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Abstrakt

Preval ence obezity i pSidrugenich kardior
vysok8. ) ®bmal tafaktori 8l n2 onemocniDn?, Kk t
faktor T vnDhjinietakcosf pkbet $edeneti ckl mi. Cel o
odhal i | jgd ndoensu?ktlkeyot i dovhsbhcpoVgmbccviasinwEaai
kauzs8l n2 r pla¢ ogpphekceobezity, zej m®na pro
(Adv36) di Céipwaglcnee byl o provnhRSit mogn® aso
kandi d8t n2ch gBVEN18 pH281 K&€DDAY PASK] BDNF, SEC16B

MC4R FTO) a infekce Adv36 ve vztahuf enot ypovIim chawyakt erji2s

komplika@ m u | esk® dloas@e.va|Vil s3 1 plky eketnnogsmi v

publi kacélkd,je gest pTvodn2ch prac?2 a dvi
reprezeat ativn2m vzorku | esk®3 ajdetiescEnep?Pdemi
t ak u adaolagdandde mtouw $motnost 2, kteS?2 pods
ambul antn?2 terapi. (562 jedincT intertvenl]|
genov i c hTMEMIB iSEQi6Ba FTO sobezi t ou. Pops8na by

variantgen T zapojenlch do hypotal amiMCARBDNFag ul :
PCSKlis viskytem metabolick®ho syndrlioniunf epk!
Adv36. Potvrzerab y | a t ak @e ais o p Ba t @ mapoas IAGvB6es kbezitou,

z e j npRksa a d v 8AuvBa pozitivitad 8| e ovI i vRovala YspRhRgno
Z8vhNry pSedkl 8dan® pr&8§ce podpor uj patmerdez nam

obezity.
Kl 2] ov 8§80 lsd zivtaa , adol esceca B? selhegeamomkV @
polymorfismy, infekce, adenovirus 36 met abol i ckT syndrom, red



Abstract

The prevalence of obesity afitd related cardiometabolic complicatis in children remains

high across the worldObesity is a multifactorial disease caused by interaction between genes
and environmental factors. Genomale association studies have discovered several single
nucleotide polymorphisms saociated with obesit A causalrole of infection in the
pathogenesis of obesity has also been considereticutenrly the role ofadenovirus 36
(Adv36). The aim ofthe Ph.D. thesiswas to investigate the associations of obesity
susceptibility loci TMEM18 SH2B1 KCTD15 PCSK1 BDNF, SEC16BMC4R FTO) and
Adv36 infection with obesityelated characteristics and complications time Czech
adolescent popui@n. The resultsare described in eight publicationsf which six are
original papersind two are reviewstudies wergerformed on a cohort of Czech adolescents
recruited either fromhe general population (1,533 induals from the epidemiological
study) and from inpatient or outpatient weight managent clinics (562 overweiglubese
individuals underwent amterventon). The results demonstratad association oTMEM18
SEC16Band FTO gene variants with obesity. Some variants of the genes involved in
hypothalamic regulation of energy homeostasiMC4R BDNF, PCSK1i were related to
metabolic syndrome, individual trient intake or Adv36 infection. A relationshifp Adv36
antibodies with obesity, anéspecially with overweight, was further confirmed. Moreover,
Adv36 positivity was associated with the response to weight management. Conclusions of this
Ph.D.thesis suport the importance of genetic and infectious factors in the pathogenesis of

obesity.

Keywords obesity adolescence,genomewide associationstudies single nucleotide
polymorphisminfection adenovirus 36metabolic syndrome, weight management
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1bvod

NadmnDt AE ehsotrist je spojena svi skygRindrugdnhwebt n:
kompl,iktesce | asto vyskypadpyajjichgch. dDheziat ad
riziko kar dipomoht awblorézvaeidbeth mellitu 2.typu (T2DM) a
met aboli ck®ho syndr omu. PS2|inou vzniku bl
pS2é¢nergiep Sevg§g2 nad wivibayj eem.i d@anids wibtezi ty n
pouze zmNDn8m g¢givotn?2ho styl u tcihcakrfankt p B¢ |

nevhodnou skladbu | 2 deledoIlsk @at&®| nou fyzickou aktiwv

Obezitap at S2mumetziif akt or i.§1 M& joemjeamuz @ Pad ki
podz2] 2 gen &t iedi@@Bkuipfozlatdér,y vnhj g2ho prosts$S
fyziol ogi cokd® npertoachbecslyi s mu gi viregulaciediep g@é m e
homeost 8zy. PrTlomem ve vizkumd cbbeziotcy a
st u @GWAS), kter® idenjtadndkmwlhkall got §adyBENPE MmT
kandi d8tn2ch geadefemtsPluers 5@ j(BM)é& papuassit Mpos | e d n 2
dek8&8dn je vIgmammd v dilakde detiopsiogeneri lezity. Z dosud
studovarflektd n2seh nagendd vddjdgadenbvirasB§AdU3E),t | e n §
zpTsobuje zmnogenz2ertimenv®| nRE&mnBATfiuk oevxapn 1 ¢

prok8z8naodveuvitoluodgtaks® u | i d2.

PSedkl| §dan& 8§diez esret adsaimddSpuy e riaz i doexityl ¢ h
zni chg vDtwliers&k ®n e wywldidbd b cR@ Tzpkod wmSTd | smy ka
g e npfio obezituTMEM18 SH2B1 KCTD15 PCSK1 BDNF, SEC16B MC4R FTO a
infekci Adv36. Pr §ce vyug2wvddroksBhifenat ypovhD cha
adol escent T, zkokimae tytd faktory mejen ivd vztahuokb e za It ) i da
par amétzicEms o usobestauj 2SXFurl 8§st 2 edozxmrpabmiP&ipg X
gespg Ty cedpn@ad vies k® reger ge



11 C2tHezemptr@lce?

1.U | esklTch adolescentT popsat vztah vyb

obezitu k:
ft Dl esn® hmotnosti a thNlesn®mu sl ogel
fmet abolickim par ameerity Tm a kompl i kac:

fenergetick®mu pS2j mu

22U |eskicht@ddbyerscaet pS2tomnost protil §
ve vztahu k:
ft Dl esn® hmotnosti,a YsphRNgnosti | ej?
fmet abolickim a hormongln2m parametr’

fenergetick®mu pS2j mu

fnosilstv2 rizikovich alel kandi d§tn:
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2Litep®Sremd ed

21 Obezita u dnNt? a adol escentTT

Obezita patS$S2 mezi 8noenjernoozegdlSteindda g9 8 12 ait
dNt skou popul aci po cel ®mpr ev&n Di n oNeanvvzednol r
strat @e@isqd rmadwu 2 mevalerice obezityh ddlt dadol stau@d ntkldy g
vhNDkterTeohchz8§padopskT clpodatioctiend aastdyis Av T s k y
nadv8hy =T sotb&nrgstoyk hapmS.dosp2vaj 2tk hl evé avdd
(Ahluwalia et al. 2015, Ogdenetal. 201Ma k ®e s k ® re@ umdliecte d Dt 2
t Dl esnou hmotnost?2 bhDbwiddgaotsd ceiden 2 A hh & elBeed i
in Schoolaged Childreni pro SvDteoeyepuyzdrayotgme
vroce2 001 maddw8 hu 2 %d% ez iltch 6,%5% c P ¢ grecea20%0 to
bylo jig 19 % ¢c0bapPtet®Pkhal 8veH 8018k

20 - 18,8 18,6 |m2001/2002
18 - 16 O 2005/2006
16 - 14
13,1 @m2010
14 - 11, 12
12
= 10 . 9 93

8 A ’ 6 g
6 - 55
4 _
2 A
0 _

chlapci ‘ divky chlapci ‘ divky

13 let 15 let

Obr §zPkdalvyWdd2 meg n o (prd&lvrRautkdmant § 030 2 3)

Obezita viznamnhD zT2OM ujies crhiezni kkdk ®v zriok
nNDkterTch typT n&8§dorT a sekund§r nrlozswei ntuatki
z e m2 Bdrrell & Samuel 2014, Hainer 2011)Bylo zj i gt Dn o, ge S
kardi omet aboli ck® wukazatel e moh @ Lambertyetsadkyt o
2008) Met abol i ¢ kdefi nsoyvnadriomabdomi n§1 n2 globk-zz d v
intol ahppe’ @mmet &t al. 2007)) ze di agnosstiekoswatl eu
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pr ev a(Bakor et?al. 2008)Pr avdhDpodobnost, ge bude ob
vdosphDIl ost i(Gug et al.a2002)6 R v nNg obezita u rodi|
obezity WhimketedoahkdP7) Obezita se tak st8&vE c

ekonomickTm probl ®mem, kter®mu je tSeba se¢

2.2 Etiopatogeneze obezity

Obezitajed e f i nommam@Een2 m t UHev@®dkk&mlevgetic
kdy energetickl pS2jemzpB8ev§ftin@®adavidepe
endogenn?2ho [ exogennz2ho charakteru a S
energetiak®8bl ednbBet Hames20ldlu h mot nost

221Energeti ck8 rovnovsg8ha

Energetickl pS2jem jeemehindkiEadminoye

Nejv2ce jej ovliivRuje pS2jem tukT Kl ktlev®
energeticlkduzy@c ke §n2 gz §kt adohch unak c@e |okrogva
viej i sebbpio7d®? | % a@ |je tak® nej vPaoet pgreannedti

energeti(ckiill2vietiscduaosdsMeb8v E§akRmi \ga wdkn&hgomp
ner v osvy@ht@@mmuj 2 diISet 2 soul §st2 energet,i ckt®ero
vz§vislosti na typu a (Hamér2oaldi t D pSedstavuj

Energetick8 rovnovs8ha je S2zena centr §
kde doiter@kzizpefiker n2 ch taikenw®l Tt kBnhD a gastroao
shormony nev o v ® 1t ke@rop&ptidy(Obrs z €k V nudeus arcuatushypotalamu se
nach8zehPawiowpul ace miecah@nT,edma exprimuje
neuropeptidycehteuou® syt omatd iujve ventromedi &
energetickl pS2jem. Druh8 subpopul ace nao|
| ater 8rn? | 8§st hypot al amut,y tkod en esuer orpae@h § z12
pS2jemvyot inhi buj(Stanleyeeal. 2085 i ckT vIidej

Or e x i g e n ptRly1 ragoutHrelatpdmeurgeptid (AgRP),neuropeptid Y (NPY
aanor exi ge n nptoopioraelanobrpndROMC)dame anokorti nov I r e

(MC4R) j sou soul| 8st? tzv. mel anokortinov®ho

12



energeti ¢Cbh®8kiek&2Ppen2 m POMC -mdandcysg i murhaij

hor meMSH)U kterlT se v8ge na MC4R a ve visl
videj . NPY/ AgRP pTsob?2 (Kimat aMZD24R dMECY g wrvil -
expresi dal ¢?2 a nio braindéeriged meutotrophio Ifaetdr U BDNFye

ventr omd chi2§n hypot al amoul stea T mgleanoakkor t i nov
di st 81 n N(Xucetal. 2003 R

Me z i per i freergnu2l ug i2@n 8§ ppgs292e mtudpront cRnayt kt§ n N
adi ponektin), gast r oi hdeeystdkinim@ukagdhlike peptidlla k t u
pankreatu (inzuh ) a (Malr % kebtin )anorexige’n h or mo n, kter
neuropeptidPOMC a inhibujeNPY/AgRP (Cowley et al. 2001)Ghrelin, tzv. hormon hlaqu
je produkovg8n endakiyigun eNPE/KIRRE sgtail mudlkwj e t
potravy(Chen et al. 2004Dal §2 hor mo n yi chote§stakioirt h o gt dikk & g 0
peptid1 pTaolmd exi gennD | aKGhaudbri € nag 12906) Expyretsed s t |
inzuinov T ch r ebtastijypatalafm &« z nal uj e dTInalg it teeguRci rvo |
energetick® homeost8zy. Jedn8 se o0, amnhobrne®
pSesnl mechansits§mues (Kivelgi ah2014d) j e

13



ENERGETICKY ENERGETICKY

PRIJEN) = s \// DEJ
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Foob 2 %

Obr §zRkgal ace ener g éaypdtatakug Sreorvzraa w8 hegn Mliptr a v e |
Ostaptchouk et al. 2009)

222Ri zi kov® faktory

ZmBlDna givotn2ho stylu charakteri zovan
nadmlDrnTm energetickim pS2jmem je povagov.
soul asnou epiddenillil ® b e zdi(Rjoyh et@l. 2011 pNiemeaier et al.
2006)PSilemg vIiznamnhDjg2 vliiv neg samotnl e
n § v y(NMigmeier et al. 2006NNDkt er ® stmdigg2 popil $oyvd ener
ob®zn?2ch adol esmtsmotr M8d mP ot NI {@lasdapicoa di ah @Q06), 0 S |
Skinneretal. 2012plen ap S2 k1l ad t ak®r oy g@h o k @¢lasgagidoadt v e n
al. 2006)Ri zi kov T mv rfajkg 20lr @ mp b disnedSstatkls p &1 k§ edoba e b o
s t r SuvtedeniZ(Braithwaite et al. 2013, Hjorth et al. 2014)
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Genetick® fé¢kmpydegenmehapdl i ckl swaste@®@mrd,0kk
reguluje energeticko r o v nmetalBolismysz § k | a d n 2adigogenpziawinterakci
sfakt ory vnnhgwl2ihtwB kpgronsot ufHastidet 1D Gendtick® f akt or y
hrafz 8§ s a d n&iopatogdnéo tvezi ty a |j sou plkagtolen2lBn N di sk

Vedl e zmRn ¢givotn2ho stylu a genm®nbkI
zn8m®kt ory, kt ea®o gen awih oabeda §py s @ o mnafpesialkn
agensU ob®zn2ch gleeedavr y G2 bpltaval ebakt emlaidtSi2 Kl
Chlamydia pneumoniaé¢Lajunen et al. 2011 Helicobacter pylori(Arslan et al. 2009)
Neisseria meningitidis\Uberos et al. 2010)Obezitajet ak ® s psog ox §wnwag n I
pr T b Ivhiermnfek®e (Almond et al. 2013, Garcia et al. 2019)yto d Tkazy sp
upozorRuj2 na zvligenou inieBccvdyTlsd eesdtk uo k@ o 2ge
odpovihRdi, ake mkt ac® pdd cehiiéardR¥oroet dal. 2KL.Qy Tanaka et al.
1993) Ni cm®nDD i nfek| n?2 agén s etiopatogenezi bhedtyByloi K .
zjigtnNDno, ge nhDkvgg®kdmudlsk® atdizlnexp®@hyo mée r
i nf i kov a r(Dherdndhar et2alS 20005 rozvojem obezity U i di e jj P ®é oV §
Adv36 (Atkinson et al. 2005)T ® t roblepatic§ e v NDnov &8mMa kapitol a

23 Genet i clol®@zitpozad?

TNl esng8 hmotnoswgenpet idek leznidti7dD®wk Epaily uk §
studi e na(Alboncf dl. 499€ Stunkard et al. 1986J2 r a h e r it tak®i |
bNDhdmt postupnil) zz Oy, guwj e Si vrihletechz(€Ehok et al. 2014) , 7 6
DNDdi | n8§ slogka se upl at Ruj e iobeazidalug?2 cd
nap Sdistribucid N1 e suku@atemarzyk et al. 20005 | o gne s & n ysaimvsi®r u
(Kunesovs§8 ,ruhmdt n @DtO0@fainer et a. 200@pel e i energet
(Faithetal. 1999) i | é h @ \(Ruthérford et al. 1993)

231Monogenn?2 a polygenn? obezita

Na z8kl adhD dRdi | nost idvaniypy enoem ogleenitt @ 1«
AbNgobeztiiMonogennD podm2nhNoBge mbena Dnmanifedujes z ®
jigam®m dNtstv2 neaz §jvd stk p T Nab epndoo s ®uReEdE2n U
i dent i fi ko vgened proneptinaldEE) a leptino v feceptor (LEPR vedly k

15



leptin o v ® deHy prdairefng&cgth §r TNl es(h® &Gmenttn oestt i al . 1
al. 1997) Nej | ast Dj i se ygenspkoyneld jah o kot ic eotypl 1 e
(MC4ARTu | esklich op®ewalcéndd®drs dHanegoo Wi tetc 2a l

D8Il e mud awe e n ageredhRCSK1yPOMC, NTRK2 BDNF a SIM1 (Aldhoon

Hai nerovs8 eV¥Ygealh.ny 2Ql4)o geny j-meoluann& oo jt é
signalizal n? dr 8djghidéntilikacea z alRs 2 pdn@®r ek opnajy i m
zv?2 Spomolyhnaznpd otyzi ol ogi ck® mechani smy r
v hypotalamuHinney et al. 2014)

Na polygenn2m typu dBRDdilnosti se pod?z|
mal ®h o Yl i nk ®, nketjern® memsti a lsédegowojyu , v mld pwlotb o p
dTvodidzkemvgeneti ck®bhezpoyad2ombpgm®erdoonp | |
GWASbyl vizkumtzm&«mD8én§had keawyl chal vévena pSe
pat ogenezi.Tyon egneoncyn Ibny?l naz § k texgptBvwr § mye nt 81 n2 ch
nebovazeband th, vihbee®8vkp8egbégsjiic2 seD2zkky u
tdDmto sbybadbegio2moku 2005 identifikov8no
(Rankinen et al. 2006) ni ¢ m®n N dyo8sdtna t en entBaumdars et clo20@& N
V T fnkiou je genPCSK1(Benzinou et al. 2008) k t e r Td r o i ch g8 j§ Miapiade
2.3.3.

23.2Cel ogenomov® asocialn2z studie

D2 kpyo z nmo k V ar il a lWislki®th (InteyratiormaimHapMap Consortium
2005)apokr oliiplolvi m geno ey hinmthyplgd lzavedena Ys
provT z kkuermp |l exn2 ch zndlGWASa Tam metoda fungujea principu
detekce¢ dnonukl eot i do vrloczhm2psottmocrhf icve i EA00000g e n «
ag 1 6PpO6I YOOV edm® aaahjgr 28D N gua®ability genomu
(Barrett & Cadon 2006, International HapMap Consortium 2006WAS i dent i f i
polymorfismyjasoci ovan® se sl edovanim znakem | i ¢
souborech.Vari anty jsou povagovan® za <celogen
hl adiny vpesx@ihnocotgyi odpov2dg 1 000 000 ne
viedn® anallze. bNal pate® ®wmdilsipfciickdoteed ay T zreemic
nez8vislImi studi eSandwlaeta.2AYT ch popul ac2ct
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GWAS, kter®|l tkogmaby IBMhimVaeme nit o mdfR| i t
prob2hdeeh2 0 wg 20k¥p( @bh? v I nnyensFHOl kbpel
dosud nej mhbaeerepliiorv@jng®? g2 m v 1 gAraglidgee ah, DBAVEL &
2007).Pos| ®ze byl y i dentMC4Ra k o ¢ § iBBWia(lo@sreisah 2008y g €
Ve tSetpSedsnéHyvovan® zej mBudem GMNTma deCODE s § h
bylanejenpotvrzena vazb@ b ou p Se d &@MI] atelbylygp ® p BiSdnaylge2n o v ®
lokusy (Thorleifsson et al. 2009, Willer et al. 2000 | t vrt ® v I nDnD, ve |
32genovhch ant a sBMic(Bpeliotesretiac2010past al a del g2 o
sprovsg§dcdRre2dmi sl T chs tryedp #2$ & @ad m&dmitzzaimN S ennal mji i n ¢
fenotypov® csaxpesrke te§ li 152 mikoybsjtauvdei neinciMNe gaonV Nj
z8roveR nejrozs8hl ej g 2oceGONA S sobbpruta® npuSbh | 3 KM \
j edibnyd To i demt7i fli kkbwsslAoabkoeamwanhthbh dgyloBamMI
pops@Eopr vByto |l okusy vysvRtluj2 pSiblignh
alelyvpr TmRru zvyguj2t B Meneooso, 260320 g haml60180 cm
t N1 e s n(Rocke &t §lk2915)
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BMI

m FIo £
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L - 100000
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L jedinca
Prvni‘druhd  Treti Ctvrta
vina vina vina
(2007/08) (2009) (2010)
Obr 8zK&n8i d8tn2 geny

PpSevzato

Vige zm2nhDn®as$t zanipdudrig Viyops k ®hGWAS Bylyo d u
e t, n incakplSE? bkh cabdo(\Wen ietjas 20®1) |

af r i(Mokd@ et al. 2013)Ce | o genomo v ® t\almz ndaansm8or®l 1 yiy
lokusy,z a h r genyPFT@a2MC4R GWASanal yzovaly
s e vp/srokv nmg vsatl u p njRemd i.onbeebzoi & @ g
percentils e z dr av 1 m{Paekostertet abh P0AImScherag et al. 20#onad a | § 2

oV g pronedenyiu | i

obezitu, k de

nT ch

fenotypov® ,jgdkaje abkod pasdLisdgréenketyal. 2009)

(WHR) (Heid et al. 2010, Lindgren et al. 2009)mn o g st v 2
2011b) Efektobj evenkt Rl gemMTm paSak¢ ODbvEHzek m®h a

WHR bylyt a &b@venyr o0 z d2 | vy mdHeid et pl.o2010, Randathet al. 2013)

p opasDa
t DKesp®hdi ha

prea noh ¢ 72 \GIVBADPB vl @8 e m®
identifikovanTe®r gengmkoygéos8avasich
Sandholtretaal 2012p  z

jedinci

vliina geamno ®F

bokT

18



Lindgren et al.
PLoS Genetics 2009 Scherag et al.
g e VEGFA PL0S Genetics 2010
RSP near GRB14 Kilpelainen et al.
DN o0 Nature Genetics 2011 @
near NFE2L3 ZNRF3
Meyre et al.
Nature Genetics 2009

Heard-Costa et al.

near ITPR2-SSPN  near HOXC13

near ADAMTS9 CPEB4

. 0
near LY86 fatert LYPLAL1/ of PL0S Genetics 2009
A\3
NISCH 2
Heid et al. Speliotes et al.
Nature Genetics 2010 Nature Genetics 2010

near GPRC5B
CADM?2

near FAIM2

MAP2KS

near GNPDA2

near KCTD15 near SEC16B

TNNI3K

near TMEM18

near RPL27A

near NEGR1 near ETV5

near PRKD1 SH2B1

BDNF

near FANCL

near FLJ35779 near TMEM160

Willer et al. near ZNF608 LRRN6C QPCTL Thorleifsson et al.
Nature Genetics 2009 Nature Genetics 2009

Obr 8zK&ndi d8tn2z geny pro abezBkUlUand&jt2ESaa S\bly
na rTzn® tNl e@B@®vaamsraRt eri sti ky

Vroce 2011 by dNDt 2 a adol eskBMha Fz 3gpa vy moernf i v
kandi d8t pré ebbzituZleaa gt al. 2011)Var i anty vgak 1,12y v Dt
cel kov ® vsakr i radZhédvet al, 20@9)Jejich efekina BMI sem? r In ioprdti
dosphl ®i po$2upaadIECI6BTMEM18aKCTD15byl u  dvidyt ¢adg BDNF
naopakdemHogd@ral. 2010 ak ji g bgDdi zméd atdDABHM zey§
(Chohetal. 2014) proto se pSedpokl!l §d§g, ge i asoci
sviDkmBinPodlebr i t s k ® | studignltl wd irn &liklkonwd® d&lIt enl2 y¢c h
obezitunej vygg2 viiv na t DI es n(&lks ethamdOL2)Noesdt§ vneo
byl a tak® pGWASzhaeSempngdgl bhNDhem dNDtstv?2,
| t pdyimorfismyz n § m® z pdeaacihsizg&ihd elr iRy R@BANy/ n§r
BMI b NDh e (Wadirgtorset al. 2015)
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2.3.3Polymorfismya kandi d8t n?2 vgle rzye rgiad eniha n ®

Vdi zerptra8lcni2 byloag sstdiegpdlcmor fi smT obj ev
(Tabulka 1).Pouzepolymorfismy genuPCSK1lbyly i dent i fpiokdow&®&myu an
geru, kterl byl vyti povs8n d2ky st r gBemzigdguiet k a
al. 2008)

Tabulkal.Pol ymor fi smy kandi d8kodmén®epT&pmd obe

Typ Frekvence Vliiv na Riziko
Gen SNP rizi koyv BMI kobezi Pr i m8udie
NP (%) (kg/n®)  (OR; 96% Cl)
FTO | rs9939609 intronod 41 0,36 1’311’ 3(;523; (Fra;’gg%)et al
MC4R |rs12970134 i nt er 27 0,25 i (Cha;“O%eg)S etal
517782313 int e r g 24 0,22 1’112, 1(2508; (Loztz)s0 g; al.
PCSKL1 | rs6232 k- duj 3 ] 1’11?221§06; (Ben;ionoosl; et al.
rs6235 k- duj 26 i 1,(1T1(§§04; (Ben;ionoo8u) et al.
BDNF | rs925946 i nt er 29 i 1’111’1(;505? (Th;f.'zigsosgc;n et
(54923461 i nt er 78 0,19 : (Th;r.";igsosgc;” o
TMEM18| rs7561317 i nt er 83 0,19 1’210’ 2(;513; (Th;rllzigsosgo)n et
SH2B1 | rs7498665 k - d u | 33 0.15 1,111, 1(;506: (Wigg; g)t al.
KCTD15| rs29941 i nt er 67 0,17 1’110, 1(;504; (Th;)lrlle;i;sos;)n et
SEC16B|rs10913469 i n't e r 18 0,17 1’111'1(;;05; (Th:[";igsosgo)” et

'Evr opsk§ dpaotpaudl S8azcee 1zGDm@dzr Gepri d rkeasl .n2 ¢ h (kobsu d i 2
2009) *Data znejp o v Nj éa2n amdtzay b N@dleadet a.@MB)I ac e
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GenFTO (fat mass and obesity associated)yl vr oce 2007 prvn2m i
kandi d8tn2zm genem pre 6béniNt eocblpsteaitopmealE@ WA S .
cog nazhoardliwfj egul aci e n e ryg@etkeéncek &. 2000 v mo ¢ In® r
pSesn§toiowmdng & st &l e pSedmhNt e meni6k chiomogamy . .
(16912.2 k - @-oxylcwrtFa(d) @lapendemt2 demet yl 8z u RNAvV WEF?
DNA (Gerken et al. 2007, Han et al. 2010) my gridela vedla inaktivace geritlfO
kpost nraltsStlon® r et ardaci a r (Fischeketal 2009Nkopak ® |
zvigen8§ exFfi®Gkeglka gasowy gogveam §emnser geti ckIm p
t Dl esn® (Ghorohtehad. 2010) D au dize spg onajkh® Zoavislgsts leptin
melanolo r t i n o v 0 u(RaskAgderaen etala20®1, Wang etal. 2001 bo s r eg
ghrelinu (Karra et al. 2013) Podl e mawkITc hmTpjeznt ent o gen
cirkul uj?2c?2 c(Bulataenialn20k3)as eploidi2 | eha sel vsopj2zajvel c h
organismune g na modul ac i (Boissgl et al.n2809, Fisoher etoas 2009)
Zvagovs8na | e (gteediyr ochojopw®n®as,0 c i oobezito®molsou
ovlivaRorveagul ovat tRlesnou hgemBdgst a@btiai He
n a pg&em RPGRIP1Lkolem 100 bp(Stratigopoulos et al. 2014) iRX3v z d § | &@®m T m
500 kbod FTO (Smemo et al. 2034

Efekt variantgenuFTO na BMI dosudz Tst §v8 nej vDobdpi ezeniv
d 2 kstrategii GWAS (Tabulka 1) PTvodn?2 aobeaitou hyta enalegena pro
polymorfismus r993% 0 9, jekltoekrall i zov §n v pFTQ (Fraylimg étalt r o1
2007) Vt ®t o0 obl asti se nadnhaSp=34p1085rd1Ad1744Y plotl & m
jsouve Vvz§jewmzRebsn® nme’r>@8) majsoueeniDg popisovar
ko b e 4Dink & al. 2007, Speliotes et al. 201R)i z i k@maé z y got M993060O i a n
genu FTO ma j 2 lvpeagégs 8ri zda kb Dlodbserzdat3y h kng t cpwty 1 2
nenosi | Tm r(Fraylinked al. R00HHfekt Vayiant genlFTOz al 2 n § rimllt op
tS2 |et, bNDhem dos@pp¥ts nF o sstHandynelal. RO Rdghak ete t |
al. 2010)

Produkt genuMC4R (melanocortin 4 recepto) p at S 2 dor ansmembr78n
receptor T Gppo®iaen&Genipc hl osk a | 18z anrenSomomuil@g2da si | n
expri mesg8kuyv kde je zapojen do regul ace e
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Vizkum napS$S2kl gd knecko@ nalan i ) eMGdmem dpov 2 dal
anor exi genWdMSH éMarishmal bl.al1699) by | asp®bh @z myenou h
hyperinzul i n®m(Haszaaet 4. 1PBDr @b ¢ & ®mi élezerio t w pl ibdy
mutacemi WIC4R(Farooqi et al. 2003)

P r vpalymorfismyaso¢ oveBlMl byl y objeveny jegt®2p
variantyp.Vall03lle ap.lle251leuj s ou p o pmr8mtye k taikvon {Gelterfetal. o b
2004, Stutzmann et al. 2007Polymorfismus rs17782313byl dr uhT m vi1 zna
vi sl edk e mjehG s¢acticess o s t BMichylanpovrzena i na soubori9 8 8 d Nt
p Si |rieika @bezity bylo1,30(Loos etal. 2008) Dal g2 var i ashi29%0134 s 1 7
byly asoBMlovEny 88 s kZbelpeb @.u200®)/2hl edem k i n
lokdizacit Dc ht dqn aSpNS?sk7782313 e g2 188 kb od MGC4R,jej 2 c 2
ale tSeba prok§zarneguldajMCAR(bags etals2008) v ar i an't

PCSK1 (proprotein convertase subtilisin/kexin type 1) e g 2 na 5. ch
(591592)) a pr oduk uprobormorum3RCA/Y gatuS2c2 do rodin
kter§8 specificky zpracov§8vsg prohomranmm$zyk laad
konverzi proinzulinu na inzuti | i sestSi hu anor ex i(Jaesenetiah o
1995) PC1/ 3 deficiencev genp TPCBKHlevedia konlue aic 2 I
hypepr oi nzahyp®mdbnadot r op n 2 (dagksoh gt@lol®YP may g is ms
knockout ov aP@$Krhse gbezitag 18 e k v mepbjevildlZhu et al. 2002)My ¢ 2
model obezitybylvy v o Sen ag pr o spASE22Asp (ldolydvet am2066) t A @ € o
mut aci bddpo§reatiidmusrs6232 p.Asr221Asp), kt erdlal gpolvalrn
rs6234rs6235 p.GIN665GIu-p.Ser690Thr)  z vy guj e rpomlackBenziadw etali t y
2008, Nead et al. 2015) Funkl nd mea@&@232 potvrdila sn2g:
konvert8zy, za3at62B86G0 ke rzsn®dh3dmt ap & i (Betznaub p r
et d. 2008)

Produktem gen®BDNF (brain-derived neurotrophic factor)| ok al i zov an®Hh
chromozomu (11p13j e nervovi r Tstovl faktor, kverTl
mozkua hr aj e kIl 2] ov onue urrolniT(Zyscato ét @$20¢IN@a § n g e n ¢
exprese genuBDNF | e asocnewvi8maegener at i v nchorolami i [
(Satomura et al. 2011, Zuccato et 2a001) BDNFj e si Il nD expri movs_8n

spol el nNt wreo sszvol mikeceptdm (TrkB) je mi mo §adwl@® st 2 r €
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energeti ch®@hot PSdnimut v2 m mel ano Kaettali 2008y ® s
viz kapitola 2.2.1INa my g2 m mode |l u BbNFdh v p & @il Soghigingere Mu
et al. 2007)GenBDNFset ak ® Sad2 mezi kauz§8l nGraygeeahy p
2006) GWAS v roce 200%etekovalydvap ol y mor f i s myobeaiteud 154923464 n ®
ars92594gThorleifsson et al. 2009)

TMEM18 (transmembrane protein 1§ se nach 8z?2 na2p25.3 ac hr
k-dppddarmrminsmembr §kobeifl psetpraydlDpodobniD p
(Jurvansuu et al. 2008) Podl e dealnd20 sptrwodiee n specific
transkripci(Jurvansuu & Goldman 20L1)MEM18] e expr i movs8n ve vDt
v|i et nhD mo z kho,rolenpatogar®@zi Bbelj nebyla dosuds y s v N Pokusynua
mygzs Tanilj2deln2m a hmotnost n2 mexgesi GNMEMILE m
v hypotalamu Al m®n et al . 2010)

SH2B1 (Src-homology-2 /SH2/ domain containing putative adaptor protein 1) je
| okal i zov aombzomud6pll®. dJdhedn§ s eadoapgeonr okv-Td usji?
protein obsahuj2c2 dom®nur BHi2n o vk@o ekse ek zsye
viznamnil egul aci energetick® bil ainzalieu(lLpet o st
al. 2007, Riedel et al. 1997Pelece genulSH2Blvedlau mkepti nowv® v® i
rezistenii , ah(Rdmetnlif2803)

KCTD15 (potassium channel tetramerization domain containing 16u m2 st N n T
19. chromozom 19q13.1) j e gen se st8le nej asaoroe f un
vembryow§hvmjm Inegurgssitn@edni atrvanmmkirnipil n2bhe f
(Zarelli & Dawid 2013) Ten se mi mo |jin® pod?2| 2Hat& r e
Lane200lpa mTge tak blt biol oKCiDtSaobezitauj 2t kem n

SEC16B (SEC16 homolog B, endoplasmic reticulum export factgrl e ga21.
chromozomu 1g25.3. Jeho produktem je sd 2 h o nkovlaosgi nk ov ®h o
(Saccharomyces cerevis)a& t e ruim2jse NDn 8Swnau neenndborp | az mat i ¢ k @
se YitasansPp or (Boattashargya & Glick[2007)

Polymorfismyv 1 ge uv g d eTMEMLIE SH2B1 KCTD15 a SEC16Bbyly
objeveny wroce 2009 (Thorleifsson et al. 2009, Willer et al. 2009)Jedinou missense
variantou jers7498665.Thr484Ala) genuSH2B1 o st at n?2 pol ymor fi sn
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geny.Rs7561317 e | okal i z ov anTMERDBa jeho efeki ns BN3I loyh lihedo d
poFTOnej si | nNj g2 ze v ge (Thorldifs$anettali 2009k ov an 1 c h

234Vztah pol yxmodif dgmiTehotypovIim charakter

Nej a¥lno§hiat gi nyispnd | kmeodfi d atogénezbbeziyeredd ke v
zkoum8n?2 dal,g?lcthoelrgtz i sh met r¥ia mmehoutalopomoici oahplit
oblastp Tsoben?2 dAasn®hisadgwsédvwayk r omhNDi vu genovlich
BMI t ak® | ej idcantg¥lle svn ®n ac h a rRa kzti &kros928046RDNF| vy
rs7561317TMEM18ars993960FTObylya s o c i ovwan® ns o b (Foaglieget p a s
al. 2007, Sandholt et al. 201TMEM18aFTOmohou ov Il i vRov attukmn o g
SH2Bls p2 ge mnogstvi Raesukdm®etMNiGaBRRHa4D0AD} v
rizi kovT abhod pableimn m@pst v2 a ukl Smegotvililat PpISe pra®@
nal ez e n ®poadustacisnh BM tymizelgBauer et al. 2009, Haupt et al. 2010)

Jednot!| ika®diatd 8t y2 ch gbglnd 8 Ipk @ u nogbnegtahiut u

kbi ochemickTm parametr Tmebo2BM. Meali i mle®mu es
p a rs$98960Peru FTO,ni ¢ m®n N nvelpsSiendeksyl y j eBRnbizkal B ®:

A tohoto polymorfismu byla asoco vang&y gg 2 mi h 1 ardu ,n a ngil u ki -
triacylaliryiceg vlipdpiotaidi mo w y s o (HBL) (Freeathy et tallJ2008)
Ov g eansouborun Pmec kT ch dRNt geasaciace biot e meakMTmi pe

nepotvrdila( M¢ | | er eVj ian ® 2t0W0MBI)I se aAsadiaoe ga
(Liem et al. 2009)Ri zi ko met aboli ck®ho syndrgemwm?2z\wa
rs99396099enuFTO (Wang et al. 2012, Zhou et al. 201®)e s r o FTIO®HIYy3d ys ost
geny Vv souvislosti s metabol i ckRindi komlgn a:
rs7498665genu SH2B1 byla asoc o v awnwgghiginou s ®r ov®ha Heppl
d v o | Temtd polymorfismusby se tak mohlp o ét2nh rozvoji obezityz apoj en2 m
| epti nov ® (Janshidhet Bli 206¥)Patymorfismy genuPCSK1j sou d8v §n
souvid ost i pSedevgdmi s ni@jesiagedbal. 208 Imtdert al. 2010) Se

zvIi genl nl2bM ylid I§ & 8o c irsFA88565enuSH2B1 Naopakpolymorfismus
rs4923461 BDNFm8v T T2DMvliv p r o t e(Bandheltret?al. 2011 to i po @djustaci na
BMI.Di abetoggendv ket FKWMEIREpt av d N pdoSdno bjnel] i ¢ h
naBMI (Freathy et al. 2008, Zobel et al.(&).
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Vzhledem kmul t i f akt ori 81 n2 nsue czhkaouwark& er u pob
genovichnabahakndr § akt orryg jpSekdalevy2mvykl os
aktivitu. I vt omt o s mBDr u nej vFTO.ePolymoriismktohatongenu ngjsewn
asoci cem&mygest i ckT m vI1 dej @erentaen &t wl.z2008,ISpeakmanlett i
al.2008) nicm®&nnN u fyzicky aktivn?2chFTpeadBMihc T
(Kilpel2ineNaepall mn@lod 1si) u\hiahtgenud&TOsZ ¥ @ g A 19 ¢
energeti ckamij mé&jh mecfCeciv & rak 2008, Speakman et al. 2008,
Timpson et al. 2008) DvN ned8&vn® rotzsdihd T i aswjubozr ys
dospPRl Lé&h 0§ potvrdilg &bctaci genkFTOsc el kovim energetic
pS2j mem (Qietalt 2014n2D15Y udal gvach anse geaTz &kl adh
i nf or mac 2k,v Tjzejj im®mexprasisvioygo@lamup Sedpok | §jd&devlin:
pRAN.GVEdIdDP& | pl N2 st udi mezimskg3de lgenBDONR & peS 2aj kntei m
pr otwvevztaffu kBMI (Rukh et al. 2013)V ar i a n SH2BIKETDI5a BDNF byly
rovmB®ci owSE2njymesm | e d n o t(Bauewvdt alh2008; iMcCaffeegn dl. T
2012) Doposud vgak byloRDpoabilkkpv&nd plOmazje2c?2c

24 Li dskl adenovirus 36

Adenoviry jsoSedeppsiboe&i®edr §l n2 protei
Genom se |lskhle€d§2 zdvouSethNDzkov®l emotinelkX uh g
t er mi n goteimy maiobap 5Ekoncfch poZzdarsznch transkr
zajigSuj2c2ch krapmsli idloard ic hg p®)ioa res Ina[c i( Obr
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|
36
=T N7

Ob r § z StiuktuBa.adenoviru a organizace genomu AdvB6éa s n T mi (E) a po
proteiny(p S e v zAkAllaf et al. 2010; Ponterio and Gnessi 2015)

l nokul ace viru Adw3@a&x Ser i imgnchzApoTps oobei |
zmm g e n2 t u kDbuwaRdhar & @In2000, 2002 T z k u m , u kofekcaiAdv36

stimuluje diferenaci a prolie r a c i preadi pocyt Tukowlkaumuba
my gh3 | i dskT ch (Pasarithl endl. 0108, Vangipinn2et al. 2004)N§ s | e d n |
byl o zjigtDhDno, ge | eo hendietkacle (Atkabw®Bebal. 20082 o
Vt ®4a me r stwdik ®la prevalencpozitvityu ob®zn2ch jedind) vIi

neg u ndgd®weYynrgths gy ot i | sAdB&Kbyl maleaentia k ® o b ®z n 2

dos plzl T §havato et al. 2009) G v @\imgrkeneet al. 2012)Turecka(Karamese et

al. 2015)nebo Mexika(Lin et al. 2013) Vb el gi ck® studi i obeaouas o
nepotvrdila(Goossens et al. 200¥dv36pozitivtiaz vy guj e ri zi ko obezi

uk 8z al y Kosefe (Atkinsen etzal. 2010, Na et al. 201Q@)SA (Gabbert et al. 2010)

Gv ®d(Alkngren et al. 2012) iTurecka(Karamese et al. 201%p r e v a | 7e3n0c 2 % 22
ob®zn2chH @ BH&€@RO®zn2ch dnNt 2.

U zv2Sat pS2kroamld s ¢dildpafteakdcoexke®nt & ®2 h
cholesterolu,triacylglycerof & T g e n ® oivi®z ud & (Dhurandhar iett ad 2000,
Pasarica et al. 2006) v2 Sec? adiehmaz wabgjor@®@s hani smy %l in
vl i dsdgamsmuAdv36 zvygujevBohdNRlgnh@kvsySermmg §v
prost Sednictv?2m gDh@édndharetrab 2041, Wang & 4lo 20dBjkkt
Adv36e tedypmweammusbeditt ogenn2-hyplee gp §&lewma ik
potenci §l ni ®V Y dty.idtvasitrglinkiboval expresgenuLEPvt uk ov 1 ¢t
buRkS&ch. Sn2geng§ hladina | eptiknkumobatiSed
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vygg2mu ener g é/angipuka® reual. pOSEUj | mud 2 apsrooctii a c8et e k
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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, SEC168B,
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 TMEMI18
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% CI1 0.49-0.97, P=0.040).
In conclusion, the FTQ 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 already
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 (F70)) 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 subtfilisin/kexin type 1
gene (PCSK1) 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 | (SH2BI), potassium channel tetramer-
ization domain containing 15 (KCTDI35), brain-derived
neurotrophic factor (BDNF), and SEC16 homologue B
(SECI6B) (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, KCTD15, PCSK1, BDNF, SECI16B,
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", 9097, =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) 154 (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) 32(2.444)
BMI-SDS ~1.4(-1.6-1.2) 0.0 (-0.5-0.5) 1.5(1.3-1.8) 33(2.6-4.6)
Waist circumference-SDS -1.3 (-1.6-1.0) 0.4 (-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) 23(1.6-2.8) 43(3.3-54)
Hip circumference-SDS -1.2(-1.4-0.7) 0.0 (-0.5-0.6) 1.4 (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 (%) 15.2 (12.4-18.5) 20.1(15.1-24.4) 29.3 (23.1-32.1) 35.4 (30.6-40)
Trunk fat (%) 11(8.1-13) 15.2 (11.3-19.5) 23.8(19.4-27.3) 30.4 (25.8-35.9)

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

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)

121 (111-128)

120 (111-128) 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).
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BC-418 MA (Tanita Corporation, Tokyo, Japan; preci-
sion 0.1 kg). Body circumferences were determined by
a tape measure (precision 0.1 em) 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:
rs7561317 (TMEM1S), 157498665 (SH2BI), 1529941
(KCTD15), 1s6232 and 156235 (PCSK1), r$925946 and
154923461 (BDNF), 110913469 (SEC168B),1s12970134
and rs17782313 (MC4R), rs9939609 (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 FTO 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% C1
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 SEC16B
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=0.009) 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
1$925946 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 F'70 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 (%) P
AA AG GG G
rs7561317 TMEMI8 UW/NW 14 208 551 84.7
0.611 0.477
OW/OB 13 165 492 85.7
AA AG GG G
57498665 SH2BI UW/NW 249 388 136 42.7
0.461 0.235
OW/OB 234 329 106 404
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 TT 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 PCSK1 UW/NW 407 3lo 49 26.8
0.243 0.514
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
CcC CT T C
rs17782313 MC4R UW/NW 59 297 407 27.2
0.554 0.337
OW/OB 51 256 312 28.9
AA AT TT A
159939609 FTO UW/NW 139 387 240 434
<0.001 <0.001
OW/0OB 176 338 152 51.8

P value was calculated by y* 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% CI 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 SEC16B genotypes with
o 2z 2 gnz28¢8¢% anthropometric parameters
£ S & a =3 3 %38 33
E] M|l © © © © & © © & & © AT A
E FTO rs9939609
2 |gag=98¢8¢& 3 283 Best£SE  Pest+SE
= 2|4 3 3 & 4 i 3 3 g 1z Weight-SDS 0254012 0.61+0.15 <0.001
S o~ o — -~
2 HlE 5888 7% g =&
< g %‘% § § § = :;. g B ;; BMI-SDS 0.28+0.12 0.58+0.15 <0.001
| ikl Wit 0.2240.10  0.46+0.11  <0.001
. |lgse=2238385§8 Rireutikretice- SDS 0.02+0.04 0.05+0.05 0.533
T 22222228282 8F%
; Abdominal 033013 0.69+0.16 <0.001
Z s o gme s m s pew S LR BN circumference-SDS 0.04+0.05 0.09+0.06 0.305°
b N~ ® &N @ Mm a5 = 2 @
ElY &7 @8 @ = o W o 8
c O|lT T T 7T T T T 1T 117 0.13+0.11 047+0.13 <0.001
¥ 8 X &EE =L &R YA Hip circumference-SDS
gls s s s s s s e <€ < ~0.08+0.05 0.02+0.06 0.082°
glg g & 8 8§85 S 88
Ol= s &8 = & & = = = = = 0.23+0.11 049£0.13 <0.001
Arm circumference-SDS
w © © @ m o o o a ~ 3 0.01£0.05 0.02+0.06 0918
QA = @ v M N Y n
Q- wa) o of My 00 gy mp Cew o &
M|l © 8 o © © © & S S V 1.10+0.53 2.68+0.64 <0.001
o Total body fat (%)
'E —0.17+£0.24 032+0.29 0.155*
§-|f8T82E8§588¢8
ol- = = = = 4 = = =4 2 < 1.16£0.57 2.89+0.68 <0.001
JoElEEEiEIi3iad meekmes
S| zlzzs83s5822z2% cr cc
5 mOER IS 8 8 W TR E B W SECI6B rs10913469 P
< R EEEEEEEE Poatcnll  Pesedl
2 E R ¥ = a5 2 9 x 9 -
<. Ml © @ © ©© © © © o o Weight-SDS 0.30+0.11 0.22+£033 0.033
S | =
2| BMI-SDS 031012 0224033  0.024
35|88 58€E8888§
3 8 3 :‘c l »I 2 I ; I ; ;I ; : A_bdominal 0.32+£0.12 0.27+0.35 0.032
5| glss 22 &S5 Z2¢cs s 2 circumference-SDS 0.03£0.04 0.05+0.12 0.794°
< zlz 222258283855
S O]l= 8 = = 8 8 = = & & =~ 0.28+0.10 0.28+0.28 0.018
3 Arm circumference-SDS
~§ 2 = g § g g § g E § E 0.05+0.04 0.10+0.12  0.406*
:Z = Ele Peie d P e BE a8 P values were calculated by generalized linear regression using an
Lo | F additive model adjusted for sex and age. “Parameters were addi-
%‘ g lgsaces=zg5ezss tionaly adjusted for BML. )
s|g §le 25 &2 3 8 5 &3 2 BB est — coefficient estimate (compared to the wild-type genotype);
3P e kD h oD %ok kS SE - standard error
2 a2 2 2 o 3 £ 9 QT 2
%0 gle e s e ¢ ¢ g
2 e 0 v oo © = o O T o L. . .
2 gl a5 §E & 28838 Associations with anthropometric and
3| - biochemical parameters
s S
% = Only significant associations of anthropometric and
= ~ w8 & B 23 < biochemical parameters with the studied gene variants
&L g are presented in Table 4. The F ?"0 r$9939609 genotype
= 22l 0 0 L o & < 0 < O < fwas strongly rlelzteéi to b(;dy we]lg}flt, B(]I\)/ll bg%){) Tl)rcx;r}rll-
= » ferences, total body and trunk fat < 0. . The
< Q . .
> = " § SEC16B 1510913469 genotype was associated with an
S & S 83 ¢ % & & Qe w g increased body weight, BMI, abdominal and arm cir-
= El § 9 85X 22355 = .
S g S 2300883838 S S R[S cumferences (P < 0.05). Gender-stratified analyses re-
3 - |E5 X 8 8 8 8 a4 = = g3 led furth Only in b FA
2 2 vealed further associations. Only in boys, associations
< = oo ez 23 2 2|4 of body weight with MC4R rs12970134 (P = 0.004) and
-~ E 2 2 F aow 3 2 2 2 Y X|F MC4Rrs17782313 (P=0.014) and an association of ab-
v =3 O & @ ¢ e A4 - o I S g 5 s
S| £ |8 T3¢ ¢ g g = S = é‘é 3 dominal circumference with the rs17782313 variant
§ - - - - - - - -

(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 FTO 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 FTO 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 is
still a lack of studies focused on MS as a complex dis-
order.

We found an association between the FTO 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 F70Q 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 F7Q 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 rs925946 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, rs17782313 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.

PCSKI 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 TMEMI18
variants may confribute 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 F7TO variant.
Interestingly, the TMEM]/8 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 PCSK/ 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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