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Abstrakt

Bézné obezita ma polygenni, multifaktorialni charakter, kdy jednotlivé geny interaguji mezi
sebou 1 s faktory prostfedi, coz velmi ztézuje jejich identifikaci. Celogenomové asociacni
studie, provedené¢ v letech 2006—09, vedly k odhaleni desitek genovych lokust, které
predisponuji jedince k obezité. Nejsilngjsi signdly byly zachyceny u polymorfismii v genu
FTO (fat mass and obesity associated gene) a blizko genu MC4R (melanocortin-4 receptor).
Prispévky téchto variant k fenotypu obezity jsou ale velmi malé, proto je nutné vysledky
takovychto robustnich studii validovat. Odhalovani G¢inkt variant gena je velice dulezité pro
pochopeni molekularnich mechanismu energetického metabolismu.

Studie pfedkladané v této praci referuji o souvislostech polymorfismt vybranych rizikovych
geni pro obezitu s antropometrickymi a metabolickymi ukazateli pacientl
Endokrinologického tstavu a zdravych dobrovolnik, kteti podstupovali funkéni testy. Soubor
zahrnuje i reprezentativni vzorek Ceské détské populace (studie COPAT). Vzorky DNA byly
genotypizovany  pro  vybrané  jednonukleotidové  polymorfismy. V  souboru
normoglykemickych Zen jsme nalezli asociaci polymorfismu blizko genu MC4R s hladinou
rustového hormonu a leptinu, coz vypovidd o jeho komplexni roli v hypothalamickych
regulacich. Dale jsme zjiStovali, jaky vliv md variabilita genu FTO u Stihlych Zen.
Haplotypova kombinace ¢ty rizikovych variant u nich souvisela s mirnym zvySenim BMI
v ramci souboru. Vysvétlenim jejich Stihlého fenotypu by mohl byt nalez vyssi hladiny
rastového hormonu. Uzivani hormonalni antikoncepce metabolicky ucinek rizikového
haplotypu jesté¢ prohloubilo. Asociace vybranych obezitogenid jsme hledali 1 u souboru
adolescenttl, jelikoZ metabolické choroby se stile castéji objevuji 1 u nich. Nalezli jsme
souvislost polymorfismti v genech MC4R a BDNF s metabolickym syndromem. Asociace
polymorfismu v genu FTO s nadvahou a obezitou byla u adolescentii potvrzena, nové popsana
byla souvislost varianty genu TMEM18 s podvahou. Varianta v genu PCSK1 korelovala
s niz§imi hladinami glukoézy, a to zejména u chlapct.

Druhd ¢ast této prace se vénuje efektim bariatrickych operaci, které jsou v soucasnosti
povazovany za nejefektivnéj$i nastroj v 1é€bé obezity. Jejich ucinkem neni jen sniZeni
hmotnosti, ale 1 1écba dalSich vaznych, casto s obezitou spojovanych onemocnéni (DM2,
dyslipidémie, hypertenze). V piedkladanych studiich jsme sledovali ucéinek tii typl
bariatrickych operaci — laparoskopické gastrické plikace (LGP), laparoskopické gastrické
bandaze (LAGB) a biliopankreatické¢ diverze (BPD). Ke sniZzeni hmotnosti a ke zlepSeni
glukoézového metabolismu doslo po vSech tfech typech operaci, nicméné pouze BPD vedla
ke kompletni remisi DM2. Po LGP doslo ke zmén¢ hladin inkretind, kterd byla ziejmé
zodpovédna za kratkodobé zlepsSeni glukézového metabolismu, po dvou letech byl vsak
pozorovan vzestup krevni glykémie k pivodnim hladinam. Pfi dlouhodobém sledovani jsme
nalezli u Zen po BPD zvySenou lipogenezi v tukové tkani, coZ naznacuje adaptaci organismu
na zhorSenou resorbci mastnych kyselin z potravy. Tento typ =zakroku vedl

~~~~~~



Abstract

Common obesity is polygenic, multifactorial disease, in which individual genes interact with
each other and with environmental factors. Genome-wide association studies, conducted
between 2006-09, led to the discovery of dozens of gene loci that predispose individuals to
obesity. The strongest signals were registered for polymorphisms in FTO (fat mass and
obesity-associated) and near a gene MC4R (melanocortin 4 receptor). However,
the contributions of these variations on the phenotype of obesity are very small, therefore, it is
necessary to validate the results of such robust studies. It is very important to uncover the
effects of genetic variants for understanding the molecular mechanisms of energy metabolism.

The studies presented in this thesis refer about the impact of polymorphisms in selected
genes on anthropometric and metabolic parameters of the patients of the Institute of
Endocrinology and of healthy volunteers who underwent functional tests. Our cohort includes
a representative sample of Czech children (COPAT study). DNA samples were genotyped for
the selected single nucleotide polymorphisms. In the group of normoglycaemic women,
a significant association of MC4R gene with the higher level of growth hormone and leptin
and better glucose homeostasis was found. This suggested a complex role of MC4R
in the hypothalamic regulation. We also investigated the effect of the FTO gene variation
in lean women. In this group, a haplotype combination of four risk variants was associated
with BMI. A likely explanation for their lean phenotype could be the finding of higher levels
of growth hormone. The usage of oral contraceptives has deepened the metabolic effect
of the risk haplotype. We searched the associations of selected genes also in the cohort
of adolescents, as the metabolic diseases are increasingly emerging by adolescents too. We
found a correlation of polymorphisms in genes MC4R and BDNF with metabolic syndrome.
Association of polymorphism in the FTO gene overweight and obesity has been confirmed.
A gene variant in TMEM18 was associated with underweight and variant in PCSK1 was
associated with lower glucose levels, esp. in boys.

The next part of this thesis focuses on effects of bariatric operations, which are currently
considered the most effective tool in the treatment of obesity. Their effect is not only weight
reduction, but also the treatment of other diseases associated with obesity (T2D,
dyslipidaemia, hypertension). In our studies, we investigated the effect of three types
of bariatric surgery — laparoscopic gastric plication (LGP), laparoscopic gastric banding
(LAGB) and biliopancreatic diversion (BPD). Reduced weight and improved glucose
metabolism occurred after all three operations, but only BPD led to the complete remission
of T2D. After LGP, incretin levels have changed significantly. This was apparently
responsible for short-term improvement in glucose metabolism. However, two years after LGP
blood glucose levels have increased to the baseline levels. In women after BPD, we found
increased lipogenesis in adipose tissue, indicating an adaptation of the organism to degraded
resorption of fatty acids from food. This type of surgery has led to the most satisfying overall
metabolic status of patients.



1 Uvod

Obezita je velmi zdvaznym metabolickym onemocnénim, jehoz prevalence vzriistd nejen
u dospélé populace, ale dokonce uz 1 u déti a adolescentli. Obezita souvisi s vyssi dostupnosti
vysokokalorickych potravin a se sniZzenou habitualni aktivitou (Chaput et al., 2011), navic ma
silny geneticky podklad.

Nejrizikovéj$Sim typem obezity je abdomindlni obezita, kterd vznikd hromadénim lipida
v ektopickych mistech napt. ve viscerdlni tukové tkéni, ktera vykazuje vysokou metabolickou
aktivitu. Je soucasti kritérii metabolického syndromu (MS) a casto vede k inzulinové rezistenci
a diabetes mellitus 2. typu (DM2).

Energetickou homeostazu zajistuji komplexni interakce perifernich signdli a centralniho
nervového systému, které reguluji chut k jidlu. Pfijem potravy je fizen centrem hladu a sytosti
ve ventromedidlnim a laterdlnim hypothalamu. Tato centra pfijimaji hormondlni signaly
z pankreatu (napf. inzulin), tukové tkané (napft. leptin) a z gastrointestinalniho traktu (napt. GIP,
GLP-1, ghrelin), které jsou zahrnuty v pfenosu informaci o energetickém stavu neurohumoralni
osou spojujici zaludek s centrem v hypothalamu (Hainer et al., 2001).

Bézna obezita ma komplexni podstatu. Takové onemocnéni je polygenni, nebot’ je prezentovano
mnoha geny s malym uc¢inkem, pfi¢emz spolu funguji aditivnim zpisobem a jeSté interaguji
s faktory prostiedi, coz studium obezity velice komplikuje (Sandholt et al.,, 2010).
U komplexnich onemocnéni se tak vzhledem ke slozité genetické podminénosti nedédi nemoc
sama o sobg, ale spiSe nachylnost k ni.

Diky technickému pokroku v podob& analyzy na mikrocipech bylo umoZnéno provedeni
celogenomovych asociacnich studii (GWANS), které vedly k odhaleni celé fady genovych variant,
které souvisely s vys§i hodnotou BMI, s delsim obvodem pasu, a tedy 1 s vy$Sim rizikem vzniku
obezity. Nejvyznamnéjsi asociace s obezitou byla zjisténa s genem FTO (Frayling et al., 2007).
O rok pozdé&ji byl zachycen dal$i velmi silny asocia¢ni signal blizko genu pro MC4R (Loos et al.,
2008). Dalsi relativné silné asociace s obezitou, potvrzené nezavislymi studiemi, vykazovaly
geny TMEM18, SH2B1, KCTD15, PCSK1, BDNF a SEC16B (Renstrom et al., 2009; Holzapfel
et al., 2010). Nekteré z nalezenych predisponujicich gend maji pifimou funkéni souvislost
s obezitou, jiné jsou pfednostné exprimovany v hypothalamu v centrech regulace piijmu potravy,
ovSem jejich pfesna biologicka funkce zatim neni jasna a jsou pfedmétem intenzivniho vyzkumu.
Je zfeymé, Ze ke stejnému patologickému fenotypu vede nékolik riiznych biochemickych cest.
Dal$im uskalim je 1 nepfeberné mnozstvi kandidatnich geni, které se potencidlné mohou
uplatiovat v rozvoji onemocnéni. Monogenni formy obezity jsou z hlediska celkové prevalence
obezity minoritni, nicméné moznost cilené uc¢inné 1é€by téchto pacientd je obrovskym piinosem
a podnécuje vyvoj podobnych typl terapie i u bézné formy obezity. Hypotézou predkladané
dizertacni prace je, ze efekt béZnych genetickych variant se promita do energetickych drah
a hormonalnich charakteristik i zatim neobéznich osob a predisponuje je k rozvoji obezity
v budoucnosti. V této praci byly testovany metabolické a hormondlni efekty béznych obezitogent
u vzorku adolescentni a dospé€lé populace s riznou Urovni inzulinové senzitivity a s variabilni
télesnou hmotnosti.



Pti 1écb¢ obezity nejde jen o snizeni hmotnosti, ale pfedevsim o zlepSeni zdravotniho stavu
a zlepSeni kvality zivota obézniho pacienta. Lécba obezity je komplexni proces, ktery zahrnuje
individualni piistup, vytvoteni vhodného Ié¢ebného programu a 1écebnych metod.

Konzervativni 1éc¢ba se sklada ze stravovacich zmén, zvyseni pohybovych aktivit a doporuceni
celkové zmény zivotospravy. Moznost farmakologické 1é€by je v soucasnosti omezena.
U pacienttl s extrémni obezitou konzervativni lécba Casto nestaci a praveé v téchto piipadech Ize
obezitu 1é¢it chirurgicky.

Druhd cast disertacni prace se zabyva léCbou obezity bariatrickou chirurgii, kterd se
a dlouhodobé hmotnostni ubytky u vétSiny pacientu (Buchwald et al., 2007). Velikost tbytka
hmotnosti je ovSem mezi jedinci velice rozmanitd. Po bariatrickém zakroku dochézi
k vyznamnému zlepSeni ¢i uUplnému vymizeni nékterych chorob pfidruzenych k obezite,
napt. DM2, dyslipidémie, hypertenze a kardiovaskuldrnich onemocnéni. U vice nez
80 % diabetikl 2. typu dochdzi po bariatrické operaci ke zlepSeni ¢i k uplnému vymizeni DM2.
Z toho diivodu lze hovofit i o tzv. metabolické chirurgii (Buchwald et al., 2004 et 2005). U¢inek
1écby mohou ovliviiovat klinické i genetické faktory. Bariatrické operace je mozné rozd¢lit
na restriktivni vykony, pfi nichZz se zmensi kapacita zaludku (napi. laparoskopickd gastricka
plikace, rukavova resekce Zaludku nebo bandédz); malabsorp¢ni vykony, které vytadi tenké stfevo
z procesu traveni (napf. biliopankreatické diverze) a kombinované vykony, vyuzivajici obou vyse
zminénych mechanismu (napt. Roux-en-Y gastricky bypass).

Samotny chirurgicky vykon ovlivituje homeostdzu glukdézy bez zéavislosti na snizeni télesné
hmotnosti, protoZe remise diabetu nastava jiz nékolik dni po vykonu. K mechanismiim ptimého
antidiabetického vlivu operace patii zvySeni stimulace uvolfiovani inkretinli Zivinami
(napt. GLP-1, GIP), oslabeni sekrece ghrelinu a zlepSeni inzulinové senzitivity v jatrech
z divodu snizeni energetického pfijmu a nasledné zvySeni inzulinové senzitivity v perifernich
tkanich v dusledku poklesu télesné hmotnosti (Thaler et al., 2009; Chiellini et al., 20009;
Nannipieri et al., 2011). Uplatiiuji se také zmény rychlosti konzumace potravy a vyprazdiovani
zaludku, doba priichodu potravy stfevem, detekce a absorpce zivin a metabolismus Zlucovych
kyselin (Laferrere et al., 2011).

Vysledek bariatrické operace zavisi na vstupnim BMI pacienta, délce trvani DM2 a zalezi také na
dalSich charakteristikdch samotného pacienta. Obecné Ize ale fici, Ze ¢im vys§i BMI pacient ma,
tim vyrazné&jSiho metabolického Uc¢inku operace lze dosahnout. Ukazalo se totiz, Ze pacienti
s nadvéhou dosdhnou jeden rok po BPD remise DM2 pouze ve 40 %, zatimco obézni pacienti
L. stupné v 70 %, coz naznacuje, Ze operace sama o sob&é metabolicky uc¢inek nema. Nicméné,
u extrémné obéznich dochazi k revitalizaci B-bunék, pfi dostatecném mnozstvi cirkulujiciho
inzulinu a diky vyraznému sniZeni potravinového piijmu dochdzi i k obnoveni inzulinové
senzitivity (Scopinaro et al., 2011; Cordera et al., 2016).

Otéazky, které je tfeba zodpoveédet v souvislosti s Uspéchy bariatrické chirurgie, jsou predevsim
metabolické a hormonalni dopady jednotlivych typl operaci na vysledny stav pacienta
a dlouhodobé duasledky této 1écby.



2 Cile dizertacni prace

1. Zjistit metabolické efekty genetické varianty rs12970134 blizko genu MC4R, predevsim
v souvislosti s parametry gluk6zového metabolismu a inzulinové senzitivity, v souboru zen
s riznou glukoézovou toleranci (zeny se syndromem polycystickych ovarii, zeny s gestatnim
diabetem v anamnéze, Zeny s diagnozou diabetes mellitus 2. typu, zdravé normoglykemické

kontroly).

2. Zjistit, zda a jaky maji vliv genetické varianty rs1421085, rs1121980, rs17817449, 19939609
v genu FTO, které jsou prezentovany jako rizikové pro obezitu, na antropometrické, metabolické
a hormondlni parametry u Stihlych jedinc.

3. Zjistit vliv genetickych variant kandidatnich gent pro obezitu TMEM18 (rs7561317), SH2B1
(rs7498665), KCTD15 (rs29941), PCSK1 (rs6232, rs6235), BDNF (rs925946, rs4923461),
SEC16B (rs10913469), MC4R (rs12970134, rs17782313) a FTO (1s9939609) na antropometrické
parametry a parametry metabolického syndromu u ¢eskych adolescenti s variabilni télesnou
hmotnosti (podvaha, normalni hmotnost, nadvaha a obezita).

4. Zjistit vliv laparoskopické gastrické plikace na gluk6zovy metabolismus a na hladiny inkretind
a gastrointestinalnich hormonti u extrémné obéznich pacientek s diabetes mellitus 2. typu.

5. Zjistit vliv bariatrickych operaci na remisi diabetu a sloZzeni mastnych kyselin v tukové tkani
u morbidné obéznich pacientek s diabetes mellitus 2. typu po dvou letech.



3 Soubory a metody

Pro ucely nasich studii byly pouzity jiz dfive shromazdéné soubory, které jsou stale rozsSifovany.
Jde o soubor diabetikii 2. typu, soubory Zen s diagndézou gestaéniho diabetu a syndromu
polycystickych ovarii, soubor zdravych jedinct a dale také soubor adolescenti (studie COPAT).
VSsichni jedinci zahrnuti v naSich studiich byli detailné antropologicky zméfeni a bylo jim
provedeno zakladni biochemické vysetfeni, podstoupili funkéni testy (ordlni glukozovy
toleran¢ni test u dospélych nediabetikii nebo mixed-meal tolerance test s pfesné¢ definovanym
energetickym obsahem a euglykemicky hyperinzulinemicky clamp u Zen po bariatrické operaci).
Funkeni testy slouzi k odkryti kompenzac¢nich mechanismii organismu a k odhalovani mozné
poruchy v Casné fazi vyvoje.

Na sbiranych vzorcich byla provedena cela fada biochemickych analyz. Cast z nich byla
provadéna na automatizovaném pfistroji Cobas 6000, jiné byly stanoveny ELISA metodami nebo
multiplexovou analyzou BioPlex.

Genotypizace vybranych polymorfismii byla provedena pouzitim ABI TagMan sond na pfistroji
LightCycler 480 (Roche)

Bariatrické operace byly provadény na OB klinice, a. s. Koncentrace mastnych kyselin z tukové
tkané byly stanoveny na IV. interni klinice 1. 1ékatské fakulty UK.
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4 Vysledky a diskuze

4.1 Vliv varianty rs12970134 v blizkosti genu MC4R na metabolické a hormonalni
parametry sledované v souvislosti s obezitou

Autori: BRADNOVA O, VEJRAZKOVA D, VANKOVA M, LUKASOVA P, VCELAK J,
STANICKA S, DVORAKOVA K, BENDLOVA B. Physiol Res. 2015; 64(2): 187-95. IF=1,293
Mutace v genu pro MC4R jsou nejéastéjsi pii¢inou monogenni formy obezity. Nicméné vliv
varianty rs12970134 (A/G) byl popsan v souvislosti s béznou obezitou a s inzulinovou rezistenci

Vysledky studii jsou vSak nekonzistentni a komplexni metabolicko-hormonalni analyza vlivu této
varianty nebyla u lidi provedena. Cilem studie bylo zjistit asociaci varianty rs12970134 v genu
MCA4R s obezitou, dale s hladinami vybranych hormont a parametry gluk6zového metabolismu
ve skupiné Zen s riznou glukoézovou toleranci a télesnym slozenim. N&S§ soubor zahrnoval
850 normoglykemickych zen (vék: 30,4 [LCL: 29,6; UCL: 31,3] let; BMI:
22,8 [22,5; 23,3] kg/m?, 423 Zen s diagndzou syndromu polycystickych ovérii (PCOS) (vék:
27,6 [26,7; 28,2] let; BMI: 25,4 [24,7; 26,1] kg/mz), 402 zen s diagnézou gestacniho diabetu
v anamnéze (vék: 33,4 [32.,9; 33.8] let; BMI: 23,1 [22,5; 23,6] kg/m?) a 250 Zen s diabetem
2. typu (DM2) (vék: 60,6 [59,8; 61,5] let; BMI: 31,1 [30,5; 32,9] kg/m?).

Asociaci studované varianty rs12970134 s obezitou jsme ve skupiné normoglykemickych zen
nepotvrdili. Nicmén¢ z dotaznikovych dat vyplynulo, Ze nositelky alely A mély vy$si maximalni
1 minimalni télesnou hmotnost dosazenou v dospélosti oproti zenam s genotypem GG (p = 0,04;
resp. p = 0,03). Ve skupiné zen s PCOS jsme vsak zjistili vliv variantni alely A na vyssi hodnotu
obvodu pasu (p = 0,049), glutealniho obvodu (p = 0,01) a indexu tukové hmoty (BAI; p = 0,01).
U normoglykemickych nositelek alely A jsme pozorovali nizsi hladinou glykémie (p = 0,001),
inzulinu (p = 0,005) a C-peptidu (p = 0,04) na lacno a s niz§i hodnotou indexu inzulinové
rezistence (HOMA-IR; p = 0,002) oproti nositelkam GG genotypu, coz naznacilo lepsi
inzulinovou senzitivitu, a to spiSe jaterni, nez-1i celotélovou. Vysvétlenim pro lepsi hepatickou
funkci nositelek alely A mlZe byt sniZzena akumulace tuku v jatrech, jak bylo popséno u varianty
MC4R rs177782313 (Haupt et al., 2009). U normoglykemickych nositelek alely A byla
ve srovnani s nositelkami genotypu GG zjisténa vyssi hladina ristového hormonu (p = 0,002),
zatimco dosaZena vySka byla v obou skupinach totozna. Studium somatotropni osy u obéznich
MCA4R-deficientnich pacientii odhalilo zvySenou pulsatilni i celkovou sekreci ristového hormonu
(Martinelli et al., 2011). Dale byla zjisténa vyssi hladina leptinu (p = 0,04) u nositelek variantni
alely, ackoliv zadny rozdil nebyl pozorovan v hodnoté BMI, WHR ani v mnozstvi t€lesného tuku,
ze kter¢ho je leptin uvolilovan. Vysvétlenim mulze byt sniZzena schopnost leptinu vazat se
ke svému receptoru, anebo sniZzena funkcnost receptoru MC4R ¢i leptinova rezistence, Casto
pozorovana u obéznich osob (Cole et al., 2010).

Nase studie naznacuje, ze variabilita genu MC4R se uplatiiuje nejen v regulaci energetického
metabolismu, ale 1 v komplexnéjSich hypothalamickych regulacich.

V této studii jsem se podilela asistenci pri OGTT, ucastniky studie jsem antropologicky mérila,
zajistovala jsem preanalytickou fazi sbiranych vzorku, provedla jsem genetickou analyzu,
statisticky vyhodnotila data a sepsala publikaci.
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4.2 Varianty v genu FTO jsou spojeny s vys§i hladinou ristového hormonu a ovliviiuji
metabolicky profil Stihlych Zen

Autori: LUKASOVA P, VANKOVA M, VCELAK J, VEJRAZKOVA D, BRADNOVA O,
STANICKA S, HAINER V, BENDLOVA B. Physiol Res. 2015; 64(2): 177-85. IF=1,2934
Geneticka variabilita v prvnim intronu genu FTO ma velmi silny dopad na obezitu, coz bylo

potvrzeno studiemi na riznych populacich po celém svéteé (Dina et al. 2007, Frayling et al. 2007,
Scott et al., 2007). Pti obezité je hladina FTO zvysSena, secernovany protein se Ucastni lipolyzy
v tukovych bunkach (Wahlen et al., 2008).

V této studii jsme se zaméfili na Stihlé Zeny nesouci rizikovy haplotyp sestaveny z variant
rs1421085 (T/C), rs1121980 (G/A), rs17817449 (T/G) a rs9939609 (T/A) a zjistovali jeho dopad
na antropometrické, hormonalni a metabolické parametry.

Asociacni  studii  genotypu s fenotypem jsme provedli u 172 Stihlych Zen
(BMI > 18,5 a < 25 kg/mz; vék 26,8 + 7,26 let), 77 z nich uzivalo hormonalni antikoncepci.
V naSem souboru §tihlych Zen jsme potvrdili asociaci rizikového haplotypu CAGA s mirnym
zvySenim BMI (p = 0,038), nicméné nepotvrdili jsme vliv na dalsi antropometrické parametry
a indexy, charakterizujici télesné slozeni (jako napi. obvod pasu, WHR a procento télesného
tuku). U nositelek CAGA haplotypu jsme pozorovali zvysenou sekreci B-bunék v pozdni fazi
OGTT a snizenou hladinu celkového a LDL-cholesterolu ve srovnani s nenositelkami.

Na lacno mély nositelky genotypu CAGA oproti ostatnim Zenam vys$si hladinu rdstového
hormonu a niZs§i hladinu LDL-cholesterolu a celkového cholesterolu. V pribéhu oGTT mély
nositelky genotypu CAGA stale vyS$i hladinu rastového hormonu a ddle mély vyssi hladinu
glykémie (ve 120. minuté), inzulinu (ve 150. minuté) a C-peptidu (ve 120. a 150. minuté)
v prubehu OGTT. Uzivani hormondlni antikoncepce jest€¢ zvySovalo zjisténé hormondlni
a metabolické Uc¢inky nositelstvi CAGA haplotypu.

Na zaklad¢ popsanych uc¢inkt ristového hormonu (Rudling a Angelin, 2001; Freathy et al. 2008;
Kokshoorn et al. 2011; Pena-Bello et al. 2015) se domnivame, Ze pravé zvySené hladiny
rastového hormonu mohou ovlivnit hladiny lipidd, sekreci inzulinu a chranit tyto zeny pted
rozvojem obezity. Uzivani HA samo o sobé vyvolava podobné metabolické ucinky nezavisle
na genotypu FTO, interakce rizikového haplotypu CAGA v genu FTO s uzivanim HA jesté
prohlubuje dopad na sledované metabolické parametry.

Vys$si hladiny rdstového hormonu zfejmé chrani §tihlé nositelky rizikového haplotypu pied
rozvojem obezity.

Na této praci jsem se podilela asistenci pri oGTT a zajistovala preanalytickou fazi sbiranych
vzorkil.
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4.3 Asociace polymorfismi kandidatnich geni pro obezitu s metabolickym syndromem

a s nim souvisejicich parametri u 1443 ¢eskych adolescentt

Autori: DUSATKOVA L, ZAMRAZILOVA H, SEDLACKOVA B, VCELAK J, HLAVATY P,
ALDHOON HAINEROVA I, KORENKOVA V, BRADNOVA O, BENDLOVA B, KUNESOVA M,
HAINER V. Folia Biol (Praha). 2013;59(3): 123-33. IF=1,000

Celogenomové asociacni studie odhalily fadu genetickych variant spojenych s obezitou, ovsem
pouze nékolik dalsich studii zkoumalo jejich souvislost i s metabolickym syndromem.

Cilem této studie bylo stanovit genotypy jedenacti variant uvnitf nebo v blizkosti osmi gent
(TMEM18, SH2B1, KCTD15, PCSK1, BDNF, SEC16B, MC4R a FTO) a zjistit jejich vliv
na rozvoj obezity, metabolického syndromu a dalSich parametrti u 1443 cCeskych adolescentt,
z nichz bylo 661 chlapcti a 782 dévcat ve véku od 13,0 do 17,9 let. Soubor tvotilo 60 adolescentl
s podvéahou, 713 s normalni hmotnosti, 194 s nadvahou a 476 obéznich adolescentt.

Potvrdili jsme asociaci varianty rs9939609 v genu FTO s nadvahou (OR=1,27; 95% CI:
1,01-1,59; p = 0,046) a obezitou (OR=1,46; 95% CI:1,24-1,73; p < 0,001), podobn¢ jako je
popisovano v mnoha jinych populacich, vcetné studii provedenych na ¢eské dospé€lé populaci
(Dina et al., 2007; Frayling et al., 2007; V¢elak et al., 2008; Hubacek et al., 2008). Nalezli jsme
také asociaci mezi variantou genu FTO a abdomindlni obezitou a dal§imi antropometrickymi
parametry. Tyto asociace vSak vymizely po adjustaci na BMI. Zd4 se proto, Ze variantni FTO ma
obecné vzato vliv na BMI, ale neovlivituje pfimo distribuci tuku na téle (Haupt et al., 2010).
Minoritni varianta rs7561317 v genu TMEM18 souvisela s fenotypem podvahy (OR=1,78;
95% CI: 1,14-2,79; p = 0,015), pficemz majoritni alela byla popsana v souvislosti s obezitou
(Willer et al., 2009), nicméné podle prace Jacquemonta et al. (2011) mohou protichidné
fenotypy (t€Zka obezita a podvaha) sdilet geneticky podklad.

Varianty rs925946 v genu BDNF a rs17782313 v genu MC4R zvySovaly riziko vzniku
metabolického syndromu (OR = 1,53; 95% CI: 1,14-2,04; p = 0,005; resp. OR = 1,51;
95% CI 1,12-2,04; p = 0,009), coz podporuje zjisténi dalSich studii, pfi kterych se ukazala
souvislost polymorfismu rs17782313 se snizenou hladinou HDL-cholesterolu (Kring et al., 2010)
a se zvySenym diastolickym krevnim tlakem (Vogel et al., 2011). Varianta rs6235 v genu PCSK1
negativné korelovala s hladinou krevni glukozy (OR = 0,69; 95 % CI 0,49-0,97; p = 0,04),
podobné jako ve studii Gjesinga et al. (2011).

Asociace bézné varianty v genu FTO s nadvahou a obezitou byla potvrzena i v populaci ¢eskych
adolescentd. Zjistili jsme asociace variant v genech MC4R a BDNF se zvySenym rizikem vzniku
metabolického syndromu, pravdépodobné v dusledku jejich vlivu na abdominalni obezitu.
Naopak varianta v genu pro PCSKI1 ma ziejmé protektivni G€inek proti rozvoji glukdézové
intolerance.

Na této studii jsem se podilela sbérem dat a provedenim genotypické analyzy variant rs12970134
arsl7782313 v genu MC4R.
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4.4 Vliv laparoskopické gastrické plikace na metabolicky profil obéznich diabeticek 2. typu

Autori: BRADNOVA O, KYROU I, HAINER V, VCELAK J, HALKOVA T, SRAMKOVA P,
DOLEZALOVA K, FRIED M, MCTERNAN P, KUMAR S, HILL M, KUNESOVA M, BENDLOVA
B, VRBIKOVA J. Obes Surg. 2014; 24(5): 718-26. IF=3,747

Laparoskopicka gastricka plikace (LGP) umoznuje redukci zaludecniho objemu bez nutnosti
implementace ciziho materialu (jako u laparoskopické gastrické bandaze — LAGB) nebo bez
nevratné resekce zalude¢ni stény (jako u laparoskopické sleeve gastrektomie — LSG).

Cilem této studie bylo zjistit zmény v lacnych i1 postprandidlnich hodnotach gluk6ézového
a lipidového metabolismu a zmény u vybranych hormonti gastrointestinalniho traktu u extrémné
obéznich diabeticek 2. typu v dobé& prvnich mésici od operace. Do nasi pilotni studie bylo
vybrano 13 obéznich diabeticek 2. typu (veék: 53 + 8,7 let; BMI: 40,1 + 4,59 kg/m?), které byly
vySetfeny nejprve pred operaci a nasledné 1. mésic a 6. mésic po zakroku. V téchto ¢asovych
bodech podstoupily vSechny zeny MMTT. V prubéhu MMTT jsme sledovali hladinu glukézy,
inzulinu, C-peptidu, triacylglycerolt, GIP, GLP-1, ghrelinu a obestatinu.

Vsechny pacientky vyznamné snizily svou hmotnost jiz po 1. mésici od operace. SniZzovani
hmotnosti pokracovalo i po 6. mésici od operace, kdy pacientky dosdhly téméetr 30 % EWL.

Po 6 mésicich doslo ke zlepSeni laéné glykémie a inzulinémie (p < 0,05) a zaroveil ke zlepSeni
inzulinové senzitivity, vyjadiené indexem HOMA-IR (p < 0,0001) a k poklesu hodnoty HbAlc
(p < 0,0001). U pacientek jsme naméfili niz8i hladiny postprandidlni glykémie (p < 0,0001)
a triacylglycerol (p < 0,001), vyjadiené vypoctem ploch pod kiivkou v pribéhu MMTT
po 6-ti mésicich od zakroku.

Plikovanim velkého zaktiveni Zaludku dojde k omezeni krevniho zasobeni Zaludec¢ni sliznice,
ze které je uvoliiovan ghrelin, pfedpokladali jsme proto jeho snizeni a naSe doménky jsme také
potvrdili. Zjistili jsme vyrazné sniZzeni postprandialnich hladin ghrelinu (p < 0,0001). Ghrelin ma
vyznamné diabetogenni uéinky (Scott et al., 2011), a proto snizené hladiny ghrelinu mohou
pfispivat ke zlepSeni gluk6zové homeostazy po LGP.

V 1.1 6. mésici od operace byly postprandidlni hladiny GIP vyznamné zvySeny (p < 0,0001),
pticemz zlepSeni se projevilo i posunem vrcholu stimulované hladiny GIP do Casnéjsi faze
(tj. z 60. na 30. minutu). Navic byl nasledujici pokles rychlejsi na zacatku sledovani
a po 1. mésici ve srovnani se stavem po pul roce. Vysvétlenim mize byt rychlejsi vyprazdiiovani
zaludku a nadmérnd stimulace K-bun¢k v tenkém stfevu nedostatecné natravenou potravou
a jejim rychlej$im prichodem travicim traktem.

Hladiny GLP-1 se vyrazné neménily, i kdyz jsme zaznamenali vyrazné zvyseni hladin GLP-1 ve
30. minut¢ MMTT jeden mésic po operaci, coz mohlo mit za nasledek i velmi vysokou hladinu
inzulinu v tomto ¢asovém bod¢. U obestatinu jsme zadné zmény nepozorovali.

Nase vysledky potvrzuji, Ze LGP vede k vyznamnému hmotnostnimu tbytku, zlepSeni glukdézové
homeostazy a postprandialni hypertriacylglycerolémie, kterd je povazovana za rizikovy faktor pro
rozvoj atheroskler6zy, ischemické choroby srde¢ni a infarktu myokardu (Nordestgaard et al.,
2007; Bansal et al., 2007). LGP dale pomaha obéznim diabetickam zlepsit jejich metabolicky
profil, v€etné postprandidlniho snizeni hladin ghrelinu a zvySeni hladin GIP.

Na této studii jsem se podilela asistenci pri MMTT, zajistovala jsem preanalytickou fazi
sbiranych vzorkii plasmy a séra, organizacné zajistovala zahranicni spolupraci - zejména odber,
zpracovani a zasilani vzorku tukové tkane, provadela multiplexovou analyzu, vyhodnotila ziskana
data, statisticky zpracovala a sepsala publikaci.
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4.5 Efekt bariatrické 1é¢by na metabolismus glukézy a ve vztahu k metabolismu mastnych
kyselin po 2 letech

Autori: KUNESOVA M, SEDLACKOVA B, BRADNOVA O, TVRZICKA E, STANKOVA B,
SRAMKOVA P, DOLEZALOVA K, KALOUSKOVA P, HLAVATY P, HILL M, BENDLOVA
B, FRIED M, HAINER V, VRBIKOVA J. Physiol Res. 2015; 64(2): 155-66. IF=1,293

Obezita a DM2 jsou choroby Casto spojované s dyslipidémii a pozménénym sloZzenim mastnych
kyselin. Slozeni mastnych kyselin obsazenych v triacylglycerolech tukové tkané odrézi nejen

slozeni tukl, pfijatych v potravé, ale 1 metabolické zpracovani tukli organismem, jako je
endogenni lipogeneze a oxidace lipida.

Cilem studie bylo zjistit vliv tfi typt bariatrickych zakrokti (laparoskopicka gastricka
bandaz — LAGB; laparoskopicka gastricka plikace — LGP; biliopankreaticka diverze — BPD) na
remisi diabetes mellitus 2. typu (DM2) a sloZeni mastnych kyselin v podkozni tukové tkani.
Soubor tvofily zeny s DM2, 8 zen bylo po BPD, 9 zen po LAGB a 12 Zen po LGP.
Antropometrické charakteristiky a slozeni mastnych kyselin jsme zjistovali pied operaci,
po 6 mésicich a po 2 letech od operace.

Nejucinngjsi operaci ve vztahu k remisi DM2 se jevi BPD (p < 0,004) ve srovnani s LAGB
a LGP. Po dvou letech doséhlo remise 7 z 8 zen po BPD a 6 z 9 Zen po LAGB. Po LGP nedoslo
k remisi ani u jedné z 12 pacientek.

Mezi zastoupenim mastnych kyselin (MK) v lipidech séra a membran a v triacylglycerolech
tukové tkané a metabolickymi chorobami je uzky vztah. Charakteristicky je vysSi obsah
nasycenych MK a niz§i obsah polyenovych MK u osob s obezitou a DM2. Nejvice zmén bylo
pozorovano ve skupiné zen po BPD. U nich byla namétena vyss$i koncentrace kyseliny laurove
(12:0), myristolejové (14:1n-5) a palmitolejové (16:1n-7), déale byla zjiSténa zvySend aktivita
steroyl-CoA desaturazy 1 (SCD1), coZ naznaCuje zvySenou lipogenezi v subkutanni tukové tkani.
Pfi¢inou miize byt adaptace organismu na zhorSenou absorpci tukii ze stravy. Bylo zjisténo, Ze
palmitolejova kyselina je uvolilovana spiSe z gluteofemordlniho podkozniho tuku, neZli
z abdominalniho, pficemz tento rozdil je dan zesilenou expresi delta-9 desaturazy
v gluteofemoralni tukové tkani (Pinnick et al., 2012). Pozitivni metabolicky efekt BPD se tak
odrazi ve zvySeném zastoupeni myristolejové a palmitolejové kyseliny v triacylglycerolech
tukové tkané.

Po BPD doslo dale k vyznamnému zvySeni kyseliny dokosatetraenové (22:4n-6), zatimco pii
hodnoceni koncentrace kyseliny dokosapentaenové (22:5n-3) jsme zjistili po 6 mésicich
od operace signifikantni pokles a nasledné po dvou letech vyrazny nartist. Snizena koncentrace
kyseliny dokosapentaenové (22:5n-3) byla pozorovéana i 6 mésici po LAGB. Vysvétlenim miize
byt zvySena oxidace n-3 polynenasycenych MK nebo jejich nizsi vstfebavani kvili niz$imu
potravinovému piijmu ¢i nizsi absorpci z traviciho traktu. Po dvou letech od LAGB a LGP jsme
nezjistili vyznamné zmény v koncentraci mastnych kyselin v tukové tkani.

V zavislosti na typu operace dochazi ke zménam ve sloZeni mastnych kyselin v tukové tkani
po Sesti mésicich 1 pii dlouhodobém sledovani po dvou letech od operace.

Na této studii jsem se podilela asistenci pri MMTT a zajistenim preanalytické faze sbiranych
vzorkii plasmy, séra a tukove tkane.
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5 Zavér

Potvrdili jsme asociaci rizikové varianty rs9939609 v genu pro FTO s obezitou u souboru ceské
détské 1 dospélé populace. U stihlych Zen, nesoucich rizikovy haplotyp CAGA, byla zjisténa
zvysena hladina glykémie, inzulinu a C-peptidu pii zat€zovém testu a piekvapive i vyssi hladina
rustového hormonu, ktera tyto zeny ziejm¢ chrani pred obezitou a zlepSuje i jejich lipidovy
metabolismus. Uzivani hormonalni antikoncepce tento efekt jesté zesililo.

Nepozorovali jsme sice asociaci variantni alely polymorfismu rs12970134 blizko genu MC4R
s obezitou ani s zadnym z antropometrickych parametrii, nicméné¢ jsme objevili asociaci
alely A s glukézovym metabolismem a s vys$§imi hladinami leptinu a rdstového hormonu
u normoglykemickych zen, coz napovida komplexnimu ptisobeni MC4R v hypothalamu.

Pfi studiu polymorfismi blizko MC4R (rs12970134 a rs17782313) a BDNF (rs925946)
u adolescentll byla objevena souvislost se vznikem metabolického syndromu a navic u chlapct
souvisela s rozvojem abdominalni obezity. Naopak varianta v genu pro TMEM18 souvisela
s podvéhou a varianta v genu PCSK1 asociovala s niz§i hladinou krevniho cukru, coz muze
znamenat protektivni u¢inek genu PCSK1 v rozvoji DM2.

Nasledujici dvé studie se zybyvaly 1écbou obezity bariatrickou operaci. Bylo potvrzeno, ze pul
roku po LGP dochazi k vyznamnému poklesu hmotnosti, zlepSeni metabolického profilu
obéznich diabeticek 2. typu. Déle bylo zjisténo, Ze po tomto zakroku dochazi ke snizeni hladiny
ghrelinu (hormonu hladu) a zvySeni hladiny inkretinu s antidiabetogennim tucinkem (GIP)
pfi zatézovém MMT testu, jako nasledek plikace zaludku a rychlej§iho prichodu potravy
zaludkem.

V posledni studii jsme porovnavali laparoskopickou gastrickou plikaci (LGP) s laparoskopickou
gastrickou bandéazi (LAGB) a biliopankreatickou diverzi (BPD). Remise diabetes mellitus 2. typu
u obéznich Zen byla po 2 letech nejcastéjSi po BPD, k remisi doSlo 1 ve vétSin¢ ptipadi
po LAGB, zatimco po LGP doslo z vétsi ¢asti pripadi “pouze” ke zlepsSeni ukazateld diabetu.
Velmi zajimavym poznatkem z hlediska adaptability organismu na bariatricky vykon BPD byla
zvySena lipogeneze v tukové tkani, charakterizovand vyznamné vysSim zastoupenim nasycenych
a mononenasycenych mastnych kyselin a delta-9 desaturdzy 1 ve srovnani s vykony LAGB
a LGP. Ke zvySeni syntézy mastnych kyselin dochézi zfejmé v disledku nedostate¢nosti piijmu
mastnych kyselin v potravé a/nebo v disledku malabsorb¢niho typu operace.

Z nasich vysledkll je zcela zfejmé, ze biliopankreaticka diverze je dlouhodobé nejucinnéjsi
bariatrickou operaci, po které doslo k nejvétSimu poctu remisi DM2.

16



1 Introduction

Obesity is a serious metabolic disease, that leads to many other complications. Its prevalence
is increasing not only among adults, but even in adolescents and children these days. Obesity
is related to availability of high-caloric food and decreased habitual activity (Chaput et al., 2011).
Obesity also has a strong genetic background.

Abdominal obesity is the most risk confering type of obesity that results from the accumulation
of lipids in ectopic locations e.g. in visceral adipose tissue, which has a high metabolic activity.
It belongs among criteria of the metabolic syndrome (MS) and often leads to insulin resistance
and type 2 diabetes mellitus (T2D) which are the most serious complications of obesity.

Complex inter-signalling between peripheral and central nervous system that regulate appetite
provides energy homeostasis. Food intake is controlled by centers of hunger and satiety in
the ventromedial and lateral hypothalamus. These centers receive hormonal signals from
the pancreas (e.g. insulin), adipose tissue (eg. leptin) and gastrointestinal tract (e.g. GIP, GLP-1,
ghrelin). These hormones are included in the transmission of information of the energy
homeostasis through neurohumoral axis connecting the stomach with the centers in
the hypothalamus (Hainer et al., 2001).

Common obesity has a complex multifactorial background which is influenced by both genetic
and nongenetic factors. This disease is also known to be polygenic. It is presented by many genes
with a small effect, they act together in an additive manner and interact with environmental
factors. These facts greatly complicate the identification of responsible genes (Sandholt et al.,
2010). Thanks to technological advances, such as analysis on microarrays, genome-wide
association studies (GWAS) were performed. It led to detection of a wide range of gene variants
in relationship with higher BMI, higher waist circumference, and thus a higher risk of obesity
development.

The most significant association with obesity was found in the gene FTO (Frayling et al., 2007).
A vyear later, another very strong association signals near the MC4R gene were captured (Loos
et al., 2008). Next strong associations with obesity, confirmed by independent studies, pointed to
TMEM18, SH2B1, KCTD15, PCSK1, BDNF, and SEC16B (Renstrom et al., 2009; Holzapfel
et al., 2010). Some of the found genes have a direct functional connection with obesity, others are
preferentially expressed in hypothalamic centers regulating food intake. However, their exact
biological function is not very clear yet, and thus they are intensively studied. It is obvious that
several biochemical pathways lead to the same pathological phenotype. Another pitfall is
the plethora of candidate genes that can potentially apply in the development of the disease. It is
typical for complex disease, it is not inherited itself, but rather a predisposition to it.

Monogenic forms of obesity in terms of overall prevalence of obesity are relatively rare,
however, the possibility of targeted effective treatment of these rare patients brings a huge
benefit. This encourages the development of similar types of therapy also for common forms
of obesity. Hypothesis of this thesis is that the effect of the common genetic variants is reflected
in the energy pathways and hormonal characteristics of non-obese people in the meantime and
predisposes them to the development of obesity in the future. The metabolic and hormonal effects
of selected genes in adolescent and adult populations with different levels of insulin sensitivity
and of variable body weight were investigated in this work.

17



The purpose of the treatment of obesity is not just weight reduction, but primarily
the improvement of the health condition and of quality of life. It is a complex process that
involves an individual approach, creation of an appropriate treatment program and choice of
the type of intervention.

Conservative treatment consists of the change of eating habits, of incorporation physical activity
into daily routine and lifestyle recommendations. Pharmacological therapy is currently limited.

In patients with morbid obesity, conservative treatment is insufficient very often. In these cases,
surgical treatment of obesity could bring a long-term solution.

The second part of the thesis deals with the treatment of obesity by bariatric surgery, which has
become one of the most successful treatments that provides significant and sustained weight loss
in the majority of patients (Buchwald et al., 2007). Bariatric surgery leads to significant
improvement or complete disappearance of some diseases associated with obesity, e.g. DM2,
dyslipidemia, hypertension and cardiovascular disease. However, the effect of the weight loss
varies among individuals. The effect of treatment could be influenced by clinical and genetic
factors. Bariatric surgeries can be divided into restrictive procedures involving the reduced
capacity of the stomach (eg. laparoscopic gastric plication, gastric sleeve resection or bandage);
malabsorption procedures which excludes the small intestine of the digestive process
(e.g. biliopancreatic diversion) and combined procedures, using the two above-mentioned
mechanisms (e.g. a Roux-en-Y gastric bypass).

Bariatric surgery affects glucose homeostasis independently on the body weight reduction,
remission of diabetes because it occurs several days after surgery. Antidiabetic effect of
operations include increased stimulation of the release of incretin nutrients (e.g. GLP-1, GIP),
weakening the secretion of ghrelin, and improve insulin sensitivity in the liver due to reduction of
energy intake and consequently increase insulin sensitivity in peripheral tissues due to
the decrease in body weight (Thaler et al., 2009; Chiellini, et al., 2009; Nannipieri et al., 2011).
Changes in the speed of food intake and gastric emptying time of passage of food through
the intestine, detection and nutrient absorption and metabolism of bile acids also influence
the antidiabetic effect (Laferrere et al., 2011).

The result of bariatric surgery depends on the BMI of the patient, duration of T2D and also
on other characteristics of the patient. The fact is, that the higher BMI patient has, the stronger
metabolic effect can be achieved. It turned out that overweight patients reached one year after
BPD T2D remission in only 40%, whereas obese patients in 70%. However, for extremely obese
patients, the bariatric surgery leads to revitalization of B-cells, and thanks to the significant
reduction of food intake, insulin sensitivity could be restored (Scopinaro et al., 2011; Cordera
et al., 2016). Questions that still need to be answered in relation to the success of bariatric
surgery are focused on metabolic and hormonal effects of various types of surgery in relation
with patients outcome and long-term effects of this treatment.
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2 Aims

1. To examine the metabolic effects of genetic variant near the MC4R gene rs12970134
in relation to parameters of glucose metabolism and insulin sensitivity in the group of women
with various glucose tolerance (women with polycystic ovary syndrome, women with gestational
diabetes, and woman diagnosed with type 2 diabetes mellitus and normoglycemic healthy
controls).

2. To determine the influence of the genetic variants rs1421085, rs1121980, rs17817449,
rs9939609 in the FTO gene, which are presented as risk-confering for obesity on anthropometric,
metabolic and hormonal parameters in lean individuals.

3. To determine the influence of genetic variants of candidate genes for obesity TMEM18
(rs7561317), SH2B1 (rs7498665), KCTD15 (rs29941) PCSK1 (rs6232, rs6235), BDNF
(rs925946, rs4923461) SEC16B (rs10913469), MC4R (rs12970134, rs17782313) and FTO
(rs9939609) on anthropometric parameters and parameters of metabolic syndrome in Czech
adolescents with variable body weight (underweight, normal weight, overweight and obesity).

4. To determine the effect of laparoscopic gastric plication on glucose metabolism, and on levels
of gastrointestinal hormones in morbidly obese patients with type 2 diabetes mellitus.

5. To evaluate the impact of bariatric surgery on remission of diabetes and on the composition
of fatty acids in adipose tissue of morbidly obese patients with type 2 diabetes mellitus after
2 years.

3 Materials and methods

For the purposes of our studies, we have used previously collected files that are constantly
extended. Our cohort consists of subjects with type 2 diabetes mellitus, women diagnosed with
gestational diabetes and polycystic ovary syndrome, healthy individuals, and also of a cohort
of adolescents (COPAT study). AIll individuals included in our studies were precisely
anthropologically measured, and basic biochemical examination has been done. Oral glucose
tolerance test (OGTT) were performed in adults without type 2 diabetes; mixed-meal tolerance
test (MMTT) with a precisely defined energy content and euglycemic hyperinsulinemic clamp
were performed in women after bariatric surgery. Tolerance tests are used to identify
the compensatory mechanisms of the organism and to detect possible failures at an early stage
of their development.

A variety of biochemical analyzes on collected samples were performed. Some of them were
carried out on the automated device Cobas 6000, others were determined by ELISA methods or
multiplex analysis Bioplex.Genotyping of selected polymorphisms was performed using the ABI
TagMan assays on LightCycler 480 (Roche).

Bariatric surgeries were performed on OB clinic, a. s. Concentrations of fatty acids from adipose
tissue were determined by 4th Department of 1st Faculty of Medicine.
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4 Results and discussion

4.1 Metabolic and hormonal consequencies of the *obesity risk MC4R variant
(rs12970134) in Czech women

Authors: BRADNOVA O, VEJRAZKOVA D, VANKOVA M, LUKASOVA P, VCELAK J,
STANICKA S, DVORAKOVA K, BENDLOVA B. Physiol Res. 2015; 64(2): 187-95. IF=1,293

Mutations in MC4R may cause monogenic forms of obesity. However, the influence of the
common polymorphism rs12970134 (A/G) was described in connection with polygenic obesity
and insulin resistance. The results of studies are inconsistent and comprehensive metabolic and
hormonal analysis of an effect of this variant has not been yet conducted in humans. The aim
of the study was to determine the association of variant rs12970134 in the MC4R gene with levels
of selected hormones and parameters of glucose metabolism in the group of women with
different glucose tolerance and body composition. A study cohort included 850 normoglycaemic
women, 423 women diagnosed with polycystic ovary syndrome (PCOS), 402 women diagnosed
with gestational diabetes and 250 women with type 2 diabetes (T2D).

In the group of normoglycaemic women, the association of the polymorphism rs12970134 with
obesity was not confirmed. However, the questionnaire data showed that the minor A-allele
carriers had higher maximum and minimum body weight reached in adulthood than the carriers
of GG genotype (p = 0.04, resp. p = 0.03). In the group of women with PCOS, we discovered
the impact of the variant A-allele on higher value of the waist circumference (p = 0.049), gluteal
circumference (p = 0.01), and body adiposity index (BAI; p = 0.01). In normoglycaemic A-allele
carriers lower blood glucose levels (p = 0.001), insulin (p = 0.005) and C-peptide (p = 0.04) were
observed in the fasting state with a lower index HOMA-IR (p = 0.002) compared to carriers
of GG genotype, which indicated improved insulin sensitivity, but rather hepatic than the whole-
body one. The explanation for the improved hepatic function of the A-allele carriers may be
reduced fat accumulation in their liver, as was described for variant rs177782313 also near MC4R
(Haupt et al., 2009). We found higher levels of growth hormone (GH) in normoglycaemic
A-allele carriers compared to the carriers of the GG genotype (p = 0.002), while the average body
height reached in both groups was similar. Study of the somatotropic axis in obese MC4R-
deficient patients revealed elevated total and pulsatile GH secretion (Martinelli et al., 2011).
A higher leptin level (p = 0.04) in A-allele carriers compared to the non-carriers was observed,
although no difference was seen in BMI, WHR or in the amount of body fat — from which
the leptin is released. This could be explained by decreased ability of leptin to bind its receptor,
or reduced function of MC4R, or leptin resistance, so often observed in obese (Cole et al., 2010).

These findings suggest that the variability of the gene MC4R is involved not only
in the regulation of energy metabolism, but also in more complex hypothalamic regulations.
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4.2. Fat mass and obesity associated gene variants are associated with increased growth
hormone levels and affect glucose and lipid metabolism in lean women

Autori: LUKASOVA P, VANKOVA M, VCELAK J, VEJRAZKOVA D, BRADNOVA O,
STANICKA S, HAINER V, BENDLOVA B. Physiol Res. 2015; 64(2): 177-85. IF=1,293
Genetic variability in the first intron of FTO gene has a strong impact on obesity, as confirmed by
studies in various populations throughout the world (Dina et al., 2007; Frayling et al., 2007; Scott
et al., 2007, Scuteri et al., 2007). In obesity, FTO levels are increased. Secreted protein is
involved in lipolysis in the fat cells (Wahlen et al., 2008).

In this study, we focused on lean women carrying the risk haplotype consisting of these variants:
rs1421085 (T/C), rs1121980 (G/A), rs17817449 (T/G) and rs9939609 (T/A). We investigated its”
impact on anthropometric, hormonal and metabolic parameters.

Association study of genotype with phenotype was performed in 172 lean women
(BMI > 18.5 and < 25 kg/m?; age 26.8 + 7.26 years), 77 of them used hormonal contraception
(HC). We confirmed the association of risk haplotype CAGA with a slight increase in BMI
(p = 0.038), although no impact on other anthropometric parameters and indices that characterize
the body composition (eg. waist circumference, WHR and body fat percentage) was observed.
Increased secretion of B-cells in the late phase of the OGTT and reduced levels of total and
LDL-cholesterol of CAGA haplotype carriers in comparison with non-carriers have been found.
We found higher growth hormone levels and lower levels of LDL-cholesterol and total
cholesterol in women with CAGA haplotype carriers compared to the others in the fasting state.
CAGA carriers had increased levels of growth hormone and also a higher blood glucose level
(at 120" minute), insulin (at 150" minute), and C-peptide (at 120" and 150" minute) during
OGTT. The determined hormonal and metabolic impact of CAGA risk haplotype was even more
increased in HC users.

Based on the described effects of growth hormone (Rudling and Angelin, 2001; Freathy et al.,
2008; Kokshoorn et al., 2011; Pena-Bello et al., 2015), we suggest that elevated growth hormone
may affect lipid levels, insulin secretion and it seems to protect women with CAGA haplotype
from obesity development. HC usage itself has similar metabolic effects independently
of the FTO genotype. Interaction of the risk haplotype CAGA in FTO gene with the usage of HC
deepened the impact on examined metabolic parameters.

Higher level of growth hormone protects lean carriers of the risk haplotype in FTO gene from
the development of obesity.
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4.3 Association of obesity susceptibility gene variants with metabolic syndrome and related
traits in 1,443 Czech adolescents

Authors: DUSATKOVA L, ZAMRAZILOVA H, SEDLACKOVA B, VCELAK J, HLAVATY
P, ALDHOON HAINEROVA I, KORENKOVA V, BRADNOVA O, BENDLOVA B,
KUNESOVA M, HAINER V. Folia Biol (Praha). 2013; 59(3): 123-33. IF=1,000

Genome-wide association studies have identified a number of genetic variants associated with
obesity, but only a few other studies have examined their relationship with the metabolic
syndrome.

The aim of this study was to determine the genotypes of eleven variants in or near eight genes
(TMEM18, SH2B1, KCTD15, PCSK1, BDNF, SEC16B, MC4R and FTO), and to determine their
impact on the development of obesity, metabolic syndrome and other parameters in 1443 Czech
adolescents (661 boys and 782 girls; aged from 13.0 to 17.9 years). The cohort consisted
of 60 adolescents with underweight, 713 with normal weight, 194 overweight and 476 obese
adolescents.

We confirmed the association of rs9939609 variant in FTO gene with overweight (OR = 1.27;
95% CI: 1.01-1.59; p = 0.046) and with obesity as well (OR = 1.46; 95% CI: 1.24-1.73,;
p < 0.001), similarly as was described in many other populations, including studies conducted
on Czech adult population (Dina et al., 2007; Frayling et al., 2007; V¢elak et al., 2008; Hubacek
et al., 2008). An association between a variant of the FTO gene and abdominal obesity and also
other anthropometric parameters has been found in this study. However, this association
disappeared after adjustment for BMI. Therefore, it seems that the FTO variant affects the BMI
generally, but does not directly affect the distribution of body fat (Haupt et al., 2010).

Minor variant of the polymorphism rs7561317 in TMEM18 gene was related to the phenotype
of underweight (OR = 1.78; 95% CI: 1.14-2.79; p = 0.015), while the major allele has been
reported in association with obesity (Willer et al., 2009). According to study of Jacquemont et al.
(2011), the genetic background may be shared by contradictory phenotypes (severe obesity and
underweight).

Variation of rs925946 in BDNF gene and rs17782313 in MC4R gene increase the risk
of metabolic syndrome (OR = 1.53; 95% CI: 1.14 to 2.04; p = 0.005; and OR = 1.51; 95% ClI
1.12-2.04; p = 0.009; resp.). This supports the findings of other studies that showed
an association of rs17782313 with reduced HDL-cholesterol (Kring et al., 2010) and increased
diastolic blood pressure (Vogel et al., 2011).

Variant of the polymorphism rs6235 in PCSK1 gene negatively correlates with blood glucose
levels (OR = 0.69; 95% CI 0.49-0.97; p = 0.04), similarly as in the study of Gjesing et al. (2011),
suggesting a protective role of this variant in T2D development.

In this study, we confirmed the association of common variant in the FTO gene with overweight
and obesity in the cohort of Czech adolescents. We found the association of variants in MC4R
and BDNF genes with increased risk of metabolic syndrome, probably due to their impact
on the abdominal obesity. Conversely, it seems that a variant of PCSK1 gene has a protective
effect in the development of glucose intolerance.
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4.4. Laparoscopic greater curvature plication in morbidly obese women with
type 2 diabetes: effects on glucose homeostasis, postprandial triglyceridemia and selected
gut hormones

Authors: BRADNOVA O, KYROU I, HAINER V, VCELAK J, HALKOVA T, SRAMKOVA P,
DOLEZALOVA K, FRIED M, MCTERNAN P, KUMAR S, HILL M, KUNESOVA M,
BENDLOVA B, VRBIKOVA J. Obes Surg. 2014; 24(5): 718-26. IF=3,747

The laparoscopic greater curvature plication (LGP) allows a reduction of gastric volume without
implementation of any foreign material (such as in laparoscopic gastric banding — LAGB) and
without resection of the stomach wall (as in laparoscopic sleeve gastrectomy — LSG).

The aim of this study was to determine changes in fasting and postprandial parameters of glucose
and lipid metabolism and hormonal changes of selected hormones of gastrointestinal tract
in morbidly obese type 2 diabetic women during the first months after surgery. In this study,
13 obese type 2 diabetics (age: 53 + 8.7 years; BMI: 40.1 + 4.59 kg / m?) were examined initially
before the operation and subsequently after 1%t and 6" month after the surgery. At these time
points, all women underwent MMTT. Blood glucose, insulin, C-peptide, triglycerides, GIP,
GLP-1, ghrelin and obestatin levels were examined during the MMTT.

All patients significantly reduced their weight after the 1% month from the operation. Weight
reduction continued beyond 6 months after the surgery, when women reached 30 % EWL. After
6 months, improved fasting glycaemia and insulinemia (p < 0.05) has been observed. We have
also found improved insulin sensitivity, expressed by lower value of HOMA-IR (p < 0.0001), and
decreased HbAlc (p < 0.0001). We observed lower postprandial blood glucose levels
(p < 0.0001) and triglycerides (p < 0.001) expressed by calculating of the areas under the curve
during MMTT.

Plication of the greater curvature of the stomach could reduce the blood supply of the gastric
mucosa from which ghrelin is released. Our assumption was confirmed — a significant decrease
in postprandial ghrelin levels was found (p < 0.0001). Ghrelin has significant diabetogenic effects
(Scott et al., 2011) and therefore, reduced levels of ghrelin can contribute to improvement
of the glucose homeostasis after LGP.

In the 1% and 6™ month after surgery, postprandial GIP levels were significantly increased
(p < 0.0001), the improvement was also evident by shifting the peak of stimulated GIP level to
an earlier stage (i.e. from the 60" to the 30" minute) during MMTT. The following drop was
faster at the baseline and after 1 month compared to the 6 months follow-up. The explanation
may be faster gastric emptying and overstimulation of the K-cells in the small intestine in
response to inadequately digested food and its rapid passage through the gastrointestinal tract.
GLP-1 levels did not change significantly with one exception of a significant increase in
the 30" minute of MMTT seen one month after the surgery. This could have resulted in very high
levels of insulin at this time point. No changes in obestatin levels were observed.

This study confirms that LGP leads to significant weight loss, to improvement of glucose
homeostasis and postprandial hypertriglyceridaemia, which is considered as a main risk factor for
the development of atherosclerosis, coronary heart disease and myocardial infarction
(Nordestgaard et al., 2007; Bansal et al., 2007). Furthermore, LGP helps obese diabetics to
improve their metabolic profile, including postprandial reduction in ghrelin levels and increased
levels of GIP.
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4.5 Fatty acid composition of adipose tissue triglycerides in obese diabetic women after
bariatric surgery: a 2-year follow up

Authors: KUNESOVA M, SEDLACKOVA B, BRADNOVA O, TVRZICKA E, STANKOVA
B, SRAMKOVA P, DOLEZALOVA K, KALOUSKOVA P, HLAVATY P, HILL M,
BENDLOVA B, FRIED M, HAINER V, VRBIKOVA J.

Physiol Res. 2015; 64(2): 155-66. IF=1,293

Obesity, as well as T2D are diseases often associated with dyslipidemia and altered fatty acid
(FA) composition. Composition of FAs that are contained in triglycerides of fat tissue reflects not
only the composition of the fat ingested, but also the metabolic processing of lipids such as
endogenous lipogenesis and lipid oxidation.

The aim of the study was to determine the effects of three types of bariatric surgery (laparoscopic
gastric banding — LAGB; laparoscopic greater curvature plication — LGP; biliopancreatic
diversion — BPD) on remission of type 2 diabetes mellitus (T2D) and FA composition
of subcutaneous adipose tissue. A cohort of morbidly obese diabetic women consists of 8 women
after BPD, 9 women after LAGB and 12 women after the LGP. Anthropometric characteristics
and composition of FAs were examined preoperatively, 6 months and 2 years after the surgery.
BPD appears as the most efficient operation in relation to the remission of T2D (p < 0.004)
compared to LAGB and LGP. After BPD, 7 of 8 monitored women achieved remission of T2D,
6 of 9 after LAGB and none of 12 women after LGP. Metabolic diseases are closely related with
the content of FAs in lipid serum, triglycerides in membranes and adipose tissue. Higher content
of saturated FAs and a lower content of polyunsaturated FAs is a typical feature in individuals
with obesity and T2D.

Most changes were observed in women two years after BPD. In this group, higher concentration
of lauric acid (12:0), myristoleic acid (14:1n-5) and palmitoleic acid (16:1n-7) was found, as well
as increased activity of stearoyl-CoA desaturase 1 (SCD1), that indicates an increased lipogenesis
in subcutaneous adipose tissue. This could be an adaptation of an organism to impaired
absorption of fats from the diet. It was found that palmitoleic acid is released from
the gluteofemoral subcutaneous fat rather than from abdominal fat, and this difference is due
to increased expression of delta-9 desaturase in gluteofemoral adipose tissue (Pinnick et al.,
2012). Thus, the metabolic effect of BPD is reflected by increased content of myristoleic acid,
palmitoleic acid in triglycerides of adipose tissue.

After BPD, a significant increase of docosatetraenoic acid (22:4n-6) was observed, while
the concentration of docosapentaenoic acid (22:5n-3) decreased after 6 months from the
operation, with a significant increase after two years. Decreased level of docosapentaenoic acid
(22:5n-3) was observed in 6 month follow-up also after LAGB, indicating an increased oxidation
of n-3 polyunsaturated FA or lower absorption of FA due to the lower caloric intake or
absorption from the gastrointestinal tract. After LAGB and LGP, no significant changes in
the concentration of FA in the adipose tissue was found in the 2-year follow-up.

Depending on the type of surgery, changes in the composition of FAs in adipose tissue occur
after six months, as well as two years after the operation.
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5 Conclusion

Association of risk variant rs9939609 in the FTO gene with obesity in a group of Czech
adolescent and adult populations was confirmed. Elevated levels of blood glucose, insulin and
C-peptide during OGTT, and surprisingly, higher levels of growth hormone were detected in lean
women carrying the risk haplotype CAGA, which seem to protect these women against obesity
and improves the lipid metabolism. Usage of oral contraceptives makes this effect even stronger.

Although the association of the variant allele of polymorphism rs12970134 near MC4R gene with
obesity or some other anthropometric parameters in the group of normoglycaemic women was
not observed, we discovered an association with impaired glucose metabolism and with higher
levels of leptin and growth hormone, suggesting the complex role of MC4R in the hypothalamus.
Polymorphisms near MC4R (rs12970134 and rs17782313) and BDNF (rs925946) were found
to be associated with the development of metabolic syndrome in adolescents and moreover,
with the development of abdominal obesity in boys. Conversely, a variant in TMEM18 gene was
associated with underweight and variant in PCSK1 with lower blood glucose in adolescents.

The following two studies are dealing with the treatment of obesity with bariatric surgery. Our
first study confirmed that the laparoscopic gastric plication (LGP) causes the decline in body
weight, improves metabolic profile in obese type 2 diabetic women 6 months after the surgery.
Moreover, this type of surgery reduces the levels of ghrelin (hunger hormone) and increases
levels of GIP (incretin with antidiabetic effect) during MMTT, as a result of the plication
of the stomach and rapid passage of food through the stomach.

In the last study, we compared LGP with laparoscopic gastric banding (LAGB) and
biliopancreatic diversion (BPD). Remission of T2D in monitored women occured the most
frequently after BPD, in most cases after LAGB, while LGP caused "only" the improvement
of the glucose metabolism in the 2-year follow-up. A very interesting finding in terms
of the adaptability of the organism to bariatric surgery is that BPD, unlike LAGB and LGP,
increased lipogenesis in adipose tissue. This condition is characterized by a significantly higher
proportion of saturated and monounsaturated FA and delta-9 desaturase 1. The increase of FA
synthesis occurs probably due to inadequate intake of FA from the diet and/or due to
the malabsorption type of operation.

It is apparent that biliopancreatic diversion is the most effective long-term bariatric surgery,
which lead to the greatest number of T2D remissions.
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