blood pressure;
BPS, systolic blood pressure; FG, fasting glucose; GMT, y-glutamyltransferase; HDL-C, high-density lipoprotein-cholesterol; HOMA-IR, HOMA-IR, homeostasis
model assessment index of insulin resistance; LDL-C, low-density lipoprotein-cholesterol; NW, normal weight group; OB, obese group; OW, overweight group;
TC, total cholesterol; TG, triglycerides; UW, underweight group; WHtR, waist-to-height ratio; WHR, waist-to-hip ratio. *P = Kruskal-Wallis multiple-comparison Z-
value test. P-values <0.05 were considered statistically significant: A = UW vs NW, B = UW vs OW, C=UW vs OB, D= NW vs OW, E = NW vs OB, F = OW vs OB.

Table 2. Prevalence of antibody status (Adv36 + and Adv36 —) in the study population according to weight categories and gender
Adv36 + Adv36 — n (%)

uw
Girls n (%) 13 (27.1) 35 (72.9) 48 (100.0) zztest: 142; P=0.233
Boys n (%) 6(16.2) 31 (83.8) 37 (100.0)
Total n (%) 19 (22.3) 66 (77.7) 85 (100.0)

NW
Girls n (%) 66 (25.0) 198 (75.0) 264 (100.0) 72 test: 3.91; P=0.048
Boys n (%) 43 (17.8) 199 (82.2) 242 (100.0)
Total n (%) 109 (21.5) 397 (78.5) 506 (100.0)

ow
Girls n (%) 44 (55.0) 36 (45.0) 80 (100.0) 72 test: 15.0; P<0.001
Boys n (%) 20 (25.0) 60 (75.0) 80 (100.0)
Total n (%) 64 (40.0) 96 (60.0) 160 (100.0)

oB
Girls n (%) 79 (343) 151 (65.7) 230 (100.0) 7% test: 9.81; P<0.002
Boys n (%) 41 (20.7) 157 (79.3) 198 (100.0)
Total n (%) 120 (28.0) 308 (72.0) 428 (100.0)

Total (UW + NW + OW + OB}
Girls n (%) 202 (32.5) 420 (67.5) 622 (100.0) 1% test: 24.46; P<0.001
Boys n (%) 110 (19.7) 447 (80.3) 557 (100.0)
Total n (%) 312 (26.5) 867 (73.5) 1179 (100.0)

Abbreviations: Adv36, adenovirus 36; Adv36 -+, adenovirus 36 antibody positive; Adv36 —, adenovirus 36 antibody negative; n, number; NW, normal weight

group; OB, obese group; OW, overweight group; UW, underweight group.

The Adv36 status and studied parameters
Table 4 represents the relationship of Adv36 antibody status to
different studied variables of the whole cohort and also when

stratified by gender. Several anthropometric parameters (BMI,
body weight, body height, hip circumference and fat amount)
were found to be significantly increased in Adv36-positive

© 2013 Macmillan Publishers Limited International Journal of Obesity (2013) 1-7
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Table 3. Odds ratios for underweight, overweight and obesity
according to the presence of Adv36 antibody

OR (95% P-value OR (95% P-value

Cl)—unadjusted Ci)—adjusted
for sex and age

NW Reference Reference
uw 1.05 (0.60-1.82) 0.979 1.03 (0.59-1.79) 0.930
ow 243 (166-3.55) <0.001 261(1.77-3.86) <0.001
OB 1.42 (1.05-191) 0.026 1.46 (1.07-1.99) 0.016
OW-+0B 166 (1.26-2.18) <0.001 1.76(1.33-2.34) <0.001

Abbreviations: Adv36, adenovirus 36; Cl, confidence interval; NW, normal
weight group; OB, obese group; OR, odds ratio; OW, overweight group;
UW, underweight group.

subjects independently of gender. However, gender analyses
revealed that these effects were mainly expressed in female
subjects (Table 4). Further, infected subjects of the whole cohort
exhibited significantly higher levels of TC and LDL-C, but lower
levels of blood glucose, Liver enzyme activities were significantly
increased in Adv36-positive boys (Table 4).

Analyses taking into account both the weight category and the
Adv36 status had also been undertaken (data not shown).
Underweight Adv36-positive subjects had a greater hip circum-
ference z-score than the uninfected subjects (—0.92 vs —1.2,
P=0.02). Normal weight individuals with Adv36-positive anti-
bodies demonstrated higher level of LDL-C than those with
Adv36-negative antibodies (225 vs 2.09mmoll~", P=003).
Overweight Adv36-positive subjects exhibited a greater amount
of total and trunk fat than those uninfected (29.3% vs 24.7%,
P=0.005; 24.7% vs 20.6%, P = 0.004, respectively). However, these
differences disappeared in the obese (data not shown). The level
of blood glucose tended to be lower in Adv36-positive than in
Adv36-negative cases, regardless of weight status, but reached a
statistical significance only in the case of obese subjects (4.86 vs
5.03mmoll~ ", P=001).

DISCUSSION

Our study of 1179 Czech adolescents is the largest study of
Adv36 status in children to date. We found an overall Adv36
prevalence of 26.5%. Our results proved an association of
Adv36 positivity with obesity and even a stronger relation to
overweight. Interestingly, a higher prevalence of infected
subjects among overweight has recently been published by Na
etal."! In this study on Korean adults, 40% of overweight adults
were infected in comparison to 32.8% normal weight and
30.0% obese adults. Reports performed in adults from the
United States, Italy and Sweden found an association of Adv36
positivity mainly with obesity.>”® Studies carried out in
children from the United States,'® Sweden” and Korea'*'* also
showed this positive association. However, the study of Na
et al'® carried out in Korean children pointed out that the
relationship of Adv36 positivity to obesity became nonsignificant
when aqe, sex and lipid variables had been included in the
analysis.'

The finding of a higher prevalence of Adv36 positivity in
overweight than obese subjects may lead to several hypotheses.
An existence of human genetic susceptibility to infectious disease
has been well documented.?® We assume that among individuals,
there exists a genetic variability also in response to the Adv36
infection. In addition, infected overweight subjects may try harder
to control their body weight. As we found that 55.0% of
overweight girls were Adv36 antibody positive, the above
hypothesis may especially be true for these girls. In this society,
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girls tend to be under enormous pressure to be slim, and thus, try
to keep their body weight down. We further postulate that some
of the overweight subjects might have had a very mild exposure
or had been recently infected. This may also be true for non-obese
Adv36 antibody-positive subjects. On the other hand, we may
speculate that some obese individuals were infected long ago and
antibody titers had dropped so low that they could not be
determined by our assay. We are aware of the lack of longitudinal
assessment of these children. It would be highly interesting to see
whether over time the infected children would gain more weight
than their uninfected controls.

In the group of normal weight Czech children, 21.5% tested
positive for Adv36 antibodies, which corresponds to the finding in
lean Swedish children (20.1%).” The prevalence of Adv36 infection
in 59 non-obese Korean children (BMI <85 percentile) was
13.56%'> and in non-obese children in the United States, the
prevalence was 7%.'® In Korean normal weight adults, the
prevalence of Adv36 positivity was 32.8%."

In the study of Korean and US children, the prevalence of
Adv36 infection was similar in girls and in boys.'*"® A significantly
higher overall Adv36 seroprevalence was found in Italian adult
men than in women (56.2% vs 36.1%, P:i.’).(]()ﬁ].9 Our data also
show a gender difference related to Adv36 infection. The
prevalence of Adv36-positive boys gradually increased from
underweight (16.2%) to overweight (25.0%), but then dropped
with obesity (20.7%). In general, a higher percentage of (Zgirls had
Adv36 antibodies than did boys (32.5% vs 19.7%, y°: 24.46,
P <0.001). The study of US military personnel also demonstrated a
significant association between Adv36 positivity and female
gender (P=0.036)."* We postulate that estrogens might have a
role in the susceptibility to infection with Adv36. James et al.>’
showed that the presence of estrogen in tissue culture was
associated with increased adenovirus replication. Recently
published results also found that estradiol treatment of
estrogen receptor-positive breast cancer cells increases
coxsackie and adenovirus receptor levels and thus enhances
adenoviral transduction.?® Additional studies are necessary to
determine if there is a role of estrogen in the susceptibility to
Adv36 infection in children and/or adults.

Measures of body fat and correlation with Adv36 status are of
particular interest. Most studies used waist circumference as a
measure of body fat distribution and serum neutralization as the
method to assess Adv36 status. Atkinson et al'® and Gabbert
et al."® found a significantly greater waist circumference in Adv36-
positive obese children, but Na et al.'® did not. All three of these
studies used serum neutralization assay. Our study and that of
Almgren et al.” used an enzyme-linked immunosorbent assay for
Adv36 status, which has been shown to be more sensitive than is
serum neutralization.” Almgren et al.” did not measure waist
circumference and obesity status was assessed by BMI alone. Na
et al."® was the first Adv36 study to use electrical bicimpedance to
assess body fat in children, They did not find a correlation of body
fat with Adv36 status, but they used serum neutralization to assess
Adv36 status. Ours is the first study combining the assessment of
Adv36 by enzyme-linked immunosorbent assay and measurement
of body adiposity by both waist circumference and electrical
bicimpedance. We found no correlation of waist circumference
with Adv36 status in the whole population, but Adv36-positive
girls had a significantly larger waist. There was a strong correlation
of total body fat and trunk fat with Adv36 status in our total
population and in girls, but boys analyzed separately did not show
a correlation.

We report an association of Adv36 antibody status to greater
body height. Na et al.’® found that both overweight and obese
Adv36-positive subjects were shorter than their antibody-negative
counterparts. In the study of Gabbert et al,'® Adv36-positive
children were taller (P =0.03)."® However, the infected children in
that study were also significantly older than the Adv36-negative
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controls {15.5 vs 13.1 years, P<0.001).'® In our study, infected
children were significantly taller than those uninfected in spite of
the same age span. This finding was also demonstrated in all
infected girls and infected obese girls. It has recently been shown
that human adenoviruses attached to the host cells use cell
surface receptors for forward signaling, which can activate cell
growth and intracellular transport.”® However, further studies are
required to determine whether this general mechanism may be
responsible for the observed increased height in adolescents
infected with Adv3e.

An association of Adv36 infection with lipid profile has been
documented in several studies.®>”'"'* In the total population of
children in our study, Adv36-positive children exhibited higher
levels of TC and LDL-C than did Adv36-negative children, although
neither of these lipids was outside of the normal range. When
obese and overweight children were analyzed separately, the
association of elevated lipids and Adv36-positive status was not
confirmed. This finding is in line with the results of Almgren et al.,’”
in which blood lipid levels did not differ between Adv36-positive
compared with Adv36-negative Swedish overweight/obese
children. On the other hand, in the study of Korean children,
obese Adv36-positive children had significantly elevated levels of
TG, TC and LDL-C in comparison to those uninfected.' In the
Korean study, no association of Adv36 status with lipids was found
in the non-obese group.'® We cannot explain the diverse findings
in these different studies. We do not have puberty status of our
children, but we analyzed each age group by year and did not find
any differences in the lipid patterns. Future studies should
evaluate the effect of puberty.

Levels of fasting blood glucose were significantly lower in
Adv36-positive in contrast to Adv36-negative subjects in our
study. This trend was shown in all weight categories but did not
reach a significant level except for the obese group. In published
studies of children, no association of Adv36 status to blood
glucose has been found.”'*'® Studies carried out in Adv36-
infected animals showed that Adv36 infection enhanced insulin
sensitivity and improved hepatic steatosis.'®'? As others, we did
not demonstrate any relation of Adv36 seropositivity to insulin or
insulin resistance.”*'® We also failed to find any relationship
between Adv36 seropositivity and adiponectin levels, although
according to Rogers et al.*° Adv36 upregulates an expression of
adiponectin in human adipose tissue in vitro. A relationship of
Adv36 seropositivity and hepatic steatosis was documented in
animal models and Italian adults.”'? A study of 84 Korean children
did not show any association to liver enzymes.'* In our study, only
infected boys, regardless of body weight, demonstrated
significantly higher activities of liver enzymes (but not above the
normal range) compared with Adv36-negative boys. Further
studies performed in children are necessary to clarify this
association.

In conclusion, our results support an association of Adv36
antibodies with obesity and an even stronger association with
overweight. In our total population, Adv36 antibodies were related
to increased body weight, body height z-score, BMI, hip
circumference, total body fat and trunk fat, levels of TC and
LDL-C, but decreased levels of blood glucose. Female subjects had
a higher prevalence of Adv36 positivity in all weight categories
and infected female subjects demonstrated significantly higher
waist circumference as well as the above differences.
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4.5 Infekce adenovirem 36: role v dietnim piijmu a UspéSnosti lazenského

reduk¢niho programu u obéznich divek

Autori: Zamrazilova H., Aldhoon-Hainerova 1., Atkinson R.L., Dusatkova L., Sedlackova B.,
Lee Z.P., Kunesova M., Hill M., Hainer V.

International journal of obesity (Lond) 2015, 39(12):1757—1760. IF = 5,004

Abstrakt: Asociace infekce Adv36 s nadvahou a obezitou u déti byla potvrzena, avsak vliv
Adv36 na uspésnost redukéniho programu dosud nebyl zkoumén. Cilem prace bylo sledovat
zmény v energetickém piijjmu a télesnych parametrech u 184 divek, které absolvovaly
4tydenni redukéni pobyt s ohledem na pfitomnost protilatek proti Adv36. Dietni piijem se
neliSil mezi divkami s pozitivnimi a negativnimi protilatkami proti Adv36. Po interven¢nim
programu pozitivni divky vykazovaly vétsi pokles obvodu pasu (p = 0,020), WHR (p = 0,007)
a poméru hmotnosti k vysce (p = 0,019) oproti divkdm bez protilatek proti Adv36. Tyto divky
mély naopak vyssi pokles sumy koznich tas (p = 0,013) ve srovnani s Adv36 pozitivnimi
divkami. Ostatni sledované parametry (metabolické a hormondlni ukazatele) zustaly pfed a po
abdominalni obezity a naopak méné uspé$né v redukci podkozniho tuku nez divky bez

protilatek.

U této prace jsem se podilela na sbéru a analyze dat a revizi manuskriptu.
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Adenovirus 36 infection: a role in dietary intake and response
to inpatient weight management in obese girls

H Zamrazilova'®, | Aldhoon-Hainerova'?®, RL Atkinson®, L Dusatkova'*, B Sedlackova'®, ZP Lee®, M Kunesova', M Hill' and V Hainer'

Human adenovirus 36 (Adv36) increases adiposity and is more prevalent in overweight and obese children. Dietary intake in animal
models is comparable regardless of Adv36 status. The effects of Adv36 on obesity treatment outcomes have not been clarified. The
aim of this study is to investigate the pre-treatment dietary intake and the response to a 4-week inpatient weight management in 184
obese adolescent girls aged 13.0-17.9 years with respect to the presence of Adv36 antibodies. Evaluation of 3-day dietary records did
not show any difference in daily intake of energy and essential nutrients between Adv36 antibody positive and negative girls. After
the intervention Adv36 positive girls presented with significantly greater decrease of waist circumference (P=0.020), z-score of waist
circumference (P=0.024), waist-to-hip ratio (P=0.007) and weight-to-height ratio (P=0.019) compared with Adv36 negative girls. On
the contrary, the sum of four skinfolds decreased significantly more in Adv36 negative than in Adv36 positive individuals (P=0,013).
Neither body fat percentage nor metabolic and hormonal parameters showed any significant relevance to Adv36 status in response to
weight loss intervention. In conclusion, energy restriction in Adv36 antibody positive girls was associated with greater decrease of
abdominal obesity and preservation of subcutaneous fat tissue than in those antibody negative.

International Journal of Obesity advance online publication, 22 September 2015; doi:10.1038/ijo.2015.167

INTRODUCTION

Overweight and obesity in adolescents are associated with several
health risks.’ Treatment modalities related to pediatric obesity are
very limited and successful long-term weight management
outcome in adolescents is often difficult to achieve’ Among
overweight and obese children, inpatient short-term weight
management programs reduce cardiovascular risk factors and
improve fitness.? The response to weight management treatment
may significantly differ among obese individuals, and thus several
studies have tried to identify predictors of weight loss in response
to weight management programs.* Apart from individual genetic
background, other factors possibly play a role. Adenovirus 36
(Adv36) in humans is associated with greater adiposity and is
more prevalent in overweight and obese than in normal-weight
individuals.® Dietary intake in animal models is similar between
Adv36 antibody positive and negative individuals.”® No data on
dietary intake in humans with respect to the presence of Adv36
antibodies are available. Until now, only three reports with
inconsistent results have investigated the impact of Adv36
infection on weight intervention, with the maximum of 73 studied
subjects.’”'" The aim of our study was to evaluate the role of
Adv36 in dietary intake before and in response to a short-term
inpatient weight management program.

MATERIALS AND METHODS

A cohort of 184 Czech obese girls (mean age of 14.89 years, 95%
confidence interval: lower 14.67 and upper 15.10; body mass index

(BMI) >97th percentile for sex and age of the Czech reference)
underwent a 4-week inpatient weight management program. In
brief, the weight management program was provided on an
inpatient basis in a center specialized in weight management for
children/adolescents within a period of 4 weeks and was strictly
medically supervised (pediatricians, dietitians, physiotherapists
and psychologists). Adolescents had aerobic exercise 3.5-4.0h
per day (for example, jumping, jogging, ball games, fitness,
swimming, dancing and hiking 4-10 km per day). Screen time was
limited to a maximum of 1 h a day. The decreased daily energy
intake (to 5-7 MJ per day) was individually modified according to
age and BMI in order to ensure the recommended daily
consumption of all essential nutrients and appropriate macro-
nutrient balance. The intake of fat, protein and carbohydrates was
aimed at 30%, 15-20% and 50-55% of energy intake, respectively;
sugar intake was < 5% of total energy intake. The weight loss was
mainly achieved due to the increased physical activity.

Weight management outcomes were evaluated according to
the presence of Adv36 antibodies that were assayed using a
previously described competitive enzyme-linked immunosorbent
assay.'” In all girls dietary intakes (total energy (kilojoules per day),
macronutrients—carbohydrate, fat and protein (grams per day
and percentage of total energy intake), fiber (grams per day) and
calcium (milligrams per day)) were calculated from 3-day dietary
records performed before the initiation of the intervention.
NutriMaster SE versions 1.0 (Abbott Laboratories, Abbott Park,
IL, USA) was applied. Dietary records with incomplete data were
not included in the pre-treatment dietary intake assessment.
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Before and after the weight intervention, the following parameters
were investigated: anthropometry—body height; body weight;
waist, hip and arm circumferences and their z-scores; sum of
biceps, triceps, subscapular and suprailiac skinfolds; trunk and
total body fat assessed by bioimpedance; indexes—BMI and its
z-score, weight-to-height ratio, waist-to-hip ratio, body adiposity
index, centrality (subscapular-to-triceps) index and homeostasis
model assessment insulin resistance index; clinical evaluation
(blood pressure) and fasting biochemical and hormonal measure-
ments (blood glucose, insulin, lipid profile, liver function tests,
C-reactive protein, adiponectin, adipsin, ghrelin, glucose-
dependent insulinotropic peptide, glucagon-like peptide 1,
glucagon, leptin, plasminogen activator inhibitor-1, resistin and
visfatin). A description of anthropometric procedures, laboratory
assays and evaluations has previously been published.” The
prevalence of metabolic syndrome defined according to the
International Diabetes Federation in relation to Adv36 antibody
status was assessed before and after the inpatient weight
management program.'*

The differences of all the parameters before and after the
program were calculated. In order to assess the impact of Adv36 on
weight management outcomes, the percentage of change related
to baseline value was compared between Adv36 positive and
negative groups. The original data were transformed by power
transformation to attain a constant variance and symmetric
distribution of data and residuals, and the data underwent
general linear model analysis. Statgraphics Centurion version XV.II
(Warrenton, VA, USA) was used.

All participants and their parent(s) signed an informed consent
before the initiation of study procedures. The study protocol was

approved by the Ethical Committee of the Institute of Endocrinology
in Prague and was in accordance with the Helsinki Declaration II.

RESULTS

Of the total, 65 girls (35.3%) screened positive for Adv36
antibodies. There was no significant difference in self-reported
dietary intakes between Adv36 positive and negative obese girls
before the initiation of weight management (Table 1).
In response to a 1-month weight management program, the
mean weight loss of 5.36 kg (5.01; 5.71) was achieved in Adv36
antibody positive and 5.45kg (5.18; 571) in Adv36 anti-
body negative girls. Table 2 presents BMI status at baseline
and those parameters that either showed significant change
after the weight management program or are somewhat
relevant to those significant findings. Adv36 positive girls
showed significantly greater decrease of waist circumference,
z-score of waist circumference, weight-to-height ratio and waist-
to-hip ratio compared with Adv36 negative girls, On the contrary,
the sum of four skinfolds decreased significantly more in Adv36
negative than in Adv36 positive individuals. There was a
tendency of the z-score BMI of Adv36 positive girls decreasing
to a greater extent than that of seronegative girls. None of the
further studied parameters showed any significant relevance to
Adv36 status in response to the inpatient weight management
program. At baseline, the prevalence of metabolic syndrome was
14.9% in Adv36 negative and 10.7% in positive girls. After the
4-week intervention, the prevalence declined to 9.9% in
seronegative and to 5.4% in seropositive girls. Neither at the
beginning nor at the end of the weight loss intervention did the

Table 1.

Self-reported dietary intake in obese girls based on the presence of Adv36 antibodies

Before weight management

Adv36 - n=88 Adv36+ n=53 P-value
Total energy intake (kJ) 7482 (7182; 7797) 7230 (6862; 7622) 0474
Carbohydrate intake (g per day) 227 (217; 237) 217 (204; 230) 0.393
Fat intake (g per day) 71 (68; 74) 68 (64; 73) 0.439
Protein intake (g per day) 67 (64; 70) 64 (60; 68) 0.342
Carbohydrate intake (% of total energy intake) 50 (49; 51) 50 (49; 52) 0.637
Fat intake (% of total energy intake) 35 (34; 36) 35 (34; 36) 0.837
Protein intake (% of total energy intake) 15 (14; 15) 15 (14; 15) 0.971
Fiber (g per day) 11 (10; 11) 11 (10; 12) 0.715
Calcium (mg per day) 700 (660; 744) 641 (594; 692) 0.205

Abbreviation: Adv36, adenovirus 36. Data are presented as retransformed means, lower and upper confidence intervals.

Table 2.
of Adv36 antibodies

Anthropometric variables before and their changes after the inpatient weight management program in obese girls related to the presence

Before weight management

Percentage change related to baseline

Advi6— n=119 Adv36+ n=65 P-value Adv36— n=119 Adv36+ n=65 P-value
BMI (kg m~?) 32.02 (31.52; 32.53) 30.62 (29.97; 31.28) 0.021 —-6.55 (-6.81; —6.28) -6.81(-7.15; —6.45) 0413
BMI z-score 2.90 (2.83; 2.96) 2.76 (2.67; 2.85) 0076 -10.69 (-11.40; -9.99) —1269 (-13.65; -11.72) 0.082
Waist (cm) 90.90 (89.85; 91.97) 89.11 (87.75; 90.50) 0.153 —4.11 (-4.49; -3.72) —5.21(-5.75; —4.68) 0.020
Waist z-score 225 (2.14; 237) 211 (1.96; 2.28) 0328 -1937 (-21.48; -17.32) -25.38(-2853; -2235 0024
Hip (cm) 112.27 (111.10; 113.45) 109.93 (108.37; 111.49) 0.096 —3.96 (-4.23; —3.68) -3.55(-3.91; -3.18) 0.210
Hip z-score 263 (2.54; 2.74) 249 (2.36; 2.62) 0229 -17.28 (-18.71; -15.88) -17.78(-19.71; -1590) 0.767
WHR 0.81 (0.81; 0.82) 0.81 (0.80; 0.82) 0920 -0.22 (-0.66; 0.22) —1.68 (-2.29; -1.08) 0.007
WHtR 0.56 (0.55; 0.56) 0.55 (0.54; 0.55) 0128  -4.11 (-4.50; -3.73) =522 (-5.75; —4.69) 0.019
Sum of four skinfolds (mm) 98.01 (95.97; 100.14) 90.85 (88.45; 93.37) 0.003 -15.90 (-17.42; -1439) -11.36 (-13.38; -9.34) 0.013
Body fat (%) 43.63 (40.47; 46.89) 40.17 (36.19; 44.32) 0.355 -5.54 (-6.20; —4.88) -591 (-6.75; -5.08) 0.625

Abbreviations: Adv36, adenovirus 36; BMI, body mass index; Hip, hip circumference; Waist, waist circumference; WHR, waist-to-hip ratio; WHtR, weight-to-
height ratio. Data are described as retransformed mean, lower and upper confidence intervals.
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prevalence of metabolic syndrome significantly differ between
and within the groups according Adv36 status.

DISCUSSION

Our intervention study of 184 obese girls is so far the largest study
of Adv36 status with respect to weight loss and the first study to
report dietary intake in humans in relation to Adv36 infection.
Similar to the observations in animal models,® no significant
difference in dietary intake between Adv36 positive and negative
girls was detectable. An inaccuracy of self-reported dietary intake,
especially in obese individuals, is well known.'*'® We are aware of
the non-trivial errors associated with self-reported estimates of
energy intake, and some authors in these articles believe it is an
inadequate measure for the basis of scientific conclusion.”'” With
the aim of completeness, however, we included information on
energy and macronutrient intake and do not use it as a basis for
scientific conclusion, rather as a means to explore the differences
between individuals infected with Adv36 and those who are not,
and to identify areas for further research. On the other hand, there
is no reason to believe that the presence of Adv36 antibodies
would alter the pattern of reporting. In our analyses, only obese
subjects in whom similar level of underreporting may be expected
were compared. Thus, the absence of a difference in energy and
macronutrient intake of Adv36 positive vs negative subjects in this
study supports the animal data reported by multiple other
authors.”® Finally, a recent article has provided some data in
support of the validity of dietary recall of energy intake in young
children.'”® That study clearly demonstrated only a modest
difference (86 kcal per day) between energy intake and total
energy expenditure measured by doubly labeled water even in
overweight/obese children.

Adv36 seropositivity in obese girls undergoing a 4-week
inpatient weight management program was associated
with greater decrease of abdominal fat, but at the same time
with preservation of subcutaneous fat. Knowing this, we would
expect a better metabolic profile in antibody positive individuals
after the intervention. We did not find any differences in
laboratory parameters between the two groups according to the
presence of Adv36 antibodies either before or after the
intervention.

Several human studies, mostly performed in adults, have shown
that Adv36 infection is associated with better glycemic control
and lipid profile, lower glycated hemo?lobm, higher insulin
sensitivity and lower hepatic lipid content.”™'*22 In our previous
study of 1179 adolescents, we showed that Adv36 positivity was
related to decreased level of blood glucose in both genders and
increased liver enzymes only in boys.'? In that study, we did not
confirm any association of Adv36 infection with insulin resistance,
lipid profile and liver enzyme activity, which is in agreement with
findings of several other investigators.®'***"% So far, there has
not been a study in children and adolescents supporting the
evidence of a protective role of Adv36 in insulin resistance and
non-alcoholic fatty liver disease. It is questionable whether those
studies conducted in small pediatric cohorts due to rather low
incidence of these obesity-related complications were statistically
powered to prove this possible relationship. Larger studies
performed in metabolically unhealthy adolescents thus would
be helpful.

On the basis of Adv36 antibody status, we did not find a
significant difference in weight loss expressed bg z-score of BMI,
which is in line with a recent study of 73 youths.” As in our study
visceral fat decreased more and subcutaneous fat less, it may have
obscured a difference in total weight. We may further speculate
that the lack of significant association of Adv36 infection with
weight loss in our study may be due to an insufficient duration of
intervention as shown by Trovato et al.'' in a year-long study that
Adv36 positive individuals lost more weight than Adv36 negative

© 2015 Macmillan Publishers Limited
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individuals.'® The most recent study of a 2-month exercise
program in 54 children has concluded that Adv36 infection
probably contributes to weight-loss resistance.

We are aware that our pilot study has several limitations,
including short-time duration, an absence of sophisticated body
composition assessment and lack of data in boys. Because of a
low number of Adv36 antibody positive boys (19 of 111 boys),
we did not achieve sufficient statistical power to perform valid
analyses. Larger studies performed in both genders over a longer
period of time are needed to elucidate the impact of Adv36 on
weight loss.

We conclude that no differences in self-reported dietary intake
between Adv36 antibody positive and negative obese girls were
apparent. Energy restriction in Adv36 antibody positive girls was
associated with greater decrease of abdominal obesity and
preservation of subcutaneous adipose tissue than in those who
were antibody negative.
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4.6 Asociace infekce adenovirem 36 s variantami kandidéatnich genii pro

obezitu u adolescentu

Autori: DuSdtkovad L., Zamrazilova H., Aldhoon-Hainerova 1., Atkinson R.L., Sedlackova B.,

Lee Z.P, Vcelak J., Bendlova B., KunesSova M., Hainer V.

Physiological Research 2015; 64 (Suppl. 2): S197—S202. IF = 1,293

Abstrakt: Vzajemny vztah genovych polymorfismii a infekce Adv36, které se podileji na
patogenezi obezity, nebyl dosud zkouman. Cilem pfedkladané prace bylo analyzovat
potencialni souvislost mezi 10 variantami genit TMEM18, SH2B1, KCTD15, PCSK1, BDNF,
SEC16B, MC4R a FTO s pritomnosti protilatek proti Adv36 u 1 027 adolescentd. Pritomnost
protilatek byla vyznamné castéji nalezena u nosici rizikovych alel polymorfismt rs6232 a
1s6235 PCSKI a rs4923461 BDNF (x2 = 6,59, p = 0,010; 2 = 7,56, p = 0,023 a 2 = 6,84,
p =0,033) oproti nenosi¢im. V piipadé rs6232, resp. rs6235 genu PCSK! bylo rovnéz
potvrzeno zvysSené riziko infekce Adv36 (OR = 1,67; 95% CI 1,11-2.49; p=0,016; resp.
OR = 1,34; 95%CI 1,08—1,67; p = 0,010). Pti analyzach zohlednujicich vliv pohlavi a télesné
hmotnosti byla pozorovéna asociace Adv36 s polymorfismy rs6232 PCSKI u chlapct
(32 =5,09; p = 0,024), rs925946 BDNF u divek (x2 = 7,29; p = 0,026) a rs6235 PCSKI u
chlapcti a divek snadvahou a obezitou (2 = 6,85; p = 0,033). Vysledky pilotni studie

naznacuji, Ze varianty genlt PCSK/ a BDNF mohou ovliviiovat nachylnost k infekci Adv36.

U této prace jsem se podilela na sbéru a analyze dat, vyhodnocovani vysledkd a sepsani

manuskriptu.
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Summary

Both, common gene variants and human adenovirus 36 (Adv36)
are involved in the pathogenesis of obesity. The potential
relationship between these two pathogenic factors has not yet
been investigated. The aim of our study was to examine the
association of obesity susceptibility loci with Adv36 status.
Genotyping of ten gene variants (in/near TMEMIS, SH2B1,
KCTD15, PCSK1, BONF, SEC16B, MC4R, FTO) and analysis of
Adv36 antibodies was performed in 1,027 Czech adolescents
aged 13.0-17.9 years. Variants of two genes (PCSK1 and BDNF)
were associated with Adv36 seropositivity. A higher prevalence of
Adv36 antibody positivity was observed in obesity risk allele
carriers of PCSKI rs6232, rs6235 and BDNF rs4923461 vs. non-
carriers (x’=6.59, p=0.010; ¥°=7.56, p=0.023 and x*=6.84,
p=0.033, respectively). The increased risk of Adv36 positivity
was also found in PCSKI variants: rs6232 (OR=1.67, 95 % CI
1.11-2.49, p=0.016) and rs6235 (OR=1.34, 95 % CI 1.08-1.67,
p=0.010). PCSKI rs6232 and BDNF rs925946 variants were
closely associated with Adv36 status in boys and girls,
respectively  (x’=5.09, p=0.024; ¥’=7.29, p=0.026).
Furthermore, PCSK1 rs6235 risk allele was related to Adv36
seropositivity (x*=6.85, p=0.033) in overweight/obese subgroup.
In conclusion, our results suggest that obesity risk variants of

PCSKI and BDNF genes may be related to Adv36 infection.
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nucleotide polymorphism « Adenovirus 36
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Introduction

The prevalence of obesity in children and
adolescents remains high despite numerous recent
attempts to improve strategies in prevention and
treatment (Ahluwalia et al. 2015, Ahrens er al. 2014).
Novel insights into the multifactorial pathogenesis of
obesity have, however, been made during the last decade.
The genome-wide association study (GWAS) approach
has identified a number of common variants related to
body mass index (BMI) and obesity. Several associations
have been replicated in various populations, including in
children and adolescents (den Hoed et al. 2010, Nead et
al. 2015). A total of 97 gene variants (56 novel) were
described by the latest GWAS in 2015 (Locke er al.
2015). Variations have been mostly found in or near
unknown genes whose function and impact on body
weight regulation still need to be elucidated (Locke et al.
2015). The role of human adenovirus 36 (Adv36) in the
pathogenesis of obesity was first documented in
experimental animal models (Dhurandhar et al. 2000).
Adv36 infection induces adipogenesis by promoting
proliferation and differentiation of preadipocytes and by
increasing lipid accumulation in adipocytes (Pasarica ef
al. 2008). An association of Adv36 with increased body
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weight in humans has clearly been confirmed over the
last decade (Aldhoon-Hainerova ef al. 2014, Atkinson et
al. 2005, Shang ef al. 2014). An important role of genetic
factors in susceptibility to various infectious diseases has
been demonstrated by family studies and multiple GWAS
(Chapman and Hill 2012). Additionally, an impaired
immunity in obesity (Tanaka er al. 1993) leads to
a greater susceptibility to different infections (Karlsson et
al. 2010). If the pathogenesis of obesity is partly
mediated by infectious agents we may speculate whether
there is a relationship between obesity susceptibility gene
loci and Adv36 infection.

The aim of our study was to investigate the
association of ten previously reported gene variants
associated with BMI and obesity with Adv36
seropositivity and their relation to gender and body
weight in Czech adolescents.

Methods

Subjects

A study population consisted of 1,027 Czech
adolescents aged 13.0-17.9 years (476 boys and 551 girls;
of them 540 were normal weight and 487
overweight/obese) who were selected from the original
Childhood Obesity Prevalence and Treatment project
(Aldhoon-Hainerova et al. 2014). Only those with
complete data on anthropometric parameters, genotypes
and Adv36 antibody assessment were included in the
present study. All participants and their parent(s) signed
an informed consent before the initiation of study
procedures. The study protocol was approved by the
Ethical Committee of the Institute of Endocrinology in
Prague and was in accordance with the Helsinki
declaration II.

Anthropometric assessment

Body height, body weight, BMI and its z-score
were assessed as described previously (Aldhoon-
Hainerova ef al. 2014). Overweight and obesity was
defined as BMI > 90" percentile according to the Czech
BMI references specified for sex and age (Kobzova ef al.
2004).

Genotyping

Ten single nucleotide polymorphisms (SNPs) —
rs7561317 (transmembrane protein 18 gene, TMEMIS),
rs7498665 (SH2B adaptor protein 1 gene, SH2BI),
rs29941 (potassium channel tetramerisation domain

containing 15 gene, KCTDI5), rs6232 and 156235
(proprotein convertase subtilisin‘/kexin type 1 gene,
PCSKI), 1s925946 and 1s4923461 (brain-derived
neurotrophic factor gene, BDNF), rs10913469 (SEC16
homolog B S. cerevisiae gene, SECI6B), rs17782313
(melanocortin 4 receptor gene, MC4R) and rs9939609
(fat mass and obesity associated gene, F70) were
studied. SNPs in both the PCSKI (rs6232, rs6235) and
the BDNF (1s925946, 1s4923461) were analyzed
separately due to their incomplete linkage (Dusatkova et
al. 2013). Genotyping was performed using the TagMan
SNP Genotyping Assays (Applied Biosystems, Waltham,
MA, USA) on a Biomark (Fluidigm, South San
Francisco, CA, USA) and LightCycler 480 (Roche,
Basel, Switzerland) and described in detail by Dusatkova
et al. (2013). In the present study all SNPs followed the
Hardy-Weinberg equilibrium (evaluated by chi-square
test, p=0.05).

Adv36 antibody assessment

The detection of Adv36 antibodies from serum
was done by a competitive enzyme-linked
immunosorbent assay developed by Obetech, LLC

(Richmond, VA, USA).

Statistical analyses

Characteristics of Adv36 negative and Adv36
positive groups were compared using chi-squared test for
descriptive variables and nonparametric Mann-Whitney
test for quantitative variables (expressed as medians with
lower and upper quartiles). Chi-squared tests and odds
ratios (ORs) were calculated to determine associations of
Adv36 seropositivity with genotypes and alleles,
respectively. Analyses with genotypes were performed in
the whole cohort as well as in subgroups stratified by
gender and body weight. When the number of minor
homozygotes was less than five, they were combined
with heterozygotes for such a genotype. Statistical
software NCSS 2004 (NCSS, LLC, Kaysville, UT, USA)
was used. P-value (two-tailed) <0.05 was considered
statistically significant.

Results

Of the total 1,027 adolescents, 26.4 % presented
with positive Adv36 antibodies. The basic characteristics
of the cohort based on Adv36 antibody status are shown
in Table 1. A significantly higher prevalence of Adv36
antibody positivity was found in girls as compared to
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boys (Table 1). Genotype distributions and risk allele
frequencies according to Adv36 status are presented in
Table 2. Obesity risk allele carriers of PCSK/ rs6232,
PCSK 136235 and BDNF rs4923461 had significantly
higher prevalence of Adv36 positivity than non-carriers
(Table 2). Also the other BDNF variant 1s925946 had
a borderline association with Adv36 infection (Table 2).
Furthermore, both minor alleles of PCSKI increased
chances of having positive Adv36 antibodies (Table 2).
Analyses taking into account gender revealed a higher
prevalence of Adv36 positivity in males carrying risk
PCSK1 1s6232 (x’=5.09, p=0.024) and in females
carrying risk allele BDNF 15925946 {x3=7.29, p=0.026).
When stratified by body weight, the relation of PCSK/
rs6235  with  Adv36 was confirmed in the
overweight/obese subgroup (x’=6.85, p=0.033).

Table 1. Characteristics of the study population according to the
presence of Adv36 antibodies.

Characteristics Adv36- Adv36+ p

All (n=1027)
Boys/girls

756 (13.6%) 271 (26.4%)
383373 93/178  <0.001°

Age (vears)  15.7 (14.5;16.8) 15.8 (14.7: 16.9) 0.4435"

BMIz-score 0.5 (-0.1:2.6)  1.5(0.1:2.8)  0.027°
Overweight 333 (44.1%) 154 (56.8%) <0.001°
Bops (n=476) 383 (80.5%) 93 (19.5%)

15.6 (14.4; 16.7) 15.9 (15.1: 16.9) 0.134°
0.5(0;2.6)  13(0.1;2.7) 0227

Age (vears)
BMI z-score

Overweight 171 (44.7%)  50(53.8%)  0.114°
Girls (n=551) 373 (67.7%) 178 (32.3%)

Age (vears) 159 (14.8; 16.9) 15.7(14.6;17) 0.560°
BMI z-score  0.5(-0.1:27)  1.6(0;2.8)  0.082°
Overweight 162 (43.4%) 104 (58.4%)  0.001"

Quantitative data are described as medians (lower; upper
quartiles). ® p-values were derived from chi-squared tests, ® from
Mann-Whitney tests. Adv36-, adenovirus 36 antibody negative;
Adv36+, adenovirus 36 antibody positive; BMI, body mass index.

Discussion

Our association study of 1,027 Czech adolescents
is the first to investigate the relationship between obesity
susceptibility loci and Adv36 antibody status. As all
identified GWAS loci are able to explain not more than
2.7 % of variation in BMI and their predictive value is low
(Locke et al. 2015), an elucidation of these mostly
unknown genes in pathophysiology of obesity could be

valuable. Of ten examined gene variants, variants of two
genes showed some relation to the presence of Adv36
antibodies. The obesity risk alleles rs6232 and rs6235 of
PCSK1 and rs4923461 of BDNF were associated with
ahigher prevalence of Adv36 seropositivity in both
genders regardless of body weight. The same tendency was
observed for rs925946 of BDNF but only in girls. PCSK/
encodes a protease from the subtilisin-like proprotein
convertase family that process polypeptide hormones and
neuropeptide precursors (Jansen et al. 1995). The rs6232
variant encodes a substitution N221D that reduces catalytic
activity of the protease and leads to obesity, while the
136235 (S690T) had no effect on catalytic activity
(Benzinou et al. 2008). BDNF, a member of the nerve
growth factor family essential for survival of striatal
neurons in the brain, is involved in hypothalamic
regulation of energy balance through the leptin-
melanocortin signaling pathway (Nicholson et al. 2007).
Both, rs4923461 and rs925946 are intergenic variants
localized within the BDNF antisense non-coding transcript.
It was shown that inhibition of this transcript upregulates
BDNF mRNA (Modarresi ef al. 2012), thus we could
speculate that examined BDNF' variants influence BDNF
expression and consequently energy homeostasis. The
minor allele of PCSKI rs6235 was significantly more
prevalent in Adv36 positive overweight/obese subgroup,
but not in normal weight counterparts. In obese subjects,
particularly in those extremely obese, a more severe course
of infectious diseases has been shown (Almond er al. 2013,
Garcia ef al. 2015). An association between obesity risk
alleles and Adv36 seropositivity may partly be due to
a greater susceptibility of obese individuals to infection. In
addition, the combined effect of Adv36 infection with
obesity risk genotype in the development of obesity should
also be considered. An expression of PCSK! and BDNF is
mainly situated to hypothalamic regions and mutations in
these genes cause rare monogenic forms of early onset
obesity (Hinney er al. 2014). The adipogenic effect of
Adv36 studied in rats was also confirmed in the central
nervous system (Pasarica et al. 2006). Moreover, Adv36
reduces leptin production (Vangipuram et al. 2007). Until
now we may only speculate if these gene variants influence
the susceptibility to Adv36 infection and consequently
body weight. Nevertheless, we would point out the
important role of genetic susceptibility as well as the role
of Adv36 infection in body weight regulation. The major
limitation of our study is the size of our cohort, which may
not be sufficiently powered to detect low effects of
common gene variants.
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Table 2. Associations of ten gene variants with the presence of Adv36 antibodies.
2
Variant Genotypes (n) RAF (%) x OR (91 %»Ch
TMEMI18 rs7561317 AA AG GG G
Adv36- 15 202 541 84.9 3.7 0.79 (0.61; 1.03)
Adv3ie+ 7 85 179 81.7 0.205 0.095
SH2BI rs7498665 AA AG GG G
Adv3o- 254 375 127 41.6 3.74 1.11 (0.91; 1.35)
Adv3o6+ 91 121 59 44.1 0.154 0.338
KCTDI5 rs29941 AA AG GG G
Adv36- 72 339 345 68.1 1.17 0.94 (0.76; 1.15)
Adv3e+ 32 117 122 66.6 0.557 0.571
PCSKI rs6232 CC CT TT C
Adv36- 2 65 689 4.6 6.59° 1.67 (1.11; 2.49)
Adv3e+ 1 38 232 7.4 0.010 0.016
PCSK1 rs6235 cC CG GG G
Adv3e- 427 291 38 243 7.56 1.34 (1.08; 1.67)
Adv3ie+ 131 117 23 30.1 0.023 0.010
BDNF rs925946 GG GT TT T
Adv3o- 387 315 54 28.0 5.79 1.16 (0.93; 1.43)
Adv3e+ 135 104 32 31.0 0.055 0.202
BDNF rs4923461 AA AG GG A
Adv3e- 484 225 47 78.9 6.84 1.17(0.91; 1.50)
Adv3e+ 176 89 6 81.4 0.033 0.247
SECI6B rs10913469 CcC CT TT C
Adv36- 24 233 499 18.6 0.21 1.05 (0.82; 1.35)
Adv36+ 10 85 176 19.4 0.899 0.735
MC4R rs17782313 cC CcT TT C
Adv3e- 63 295 398 278 0.74 0.99 (0.80; 1.23)
Adv36+ 19 112 140 27.7 0.690 0.985
FTO rs9939609 AA AT TT A
Adv3e- 162 385 209 46.9 2.20 1.16 (0.95; 1.41)
Adv3e+ 68 138 65 50.6 0.333 0.157

Chi-squared tests (x*) were performed among genotypes, odds ratios (OR) between alleles. * Minor homozygotes and heterozygotes
were combined. Adv36-, adenovirus 36 antibody negative; Adv36+, adenovirus 36 antibody positive; CI, confidence interval; RAF, risk

allele frequency.

In conclusion, our results suggest that obesity
susceptibility loci of PCSKI and BDNF genes may be
related to the status of Adv36 antibodies and consequently
to body weight. However, to validate our findings, further
investigations in larger cohorts are required.
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4.7 Gen pro FTO a jeho role v genetické determinaci obezity — editorial

Autori: DuSatkovad L., Hainer V.

Vnitini Lékarstvi 2012; 58(3):177-178. IF = 0

Clanek je editorialem publikaci autorti D. Dlouhé a J. A. Hubagka ,,Gen pro FTO a jeho role v
genetické determinaci obezity* (Vnitt Lék 2012; 58(3):208—215). Dopliuje dalsi zajimavé
informace z oblasti vyzkumu genu F70, naptiklad popsany vztah polymorfismi genu F70 se
strukturalnimi a objemovymi zménami mozkové tkan¢ a vySSim rizikem Alzheimerovy

choroby.

U této prace jsem se podilela na interpretaci dat a sepsani manuskriptu.
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Editorial

Gen pro F70a jeho role v genetické determinaci

obezity — editorial

L. Dusatkova, V. Hainer

Endokrinologicky vistav Praha, feditelka RNDr. Béla Bendlovd, CSc.

Dlouhad D et al. Gen pro F70a jeho role v genetické determinaci obezity.
VnitF Lék 2012; 58(3): 208-215.

V tomto disle ¢asopisu Vnitni [ékaf-
stvi vychdzi ¢ldnek Mgr. Dany Dlouhé
aIng. Jaroslava Hubacka, CSc., o genu
FTO a jeho roli v genetické determinaci
obezity. Jedna se o velmi aktudlni téma
nejen v oblasti obezitologie, ale cel-
kové ve vyzkumu polygenné dédi¢nych
chorob. Clanek shrnuje dosavadni po-
znatky o genu FTO, zejména je pak za-
méfen na vztah polymorfizm( tohoto
genu k rznym fenotypowm charakte-
ristikim a komplikacim obezity.

Gen FTO (fat mass and obesity as-
sociated) byl jako kandidatni gen pro
obezitu poprvé oznacen v roce 2007 na
zdkladé celogenomové asociaéni stu-
die (Genome-Wide Association Study -
GWAS) [1]. Asociace polymorfizmii
v 1. intronu tohoto genu s fenotypem
nadvahy a obezity byla ndsledné potvr-
zena mnoha asociaénimi studiemi, a to
na dospélé i détské populaci [2]. Do
dne3niho dne byla provedena celd fada
studii, které se zaméfovaly na sledovéni
vztahu rizikovych alel genu FTO k velmi
sirokému rozpéti parametr. Kromé
vztahl uvedenych v ¢ldnku Dlouhé
a Hubacka byly publikovany dalsi zaji-
mavé poznatky a ndhledy na pasobeni
genu FTO, na néz je vhodné upozornit.

Pozoruhodny pohled pfindsi prace za-
cilend na nalezeni souvislosti mezi po-
lymorfizmy genu FTO a objemem moz-
kové tkané [3]. Autofi reagovali na
znamy a hojné popisovany vztah jed-

Vnitf Lék 2012; 58(3): 177-178

nak mezi genem FTO a BMI (Body
Mass Index) [1,4], ale rovnéz mezi BMI
a regionalnimi strukturalnimi zménami
mozkové tkané [5,6]. U 206 zdravych se-
nior(l byla provedena genotypizace a vy-
Setfeni magnetickou rezonanci. Studie
opravdu prokézala redukci objemu moz-
kové tkané (8% redukce u celniho laloku,
12% u okcipitdlniho laloku) u nosica ri-
zikovych alel FTO oproti nenosi¢am.
Rovné? prokazala nezavisly vliv BMI na
objem mozkové tkané. Zavéry studie
tedy mohou prispét k lepsimu pocho-
peni vlivu genetickych faktori na vyvoj
a funkci centrdlni nervové soustavy, coz
je wwznamné s ohledem na stoupajici
prevalenci neurodegenerativnich one-
mocnénf, napf. Alzheimerovy choroby.
Vliv wizivy, zejména malnutrice, a pohy-
bové aktivity na rozvoj kognitivnich po-
ruch u senioril byl iroce zkouman [7].
Asociaci obezity k Alzheimerové chorobé
prokdzala studie jedinci ve véku nad
65 let. Byl zjidtén vztah centralni obezity
ke zvysenému riziku rozvoje Alzheime-
rovy choroby v tomto véku [8]. Objas-
nit vliv genu FTO pfimo k Alzheimerové
chorobé a riziku demence se pokusil Kel-
ler et al [9]. Bylo sledovdno 1 000 je-
dincli po dobu 9 let a vysledky poukdzaly
na fake, Ze nositelé rizikového genotypu
AA pro polymorfizmus rs9939609 genu
FTO maji ve srovndni s homozygoty TT
vy33[ riziko Alzheimerovy choroby a ze
toto riziko jedté zvylovala pfitomnost

APOE. Dalsi studie prokdzala vztah mezi
genem FTO a béznymi dugevnimi poru-
chami [10]. Nicméné tuto spojitost se
podafilo prokédzat pouze u muzské po-
pulace. Neddvnd studie u starych muzi
prokazala, Ze nositelé rizikové alely genu
FTO, pokud byly obézni nebo méli nad-
vahu, vykazovali nizsi schopnost plynulé
verbalni komunikace. Tento vliv nebyl
prokdzan s ohledem na vieobecnou ko-
gnitivni schopnost, coZ ukazuje na to, Ze
gen FTO pusobi na kognitivni procesy
u starsich muzi primarné v oblasti fron-
tdlniho laloku [11].

Naprosto ojedinéld je rovnéz studie,
kterd se zamé¥ila na vztah polymor-
fizml genu FTO a katarakey [12]. P#-
¢iny katarakty nejsou dosud plné ob-
jasnény. Je zvazovan také vliv obezity,
nicméné vysledky studif jsou dosud
rozporuplné. Autofi predkladaji vy-
sledky populaéni studie asijskych do-
spélych muzi. Obezita byla asociovana
se zvySenym rizikem rozvoje kortikalni
a zadni subkapsuldrni katarakty, nic-
meéné nosicstvi rizikové alely genu FTO
bylo asociovano s rozvojem katarakty
nukledrni. Studie tedy pfekvapivé po-
ukdzala na mozné zapojeni genu FTO
v patogenezi nukledrni katarakty, krerd
nebyla asociovéna s obezitou.

V préci Dlouhé a Hubdcka je disku-
tovan vztah genu FTO k diabetu 2. typu
a kardiometabolickym onemocnénim.
Za doplnéni jisté stoji také informace
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o vztahu genu FTO k dyslipidemii a k hy-
pertenzi. Studie Doney et al prokazala
asociaci rizikové alely genu FTO s diabe-
tem 2. typu a infarktem myokardu a také
s aterogennim lipidovwym profilem -
nizsi plazmatickou hladinou HDL-cho-
lesterolu, zvysenymi triglyceridy a zvyse-
nym aterogennim indexem [13]. V nasi
studii provadéné jak u reprezentativniho
vzorku ceskych adolescentd, tak u ado-
lescentdi s nadvahou a obezitou jsme
zjistili souvislost rizikové alely genu FTO
s obezitou a s mnozstvim trunkdlniho
tuku. Souvislost s w3ii koncentraci tri-
glyceridi a s nizsi hladinou HDL-cho-
lesterolu byla nalezena pouze u divek
s nadvahou a obezitou. Nicméné aso-
ciaci rizikového genotypu s metabolic-
kym syndromem se ndm v této vékové
kategorii nepodafilo prokdzat [14]. Ka-
nadska studie provedend u adolescent
poukdzala u nosicl rizikového genotypu
FTO nejen na zvysené mnozstvi celko-
vého tuku, ale i na vyznamné zmnozeni
intraabdomindlniho tuku a vy33i systo-
licky krevni tlak. Maximalni rozdily ve
vysi krevniho tlaku byly zaznamendany
v odpovéd na mentdln( stres a pFitom-
nost rizikové alely byla spojena s vy35im
indexem vazomotorického sympatic-
kého tonu [15]. Tonus sympatiku je vy-
znamné regulovan v paraventrikularnim
a dorzolateralnim jadfe hypotalamu,
co? jsou téZ oblasti, ve kterych je proka-
zovdna vysokd exprese genu FTO [16].
Nicméné je predmétem diskuzi, jak da-
lece je vliv genu FTO na rozvoj diabetu
2. typu a hypertenze nezavisly na BMI,
resp. na zmnozZeni intraabdominalniho
tuku. Vliv genu FTO na krevni tlak a dia-
betes 2. typu se podle nékterych stu-
dif po adjustaci na BMI oslabuje, nebo
zcela mizi [15,17]. Je tfeba zminit také
mozné interakce polymorfizmi genu
FTO s daldimi geny, asociovanymi s obe-
zitou, napf. s genem MC4R (melano-
cortin 4 receptor). Kombinovany vliv ri-
zikovych variant gen FTO a MC4R byl
zkouman v evropské populaci zahrnu-
jici téméf 8 000 dospélych a dospiva-
jicich jedinct. Nositelé rizikovych alel
obou geni méli jiZ v dérstvi 3krat vy3sf
nachylnost k rozvoji obezity nez jedinci,
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kteFi nositeli téchto alel nebyli. V dospé-
losti byl tento kombinovany vliv méné
vyrazny, zvysoval riziko obezity 1,8krit
[18]. 1 kdyZ je tcinek genti FTO a MC4R
na obezitu a diabetes 2. typu aditivni,
s ohledern na krevni tlak mohou nékteré
varianty genu MC4R pusobit opaéné
nez varianty genu FTQO. Porucha funkce
genu MC4R je spojena s nizsim krevnim
tlakem, s nizsi prevalenci hypertenze a je
dasledkem snizené akrivity sympatic-
kého nervového systému [19].

Gen FTO pat#i bezesporu ke genim,
které se vyznamné podileji na patogenezi
obezity a pfidruzenych onemocnénich.
Studium vlivu tohoto genu ve velkych po-
pulaénich skupinach pfinasi jisté cenné
poznatky. Nicméné je treba vzit v dvahu,
Ze sledovani asociaci tohoto genu s an-
tropometrickymi a klinickymi parame-
try mize byt mnohdy zavadéjici, pokud
nebere v Givahu vliv etnika, pohlavi, véku,
fyzické aktivity a dietnich zvyklosti zkou-
mané populace [18,20-22].
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4.8 Genetické pozadi béznych forem obezity — od studii identickych dvojcat po

studium kandidatnich genii obezity

Autori: Bendlova B., Lukasova P., Vankova M., Vejrazkova D., Bradnova O., Vcelak J.,

Stanicka S., Zamrazilova H., Aldhoon-Hainerova 1., Dusdatkova L., KuneSova M., Hainer V.

Casopis Lékarii Ceskych 2014, 153(4):193—199. IF = 0

ReserSe shrnuje dosavadni poznatky o vyzkumu genetického pozadi béznych forem obezity
od studii identickych dvojcat po studium kandidatnich gent obezity a GWAS. Kromé
béznych variant genii se zabyvd rovnéz vzacnymi variantami, polymorfismy typu copy
number variants nebo epigenetickymi modifikacemi a mikroRNA, které ovliviuji transkripci
genl. Vyznamnou soucasti publikace je také piehled vysledkil u Ceské dospélé 1 détské

populace, véetn¢ hodnoceni genetického vlivu na spésnost hmotnostni redukce.

U této prace jsem se podilela na interpretaci dat a revizi manuskriptu.
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Genetické pozadi béznych
forem obezity — od studii
identickych dvojcat po studium
kandidatnich genu obezity*

Béla Bendlovd, Petra Lukasova, Markéta Vaiikova, Daniela Vejrazkova, Olga Bradnovad, Josef Véeldk,

Sona Stanicka, Hana Zamrazilova, Irena Aldhoon-Hainerova, Lenka Dusatkova, Marie Kunesova, Vojtéch Hainer

Endokrinologicky ustav, Praha

SOUHRN

QObezita je vysledkem interakci
mezi geny a vnéjsimi faktory.
Mira heritability béZné obezity
Je 40-70 %. Nejen nachylnost
k obezité, ale napf. i Uspésnost
hmotnostnich redukénich re-
Zimi je do znaéné miry dana
genetickou vybavou kazdé-
ho ¢lovéka. Clanek podava
pfehled sougasnych znalostf
o genetickém pozadi b&znych
forem cbezity. Velkym pfino-
sem pro poznani genetické
determinace obezity jsou ce-
logenomové asociaéni studie
(GWAS), které identifikovaly
asociaci 32 variant genll s bo-
dy mass indexem (BMI) a 14
variant s distribuci télesného
tuku. GWAS tak diky obhjevu
novych rizikovych genl obe-
zity prispivaji i k postupnému
objasfovani slozitych regu-
laci energetické rovnovahy.
Presto viak nalezené varianty
zdaleka nevysvétluji herita-
bilitu obezity, kdy se zfejmé
uplatiuji i daldi mechanismy
- vzajemné interakce gen(,

interakce gend s prostiedim,
vzacné varianty ¢i polymorfis-
my typu copy number variants
nebo epigenetické modifikace
a mikroRNA, ovliviujici tran-
skripci gend. Prehledné zde
prezentujeme take nase prace
tykajici se studia genetického
pozadi obezity u déti a dospé-
lych vEetné nékolika studii, kdy
jsme hodnotili vliv vybranych
rizikovych variant na Uspés-
nost hmotnostniho redukéntho
rezimu. .

KLICOVA SLOVA

obezita - studie dvojcat -
celogenomové - asociaéni
studie - kandidatni geny

- jednonukleotidové
polymorfismy (SNPs) - BMI,
antropometrické parametry
- hmotnostni redukéni
reZim, korelace genotyp-
fenotyp

SUMMARY

Bendlovd B, Lukd3ova P,
Vafkova M, Vejrazkova D,
Bradnova O, VEeldk J, Stanicka
S, Zamrazilova H, Aldhoon-
Hainerovd |, Dusatkova L,
KuneSova M, Hainer V. Genetic
background in common forms
of obesity - from studies on
identical twins to candidate
genes of obesity

Common obesity is a result of
interaction between genes and
environmental/lifestyle fac-
tors, with heritability estimates
40-70%. Not only the suscep-
tibility to obesity but also the
success of weight manage-
ment depends on the genetic
background of each individual.
This paper summarizes the up-
-to-date knowledge on genetic
causes of common obesities.
Introduction of genome-wide
association studies (GWAS)
led to an identification of a to-
tal of 32 variants associated
with obesity/BMI and 14 with
body fat distribution. Further,
a great progress in revealing

Cas. Lék. ces. 2014; 153 xx-xx

the mechanisms regulating the
energy balance was also no-
ted. However, the proportion
of explained variance for BMI
is still low, suggesting the other
mechanisms such as gene-gene
and gene-environment interac-
tions, rare gene variants, copy
number variants polymorphi-
sms, or epigenetic modifications
and microRNAs regulating gene
transcription. In summary, we
present results of our studies
on obesity risk variants in Czech
adults, children and adolescents
including those evaluating the
influence of selected gene vari-
ants on the outcomes of weight
management.

KEYWORDS

obesity - genome-wide
association studies -
candidate gene - single-
nucleotide polymorphisms
(SNPs) - BMI,
anthropometric parameters
- weight management

- genotype-phenotype
correlations

* Clanek je vénovany k 70. narezeninam doc. MUDr. Vojtécha Hainera, CSc.
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uvobp

Obezita a zdravotni komplikace, které jsou spojeny s nad-
mérnym ukladinim tuku, pfedstavuji celosvétové zavazny
zdravotni a socioekonomicky problém. V soucasné dobé
Zije na Zemi téméf 700 miliond obéznich dospélych. Pokud
soucasny trend bude pokracovat, v roce 2030 budou na svété
1,12 miliardy lidi s obezitou (20 % svétové dospélé populace)
a 2,16 miliardy lidi s nadvahou (38 %) (1, 2). Alarmujicijeito,
zerychle pribyva i déti a mladistvych s nadvahou a obezitou,
u nichZ vétsinou obezita pfetrviva do dospélosti (3). Pfitom
uz i détska obezita je spojena s mnoha kardiovaskularnimi
rizikovymi faktory, jako je hypertenze, dyslipidémie, meta-
bolicky syndrom a diabetes mellitus 2. typu (4).

Ve vétdiné studii je obezita definovina na zakladé hod-
noty BMI > 30 kg/m?, nicméné BMI nepoddva informaci
o distribuci tuku v téle (5). Se zdravotnimi riziky a celkovou
mortalitou asociuje spife abdomindlni (centralni) obezita
urcovana v klinické praxi a v epidemiologickych studiich
nejéastéji podle obvodu pasu (6, 7).

Obezita je komplexni metabolické onemocnéni, které
vznikd v diisledku pozitivni energetické bilance, kdy energe-
ticky piijem pfevlada nad energetickym vydejem. Pficinou
pandemie obezity je markantnizména zplisobu Zivota spoje-
na zejména se zménou jidelnich zvyklosti (konzumace vysoce
energeticky bohatych jidel) a s poklesermn pohybové aktivity
(1, 8). Ndchylnost k obezité je ovlivnéna genetickym poza-
dim kaZdého jedince. Odhaduje se, Ze heritabilita obezity
se pohybuje mezi 40-70 % (9, 10). Obezita je tedy vysledkem
interakci mezi geny a vnéj§imi faktory, do zna¢né miry da-
nymi Zivotnim stylem (11), Pfedpoklada se, Ze identifikace
genetickych determinant obezity pomiiZe najit nejen nové
patogenetické cesty a cile pro farmakoterapii, ale umozni
i lepsi predikci onemocnéni a preventivni strategie. 1 kdyz
piesné prifiny obezity nejsou zcela znamy, diilezitymi etiolo-
gickymi faktory jsou regulace pfijmu potravy, metabolismu,
¢i adipogeneze, které jsou silné geneticky determinovany.
Bézna obezita je velmi heterogenni, multifaktorialni one-
mocnéni s komplexnim typem dédi¢nosti, kdy pfispévky
jednotlivych rizikovych genii k fenotypové variabilité jsou
velmi malé, a proto hledani genetickych determinant neni
jednoduché.

Kidentifikaci rizikovych genetickych variant se nejprve
vyuZivalo metody studia kandiddtnich gent a vazebnych
studii, Vysledkem bylo nalezeni fady genil asociovanych
s obezitou, nicméné Zadny z nich nebyl vieobecné va-
lidovan. To bylo zpiisobeno riiznymi metodologickymi
omezenimi téchto studii, jako je mala statisticka sila, ne-
dostatek biologickych a genomickych znalosti aj. Jedinym
genem, jenz byl objeven diky kombinaci obou metod a kte-
ry pfestal pozdéjsi pfisnou validaci, je gen PCSK1 (12).
Pritllomem ve studiu genetického pozadi obezity bylo za-
vedeni celogenomovych asociaénich studii (GWAS), které
byly umoznény diky vétsi znalosti variability lidského
genomu (International HapMap Consortium) a technolo-
gickému pokroku (zavedeni ¢ipovych technologii - DNA
arrays). Tato metoda nevyzaduje hypotézu, je zalozena
pouze na asociaci polymorfismu se sledovanym fenoty-
povym znakem. Statisticky se hodnoti rozdil ve frekven-
ci téchto polymorfisml mezi kohortou pacienti a kont-
rolnich jedincli. V jedné analyze je moZné genotypovat
500 000-1 600 000 jednonukleotidovych polymorfismi
(SNPs), kreré pokryvaji témeéf cely genom. Aby bylo dosa-
Zeno dostateéné statistické sily, soubory museji byt velmi
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rozsahlé, ¢itajici mnoho tisic lidi, a vysledky museji byt
validovany jak nezavislymi studiemi, zahrnujicimi rizné
etnické skupiny, tak i meta-analyzami. Era GWAS obezity
zacala v roce 2006 a probéhla ve ¢tyfech vinach (2007-2010),
kdy byly postupné objevovany geny asociujici nejen s BMI,
ale také s morbidni obezitou, obvodem pasu, pomérem
pas/boky (WHR) a dalSimi fenotypovymi znaky obezity
(13). Diky tomuto pfistupu bylo nalezeno 43 genomickych
lokusi asociujicich s obezitou a 18 lokust predisponujicich
k visceralni akumulaci tuku, z nichZ bylo celogenomové
signifikantnich 32 variant ovliviiujicich BMI a 14 variant
ovliviiujicich obved pasuw/WHR. Nejvyznamnéjsi je asociace
BMI s variantami FTO, potvrzena v mnoha replika¢nich
studiich. Relativné silné asociace s obezitou téZ potvrzené
v nezavislych studiich véetné asijské populace jsou s geny
MC4R, TMEMI8, NECRI1, SH2B1, MTCH2, CNPDA2, FAIM2 a BDNF.
Biologickad funkce nalezenych variant je pfedmétem in-
tenzivniho vyzkumu. VétSina z téchto variant totiz lezi
v nekédujicich oblastech genomu (mezigenové oblasti &i
intronické varianty genil). Nékteré z nalezenych vari-
ant mohou byt kauzalni (napf. dosud neznidmeé regulacni
funkce apod.), jiné mohou leZet ve vazebné nerovnovaze
se skutecnou kauzalni variantou, kterd viak pomoci GWAS
nebyla detekovana. Pfedpokladd se, Ze tyto varianty spise
ovliviiuji genovou transkripci nez funkci pri¢inného genu,
pro coz svédéi i fada expresnich studii. V&tiina geni aso-
ciovanych s BMI je totiZ silné exprimovana v centralnim
nervovém systému, zatimco mnoho z genil asociujicich
s distribuci tuku je exprimovano spise v perifernich tkanich
(14). Nékteré z nalezenych predisponujicich genfi maji
znamou funkci, kterd piimo ovliviiuje obezitu. Napiiklad
MC4R je diilezity v regulaci piijmu potravy, BDNF hraje roli
pri poruchach prijmu potravy a v tzv. odmeénovacim systé-
mu, SH2B1 hraje roli v leptinové a inzulinové signalizaci,
NRXN3 se také ucastni odménovaciho systému, TMEMI8 je
zfejmé zodpovédny za neuronalni vyvoj, podobné i NEGRI.
Nékteré z nalezenych genil jsou specificky exprimoviny
v oblastech hypothalamu, kde jsou centra regulace piijmu
potravy. Patfi sem FTO, MTCH2, FAIM2, GNPDA2, KCTDI5, ETVS
a NPC1, nicméné jejich pfesnd biologickd funkce zatim
nenijasna. Ceny, které ovliviiuji distribuci tuku, zejména
TFAPB2 a LYPLALI, jsou vysoce exprimovany pfimo v tukové
tkani a jsou odpovédné za akumulaci tuki a aktivitu lipaz
(13). I kdyz bylo diky celogenomovym studiim objeveno
mnoho novych lokust asociovanych s obezitou a distribuci
tuku, zdaleka nevysvétluji vysokou heritabilitu obezity.
Napi. rizikova alela FTO (1s9939609) zpiisobuje zvyeni BMI
pouze o 0,36 kg/m?, coz predstavuje zvySeni rizika obezity
oproti nenositelim této alely o 31 % (odds ratio 1,31; 95%
CI(1,23-1,39). Konsorcium GIANT odhaduje, Ze potvrzené
varianty asociované s obezitou vysvétluji pouze 1,45 % in-
ter-individudlni variability BMI. ,,Chybéjici* heritabilitu
mohou vysvétlit zejména pfimé vzajemné interakce gend,
interakce geni s prostfedim, tedy s faktory Zivotniho stylu
(15), napf. pfimé nutriéni interakce s genovymi varianta-
mi, €i vliv fyzické aktivity na funkci a expresi nékterych
gent aj. (16). Roli mohou hrat i jiné typy variability geno-
mu, studovany jsou zejména vzdcné varianty (frekvence
alely < 5 %, resp. 1 %), ¢i polymorfismy typu copy number
variants (CNVs), tedy variabilita v opakovani delsich sek-
venci genomu, Velkou roli budou hrat i epigenetické mo-
difikace (metylace DNA, modifikace histonf) ¢i mikroRNA
ovliviiujici transkripci genil.
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NASE ZKI.I_SENOSTI - OD STUDII
IDENTICKYCH DVOJCAT PO STUDIUM
GENETICKE VARIABILITY OBEZITY
Studie monozygotnich obéznich dvojéat

JiZz v devadesatych letech 20. stoleti doc. V. Hainer spolu
s doc. M, Kune$ovou a dalsimi kolegy a ve spolupraci s ne-
storem svétové obezitologie prof. Albertem Stunkardem
z Pennsylvdnské univerzity vyuZili vzicného souboru obéz-
nich Zen - 14 parti identickych monozygotnich dvojéat, aby
u nich studovali miru heritability obezity a metabolickych
déji s ni spojenych. Sledovali nejen BMI, télesné sloze-
ni, distribuci tuku a daldi antropometrické parametry, ale
i hormonalni a metabolické ukazatele, jako napf. hladiny
kortizolu (17) &i lipolyzu (18), sloZeni mastnych kyselin v sé-
Tu a v tukové tkani (19), klidovy metabolicky obrat a la¢ny
respiraéni kvocient méfeny pomoci nepiimé kalorimetrie,
a to pfed a po dietetické intervenci (po tydenni stabilizaci
pacientek na 1zku byla po dobu 1 mésice podavana za hos-
pitalizace a standardizace pohybového reZimu velmi pfisna
nizkoenergeticka dieta (VLCD - very low calorie diet; poté
nasledoval roéni redukéni rezim). Byly hledany i prediktory
uspésnosti redukéniho rezimu (20). Vystupem bylo zjisténi,
Ze je daleko vyznamnéjsi (aZ 17krat) podobnost v redukci
tukové hmoty uvnitf parit nez podobnost mezi pary. Bylo
potvrzeno silné genetické ovlivnéni nejen BMI a télesného
sloZeni (21, 22}, ale i hladin kortizolu a androgenti (23), a to
jak pfed, tak po redukénim reZimu. Identicka dvojcata méla
podobné i sloZzeni sérovych mastnych kyselin, zejména ve
fosfatidylcholinové frakci. Napf. i po roénim redukénim
rezimu byla uvnitf parii prokazana signifikantni podobnost
ve sloZeni neesencialnich i esencidlnich, zejména n-3 polyne-
nasycenych mastnych kyselin v tukové tkani, a to nezavisle
na dieté, coz svédci o jejich silné genetické determinaci (24).
Studie monozygotnich dvojcat, ktera Ziji oddélené, jsou
nejvérohodnéjsim modelem pro odhad heritability obezity
a pro studium geneticky determinovanych procesii, proto
tyto pionyrské publikace jsou stdle velmi cenné.

Studium genetického pozadi bézné obezity u dospélych

0d devadesatych let také participujeme na vyzkumu ri-
zikovych gent a jejich variant, které predisponuji k béznym
formam obezity. Nejprve jsme vychdzeliz kandidatnich genit
obezity, které byly predikovany na zakladé jejich pfedpokla-
dané biologické funkce, pozdéji z vysledkii celogenomovych
asociatnich studii, které jsme chtéli ovéfit na Ceské populaci
a studovat vliv téchto rizikovych variant na podrobné cha-
rakterizovany fenotyp.

Vnasich studiich vét§inou vyuZivime dlouhodobé kom-
pletované soubory dobrovolniki - pacient a zdravych kont-
rol. Databize dospélych jedinci jiZ &ita téméf 2000 podrobné
charakterizovanych jedincii. Vsichni jsou vySetfovani podle
jednotného zakladniho protokolu. Je u nich zjidtovana fada
anamnestickych a demografickych udajt, antropometric-
kych, hormonalnich a klinicko-biochemickych paramet-
i1, u nediabetickych jedinch je providén ordlni glukézovy
toleranéni test (OGTT). Antropometrické vysetfeni provadi
antropolog. Vysetfeni je zaméfeno na zdkladni antropo-
metrické rozméry - télesnou hmotnost a vy$ku, obvodové
rozméry (pas, boky, bficho, obvod paze), kozZni fasy (suprail-
iakalni, biicho, triceps, subskapuldrni, biceps) a télesné
sloZeni. Pomoci bioimpedance bylo méfené celkové procento
télesného tuku, procento tuku na trupu (Tanita) a stupeil
zmnoZeni viscerdlniho tuku (ViScan).

PREHLEDOVY CLANEK

Vzorky DNA jsou podrobovany molekulirné genetické
analyze. Genotypizaci jsme nejdfive provadéli pomoci re-
strikéni analyzy ¢i pomoci metody polymorfismu konformace
jednovlaknové DNA (SSCP) nebo sekvenaéné, v posledni dobé
prakticky vyluéné pomoci TagMan genotyping assays, a to
bud na nasem pfistroji Real-time PCR (LC-480, Roche), nebo
extenzivné na piistroji Biomark (Fluidigm) ve spolupraci
s Biotechnologickym tstavem AV CR.

Vysledky nasi prvni pilotni studie kandidatnich gent
abezity byly publikovany jiZ v roce 1997. Studovali jsme
vliv mutace Trp64Arg B3-adrenergniho receptoru (ADRB3)
na télesné sloZeni a distribuci tuku, ale i na inzulinovou
rezistenci, energeticky metabolismus a lipidové spektrum.
Tehdy jsme vyuZili unikatniho souboru mladych hypertoni-
ki1 a kontrol, kdy frekvence mutace byla v souboru pacientii
dvakrat vy$si ne v kontrolnim souboru. Proto jsme se roz-
hodli pro naslednou studii, kdy podsoubor mladych muzi
s riznymi genotypy byl podroben velmi detailni klinické
charakterizaci véetné provedeni euglykemického hyperin-
zulinemického clampu, stanoveni mnozstvi a distribuce
tuku (hodnoceno antropometricky a pomoci CT) a energe-
tického metabolismu (hodnoceno nepfimou kalorimetrii).
Nepotvrdili jsme vSak vliv této mutace ani na energeticky
metabolismus ani na inzulinovou rezistenci a lipidové spek-
trum (25, 26).

Dal$im intenzivné studovanym genem byl PPARG2 (pe-
roxisome proliferator-activated receptor y2), pfedeviim jeho
znamy polymorfismus Prol2Ala (rs1801282). PPARy2 je tran-
skripénim faktorem, ktery hraje diileZitou roli v diferenciaci
adipocytli a v lipidovém metabolismu. Jeho pfirozenymi
ligandy jsou volné mastné kyseliny (VMK), ale je také cilem
znamych inzulinovych senzitizator thiazolidindion(. Bylo
popsano, Ze nositelé alely 12Ala maji vyssi inzulinovou sen-
zitivitu, ale i tendenci pfibyvat na vize. V nasem souboru
byla frekvence alaninové alely vy3$si nejen u obéznich, ale
iu diabetikil 2. typu a jeji nositelé méli signifikantné nizsi
hladiny la¢ného inzulinu (27). Zjistili jsme, Ze tento genotyp
vyznamneé interaguje s hladinami a se sloZenim VMK v krvi.
Genotyp v interakci s hladinami VMK vyznamné ovlivnil
bazdlni glykémii, inzulinovou senzitivitu a sekreci inzuli-
nu, hladiny triacylglyceroli, HDL-cholesterolu a leptinu,
a to predeviim u Zen, JiZ dfive popisovany protektivni vliv
alely Ala na metabolismus byl pozorovan jen pii nizkych
hladinach VMK. Nejnizsi inzulinova senzitivita byla dokonce
zjisténa u skupiny nositell , protektivni alely 12Ala*, ktefi
vsak méli vysoké hladiny sérovych nasycenych mastnych
kyselin (28). Tato interakce by mohla vysvétlit riizné, ¢asto
protichidné, u&nky polymorfismu Prol2Ala, popisované ve
vztahu k BMI, inzulinové senzitivité nebo k diabetu 2. typu.

Vysetfili jsme i mutaci Leul62Vval (rs1800206) PPARA
(peroxisome proliferator-activated receptor alpha), ktery
také piisobi jako transkripéni regulator genti zapojenych
do lipidového metabolismu, a to jak u pacientt s nadvahou
a obezitou, tak u normostenickych osob. Asociace tohoto
polymorfismu s parametry lipidového metabolismu, téles-
ného slozeni nebo psychobehavioralnimi charakteristikami
viak potvrzeny nebyly.

Dal$imi kandidatnimi geny obezity jsou mitochondridlni
odpfahujici proteiny (UCP - uncoupling protein), které od-
piahuji aerobni fosforylaci od produkce adenosintrifosfatu
(ATP), a energie oxidovanych substrati se uvoliiuje v podobé
tepla. UCP tak kontroluji vyde]j energie. Byl studovan promo-
torovy polymorfismus A-3826G UCP1 (1s1800592), ktery sni-
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Zuje transkripci genu, a vede tak ke snizené hladiné tohoto
proteinu, zejména v hnédé tukové tkani. Ve skupiné potom-
ki diabetikil s genotypem AG jsme pozorovali signifikantné
vyssi BMI a trend k vy$simu WHR, obvodu pasu, vys§imu
procentu pedkoZniho tuku ve srovnani s homozygoty AA.
Podobna tendence byla pozorovana i u kontrolni skupiny (29).

V oblasti obezitologie a diabetologie je nejzajimavéjsim
vysledkem celogenomovych asociaénich studii silnd asociace
genu FTO (Fat Mass and Obesity Associated) s BMI a obezitou
obecné. Funkce FTO v organismu neni jesté zcela objasné-
na. Sekvencni analyzy ho zafazuji do rodiny nehemovych
dioxygendz, spekuluje se o jeho moZném ovlivnéni metyla-
ci DNA. Tento gen je vysoce exprimovan v hypothalamu
a podili se zde ziejmé na regulaci energetického piijmu.
Polymeorfismy tohoto genu neasociuji pouze s obezitou a dia-
betem 2. typu, ale podle nedavno publikovanych datinapt.
s kardiovaskuldrnim onemocnénim, rendlnim onemocné-
nim, Alzheimerovou chorobou a fadou dalsich patologii.
Podle nékterych studii rizikova varianta FTO genu ovliviiuje
pEijem potravy a vybér potravy, resp. preferenci tuki, Ne
zcela jednoznacné jsou nalezy ohledné vlivu FTO na lipolyzu
v tukovych burikiach a navozeni rezistence k inzulinu v cen-
trilnim nervovém systému.

Ve velké studii provadéné u 1388 osob jsme jiZ v roce 2008
zjistili, Ze gen FTO, resp. jeho intronické rizikové polymor-
fismy 151121980 ; 1517817449; rs1421085; 159939609 jsou velmi
silné asociovany nejen s kvanttativnimi znaky charakterizu-
jicimi obezitu (zejména s BMI, hmotnosti a obvodem bricha),
aleisvy$8imi hladinami glukézy a leptinu v pritbéhu OGTT,
coz bylo nejvice patrné u kontrolnich zdravych Zen (30).

Cilem nasledné studie bylo zjistit, jak se projevuji va-
rianty FTO, které jsou rizikové pro obezitu, u $tihlych Zen.
U téchto Zen bylo nosicéstvi pro obezitu rizikového haplotypu
CAGA FTO spojeno se zvysenymi hladinami riistového hor-
monu. Hormondlni antikoncepce vyznamné prohloubila tyto
aéinky. Je mozné, Ze pravé vy$si hladiny ristového hormonu
chrani tyto Zeny pied rozvojem obezity. Zicastnili jsme se
také velké metaanalyzy (zafazeno vice neZ 2500 pacientek),
které hodnotila dopad variant FTO na rozvoj obezity u pa-
cientek se syndromem polycystickych ovarif (PCOS). Bylo
zjisténo, Ze efekt rizikovych variant FTO je u nich vice neZ
2krat vyssi, nez je tomu u bézné zenské populace. Pacientky,
homozygotky pro rizikovou alelu polymorfismu rs9939609
meély vyssi BMI pfiblizné o 3,3 kg/m’ a télesnou hmotnost
09,6 kg oproti homozygnotnim nositelkam wild-type alely.
Z toho lze usuzovat na interakci variant FTO s metabolickym
kontextem ¢i polygennim pozadim PCOS (31).

Asociaci rs17817449 FTO s BMI publikuje u vychodoevrop-
ské populace i Hubacek et al. (32). V nasledné studii na ¢eské
populaci, kdy byly soubory rekrutovany ze studii pos-MO-
NICA a 3PMFs vysla piekvapivé asociace rizikové alely s BMIL
pouze u muzl a postmenopauzilnich Zen, nikolivu Zen pre-
menopauzalnich (33). Skupina dr. Hubacka z IKEM studovala
varianty FTO nejen v souvislosti s obezitou, ale i ve spojitosti
sdalsimi onemocnénimi. Autofi napf. prokazali, Ze varianta
1517817449 ovlivniuje riziko akutniho koronarniho syndro-
mu (34), RovnéZ prokdzali robustni asociaci téze varianty
s chronickym onemocnénim ledvin - rizikovi homozygoti
GG dospéli k uplnému selhani ledvin o vice nez 3 roky dfive
neZ homozygoti TT (35). Souvislost variant FTO s kolorektal-
nim karcinomem, poctem krevnich desticek, konzumaci
alkoholu ¢i s koufenim prokdzana nebyla, nicméné byla
prokizana asociace polymorfismu rs17817449 se zkracovanim
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telomer (ke zkracovani téchto koncovych éasti chromozomii
dochazi béhem starnuti, ale v patofyziologickych situacich
miiZe byt spojeno i se zdvainymi onemocnénimi) (36). Jak
vidno, u¢inky FTO jsou velmi komplexni a budou jisté jesté
dlouho pfedmétem badani.

Studovali jsme i dvé varianty receptoru pro melano-
kortin 4. typu (rs12970134 a rs17782313). Melanokortinovy
receptor 4, typu (MC4R) je exprimovan v hypothalamu.
Zprostiedkovava ucinek melanokortinu, kdy cestou leptinové
signalizace sniZuje piijem potravy a zvySuje vydej energie.
Mutace MC4R jsou nejcastéjsi formou monogenni obezity.
Varianty v genu pro MC4R jsou dle literdrnich dat asociovany
s mnozstvim tuku, télesnou hmotnosti a rovnéz s rizikem
obezity a inzulinové rezistence u riiznych populaci. Nedavna
meta-analyza 15 CWAS potvrdila asociaci polymorfismu
1517782313, leZiciho 188 kb pfed MC4R s BMI a rizikem obezity
u dospélych i déti. Pfekvapivé jsme nenalezli asociaci poly-
morfismu rs12970134 ani rs17782313 s obezitou ani s Zadnym
z antropometrickych parametril, nicméné nositelky mino-
ritni alely A (rs12970134) mély vy$si inzulinovou senzitivi-
tu, vy§si hladiny rlistového hormonu a leptinu. Nase studie
naznacuje, Ze se variabilita MC4R uplatiiuje nejen v regulaci
energetického metabolismu, ale i v komplexnéjsich hypo-
thalamickych regulacich (37).

Detailni antropometrickd data jsme vyuzili pfi studiu
riizného efektu variability obezitogennich gent vybranych
zejména na zakladé vysledkli CWAS (tab.1), na BMI a dalsi
antropometrické ukazatele: obvod pasu, WHR, télesné slo-
Zeni. Studovand skupina zahrnovala 597 premenopauzalnich
Zen (vék 29,4 [J[7,05 let; BMI 24,4 []14,30 kg/m?). BMI byl
signifikantné asociovan s polymorfismy rs7561317 (TMEMIS;
p = 0,008), rs9939609 (FTO; p = 0,022), 1529941 (KCTDIS;
p = 0,049); WHR s 1529941 (KCTDI5; p = 0,005) a rs7561317
(TMEM18; p = 0,045); obvod pasu s rs7561317 (TMEMI8; p =
0,016) a rs7498665 (SH2B1; p = 0,035); obvod bficha s rs7561317
(TMEMI8; p = 0,012); tukova hmota s 1s7561317 (TMEMI8; p =
0,01) a rs1800592 (UCPI; p = 0,032); svalova hmota s 151800592
(UCPI; p = 0,020) a 1s925946 (BDNF; p = 0,040). Hodnoty p jsou
uddny pro minoritni vs. majoritni homozygoty. Potvrdili
jsme asociaci Sesti z deseti studovanych variant (TMEMIS,
FTO, KCTDI5, SH2B1, UCPI, BDNF) s nékolika riiznymi parametry
charakterizujicimi obezitu. Nejkomplexnéjsi vliv na antro-
pometrické ukazatele byl zjistén u varianty rs7561317 genu
TMEMI8. Ta asociovala se zakladnimi antropometrickymi
parametry (BMI, WHR, obvodem pasu a biicha), ale i s té-
lesnym sloZenim (% tukové hmoty) (38).

,,Obezitogeny*“ a ovlivnéni iispésnosti redukéniho rezimu

Genetické varianty neovliviiuji pouze nachylnost k obe-
zité, ale i ispé¥nost riznych hmotnostnich redukénich re-
Zimil. Pfehled znamych genetickych variant, které maji vliv
na tspéinost hubnurti a udrZeni sniZené hmotnosti podava
Haineretal. (39). Nékolik z nich (NMB P73T (rs1051168); UCP2
-866G/A (rs659366); PPARG2 Prol2Ala (rs1801282) a PPARA
Leul62Val (rs1800206)) jsme studovali u nasich obéznich
pacientl pfed a po 2,5letém redukénim rezimu (doporude-
na nizkokaloricka dieta, zvy$ena fyzicka aktivita, zména
Zivotniho stylu). Kromé& antropometrickych parametri bylo
méfeno télesné slozeni; byly hodnoceny standardizova-
né dotazniky tykajici se jidelnich zvyklosti (Three-Factor
Eating Questionnaire - zahrnuje skore restrikce, disinhibice
a hladu) a skére deprese (Beck Depression Inventory). Pfed
vstupem do studie a po 2,5 letech sledovani byly stanove-
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Tab.1 Studované genové varianty rizikové pro obezitu a frekvence minoritnich alel (MAF) v eské populaci (38)

Zaména

MAF v nasi studii (%) Frekvence MAF

v Evropské populaci
(HapMap-CEU European) (%)

ADIPOQ 152241766 G/T 101 133 |
BDNF rs4923461 A/G 214 230 \
BDNF rs925946 G/T 2338 323
[Fr0 rs9939609 AT 439 46,0
KCTDI5 rs29941 c/T 305 323
| Mcar 1512970134 A/G 255 279
MC4R rs17782313 c/T 280 280
PCSKI rs6232 AAT/GAT Asn221Asp 56 44
PCSK1 rs6235 C/G 26,7 26,7
SECIERB rs10913469 c/T 180 254
[ sHza1 rs7498665 ACA/GCA Thr484Ala 25 81
| TMEMIS rs7561317 A/G 16.4 146
[ucer 151800592 A/G 279 275

ny hladiny glukézy v séru, plazmatického adiponektinu,
ghrelinu, leptinu a lipidovy profil. A¢ byly po 2,5 letech
pozorovany signifikantni pozitivni zmény v antropomet-
rickych ukazatelich, lipidovém profilu, hladinach leptinu,
adiponektinu a ghrelinu, nebyl pozorovan vliv na skore
disihibice a deprese. Efekt variant PPARGZ Prol2Ala a PPARA
Leul62Val na antropometrické, biochemické, hormonalni
ani psychobehavioralni charakteristiky nebyl prokazan (40).

V pripadé neuromedinu  (NMB) byla potvrzena interakce
s genotypem. NMB je ¢lenem rodiny peptidii podobnych
bombesinu. Tyto peptidy jsou exprimovany v mozku, pan-
kreatu, nadledvindch a gastrointestinalnim traktu. Reguluji
exokrinni i endokrinni sekrece, kontrakce hladkych svali,
piijem potravy, krevni tlak, glykémii, télesnou teplotu
a bunéény rist. Byla publikovana signifikantni asociace
polymorfismu P73T (rs1051168) se skorem disinhibice a s na-
chylnosti k hladu. Homozygotni mutace TT byla asociovdna
se zvySenou hmotnosti, BMI, cbvodem pasu a télesnym
tukem. V nasi studii muzi - nositelé alely T vykazovali na
proteinii (p = 0,018) a tuku (p = 0,002) a vy38i skdre hladu
(p = 0,015). Naopak muZi, ktefi nebyli nositelé alely T, lépe
odpovidali na redukéni program - vykazovali signifikantni
sniZeni obvodu pasu, piijmu energie, skére deprese. U Zen
pfed zahdjenim redukéniho programu a ani po 2,5 letech
redukéniho programu nebyl zaznamenan zadny rozdil mezi
nositelkami a nenositelkami alely T kromé signifikantniho
snizeni skore hladu u Zen, které nebyly nositelkami alely
T (41).

V piipadé UCP2-866 G/A (15659366) byl téZ u obéznich
Zen pozorovan vliv genotypu na rozvoj obezity a uspésnost
redukéniho programu. Nositelky alely A na rozdil od nenosi-
telek udavaly signifikantné vyssi vahovy piiriistek od 20 let
svého véku (v priméru o 6 kg). Obé skupiny Zen vykazovaly
vyznamné zmény v energetickém a nutricnim pfijmu a v psy-

chobehavioralnich ukazatelich pfi kontrolnim vySetfeni po
2,5 letech sledovani. Zajimavé je, Ze pouze nositelky alely
A vykazovaly signifikantni pokles BMI -0,7 10,28 kg/m?
a hladin leptinu -18,72 [J[17,33 pg/l (zatim nepublikovana
data).

,Obezitogeny“ u déti a mladistvych

Zapojili jsme se i do genetickych studii cilenych na dét-
skou obezitu a obezitu adolescentil.

V roce 2006 publikuje Hainerova et al. (42) studii
provedenou u 289 déti a mladistvych s ¢asnou obezitou,
u kterych bylo patrane po variantach genu kédujiciho
neuromedin U (NMU). NMU je anorexigenni peptid, ktery
je exprimovan v hypothalamu. Souvislost NMU s regulaci
piijmu potravy byla prokdzina na mysich modelech. Mysi,
kterym byl tento gen odstranén, trpi hyperfagii a jsou
velmi obézni. Naopak mysi se zvySenou expresi tohoto
genu jsou $tihlé. V publikované studii nalezena vzacna
varianta Argl65Trp v jedné z Ceskych rodin kosegregovala
s détskou obezitou. U danské dospélé populace bylo ové-
feno, Ze s obezitou asociuje i polymorfismus Alal9Glu.
Homozygotni nositelé alely Glu byli zastoupeni v souboru
dospélych s obezitou a nadvahou vice nez dvojnasobné
oproti souboru §tihlych jedinci.

Dalsi studie hodnoti prevalenci mutaci MC4R u ceskych
obéznich déti, fenotyp nositell téchto mutaci a efekt mu-
taci na hmotnostni redukéni rezim. Opét byl vyuzit soubor
dlouhodobé sledovanych 289 ¢eskych déti a mladistvych
s Casnou obezitou. U viech pacientl byl osekvenovian gen
pro MC4R. Byla zjisténa prevalence murtaci 2,4 % - bylo
detekovano $est ruznych mutaci u osmi probandii, véetné
jedné nové popsané zamény Cys84Arg (u ni byla provedena
funkéni studie potvrzujici sniZzeni pfenosu signialu MC4R)
(43). Popsana byla i zajimava kazuistika 20letého chlapce
s hypogonadotropnim hypogonadismem, ktery je nosite-
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lem homozygotni mutace MC4R (G181D), U chlapce, ktery
neodpovidal na intenzivni tpravu Zivotospravy a neustale
pfibyval na vaze, byla nasazena lécba sibutraminem. Efekt
1écby byl patrny, po roce chlapec zhubl, doslo ke zlepseni
parametril télesného sloZeni a nékterych metabolickych
abnormalit (44), Pfipomenime i nasi studii COPAT (Childhood
Obesity Prevalence and Treatment), kterd v sobé& snoubila
epidemiologickou a interven¢ni &ast a jejiz mnoha data se
jesté vyhodnocuji. U1443 adolescenti ve véku 13-17,9 let byla
provedena genotypizace 11 variant uvniti (v blizkosti genlt
TMEMI8, SH2BI, KCTDI15, PCSK1, BDNF, SECI6B, MC4R a FTO
a byla studovana jejich asociace s obezitou a metabolickym
syndromem definovanym dle IDA (International Diabetes
Federation). I v této vékové kategorii byla varianta FTO
159939609 silné asociovina s nadvihou a obezitou, zatimco
podobné jako v dospélé ceské populaci je minoritni alela
TMEMI8 157561317 naopak signifikantné spojena s nizkou
hmotnosti. Minoritni alely BDNF rs925946 a MC4R rs17782313
zvySovaly riziko metabolického syndromu a naopak variantni
alela PCSKI 1s6235 snizovala hladinu krevni glukoézy. Studie
prokézala vliv téchto obezitogenil nejen na obezitu, aleina
riziko metabolického syndromu (45).

V tomto piehledovém ¢linku jsme se snaZili podat nejen
aktualni piehled soucasnych znalosti genetického pozadi
béZnych forem obezity, které pomohly poodhalit sloZité regu-
lace energetické rovnovahy, ale dovolili jsme si prezentovat
i nase skromné pfispévky na tomto poli vyzkumu.

Prace byly podpofeny zejména granty IGA MZ CR, nor-
skym finanénim mechanismem CZ0123 a pedporou MZ CR
pro rozvoj vyzkumné organizace (00023761, Endokrinologicky
ustav).

Seznam pouZitych zkratek

BMI body mass index

COPAT childhood obesity prevalence and treatment

DNA kyselina deoxyribonukleova

GIANT the genetic investigation of anthropometric traits

GWAS celogenomové asociaéni studie (genome-wide as-
sociation study)

IDA International Diabetes Federation

OCTT  oralni glukézovy toleranéni test

PCOS  syndrom polycystickych ovarii (polycystic ovary
syndrome)

RNA kyselina ribonukleova

SNPs jednonukleotidové polymorfismy (single nucleotide
polymorphisms)

sscp polymorfismus konformace jednovliknové DNA
(single-strand conformation polymorphism)

VMK volné mastné Kyseliny

WHO Svétova zdravotnicka organizace (World Health
Organization)

WHR  pomér pas/boky (waist to hip ratio)
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5 Diskuze

5.1 Polymorfismy kandidatnich genti pro obezitu ve vztahu k télesné hmotnosti

a télesnému slozeni u ¢eskych adolescentii

V ramci dizertacni prace byly hodnoceny polymorfismy kandidéatnich gent pro
obezitu, vybrané na zéklad¢ vysledki GWAS. U ceské populace byla jiz diive potvrzena
asociace variant genu F70 u dospélych (Hubacek et al. 2008) a pozdéji FTO a MC4R u déti
(Zlatohlavek et al. 2013). Ostatni polymorfismy nebyly u ¢eské adolescentni populace dosud
zkouméany. RovnéznaSe studie 1443 adolescenti (kapitola 4.1) potvrdila souvislost
19939609 genu FTO s nadmérnou télesnou hmotnosti. Zjisténé odds ratio 1,40 pro nadvahu a
obezitu odpovidalo efektu zjisténému v piedchozich studiich na détské evropské populaci
(Dina et al. 2007, Frayling et al. 2007). NetUspé&Sny zachyt asociace ostatnich polymorfisma k
BMI byl patrn¢ dan nedostatecnou velikosti souboru s ohledem na pravdépodobné slaby efekt
analyzovanych genovych variant na tento parametr (den Hoed et al. 2010). Na rozsifeném
souboru 1 953 adolescentli se nam jiz podafilo potvrdit asociaci rizikovych alel rs7561317
TMEM18, 1s10913469 SECI6B a FTO s vyssim BMI (kapitola 4.3). To koresponduje i s
popsanym efektem variant gentt TMEM 18 a SEC16B na BMI, ktery je prave u déti siln€jsi nez
u dospélych (den Hoed et al. 2010).

Slozeni vySetfovaného souboru umoznilo provedeni asociacnich analyz i u jedinct
s podvahou (BMI < 10. percentil) a identifikaci paradoxniho vztahu podvéhy s minoritni
,herizikovou® alelou genu TMEMIS (kapitola 4.1). Ackoliv zastoupeni minoritnich
homozygoti ve studii bylo nizké, vysledek ptfipomnél diilezitost vénovat se i opacnému
fenotypu. Rovnéz Jacquemont et al. ve své praci naznacuji, ze genetické pozadi extrémni

obezity a podvahy mize byt sdileno (Jacquemont et al. 2011).

Krom¢ BMI byla sledovana tfada dalSich antropometrickych parametri a télesné
sloZzeni. Prokazana byla souvislost mezi obvodem pasu (ukazatelem visceralniho tuku) a
celkovym télesnym tukem s polymorfismy gentt TMEMI18, SECI16B a FTO. Nicméné po
adjustaci na BMI tyto zavislosti vymizely. Tento fakt podporuje hypotézu, Ze se tyto bézné
genové varianty podileji na obecném rozvoji obezity, ale ne na distribuci télesného tuku

(Haupt et al. 2010).
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5.2 Ptitomnost protilatek proti adenoviru 36 a jejich vztah k té€lesné hmotnosti

a obezite u ¢eskych adolescentii

Neddvna meta-analyza zahrnujici jedendct studii potvrdila, Ze Adv36 vyznamné
zvySuje riziko obezity u déti i dospélych (Shang et al. 2014). Na tento vztah poukézala i
studie provedena na dosud nejvétsim publikovaném détském souboru ¢itajicim témér 1 200
jedincii, ktera je soucasti dizertacni prace (kapitola 4.4). Studie identifikovala 26,5%
prevalenci Adv36 pozitivity v rdmci celého souboru (40% u jedincl s nadvéhou, 28% u
obéznich). Vyssi prevalence u jedinct s nadvahou oproti obéznim byla publikovéna rovnéz u
korejské populace (Na et al. 2012). Ostatni prace popisovaly vyssi vyskyt Adv36 pozitivnich
jedincli mezi obéznimi (Yamada et al. 2012). Vysvétlenim vétSiho zastoupeni Adv36
pozitivnich jedincl mezi adolescenty s nadvahou miize byt jejich snaha vice kontrolovat svou
télesnou hmotnost ve srovndni s jedinci jiz obéznimi. Tuto domnénku by potvrzoval i fakt, ze
nejvyssi prevalence pozitivity byla nalezena u divek s nadvahou (55 %). Tyto divky mohou
byt vice ovlivnény dneSnimi spolecenskymi trendy Stihlosti. Dal§im faktorem, ktery je nutno
pfi interpretaci vysledkl zohlednit, je nezndma délka pfitomnosti protilatek proti Adv36 v
organismu — titr protildtek informuje o prod€lani infekce bez specifikace Casu ¢i aktualni
pfitomnosti virového agens. Adolescenti s nadvahou (¢i normalni hmotnosti) mohli byt
infikovani teprve neddvno, tudiz se u nich obezita jes$té¢ neprojevila. Naopak u obéznich
jedincii mohla hladina protilatek po dlouhé dob¢ od infekce klesnout pod detekovatelnou mez.
Longitudinélni pozorovani s opakovanym vySetifenim titru protilatek by tak mohlo poskytnout
chybéjici informace napt. o dob¢ pietrvani protilatek v krvi ¢i vztahu zmény ne/piitomnosti
protilatek u konkrétniho jedince k télesné hmotnosti. Nedavno byla na toto téma publikovana
studie, kde byli stejni jedinci sledovani na Adv36 pozitivitu v détstvi (prumérny vék 12 let) a
pak v dospélosti (41 let). V této studii se ale kauzalni role infekce Adv36 v rozvoji obezity
v prib¢hu Zivota jednoznac¢né nepotvrdila. Byl zde pouze zaznamenan vyssi podil Adv36
pozitivnich dospélych, ktefi se stali obéznimi oproti jedinctim, ktefi si zachovali normalni
hmotnost i v dospélosti (Sabin et al. 2015).

Dale byla zaznamendna vyznamné vys$i prevalence protilatek proti Adv36 u divek
(33 %) oproti chlapcim (20 %). Prestoze se v jiz zminénych studiich americkych a
korejskych déti podobny rozdil nenaSel (Atkinson et al. 2010, Gabbert et al. 2010), miZeme

uvazovat nad vlivem estrogenti v nachylnosti k infekci Adv36 (James et al. 1992).
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Hodnoceni télesného slozeni odhalilo asociaci protildtek proti Adv36 s celkovym a
trunkdlnim télesnym tukem meéfenym bioelektrickou impedanci. Souvislost s obvodem pasu
byla nalezena pouze u podskupiny divek, coz koresponduje se zaveéry nékterych détskych
studii (Atkinson et al. 2010, Gabbert et al. 2010). Tento vztah byl potvrzen i v navazujici
intervencni studii obéznich divek (kapitola 4.5), kde Adv36 pozitivni divky vice zredukovaly

obvod pasu 1 abdominalni tuk oproti divkam bez protilatek.

5.3 Asociace polymorfismii kandidatnich gentt a Adv36 k metabolickym

komplikacim obezity

Obezita souvisi s fadou zdravotnich rizik a metabolickych komplikaci, které zahrnuji
poruchy metabolismu lipidi, inzulinovou rezistenci, poruchy gluk6zové tolerance, T2DM a
metabolicky syndrom (Hainer 2011). Zdravotni komplikace spojené s nadmérnou hmotnosti
nepostihuji jen dospélou populaci, ale Casto se vyskytuji uz v détském véku (Lambert et al.
2008). T2DM se u ¢eskych adolescentii vyskytuje vzacné — u 0,4 % vySetienich déti (kapitola
4.2), coz je obdobné¢ jako napf. v dalSich oblastech stfedni a severni Evropy (Malecka-
Tendera et al. 2005, Wiegand et al. 2004). Bez ohledu na télesnou hmotnost bylo riziko
porusené lacné glykémie vyznamné vyssi u chlapci (vyskyt u 9,7 %) oproti divkam (4,4 %).
To odpovida i dal$im studiim (Williams 2005, Xu et al. 2012) a zaroven podporuje tvrzeni, Ze
muzi maji veétsi sklony k abnormalitdm glukézové homeostaze nez Zeny (DECODE Study
Group 2003, Kuhl et al. 2005). Stejn¢ tak méli obézni chlapci vyssi riziko vzniku inzulinové
rezistence oproti obéznim divkam. Uginnym nastrojem k zachyceni metabolického syndromu
u déti a adolescentt je index HOMA-IR (Tresaco et al. 2005). Podobné jako v ¢inské studii, 1
z vysledkil zjiSténych v ramci dizertacni prace (kapitola 4.2) vyplyva, Ze se pii zvySuyjicich
hodnotich HOMA-IR zvySuje i pfitomnost komponent metabolického syndromu (Yin et al.
2013). Samotny metabolicky syndrom byl diagnostikovan u 16,6 % adolescenti s nadvéhou a

obezitou (kapitola 4.1).

V dizertatni praci jsem se zabyvala také analyzou vlivu genovych variant na
metabolicky syndrom, resp. k jeho péti komponentdm — abdomindlni obezité, dyslipidémii
(hladiny HDL cholesterolu a triacylglyceroli), zhorSenému gluk6zovému metabolismu a
hypertenzi (kapitola 4.1). Zaznamendna byla asociace varianty rs9939609 genu FTO

s abdomindlni obezitou, kterd ale po adjustaci na BMI vymizela, coz potvrzuje nase diive
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diskutované zavéry. Nekteré studie sice nasly zdvislosti genu FTO k metabolickym
parametrim (Liem et al. 2009) 1 k metabolickému syndromu jako takovému (Wang et al.
2012, Zhou et al. 2012), zalezelo vSak na pouzité definici metabolického syndromu. V ramci
studie Ceskych adolescenti, kde byla pouzita definice Mezinarodni diabetické federace
(Zimmet et al. 2007), bylo zjisténo vyssi riziko metabolického syndromu pro rizikové alely
1$925946 genu BDNF a 1512970134 a rs17782313 genu MC4R. Navic byly tyto varianty
asociovany u chlapct s abdominalni obezitou. Role genu BDNF v patogenezi metabolického
syndromu neni doposud objasnéna. Experimenty ukazaly zvySené hladiny glukézy, inzulinu a
leptinu u heterozygotni knockoutové mysi (Duan et al. 2003). U lidi v8ak nepfinesl vyzkum
této problematiky, napt. sledovani asociace hladin plazmatického BDNF s metabolickym
syndromem konzistentni zavéry (Corripio et al. 2012, Levinger et al. 2008). Polymorfismus
1925946 genu BDNF byl v jedné studii popsan v souvislosti se zvySenou hladinou krevni
glukozy, nicméné tato zavislost byla pravdépodobné ovlivnéna vysi BMI (Sandholt et al.
2011). Ani polymorfismy genu MC4R nebyly dosud jednoznaéné spojeny s metabolickym
syndromem. Rs17782313 genu MC4R byl napiiklad asociovan sniz8$i hladinou HDL
cholesterolu (Kring et al. 2010) a vy$$im diastolickym krevnim tlakem u chlapct (Vogel et al.
2011). V danské populacni studii ale tato varianta s metabolickymi ukazateli nesouvisela
(Zobel et al. 2009). U ceskych adolescentl byla rizikova alela rs6235 genu PCSKI méné
zastoupena u jedinct s vy$Simi hladinami glukozy (kapitola 4.1). Rovnéz v danské studii
byla tato alela asociovana s niz§imi hladinami glykémie (Gjesing et al. 2011). Tyto zavéry
podporuji roli genu PCSK1 v gluk6zovém metabolismu a rizikové polymorfismy pro obezitu

tak mohou mit protektivni roli v rozvoji T2DM.

U zvitat infikovanych virem Adv36 byly nalezeny nizké sérové hladiny celkového
cholesterolu a triacylglycerolll a experimentalni studie naznacuji anti-hyperglykemicky efekt
Adv36 (Dhurandhar et al. 2000, Pasarica et al. 2006). Souvislost Adv36 s metabolismem
lipidii a cukrd byla hleddna také u lidi (Almgren et al. 2012, Na et al. 2010) (kapitoly 4.4,
4.5). Adv36 pozitivni adolescenti z obecné Ceské populace (kapitola 4.4) vykazovali vyssi
hladiny celkového a LDL cholesterolu oproti jedincim bez protilatek, u obézni podskupiny se
tato asociace jiz neobjevila. Také vramci dil¢i intervencni studie (kapitola 4.5) byly u
obéznich divek kromé ubytka télesné hmotnosti sledovany i biochemické a hormonalni

parametry s ohledem na pfitomnost protilatek proti Adv36. Vzhledem k redukci abdominalni
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obezity u Adv36 pozitivnich divek, se dalo ofekavat i vyznamné zlepSeni metabolickych
ukazatell. Nicméné metabolické a hormondlni parametry se mezi Adv36 pozitivnimi a
negativnimi divkami nelisily, a to ani zac¢atku ani na konci intervenéniho programu. Lipidovy
profil se neli$il ani ve §védské studii obéznich déti (Almgren et al. 2012). Naopak u
korejskych déti s obezitou byly detekovany vyssi hodnoty celkového cholesterolu u Adv36
pozitivnich jedinct (Na et al. 2010).

Obdobné nekonzistentni vysledky plati i pro hodnoceni glykemického profilu. Hladiny
lacné glukozy byly signifikantné nizsi u ceskych adolescentli pozitivnich na Adv36 protilatky
oproti negativnim jedinciim (kapitola 4.4). V jinych studiich na détech se asociace s hladinou
glukézy nebo markery inzulinové rezistence nenaSly (Almgren et al. 2012, Atkinson et al.
2010, Trovato et al. 2009). Nutno podotknout, Ze vSechny metabolické parametry se u déti
pohybuji v normalnim rozpéti hodnot a mize byt tak obtizné detekovat néjaké rozdily. Ani
studie na dospélych vSak nepfinesly jednoznacné zavéry. Jen nékteré ukazaly v souladu se
zvitecimi studiemi niz8i hladiny cholesterolu nebo triacylglyceroli (Atkinson et al. 2005, Na
et al. 2012) a lepsi glykemicky profil (Lin et al. 2013) u Adv36 pozitivnich jedinct. Meta-
analyza studii publikovanych do roku 2012 efekt adenovirové infekce na metabolicky profil
nepotvrdila (Yamada et al. 2012). Na rozdil od experimentalniho vyzkumu tedy nebyl vliv

infekce Adv36 na zmény metabolickych parametra u lidi dosud prokézan.

5.4 Energeticky pfijem cCeskych adolescenti ve vztahu k polymorfismim

kandidatnich gentt a Adv36

Dizertacni prace se vénovala problematice energetického pifijmu a zastoupeni
jednotlivych nutrienti u ¢eskych adolescentll, a to s ohledem na pfitomnost rizikovych alel
pro obezitu a protilatek proti adenovirové infekci (kapitoly 4.3, 4.5). Obézni adolescenti méli
ve srovnani s neobéznimi nizsi piijem celkové energie i zakladnich Zivin, v€etné véapniku.
Tento paradoxné niz$i piijem kalorii u obéznich dospivajicich popsaly rovnéz dalsi studie
(Garaulet et al. 2000, Hassapidou et al. 2006, Skinner et al. 2012). Vysvétlenim muze byt
rozdilnd pohybova aktivita a tudiz odlisné energetické naroky. Bézné byva také
podhodnocovani denniho pfijmu energie u obéznich jedinct (Johansson et al. 1998). Nicméné

podil pfijaté energie z tuki a bilkovin byl u obéznich adolescentli vyssi (kapitola 4.3).
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Nejen télesnd hmotnost, ale 1 pfijem potravy je geneticky determinovan (Faith et al.
1999). U nové objevenych kandidatnich gent pro obezitu se na zéklad¢ jejich vysoké expresi
v hypotalamu, ptfedpokladd vliv na energetickou rovnovédhu (Willer et al. 2009). I z téchto
divodil byla v ramci dal$i studie zkoumana hypotéza, ze vybrané polymorfismy kandidatnich
genll ovliviiyji télesnou hmotnost plisobenim na energeticky pfijem a vybér jednotlivych
nutrientd (kapitola 4.3). Rizikové alely rs925946 BDNF a 19939609 FTO byly asociovany
s niz§imi hladinami vapniku, nicméné pouze u BDNF tento vztah zlstal vyznamny po
Bonferroniho korekci i adjustaci na BMI. BDNF je klicovym prvkem melanokortinové drahy
v hypotalamu (Xu et al. 2003). Bylo prokazano, Ze nedostatek vapniku zvySuje riziko obezity
u déti i dospélych (Chaput et al. 2010, Goldberg et al. 2009). Jakym zplUsobem véapnik
ovliviiuje télesnou hmotnost, nebylo presné objasnéno. Zminiovan byva vliv na postprandidlni
oxidaci tuki, fekalni exkreci tuki ¢i lipolyzu a lipogenezi (Soares & She-Ping-Delfos 2010).
V ramci dizertacni prace byla poprvé popsana souvislost piijmu vapniku s genem BDNF. Je
tedy potieba dalSich studii, které by tyto vysledky potvrdily a detailnéji zkoumaly. U ¢eskych
adolescentt byla dale detekovana negativni asociace s piijmem proteinii a pozitivni asociace
s ptijmem vlakniny s rizikovou alelou rs17782313 genu MC4R. JelikoZz obé tyto slozky
potravy stimuluji pocit sytosti (Lyon & Kacinik 2012, Paddon-Jones et al. 2008), je otazkou,
zda se varianty genu MC4R nepodileji na regulaci energetické bilance i1 prostfednictvim
pfijmu proteint a vlakniny. Byly publikované dvé prace, ve kterych byla studovana varianta
asociovana s vys$im piijmem proteint u zen (Qi et al. 2008) a s energii z celozrnnych obilnin
(Hasselbalch et al. 2010). Nicméné uvedené asociace s polymorfismem genu MC4R, véetné

nasich vysledkd, nezlstaly vyznamné po korekci na mnohonasobné testovani.

Asociace jidelniho pfijmu s infekci Adv36 byla hodnocena u 184 obéznich divek
(kapitola 4.5). Publikované vysledky jsou unikatni vzhledem k tomu, Ze u lidi nebyl tento
vztah dosud zkouman. Zvifeci studie nenalezly rozdil v energetickém piijmu s ohledem na
pfitomnost ¢i nepfitomnost infekce (Dhurandhar et al. 2000, Pasarica et al. 2006). Ptijem
celkové energie a jednotlivych nutrientl se nelisil ani mezi Adv36 pozitivnimi a negativnimi

divkami.
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5.5 Role infekce Adv36 v tspésnosti redukéniho rezimu

Vysetfované obézni divky v rdmeci intervencni studie prosly 4tydennim pobytovym
redukénim programem a byly u nich sledovany ubytky jednotlivych parametrii v zavislosti na
infekci Adv36 (kapitola 4.5). U Adv36 pozitivnich divek byly detekovany vétsi ubytky
abdomindlniho tuku a naopak mensi tbytky tuku podkozniho oproti divkdm bez protilatek
proti Adv36. Rozdil v celkové redukci BMI a télesné hmotnosti vSak nalezen nebyl. Tato
nevyznamna asociace Adv36 k hmotnostni redukci muze byt vysvétlena i délkou trvéani
intervenéniho programu. V jiné praci byly obdobné popsany pouze slabé rozdily v ubytcich
télesné hmotnosti (0,48 kg) u déti po kriatkodobém redukénim programu v zdvislosti na
adenovirové infekci (Vander Wal et al. 2013). Naopak Adv36 pozitivni dospéli po rocnim
redukénim programu snizili télesnou hmotnost vyznamné vice nez ti bez protilatek proti

Adv36 (Trovato et al. 2012).

5.6 Interakce genetickych a infek¢nich rizikovych faktort a jejich vyznam v

patogenezi obezity

U ceské adolescentni populace se podafilo potvrdit vliv infekce Adv36 i nékterych
polymorfismi kandidatnich genti k nadvéze a obezité. Potencidlni vztah mezi ob&éma
zkoumanymi faktory byl v rdmci dizerta¢ni prace rovnéz zjistovan (kapitola 4.6). U dvou
kandidatnich gent byla ukdzana spojitost s adenovirovou infekci. Minoritni alely variant
16232 a 156235 genu PCSKI byly asociovany s vysSim rizikem infekce Adv36, resp.
s ptitomnosti protilatek proti Adv36. Také nosicstvi rizikové alely rs4923461 genu BDNF
bylo castéjsi u Adv36 pozitivnich jedincii. Varianta rs925946 tohoto genu byla
frekventovanéj$i u Adv36 pozitivnich divek. Po rozdéleni souboru podle télesné hmotnosti,
byla nalezena vyznamné vyssi prevalence Adv36 pozitivity u obéznich nosicl rizikové alely
rs6235 genu PCSKI. Oba geny — BDNF a PCSKI — se podileji na hypotalamické regulaci
energetické rovnovahy. V centralni nervové soustavé byl rovnéz pozorovan adipogenni efekt
viru Adv36 u laboratornich krys (Pasarica et al. 2006). Krom¢ toho bylo experimentalné
zjisténo, ze Adv36 inhibuje produkci leptinu (Vangipuram et al. 2006). MZeme vSak pouze
spekulovat, zda jsou nalezené asociace zplsobené vyS$i ndchylnosti geneticky
predisponovanych jedinct k infekci (Karlsson et al. 2010), ¢i zda existuje kombinovany efekt

genovych variant a Adv36 na rozvoj obezity.
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Kromé¢ gentt BDNF a PCSK1 je 1 MC4R zapojen do regulace energetické rovnovahy a
mutace ve vSech téchto genech jsou pfi¢inou monogennich forem ¢asné obezity (Hinney et al.
2014). Z vysledki dizertacni prace vyplyva, Ze mohou hrat vyznamnou ulohu i v patogenezi
bézné obezity. Pouze varianty téchto genii byly totiz v pfedkladané dizertaéni préci
asociovany se sledovanymi parametry souvisejicimi s obezitou, napf. metabolickym
syndromem (MC4R, BDNF), gluk6zovym metabolismem (PCSK1), piijmem vapniku (BDNF)
¢i infekei Adv36 (BDNF, PCSK1). Komplikovany vyzkum genetického pozadi bézné obezity
byl podrobné diskutovan i v ¢eské resersi (kapitola 4.8). Je dilezité zminit, jak obtizné je
definovat pfesnou tlohu genovych variant v organismu i vzhledem k jejich umisténi pfevazné
do intergennich oblasti. Naptiklad gen BDNF se vyznacuje mnoha specifickymi sestiithovymi
variantami (Liu et al. 2005). Jeho polymorfismy — rs4923461 a rs925946 se nachézi se na tzv.
nekddujicim antisense transkriptu genu BDNF (Liu et al. 2005). Bylo zjisténo, Ze naruseni
pfirozené inhibi¢ni funkce tohoto transkriptu zvysi hladiny BDNF (Modarresi et al. 2012).
Tyto varianty by se tak mohly napfiklad podilet na regulaci genové exprese BDNF v
hypotalamu. Pouze 15 % z 97 nejnovéji potvrzenych polymorfismi je v kdédujicich oblastech
genu (Locke et al. 2015). Toto prekvapivé zjisténi mize upozornit na dilezitost regula¢nich
mechanisml genové exprese nejen v patogenezi obezity. Zkoumané varianty mohou byt také
ve vazebné nerovnovaze se vzacnymi variantami, které nelze prostiednictvim GWAS

detekovat.

Ptes tfadu popisovanych zéavislosti variant genu F70 s nejriznéjSimi metabolickymi,
behaviordlnimi, klinickymi parametry (kapitola 4.7), nebo napiiklad se zvySenym rizikem
infekce bakterii Mycobacteria tuberculosis (Feng et al. 2014) nebyl polymorfismus genu F70
v nasich asociacnich studiich spjat s zddnym dal§im znakem kromé BMI. Za rozdilnymi
pozorovanimi a zavéry u jednotlivych studii mize byt geneticka heterogenita i velikost
souboru, kterd je zésadni pro studium genetickych asociaci. Mens$i studie nemusi mit
dostatecnou statistickou silu k zachyceni slabych efektl rizikovych variant, detekovanych na
rozsédhlych populac¢nich souborech (Speliotes et al. 2010). Interakce s faktory vnéjsiho
genetickém pozadi sledovanych jedinc (Dempfle et al. 2008). I z téchto divodu je dilezité

nase pozorovani potvrdit na vétSich souborech a jinych populacnich skupinéach.
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6 Zavér

Predkladana dizertacni prace se vénovala dvéma vyznamnym rizikovym faktoram pro
obezitu — polymorfismiim kandidatnich genti, které byly identifikovany na zakladé¢ GWAS a
infekci Adv36. Vyzkum byl realizovan na rozsahlém, detailn¢ charakterizovaném souboru
¢eskych adolescentd, jak z bézné populace, tak obéznich jedinct, kteti podstoupili redukéni

program. To ndm umozZznilo hodnotit tyto faktory nejen ve vztahu k obezité, ale i k dal§im

souvisejicim parametrim.

Ze sledovanych polymorfismii kandidatnich gent byla potvrzena asociace s obezitou u
tfi variant gentit F70, TMEM18 a SEC16B. Novym vysledkem byla asociace rizikovych alel
genit MC4R a BDNF s metabolickym syndromem. Rizikova alela rs6235 genu PCSKI miize
byt protektivni k T2DM. T2DM se u obéznich dospivajicich sice vyskytuje vzacné, nicméné
porusend lacna glykémie u nich jiz Casta je, jak ukézala nase dalsi studie. Vzhledem k expresi
vétSiny kandidatnich genti v hypotalamu — centru regulace energetické rovnovahy, jsme dale
hodnotili energeticky pfijem a zjistili souvislost tii genovych variant s pfijmem jednotlivych
nutrientll. Studie pfedevS§im poukdzala na mozné ovlivnéni piijmu vapniku béznou variantou
genu BDNF, a to nezavisle na BMI. Poprvé byl také sledovéan a potvrzen vztah infekce Adv36
k obezit¢ u ceské populace. ZvySena prevalence protilditek byla nalezena zejména u
adolescentl s nadvahou. Adv36 pozitivita dale souvisela s niz8i glykémii i s redukci ukazatelti
abdomindlni obezity. Dosud nezkoumany vztah polymorfisml k infekci Adv36 naznacil
spojitost genit BDNF a PCSKI s piitomnosti protilatek. Soucasti dizertatni prace byla i
reSerSe popisujici vyznam genu FT0, jez dosud patii mezi nejzasadnéjsi objevy GWAS a
reSerSe shrnujici dosavadni poznatky o vyzkumu genetického pozadi obezity vcetné piispévk
¢eskych studii.

Stejné¢ jako u vétSiny vysledkll asociacnich studii by bylo vhodné ovéfit zavéry
dizertatni prace na jinych a vétSich populacnich souborech. Piesto véfim, Ze 1 zde
prezentované dil¢i vysledky piispivaji k poznani jednotlivych kandidatnich genti a infek¢nich

faktort a podporuji jejich vyznam v patogenezi obezity.
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