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Abstrakt

Obezita je velmi rozSifend metabolicka choroba, kterd vyvoldvd mnoho dalSich
zdravotnich 1 socioekonomickych komplikaci. Vznika v disledku nadmérného piijmu
energie a nedostatecného vydeje, navic je siln€¢ geneticky podminéna. BéZzné obezita ma
polygenni, multifaktorialni charakter, kdy jednotlivé geny interaguji mezi sebou i s faktory
prostiedi, coz velmi ztézuje jejich identifikaci. Celogenomové asociacni studie, provedené
v letech 2006-09, vedly k odhaleni desitek genovych lokust, které predisponuji jedince
k obezité. Nejsilnéjsi signaly byly zachyceny u polymorfismt v genu FTO (fat mass and
obesity associated gene) a blizko genu MC4R (melanocortin-4 receptor). Piispévky téchto
variant k fenotypu obezity jsou ale velmi malé, proto je nutné vysledky takovychto
robustnich studii validovat. Odhalovéani G¢inkl variant takovych gent je velice dlleZité pro
pochopeni molekularnich mechanismt energetického metabolismu.

Studie predkladané v této praci referuji o souvislostech polymorfismti vybranych gent
s antropometrickymi a metabolickymi ukazateli pacientd Endokrinologického ustavu
a zdravych dobrovolnikl, ktefi podstupovali funkéni testy. Soubor zahrnuje
1 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
rastového hormonu a leptinu, coZz vypovida o jeho komplexni roli v hypothalamickych
regulacich. Byl zjistovan vliv variability genu FTO u Sstihlych Zen. Haplotypova
kombinace ¢tyt rizikovych variant u nich souvisela s mirnym zvySenim BMI v ramci
souboru. Vysvétlenim jejich Stihlého fenotypu by mohl byt nalez vyssi hladiny riistového
hormonu. UZivani hormonalni antikoncepce metabolicky Ucinek rizikového haplotypu jesté
prohloubilo. Asociace vybranych obezitogent jsme hledali i v souboru adolescentd, jelikoz
metabolické choroby se stdle castéji objevuji i u nich. Nalezli jsme souvislost
polymorfismi 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 podvéhou. Varianta v genu PCSK1
korelovala s niz§imi hladinami glukoézy, a to zejména u chlapct.

Druhé cast této prace se zabyva ucinky bariatrickych operaci, které jsou v soucasnosti
povazovany za nejefektivnéj$i nastroj v 1€cbé obezity. Jejich ucinkem neni jen snizeni
hmotnosti, ale i 1écba dalsich vaznych, Casto s obezitou spojovanych onemocnéni (diabetes

mellitus 2. typu, dyslipidémie, hypertenze). Mechanismy, jakymi dochazi ke zlepSeni



metabolického profilu jiz nékolik dnl po operaci, jsou intenzivné studovany. V naSich
studiich jsme sledovali Uc¢inek tii typl bariatrickych operaci — laparoskopické gastrické
plikace (LGP), laparoskopické gastrické bandaze (LAGB) a biliopankreatické diverze
(BPD). Ke snizeni hmotnosti a ke zlepsSeni glukézového metabolismu doslo po vsech tiech
typech operaci, nicméné pouze BPD vedla ke kompletni remisi DM2. Po LGP doslo ke
zméng hladin inkretinti, ktera byla zfejmé zodpovédna za kratkodobé zlepseni glukdzového
metabolismu, po dvou letech byl vSak pozorovan vzestup krevni glykémie k pivodnim
hladinam.

Pti dlouhodobém sledovani jsme nalezli u Zzen po BPD zvysenou lipogenezi v tukové tkani,
coz naznacuje adaptaci organismu na zhorSenou resorbci mastnych kyselin z potravy.

------

stav pacientek.



Abstract

Obesity is a frequent metabolic disease that causes many other health and socioeconomic
complications. Obesity arises due to excessive energy intake and decrease in energy
expenditure, which is a consegence of contemporary lifestyle. Moreover, obesity has
a strong genetic component. 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. The effect
of the FTO gene variation in lean women was also investigated. 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
(type 2 diabetes, dyslipidaemia, hypertension). Mechanisms that improve metabolic profile
in just a few days after surgery have been studied intensively. 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 type 2 diabetes. After LGP, incretin levels have
changed. 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

Svétova zdravotnicka organizace (World Health Organization; WHO) definuje nadvahu
a obezitu jako abnormalni nebo nadmérnou akumulaci télesného tuku, kterd je vysledkem
nerovnovahy mezi energetickym piijmem a vydejem. Nadmérnd hmotnost vyrazné zvySuje
nemocnost, zhorsuje kvalitu Zivota a souvisi i se socioekonomickymi problémy. S obezitou
jsou spojena vazna zdravotni rizika, obezita pfimo piispiva zejména k vysokému riziku
rozvoje diabetes mellitus 2. typu (DM2), hypertenze, dyslipidémie, kardiovaskuldrnich
chorob a k riziku ptfedcasné¢ho umrti.

Od 90. let minulého stoleti doSlo k prudkému nartstu prevalence obezity jak
v rozvinutych, tak i v rozvojovych zemich a zacalo se hovofit o celosvétové epidemii
obezity. V roce 2014 dosahl celosvétové pocet lidi s nadvdhou 1,9 miliardy a pocet
obéznich osob 600 milionid. Témér 40 % svétové dospélé populace ma nadvahu
(38 % muzi a 40 % zen) a 13 % svetové populace je obézni (11 % muzl a 15 % Zen)
(WHO, 2015) (obrazek 1 a 2). V poslednich nékolika letech ale jeji prevalence roste
v pon¢kud voln&jsimu tempu, nez se pivodné piedpovidalo (Finkelstein et al., 2012).

Z vyzkumu provedeném v letech 2008 az 2009 na reprezentativnim vzorku ceské
populace (n=2058) vyplynulo, Zze 52 % sledovanych osob ma nadmérnou hmotnost,
pticemz 35 % spada do kategorie nadvahy a 17 % je obéznich (Matoulek et al., 2010).

Zavaznym problémem je stale vzrustajici prevalence détské obezity. Piiblizné
80 % obéznich déti si totiz pienese chorobu i do dospélosti (Whitaker et al., 1997). V roce
2010 byl celosvétovy vyskyt détské obezity odhadnuty na 43 miliont (6,7 %) pfedSkolnich
déti s nadvahou nebo obezitou. Do roku 2020 je ocekavan narlGst az na 60 milionQ
obéznich déti (9,1 %) (de Onis, 2010).

Mezi lety 2002 az 2014 doSlo k vyraznému zvySeni prevalence nadvahy a obezity
i u Ceskych adolescentli. U chlapci se zvysila prevalence obezity z 18,3 % v roce 2002
na 24,8 % v roce 2014 a u divek se zvysila z 8,3 % v roce 2002 na 11,9 % v roce 2014
(Sigmund et al., 2015).

Obezita souvisi jednak s vysSi dostupnosti vysokokalorickych potravin (zvySena
konzumace tukii a sladkych néapojli), ale ptfedevSim se snizenou habitualni aktivitou,
tzv. sedavym zpusobem zivota (Chaput et al., 2011). Faktem ale je, Ze ne u kazdého

cey

jedince, zijiciho v takovémto ,,obezogennim” prostiedi, se nadvaha nebo obezita objevi.
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Tato interindividudlni variabilita je vysledkem ucinku gent, které interaguji se slozkami
obezogenniho prostiedi (Hofker a Wijmenga, 2010).

Nejbéznéjsim typem obezity je obezita polygenni. Jde o heterogenni, multifaktorialni
onemocnéni s komplexnim typem dédicnosti. Piispévky jednotlivych genii jsou Casto velmi
malé, navic interaguji mezi sebou i s faktory prostiedi. Znalost geni zodpovédnych
za vznik obezity a jejich interakce s vlivy prostfedi mize pomoci nalézt vhodnou
intervenci a stanovit efektivni nutricni 1 Iékaiskou terapii. Pouziti novych technologii
umoznuje identifikaci mnozstvi genetickych variant ¢i novych genl souvisejicich
s obezitou a pomdhd objasnit mechanismy patogenetickych cest a pripadné cile
pro farmakoterapii (Bendlova et al., 2007).

V poslednich dvou dekadach jsou efektivnim nastrojem [éCby obezity bariatrické
operace. Bariatrické operace pomdhaji 1é¢it nejen obezitu samotnou, ale i s obezitou
souvisejici komorbidity, jako je DM2, hypertenze a kardiovaskularni onemocnéni.
Ne zcela zodpovézenou otazkou v soucasnosti zlstava, jaky je presny mechanismus ucinku

jednotlivych operaci a jaké jsou dlouhodobé disledky téchto zakrokii.
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Obriazek 2 — Prevalence obezity (hlaSend data byvaji ¢asto podhodnocena; data z roku

2012). Zdroj: OECD, 2014 (upraveno)
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2 Literarni prehled

2.1 Etiologie a klasifikace obezity

Obezita je vysledkem pozitivni enegetické bilance. Dulezitymi faktory v jeji etiologii
jsou biologické cesty regulace chuti, regulace metabolismu a adipogeneze. Energeticky
vydej zahrnuje bazalni metabolismus, energii potfebnou pro vstfebavani zivin a vydej
energie pii fyzické namaze. Pokud energie ziskand z jidla a napoji ve formé kalorii
vyrazné prevySuje energeticky vydej, dochdzi k pozitivni energetické nerovnovaze
a k uklddani nadbytecné energie ve formé triacylglyceroli do tukové tkdné. Naopak
pii negativni energetické nerovnovaze, kdy vydej energie ptevysuje jeji piijem, dochéazi
k mobilizaci energie z tukovych zasob (Hainer et al., 2011; Hill et al., 2012). Krom¢
obsahu energie v jidle se uplatiuje i slozeni stravy, tzn. podil jednotlivych zékladnich zivin
(proteintl, lipidd a sacharidd), jejich pivod (zivoc¢isné nebo rostlinné bilkoviny), sloZeni
mastnych kyselin v triacylglycerolech, obsah sacharidi (mono-, di-, polysacharidy),
vlakniny a mikronutrientii (vitaminy, mineraly) (Kunesova et al., 2011).

Nejrozsitengjsim métitkem pro klasifikaci obezity je index télesné hmoty (BMI — body
mass index) s pouzitim pro ob& pohlavi a pro rizny dospély veék. Spocita se jako podil
télesné hmotnosti v kilogramech a druhé mocniny télesné vysky v metrech. Optimalni
rozmezi je mezi 18,5 az 24,9 kg/m?. Rozmezi od 25,0 do 29,9 kg/m? charakterizujeme jako
nadvahu a jiz 1ze pocitat se zvySenym rizikem vzniku zdravotnich komplikaci. Od hodnoty
BMI 30 kg/m? je toto riziko jiz vysoké a hovotime o obezité. Obezitu bylo piivodné mozné
rozdelit do tfi podskupin: obezita 1. stupné¢ (BMI 30-34,9 kg/m?), obezita II. stupn¢ (BMI
35-39,9 kg/m?) a obezita III. stupné¢ (BMI > 40 kg/m?), kterou nazyvame také t&€zkou,
extrémni ¢i morbidni (Poirier et al., 2006). V poslednich letech bylo nutné vzit v Givahu
narist pacientil s extrémni obezitou a doSlo k zavedeni dalSich dvou stupni:
obezita IV. stupné (BMI > 50 kg/m?) a obezita V. stupn¢ (BMI > 60 kg/m?) (Poirier et al.,
2009 et 2011).

Hodnoceni obezity podle BMI neni dostatecné. Dr. Goméz-Ambrozi ve své studii
provedené na 6000 jedincich zjistil u 80 % osob s nadvahou a u 29 % osob s normalni
hodnotou BMI srovnatelné mnozstvi relativniho zastoupeni tukové hmoty s obéznimi
jedinci (Gomez-Ambrosi et al., 2012). Dalsimi metodami klasifikace obezity je méfeni
tloustky zakladnich koZnich ¥as (napf. nad bicepsem, nad tricepsem, na bfiSe,

subskapularni, suprailiakalni). Abdominalni obezita je hodnocena podle délky obvodu
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pasu, ktera je spojend se zvySenym zdravotnim rizikem pocinaje hodnotou 94 cm u muzi
a 80 cm u zen, vysoké riziko hrozi od hodnoty 102 cm u muzi a 88 cm u zen (Alberti
et al., 2009). Dale je hodnocen pomér pasu k bokim (WHR — waist-to-hip ratio), jehoz
normalni hodnota je u muzi do 1,0 a u zen do 0,85. Index télesné adipozity
(BAI — body adiposity index) vyjadiuje odhad procenta télesné adipozity a dobfe koreluje
s vysledky zaskanymi z  méfeni dudlni  rentgenovou  absorpciometrii
(BAI = [obvod bokti/vyskal®] — 18 [%]) (Bergman et al. 2011). Bioimpedané¢ni analyza
(BIA) méti sloZeni téla vyuzitim rozdilné vodivosti riznych télesnych strutur, které kladou
rizny odpor pii prichodu elektrického proudu nizké intenzity a vysoké frekvence. Dudlni
rentgenova absorpciometrie (DEXA — Dual Energy X-Ray Absorptiometry) je povaZzovana
za nejlepsi referencni metodu. Vychazi z odliSné absorpce zéafeni o dvou riznych
energiich, coz umoziuje rozliSeni kostnich minerdl od mekkych tkani a rozdéleni
na tuk a tukuprostou hmotu. Pocitatova tomografie a nuklearni magneticka rezonance jsou
dal$imi zobrazovacimi metodami, jejichz vyuziti je ovS§em vzhledem k jejich vysoké cené
a nedostate¢né dostupnosti malé (Hainer et al., 2011).

Abdominalni obezita (také centrdlni ¢i androidni, tj. typickd pro muze) je metabolicky
velmi aktivni a z hlediska kardiovaskularnich komplikaci rizikovéjsi. Vznika v dobé, kdy
adipocyty v subkutanni tukoveé tkani jiZ nejsou schopny vychytavat cirkulujici
triacylglyceroly ziskané z potravy. Ty pak setrvavaji v ob¢hu a usazuji se na ektopickych
mistech (tj. ve visceralni tukové tkani, v jatrech, ve svalech, v ledvinach i v epikardu), coz
vede k lipotoxicit¢ (Gray a Vidal-Puig, 2007), inzulinové rezistenci a hyperinzulinémii
(Després et al., 2008). Tukové bunky maji v zavislosti na své velikosti a lokalizaci rizné
metabolické vlastnosti a rozdilnou schopnost exkrece adipocytokint, které vedou k riznym
stupniim kardiometabolického rizika (od protektivniho ptfes neutrdlni aZ po riziko velmi
vysoké). Pro zeny je typicky SpiSe gynoidni typ obezity, ktery je ddn nariistem subkutanni
tukové tkané v oblasti bokt a hyzdi (Hainer et al., 2011).

Zvlastni skupinou jedincl je pfiblizné 30 % obéznich s tzv. metabolicky ,,zdravou”
obezitou. Ta je charakterizovana hodnotou BMI vyssi nez 30 kg/m?, ale bez pritomnosti
dal$i metabolické poruchy jako je DM2, dyslipidémie nebo hypertenze. Doporucené
postupy pro léCbu obezity nerozliSuji mezi metabolicky zdravymi obéznimi a jedinci
s metabolicky rizikovou obezitou. Je pravdépodobné, ze metabolicky ,,zdrava” obezita je
pouze ptrechodny stav, dokud se nevyCerpa absorpéni kapacita adipocytd pro

triacylglyceroly (Hainer et al., 2015).
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O diagnéze obezity by mélo rozhodovat vice aspektl, nejen hodnota BMI a abdomindlni
obezita, nejcastéji méfend pomoci obvodu pasu. Pro vybér vhodné lécebné strategie
obezity je navic nutné¢ vzit v tvahu i dalsi rizikové faktory, jako jsou rizné hormonalni

dysfunkce a ptitomnost dalSich onemocnéni, napi. DM2.

2.2 Komplikace obezity

S obezitou je spojena cela fada dalSich zdravotnich komplikaci. Zavazné formy obezity
a s ni souvisejici komorbidity mnohonasobné zvysuji riziko pred¢asného umrti ve srovnani
s zivotni prognozou stejné starych neobéznich jedinct (Banegas et al., 2003). Podle
Dr. Kitahary et al. (2014) je délka zivota u jedincti s hodnotou BMI 40-44,9 kg/m?
zkradcena o 6,5 roku, u obéznich s hodnotou BMI 45-49.9 kg/m? o 8,9 let, u obéznich
s hodnotou BMI 50-54,9 kg/m?> o 9,8 let a u obéznich s hodnotou BMI mezi
55 a 59,9 kg/m? zkracena dokonce o 13,7 let.

Onemocnéni, ktera ¢asto doprovazi vyssi stupné obezity, jsou diabetes mellitus 2. typu,
dyslipidémie, hypertenze, srde¢ni selhdvani, syndrom spankové apnoe, nékteré druhy
malignit, poruchy fertility a deprese. Tézk4 obezita s sebou pfinasi nejen rizika ptimého
ohroZeni na zivot¢, ale také zavazné psychosocidlni a ekonomické dopady na jednotlivce
i na celou spole¢nost (Von Lengereke et al., 2006).

Tato dizertatni prace je zaméfena na metabolické komplikace obezity, predevSim
na inzulinovou rezistenci a diabetes 2. typu.

Obezita, konkrétné abdominalni obezita, je zdkladnim symptomem metabolického
syndromu, neboli syndromu inzulinové rezistence. Kromé obezity patii k dalsim
charakteristikdm metabolického syndromu vysoky krevni tlak, dyslipidémie (vysoka
hladina triacylglycerolt a nizka hladina HDL cholesterolu) a DM2 (Reaven, 1988). Podle
definice NCEP ATP Il (The US National Cholesterol Education Programme Adult
Treatment Panel 111) musi byt pro diagnézu metabolického syndromu, krom piitomnosti
abdominalni obezity (obvod pasu: Zeny > 88 cm; muzi > 102 cm), splnény minimalné tfi
z péti nasledujicich kritérii: lacna glykémie > 5,56 mmol/l, systolicky krevni
tlak > 130 mmHg nebo diastolicky krevni tlak > 85 mmHg, hladina
triacylglycerold > 1,70 mmol/l, hladina HDL cholesterolu < 1,30 mmol/l u Zen

a < 1,04 mmol/l u muzt (Alberti et al., 2009). U déti a adolescentii je metabolicky
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syndrom definovan na zakladé kritérii International Diabetes Federation (Zimmet et al.,
2007).

Inzulinové rezistence perifernich tkani, kterd vznikd v duasledku obezity, mize a také
casto vede ke vzniku DM2. Vznik DM2 je podminén kombinaci inzulinové rezistence
a porusené inzulinové sekrece. Lécbu obéznich diabetikti komplikuje fakt, ze mnoho bézné
uzivanych antidiabetik podporuje rist hmotnosti, napf. derivaty sulfonylurey, glitazony
a inzulin. Pfitom vice nez 80 % diabetiki 2. typu mé& nadmérnou hmotnost
a 50 % je obéznich (Diabetes overview, 2012).

Stejn¢ jako vzrustd prevalence obezity, vzriistd i prevalence DM2. Narlst obou
onemocnéni se bohuzel tyka ¢im dal mladSich jedincti a bohuzel i déti. Pocet ptipadii
diagnostikovaného DM2 doséhl celosvétové v roce 2011 366 milionli a odhaduje se, ze

v roce 2030 to bude jiz 552 milioni osob s DM2 (Weinert, 2012).

2.3 Hormonalni regulace energetické rovnovahy

Energetickou homeostazu zajistuji komplexni interakce perifernich signala a centralniho
nervoveého systému, které reguluji chut’ k jidlu. Pfijem potravy je fizen centrem hladu
a sytosti ve ventromedialnim a lateralnim hypothalamu. Tato centra pfijimaji hormonalni
signdly z pankreatu (napf. inzulin), tukové tkdné (napf. leptin) a z gastrointestindlniho
traktu (napt. GIP, GLP-1, ghrelin), které¢ jsou zahrnuty v ptenosu informaci o energetickém
stavu neurohumoralni osou spojujici Zaludek s centrem v hypothalamu a v mozkovém
kmeni. Pfijimaji 1 dal$i metabolické signdly jako je hladina glykémie, hladiny
aminokyselin a ketolatek (Lenard et al., 2008; Hainer et al., 2011).

Inzulin je produkovan B-bunkami pankreatu (Bagdade et al., 1967) a je nezbytny
pii udrzbé glukézové homeostazy. Je uvoliiovan po jidle. Ma schopnost zprostfedkovat
pfijem gluk6ézy tkanémi a tim snizovat hladinu cukru v krvi. DokaZe prostupovat
hematoencefalickou bariérou, vazat se na svlij receptor v hypothalamu a pilisobit zpétné
na snizovani potravinového ptijmu (Rushing et al., 2000). La¢né i postprandialni hladiny
inzulinu jsou vys$$i u obéznich ve srovnani se S§tihlymi jedinci (Bjoérntorp et al., 1987),
pti¢emz mnozstvi visceralni tukové negativné koreluje s inzulinovou senzitivitou (Maffeis
et al., 2008). Muze dojit k centralni inzulinové rezistenci, ktera je disledkem predevsim
zvySeného piijmu tuki v potravé (Qatanani et al., 2007; Yang et al., 2007).

Leptin je anorexigenni hormon, syntetizovany v tukové tkani (Zhang et al., 1994), ktery

se ucastni regulace energetického pfijmu a vydeje prosttednictvim melanokortinové cesty.
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Leptin prostupuje hematoencefalickou bariéru a informuje hypothalamickd centra
o metabolickém stavu v periferii. Po navazéani leptinu na leptinovy receptor se snizuje
exprese neuropeptidi, stimulujicich chut’ k jidlu (neuropeptide Y — NPY, Agouti related
protein — AgRP) a naopak se =zvySuje exprese anorexigennich peptida
(proopiomelanocortin — POMC a a-melanocyte-stimulating hormone — a-MSH) (Maffei
et al., 1995; Mizuno et al., 1998). Pii obezité jsou hladiny leptinu zvysené, pficemz je
zhorsena leptinova senzitivita, coz vede k potfebé dal§iho zvySovani leptinu pro utlumeni
chuti k jidlu (viz obrazek 4).

Gastrointestinalni trakt uvoliiuje pii procesech traveni potravy a absorpce zivin hormony
— tzv. inkretiny, které hraji dulezité role v regulacich hladiny krevniho cukru, stfevni
motility a pocitu sytosti. Dva z nich, glucagon-like peptide-1 (GLP-1)
a  glucose-dependent insulinotropic  polypeptide  (GIP), jsou secernovany
enteroendokrinnimi  builkami ve stfevnim epitelu. GIP je produkovan K-buitkami
v duodenu a GLP-1 L-buikami distalni ¢asti tenkého stieva (Holst et al., 2007). Tyto
inkretinové peptidy pomadhaji koordinovat odpovédi metabolismu na piijem potravy,
a to predevS§im svoji schopnosti zesilovat sekreci inzulinu, stimulovat rist a vitalitu
B-bun€k pankreatu, inhibovat uvoliiovani glukagonu a potlacovat chut k jidlu
(Tang-Christensen et al., 2001). Sekrece peptidi je vysledkem piitomnosti zivin ve stieveé
a to kromé glukézy, lipidi a proteini 1 pfitomnosti ZluCovych kyselin
(Parker et al., 2010 et 2012). Hladiny GLP-1 jsou vyssi u §tihlych jedincti ve srovnani
s obéznimi (Verdich et al., 2001).

Ghrelin (,,hormon hladu”) je endogenni ligand receptoru pro ristovy hormon a je
zapojen do regulace uvoliiovani ristového hormonu, nikoliv v8ak do jeho syntézy (Kojima
et al., 1999). Ghrelin je orexigenni peptid produkovany zalude¢ni sténou. Pusobi
prostfednictvim ghrelinovych receptori na hypothalamickych neuronech a podili se tak
na centralnim metabolickém t¢inku (Korbonits et al., 2001, Delhanty et al, 2011). Ghrelin
zvySuje chut’ k jidlu i celkovy ptijem potravy (Wren et al., 2001). Nejvyssi hladiny byvaji
meéteny pied jidlem a po jidle klesaji (Cummings et al., 2002). Negativné koreluji s BMI
a pfi hubnuti se hladiny ghrelinu zvysuji (Tschop et al., 2001). Ghrelin se dale podili
na regulaci glukdzového metabolismu (Reed et al., 2008), stimulaci Zzaludecni motility
a sekreci zalude¢nich §tav (Asakawa et al., 2001). Zjistilo se, Ze sekrece ghrelinu mize byt
stimulovand 1 prostfednictvim receptorii spfaZzenych s G-proteiny, mezi které patii

I receptor pro melanokortin 4 (MC4R) (Engelstoft et al., 2013). Rizné typy bariatrickych

18



operaci maji na sekreci ghrelinu rizny vliv, pravdépodobné kvili anatomickym zménam,
omezujicim kontakt poziené potravy se zalude¢ni sténou (Meek et al., 2016).

Obestatin byl objeven v roce 2005 pii studiu preprohormont. Je odvozen
z konzervované oblasti preproghrelinu, vznika jeho alternativnim sestfihem. Ma opacné
ucinky nez ghrelin: snizuje chut’ k jidlu i télesnou hmotnost, diky ¢emuz ziskal 1 sviij
nazev. Obestatin se vaze na receptor GPR39 (G-protein coupled receptor 39), ktery je
exprimovan predevSim v zaludku, ve stievech a v hypothalamu. Obestatin podporuje
zivotnost a funkci B-bun¢k pankreatu a pravdépodobné reguluje i metabolismus adipocyti

a adipogenezi (Zhang et al., 2005).

2.3.1 Melanokortinovy systém

Hypothalamicky melanokortinovy systém, je jednim z nejkomplexnéjSich systémi
v endokrinologii ¢lovéka. Jeho peptidy reguluji energeticky pfijem a vydej, rovnovahu
mezi utilizaci a skladovanim bilkovin a udrzuji télesnou hmotnost.

Melanokortiny hraji roli v mimofadné rozmanitém mnozstvi fyziologickych funkci, jako
jsou pigmentace, steroidogeneze, energetickd homeostidza, exokrinni sekrece, pohlavni
funkce, analgézie, zanét, imunomodulace, kontrola termogeneze, kardiovaskularni regulace
a neuromuskularni regenerace. Objev melanokortini vzbudil zijem v souvislosti
s obezitou, anorexii, kachexii, erektilni dysfunkeci, bolesti a poSkozenim nervi, ale také
v souvislosti s vyvojem lécby rakoviny klize a dalSich kozZnich poruch (Tao, 2010).

Melanokortiny, neboli ligandy melanokortinovych receptorti, jsou posttranslaénimi
produkty proopiomelanokortinu (POMC). Obsahuji aminokyselinovou sekvenci
His-Phe-Arg-Trp, ktera je klicovou pro biologickou funkci téchto peptidi. Posttranslacni
modifikace prohormonu POMC je tkanové specificka, a tak je timtéz prohormonem

zajisténa kontrola riznych fyziologickych funkci (obrazek 3, tabulka 1).
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Obrazek 3 — Schématické znazornéni Stépeni proopiomelanokortinu za vzniku
ligandi s rtiznou afinitou pro jednotlivé melanokortinové receptory (MC1R-MC5R);
ACTH (adrenokortikotropni hormon); B-endo (B-endorfin); MSH (hormon stimulujici
melanocyty); POMC (proopiomelanokortin). Zdroj: da Silva et al., 2014 Physiology
(Betsheda)

Melanokortinové receptory se od sebe odliSuji rozdilnou afinitou pro melanokortiny

a jejich endogenni antagonisty, jimiZ jsou Agouti a AgRP.

Tabulka 1 — Pfehled melanokortinovych receptort

misto exprese ligand funkce
MC1R melanocyty, a-MSH pigmentace kize a vlast;
leukocyty imunomodulace
MC2R ktira nadledvin ACTH produkce kortikoida
(kortizol, aldosteron)
MC3R hypothalamus a-, B-, y-MSH, suprese ukladani do
ACTH tukovych zésob
MC4R hypothalamus a-MSH a ACTH regulace energetické
homeostazy
MC5R mozek, kuze a-MSH a ACTH sekrece mazovych zlaz
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Obrazek 4 — Schéma leptin—melanokortinového systému. Zdroj: Barsh a Schwartz, 2002

(upraveno)

Leptin pfenasi signal o stavu vyzivy z adipocytii tukové tkané do CNS prostfednictvim
vazby na leptinové receptory piitomné v jadrech hypothalamu. Po této vazbé dochazi
ke stimulaci osy anorexigennich neuropeptidi (POMC) a k inhibici osy orexigennich
neuropeptidi (NPY, AgRP), jak jiz bylo zminéno diive. Molekula POMC se za pomoci
enzymi prohormonkonvertazy 1, 2 a 3 (PC1-3) §tépi na nékolik funkénich peptidd, z nichz

nékteré jsou ligandy melanokortinovych receptort: tfi typy hormonii stimulujicich
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melanocyty (o-, B- a y-MSH), adrenokortikotropni hormon (ACTH), B- a y-lipoprotein
a B-endorfin. Na regulaci energetické rovnovahy se pak a-MSH podili tim, Ze aktivuje osu
anorexigennich neuropeptidii svoji vazbou na melanokortinové receptory 3. a 4. typu.
Nasledkem této aktivace je sniZzeni piijmu potravy a zvySeni energetického vydeje

(obrazek 4).

2.4 Genetika obezity

Béznéa obezita je komplexni metabolickou poruchou, kterd je zplsobena genetickymi
i negenetickymi faktory. Takovato onemocnéni jsou oznacovana jako multifaktoridlni
¢1 polygenni. Jsou prezentovany mnoha geny s malym ucinkem, pficemz spolu funguji
aditivnim zplisobem a jesté interaguji s faktory prostfedi. Vysledkem takovych interakei je
v piipadé¢ obezity pozitivni energetickd bilance a nartst télesné hmotnosti
(Sandholt et al., 2010).

Genetickd determinace fyzickych ryst jako je té€lesnd hmotnost, porodni hmotnost ¢i
obvod pasu byla popsana ve studiich na monozygotnich a dizygotnich dvojcatech
jiz v 50. letech (Clark, 1956). Na pocatku 60. let formuloval prof. Neel teorii o spofivych
genech, ktera vysvétluje, jak geny pfispivaji ke vzniku obezity v urcitém prostiredi.
Akumulace téchto ,,spofivych gend” umoznila v minulosti svému nositeli efektivnéji
vyuzit kalorie a hromadit tukové zasoby béhem obdobi relativniho dostatku potravy
a vyrazng tak zvySovala jeho Sanci na preziti (Neel, 1962). Z této hypotézy vyplyva, Ze
jedinec nesouci ,,spofivé geny”, které jeho predkiim mohly pomoci piekonat hladomor, ma
v dnesni spole¢nosti s konstantnim piebytkem jidla a sedavym zpisobem Zivota vyssi
riziko rozvoje obezity.

Pro studium genetické podminénosti obezity bylo dfive hojné vyuzivano modelu
dvojcat. Podle ptivodnich studii prof. Stunkarda je heritabilita BMI v piipadé
monozygotnich dvojcat vysoka (77 %) a s v€kem se zvysSuje az na 84 % (Stunkard et al.,
1986). Pfi studiu GspéSnosti monozygotnich dvojcat po 40-dennim redukénim programu
popsal doc. Hainer v roce 2001 velmi silnou korelaci tibytku hmotnosti (p = 0,001)
a tukové hmoty (p = 0,001) uvniti pard, pficemz variabilita mezi pary byla obrovska
(5,9-12,4 kg; resp. 3,1-12,4 kg) (Hainer et al., 2001). Konkordance pro tukovou hmotu
byla stanovena u monozygotnich dvojéat v rozpéti 70-90 % a u dizygotnich 35-45 %

(Hebebrand et al., 2003; Farooqi et al., 2005; Bell et al., 2005).
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Hledani kandidatnich genii a vazebné studie, mapujici vyskyt onemocnéni v rodinach
byly metody pouzivané na pielomu tisicileti. Diky nim byly identifikovany rizikové
genetické varianty zodpovédné za dédicnost obézniho fenotypu. Piestoze mély mnoha
omezeni, jako je malé statisticka sila nebo nedostatek genetickych a biologickych znalosti
(Bell et al., 2005), dokazaly identifikovat 127 kandidatnich gend pro obezitu. Tyto geny
ovsem nebyly vSeobecné validovany (Rankinen et al., 2006). Pouze ¢tvrtina z nich byla
ovéfena v dalSich nezavislych studiich. Zjistilo se, ze vétSina gent asociovanych s BMI je
silné exprimovéana v centralnim nervovém systému, zatimco geny asociujici s distribuci
tuku jsou exprimovany predevsim v tukové tkani (Schmuelli et al., 2003). Obecné bylo
stanoveno, Ze geny, prispivajici ke vzniku bézné obezity, jsou zodpovédné za 40-70 %
heritability BMI napti¢ populacemi (Day a Loos, 2011). Dédicnost obezity je patrna
jiz od casného détstvi, kdy je interakce obezogenii s prostiedim nejsilnéjsi

(Dubois et al., 2012).
2.4.1 Celogenomové asociacni studie

K pokroku v oblasti genetiky obezity doSlo s pfichodem nové technologie,
tzv. celogenomovych asociacnich studii (Genome-wide association study, GWAS). Prvni
GWAS zaméfena na obezitu byla provedena v roce 2006 (Herbert et al., 2006) a dalsi
probéhly v nasledujicich ¢tyfech letech (Scott et al., 2007; Willer et al., 2009; Thorliefsson
et al., 2009; Meyre et al., 2009; Speliotes et al., 2010; Scherag et al., 2010). Tyto studie
nevyzaduji hypotézu. Jsou zaloZeny na asociaci genetické varianty s urcitym fenotypem.
Metoda vyuzZivd souboru stovek tisic sond jednonukleotidovych polymorfismil
(single nucleotide polymorphism-arrays — SNPs), které pokryvaji téméf cely genom.
GWAS studie vyuZzivaji polymorfismil s frekvenci vyskytu nad 5 %. Soubory museji byt
znacn¢ rozsahlé (desetitisice jedincil), aby bylo dosazeno dostatecné statistické sily.
Vysledky by mély byt validovany nezavislymi studiemi a metaanalyzami.

Byly objeveny geny asociujici nejen s BMI a s morbidni obezitou, ale i s dal§imi
fenotypovymi znaky obezity jako je obvod pasu a pomér pasu a boki (WHR). Vysledkem
metaanalyz prvnich GWAS projekti byla identifikace 43 genovych lokusti asociujicich
s obezitou a 18 Ilokusi predisponujicich k viscerdlni akumulaci tuku
(Sandholt et al., 2012). Do soucasnosti byly identifikovany jiz stovky genetickych variant
asociovanych s chorobou, pfedstavuji ovSem pouze malou frakci z odhadované heritability

obezity. Z posledni metaanalyzy ¢itajici téméf 350 tisic jedinct vyplyva, ze 97 rizikovych
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lokust vysvétluje 2,7 % interindividudlni variability BMI, kdy je kazda rizikova alela
zodpovédna za zvysSeni hodnoty BMI o 0,1 kg/m?, coz pii vySce 160—180 cm odpovida
nartstu hmotnosti o0 260-320 g (Locke et al., 2015).

VétSina nalezenych polymorfismu lezi v nekddujicich oblastech (v intronech nebo mezi
geny). Nékteré z nich mohou byt kauzalni, jiné mohou lezet ve vazebné nerovnovaze
se skute¢nou kauzalni variantou, kterd vSak nebyla GWAS studiemi zachycena. V piipadé,
ze zmeény v alelické struktufe nejsou detekovany GWAS studiemi, hovoiime o skryté
neboli chybéjici heritabilité¢ (Gibson, 2010). Mohou ji vysvétlit interakce genli mezi sebou
a interakce geni s prosttedim (van Vliet-Ostaptschouk et al., 2012),
napf. pfimé nutriéni interakce s rizikovymi variantami gent ¢i vliv fyzické aktivity
na funkci a expresi nékterych genti (Andreasen et al., 2008). Dal§im vysvétlenim mohou
byt 1 epigenetické zmény jako napf. methylace DNA ¢i modifikace histond. Epigenetika
pfedstavuje pojitko mezi genetickymi ptfedpoklady a environmentalnimi faktory
(Ober a Vercelli, 2011). Do jaké miry pfispivaji epigenetické modifikace k celkové
dédicnosti obezity neni zatim zcela objasnéno. Sudium komplikuje fakt, Ze epigenetické
zmeény jsou vysoce dynamické a vykazuji tkanovou specifitu (Barros a Offenbacher, 2009).
Detailngjsi obrazek o vlivu epigenetickych faktord na télesné slozeni by mohly piinést
novodobé technologie, jako je analyza na mikroCipech (micro-arrays) a moznost

celogenomového sekvenovani.

V nasledujicim ptfehledu jsou blize popsadny kandidatni geny identifikované
prostfednictvim GWAS, které maji pfimou souvislost se zaméfenim dizertacni prace. Jedna
se o kandidatni geny spojené s chorobami jako je obezita, DM2 nebo syndrom

polycystickych ovarii (PCOS).

Nejvyznamnéjsi asociace s obezitou byla zjisténa s genem FTO (Frayling et al., 2007).
O rok pozdéji byl zachycen dalsi velmi silny asociacni signal blizko genu pro MC4R
(Loos et al., 2008). Oba vysledky byly potvrzeny mnoha replikacnimi studiemi. Dalsi
relativné silné asociace s obezitou, potvrzené nezavislymi studiemi, vykazovaly napt. geny
TMEM18, SH2B1, KCTD15, PCSK1, BDNF a SEC16B (Renstrom et al., 2009; Holzapfel
et al., 2010). Nékteré z nalezenych predisponujicich gent maji ptimou funk¢éni souvislost
s obezitou, jiné jsou pfednostné exprimovany v hypothalamu v centrech regulace piijmu
potravy, ovSem jejich pfesnd biologickd funkce zatim neni jasnd a jsou predmétem

intenzivniho vyzkumu.
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Gen FTO (fat mass and obesity associated gene; 16q12.2) je hojné exprimovan
v rozmanitych lidskych tkénich (napt. v ostriivcich pankreatu, kosternim svalu, v jatrech
a v tukové tkani), ale nejvyssi hladiny jsou nalézany v jadrech hypothalamu, kde
se nachazi klicové regulacni centrum energetické homeostazy. Jeho hladina je regulovana
stiidanim stavi hladovéni a nasyceni (Dina et al. 2007, Frayling et al. 2007; Gerken et al.,
2007). Gen FTO koduje Fe II- a 2-oxoglutarat-dependentni dioxygenazu, ktera funguje
jako katalyzator demethylace nukleotidovych bazi (Gerken et al., 2007).

Nékolik laboratoti nezavisle na sobé detekovalo fadu jednonukleotidovych polymorfismi
v prvnim intronu genu se silnym dopadem na adipozitu (Dina et al., 2007; Frayling et al.,
2007). Néasledné byla asociace genu FTO s obezitou potvrzena u riznych populaci
po celém svété a byla objevena i spojitost tohoto genu s DM2 (Frayling et al., 2007,
Scott et al., 2007) a syndromem PCOS (Attaoua et al. 2008, Barber et al. 2008). Asociace
variant v genu pro FTO byla dale popsana v souvislosti s cerebrokortikalni inzulinovou
rezistenci, kterd se objevuje u obéznich jedinct (Tschritter et al. 2007). Rizikova alela
genu FTO (rs9939609) vede ke zvyseni BMI o 0,36 kg/m? a piedstavuje zvyseni rizika
vzniku obezity 0 31 % (odds ratio [OR] 1,31; 95% CI 1,23-1,39) (Frayling et al., 2007).

Na krysich modelech byla prokazéna interakce genu FTO s prostiedim ve vztahu
k pfibyvani na vaze (Tung et al., 2010). Bylo zjisténo, ze exprese a funkéni mnozstvi
proteinu Fto v hypothalamu ovliviiuje chut’ k jidlu.

Varianta v genu FTO je spojena se zvySenou ¢i preferenéni konzumaci
vysokoenergetickych potravin, pfedev§im jidel obohacenych o nasycené mastné kyseliny
(Cecil et al., 2008; Timpson et al., 2008; Bauer et al., 2009). Ptibyvani na vaze je tedy
vysledkem potravniho chovani, které je charakterizovano ztratou kontroly nad pojidanim
tuéné stravy (den Hoed et al., 2009). Snizené mnozstvi funkéniho proteinu Fto bylo
asociovano se Stihlym fenotypem u mys$i. Naopak zvySena exprese tohoto proteinu vede
ke zvySeni adipozity, t€lesné hmotnosti a gluk6zové intolerance, vyplyvajici ze zvysSené

konzumace potravin (Church et al., 2010).
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Gen MC4R (melanocortin-4 receptor; 18q21.3) je tvofen jedinym exonem (999 bp)
(Gantz et al., 1993). V hypothalamu exprimovany protein, dlouhy 332 aminokyselin, patii
do rodiny 7-transmembranovych G-proteint. Tyto receptory aktivuji adenylatcyklazu
k produkci cyklického adenosinmonofosfatu béhem signalni transdukce (Magenis et al.,
1994; Yang et al., 2000). MC4R je ¢lenem leptin-melanokortinové signaliza¢ni drahy
a UcCastni se regulace pfijmu potravy a dlouhodobé energetick¢é homeostdzy integraci
signal prostfednictvim svého ligandu, o-melanocyty stimulujiciho hormonu (a-MSH)
a svého antagonisty, peptidu piibuznému Agouti (AgRP) (Barsch a Schwartz, 2002;
Garfield et al., 2009).

Prvni dikazy o spojitosti genu MC4R s regulaci energetické rovnovdhy se objevily
v 90. letech (Bultman et al., 1992; Huszar et al., 1997). Ukazalo se, ze mysi heterozygotni
pro gen MC4R (MC4R +/-) mély ve srovnani s homozygotnimi (MC4R +/+ a MC4R —/-)
sttedni hmotnostni pfirGstek. To naznacuje kodominantni model dédi¢nosti pro fenotyp.
U MCA4R —/- byla pozorovana hyperfagie a pozménény energeticky vydej charakterizovany
snizenou aktivitou a termogenezi (Butler et al. 2001). Podle studie Butlera a Cone (2003)
se hyperfagie vyvinula pouze u téch MC4R —/— mysi, které byly ziveny vysokotukovou
dietou. To je dikazem interakce genu MC4R s potravou, tedy s vlivem prostiedi, v
souvislosti s pfirtistkem hmotnosti.

V roce 1998 dvé skupiny védch objevily nezavisle na sobé v genu pro MC4R mutaci
s posunem Cteciho ramce, ktera vedla ke vzniku extrémni obezity u déti (Vaisse et al.,
1998; Yeo et al., 1998). Od t¢é doby bylo v genu objeveno vice nez 150 variant
ve skupinach pacientl riiznych etnickych plvodii. Zahrnuji 122 variant, které zpusobuji
zaménu aminokyseliny (missense), dvé delece, 7 variant tvoficich pfed¢asny terminacni

kodon (nonsense) a 12 variant s posunem ¢teciho ramce (frameshift) (obrazek 5).
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Obrazek 5 — Obrazek znazoriuje nalezené varianty v genu MC4R u riznych pacientd.
Cervené znazornéné polymorfismy piisobi viiéi obezité protektivné. Modie znazornéné
varianty zplisobuji neustalou aktivaci receptoru, jejimz vysledkem by mél byt spise Stihly
fenotyp. V téchto ptipadech ale AgRP pilisobi jako inverzni agonista receptoru
s orexigennim U¢inkem, schopnym potlacit aktivitu MC4R, coZ vede k obezitogennimu

efektu. Zdroj: Tao, 2010

Nedostatek funkéniho proteinu MC4R je nejcastejsi pficinou monogenni obezity u lidi.
Presny fenotyp definovala prof. 1. S. Farooqi v roce 2000: rozvoj obezity pied 10. rokem
zivota, zvySené mnoZstvi tukové i tukuprosté hmoty, zvySeny linedrni rlst a zrychlené
ristové tempo, zachovalé reprodukéni funkce, zvySend hustota kostnich mineralt, dale
hyperfagie a hyperinzulinémie, které s v€kem klesaji (Farooqi a O Rahilly, 2000 et 2005).
Ve vétsin€ piipadi se dédi autozomalné dominantné s riznym stupném expresivity
a penetrance (Dubern et al., 2001; Santini et al., 2004).

Vyskyt MC4R mutaci zavisi na etnickém piivodu. U britskych déti byly mutace nalezeny
ve vice nez 6 % (Farooqi et al., 2003), naopak nejnizs$i frekvence byla zjisténa
u belgickych obéznich déti a dospélych (0 %) (Beckers et al., 2006). Mutace genu MC4R
byly pfitomné u 1,9 % némeckych obéznich déti a adolescentd (Hinney et al., 2003),
u 1,8 % finskych obéznich déti (Valli-Jaakola et al., 2004), u 4,6 % indiani kmene Pima
(Maetal., 2004) au 2,3 % obéznich jedincti v Severni Americe (Calton et al., 2009).
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Velkou vétSinu variant v genu MC4R nalézdme v heterozygotnim stavu, avSak bylo
zachyceno 1 né€kolik jedincti s homozygotni variantou MC4R. Dr. Irena Hainerova
ve své studii z roku 2007 popisuje hypogonadotropni hypogonadismus u homozygotniho
nositele mutace Gly181Asp (Hainerova et al., 2007).

U nositeld variantniho genu MC4R se velmi Casto vyskytuje neobvyklé potravni chovani
tzv. ,binge eating”, které je zodpovédné za zvySenou hmotnost jedince. Jedna se
o konzumaci nepfimétené velkého mnozstvi jidla v kratkém casovém intervalu bez pocitu
hladu a s naslednym pocitem viny, zahanbenim a depresi. Vyskytuje se
u 2-10 % neobéznich a u 30-90 % obéznich jedinct (Branson et al., 2003; Farooqi et al.,
2003; Potoczna et al., 2004). Varianty v genu MC4R se tak podileji na regulaci télesné
hmotnosti, a to jak zvySenym piijmem energie, tak i sniZzenim energetického vydeje
(Cai et al., 2006; Cole et al., 2010). Nicméné studie zaloZzené na metodach kandidatnich
genl odhalily také dvé nesynonymni varianty s nizkou frekvenci, které zatim neznamym
zpusobem podporuji rezistenci k obezité: 1le251Leu snizuje riziko rozvoje obezity o 48 %
a Vall103lle snizuje riziko rozvoje obezity o 20 % (Geller et al., 2004; Stutzmann et al.,
2007; Wang et al., 2010).

Gen TMEM18 (transmembrane protein 18) je lokalizovan do oblasti 2p25.3 (Hartz,
2010). Metaanalyza 15 GWAS odhalila asociaci varianty rs6548238 s BMI, pfi¢emz kazda
alela je zodpovédna za zvyseni hodnoty BMI o 0,26 kg/m? (Willer et al., 2009). TMEM18
je malad molekula o 140 aminokyselinach, kterd se vaze na specifické sekvence DNA, a tim
potlacuje transkripci (Jurvansuu et al., 2011). Podle dalsi studie varianty v tomto genu

souvisi s ¢asnym rozvojem DM2, nezavisle na BMI (Kalnina et al., 2013).

Gen SH2B1 (Src-homology 2 adaptor protein) je umistén v oblasti 16p11.2. Existuji
4 isofomy proteinu SH2B, které jsou tkanové specifické a vdzou se na tyrozinkindzové
domény zahrnuté¢ v inzulinové 1 leptinové signalizaci. U myS$i s vyfazenym genem
pro SH2B se vyviji hyperlipidemie, leptinovad rezistence, hyperfagie, hyperglykémie,

obezita a gluk6zova intolerance (Duan et al., 2004; Ren et al., 2007)

Gen KCTD15 (potassium channel tetramerization domain-containing protein 15) lezi
v oblasti 19q11.13 (Hartz, 2013). Protein KCTD15 inhibuje transkripéni faktor TFAP-2a,
ktery se podili také na genové expresi pii diferenciaci adipocytl (Tsukada et al., 2006)

a ucastni se formace neuralni liSty béhem embryonalniho vyvoje (Zarelli a Dawid, 2013).
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Gen PCSK1 (preprotein convertase, subtilisin/kexin-type 1) je lokalizovan na 5ql5
(Seidah et al., 1991). Patii do rodiny serinovych endoprotedz, které zpracovavaji
prekurzorové proteiny na bioaktivni latky. Ucastni se napiiklad konverze proinzulinu
na inzulin a proglukagonu na glukagon v pankreatickych B-bufikach (Jansen et al., 1995).
Homozygotni mutace Ser307Leu popsand u nékolika détim md za nasledek tézkou
hyperfagii a obezitu (Farooqi et al., 2007). Metaanalyza publikovana v roce 2014 potvrdila
asociaci PCSK1 s obezitou (Stijnen et al., 2014), ptedevsim u bélosské populace. Potvrdila

také silngjsi asociaci polymorfismu rs6232 s détskou obezitou, nez s obezitou u dospélych.

Gen BDNF (brain-derived neurotrophic factor) je lokalizovan na 11pl14.1 (Zuccato
et al., 2001). Secernovany protein BDNF je zahrnuty v diferenciaci neurontd, podporuje
jejich rist a synaptogenezi. Na mySich modelech bylo zjisténo, ze ovliviiuje také fadu
rozmanitych bunék v téle, zahrnutych v gluk6zovém metabolismu (naptf. podporuje
zvySeni produkce inzulinu v pankreatickych B-buiikach, sniZzeni produkce glukozy
v hepatocytech a zvySeni inzulinové senzitivity v bunkach kosterniho svalu (Yamanaka
et al., 2006; Matthews et al., 2009). Deficience BDNF vyvolava hyperfagii a tézkou
monogenni obezitu u lidi (Gray et al., 2006). Nasledna GWAS studie potvrdila souvislost

i s béznou polygenni obezitou (Thorlieffson et al., 2009).

Gen SEC16B (S. Cerevisiae homolog 16B) lezi v oblasti 1q25.2 (Misawa a Yamaguchi,
2001). Produktem genu je sav¢i homolog kvasinkového Secl16 (Saccharomyces cerevisiae
16). Protein je umistén v membrané endoplasmatického retikula a ucastni se transportu
proteinti (Bhattacharyya a Glick, 2007). Cinska studie ukazala souvislost genu SEC16B
s obezitou a preferenci pokrmd u déti (Lv et al., 2015).

2.5 Lécba obezity

Pti 1écbé obezity nejde jen o sniZzeni hmotnosti, ale pfedev§im o zlepSeni zdravotniho
stavu a zkvalitnéni zivota jedince. LéCba obezity vyzaduje komplexni pfistup a spravné
zvoleny redukéni program. Konzervativni lééba zahrnuje doporuceni na zménu
zivotospravy, zejména pokud jde o zplsob stravovani a pohybovy rezim. Spoluprace
pacienta a jeho motivace ke zméné Zivotniho stylu je vzdy podminkou uspé$né lécby.
Pacient musi byt informovan, Ze i mirny pokles télesné hmotnosti vede ke zlepSeni
metabolickych parametri. V nékterych piipadech je mozné 1écbu doplnit uzivanim 1ékda,

viz nize.

29



Dieta je pii 1écbé obezity zalozena na redukci pfijmu kalorii pro navozeni mirné
negativni energetické bilance. Samotné nizkoenergetické stravovaci programy piinaseji
sice kratkodobé ubytky hmotnosti, nicméné¢ udrzeni takového stavu je z dlouhodobého
pohledu naro¢né (Li et al., 2003). Je dulezité, aby doporuCeni zmén zivotospravy
zahrnovalo nejen spravnou dietu, ale i pfiméfenou fyzickou aktivitu. Fyzicka aktivita ma
v redukénim rezimu dilezitou roli, pfedev§im pfi udrzovani snizené télesné hmotnosti.
Nejefektivnéjsim zptisobem cviceni je zapojeni velkych svald — tj. rychla chiize, béhani,
cyklistika atd. (Hansen et al., 2007). Usp&snost udrzeni hmotnostnich ubytka po delsi dobu
je nizka, pouze 2-20 % (Wing a Phelan, 2005). Dlouhodobé vysledky u morbidné
obéznich, které byly dosazeny pomoci konzervativni 1éCby, jsou Casto nedostatecné.
Z farmakologickych preparatl je v soucasné dob& na evropském trhu dostupny pouze
xenical a kombinace bupropion/naltrexon. Xenical (Tetrahydrolipstatin, Orlistat, Alli) patii
do skupiny blokatord vstfebavani zivin ze zazivaciho traktu. Funguje jako inhibitor
gastrointestindlnich lipdz a je schopen sniZit absorpci tukdi z potravy aZ o 30 %. Uginna
latka lipstatin je produktem plisné Streptomyces toxytricini. Lécba je kombinovéna
s redukéni dietou s niz§im obsahem tukd. Xenical byl zkousen v fadé nékolikaletych studii
u tisic pacientli s velmi dobrymi vysledky (Ballinger a Peikin, 2002). Kromé schopnosti
snizovat hmotnost ma xenical i pozitivni vliv na lipidové spektrum. Snizuje pomér LDL ku
HDL cholesterolu, zlepSuje kompenzaci DM2, vede ke sniZeni inzulinémie a také ke
snizeni davek antidiabetik a zlepSeni hypertenze. Navic brani opétovnému navySeni
hmotnosti po skonCeni diety. Bupropion je antagonista opioidovych receptort
a naltrexon je inhibitor zpétného vychytavani dopaminu a norepinefrinu. Jejich kombinace
snizuje chut k jidlu a usnadnuje ubytek hmotnosti. Pivodné byl ptipravek registrovan jako

antidepresivum a jako podpirny 1ék pfi odvykani koufeni (Serretti et al., 2010).

Diky vedlejSim u¢inkiim v soucasnosti dostupnych 1€k neni farmakologicka 1écba
obezity vhodnd pro vSechny pacienty. V piipadech, kde konzervativni 1écba
1 farmakoterapie selhava, predev§im pak u III. stupné obezity, je moZnou volbou

bariatricka operace.
2.5.1 Bariatricka chirurgie

Bariatrické operace byly zavedeny za ucelem lécby III. a vySSich stupiili obezity.

vvvvvv

poskytuji vyrazné a dlouhodobé hmotnostni tibytky u naprosté vétSiny pacientd (Buchwald
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et al., 2007). Po bariatrickém zakroku dochazi k vyznamnému zlepSeni ¢i UGplnému
vymizeni nékterych chorob pfidruzenych k obezité, napt. DM2, dyslipidémie, hypertenze
a kardiovaskularnich onemocnéni. U vice nez 80 % diabetikii 2. typu dochdzi
po bariatrické operaci ke zlepSeni ¢i k uplnému vymizeni diabetu. Z toho divodu lze
hovofit i o tzv. metabolické chirurgii (Buchwald et al., 2004 et 2005). Velikost ubytkt
hmotnosti je oviem mezi jedinci velice rozmanitd. Uginek 1é¢by mohou ovliviiovat

klinické i genetické faktory.

Zakladnimi kritérii pro indikaci pacienta k bariatrickému vykonu je neuspé&$ny pokus
o redukci obezity konzervativnim zplsobem, hodnota BMI nad 40 kg/m? nebo hodnota
BMI nad 35 kg/m? u pacientt, ktefi trpi i dal§imi zdvaznymi komorbiditami souvisejicimi
s obezitou, a v€k mezi 18-65 lety. Na indika¢nim procesu se spolupodili cely
multidisciplinarni  tym  odborniki  véetné obezitologa, psychologa, dietologa,
gastroenterologa, diabetologa nebo endokrinologa, internisty, anesteziologa a nutri¢niho
poradce. Vybér konkrétniho typu operace zalezi na hodnoté BMI, véku, pohlavi, distribuci
télesn¢ho tuku, pfitomnosti DM2 (délka jeho trvani, pfedoperac¢ni koncentrace HbAlc
a C-peptidu nala¢no, farmakologicka 1é¢ba), pritomnosti dyslipidémie, snizené inteligenci,

ale také na ocekavani a realnych cilech pacienta (Fried et al., 2014).
Bariatrické operace mizeme rozdélit do tii zakladnich skupin (Fried et al., 2011):

restrikéni zakroky, tj. operace, pfi nichz se zmensi kapacita zaludku. Ptijem i malého
mnozstvi potravy zaplni zmenSeny zaludek a rychle vyvolad pocit sytosti (napf. sleeve
gastrektomie, gastricka plikace, gastricka bandaz);

malabsorpéni zakroky, které vyradi tenké stfevo z procesu traveni, a tak omezi
zuzitkovani ptijaté energie z potravy (napf. biliopankreaticka diverze);

kombinované, které vyuZzivaji obou vySe zminénych mechanismi (napt. Roux-en-Y

gastricky bypass).

Laparoskopicka adjustabilni gastrickd bandaz (LAGB) patii mezi nejjednodussi
restrikéni metody. Dlouhodobé vysledky ukazuji velmi nizkou morbiditu a téméf nulovou
mortalitu. Vysledna ztrata nadmérné hmotnosti se udava kolem 30 %, ovSem po odstranéni
bandaze muze dojit k opétovnému nartistu hmotnosti (Snyder et al., 2009; Christou et al.,

2009). Principem metody je nasazeni bandéze na horni ¢ast zaludku, kterou se ze zaludku
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oddéli mensi proximalni vak. Se zbyvajici vétsi distalni ¢asti zaludku je proximalni vak
spojen uzkym kanalem. Po pfijmu malého mnozstvi potravy se vak v proximdlni ¢asti
zaludku naplni a pomalu se vyprazdiuje do distalni ¢asti zaludku ptes spojovaci kanal.
ZmensSeny objem horni ¢asti zaludku a 1zky spojovaci kanal zpuasobuji pomalé
vyprazdnovani a pomahaji tak snizovat celkovy denni kaloricky pfijem. Metoda umoznuje
individudlni nastaveni zaSkrceni zaludku tak, aby ucinek bandaze byl optimalni

(obrazek 6).

Obrazek 6 — Laparoskopicka gastricka bandaz (LAGB) Zdroj: Fried, 2010

Laparoskopicka sleeve gastrektomie (LSG), neboli rukavova resekce Zaludku, patii
k restrikénim zékrokiim. Spoc¢iva ve zmenSeni zaludku zhruba o 80 %. Toho je dosazeno
nevratnym ostranénim ¢asti téla a fundu Zaludku. Pacient pak neni schopen pojmout vétsi
mnozstvi potravy a pocit sytosti se dostavi velice brzy. Na redukci hmotnosti se po tomto
typu operace podili krom¢ zmény hladin nékterych hormont a inkretind, které souviseji
s obezitou (Benedix et al., 2011) a zmenSeni objemt jednotlivych porci jidla i vyrazné
urychlené vyprazdnovani tubulizovaného zaludku a zrychleny priichod potravy zazivacim
traktem (Melissas et al., 2008). Nevyhodou LSG je, krom¢ nevratného odstranéni
podstatné casti Zaludku, nutnost dodrZzovani dietniho omezeni, jelikoz zmenSenad cast

zaludku se miize opét roztahovat (obrazek 7).
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Obrazek 7 — Laparoskopicka sleeve gastrektomie (LSG) Zdroj: Fried, 2010

Techniku laparoskopické gastrické plikace (LGP) publikoval v roce 2007
Dr. Talebpour (Talebpour et al., 2007). V Ceské republice byla LGP poprvé provedena
prof. Friedem a Dr. Dolezalovou koncem roku 2009. Jedna se o restriéni typ vykonu,
pfi kterém je redukce objemu Zzaludku dosazeno zanotfenim velkého zakfiveni zaludku
do lumen Zaludku a podélnym sesitim. Tento postup se opakuje az 3x. Délka seSiti je asi
20 cm. Zacina té€sné€ pod branici, asi 3—5 cm od piechodu jicnu v Zaludek a kon¢i 7-9 cm

pied pylorem. Zanofena tkan tak jesté vice zmensuje prostor uvniti Zaludku (obrazek 8).

LGP je mén¢ radikalni nez podobny zakrok — tubulizace zaludku (LSG). Ob¢& operace
maji srovnatelné vysledky hmotnostnich tbytka (Holéczy et al., 2011). Vyhodou této
techniky je, Ze neni nutna implantace cizorodého materialu do téla, ktery by mohl ptisobit
dlouhodoba rizika. Je ekonomicky mnohem méné nakladna, co se tyce operace i nasledné
ambulantni péce, nez ostatni bariatrické operace. Zakrok je velmi dobfe snaSen a ma
vyrazny supresivni efekt na pocit hladu. Ma Sir$i vyuziti u pacientii s nejistou spolupraci
(Fried et al., 2011).

Obrazek 8 — Laparoskopicka gastricka plikace (LGP) Zdroj: Fried et al., 2011
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Biliopankreaticka diverze (BPD) patii k malabsorpénim typlim operaci a zaroven je
nejradikalnéj$im chirurgickym vykonem v 1€cbé tézké obezity. Poprvé byla provedena
prof. Scopinarem v roce 1976 (Scopinaro et al., 1976). Principem metody je kombinace
resekce Zaludku a jejunoiledlniho bypassu. K traveni dochazi ve velmi kratkém useku
distalni ¢asti tenkého stfeva, kde dochdzi ke smichani potravy se zluCovymi kyselinami
a pankreatickymi enzymy. VétSina zivin tak prochazi tenkym stievem
v neresorbovatelném stavu. Po zdkroku dochézi k niz§imu vstiebavani proteind, vitamina
a nékterych mineralii a proto hrozi riziko vzniku nutri¢nich poruch. Pacienti proto musi byt
dobfe kompenzovani a dozivotn¢ uzivat doplilkky s obsahem vitamint rozpustnych v tucich,
vapnik a zelezo (Kasalicky et al., 2009). BPD je obecné provazena velkymi vahovymi
ubytky (70-90 % ztraty nadmérné hmotnosti). Je spojena s vy$§i moZznosti vzniku
zavaznych az zivot ohrozujicich komplikaci, jako je proteinovd malnutrice, anastomozy,

hypoalbuminémie, edémy a asthenie (Picot et al., 2009) (obrazek 9).

Obrazek 9 — Biliopankreatickd diverze (BPD) Zdroj: Haluzik a Svacina, 2010
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Kritéria pro posouzeni U¢inku bariatrické operace na optimalizaci metabolického stavu
a nékterych dalsich provazejicich onemocnéni jsou hodnota HbAlc (hemoglobin Alc) do
42 mmol/mol, neptfitomnost hypoglykémie, koncentrace celkového cholesterolu nizsi nez
4,0 mmol/l, koncentrace LDL cholesterolu niz§i nez 2,3 mmol/l, koncentrace
triacylglycerold niz$i nez 2,2 mmol/l, krevni tlak niz§i nez 135/85 mmHg, snizeni
hmotnosti alespoin 0 15 % anebo snizeni HbAlc alesponi o 20 % pii omezeni medikace

oproti piedopera¢nimu stavu (Buse et al., 2009).

Kritéria pro posouzeni Uc¢inku bariatrické operace na remisi DM2 jsou pro €aste¢nou
remisi — HbAlc vyssi nez 42 mmol/mol, ale niz$i nez 47,5 mmol/mol a glykémie na la¢no
5,6-7 mmol/l po dobu nejméné jednoho roku bez farmakoterapie ¢i jiné 1écby,
pro kompletni remisi — HbAlc v normalnim rozmezi, tj. niz$i nez 42 mmol/mol, glykémie
na lac¢no niz§i nez 5,6 mmol/l po dobu nejméné jednoho roku bez farmakoterapie ¢i jiné
1é¢by, pro prodlouZenou kompletni remisi — kompletni remise trvajici alespoii 5 let (Buse
et al., 2009). Mira remise DM2 se v zavislosti na typu bariatrického vykonu uvadi
v rozmezi 57-95 % (Colquitt et al., 2009).
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3 Hypotézy a cile

3.1 Hypotéza pro prvni ¢ast dizertacni prace — genetické pozadi obezity

vvvvvv

chorob. U komplexnich onemocnéni se nedédi nemoc sama o sobé&, ale spiSe nachylnost
k ni.

Zavaznym problémem je jen kusa znalost patofyziologie a patobiochemie. Je ziejmé, ze
ke stejnému patologickému fenotypu vede nékolik riznych biochemickych cest. DalSim
uskalim je 1 nepfeberné mnoZzstvi kandidatnich genii, které se potencidlné mohou
uplatiiovat v rozvoji onemocnéni.

Monogenni formy obezity jsou z hlediska celkové prevalence obezity minoritni, nicméné
moznost cilené ucinné 1éCby téchto pacientil je obrovskym pifinosem a podnécuje vyvoj
podobnych typti terapie i u bézné formy obezity.

Recentni publikace zalozené na celogenomovych asociacnich studiich (GWAS) ukazaly
asociaci mnoha genetickych variant s béznou polygenné podminénou obezitou. Hypotézou
ptedkladané dizertacni prace je, Ze efekt téchto genetickych variant se promita
do energetickych drah a hormondlnich charakteristik 1 zatim neobéznich osob
a predisponuje je k rozvoji obezity v budoucnosti. Testovali jsme proto metabolické
a hormonalni efekty béznych obezitogenii u vzorku adolescentni populace 1 u dospélé

populace s riznou trovni inzulinové senzitivity a variabilni télesnou hmotnosti.

1. Zjistit metabolické efekty genetické varianty rs12970134 v genu MCA4R,
predevsim v souvislosti s parametry glukézového metabolismu a inzulinové senzitivity
Vv souboru Zen s riznou glukézovou toleranci (Zeny se syndromem polycystickych
ovarii, Zeny s gestatnim diabetem v anamnéze, Zeny s diagnézou diabetes mellitus
2. typu) a v souboru zdravych normoglykemickych kontrol.

Publikace: BRADNOVA O, VEJRAZKOVA D, VANKOVA M, LUKASOVA P,
VCELAK J, STANICKA S, DVORAKOVA K, BENDLOVA B. Metabolic and hormonal

consequencies of the "obesity risk™ MC4R variant (rs12970134) in Czech women. Physiol
Res. 2015; 64(2): 187-95. IF=1,293
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2. Zjistit zda a jaky maji vliv genetické varianty rs1421085, rs1121980, rs17817449,
rs9939609 v genu FTO, které jsou prezentoviany jako rizikové pro obezitu,
na antropometrické, metabolické a hormonalni parametry u §tihlych jedincu.

Publikace: LUKASOVA P, VANKOVA M, VCELAK J, VEJRAZKOVA D,
BRADNOVA O, STANICKA S, HAINER V, BENDLOVA B. Fat mass and obesity
associated gene variants are associated with increased growth hormone levels and affect
glucose and lipid metabolism in lean women. Physiol Res. 2015; 64(2): 177-85. 1F=1,293

3. Zjistit vliv genetickych variant kandidatnich gent pro obezitu TMEMI18
(rs7561317), SH2B1 (rs7498665), KCTD15 (rs29941), PCSK1(rs6232, rs6235), BDNF
(rs925946, rs4923461), SEC16B (rs10913469), MC4R (rs12970134, rs17782313) a FTO
(rs9939609) na antropometrické parametry a parametry metabolického syndromu
u Ceskych adolescentii s variabilni télesnou hmotnosti (podvaha, normalni vaha,
nadvaha a obezita).

Publikace: DUSATKOVA L, ZAMRAZILOVA H, SEDLACKOVA B, VCELAK 1J,
HLAVATY P, ALDHOON HAINEROVA I, KORENKOVA V, BRADNOVA O,
BENDLOVA B, KUNESOVA M, HAINER V. Association of obesity susceptibility gene

variants with metabolic syndrome and related traits in 1,443 Czech adolescents. Folia Biol
(Praha). 2013; 59(3): 123-33. IF=1,000

3.2 Hypotéza pro druhou ¢ast dizertacni prace — metabolické a hormonalni zmény

u pacientii po bariatrické operaci

Pii 1écbé obezity nejde jen o sniZzeni hmotnosti, ale pfedevsim o zlepSeni zdravotniho
stavu a zlepSeni kvality Zivota obézniho pacienta. Lécba obezity je komplexni proces, ktery
zahrnuje individudlni pfistup, vytvofeni vhodného lé€ebného programu a volbu 1é¢ebnych
metod.

Konzervativni 1écba se sklada ze stravovacich, pohybovych rad a doporu¢eni na zménu
zivotospravy. Moznost farmakologické 1é¢by je v soucasnosti omezena.

U pacientll s morbidni obezitou konzervativni 1é€ba Casto nestaci a pravé v téchto
ptipadech lze obezitu 1éCit chirurgicky. Bariatricka 1écba obezity muze pfinést trvalé
feSeni, vyznamné¢ pomaha 1éCit diabetes 2. typu a vyznamné snizuje kardiovaskularni

riziko. Prvotni cil bariatrické chirurgie je tedy sniZzeni zdravotnich rizik tézké obezity.
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Otazky, které je tieba jesté zodpoveédet v souvislosti s tispéchy bariatrické chirurgie, jsou
predevsim metabolické a hormonalni dopady jednotlivych typl operaci na vysledny stav

pacienta a dlouhodobé dusledky této 1écby.

4. Zjistit vliv nového typu bariatrické operace, laparoskopické gastrické plikace,
na glukézovy metabolismus a na hladiny inkretinii a gastrointestindlnich hormoni
u morbidné obéznich pacientek s diabetes mellitus 2. typu.

Publikace: 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. Laparoscopic greater curvature

plication in morbidly obese women with type 2 diabetes: effects on glucose homeostasis,

postprandial triglyceridemia and selected gut hormones. Obes Surg. 2014, 24(5): 718-26.
IF = 3,747

5. Zjistit vliv bariatrickych operaci na sloZeni mastnych kyselin v tukové tkani
u morbidné obéznich pacientek s diabetes mellitus 2. typu.

Publikace: 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. Fatty acid composition

of adipose tissue triglycerides in obese diabetic women after bariatric surgery: a 2-year
follow up. Physiol Res. 2015; 64(2): 155-66. IF = 1,293
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4 Soubory a metody

4.1 Soubory

Diky projektim zaméfenym na vyzkum genetického pozadi polygennich onemocnéni,
vcetné obezity, byly v Endokrinologickém tstavu jiz diive shromazdény rozsahlé soubory
osob s riznym rizikem DM2 nebo glukézové intolerance obecné.

Pro zachovani kompatibility nashromazdénych anamnestickych a metabolicko-
biochemickych parametrd byla v maximalni mozné mife zachovana kontinuita
analytickych metod.

Protokoly vsech studii byly schvaleny Etickou komisi Endokrinologického ustavu, stejné
jako informovany souhlas s ucasti ve studiich, vcetné genetického vySetfeni. Kazdy
ucastnik studie byl vzdy lékatem podrobné informovan o ucelu studie, o prubehu vysetieni,
s obsahem dotaznik, s pribéhem antropometrického meéfeni a odbérem krve
ke genetickému vysetfeni. Ucastnici byli pouceni o tom, Ze osobni i anamnesticka data
nebudou poskytnuta dalsi osob¢, Ze data budou statisticky vyhodnocovana a publikovana
v odborném tisku bez uvedeni osobnich udaji a budou pouzita pouze k vyzkumnym
i¢elam. Ugastnici byli informovani o moznosti kdykoliv ze studie vystoupit bez udéani
diivodu. Souhlas s tcasti ve studii stvrdili G€astnici podpisem (v pfipadé déti jejich zakonni
zastupci).

VSichni Gcastnici studie se podrobili bazalnimu vySetieni biochemickych a hormondalnich
parametrii, antropometrickému meéfeni zaméfenému na stanoveni télesného slozeni
a vyplnili dotazniky sledujici osobni, rodinnou, pfipadné¢ gynekologickou anamnézu,
standardizované dotazniky hodnotici skore deprese nebo kvalitu Zivota, dotaznik jidelnich
zvyklosti a dotaznik hodnotici pohybovou aktivitu.

Endokrinologicky tustav v Praze zajistil kompletizaci a velmi podrobnou fenotypickou
charakterizaci sledovanych souboriti dospélych jedinct. Provadélo se zde biochemické
a antropometrické vySetfovani zdravych normoglykemickych kontrol, potomki pacientl
s DM2, zen s gestatnim diabetem a Zen se syndromem polycystickych ovarii v osobni
anamnéze a dalSich osob s riznou glukézovou toleranci.

Studie Endokrinologického tstavu COPAT (Childhood Obesity, Prevalence And
Treatment) probihala po celém tzemi Ceské republiky a zabyvala se problematikou

obezity a jejich zdravotnich komplikaci u déti a adolescentd ve véku 13-18 let. Dil¢i
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studie, kterd je soucasti dizertani prace, byla provedena na souboru adolescentl
shromazdénych v této studii.

Bariatrické operace byly provedeny na OB klinice a.s. u souboru vybranych extrémné
obéznich pacientek s diabetes mellitus 2. typu a odbér tukové tkdn€ byl proveden tamtéz.
Opakované sledovani a vySetfovani téchto pacientek probihalo v Endokrinologickém
ustavu v Praze.

Charakteristiky a vybérova kritéria pro konkrétni soubory jsou podrobné popsany

v jednotlivych studiich.

4.2 Metody

Antropometrické vySetieni

Antropometrické vySetfeni zahrnovalo zékladni parametry: télesnou hmotnost a vySku,
obvodové rozméry (obvod pasu, bficha, glutealni obvod) a kozni fasy (suprailiakalni,
subskapularni, nad bicepsem, nad tricepsem). Pro hodnoceni télesného slozeni byly
vypocitany indexy BMI (body mass index), WHR (waist to hip ratio) a BAI (body
adiposity index) a dale provedena bioimpedan¢ni analyza (TANITA BC 418 MA, Tokyo,
Japan) a u bariatrické studie navic dualni rentgenova absorpciometrie (DEXA — Dual
Energy X-Ray Absorptiometry). V bariatrické studii bylo vypocéitano procento ubytku
nadmérmé hmotnosti (% EWL — excess weight loss) a procento ubytku BMI
(% EBL — excess BMI loss).

Podvéha, normélni hmotnost, nadvaha a obezity byly u déti a adolescentli definovany dle
percentili BMI odvozenych z ¢eskych narodnich referenénich dat (Kobzova et al., 2004).
U této veékové kategorie bylo hodnoceno standardni skore deviace (SDS).

Konkrétni pouzité antropometrické metody jsou podrobné popsany v jednotlivych

studiich.

Biochemické analyzy

Po 10-12 hodinovém la¢néni byly ti€astnikiim studii odebrany vzorky periferni zilni krve
nebo byl proveden néktery z funkcénich testd. Stanoveny byly nésledujici parametry
uvedené v tabulce 2.

U vybranych hormonti, napt. adipokinii nebo gastrointestinalnich hormont byla pouzita
multiplexovd metoda stanoveni, kterd umoziiuje analyzovat najednou vice analyti.

Principem je vazba specifické protilatky opatfené fluorescenéni znackou na magnetické
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kulicky. Stanoveni jsou provadéna piistrojem Luminex 200™ System (Luminex

Corporation, Texas, USA).

Konkrétni pouzité biochemické metody jsou podrobné popsany v jednotlivych studiich.

Tabulka 2 — Stanovované biochemické parametry (abecedné)

Parametr Jednotky Metoda stanoveni

Androstendion nmol/l RIA, vlastni metoda

Celkovy mmol/I Absorpéni spektrofotometrie CHOD — PAP, Cobas

cholesterol Integra, Roche Diagnostics

C-peptid nmol/Il ECLIA, Cobas Integra, Roche Diagnostics

Glykémie mmol/Il Absorpéni  spektrofotometrie-UV — hexokinazova
metoda, Cobas Integra, Roche Diagnostics

Glykovany mmol/mol | Imunoturbidimetrie,  Cobas  Integra, Roche

hemoglobin Diagnostics

Glukagon pmol/l RIA, Euria-Glucagon EuroDiagnostica

HDL cholesterol mmol/I Homogenni enzymaticka kolorimetricka metoda,
Cobas Integra, Roche Diagnostics

IGFI ng/ml IRMA, Immunotech

Inzulin miuU/l ECLIA, Cobas Integra, Roche Diagnostics

Kortizol nmol/l RIA, vlastni metoda

LDL cholesterol mmol/I celkovy cholesterol - (triacylglyceroly/2,2) - HDL
cholesterol

Leptin ng/mi RIA, DRG Instruments GmbH

Proinzulin pmol/l ELISA, DRG Instruments GmbH
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Riistovy hormon miU/Il IRMA, Immunotech

(STH)

SHBG nmol/Il IRMA, Immunotech

Testosteron nmol/I RIA, vlastni metoda

Triacylglyceroly mmol/Il Enzymaticky kolorimetricky test s LPL, Cobas
Integra, Roche Diagnostics

TSH miuU/l ECLIA, Cobas Integra, Roche Diagnostics

Volny trijodtyronin | pmol/I ECLIA, Cobas Integra, Roche Diagnostics

(fT3)

Volny tyroxin (fT4) [ pmol/I ECLIA, Cobas Integra, Roche Diagnostics

Funk¢ni testy

Lidsky organismus disponuje mnoha kompenza¢nimi mechanizmy, které jsou schopny
zajistit rovnovahu vnitiniho prostiedi za klidovych podminek 1 pfi poruchach jednotlivych
slozek regulaéniho systému. Funk¢ni a dynamické testy v endokrinologii slouzi k tomu,
aby dosud kompenzovana porucha byla odhalena v ¢asnych fazich vyvoje.

Orialni glukézovy tolerancni test (OGTT) — slouzi k odkryti manifestniho diabetu
mellitu 2. typu nebo porusené gluk6zové tolerance. Tento test ukazuje reakci organismu
na podani 75 g glukdzy per os a hodnoti, zda je organismus schopen po zatézi glukdézou
udrzet jeji hladinu v krvi v normalnim rozmezi.

Mixed-meal tolerance test (MMTT) - je obdobou OGTT, ale misto glukézy je
pacientim podéavan proteinovy napoj s piesné definovanym obsahem zivin.

Euglykemicky hyperinzulinemicky clamp — je metoda pouzivand v diabetologii
k vySetfovani uc¢innosti inzulinu in vivo. Vzhledem k naro¢nosti provedeni testu je
pouzivany predevs§im ve vyzkumu. Pfi standardné navozené hyperinzulinémii se hodnoti

mnozstvi glukdzy spotfebované k udrzeni glykémie na pozadované hodnot¢.

Indexy inzulinové rezistence, resp. senzitivity, a funkce p-bunék — byly vypocitany

z lacnych hodnot (HOMA-IR a Quicki pro inzulinovou rezistenci, resp. senzitivitu;
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HOMA-F pro sekreci inzulinu) i z glukézou stimulovanych hodnot OGTT (Cederholmtv
index a Matsudliv index pro inzulinovou senzitivitu, inzulinogenni index pro sekreci

inzulinu).

Stanoveni mastnych Kkyselin v tukové tkani extrémné obéznich pacientek s diabetes
mellitus 2. typu

Subkutanni tukova tkan byla poprvé odebrana pii operaci na OB klinice a nasledna
excize tukové tkané po Sesti mésicich od operace byla provedena tamtéz. Po dvou letech
byla provedena biopsie tenkou jehlou v Endokrinologickém tustavu. Spektrum mastnych
kyselin (tabulka 3) bylo stanoveno metodou plynové chromatografie (Trace GC/AS 2000
autosampler, Thermo Finnigan, USA) na IV. interni klinice 1. 1ékafské fakulty UK.

Tabulka 3 Spektrum stanovenych mastnych kyselin

Zkratka Nazev

Nasycené mastné kyseliny SFA [umol/l]

12:0 laurova
14:0 myristova
16:0 palmitova
18:0 stearova
20:0 arachidova

Monoenové mastné kyseliny MUFA [pmol/l]

14:1(n-5) myristolova
16:1(n-9) palmitolejova (n-9)
16:1(n-7) palmitolejova (n-7)
18:1t transelaidova
18:1(n-9) olejova
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18:1(n-7) vakcenova

20:1(n-9) eikosanova

Polyenové mastné kyseliny PUFA [pmol/l]
18:2(n-6) linoleova

18:3(n-3) a-linoleova

18:3(n-6) g-linoleova

20:2(n-6) eikosadienova

20:3(n-6) homo-g-linoleova

20:4(n-6) arachidonova

20:5(n-3) cikosapentaenova (EPA)
22:5(n-3) dokosapentaenova (DPA), 3
22:5(n-6) dokosapentaenova (DPA), w6
22:6(n-3) dokosahexaenova (DHA)

Geneticka analyza

Genomickd DNA byla izolovana z leukocytl nesrazlivé periferni krve pouzitim kitu
QuickGene Whole Blood kit L (Kurabo Industries Ltd., Japan) a pfistroje QuickGene 610L
(FujiFilm, Life Science, Japan). Po zméfeni koncentrace a ovéfeni Cistoty (pomér
absorbanci DNA 260 nm/proteiny 280 nm) byly roztoky DNA nafedény na pracovni
koncentraci 10 ng/ul v TE pufru a pouZity pro nasledné PCR amplifikace.

Genotypizace byla provedena pomoci specificky znacenych sond TagMan genotyping
assays (Life Technologies, Waltham, MA, USA) na pfistroji Real-time PCR
(LightCycler 480™, Roche, Mannheim, Némecko), ktery umoziiuje kromé& kvantitativni
PCR 1 genotypizaci polymorfism.

Konkrétni studované genetické varianty kandidatnich gent jsou uvedeny v jednotlivych

studiich.
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Statisticka analyza

Interaktivni statistick¢ analyzy byly konzultovany se statistikem Endokrinologického
ustavu. Konkrétni metody statistické analyzy jsou vzdy zminény u jednotlivych dil¢ich
studii.

K vyhodnoceni frekvencéniho zastoupeni alel u stanovenych polymorfismi byly
sestrojeny frekvenéni tabulky testované y’-kvadrat testem nebo Fisherovym exaktnim
testem. Témito testy byla ovéfena i Hardy-Weinbergova rovnovaha.

Rozdily v biochemickych a antropometrickych udajich mezi skupinami byly z divodu
nenormalniho rozlozeni dat porovnavany pomoci neparametrického Mann-Whitneyho
testu. V piipadech, kdy charakter hodnocenych parametri vyZzadoval adjustace dat
napiiklad na ve€k, pohlavi, BMI ¢i délku trvani DM2, byla distribuce dat normalizovana
(logaritmicka ¢i mocninna transformace) a vlastni testovani bylo provedeno metodou
analyzy kovariance (ANCOVA).

Pokud byly pouzity jiné metody statistické analyzy, je to zminéno v jednotlivych dilé¢ich
studii.

Statistické hodnoceni bylo provedeno pomoci programi: NCSS 2004 (Statistical
Solutions, Saugus, MA, USA) a Statgraphics Centurion version XVI Statpoint (Herndon,
MD, USA).
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5 Vysledky
5.1 Vliv varianty rs12970134 v blizkosti genu MC4R na metabolické a hormonalni

parametry sledované v souvislosti s obezitou

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

Mutace v genu pro MC4R jsou nejéastéjsi pfic¢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 nekonzistenti a komplexni metabolicko-hormonalni
analyza vlivu této varianty nebyla u lidi provedena. Cilem studie bylo zjistit asociaci
varianty rs12970134 v genu MC4R s obezitou, dale s hladinami vybranych hormont
a S parametry glukézového metabolismu ve skupiné Zen s rtiznou glukdzovou toleranci
a télesnym sloZenim. Na§ soubor zahrnoval 850 normoglykemickych Zen (vek: 30,4 [LCL:
29,6; UCL: 31,3] let; BMI: 22,8 [22,5; 23,3] kg/mz), 423 zen s diagn6zou syndromu
polycystickych ovérii (PCOS) (v&k: 27,6 [26,7; 28,2] let; BMI: 25,4 [24,7; 26,1] kg/m?),
402 Zen s diagndzou gestacniho diabetu v anamnéze (vek: 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. Nicméné€ z dotaznikovych dat vyplynulo, Ze nositelky alely A mély vyssi
maximalni 1 minimélni télesnou hmotnost dosazenou v dospélosti oproti Zendm
s genotypem GG (p = 0,04; resp. p = 0,03). Ve skupiné zen s PCOS jsme vsak zjistili vliv
variantni alely A na vys$s$i hodnotu obvodu pasu (p = 0,049), glutedlniho obvodu (p = 0,01)
a indexu tukové hmoty (BAIL; p = 0,01). U normoglykemickych nositelek alely A jsme
pozorovali niz$i hladinou glykémie (p = 0,001), inzulinu (p = 0,005) a C-peptidu (p = 0,04)
na la¢no a s nizsi hodnotou indexu HOMA-IR (p = 0,002) oproti nositelkdm GG genotypu.
U normoglykemickych nositelek alely A byla déale zjiSténa vysSi hladina ristového
hormonu (p = 0,002), leptinu (p = 0,04) a nizsi hladiny volného trijodtyroninu (p = 0,002)
ve srovnani s nositelkami genotypu GG. V podskupiné Zen, které neuzivaly kontraceptiva,
mély nositelky alely A niz8§i hladiny plazmatického testosteronu (p = 0,04)
a androstendionu (p = 0,03) a vyssi hladinu SHBG (p = 0,002).
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Nase studie naznacuje, Ze variabilita genu MC4R se uplatiiuje nejen v regulaci

energetického metabolismu, ale i v komplexnéjsich hypothalamickych regulacich.
V této studii jsem se podilela asistenci pri OGTT, ucastniky studie jsem antropologicky

meérila a zajistovala preanalytickou fazi sbiranych vzorki, provedla jsem genetickou

analyzu, statisticky vyhodnotila data a sepsala rukopis.
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Summary

Although the mutations in MC4R gene became known as the
most common genetic cause of human obesity, the effect of
rs12970134 A/G near MC4R gene on insulin resistance has been
described. The aim of this study was to determine the effect of
rs12970134 on obesity, hormone levels, and glucose metabolism
in a cohort of women varying in glucose tolerance: 850
normoglycemic women, 423 diagnosed with polycystic ovary
syndrome (PCOS), 402 gestational diabetics (GDM), and 250
type 2 diabetic (T2D) women. We did not confirm the explicit
effect of rs12970134 on obesity. However, the influence of the
A-allele on body adiposity index was observed in a cohort of
women diagnosed with PCOS. In normoglycemic women, the
A-allele carriership was associated with lower fasting levels of
glucose, insulin, C-peptide, and index of insulin resistance.
Furthermore, higher levels of growth hormone, leptin and SHBG,
and lower levels of fT3, testosterone, and androstenedione were
recorded in normoglycemic A-allele carriers. In conclusion, the
study presents the evidence of the impact of rs12970134 on

complex hypothalamic regulations.
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Introduction

The MC4R (melanocortin-4 receptor) gene.
encoding G-protein-coupled, seven- transmembrane
receptor, is expressed predominantly in the brain. MC4R
was the first locus described in association with
dominantly inherited morbid human obesity and was the
most common genetic cause of human obesity described
before the era of genome wide association studies (Grant
et al. 2009).

The melanocortins are involved in a variety of
physiological ~ processes, including  pigmentation,
steroidogenesis — especially glucocorticoid production,
secretion,  sexual  function, analgesia,
inflammation. immunomodulation or cardiovascular
regulation. They have also important functions in the
central and peripheral nervous systems including the
regulation of energy homeostasis and body weight
through its role in appetite and energy expenditure via

exocrine

leptin, ghrelin and agouti related protein, a potent
endogenous antagonist of MC4R (Huszar et al. 1997,
Yang et al. 1999).

The genetic defects of various steps of
melanocortin signaling were studied very intensively and
the five-year evidence. supporting their role in the control
of appetite and body weight in humans, was summarized
by O'Rahilly’s group (Yeo ef al. 2000).

Human monogenic forms of obesity are linked
to mutations in genes involved in  the
leptin/melanocortin axis. Homozygous mutations of
leptin and leptin receptor gene causing hyperphagia and
a severe early onset obesity associated with pituitary
dysfunction were published (Farooqi et al. 2002,
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Clement et al. 1998) as well as a phenotype of patient
with complete absence of MC4R activity (Lubrano-
Berthelier et al. 2004). Heterozygous mutations in
MC4R are found in 2-6 % of severe obesity cases and
they represent the most frequent genetic cause of human
severe obesity (Vaisse ef al. 2000, Dubern et al. 2001,
Farooqi et al. 2003, Yeo ef al. 2003, Hinney et al. 2003,
Hainerova et al. 2007, Calton et al. 2009). However. the
functional analysis of the mutant A/C4R indicates that
the receptor defects range from loss of function to
constitutive activation and that the expressivity of
MC4R-associated obesity is very variable (Vaisse et al.
2000).

Although previous studies have reported several
rare MC4R mutations in the development of extreme and
early-onset obesity, recent publications based on the
genome-wide association studies (GWAS) have identified
several common genetic polymorphisms near M/C4R gene
contributing to the common obesity (Loos ef al. 2008,
Chambers ef al. 2008, Thorliefsson et al. 2009). Among
these variants, the rs17782313 and rs12970134 were
studied most often. However, the results have been
inconsistent, esp. among East Asians and Africans.
Although majority of studies showed significant
association with obesity-related traits, several studies
revealed non-significant association (Sherag ef al. 2010,
Xi et al. 2012a, Bazzi et al. 2014, Albuquerque ef al.
2014, Fernandez ef al. 2015).

Unclear remains also an influence of genetic
variants of M/C4R on glucose metabolism. Although an
association of rs12970134 MC4R variant with insulin
resistance was published (Chambers et al. 2008), it was
not confirmed by other studies (Zobel et al. 2009, Kring
et al. 2010, Bazzi et al. 2014).

We aimed to determine the prevalence of
1512970134 polymorphism in groups of thoroughly
characterized Czech adult women differing in glucose
tolerance and to study wide range of the anthropometric
and metabolic consequencies of the minor A-allele, with
a special attention focused on glucose metabolism and
insulin sensitivity.

Methods

Study subjects

The influence of the MC4R variant 1512970134
on anthropometric and biochemical parameters was
evaluated in 850 women with normal glucose tolerance
(median and upper and lower confidence limit of age was

30.4 [29.6: 31.3] years, BMI 228 [22.5; 23.3] kg/m’,
minimum: 16 kg/m* maximum: 49.3 kg/m?).

To evaluate the influence of the SNP in women
varying in glucose tolerance, it was assessed also in
a group of 423 women (age: 27.6 [26.7; 28.2] years;
BMI: 25.4 [24.7; 26.1] kg/m?) diagnosed with polycystic
ovary syndrome (PCOS). disorder characterized by
impaired glucose tolerance. in 402 women with a positive
history of gestational diabetes mellitus (GDM) (age: 33.4
[32.9; 33.8] years; BMI: 23.1 [22.5; 23.6] kg/m?). and in
250 women diagnosed with type 2 diabetes mellitus
(T2D) (age: 60.6 [59.8: 61.5] years; BMI: 31.1 [30.5:
32.9] kg/m?).

Anthropometric and biochemical characterization

Body weight, height, waist, abdominal and
gluteal circumferences were measured. Anthropometric
indices were calculated: body mass index (BMI)=weight
[kg)/height [m]®, waist-to-hip ratio (WHR) and body
adiposity index (BAI)=(hip circumference [cm])/((height
[m)") - 18).

Oral glucose tolerance test (0GTT) with 75 g of
glucose was performed in each woman except T2D
group. Blood samples were taken before the beginning of
the oGTT and than every 30 min during a period of 3 h.
In this time points, glycemia, insulinemia, and C-peptide
were evaluated. Furthermore, total cholesterol, high-
density lipoprotein (HDL) cholesterol, low-density
lipoprotein (LDL) cholesterol, triacylglycerols and
glycated hemoglobine (HbAlc) were assessed [Cobas
6000, Roche Diagnostics]. Fasting levels of leptin [RIA;
DRG], growth hormone, sex-hormone binding globuline
(SHBG), insulin-like growth factor-1 (IGF-1) [IRMA;
Beckman Coulter]. glucagon [RIA: Eurodiagnostical, free
triiodthyronine (fT3), free thyroxine (fT4), thyroid-
stimulating hormone (TSH) [Cobas 6000: Roche
Diagnostics]. cortisol, testosteron and androstenedione
[RIA: Beckman Coulter] were also measured.

Indices of glucose homeostasis (HOMAR=
10xGy/22.5:  Quicki=1/(log(fasting  insulin  pU/ml)
+log(fasting glucose mg/dl)); HOMAF=20xI,/(Gy-3.5):
insulinogenic index=(I3y-Iy)/(G30-Go): Cederholm=
[75000+(Gy-G120) x1,15x180x0, 19xweight]/[120XGean X
10g(Inean)]: Matsuda=10*/"(IeanXGmeanXGoxlp) and areas
under curves (AUCs) of blood glucose, insulin, and
C-peptide were calculated.

All women signed informed consent approved
by Ethics Committee of the Institute of Endocrinology.
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Genetic analysis

DNA was isolated from the peripheral blood
using automatic device QuickGene 610L (FujiFilm Life
Science, Japan) and comercial kit (QuickGene Whole
Blood kit L, Kurabo Industries Ltd., Japan). Endpoint
genotyping of the polymorphism rs12970134 near MC4R

was performed using TaqMan assays (Applied
Biosystems, LightCycler 480 System, Roche).

Statistical analysis
For the comparison of the genotypic frequencies
between the groups. a chi-square test was used. For the

Table 1. Associations of rs12970134 with anthropometric parameters in normoglycemic, PCOS, GDM and T2D women.

Normoglycemic (n=850) GG (n=468) AA+AG (n=382) P
Age (vears) 28.9(28.2:30.0) 29.6(28.3:30.5) 0.15
Height (cm) 168(167:168) 168(167:.169) 0.38
Abdominal circumference (cm) 82.5(81.3:84.1) 81.5(80.2:83) 0.21
Waist circumference (cm) 75(74.76) 74(73:76) 0.51
Gluteal circumference (cm) 100(99:101) 100(99:101) 0.92
BMI (kg/m?) 23.1(22.5:23.5) 22.6 (22.3:23.3) 0.3
BAI 27.4(26.9:27.9) 27.4(26.8:28.1) 0.93
WHR 0.84(0.83:0.84) 0.83(0.81:0.84) 0.29
PCOS (n=423) GG (n=253) AA+AG (n=170) p
Age (vears) 27.0(26.2:28.3) 27.5(26.0;28.3) 0.69
Height (cm) 168(167:169) 167(166:169) 0.38
Abdominal circumference (cm) 87(84:89) 91(86:98) 0.07
Waist circumference (cm) 79(76:80) 84(80:88) 0.049
Gluteal circumference (cm) 101(100:103) 106(104:110) 0.01
BMI (kg/m?) 25.2(24.1:26.1) 26(24.7:28.1) 0.09
BAI 28.5(27.5:29.6) 31.1(29.4:33.0) 0.01
WHR 0.76(0.76:0.77) 0.79(0.76:0.81) 0.16
GDM (n=402) GG (n=211) AA+AG (n=191) ]
Age (vears) 32.9(32:33.7) 33.3(32.3:34) 0.29
Height (cm) 167(166:168) 168(167:168) 0.91
Abdominal circumference (cm) 85(82.4:87.1) 85.4(83:88) 0.88
Waist circumference (cm) 75(74:77) 76(75:79) 0.65
Gluteal circumference (cm) 98(97:101) 98(97:101) 0.76
BMI (kg/m?) 23(22.4:23.8) 23.4(22.3:24.3) 0.49
BAI 27.4(26.8:28.6) 27.8(26.6:28.9) 0.66
WHR 0.77(0.76:0.79) 0.78(0.77:0.79) 0.55
T2D (n=250) GG (n=120) AA+AG (n=130) p
Age (years) 60.6(59.1:62.2) 59.1(57.3:61.0) 0.58
Height (cm) 162(160:164) 160(159:162) 0.07
Abdominal circumference (cm) 108(102:111) 106(98:109) 0.72
Waist circumference (cm) 101(97:104) 100(99:104) 0.46
Gluteal circumference (cm) 113(111:116) 116(112:117) 0.74
BMI (kg/m?) 31.2(29.8:33.2) 31.3(30.5:32.4) 0.71
BAI 36.4(35.8:38.1) 37.8(37.1:39.3) 0.08
WHR 0.87(0.86:0.89) 0.87(0.86:0.89) 0.74

Levels are presented as a median (95 % LCL; 95 % UCL); Mann-Whitney test.
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evaluation of the differencies in anthropometric and
biochemical parameters, a robust non-parametric Mann-
Whitney test was used (NCSS. 2004). Statistical
significance was set at p<0.05.

Results

The allelic frequencies did not differ between
groups (Chi’=4.99; p=0.29). Genotype frequencies of
awhole cohort (GG/AG/AA: 55.7% / 37.8% / 6.5 %)
were in Hardy-Weinberg equilibrium (p=0.95), the minor
A-allele frequency was 25 %.

In a cohort of normoglycemic women, no
association of the polymorphism rs12970134 near M/C4R
with obesity or with obesity-related traits has been found
(dominant model, Table 1). However, in a part of this
cohort, in which questionnaire data were available,
carriers of the minor A-allele had significantly higher
maximal and minimal body weight achieved in adulthood
(GG (n=183) vs. AG+AA (n=169): maximal 64 (62: 68)
vs. 70 (65; 75) kg, p=0.04; minimal 54 (52; 56) vs.
57 (55: 61) kg, p=0.01, resp.).

Nevertheless, the influence of A-allele on
obesity-related traits was clearly expressed in women
diagnosed with PCOS. Carriers of the minor A-allele had
significantly higher BAI (p=0.01), waist (p=0.049) and
gluteal (p=0.01) circumferences (Table 1). Further
anthropometric parameters such as BMI and abdominal

circumference were also higher in carriers of the A-allele
compared to non-carriers, although these findings did not
achieve statistical significance. A trend towards higher
BAI in A-allele carriers was observed also in the group of
T2D women (Table 1).

An association with glucose metabolism has
been found in the cohort of women with normal glucose
tolerance (Table 2): carriers of the A-allele had lower
fasting blood glucose (p=0.001), insulin (p=0.005) and
C-peptide  (p=0.038), lower percentage of HbAlc
(p=0.043) and higher value of glucose to insulin ratio
(p=0.035) compared to non-carriers. No differences were
found in stimulated parameters (AUCs). Carriers of the
A-allele were more insulin sensitive — they had
significantly lower value of insulin resistance index
(HOMAR: p=0.002) and higher value of insulin
sensitivity index (Quicki; p=0.002). However, indices of
insulin sensitivity derived from stimulated values
measured during oGTT did not differ (Table 2).

Concerning other hormones, normoglycemic
women carrying A-allele had significantly higher level of
leptin compared to women with GG genotype (p=0.036)
and higher level of growth hormone (p=0.002) with trend
to higher IGF1. They had also lower level of free
triiodthyronine (p=0.002), but similar TSH and free T4
levels (Table 3).

After exclusion of women using hormonal
contraception, the A-allele carriers had slightly lower

Table 2. Associations of rs12970134 with glucose metabolism in normoglycemic women.

Parameters GG (n=468) AA+AG (n=382) P

Glycemia (mmol/l) 4.7(4.6:4.8) 4.6(4.6:4.7) 0.001
C-peptide (nmol/l) 0.63(0.6:0.66) 0.59(0.56:0.61) 0.04
Insulin (mlU/) 6.6(6.2:7.0) 5.8(5.5:6.2) 0.005
HbAlc (%) 42(4.1:44) 4.14.0:4.2) 0.04
Glycemia/Insulin (mmol/mIU) 0.71(0.67.0,77) 0.78(0.74:0.86) 0.04
AUC glycemia (mmol/I*180min) 971(948:1002) 972(952:1003) 0.67
AUC C-peptide (nmol/I*180min) 364(342:387) 363(345:374) 0.86
AUC insulin (mIU/I*180min) 4972(4600:5434) 4836(4539:5241) 0.95
AUC glycemia/insuline (mmol/mIU) 0.19(0.17:0.21) 0.20(0.18:0.21) 0.82
HOMA-IR (mIU*mmol*I?) 1.37(1.29:1.48) 1.18(1.1:1.28) 0.002
HOMA-F (mIU/mmol) 112(105:122) 115(106:122) 0.98
Insulinogenic index (mIU/mmol) 14.6(13.4:15.9) 14.0(12.8:15.1) 0.14
Matsuda index 142(134:154) 148(136:161) 0.51
Cederholm index 73.6(70.4.77.3) 73.7(68.9:76.3) 0.47
Quicki index 0.67(0.65:0.68) 0.70(0.68:0.72) 0.002

Levels are presented as a median (95 % LCL; 95 % UCL); Mann-Whitney test.

51



2015

MC4R Variant (rs12970134) and Metabolic Consequencies S191

Table 3. Asociations of rs12970134 with lipid spectrum and other hormonal parameters in normoglycemic women.

Parameters GG (n=468) AA+AG (n=382) P

Triacylglycerols (mmol/l) 0.88(0.81:0.94) 0.82(0.78:0.89) 0.78
LDL-cholesterol (mmol/l) 2.56(2.46:2.67) 2.41(2.34:2.59) 0.04
HDL-cholesterol (mmol/l) 1.49(1.44:1.54) 1.47(1.42:1.52) 0.68
Total cholesterol (mmol/l) 4.5(4.4:4.6) 4.44.34)5) 0.14
Glucagon (pmol/l) 36.1(34.5:37.5) 35.5(33.9:37.1) 0.42
Leptin (mg/nl) 7.5(6.6:9.4) 9.5(8.1:10.7) 0.04
Growth hormone (mIU/I) 1.8(1.1:2.6) 3.8(2.5:5.7) 0.002
IGF-1 (ng/nl) 247(227:273) 267(253:285) 0.09
JT4 (pmol/l) 15.6(15.2:15.9) 15.6(15.3:15.9) 0.74
T3 (pmol/l) 5.2(5.1:5.3) 4.9(4.8:5.1) 0.002
TSH (mIU/l) 2.12(2.01:2.25) 2.28(2.09:2.45) 0.24
‘Women not using contraceptives GG (n=388) AA+AG (n=288) p

Cortisol (nmol/l) 476(454:491) 442.5(423:464) 0.31
SHBG (nmol/l) 37.2(34.6:39.1) 43.1(39.5:47.8) 0.002
Testosterone (nmol/l) 2.6(2.5:2.8) 2.1(1.9;2.5) 0.04
Androstenedione (nmol/l) 6.8(6.4:7.2) 6.2(5.8:6.6) 0.03

Levels are presented as a median (95 % LCL; 95 % UCL); Mann-Whitney test.

testosterone  (p=0.04) and androstenedione (p=0.03)
levels with significantly increased SHBG (p=0.002) in
comparison to GG homozygotes (Table 3).

No significant differences in biochemical
parameters between the genotypes were observed in
women diagnosed with PCOS, in women with positive
history of GDM, and in T2D women.

Discussion

MC4R deficiency is the most common
monogenic form of human obesity which phenotype
defined by I. S. Farooqi includes: early-onset obesity.
increased body fat and fat-free mass, increased linear
growth, preserved reproductive function, increased
mineral bone density as well as hyperphagia and
hyperinsulinemia which declined with age (Farooqi ef al.
2000, 2003).

Later genome-wide association studies revealed
that also common allelic variants in MC4R locus are
associated with obesity-related phenotypes (Loos ef al.
2008, Chambers ef al. 2008) and their impact on
anthropomotric and metabolic functions had been studied.

Although most studies describe the association
of the rs12970134 (A-allele) with increased risk of

obesity and obesity-related traits (Loos et al. 2008,
Chambers et al. 2008, Thorliefsson et al. 2009, Kring et
al. 2010, Cha et al. 2009), there are several studies which
did not confirm such association (Sherag et al. 2010, Xi
et al. 2012a, Bazzi et al. 2014, Albuquerque et al. 2014,
Fernandez et al. 2015). In our cohort of 850
normoglycemic adult women with BMI ranging from
16 to 49.3 kg/m’, no association of the minor A-allele (in
dominant model) either with BMIL or with height,
abdominal, waist and gluteal circumferences, WHR,
subcutaneous fat and muscle mass was found. However,
the higher maximum and minimum weight achieved in
the adulthood was detected in women carrying the minor
A-allele. Moreover, the influence of A-allele on obesity
related traits was apparent in women with polycystic
ovary syndrome and a trend towards higher BAI in
A-allele carriers was observed also in the group of T2D
women. The relation of rs12970134 and other SNPs near
MC4R to T2D and PCOS was documented, but the
potential association of these SNPs with T2D and PCOS
was abolished after adjustment for BMI, indicating that
a diabetogenic effect might be mediated via an increase in
BMI (Zobel et al. 2009, Ewens et al. 2011, Louwers ef al.
2014) However, recent meta-analysis confirmed the
significant association of the rs17782313 polymorphism
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near the MC4R gene with type 2 diabetes risk, which was
independent of BMI (Xi et al. 2012b).

Regarding glucose metabolism, the lower fasting
glycemia accompanied with lower C-peptide and insulin
levels in A-allele carriers was found among
normoglycemic women. These women were more insulin
sensitive (HOMA-IR, Quicki indices were lower),
however, these trends were not apparent after glucose
administration. HOMA-IR and Quicki indices reflect
rather the basal metabolic state and the increased hepatic
insulin sensitivity than the peripheral/whole body one.
Possible explanation suggests better hepatic function in
A-allele carriers which could be influenced by preserved
liver fat accumulation that was described for SNP
1517782313 near MC4R (Haupt ef al. 2009).

The minor A-allele carriership was also
associated with almost twice higher levels of growth
hormone in normoglycemic women. In spite of high GH
levels, the achieved body height in the adulthood was the
same in both genotypic groups. Also other studies
describe no association of rs12970134 with achieved
body height but without any comment on growth
hormone levels (Zobel et al. 2009, Kring et al. 2010).
The study of the somatotroph axis in obese MC4R-
deficient patients revealed increased pulsatile and total
GH secretion in these pateints, suggesting a role for
MC4R in controlling hypothalamic somatostatinergic
tone (Martinelli et al. 2011). Our data support the
involvement of MC4R 1s12970134 in regulation of
somatothroph axis.

A-allele carriership was associated with higher
leptin levels in our study although the BMI, WHR and
subcutancous fat did not differ from GG genotype. It
could be explained by decreased leptin binding or
decreased function of variant MC4R and moderate leptin
resistance in these women. In patients with mutations of
MCH4R, serum leptin concentrations were appropriate for
fat mass (Farooqi et al. 2003). Cole et al. (2010) found
modest leptin resistance in some Hispanic children with
MC4R haploinsufficiency.

Studies in rodents suggest that leptin controls the
thyroid axis (Kim ef al. 2000). Leptin communicates
nutritional status to the hypothalamic-pituitary-thyroid
(HPT) axis through thyrotropin-releasing hormone
(TRH). In fasting state, neuropeptide Y (NPY) and
MCH4R signaling reduce thyroid hormone levels through
both central pathway and peripheral hepatic circuit.
Fasting-induced suppression of the HPT axis is an
adaptive response in order to decrease energy expenditure

during food deprivation (Vella ef al. 2011). In our study,
free triiodthyronine levels were also affected by the
MCH4R genotype but not TSH and fT4 ones. The A-allele
carriers had lower levels of peripheral fT3. This indicates
the influence of MC4R genotype on activity of deiodases
or peripheral hepatic T4 metabolism rather than on
central TSH secretion. It is of note that T3 exerts the
negative feedback on hypothalamic MC4R expression in
mice (Decherf et al. 2010).

Melanocortins play also a role in steroidogenesis
and sex function (Gantz et al. 2003). Inour study.
cortisol levels did not depend on the genotype, on
the other hand, women with the minor
A-allele who are not using contraceptives showed lower
androgene  levels such as  testosterone  and
androstenedione compared to their GG counterparts.
There are not many studies reporting influence of M/C4R
variability on steroid levels. MC4R deficiency due to
mutated M/C4R was associated with normal 24-h urine
free cortisol, gonadal secretion, concentrations of sex
steroids, and secondary sexual characteristics were
appropriate for age of the affected children (Farooqi et al.
2003) contrary to patients with LEPR mutations, who
manifest delayed puberty due to hypogonadotropic
hypogonadism (Farooqi et al. 2009).

This study is a contribution to the knowledge on
functional impact of variant rs12970134, which is located
near MC4R gene, on anthropometric, metabolic and
hormonal parameters. Many associations of rs12970134
found in our study were not described previously but they
are in a good accordance with known functional
consequencies of melanocortin system and the features of
hypothalamic obesity (Hochberg and Hochberg 2010).
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5.2 Varianty v genu FTO jsou spojeny s vys§i hladinou rustového hormonu
a ovliviiuji metabolicky profil stihlych Zen

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

Geneticka variabilita v prvnim intronu v genu FTO ma velmi silny dopad na obezitu, coz
bylo potvrzeno studiemi na ruznych populacich po celém svété (Dina et al. 2007, Frayling
et al. 2007; Scott et al., 2007, Scuteri et al., 2007). Pti obezité je hladina FTO zvySena,
secernovany protein se ucastni lipolyzy v tukovych bunikach (Wéhlen et al., 2008).

V této studii jsme se zaméfili na §tihlé 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, hormondlni a metabolické parametry.

Asociacni studii genotypu s fenotypem jsme provedli u 172 stihlych zen (BMI > 18,5
a < 25 kg/m?; vék 26,8 + 7,26 let), 77 z nich uzivalo hormonalni antikoncepci. V nagem
souboru Stihlych Zen jsme potvrdili asociaci rizikového haplotypu CAGA s mirnym
zvySenim BMI (p = 0,038), nicméné nepotvrdili jsme vliv na dalSi antropometrické
parametry a ukazatele, charakterizujici télesné slozeni (jako napf. obvod pasu, WHR
a procento télesn¢ho tuku). Na la¢no mély nositelky genotypu CAGA oproti ostatnim
zenam vyssi hladinu ristového hormonu a niz§i hladinu LDL cholesterolu a celkového
cholesterolu. V pribéhu OGTT mély nositelky genotypu CAGA stale vySsi hladinu
rastového hormonu a dale mély vysSi hladinu glykémie (ve 120. minuté), inzulinu
(ve 150. minuté) a C-peptidu (ve 120. a 150. minut¢) v prubéhu OGTT. UZzivani
hormonalni antikoncepce jeSté zvySovalo zjisténé hormondlni a metabolické ucinky
nositelstvi CAGA haplotypu.

Vyssi hladiny rastového hormonu zfejmé chrani $tihlé nositelky rizikového haplotypu
pied rozvojem obezity.

Na této praci jsem se podilela asistenci pri oGTT, ucastniky studie jsem antropologicky

meérila a zajistovala preanalytickou fazi sbiranych vzorkui.
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Summary

First intron variability of the fat mass and obesity associated gene
(FTO) has strong impact on adiposity. We focused on lean
women carrying the most “obesity-risk” haplotype to study their
anthropometric parameters and hormonal and metabolic profile.
Genotype-phenotype correlation was performed in a group of
172 lean women (body mass index (BMI) >18.5 and <25 kg/m?
age 26.8+7.26 years), 77 of them used hormonal contraceptives.
Even in lean women the association of the risk haplotype CAGA
with BMI was confirmed but it did not influence the
anthropometric indices of body composition. CAGA carriers
compared to non-carriers had significantly higher both fasting
(p=0.016) and post glucose load (p<0.001) levels of growth
hormone (GH), significantly higher glucose, insulin and C-peptide
levels in the late phase of oGTT and lower fasting concentration
of total cholesterol and LDL-cholesterol. Administration of
hormonal contraceptives further increased observed hormonal
and metabolic effects in CAGA carriers. We conclude that higher
levels of GH in lean women carrying the F70 “obesity risk”
haplotype could protect them from the development of obesity.
The relation between the F70 gene variability and GH secretion
has to be elucidated. This is the first study demonstrating the
interaction of F70 genotype with hormonal contraception.
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Fat mass and obesity associated gene « Gene variants e Glucose
metabolism e Growth hormone e Hormonal contraception
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Introduction

Genome-wide association studies have led to
the identification of a number of candidate genes related
to worldwide diseases such as type 2 diabetes mellitus
or obesity and polycystic ovary syndrome. In 2007, the
fat mass and obesity associated gene (F70) was
identified as a gene with strong obesity-related traits.
Several independent laboratories detected a range of
single nucleotide polymorphisms (SNPs) in the first
intron of the gene with a great impact on adiposity
(Dina et al. 2007, Frayling et al. 2007, Scuteri et al.
2007). Consequently, the association of the <70 gene
with obesity was confirmed in various populations
around the world. Through its association with obesity,
FTO was also confirmed as a susceptibility gene for
diabetes mellitus type 2 (DM2) (Frayling et al. 2007,
Scott et al. 2007) and polycystic ovary syndrome
(PCOS) (Attaoua et al. 2008, Barber et al. 2008).
However, the effects of these intronic variants on FTO
function are still unclear.

FTO is a member of the AlkB-related non-
heme iron- and 2-oxoglutarate-dependent dioxygenase
family. Studies in mice suggest that it may be involved
in nucleic acid demethylation (Gerken er al. 2007,
Sanchez-Pulido and Andrade-Navarro 2007) and that it
functions as a transcriptional coactivator playing a role
in the epigenetic regulation of the development and
maintenance of fat tissue (Gerken et al. 2007).

The FTO gene (16q12.2) is widely expressed in
a variety of human tissues, with the highest levels in the

brain, particularly in hypothalamic nuclei. a
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well-defined key regulatory centre of energy
homeostasis (Dina et al. 2007, Frayling et al. 2007). Its
mRNA level is regulated by the energy balance in
response to feeding or fasting (Gerken er al. 2007,
Frederiksson et al. 2008). The association of 70 gene
variants with cerebrocortical insulin resistance typical
for obese humans was documented as well (Tschritter et
al. 2007).

FTO is also expressed in pancreatic islets,
skeletal muscle. in liver as well as in adipose tissue
(Dina et al. 2007. Grunnet et al. 2009). The expression
of FT0O in adipose tissue was usually higher in obese
individuals. The role of F70 in peripheral fat lipolysis
by which the gene could affect the body weight
regulation was also reported (Wahlén et al. 2008). The
study of skeletal muscle biopsies revealed increased
energy  efficiency and  potentially  increased
mitochondrial coupling in risk allele (rs9939609.
intron 1) carriers vs. non-carriers which may contribute
to the increased risk of obesity and DM2 (Grunnet ef al.
2009). However, F70 genotype did not influence the
mRNA expression either in skeletal muscle or in
adipose tissue (Wahlén ef al. 2008, Grunnet ef al. 2009).

In our previous study which included 1388
Czech adults of Caucasian origin an association of
4 SNPs in the 1% intron of F7O gene with BMI
(p<0.001), waist circumference (p<0.001) as well as
with leptin level (p=0.003) and glucose levels at the
60" 90™ and 120" min of the oGTT (p<0.005) was
confirmed (Vcelak ef al. 2008). In this study we focused
on a group of lean healthy control women to evaluate
the associations of the most risk haplotype CAGA with
anthropometric data, parameters of glucose and lipid
metabolism, selected hormones and adipokines. We also
studied the possible role of interaction of the genotype
with  hormonal contraception which has been
underestimated until now.

Materials and Methods

Subjects characteristics

Our study cohort consisted of 172 lean
(BMI>18.5 and <25 kg/m?) healthy women carrying
combinations of two major /70 haplotypes TGTT and
CAGA (BMI 21.5%1.99 kg/m’; age 26.8+7.26 years).
Subjects with family history of DM?2. gestational
diabetes, PCOS and impaired fasting glucose or
impaired glucose tolerance were excluded from the
study.  Seventy-seven women used hormonal

contraceptives (HC): 52 % women used low-dose oral
contraceptives (OC: ethinylestradiol (EE) or estradiol-
valerate (E2V) below 30 ug): 42 % combined OC (with
30-35 ug EE and third-generation progestogens) and the
remaining 6 % contraceptive coil.

The protocol of the study was approved by the
Ethic Committee of the Institute of Endocrinology and
all subjects gave their informed consent.

Anthropometric measurements

Body weight, height, and  hip
circumference were measured in all subjects. body mass
index (BMI) and waist-to-hip ratio (WHR)
calculated. To reflect the percentage of body fat we used
body adiposity index (BALI BAI = [hip
circ11mfere11ce/height"5] — 18 [%]) (Bergman ef al. 2011).

waist

were

Metabolic and hormonal characteristics

The baseline levels of glucose, C-peptide,
immunoreactiv insulin, total cholesterol, high-density
lipoprotein (HDL-) and low-density lipoprotein (LDL-)
cholesterol. triglycerides and glycosylated hemoglobin
(HbA,.) [Cobas Integra, Roche Diagnostics], proinsulin
[ELISA, DRG Diagnostics, Germany]. glucagon [RIA,
IBL]. growth hormone (GH) and insulin-like growth
factor 1 (IGF-1) [IRMA, Immunotech], plasma renin
activity (PRA) [RIA, Immunotech] and leptin [RIA,
LINCO research| were assessed. Free fatty acids
concentrations and their composition were measured by
HPLC. All women underwent 3-h oral glucose tolerance
test (0GTT) with 75 g glucose dose: during the test
levels of glucose, C-peptide, (in 30 min
intervals). proinsulin, glucagon, free fatty acids (at 0,
60", 180™ min) and growth hormone (at 0, 60", 120"
min) were determined. Areas under the curves for
glucose, C-peptide and insulin were calculated (AUC).
To assess insulin sensitivity and beta-cell function,
homeostasis models assessments (HOMA R and HOMA
F. Matsuda index, Cederholm index and insulinogenic
index) were used and derived disposition indices (beta-
cell function*insulin sensitivity) were calculated
(Matthews ef al. 1985, Cederholm and Wibell 1990,
Matsuda and DeFronzo 1999).

insulin

Genotyping

DNA was extracted from peripheral leukocytes
using the commercial kit (QIAamp DNA Blood Kit,
QIAGEN, Germany). The four intronic single
nucleotide polymorphisms (SNPs), rs1421085 (T/C),
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rs1121980 (G/A). rs17817449 (T/G) and r1s9939609
(T/A) in the F70O gene were assessed by ABI TagMan
SNP Genotyping Assays (LightCycler 480 System,
Roche). Haplotype combinations were generated using
a programme PHASE version 2.1. (http:/stephenslab.
uchicago.edu/software. html).

Statistical analyses

For statistical evaluation NCSS 2004
(Statistical Solutions. Saugus. USA) software was used.
Data are given as means + SDs and as percentages. Data
in Figures are shown as medians. The Chi-square test
was used to assess deviation from Hardy-Weinberg
cquilibrium of the genotypic frequencies by calculating
expected frequencies of genotype. Differences in
biochemical and anthropometric data between
subgroups were tested by non-parametric Mann-
Whitney test, the two tailed pvalues <0.05 were
considered to be significant.

Results

FTO gene haplotypes

The component obesity risk SNPs: rs142108
(T/C): 151121980 (G/A). 1517817449 (T/G) and
1s9939609 (T/A) are located within 19.6 kb region in
intron 1 of the F70 gene and they are in linkage
disequilibrium, however, programme PHASE generated
10 haplotype combinations in the cohort of our pilot
study. For this study we selected 172 lean women —
carriers of two major haplotypes TGTT and CAGA —
54 (314%) were TGTT homozygotes: 78 were
TGTT/CAGA heterozygotes (45.3 %) and 40 (23.3 %)
were CAGA homozygotes.

Anthropometric and metabolic parameters in carriers
and non-carriers of the FTO risk haplotype

Anthropometric and hormonal parameters were
compared in carriers of the most risk haplotype CAGA
(CAGA/CAGA homozygotes together with
TGTT/CAGA heterozygotes) vs. CAGA non-carriers
(TGTT homozygotes). Even in a subgroup of 172 lean
women the association of the CAGA risk haplotype
carriership with a higher BMI was apparent (CAGA
carriers 21.7+1.98 kg/m’ vs. non-carriers 21.1+1.94
kg/m*; p=0.038). However, the CAGA carriers vs. non-
carriers did not differ in waist circumference, WHR and
percentage of body fat.

We demonstrated that the CAGA-carriers had

significantly higher levels of glucose. insulin and
C-peptide in the late phase of the oGTT in comparison
with CAGA non-carriers. The CAGA carriers had
atendency to increased proinsulin levels at 60" and
180™ min of the oGTT. CAGA carriership was also
associated with higher growth hormone levels in the
fasting state and at 60" min of the oGTT (Fig. 1).
CAGA carriers had significantly lower levels of total
cholesterol (4.2+0.81 vs. 4.5+0.75 mmol/l, p=0.030) and
LDL-cholesterol ~ (2.2£0.71 vs.  2.440.69 mmol/l,
p=0.011). There were no differences in IGF-1, PRA,
glucagon, leptin, HDL-cholesterol, free fatty acids
concentrations and their composition. Lean women with
and without CAGA haplotype did not differ in beta-cell
function (HOMA F, insulinogenic index), insulin
sensitivity (HOMA R, Matsuda index, Cederholm
index) and disposition indices derived from oGTT (data
not shown).

Anthropometric and metabolic parameters with respect
to HC administration

In our cohort of women, 77 of them were using
the hormonal contraceptives (HC). There was
nonsignificant effect of HC itself on anthropometric
parameters. We assume that HC usage had similar
influence on metabolic parameters as risk haplotype
carriership (Fig. 2). Women with HC (without respect to
FTO haplotype — the distribution of CAGA carriers was
similar in subgroups of HC users and non-users:
chi-square test, NS) had higher levels of glucose. insulin
and C-peptide in the late phase of the oGTT and had
also higher GH levels in response to glucose load. In
addition, women with HC had significantly higher
levels of proinsulin in all phases of the o0GTT compared
to HC non-users. Regarding the other tested parameters,
the HC wusage was also associated with increased
triglycerides  (1.05+£0.374  vs.  0.75+0.328 mmol/l.
p<0.001) and increased PRA (0.94£0.174 vs.
0.64+0.076 ng/ml*h, p=0.016). The HC influenced
neither the insulin secretion nor the insulin sensitivity
indices except of Cederholm index which was
significantly lower in women using HC in comparison
with non-users (81.3+18.15 vs. 86.4£19.89 kg*l/mIU,
p=0.045). In spite of a demonstrated impact of HC on
GH levels, there was no difference in IGF-1 levels
between HC users and non-users.

The role played by a different composition of
contraceptives has not been studied.
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Anthropometric and metabolic parameters with respect to
FTO gene CAGA carriership and HC usage

The interaction of the risk /<70 haplotype
carriership and hormonal contraception is shown in
Figure 3. The CAGA carriers using HC had the highest
blood glucose, insulin and C-peptide levels in the late
phase of oGTT. They also have the highest fasting as well
as post glucose load levels of proinsulin and GH in
comparison with the other groups, especially with CAGA
non-carriers without HC.

When we assessed the effect of HC usage in
risk-haplotype carriers (Fig. 3, these p levels are not
shown there): the HC users had higher level of glucose at
90™ and 120™ min (NS, p=0.030), C-peptide at 90", 120"
and 150™ min (p=0.040; 0.001 and 0.004) and proinsulin
in all phases of the oGTT (p=0.008, NS and 0.041) than
HC non-users. Similarly, levels of GH were increased in
HC users in all phases of the oGTT (p=0.002 and 0.010,
NS). Nevertheless, no significant effect of HC was
apparent in the subgroup of CAGA non-carriers.

There seems to be an additive effect of risk-
haplotype carriership and HC usage on these metabolic
parameters.

Discussion

Though there have been many published studies
that uniformly document the association of F70 gene
variants in intron 1 with obesity, the mechanisms by
which these variants affect FTO function and how the
FTO gene itself contributes to the development of obesity
are still not well understood.

The following questions were raised in our
study: 1) what are the anthropometric and metabolic
consequences of CAGA carriership in lean women,
2) could they be influenced by hormonal contraception
and 3) how are lean women carrying the obesity risk 770
haplotype protected from obesity?

Association of the risk haplotype with BMI was
detected but not with other anthropometric
measurements. It confirms the globally observed
association of variants in the first intron of /70 gene
with increased BMI. which was also reported in the
Czech general population (Vcelak ef al. 2008, Hubacek et
al. 2008, 2009).

In previously published studies genetic
variations in the 70 gene were associated not only with
increased body weight, but also with other metabolic
traits like increased insulin secretion, leptin levels.
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reduced insulin sensitivity and impaired lipid profile.
However, these influences on metabolic traits mostly lost
their statistical significance after adjustment for the
independent effects of obesity (Fall ef al. 2013). Our
results indicated that even in lean women, the risk CAGA
haplotype was associated with increased stimulated
glucose, insulin and C-peptide during the late phase of
oGTT. Interestingly, CAGA carriership was strongly
associated with higher levels of growth hormone (GH)
both in the fasting state and in response to glucose load.
This is a novel finding regarding metabolic associations
of FTO variants. However. Rosskopf et al (2011)
proposed that the GH/IGF-1 axis could be a mediator for
the relationship between FTO and BMI.

In fact, increased GH levels could be responsible
for the leanness of the studied women carrying the
obesity risk CAGA haplotype as well as for the detected
metabolic effects found in these women.

GH is synthesized and secreted by
somatotrophic cells in the anterior pituitary. It plays a key
role in the control of several complex physiological
processes, including growth and metabolism. GH
stimulates protein anabolism, enhances fat utilization by
enhancing triglyceride breakdown and oxidation in
adipocytes. GH has anti-insulin activity: it suppresses the
glucose uptake in peripheral tissues and enhances glucose
synthesis in the liver. In human obesity, the GH/IGF-1
axis is altered at different levels. Increased adiposity is
characterized by blunted GH secretion which is coupled
with low, normal or high serum IGF-1 levels (Savastano
et al. 2014, Cordoba-Chacon et al. 2015, Pena-Bello et
al. 2015). GH fragments as well as the GH-releasing
hormone analogue were suggested as possible anti-
obesity agents (Kokshoorn et al. 2011, Berryman et al.
2013).

We suggest that the clevated beta-cell secretion
in the late phase of the oGTT as well as the decreased
total- and LDL-cholesterol found in our lean CAGA
carriers could be a consequence of increased GH levels in
these women (Rudling and Angelin 2001, Weltman et al.
2003, Freathy et al. 2008, Kokshoorn et al. 2011). It
could be speculated that the increased GH levels protect
women carrying the obesity risk #70 haplotype from the
development of obesity (Pena-Bello ef al. 2015). The
reason of the elevated GH levels in these women is not
known. The IGF-1 levels were not elevated in CAGA
carriers. The cause of the dissociation of GH/IGF-1 axis
is unclear. It could arise from impaired hepatic IGF-1
production (Ho ef al. 2003), the role of IGF binding

proteins has also to be considered (Ruan and Lai et al.
2010).

A similar finding was obtained in women using
hormonal contraception (HC) perse. HC users had
elevated GH levels compared to HC non-users but these
two groups did not differ in the IGF-1 levels. It has
already been published that hormonal contraceptives can
modulate the GH/IGF-1-axis by reducing IGF-1 levels
and increasing diurnal integrated mean GH plasma
concentrations (Balogh et al. 2000, Ho et al. 2003). In
our study, the HC users did not differ in anthropometric
measurements from non-users. In agreement with
published findings (Wynn and Doar 1996, Wynn ef al.
1996). they had higher levels of triglycerides as well as
increased fasting and oGTT stimulated proinsulin and
higher late phase glucose. insulin and C-peptide levels.
together with modestly impaired insulin sensitivity. Our
HC users had increased PRA but without consequent
influence on blood pressure.

This study demonstrated for the first time the
interaction of F70  genotype with  hormonal
contraception. HC usage potentiated the influence of
CAGA carriership on the metabolic parameters or vice
versa (Fig. 3). Our data suggest that the response of
proinsulin to glucose load is probably more influenced by
HC than by F70 genotype in contrary to the fasting GH
levels where the influence of F70 genotype seems to be
more determining than HC usage (Fig. 3).

In conclusion, we showed an association of /70
risk haplotype CAGA with increased GH levels in lean
women which could protect them from obesity. Increased
levels of blood glucose, insulin and C-peptide in the late
phase of oGTT as well as lower cholesterol and LDL-
cholesterol could be a metabolic consequence of elevated
GH levels. The HC usage perse induced similar
metabolic effects and the interaction of CAGA haplotype
with HC augmented the impact upon observed
biochemical parameters.

The cause of elevated GH levels in lean CAGA
carriers as well as a possible role of the /70 gene in the
complex regulatory network of hypothalamic GH
secretion should be further elucidated.
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5.3 Asociace polymorfismi kandidatnich genid pro obezitu s metabolickym
syndromem a s nim souvisejicich parametri u 1443 ¢eskych adolescenti

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 jedendacti variant uvnitf nebo v blizkosti osmi
genu (TMEM18, SH2B1, KCTD15, PCSK1, BDNF, SEC16B, MC4R a FTO) a zjistit jejich
vliv na rozvoj obezity, metabolického syndromu a dalSich parametrii u 1443 cCeskych
adolescentti, z nichz bylo 661 chlapct a 782 dévc¢at ve veéku od 13,0 do 17,9 let. Soubor
tvotilo 60 adolescenti s podvahou, 713 s normalni hmotnosti, 194 s nadvahou
a 476 obéznich adolescent.

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), naopak
varianta rs7561317 v genu TMEM18 souvisela s fenotypem podvahy (OR=1,78; 95% CI:
1,14-2,79; p = 0,015). 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). Varianta rs6235 v genu PCSK1
negativné korelovala s hladinou krevni glukézy (OR = 0,69; 95 % C1 0,49-0,97; p = 0,04).

V této studii jsme potvrdili asociace béZznych variant v genu FTO s nadvahou a obezitou
1 v populaci ¢eskych adolescentil. Zjistili jsme asociace variant v genech MC4R a BDNF se
zvySenym rizikem vzniku metabolického syndromu, pravdépodobné v disledku jejich
vlivu na abdominalni obezitu. Naopak varianta v genu pro PCSK1 ma zfejmé protektivni
ucinek proti rozvoji glukézové intolerance.

Na této studii jsem se podilela sberem dat a provedenim genotypické analyzy variant

rs12970134 a rs17782313 v genu MC4R.
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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
TMEM18, SH2BI, KCTDI15, PCSK1, BDNF, SECI6B,
MCH4R, 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 TMEM18
rs7561317 was related to underweight (OR 1.78,
95% CI 1.14-2.79, P = 0.015). BDNF rs925946 and
MCH4R 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 FTO variant was associated with
overweight/obesity in Czech adolescents. Moreover,
MC4R and BDNF variants increased the risk of meta-
bolic syndrome, probably through their effect on ab-
dominal obesity. The PCSKI variant may have a pro-
tective role in the development of type 2 diabetes.

Introduction

The prevalence of obesity has been increasing world-
wide in children and adolescents (Lobstein et al.. 2004).
This trend is alarming because obesity in childhood
tends to persist to adulthood with a high incidence of
cardiometabolic complications (Katzmarzyk et al.,
2001). Metabolic syndrome (MS) is a cluster of risk fac-
tors for cardiometabolic diseases that includes abdomi-
nal obesity, dyslipidaecmia, 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 (/70) 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 vear.
single-nucleotide polymorphisms (SNPs) near the mel-
anocortin 4 receptor gene (MC4R) (Loos et al., 2008)
and the proprotein convertase subtilisin/kexin type 1
gene (PCSKI) were designated as candidate genes for
obesity (Benzinou et al., 2008). Thanks to extensive
GWAS, 10 other obesity susceptibility loci were identi-
fied, e.g. transmembrane protein 18 (ZMEM18), SH2B
adaptor protein 1 (SH2BI), potassium channel tetramer-
ization domain containing 15 (KC7D15), brain-derived
neurotrophic factor (BDNF), and SEC16 homologue B
(SEC16B) (Thorleifsson et al., 2009; Willer et al.. 2009).
The last GWAS focusing on BMI associations con-
firmed 14 previously reported loci and revealed 18 new
loci (Speliotes et al., 2010). Most of the mentioned
SNPs have been replicated in children and adolescents
with a similar effect on BMI (Zhao et al.. 2009: den
Hoed et al., 2010). Confirmation and extension of find-
ings from GWAS in selected population represents the
next step of further investigations.

The aim of the present study was to explore the asso-
ciation of 11 previously reported variants in/near genes
TMEM18, SH2B1, KCTD15, PCSK1, BDNF, SEC16B,
MCH4R and FT0 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 vears 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 arepresentative cohort (N = 1,533) established by the
stratified random selection and overweight/obese ado-
lescents (N = 562) that had undergone a 4-week weight
management programme in specialized clinical settings.

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

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

Anthropometric and biochemical characteristics

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

Variable Underweight Normal weight Overweight Obese
Number 60 713 194 476
Boys/girls 23/37 337/376 85/109 216/260
Age (years) 16.4 (15.5-17.1) 16.0 (15.1-16.9) 15.8 (14.6-17) 15.4 (14.2-16.6)
Height-SDS -0.3 (-0.9-0.3) -0.1 (-0.7-0.6) 0.0 (-0.5-0.8) 0.2 (-0.6-0.8)
Weight-SDS -1.4 (-1.7-1.0) 0.1 (-0.6-0.5) 1.5 (1.1-1.9) 322444
BMI-SDS -14(-1.6-1.2) 0.0 (-0.5-0.5) 1.5 (1.3-1.8) 3.3(2.6-4.6)
Waist circumference-SDS -13 (-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) 0.4 (-0.1-1) 2.3(1.6-2.8) 43(3.3-54)
Hip circumference-SDS -1.2 (-1.4-0.7) 0.0 (-0.5-0.6) 14 (1.1-1.9) 28(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(24-3.9)
Total body fat (%) 152 (12.4-18.5) 20.1 (15.1-24.4) 293 (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) 114 (105-124) 121 (111-128) 120 (111-128) 122 (113-131)
Diastolic blood pressure (mmHg) 76 (69-81) 77 (72-83) 76 (72-82) 78 (73-84)
Glucose (mmol/l) 504.7-54) 5.04.7-5.2) 5.0 (4.7-5.3) 5.0(4.7-5.3)
C-peptide (mmol/l) 0.7 (0.6-0.8) 0.7 (0.6-0.8) 0.8 (0.7-0.9) 0.9 (0.7-1.2)
Insulin (mmol/l) 9.2 (6.4-12.8) 9.7 (7.3-12.8) 11.8 (8.8-15.4) 14.7 (10.7-21.5)
Triglycerides (mmol/l) 0.7 (0.6-1.0) 0.8 (0.6-1.1) 0.9 (0.7-1.1) 1.1 (0.8-1.6)
HDL-cholesterol (mmol/l) 1.5 (1.2-1.7) 1.4 (1.2-1.6) 1.3 (1.1-1.5) 1.2 (1-1.4)
Total cholesterol (mmol/l) 4.3 (3.74.6) 4.0 (3.64.6) 4.13.74.7) 43 (3.74.9)
LDL-cholesterol (mmol/l) 2.1(1.7-2.5) 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 cm) in a horizontal level;
waist circumference midway between the upper iliac
crest and the lower rib, abdominal circumference at the
level of umbilicus, hip circumference over the maxi-
mum buttocks diameter, arm circumference in the mid-
dle of relaxed arm. The percentage of total body and
trunk fat was measured by bioelectric impedance Tanita
BC-418 MA and Tanita AB-140 ViScan (Tanita Cor-
poration, Tokyo, Japan). We previously demonstrated
that trunk fat determined by bioelectric impedance in
Czech adolescents highly correlated with both dual-en-
ergy X-ray absorptiometry and magnetic resonance im-
aging measurements (Zamrazilova et al., 2010).

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

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

Genotyping

Genomic DNA was extracted from peripheral blood
leukocytes using QuickGene DNA whole blood kit
(Fujifilm, Tokyo. Japan). Genotyping of SNPs:
17561317 (TMEM18), rs7498665 (SH2BI), rs29941
(KCTD15), rs6232 and rs6235 (PCSK1), rs925946 and
14923461 (BDNF), rs10913469 (SEC16B),1s12970134
and rs17782313 (MC4R), rs9939609 (F70) 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
1r$9939609 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 (= 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
x* 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
cach 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 linecar 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 70 rs9939609 variant (P <
0.001) and the SEC6B rs10913469 variant (P = 0.033).
The F70 19939609 A-allele was associated with over-
weight and/or obesity (Table 3). ORs were 1.27 (95% CI
1.01-1.59, P = 0.046) for overweight and 1.46 (95% CI
1.24-1.73. P < 0.001) for obesity. No other variants
showed significant associations. In the case of SEC/6B
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 TMEM18 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
1s925946 T-allele (P = 0.005), the MCH4R rs12970134
A-allele (P=0.035), and the MC4R rs17782313 C-allele
(P=10.009) increased the risk of MS. However, the gen-
der-specific analyses revealed that the increased risk
was only significant in boys with OR of 1.77 (95% CI
1.22-2.59, P = 0.004 vs. girls P = 0.412) for BDNF
1925946 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 /70 variant (OR
1.39. 95% CI 1.19-1.64. p < 0.001). Furthermore, only
in boys the minor alleles of BDNF rs925946 (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

17561317 TMEMIS UW/NW 14 208 551 84.7
0.611 —_— 0477

OW/OB 13 165 492 85.7

AA AG GG G

157498665 SH2B1 UW/NW 249 388 136 427
0.461 — 0235

OW/OB 234 329 106 40.4

AA AG GG G

1529941 KCTD15 UW/NW 63 328 369 70.1
0.853 — 0876

OW/OB 57 274 326 70.5

(6{0 er TT C

1s6232 PCSK1 UW/NW 3 65 702 4.6
0.143 —_— 0.098

OW/OB 2 77 589 6.1

ce CG GG G

156235 PCSK1 UW/NW 407 316 49 26.8
0.243 — 0514

OW/OB 375 246 49 25.7

GG GT & T

1s925946 BDNF UW/NW 401 318 54 27.6
0.520 —— 0.831

OW/OB 359 257 53 27.1

AA AG GG A

154923461 BDNF UW/NW 468 263 40 77.8
0.673 — 0.859

OW/OB 415 215 39 78.1

[ &) €T TT c

1510913469 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 — 0309

OW/OB 51 241 364 26.1

ce CT TT &

rs17782313 MC4R UW/NW 59 297 407 272
0.554 — 0337

OW/OB 51 256 312 289

AA AT TT A

159939609 FTO UW/NW 139 387 240 434
<0.001 —_— <0.001

OW/OB 176 338 152 51.8

“P value was calculated by %’ test with Yates correction.
OW/OB - overweight/obese adolescents: UW/NW — underweight/normal weight adolescents; RAF — risk allele frequency

1.39, 95% CI 1.06-1.82, p = 0.020) and MC4R  (OR 0.69, 95% CI 0.49-0.97, P =0.040). The protective
rs17782313 (OR 1.40, 95% CI 1.07-1.83, P = 0.018)  effect of this variant was only found in boys (OR 0.61,
increased the risk of abdominal obesity. Increased blood ~ 95% CI 0.39-0.95, P= 0.035).

glucose was negatively associated with PCSK/ rs6235
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NPs with underweight, overweight and/or obesity, and metabolic syndrome

Table 3. Association of 11 S
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0.611

G 0.56 (0.36-0.88) 0.015  1.08 (0.78-1.49) 0.704 101 (0.80-1.27) 0.998 1.03 (0.83-1.27) 0.846 0.89 (0.61-1.29)
G

G
C

TMEMI18

1s7561317

0.984

5-1.30)

0.93 (0.80-1.08) 0.342 0.99 (0.7

0.310

0.91 (0.77-1.08)

0.754

0.96 (0.76-1.20)

0311

1.23 (0.85-1.79)

)

SH2B1

157498665

0.630 0.99 (0.84-1.17) 0.969 0.84 (0.63-1.13) 0.283

0.95 (0.80-1.14)

0.480

1.10 (0.86-1.42)

0.190

0.75 (0.51-1.12)

KCTDI5

1529941

0.253 1.32 (0.95-1.85) 0.117 0.57 (0.26-1.22) 0.191

1.26 (0.87-1.82)

0.128

1.48 (0.93-2.37)

0.988

0.89 (0.35-2.26)

)

PCSK1

156232

0.349 0.87 (0.63-1.20) 0.459

0.92 (0.78-1.09)

0.563

152 0.86 (0.67-1.12) 0292 0.94(0.78-1.13)

0.

0.70 (0.44-1.10)

G

PCSK1

156235

0.95(0.81-1.13) 0618 1.53 (1.14-2.04) 0.005

0.838

0.98 (0.81-1.17)

0.162  0.90 (0.70-1.16) 0.469

0.71 (0.45-1.11)

28

BDNF T

15925946

0.965  1.09 (0.83-1.43) 0.598  1.00 (0.82-1.22) 0.970 1.02 (0.85-1.22) 0.839 1.20 (0.85-1.70) 0.337

1.04 (0.66-1.63)

78

A
C

BDNF

154923461

0.136 1.21 (0.99-1.47) 0.066 1.06 (0.74-1.51) 0.819

1.19 (0.96-1.47)

0.127

1.26 (0.95-1.69)

0.245

0.69 (0.39-1.22)

SEC16B

1s10913469

0.99 (0.76-1.29) 0.975 1.15(0.95-1.39) 0.162 1.10 (0.93-1.31) 0.295 1.40 (1.03-1.89) 0.035

0.877

1.06 (0.69-1.63)

A
c

MC4R

1s12970134

1.09 (0.92-1.30) 0.328 1.51 (1.12-2.04) 0.009

0.157

1.15 (0.95-1.39)

0.849

)

5
1.27 (1.01-1.59)

0.97 (0.75-1.2

0.930

1.04 (0.69-1.59)

MC4R

1517782313

1.46 (1.24-1.73) <0.001  1.40 (1.21-1.63) <0.001 1.02 (0.77-1.34) 0.961

0.046

0.957

1.03 (0.71-1.50)

43

FT1O
RAF - risk allele frequency

159939609

Table 4. Association of FTO and SEC16B genotypes with
anthropometric parameters

AT AA

FTO rs9939609

Best=SE  Best+SE
Weight-SDS 0254012 0.61£0.15 <0.001
BMI-SDS 0.28+0.12 0.58+0.15 <0.001
o 0.22£0.10 046+0.11 <0.001
circumference-SDS 0024004 0054005 0.533
SR 033+0.13 0.69£0.16 <0.001
circumference-SDS 0.04£0.05 009+006 0305

0.13£0.11  047£0.13  <0.001

Hip circumference-SDS
-0.08£0.05 0.02+0.06 0.082°

0.23+£0.11 049£0.13 <0.001
Arm circumference-SDS

0.01£0.05 0.02+£0.06 0918

1.10+£0.53 2.68+0.64 <0.001

Total body fat (%)
-0.17£0.24 032+£029 0.155

1.16 £0.57 2.89+£0.68 <0.001
Trunk fat (%)
-0.23£0.29 029+£035 0.237°
CT CcC
SEC16B rs10913469 P
Best=SE  PBest+SE
Weight-SDS 0.30+0.11 0.22£033 0.033

BMI-SDS 0.31£0.12 022033  0.024
FR—— 0324012 027035 0032
circumference-SDS 0.03£0.04 005+0.12 0794
0.28+0.10 028028 0.018
Arm circumference-SDS
0.05+0.04 0.10+0.12 0.406°

P values were calculated by generalized linear regression using an
additive model adjusted for sex and age. “Parameters were addi-
tionaly adjusted for BMI.

B est —coefficient estimate (compared to the wild-type genotype):
SE - standard error

Associations with anthropometric and
biochemical parameters

Only significant associations of anthropometric and
biochemical parameters with the studied gene variants
are presented in Table 4. The /70 rs9939609 genotype
was strongly related to body weight, BMI., body circum-
ferences. total body and trunk fat (P < 0.001). The
SECI16B rs10913469 genotype was associated with an
increased body weight, BMI, abdominal and arm cir-
cumferences (P < 0.05). Gender-stratified analyses re-
vealed further associations. Only in boys, associations
of body weight with MC4R rs12970134 (P =0.004) and
MC4R rs17782313 (P=0.014) and an association of ab-
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 /70 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 70 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 SEC16B rs10913469 variant showed the
same tendency as the /70 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 ct 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. TMEM18
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
studiecs. We are aware of the low frequency of the
TMEM18 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 /70 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 70 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 70 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 /70 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 BDNF rs925946 and the
MCHR rs12970134 and rs17782313 variants increased
the risk of MS. However, the association of MC4R
1s12970134 scems 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
MCHR 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.

PCSKI1 1s 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/
1rs6235 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
arc nccessary 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 TMEM18
variants may contribute to the metabolically healthy
obesity (Stefan et al., 2008).

In conclusion, in our cohort of 1,443 Czech adoles-
cents, of the 11 studied gene variants, an association
with obesity was only confirmed for the /70 variant.
Interestingly. the 7MEM18 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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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 gastrickd plikace (LGP) umoziuje redukci zalude¢niho objemu bez
nutnosti implementace ciziho materialu (jako u laparoskopické gastrické bandaze — LAGB)
nebo bez nevratné resekce Zzaludecni stény (jako u laparoskopické sleeve
gastrektomie — LSG).

Cilem této studie bylo zjistit zmény v lacnych i postprandialnich hodnotach gluk6zového
a lipidového metabolismu a zmény u vybranych hormont gastrointestinalniho traktu
u extrémné obéznich diabeticek 2. typu v dobé prvnich mésict od operace. Do nasi pilotni
studie bylo vybrano 13 obéznich diabeticek 2. typu (v€k: 53 + 8,7 let; BMI:
40,1 £ 4,59 kg/m?), které byly vySetieny nejprve pied operaci a nasledné 1. meésic
a 6. mésic po zakroku. V téchto Casovych bodech podstoupily vSechny zeny MMTT.
V pribéhu MMTT jsme sledovali hladinu glukdzy, inzulinu, C-peptidu, triacylglycerold,
GIP, GLP-1, ghrelinu a obestatinu.

VsSechny pacientky vyznamné snizily svou hmotnost jiz po 1. mésici od operace.
Snizovani hmotnosti pokracovalo 1 po 6. mésici od operace, kdy pacientky dosdhly
30 % EWL (excess weight loss). Po 6 mésicich doslo ke zlepseni lacné glykémie
a inzulinémie (p < 0,05) a zaroven ke zlepSeni inzulinové senzitivity, vyjadiené indexem
HOMA-IR (p < 0,0001) a k poklesu hodnoty HbAlc (p < 0,0001). U pacientek jsme
naméfili niz$i hladiny postprandialni glykémie (p < 0,0001) a triacylglyceroli (p < 0,001),
vyjadifené vypoctem ploch pod kiivkou v pribéhu MMTT po 6 mésicich od zakroku.

V 1. 1 6. mésici od operace byly postprandidlni hladiny GIP vyznamné zvySeny
(p <0,0001), zatimco u GLP-1 nedoslo k vyznamnym zménam. Zjistili jsme dale vyrazné
snizeni postprandialnich hladin ghrelinu (p < 0,0001). U obestatinu jsme Zadné zmény
nepozorovali.

Zjistili jsme, Ze laparoskopickd gastricka plikace pomaha obéznim diabetickam 2. typu
vyrazné snizit hmotnost a zlepsit jejich metabolicky profil, v€etn€ postprandidlniho sniZeni

hladin ghrelinu a zvySeni hladin GIP.
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Na této studii jsem se podilela asistenci pri MMTT, ucastnice studie jsem antropologicky
meérila a zajistovala jsem preanalytickou fazi sbiranych vzorkii plasmy a séra, organizacné
zajistovala zahranicni spoluprdci — zejména odbér, zpracovani a zasilani vzorki plasmy,
sera a tukové tkané. Provadéla multiplexovou analyzu, vyhodnotila ziskana data,

statisticky zpracovala a sepsala publikaci.
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Abstract

Background Laparoscopic greater curvature plication (LGCP)
is an emerging bariatric procedure that reduces the gastric
volume without implantable devices or gastrectomy. The aim
of this study was to explore changes in glucose homeostasis,
postprandial triglyceridemia, and meal-stimulated secretion of
selected gut hormones [glucose-dependent insulinotropic poly-
peptide (GIP), glucagon-like peptide-1 (GLP-1), ghrelin, and
obestatin] in patients with type 2 diabetes mellitus (T2DM) at 1
and 6 months after the procedure.

Methods Thirteen morbidly obese T2DM women (mean age,
53.248.76 years; body mass index, 40.1+4.59 kg/m?) were
prospectively investigated before the LGCP and at 1- and 6-
month follow-up. At these time points, all study patients
underwent a standardized liquid mixed-meal test, and blood
was sampled for assessment of plasma levels of glucose, insulin,
C-peptide, triglycerides, GIP, GLP-1, ghrelin, and obestatin.
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Results All patients had significant weight loss both at 1 and
6 months after the LGCP (p <0.002), with mean percent
excess weight loss (%EWL) reaching 29.7+£2.9 % at the 6-
month follow-up. Fasting hyperglycemia and
hyperinsulinemia improved significantly at 6 months after
the LGCP (p <0.05), with parallel improvement in insulin
sensitivity and HbAlc levels (p <0.0001). Meal-induced glu-
cose plasma levels were significantly lower at 6 months after
the LGCP (p<0.0001), and postprandial triglyceridemia was
also ameliorated at the 6-month follow-up (p <0.001). Post-
prandial GIP plasma levels were significantly increased both
at 1 and 6 months after the LGCP (p <0.0001), whereas the
overall meal-induced GLP-1 response was not signifi-
cantly changed after the procedure (p>0.05). Postpran-
dial ghrelin plasma levels decreased at 1 and 6 months
after the LGCP (p <0.0001) with no significant changes
in circulating obestatin levels.

Conclusion During the initial 6-month postoperative period,
LGCP induces significant weight loss and improves the met-
abolic profile of morbidly obese T2DM patients, while it also
decreases circulating postprandial ghrelin levels and increases
the meal-induced GIP response.

Keywords Gastric plication -Morbid obesity - Type 2 diabetes

Introduction

Obesity plays an important role in the pathogenesis of insulin
resistance and type 2 diabetes mellitus (T2DM). Morbidly
obese patients are at higher risk of T2DM, hypertension,
hyperlipidemia, and cardiovascular disease. Bariatric surgery
is currently the most effective treatment for weight loss and is
also shown to lead to rapid and prolonged improvement in
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insulin resistance and hyperglycemia in the majority of mor-
bidly obese T2DM patients [1].

Laparoscopic greater curvature plication (LGCP; also re-
ferred to as laparoscopic gastric plication, total gastric vertical
plication, or gastric imbrication) is an emerging bariatric pro-
cedure, introduced as a relatively less invasive restrictive tech-
nique compared to sleeve gastrectomy since no gastric or
intestinal resection is required [2-8]. LGCP reduces the stom-
ach volume by laparoscopic plication/infolding of the greater
gastric curvature through placement of one or two rows of
nonabsorbable sutures or staples. Thus, LGCP results in elim-
ination of the greater curvature and formation of a gastric tube,
achieving a restrictive effect without utilizing implantable de-
vices (e.g., band), gastrectomy, or intestinal bypass. In addition,
LGCP is potentially reversible, if required.

Current reports have shown that LGCP results in effective
weight loss in the short and medium term [2-8], with percent
excess weight loss (%EWL) reaching up to 32 % at 6 months
and almost 50 % at 18 months postoperatively in a recent series
of 244 patients [2]. Notably, in this study, 96.9 % of patients
with T2DM exhibited significant improvement or resolution of
their diabetic status at 6 months after the procedure [2]. Fur-
thermore, LGCP is also shown to have a good safety profile
without major safety concerns in the short- and medium-term,
as low complication rates have been reported so far; however
more evidence is required in order to establish the long-term
efficacy and safety of this novel bariatric procedure [2—8].

To date, there is a lack of studies focusing on the effects of
LGCP in T2DM patients. Particularly, there are no reports
regarding the metabolic and hormonal changes that are asso-
ciated with improvement of T2DM following LGCP. The aim
of this study was to explore changes in glucose homeostasis,
postprandial triglyceridemia, and meal-stimulated secretion of
selected gastrointestinal hormones [namely, glucose-
dependent insulinotropic polypeptide (GIP), glucagon-like
peptide-1 (GLP-1), ghrelin, and obestatin) in T2DM patients
at 1 and 6 months after LGCP.

Methods and Materials
Study Cohort and Protocol

The study cohort included Caucasian adult women with mor-
bid obesity [body mass index (BMI) >35 kg/m?] and T2DM
who were operated at the OB Clinic, Prague, Czech Republic,
between 2009 and 2012. The study was approved by the
Ethics Committee of the Institute of Endocrinology, Prague,
Czech Republic, and informed consent was obtained from all
study participants, in accordance with the Declaration of
Helsinki. For the purposes of this study, all patients
were prospectively investigated before the LGCP (baseline)
and at 1 and 6 months following the procedure. Women on

incretin mimetics and/or insulin for T2DM treatment were
excluded from this study.

Anthropometric measurements were performed for all pa-
tients at the three study time points (baseline, I month post-op,
and 6 months post-op), as per protocol. Body weight was
measured to the nearest 0.5 kg and height to the nearest 1 cm.
BMI was calculated as body weight in kilograms divided by the
square of the height in meters. Percent excess weight loss
(%EWL) and percent of excess BMI lost (%EBL) were
calculated according to the following equations: (1)
%EWL=[(preoperative weight—follow-up weight)/preoperative
weight—ideal body weight]x100; and (2)
%EBL=[(preoperative BMI—follow-up BMI)/(preoperative
BMI—25)]%100; as previously described [2, 9-11]. Body fat
mass was also assessed using a standardized calibrated
bioimpedance instrument (Tanita TBF-300; Tanita Corporation).

For the purposes of this study, all patients underwent a
standardized liquid mixed-meal test [300 ml; 375 kcal;
1,581 kJ; 30 % (28.2 g) protein, 25 % (10.5 g) fat, 45 %
(42 g) carbohydrate] at each of the three time points of the
study, namely, at baseline (exam 1), at 1 month (exam 2), and
at 6 months (exam 3) after the LGCP. All patients were
examined in the morning after an overnight fast, and venous
blood was sampled for assessing GIP, GLP-1, ghrelin, and
obestatin levels at 0, 30, 60, 90, 120, and 180 min after the
liquid meal ingestion. These blood samples were collected
into chilled ethylenediaminetetraacetic acid (EDTA) contain-
ing tubes with aprotinin. Dipeptidyl-peptidase-4 inhibitor
(Millipore, Billerica, MA, USA) was also added immediately
after blood sampling. Blood samples were also collected into
chilled EDTA containing tubes without aprotinin for assess-
ment of glucose, insulin, and C-peptide levels at —15, —10, 0,
15, 30, 45, 60, 90, 120, 150, and 180 min. All samples were
immediately cooled, and plasma was prepared, aliquoted, and
stored at —80 °C until assayed. Plasma levels of blood glucose,
insulin, C-peptide, HbAlc, and triglycerides were measured
using the Cobas 6000 analyzer. Plasma concentrations of GIP,
GLP-1, and total ghrelin were assessed using a multiplex
assay (Bio-Plex Pro™ Human Diabetes Assay Panel, BioPlex
200 System, Bio-Rad Laboratories). Obestatin levels were
also determined by a commercially available RIA kit (Phoenix
Pharmaceuticals, Inc., California, USA) according to the man-
ufacturer's protocol. Finally, the homeostatic model assess-
ment (HOMA) method was used to assess insulin resistance
(HOMA-IR), as previously described [12], according to the
following equation: HOMA-IR=[fasting glucose (mmol/L)x
fasting insulin (mIU/L)]/22.5.

Surgical Technique
All study participants underwent a LGCP procedure for

weight loss, as previously described [2]. Briefly, our technique
consisted of dissection of the greater gastric curvature;
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beginning 3-5 c¢cm proximally from the pylorus, proceeding
towards the angle of Hiss, and stopping approximately 2 cm
below the angle of Hiss, thus preserving the first one to two
short gastric vessels. Through this dissection, the fundus and
gastric body were mobilized, allowing the greater curvature to
be infolded and secured with continuous polypropylene su-
tures into two plication rows, one on top of the other. A 36-F
bougie was used for calibration during suturing in order to
maintain a standardized stomach lumen under its guidance.
None of the patients in our study cohort exhibited any major
intraoperative and/or postoperative complications.

Statistical Analysis

Results are presented as median (lower confidence limit and
upper confidence limit) or mean+standard error, unless oth-
erwise stated. Due to skewed distribution in most variables,
these were transformed by a power transformation in order to
stabilize the variance and obtain normal distribution, while the
homogeneity of the transformed data was verified using re-
sidual analysis, as previously described [13, 14]. Values for
the area under the curve (AUC) were calculated using the
trapezoidal rule. For statistical analyses, end points were com-
pared by repeated measures analysis of variance (ANOVA)
consisting of subject factor and within-subject factor tests
(StatGraphix Centurion XVI, 2009), or by the Wilcoxon test
(NCSS, 2004), as appropriate. Statistical significance was set
at p<0.05.

Results

Weight Loss Outcomes

Thirteen morbidly obese T2DM women were recruited into
this study [age,55 (47, 60)years]. The duration of T2DM for

the study cohort was 3 (1.8, 10)years. All study participants
had statistically significant weight loss both at 1 and 6 months
following the LGCP compared to baseline, exhibiting signif-
icant reductions in body weight, BMI, %EWL, and %EBL
(p=<0.002). Table 1 presents the weight loss outcomes for our
study cohort, including the significant reductions noted in
body fat mass and in waist and hip circumference.

Glucose Homeostasis and Triglycerides

Figure | presents the statistically significant improvement in
fasting hyperglycemia and hyperinsulinemia at 6 months after
the LGCP (p <0.0001), and the parallel improvement in insu-
lin resistance as expressed by the significant reduction in
HOMA-IR (p <0.003). Of note, HbA I ¢ significantly declined
in the period after the operation (» <0.0001) (Fig. 1), with only
one of the 13 patients not achieving statistically significant
reduction in HbA lc¢ during the study follow-up.

Furthermore, both at 1 and 6 months after the LGCP a left
shift of the postprandial glucose curve was noted in response
to the liquid mixed-meal test, exhibiting an earlier peak (at
45 min) compared to the postprandial glucose curve at base-
line (peak at 60 min) (Fig. 2). Overall, the total AUC for
plasma glucose levels in response to the liquid mixed-meal
test was also significantly reduced at 6 months after the LGCP
(»<0.05). In addition, at 1 month after the LGCP, higher
postprandial levels of insulin at 30 min and C-peptide at 30,
45, and 60 min were noted (p <0.05), but not at 6 months
(Fig. 2). Moreover, although the total AUC for C-peptide
significantly increased at 1 month after the LGCP (p <0.05),
the total AUC for insulin postprandial levels was not signifi-
cantly changed both at 1 and 6 months after the operation
compared to baseline (p >0.05) (Fig. 2).

Finally, significant improvement in postprandial
triglyceridemia was also noted at 6 months after the LGCP,
with significantly lower plasma triglycerides in response to

Table 1 Weight loss outcomes for the study cohort (n=13) at 1 month and 6 months after laparoscopic greater curvature plication (LGCP)

Baseline 1-month after LGCP

6-months after LGCP

Absolute values

Change from baseline ~ Absolute values Change from baseline

Body weight (kg) 106.2 (98.5,122.5)  99.5 (89.6, 108.7)*
BMI (kg/m?) 37.7 (36.9, 46.2) 36.1 (34.1,42.5)"
Body fat mass (kg) 52.5 (44.9, 61.8) 49.2 (39.1, 54.9)*

112 (99.5, 116)°
125 (116, 132)°

Waist circumference (cm) 115 (112, 119)

Hip circumference (cm) 131 (125, 141)
%EWL (%)

%EBL (%)

~7.8 (-5,-10.4)* 95.5(90.5, 107.6)*F  —12.5 (-8.2, —14.9)*F
-29(-1.7,-3.6)* 34.9 (322, 41.4)* 47 (-2.7,-54)"t
-5.2(-34,-7.2)* 429 (34.2, 50.9)** -10.7 (-5.2, ~11.1)*
-5.3(—4,-12)* 106 (98, 110)** —6.8 (—4, —14)**
-5.7 (-4,-10)* 120 (106.5, 129.5)*F  —9.8 (8.5, —14)**

30.2 (22.6, 34.2)*
30.2 (18.4, 35.4)%

19.1 (13.1, 23.9)*
18.7 (13.1, 23.9)*

Data are expressed as median (95 % lower confidence limit, LCL; and 95 % upper confidence limit, UCL)

LGCP laparoscopic greater curvature plication, BMI body mass index, %EWL percent excess weight loss, %EBL percent of excess BMI lost

*»<0.05 compared to baseline; * p<0.05 compared to 1-month after LGCP; comparison performed by Wilcoxon test
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Fig. 1 Improvement in fasting hyperglycemia, hyperinsulinemia, ho-
meostatic model assessment-insulin resistance (HOMA-IR), and glycated
hemoglobin (HbA1c¢) levels at I month (exam 2) and 6 months (exam 3)
after laparoscopic greater curvature plication (LGCP), compared to base-
line (exam 1) [Full, gray, and empty circles represent retransformed mean

the liquid mixed-meal test compared to baseline levels
(»<0.001) (Fig. 3).

Gastrointestinal Hormones

Higher meal-stimulated GIP levels were noted after the LGCP
(»<0.0001), with (1) the total AUC for GIP at | month (exam
2) being significantly higher compared to baseline (exam 1);
and (2) the total AUC for GIP at 6 months (exam 3) being
significantly higher compared to both baseline and 1 month
values (Fig. 4a). Of note, postprandial GIP levels at 1 and at
6 months after the operation exhibited an earlier peak (at
30 min) compared to the meal-stimulated GIP response at
baseline, which peaked at 60 min. Furthermore, the drop of
postprandial GIP levels following the corresponding peak was
more rapid at baseline (exam 1) and at 1 month (exam 2)
compared to 6 months (exam 3) after the LGCP (Fig. 4a).

GLP-1 plasma levels peaked at 60 min after meal ingestion
during the 1 month meal-test, whereas at 6 months, the post-
prandial GLP-1 levels reached a peak at 30 min, as was also
noted for the postprandial GLP-1 response at baseline
(Fig. 4b). However, contrary to GIP, the total AUC for the
meal-stimulated GLP-1 response at 1 and 6 months after the
LGCP did not significantly change compared to the baseline
value (p>0.05) (Fig. 4b).

In addition, significantly decreased postprandial ghrelin
plasma levels were observed during the mixed-meal test at
1 month after the LGCP, with more pronounced reduction at
6 months compared to the preoperative baseline levels (p <

values with their 95 % confidence intervals at baseline, 1 month, and
6 months, respectively. Comparison performed by repeated-measures
analysis of variance (ANOVA); exam, influence of time after LGCP;
Subj, subject factor. *p <0.05]

0.0001) (Fig. 5). Overall, the total AUC for the postprandial
ghrelin response tended to decrease at the 1 month follow-up
and was significantly lower at 6 months compared to the
baseline value (p <0.05) (Fig. 5). Contrary to ghrelin, there
were no significant changes in circulating obestatin levels in
response to the ingested meal preoperatively at baseline, and
this lack of postprandial obestatin response remained both at 1
and 6 months after the LGCP (figure not shown).

Discussion

The objective of this study was to report novel data regarding
the effects of LGCP in T2DM patients, focusing on changes in
fasting and postprandial plasma levels of glucose, insulin,
triglycerides, and selected gastrointestinal hormones at 1 and
6 months after the procedure. In accord with the existing
literature, our results showed that LGCP induces significant
weight loss in morbidly obese T2DM patients during the
initial 6-month postoperative period. Based on published data,
including series with nondiabetic and T2DM obese patients,
the mean %EWL following LGCP is reported to reach 32—
66 %, 50-79 %, and 60-74 % at 6, 12, and 24 months,
respectively [2-8]. Indeed, in our cohort of T2DM women,
the %EWL reached 30.2 % (22.6, 34.2) at 6 months after the
LGCP, approaching the reported range of 6-month %EWL
outcomes.

Weight loss following LGCP is considered to be mainly the
result of restricted food intake, due to reduced volume
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Fig. 2 Plasma glucose, insulin, and C-peptide levels in response to a
standardized liquid mixed-meal test at baseline (exam 1), 1 month (exam
2), and 6 months (exam 3) after laparoscopic greater curvature plication
(LGCP) [Full, gray, and empty circles represent retransformed mean
values with their 95 % confidence intervals at baseline, 1 month, and

capacity of the plicated stomach. Thus, LGCP can be classi-
fied as an alternative restrictive bariatric procedure, which, to
a certain extent, simulates the effects of laparoscopic sleeve
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Fig.3 Plasma triglyceride levels in response to a standardized liquid mixed-
meal test at baseline (exam 1), 1 month (exam 2), and 6 months (exam 3)
after laparoscopic greater curvature plication (LGCP) [Full, gray, and empty
circles represent retransformed mean values with their 95 % confidence
intervals at baseline, 1 month, and 6 months, respectively. Comparison
performed by repeated-measures analysis of variance (ANOVA); exam,
influence of time after LGCP; time, influence of time during the meal test;
exam* time, interaction of time after LGCP and time after meal ingestion;
Subj, subject factor. AUC area under the curve. *p <0.05]
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6 months, respectively. Comparison performed by repeated-measures
analysis of variance (ANOVA); exam, influence of time after LGCP;
time, influence of time during the meal test; exam xtime, interaction of
time after LGCP and time after meal ingestion; Subj, subject factor. AUC
area under the curve. *p <0.05]

gastrectomy (LSG) [2-8]. Importantly, mounting evidence
indicates that LSG is not merely a restrictive procedure but
also affects the secretion of several orexigenic (e.g., ghrelin)
and anorexigenic (e.g., PY'Y) gut hormones inducing appetite
suppression and other metabolic/endocrine effects [15-17]. In
LSG, the resection of the gastric fundus, where most of the
ghrelin-secreting cells of the gastric mucosa are located, leads
to marked and sustained reductions in circulating ghrelin
levels [15-17]. Furthermore, LSG is also shown to increase
the secretion of certain gastrointestinal hormones that exert
potent satiety effects (e.g., PYY), presumably due to faster
gastric emptying and/or less well-digested chyme entering the
duodenum [15-17].

Contrary to LSG, LGCP preserves the gastric mucosa since
the greater gastric curvature is imbricated/infolded into the
body of the stomach. However, it may be hypothesized that
the devascularization and infolding of the highly vascular
gastric fundus as part of the LGCP may result in decreased
vascular perfusion of the mucosal cells, potentially affecting
their endocrine function and leading to ghrelin hyposecretion.
Accordingly, in our study, we documented decreased post-
prandial plasma levels of ghrelin during the initial 6-month
postoperative period after the LGCP compared to preoperative
levels (Fig. 5). In contrast, we observed no significant changes
in circulating obestatin levels, either basal or postprandial,
before and after the LGCP. Obestatin, which shares a common
precursor with ghrelin, i.e., preproghrelin, was initially de-
scribed as an anorexigenic peptide opposing the effects of
ghrelin [18]. Although the secretion pattern of obestatin and
its physiological role in appetite regulation remains contro-
versial, it has been proposed that the circulating ghrelin/
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Fig. 4 Plasma levels of a glucose-dependent insulinotropic polypeptide
(GIP) and b glucagon-like peptide-1 (GLP-1) in response to a standard-
ized liquid mixed-meal test at baseline (exam 1), 1 month (exam 2), and
6 months (exam 3) after laparoscopic greater curvature plication (LGCP)
[Full, gray, and empty circles represent retransformed mean values with
their 95 % confidence intervals at baseline, 1 month, and 6 months,

obestatin ratio may be implicated in the regulation of feeding
behavior and body weight [18]. Thus, the marked decrease in
circulating ghrelin levels, and the corresponding decrease in
the ghrelin/obestatin ratio, noted in our cohort after the LGCP,
may also account for the postoperative weight loss through
enhanced appetite suppression. Notably, ghrelin has also been
shown to exert various diabetogenic effects [15, 19, 20], and
so decreased circulating ghrelin levels may additionally con-
tribute to improved glucose homeostasis after the LGCP.

In parallel with weight loss, all but one patient in our study
(92.3 %) achieved significant reductions in HbAlc during the
6-month postoperative follow-up. This agrees with published
data by Fried et al. [2] reporting that 96.9 % of T2DM patients
exhibited at least improvement of their preoperative diabetic
status at 6 months after LGCP. In our cohort, the amelioration
of glucose homeostasis was characterized by markedly de-
creased fasting glucose and insulin plasma levels and in-
creased insulin sensitivity as assessed by HOMA-IR
(Fig. 1). In addition, our results show that the postprandial
plasma levels of glucose also peaked earlier (peak at 45 min)
at | and 6 months after the LGCP, with the AUC for the meal-
induced glucose response being significantly lower at
6 months compared to baseline (Fig. 2).

Changes of the incretin response in T2DM patients after the
LGCP may also improve glucose homeostasis. GIP is secreted
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respectively. Comparison performed by repeated-measures analysis of
variance (ANOVA); exam, influence of time after LGCP; time, influence
of time during the meal test; examx time, interaction of time after LGCP
and time after meal ingestion; Subj, subject factor. AUC area under the
curve. *p <0.05]

postprandially from enteroendocrine cells of the small intes-
tine (K cells; located mainly in the duodenum and upper
jejunum) and rapidly stimulates insulin secretion from the
pancreatic beta-cells, while it also exerts multiple effects in
other organs (e.g., adipose tissue, brain) promoting glucose
and lipid storage [21, 22]. Importantly, the incretin effect of
GIP is deficient in T2DM due to relative beta-cell GIP resis-
tance [22]. Our results document a significant rise in postpran-
dial GIP levels at | month after the LGCP, which was even
more pronounced at 6 months (Fig. 4). Interestingly, Romero
et al. [23] have reported increased postprandial GIP levels in
morbidly obese T2DM patients at 6 weeks after LSG. It is also
noteworthy that, although reports on fasting and postprandial
GIP levels after Roux-en-Y gastric bypass (RYGB) are also
inconsistent, there are data suggesting that meal-induced GIP
levels in T2DM patients may be increased early (1 month)
following RYGB and decreased in the longer-term [15]. Re-
garding the mechanism that could induce the higher meal-
induced GIP levels after LGCP noted in our study, it can be
hypothesized that this GIP response may reflect over-
stimulation of the K cells in the duodenum due to either
accelerated gastric emptying or/and contact with less well-
digested chyme, as it has also been hypothesized for LSG.
However, this hypothesis remains to be elucidated, and addi-
tional long-term studies will be required in order to explore
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Fig.5 Plasma levels of ghrelin in response to a standardized liquid mixed-
meal test at baseline (exam 1), 1 month (exam 2), and 6 months (exam 3)
after laparoscopic greater curvature plication (LGCP) [Full, gray, and
empty circles represent retransformed mean values with their 95 % confi-
dence intervals at baseline, 1 month, and 6 months, respectively. Compar-
ison performed by repeated-measures analysis of variance (ANOVA);
exam, influence of time after LGCP; time, influence of time during the
meal test; exam x time, interaction of time after LGCP and time after meal
ingestion; Subj, subject factor. AUC area under the curve. *p <0.05]

whether the rise in postprandial GIP levels that we noted
during the initial 6-month period following the LGCP is
sustained in the longer term.

GLP-1 is secreted from the enteroendocrine L cells (located
mainly in the distal small bowel) in response to the presence of
nutrients in the lumen of the small intestine, particularly of
carbohydrates and fat [21]. In addition to its insulinotropic
actions, GLP-1 also suppresses glucagon secretion, delays
gastric emptying, increases satiety, and may improve insulin
sensitivity. GLP-1 postprandial secretion is markedly de-
creased in T2DM; however, its insulinotropic effect is pre-
served [21, 22]. In our study, postprandial GLP-1 levels
exhibited a higher peak at 60 min after meal ingestion
at l-month following the LGCP, but this finding was
not preserved at the 6-month follow-up (Fig. 4b). More-
over, we found no change in the total AUC of the
meal-stimulated GLP-1 response both at 1 and 6 months
following the procedure. Contrary, several reports have
shown increased meal-stimulated GLP-1 secretion early
after LSG, which is also sustained in the longer term
[16, 23-27]. However, this effect after LSG may be less
pronounced than the well-documented rise in postpran-
dial GLP-1 levels after RYGB [15]. Recently, it has
been suggested that additional mechanisms other than
faster gastric emptying may account for the changes in

4 Springer

GLP-1 levels after LSG (e.g., increased secretion of
foregut hormones such as cholecystokinin) [16, 28,
29]. Whether such additional mechanisms play a role
in the meal-stimulated GLP-1 response after LGCP
needs to be further studied.

Finally, the improved metabolic profile of our T2DM
patients after the LGCP was also characterized by ame-
liorated postprandial hypertriglyceridemia, which is rec-
ognized as an independent risk factor for early athero-
sclerosis, ischemic heart disease, myocardial infarction,
and death [30-32]. Indeed, we noted a decrease in
postprandial triglyceride levels that was apparent at
1 month and achieved significance at 6 months after
the LGCP (Fig. 5). This is in accord with the available
evidence showing that LSG results in improved circu-
lating triglyceride levels in T2DM patients [27, 33, 34].
Notably, Stefater et al. [35] have demonstrated that
sleeve gastrectomy in rats improves postprandial
lipidemia in a weight-independent manner due to re-
duced intestinal secretion of triglycerides following in-
gestion of a lipid meal.

In conclusion, our results show that LGCP in morbidly
obese T2DM women leads to significant weight loss during
the initial 6-month postoperative period. During this
follow-up period, our study patients also achieved sig-
nificant improvement in glucose homeostasis and post-
prandial hypertriglyceridemia, reflecting primarily the
result of the significant weight loss due to the restrictive
effect of the operation on food intake. Importantly, we
further demonstrated that postprandial plasma levels of
ghrelin are decreased at 1 and 6 months after the LGCP,
a finding that has also been noted after other bariatric
operations such as sleeve gastrectomy, vertical banded
gastroplasty and biliopancreatic diversion with duodenal
switch [15, 36], whereas increased circulating ghrelin
levels have been shown following gastric banding and
with diet alone [15, 36, 37]. Finally, it is of note that
meal-induced GIP secretion was also increased after the
LGCP in our study, a change that has also been report-
ed after certain bariatric operations such as sleeve gas-
trectomy and gastric bypass and cannot be attributed to
caloric restriction and weight loss alone [15, 38].

Bearing in mind the limitations of our study, such as
the relatively limited size of our cohort, the lack of a
controlled comparison group and the relatively short
duration of follow-up, our study suggests that LGCP
can offer an effective addition to the arsenal of bariatric
surgery with effects that may extend beyond gastric
volume restriction. Larger and long-term studies are
required to further explore the spectrum of metabolic/
hormonal effects of LGCP and establish the role of this
bariatric technique in the treatment of obesity and
T2DM.
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5.5 Efekt bariatrické 1écby na metabolismus glukézy ve vztahu k metabolismu
mastnych kyselin po 2 letech

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

Cilem studie bylo zjistit vliv tii typi bariatrickych zakrokt (laparoskopicka gastricka
banddz — LAGB; laparoskopicka gastrickd plikace — LGP; biliopankreaticka
diverze — BPD) na remisi diabetes mellitus 2. typu (DM2) a slozeni mastnych kyselin
v podkoZzni tukové tkani. Soubor tvotily 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 pfed operaci, 6 mésicii a po 2 letech od operace. Nejucinnéjsi operaci ve vztahu
k remisi DM2 se jevi BPD (p < 0,004) ve srovnani s LAGB a LGP. Po dvou letech dosdhlo
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. Dva roky po BPD jsme zjistili vyznamné vyssi hladiny kyseliny laurové (12:0),
myristolejové (14:1n-5) a palmitolejové (16:1n-7) a delta-9 desaturazy v tukové tkani
pacientek, coZ naznacuje vySsi lipogenezi. 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 nardst. Snizena koncentrace kyseliny dokosapentaecnové
(22:5n-3) byla pozorovana i 6 mésici po LAGB. Po dvou letech od LAGB a LGP jsme
nezjistili vyznamné zmény v koncentraci mastnych kyselin v tukové tkéni.

V zavislosti na typu operace dochazi ke zméndm ve sloZzeni mastnych kyselin v tukové
tkani po Sesti mésicich 1 pti 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 tukoveé tkane.

90


http://www.isiknowledge.com/JCR

Physiol. Res. 64 (Suppl. 2): S155-S166, 2015

Fatty Acid Composition of Adipose Tissue Triglycerides in Obese
Diabetic Women After Bariatric Surgery: a 2-Year Follow up

M. KUNESOVA'?, B. SEDLACKOVA', 0. BRADNOVA', E. TVRZICKA®,
B. STANKOVA’, P. SRAMKOVA’, K. DOLEZALOVA*, P. KALOUSKOVA',
P. HLAVATY'?, M. HILL!, B. BENDLOVA', M. FRIED**, V. HAINER', J. VRBIKOVA'

"nstitute of Endocrinology Obesity Management Centre, Prague, Czech Republic, *Fourth
Department of Internal Medicine, First Medical Faculty, Charles University, Prague, Czech
Republic, OB Clinic, Prague, Czech Republic, ‘First Medical Faculty, Charles University, Prague,

Czech Republic

Received July 13. 2015
Accepted July 27, 2015

Summary

Bariatric surgery is the most effective method in the treatment of
obesity and type 2 diabetes (T2DM). The aim of this study was to
evaluate the effects of different types of bariatric procedures on
remission of T2DM and on the fatty acid composition in
subcutaneous adipose tissue. Patients included obese diabetic
women who underwent bariatric surgery: biliopancreatic
diversion (BPD), n=8, laparoscopic gastric banding (LAGB), n=9
or laparoscopic greater curvature plication (LGCP), n=12.
Anthropometric characteristics and fatty acid composition of
adipose tissue (FA AT) were analyzed before surgery, then
6 months and 2 years after surgery. FA AT was analyzed by gas
chromatography. Diabetes remission was estimated. BPD was
most efficient in inducing a remission of diabetes (p=0.004).
Significantly higher increases in lauric (12:0), myristoleic
(14:1n-5) and palmitoleic (16:1n-7) acids and delta-9 desaturase
were found two years after BPD, suggesting higher lipogenesis in
adipose tissue. Docosatetraenoic acid (22:4n-6) increased
significantly after BPD, while docosapentaenoic acid (22:5n-3)
decreased 6 months after BPD and increased after 2 years. No
changes were found after LAGB and LGCP after 2 years. Bariatric
surgery led to significant changes in the fatty acid composition of
subcutaneous adipose tissue in severely obese diabetic women
after six months and two years, and was partly influenced by the
type of surgery used.
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Introduction

Bariatric surgery is the most efficient method for
the management of type 2 diabetes mellitus in obese
subjects (Buchwald ef al. 2004, 2009, Scheen et al. 2009).
Various methods are used for the bariatric management of
obese diabetics, with the differences of individual surgical
procedures resulting in different weight loss and metabolic
changes. Biliopancreatic diversion (BPD) is the most
effective metabolic surgical procedure due to its
mechanism of action including effects on the incretin
production of GLP 1 (Tsoli ef al. 2013), bile acid secretion
(Ferrannini ef al. 2015), and gut microbiota (Calvani et al.
2010, Clemente-Postigo ef al. 2015). Acute caloric
restriction may also be involved (Plourde et al. 2014).
Laparoscopic adjustable gastric banding (LAGB) is one of
the most frequently used restrictive methods, and its effect
is mediated mainly by weight loss (Svane and Madsbad
2014). Laparoscopic greater curvature plication (LGCP)
was recently introduced as a method of metabolic surgery
(Talebpour ef al. 2012, Fried et al. 2012). Subsequent
decreases in ghrelin and increases in GIP could make this
method effective in treating type 2 diabetes (Bradnova et
al. 2014).

Obesity and type 2 diabetes are often associated
with dyslipidemia and an altered composition of fatty
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acids in serum and adipose tissue lipids. The fatty acid
composition of adipose tissue triglycerides (AT TG)
reflects not only the composition of fat in food, but also
the metabolic processing of fat, such as endogenous
lipogenesis and lipid oxidation.

The aim of this study was to compare effect of
three bariatric methods — biliopancreatic diversion (BPD),
laparoscopic adjustable gastric banding (LAGB) and
laparoscopic greater curvature plication (LGCP) on
serum lipids and the composition of adipose triglycerides
in obese type 2 diabetic women after 6 months and
2 years. The effect on glucose metabolism will be
presented elsewhere.

Methods

Subjects

The study included 29 morbidly obese women
with T2DM (age: 39-66 years; duration of diabetes: 1-14
years) that underwent BPD (8 subjects). LAGB
(9 subjects) or LGCP (12 subjects). The patients were
enrolled over time, as they were indicated for the
operations. T2DM patients eligible for bariatric surgery
were allocated to different bariatric procedures according
to the consecutive numbers they received as they entered
the process for study enrolment. Antidiabetic treatment
for the patients was as follows: diet only in 3 cases,
metformin in 26 cases. sulphonylurea in 8 cases and
insulin in 3 cases. Exclusion criteria were treatment with
cither glitazones, DPP-IV inhibitors or GLP1 agonists,
active cancer or an acute medical condition requiring
hospitalization, evidence or history of clinically
significant cardiovascular, pulmonary. endocrine (other
than obesity and T2DM), hematological, renal,
gastrointestinal, hepatic (other than NAFLD), neurologic,
psychiatric, or severe allergic disease, pregnancy,
breastfeeding, weight change more than 5 % of body
weight over the preceding 12 weeks, or recent changes in
exercise intensity or frequency over the preceding
4 weeks. All subjects signed an informed consent
approved by the local ethical committee before entering
the study.

Study design

One month before entering the study the subjects
were put on a hypocaloric diet with 5000 kJ/day. Oral
antidiabetic drugs were discontinued 3 days before
examinations and long-acting insulin 24 h before
examinations.

The following bariatric procedures were
performed: laparoscopic adjustable gastric banding,
laparoscopic greater curvature plication and biliopan-
creatic diversion.

Body composition

Anthropometric measurements were performed
for all patients. Body weight was measured to the nearest
0.5 kg and height to the nearest 1 cm. BMI was calculated
as body weight in kilograms divided by the square of the
height in meters. Waist circumference was measured in
the standing position. at half of the distance between the
lower ribs and the crest of the pelvis. Hip circumference
was measured as the widest gluteal circumference. Body
composition was assessed by DEXA (GE LUNAR iDXA,
GE Healthcare Technology. USA).

Adipose fatty acid analysis

Total lipids were extracted from 3-5mg of
adipose tissue by the method of Folch and coworkers
(Folch et al. 1957) using dichlormethane instead
of chloroform (Carlson 1985). Samples were
transmethylated to FAME with 1M sodium methoxide in
dry methanol under nitrogen atmosphere in darkness. for
60 min at ambient temperature. The reaction mixture was
then neutralized with 1M acetic acid. methyl esters were
extracted into hexane and passed through a column
(5x20 mm) of anhydrous sodium sulphate. Extracts were
dried under nitrogen, dissolved in an appropriate volume
of isooctane and stored at —80 °C until analyzed.

Gas chromatography was performed with
aTrace GC gas chromatograph combined with an AS
2000 autosampler (Thermo Finnigan, USA). The
chromatograph was equipped with a capillary
split/splitless injector and flame ionization detector (FID).

Analysis of FAME was performed on a fused-
silica capillary column coated with 0.25 pm chemically
bonded stationary phase Select FAME (100 m, 0.25 mm
I.D.. Agilent Technologies, The Netherlands). The oven
temperature was programmed from 80 °C to 120 °C at
4 °/min, to 270 °C at 2 °/min, then isothermal for 25 min.
The injector and detector temperatures were 250 and
270 °C, respectively. Hydrogen carrier gas was
maintained at a head pressure of 70 kPa and split flow
10 ml/min, splitless time 0.25 min.

Integration software Clarity (Data Apex Ltd.
Prague, Czech Republic) was used for data acquisition
and handling.
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Plasma samples

Blood samples were collected into chilled
EDTA-containing tubes for assessment of glucose,
insulin C-peptide levels, hsCRP and blood lipids. All
samples were immediately cooled, and plasma was
prepared, aliquoted. and stored at —80 °C until assayed.
Plasma levels of blood glucose, insulin, C-peptide and
HbAlc were measured using the Cobas 6000 analyzer.
Plasma concentrations of serum lipids and hsCRP were
analyzed using standard laboratory methods.

Statistics

The relationships between individual metric
variables and factors were evaluated by ANOVA models
followed by least significant difference multiple
comparisons. The model consisted of a subject factor
(separating inter-individual variability from the remaining
factors), the between-subject factors Operation, Age over
median, BMI over median, initial value of dependent
variable over median, within-subject factor Exam and
Operation x Exam interaction. The original data were
transformed by power transformations to attain
symmetric data distribution and constant variance
(Meloun et al. 2000). The homogencity of data was
checked using residual analysis as explained elsewhere
(Meloun ef al. 2002, 2004). These analyses were
performed in Statgraphics Centurion v. XV (Statpoint
Inc., Herndon, Maryland, USA) statistical software.

The statistical software SIMCA-P+ Version
12.0.0.0 from Umetrics AB (Umed, Sweden) was used
for further data analysis. This software enabled us to find
the number of the relevant components utilizing the
prediction error sum of squares, and also allowed the
detection of multivariate non-homogeneities and testing
the multivariate normal distribution and homoscedasticity
(homogeneity of variance).

The relationships between diabetes remission
after individual bariatric procedures was tested using
log-linear model (frequency analysis) using statistical
software NCSS 2007, Kaysville. Utah, USA.

The results are given as means (lower limit of CI:
upper limit of CI at the 95 % level) unless stated otherwise.

Due to significant differences between groups
the results were evaluated after adjustment for age, BMI
and initial level of the variable.

Diabetes remission was estimated according to
Buse et al. (2009).

The study was approved by the Ethical
Committee of the Institute of Endocrinology in Prague.

Results

Changes of anthropometric parameters and body
composition after individual procedures are shown in
Table 1. Significant differences in weight and body fat
loss among individual types of surgeries were found, with
the highest loss observed after BPD as expected due to
the mechanism of action of this method.
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Fig. 1a. Lauric acid (12:0) in adipose tissue before the surgery
(1), after 6 months (3) and after 2 years (4). Squares BPD,
triangles LAGB, circles LGCP. Exam: F=2.7, p=0.073, Oper x
Exam: F=2.7, p=0.037.

Changes in the individual fatty acid composition
of adipose tissue triglycerides. blood lipids and hsCRP
are given in Tables 2-4. D-6 desaturase activity calculated
as a product/precursor ratio did not differ significantly
(data not shown). When evaluating differences between
individual bariatric procedures we found significant
differences in  the following  saturated and
monounsaturated fatty acids: lauric acid (12:0),
myristoleic acid (14:1n-5), palmitoleic acid (16:1n-7)
and stearic acid (18:0) (Table 2, Fig. la and 1b).
Concurrently. a significant difference was found in the
activity of stearoyl-CoA desaturase-1 (SCD1, delta-9
desaturase) calculated as product/precursor ratio
(14:1n-5/14:0, D9-14. p=0.014. 18:1n-9/18:0. D9-18,
p=0.021) (Fig. 2). After BPD, there was an increase in the
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percentage of lauric, myristoleic and palmitoleic acid
after 2 years concurrent with an increase SCD1 activity,
suggesting increased lipogenic activity 2 years after the
surgery. After LAGB. increased levels were found
6 months after surgery followed mostly by a decrease to
the initial levels after 2 years. Gastric plication did not
induce significant changes.

For polyunsaturated fatty acids
significant differences among individual bariatric
methods in n-6 and n-3 polyunsaturated fatty acids.

we found

Significant differences were found in changes
of docosatetracnoic acid (22:4n-6, DTA) and in
docosapentaenoic acid (22:5n-3, DPA) (Table 3, Fig. 3).
In the BPD group, there was an increase in DTA two
years after the surgery, while no change was found in
subjects after LAGB and LGCP. Representative of n-3
PUFA, DPA decreased after 6 months in the BPD and
LAGB groups. followed by an increase after 2 years. In
LGCP group the level of DPA did not change (Table 3,
Fig. 3).
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Fig. 1b. Myristoleic (14:1n-5) and palmitoleic (16:1n-7) acid in adipose tissue before the surgery (1), after 6 months (3) and after
2 years (4). Squares BPD, triangles LAGB, circles LGCP. 14:1n-5: Exam: F=2.5, p=0.094, Oper x Exam: F=6.7, p<0.001. 16:1n-7:
Exam: F=0.9, p=412, Oper x Exam: F=3.0, p=0.027.
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Fig. 2. Delta-9 desaturase 14:1n-5/14:0 and 18:1n-9/18:0 in adipose tissue before the surgery (1), after 6 months (3) and after
2 years (4). Squares BPD, triangles LAGB, circles LGCP. Delta-9 desaturase (14:1n-5/14:0): Exam: F=1.5, p=0.227, Oper x Exam:
F=3.4, p=0.014. Delta-9 desaturase (18:1n-9/18:0): Exam: F= F=4.6, p=0.013, Oper x Exam: F=3.1, p=0.021.
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Fig. 3. Docosatetreaenoic (22:4n-6) and docosapentaenoic (22:5n-3) acid in adipose tissue before the surgery (1), after 6 months (3)
and after 2 years (4). Squares BPD, triangles LAGB, circles LGCP. 22:4n-6: Exam: F=5.3, p=0.008, Oper x Exam: F=4.0, p=0.006.

22:5n-3: Exam: F=5.6, p<0.006, Oper x Exam: F=2.8, p<0.034.
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Fig. 4. Total cholesterol and HDL-cholesterol in serum before the surgery (1), after 6 months (3) and after 2 years (4). Squares BPD,
triangles LAGB, circles LGCP. TC: Exam: F=13.8, p<0.001, Oper x Exam: F=8.8, p<0.001. HDL-C: Exam: F=8.3, p<0.001, Oper x

Exam: F=4.7, p=0.002.

For serum lipids, a significant decrease in total
cholesterol was found in the BPD group only, while HDL
cholesterol increased significantly after LGCP (Table 4.
Fig. 4). The inflammatory marker hsCRP decreased
significantly in the BPD group. but only an insignificant
decrease was found in the LAGB and LGCP groups
(Table 4, Fig. 5).

A significantly higher remission of type 2 diabetes
was found after biliopancreatic diversion (in 7 of 8 subjects)
in comparison with lapascopic gastric banding (6 of 9
subjects) and laparoscopic greater curvature plication (0/12),
P=0.0004. Most of the subjects in the gastric plication group
were treated by metformin only (7 of 12 subjects).
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hsCRP [mg/I]

hsCRP [mg/I]
ey

Fig. 5. Hs C-reactive protein in serum before the surgery (1),
after 6 months (3) and after 2 years (4). Squares BPD, triangles
LAGB, circles LGCP. Exam: F=12.8, p<0.001, Oper x Exam:

F=3.7, p=0.01.

Table 1. Characteristic of the subjects and effect of bariatric procedures.

Pacaimetes S v Exam ANOVA **
ALEMER urgery 1* 3 4 F-ratio p-value

Age BPD 52 (48.8,54.8) — —

(vears) LAGB 61.5(59.4,63.5) ———- ———— 9.8 <0.001
GP 53.6(51.2,55.8) — S

Height BPD 166 (163, 169) e -

(cm) LAGB 164 (161, 167) e - 0.5 0.603
GP 166 (164, 168) —— e

BMI BPD 46.4 (44.9,47.9) 38.5 (37.5,39.6) 36 (35.37)

(kg/m’) LAGB  44.8 (43.5.46.1) 39.6 (38.6. 40.7) 38.4 (37.5.39.4) 5.5%% 0.001
GP 38.7(37.8,39.7) 347 (34.1,354) 35.9 (35.2.36.7)

Weight BPD 127 (124, 131) 106 (103, 109) 99.1 (96.5. 102)

(kg) LAGB 120 (117, 123) 107 (104, 109) 104 (101, 106) 6.5 <0.001
GP 107 (104, 109) 95.7 (93.8, 97.6) 99 (97.1, 101)

Waist BPD 124 (121, 127) 112 (109, 115) 108 (105, 111)

(cm) LAGB 125 (122, 128) 117 (115, 120) 114 (112, 117) 26 0.049
GP 111 (109, 113) 103 (101. 105) 106 (104, 108)

Hip BPD 141 (138, 144) 128 (125. 131) 122 (119, 125)

(cm) LAGB 138 (136, 141) 133 (130. 135) 130 (127, 132) 43 0.005
GP 129 (127, 131) 120 (118, 123) 124 (122, 127)

Body fat BPD 53(51.8.54.2) 45.6 (44.3.46.9) 437 (42.2.452)

(%) LAGB  51.9(50.8, 53) 48.9 (47.7. 50) 483 (47.2.49.5) 6.9 <0.001
GP 50.8 (49.8.51.7) 47.7 (46.6. 48.7) 47.7 (46.6. 48.7)

SBP BPD 128 (121, 135) 115 (109, 122) 117 (110, 124)

(mm Hg) LAGB 130 (123, 138) 120 (113, 127) 117 (110, 124) 1.3 0.285
GP 131 (125, 137) 118 (112, 124) 118 (112, 124)

DBP BPD 80.1 (76, 84.4) 71.4 (67.6.75.3) 68 (64.4,71.8)

(mm Hg) LAGB 81.9 (77.8, 86.3) 82.6 (78.4.87) 75.1(70.9, 79.6) 29 0.065
GP 79.5 (76.2, 83) 73 (69.9, 76.3) 73 (69.9, 76.3)

HR BPD 82.3 (78.4,86.3) 75(71.4,78.7) 70.8 (67.5.74.4)

(/min) LAGB 78.5 (74.7, 82.5) 72.9 (69.4.76.7) 71.6 (68.1. 75.3) 0.7 0.512
GP 75.7(72.5,78.9) 71 (68. 74.2) 71 (68, 74.2)

*mean (lower limit of CI, upper limit of CI at 95 % level); ** ANOVA model Oper x Exam; SBP, systolic blood pressure; DBP, diastolic

blood pressure; HR, heart rate.
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Table 2. Changes in adipose tissue saturated and monounsaturated fatty acids.

ANOVA model
Exam
Variable Oper Oper Exam Oper X Exam
1 3 4 F-ratio p-value F-ratio p-value F-ratio p-value

12:0 BPD 0.17 (0.15,0.2)
LAGB 0.17(0.15.0.2)
LGCP 0.17 (0.15, 0.19)

0.15(0.13,0.17)
022 (0.19.0.25)
0.17 (0.15,0.19)

0.24(0.2,0.27)
0.2 (0.18,0.24) 13 0.278 2.7 0.073 2.7 0.037
0.17 (0.15, 0.19)

14:0 BPD 2.1(1.99,2.21)
LAGB 1.96 (1.86, 2.06)
LGCP 2.11(2.02,2.2)

1.95 (1.85.2.05)
212,221
2.07(1.98.2.16)

2.28(2.17,241)
2.03(1.93,2.14) 0.6 0.557 2 0.142 25 0.054
2.07(1.98.2.16)

14:In5  BPD 0.2 (0.18,0.22)
LAGB  021(0.19.0.24)
LGCP 023 (0.21,0.25)

0.17 (0.15,0.19)
0.26 (0.23.0.29)
0.2 (0.19,0.23)

0.29 (0.25, 0.33)
0.22 (0.2, 0.25) 07 052 25 009 67 <0001
0.2(0.19,0.23)

16:0 BPD 22.8(22.2.23.4)
LAGB  21.8(21.1.224)
LGCP  23.1(22.7.23.6)

218 (21.1,22.5)
217 (21.1,22.3)
23.4(22.9,23.8)

21.5(20.8.22.1)
21.3 (20.6, 21.9) 128 <0001 16 0206 12 0323
23.4(229.238)

16:1n9 BPD 0.82 (0.78, 0.86)
LAGB  0.77(0.74.0.81)
LGCP  0.79(0.76.0.82)

0.89 (0.84,0.93)
0.78 (0.74.0.82)
0.82 (0.79. 0.85)

0.98 (0.94, 1)
0.87(0.83, 0.92) 79 <0001 121 <0001 15 0.21
0.82 (0.79. 0.85)

16:In-7  BPD 441 (3.0,6.83)
LAGB 5.26 (3.58,83)
LGCP 4.83(3.37,7.32)

429 (2.89. 6.68)
6.09 (4.27,9.39)
4.66 (3.22,7.11)

5.28 (3.74,7.87)
54(3.7.848) 58 0.005 0.9 0412 3 0.027
4.66(3.22,7.11)

18:0 BPD 16.3 (153, 17.5)
LAGB 17.5 (16.4, 18.7)
LGCP 163 (15.4.17.2)

18.3 (17.19.6)
19.8 (18.6,21.1)
16.5(15.6.17.4)

20.8(19.5.22.2)
18.8 (17.6, 20) 84  <0.001 46 0.013 31 0.021
16.5 (15.6. 17.4)

18:1t  BPD 0.54 (0.51,0.58)
LAGB 049 (0.46.0.51)
LGCP 0.57 (0.54,0.6)

046 (0.44, 0.49)
046 (0.43.0.48)
0.56 (0.53.0.59)

0.43 (0.41, 0.46)
0.44 (0.41, 0.46) 127 <0001 118  <0.001 1 0.408
0.56 (0.53, 0.59)

18:In-9 BPD 46.5 (45.8,47.1)
LAGB 46.3 (45.7. 46.9)
LGCP 46.8 (46.3,47.4)

47.6 (47.48.3)
46 (453, 46.6)
46.9 (46.4,47.5)

47.3 (46.7. 47.9)
47.4 (46.8. 48.1) 0.9 0.414 1.8 0.174 22 0.079
46.9 (46.4, 47.5)

18:In-7 BPD 2.72(2.61,2.84)
LAGB 2.8(2.69.2.91)
LGCP 2.54 (2.44,2.63)

271 (2.6.2.83)
2.84 (2.73.2.96)
2.55 (2.46.2.64)

2.97 (2.85.3.09)
275 (2.64.2.87) 131 <0001 03 <0754 19 <0117
255 (2.46. 2.64)

20:0 BPD 0.068 (0.062, 0.074)

LAGB 0.072(0.066.0.078)  0.064 (0.059, 0.07)

0.064 (0.058,0.07)  0.057 (0.053, 0.063)
0.07 (0.064, 0.076)

0.382 23 0.108 1 0417

LGCP 0.066 (0.062,0.071)  0.066 (0.061, 0.071)  0.066 (0.061,0.071)

20:1n-9 BPD 0.69 (0.65. 0.74)
LAGB 0.69 (0.65, 0.73)
LGCP 0.65 (0.62, 0.69)

0.71 (0.67,0.76)
0.66 (0.62,0.71)
0.65 (0.61,0.68)

0.76 (0.72,0.8)

0.73 (0.69, 0.78) 6.1 0.004 1.4 0.257 L1 0.391
0.65 (0.61, 0.68)

*mean (lower limit of CI, upper limit of CI at 95 % level).

Discussion

The main result of the study was the significant
difference among bariatric procedures in changes of
saturated and monounsaturated fatty acids as well as
stearoyl CoA desaturase (SCD1) activity evaluated as the
product/precursor ratio. The increases in lauric (12:0),
myristoleic (14:1n-5) and palmitoleic (16:1n-7) acid

concurrently with the increased activity of SCDI in the
biliopacreatic diversion group suggests lasting enhanced
lipogenic activity 2 years after the surgery, in contrast to
the LAGB and LGCP subjects. A strong association
between the SCD1 product/precursor ratio and mRNA
expression has been found in abdominal subcutancous
adipose tissue (Pinnick ef al 2012).
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Table 3. Changes in adipose tissue polyunsaturated fatty acids and sums of saturated, monounsaturated and polyunsaturated fatty acids.

ANOVA model
Exam
Variable Oper Oper Exam Oper x Exam
1 3 4 F-ratio p-value F-ratio p-value F-ratio p-value

182n-6  BPD 13(12.4,13.5) 12.8 (123, 13.4) 12.5 (12, 13)
LAGB 13.3 (12.8.13.8) 13.1 (12.6. 13.6) 12.5 (12.1, 13) 04 0.658 1.9 0.164 04 0.793
LGCP 12,9 (12.5,13.4) 12.4 (12, 12.9) 12.4 (12, 12.9)

183n-6  BPD 0.03 (0.025. 0.036) 0.025 (0.021, 0.03) 0.036 (0.03. 0.043)
LAGB 0.041 (0.034,0.049)  0.041 (0.035,0.049)  0.038 (0.032, 0.046) 3.1 0.053 0.5 0632 09 0445
LGCP  0.037 (0.032.0.043)  0.036 (0.031,0.042)  0.036 (0.031. 0.042)

18:3n-3  BPD 0.81(0.76, 0.85) 0.69 (0.65, 0.73) 0.71 (0.67, 0.75)
LAGB 0.8 (0.76. 0.84) 0.8 (0.76, 0.84) 0.76 (0.72, 0.8) 1.7 0.185 4.7 0.013 1.7 0.16
LGCP 0.78 (0.74. 0.82) 0.72 (0.69. 0.75) 0.72 (0.69. 0.75)

20:22n-6  BPD 0.25(0.24.0.27) 0.26 (0.25,0.28) 0.27 (0.26, 0.29)
LAGB 0.26 (0.25,0.27) 0.25(0.24.0.27) 0.24 (0.23, 0.26) 12.6 <0.001 0 0.961 1.1 0.371
LGCP  0.23(0.22.0.24) 0.23 (022, 0.24) 0.23(0.22,0.24)

203n6  BPD 0.38 (0.36, 0.41) 0.38 (0.35, 0.41) 0.46 (0.42, 0.5)
LAGB 0.35(0.33.0.38) 0.32 (0.3, 0.34) 0.36 (0.33, 0.38) 9.6 <0.001 33 0.044 2 0.111
LGCP  0.35(0.33.037) 0.35(0.33,037) 0.35(0.33.0.37)

20:4n-6  BPD 0.57 (0.55, 0.6) 0.56 (0.53, 0.59) 0.61(0.58, 0.64)
LAGB  0.59(0.56, 0.62) 0.58 (0.55,0.61) 0.6 (0.57,0.62) 21 0.128 15 0235 05 0731
LGCP 0.57 (0.54. 0.59) 0.55(0.53, 0.57) 0.55(0.53,0.57)

20:5n-3  BPD 0.054 (0.048, 0.06) 0.045 (0.04, 0.051) 0.053 (0.047. 0.06)
LAGB  0.057 (0.05. 0.064) 0.051 (0.046, 0.057) 0.051 (0.045,0.057) 14.7 <0.001 32 0.047 06 0674
LGCP  0.071 (0.065,0.077)  0.062 (0.057,0.068)  0.062 (0.057. 0.068)

22:4n-6  BPD 0.24 (0.23.0.26) 0.27 (0.25,0.29) 0.33 (0.3, 0.36)
LAGB  0.22(0.21,0.24) 0.2(0.19,0.21) 0.23(0.21,0.24) 153 <0.001 53 0.008 4 0.006
LGCP 0.23(0.22,0.24) 0.24 (0.23,0.25) 0.24 (0.23,0.25)

22:5n-6 BPD  0.037 (0.033,0.042)  0.037 (0.033, 0.043) 0.043 (0.037,0.05)
LAGB  0.034(0.03,0.038)  0.031(0.028, 0.035) 0.033 (0.03, 0.038) 7.1 0.002 0.8 045 05 0762
LGCP  0.029 (0.026.0.031)  0.031(0.028,0.034)  0.031 (0.028, 0.034)

22:5n-3  BPD 0.24 (0.22,0.25) 0.23(0.21,0.24) 0.29 (0.27,0.31)
LAGB 0.23(0.22,0.25) 0.21(0.19.0.22) 0.24 (0.22. 0.25) 58 0.005 5.6 0.006 28  0.034
LGCP  0.26(0.24.0.27) 0.27(0.26, 0.29) 0.27 (0.26, 0.29)

22:6n-3 BPD 0.14 (0.13, 0.15) 0.12 (0.11, 0.13) 0.14 (0.12, 0.15)
LAGB  0.13(0.12,0.14) 0.12(0.11,0.13) 0.12(0.11, 0.13) 142 <0.001 0.4 0669 09 0467
LGCP 0.15(0.14,0.17) 0.16 (0.15, 0.18) 0.16 (0.15,0.18)

SFA BPD 27.5(26.7, 28.3) 26 (25,26.9) 25.7(24.8,26.6)
LAGB  26.9(26.1,27.7) 26.6 (25.8.27.4) 26.3(25.5,27.1) 24.1 <0.001 L5 0.236 1.1 0359
LGCP 29(28.4,29.6) 29.2 (28.6, 29.8) 29.2 (28.6,29.8)

MFA BPD 56.3 (55.5.57.1) 57.3(56.5.58.2) 58.3(57.5,59.2)
LAGB 56.6 (55.8.57.4) 57.1(56.3,57.9) 58(57.2,58.9) 9.4 <0.001 4 0.024 1 0.431
LGCP 55.5(54.9, 56.2) 55.5(54.8,56.2) 55.5(54.8.56.2)

PUFAn-6 BPD 14.6 (13.9. 15.2) 14.5(13.8. 15.2) 14.3 (13.7, 15)
LAGB 14.5(13.9. 15.1) 14.2 (13.6. 14.8) 13.7 (13.2, 14.3) 0.5 0.586 0.4 0.664 05 0.771
LGCP 14.6 (14, 15.1) 144 (13.9.15) 14.4 (13.9. 15)

PUFAn-3 BPD 1.24 (119, 1.29) 1.09 (105, 1.13) 1.19 (1.15, 1.24)
LAGB 1.24(1.19. 1.29) 1.17 (1.13, 1.21) 1.16 (1.12, 1.21) 3.7 0.032 72 0.002 1.5 0.204
LGCP 127 (1.22, 1.31) 1.22(1.19,1.27) 1.22 (1.19,1.27)

*mean (lower limit of CI, upper limit of CI at 95 % level).
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Table 4. Changes in blood lipids and hsCRP.

ANOVA model
Exam
Variable Oper Oper Exam Oper x Exam
1 3 F-ratio p-value F-ratio p-value F-ratio  p-value

TC BPD 536 (5.1.5.62)
LAGB 492 (4.66.5.18)
LGCP 489 (4.68.5.1)

3.92(3.69,4.16)
4.67 (4.42.4.92)
4.8 (4.59,5.01)

3.84 (3.61,4.08)
4.51 (4.26,4.76) 8.7 <0.001 138 <0.001 8.8 <0.001
4.8 (4.59.5.01)

HDL BPD 1(0.934, 1.07)
LAGB  1.05(0.981.1.13)
LGCP 1.03 (0.97, 1.09)

1.09 (1.01, 1.17)
1.09 (1.02, 1.15)

0.775 (0.728, 0.827)  1.03 (0.953. 1.11)
1.12 (1.04, 1.2) 127 <0001 83 <0001 47 0.002
1.09 (1.02, 1.15)

TG BPD 1.24 (107, 1.44)
LAGB 168 (1.44,1.99)
LGCP  138(1.22,1.57)

142 (1.22, 1.66)
131 (1.11, 1.54)
1.08 (0.957,1.21)

1.01 (0.876, 1.17)
14 (12, 1.64) 22 0123 35 0038 18 0.143
1.08 (0.957,1.21)

hsCRP BPD 8.63 (6.7. 11.1)
LAGB 5.19(3.99.6.74)
LGCP 5.87 (4.76,7.22)

5.66 (4.38,7.29)
547 (4.2.7.09)
4.75 (3.84, 5.86)

2.21(1.61,2.97)
336 (2.54,4.39) 02 0819 128 <0001 37 001
475 (3.84, 5.86)

*mean (lower limit of CI, upper limit of CI at 95 % level); TC, total cholesterol; HDL, HDL cholesterol; TG, triglycerides; hsCRP,

high sensitivity C-reactive protein.

The relationship of circulating palmitoleate to
insulin sensitivity has been broadly discussed in animals
as well as in humans, but with unequivocal conclusions.
A large study in Finnish men using proton magnetic
spectroscopy for analysis of serum FA profiles showed
that an increased percentage of saturated but also n-7 and
n-9 monounsaturated FA in serum were biomarkers for
an increased risk of the development of hyperglycemia
and type 2 diabetes (Mahendran ef al. 2013). On the other
hand. Stefan ef al. (2010) showed a positive correlation of
serum palmitoleate (16:1n-7) with insulin sensitivity
measured by oGTT and euglycemic hyperinsulinemic
clamp in subjects with increased risk for type 2 diabetes.
Additionally, no influence of palmitoleate availability
on insulin sensitivity assessed by euglycemic
hyperinsulinemic clamp was reported in obese insulin
sensitive and insulin resistant subjects (Fabbrini ef al.
2011).

We found the highest lipogenesis in subjects
with the highest weight loss after 2 years, i.e. in the BPD
group. This corresponds to the results of the pan-
European Diogenes study. where obese subjects were
treated by a low calorie diet for two months followed by
a six-month weight maintenance regimen (Larsen ef al.
2010). Significant higher weight loss after 8 months was
found in subjects with lower baseline monounsaturated
fatty acids (14:1n-5, 16:1n-7 and trans 16:1n-7) in
adipose tissue triglycerides (Kunesova ef al. 2012). When
evaluating the relationship of fatty acid composition with
mRNA expression from the same biopsy of adipose tissue

in the Diogenes study, the central role of myristoleic acid
after LCD was associated with the down-regulation of
genes involved in fatty acid biosynthesis (SCD, FADS1
and FADS?2). After the weight maintenance period. there
was a significant positive relationship of 14:1n-5 with
genes involved in de novo lipogenesis (AACS, FASN.
SCD, FADS1, FADS2 and ELOVLS) only in subjects
with continuing weight loss in contrast to subjects who
regained weight (Monastier ef al. 2015), suggesting
enhanced lipogenesis in subjects with continuing weight
loss.

The role of palmitoleate as a possible lipokine has
been widely discussed in the past few years. The recent
review of Hodson and Karpe (2013) summarized the
current knowledge on palmitoleate and emphasized the
different roles of palmitoleate in blood and adipose tissue.
The localization of adipose tissue was shown to play
amajor role in the release of palmitoleic acid, with
a higher contribution from gluteofemoral subcutaneous fat
in comparison with abdominal subcutaneous fat. This
difference may be the result of enhanced SCD1 mRNA
expression in gluteal adipose tissue (Pinnick ef al. 2012).
In this context. the increase of myristoleic and palmitoleic
acids in abdominal subcutancous fat found in our study
could reflect a positive metabolic effect of BPD. A similar
result was found in a study comparing overweight and
obese subjects in which lower monounsaturated FAs and
palmitoleic acid content were found in subcutancous and
visceral adipose tissue, respectively. with increasing
adiposity (Garaulet ef al. 2011).
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Polyunsaturated fatty acids are a minor FA
component of triglycerides in adipose tissue. An
enhanced percentage of docosatetracnoic acid (22:4n-6)
in AT was shown in the BPD group after 2 years. in
contrast to the LAGB and LGCP groups. This could be
the result of a better supply of this FA in food. Better
resorption is less probable due to the malabsorptive
character of the surgery. Enhanced elongation of
arachidonic acid (20:4n-6) or reduced oxidation of n-6
PUFA could be other contributing factors.

The decreased percentage of docosapentacnoic
acid (22:5n-3) in the BPD and LAGB groups 6 months
after surgery could reflect the increased oxidation of n-3
PUFA or their lower supply from circulation due to
decreased intake or absorption. After 2 years, the levels
returned to baseline.

Type 2 DM remission

We found significant differences in type 2
diabetes mellitus remission (T2DMR) after individual
bariatric procedures. BPD resulted in the highest
remission followed by LAGB, while in the LGCP group
most subjects were treated by metformin two years after
the surgery. Robert et al. (2013) did not find differences
in T2DMR when comparing Roux-en-Y gastric bypass.
sleeve gastrectomy and LAGB. They showed rather that
preoperative BMI <50 kg/m’, duration of type 2 diabetes
<4 years, glycated hemoglobin <7.1 %, fasting glucose
<1.14 g/l and absence of insulin therapy were positive
predictors of diabetes remission. Concurrently, a short
duration of diabetes and good preoperative glycemic
control increased the rates of T2DM remission. Their
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6 Diskuze

6.1 Genetické pozadi bézné obezity

Bézna obezita je multifaktoridlni metabolickd choroba s komplexnim typem dédi¢nosti
a neuplnou penetranci, coz jeji studium velmi ztézuje. Patogeneze obezity zahrnuje
mnohondsobné interakce mezi behavioralnimi, environmentalnimi, genetickymi
1 epigenetickymi faktory, které také mohou vysvétlovat interindividudlni rozdily v rozvoji
obezity (van-Vliet Ostaptschouk, 2012). Geneticky podklad obezity dokazuje familiarni
vyskyt, adop¢ni studie a studie na dvojcatech, které poslouzily pro odhad heritability BMI.
Dal$im uziteénym modelem pro studium genetiky bylo popsani n¢kolika syndromd,
v jejichZ hlavnich rysech se objevil i fenotyp obezity (Prader-Willi, Bardet-Biedel, Alstrom
a dalsi). Studium monogenni obezity je mnohem snazsi, protoze je zpusobena mutaci
v jediném genu, které jsou ovSem velice vzacné. Nejéastéji se jedna o mutace v genech
MC4R, MC3R, POMC, LEP, LEPR, SIM1, PC1 a NTRK2. Produkty téchto gend hraji
dilezitou roli v integraci periferalnich a neurdlnich signald prostfednictvim
leptin—melanokortinovych drah, jsou zodpovédné za udrzeni energetické rovnovahy
(Farooqi a O’Rahilly, 2005)

V ptipadé polygenni obezity je odhalovani souvisejicich genli nesmirné slozité,
predev§im z divodu jejich malého ucinku. Navic tyto geny neplsobi samostatng, ale
v interakci s dal$imi geny ¢i v kombinaci s vlivy prostfedi. Velkym pifevratem byl
technologicky pokrok v podob€ analyzy na mikrocipech a bylo provedeno nékolik
celogenomovych asociacnich studii (GWAS). Bylo sice nalezeno nékolik zajimavych
lokust, které ale mohou vysvétlit pouze malou ¢ast heritability obezity, coz pro klinickou
praxi nemélo velky vyznam. Pfesto je dllezité poznat biologickou funkci odhalenych genti
asociacnimi studiemi a pochopit molekularni a biochemické procesy pii rozvoji obezity
a zajistit tak co nejucinnéjsi ,,personalizovanou” lécbu.

Nejvyznamnéjsi asociace BMI byly zjistény s geny FTO a MC4R, které byly opakované
potvrzeny mnoha replikacnimi studiemi. DalS$i relativné silné asociace s obezitou,
potvrzené nezavislymi studiemi, byly napiiklad s geny TMEM18, SH2B1, PCSKI,
SEC16B, BDNF a KCTD15 (Renstrom et al., 2009; Holzapfel et al., 2010). Né&které
z nalezenych predisponujicich gent maji pfimou funk¢ni souvislost s obezitou. Napiiklad

MCA4R je dulezity v regulaci pfijmu potravy, BDNF hraje roli pfi poruchach piijmu
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potravy, SH2B1 se tucastni leptinové a inzulinové signalizace, TMEMI18 se ucastni
neuralniho vyvoje. Dalsi geny jsou pfednostné exprimovany v hypothalamu v centrech
regulace piijmu potravy, ovSem jejich pfesna biologicka funkce zatim neni jasna a proto
jsou pfedmétem intenzivniho vyzkumu. Ukazuje se, ze varianty v téchto genech jsou
spojeny nejen s antropometrickymi, metabolickymi ¢i behavioralnimi ukazateli, ale
napiiklad i se schopnosti snizovat hmotnost béhem interven¢niho programu, véetné 1écby
bariatrickou operaci. Velmi zajimavé je sledovat vliv variant, spojenych s obezitou

u Stihlych jedinct a odhalit, co je pfed rozvojem choroby chrani.

Vysledkem GWAS studie z roku 2009 byl silny asocia¢ni signal polymorfismu
rs12970134, lokalizovany 154 kb za genem MC4R, ktery souvisi se zvySenym rizikem
obezity a inzulinové rezistence, a to nezavisle na BMI (Chambers et al., 2008). V nasem
souboru 850 normoglykemickych Zen s variabilnim BMI, nebyla pozorovana asociace
alely A s BMI, ani s jinymi sledovanymi antropometrickymi parametry (p¥iloha 5.1).
Nicméné jsme z dotaznikovych dat zjistili, Ze nositelky minoritni alely A mély vyssi
maximalni 1 minimalni hmotnost dosazenou v dospélosti a navic, ze Vliv
alely A na parametry spojené s obezitou je patrny predevSim u Zzen se syndromem
polycystickych ovarii (PCOS), které mély vyssi obvod pasu, bokt a indexu BAI. Tendence
k vys$§imu indexu BAI byla pozorovana také ve skupiné diabeticek 2. typu.

Zjistilo se, ze varianty v genu MC4R nebo v jeho blizkosti neovliviiuji ukladani tukovych
zasob do rizikovych oblasti téla, jako je viscerdlni tukova tkan a jatra, ale postihuji
predevsim subkutanni akumulaci tukové tkané, coz ma velmi maly dopad na inzulinovou
rezistenci (Haupt et al., 2009). Polymorfismus rs12970134 pftispiva k ,,metabolicky
benigni” obezité. To by mohlo také vysvétlit, pro¢ tyto polymorfismy nebyly zachyceny
GWAS studiemi jako rizikové pro DM2, podobn¢ jako FTO. Nicmén¢ ve studii na 15 000
Danech byla nalezena hrani¢ni asociace rs12970134 s DM2 (OR = 1,08) (Zobel et al.,
2009). My jsme u nositelek s variantni alelou A pozorovali nizs§i hladinu krevniho cukru
na la¢no, spolu s niz§i hladinou inzulinu i C-peptidu a niz§i hodnotu indexu HOMA-IR,
coz naznacilo lepSi inzulinovou senzitivitu, a to spiSe jaterni, nezli celotélovou.
Vysvétlenim pro lepsi hepatickou funkci nositelek alely A mize byt snizena akumulace
tuku v jatrech, jak bylo popsano u varianty MC4R rs177782313 (Haupt et al., 2009).
Nositelstvi alely A bylo dale spojeno s témet dvakrat vyssi hladinou rastového hormonu,

zatimco dosazena télesna vyska byla v obou porovnévanych skupinach totozna. Vliv této
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varianty na télesnou vySku nepotvrdili ani jini autoti (Zobel et al., 2009; Kring et al.,
2010). Studium somatotropni osy u obéznich MC4R-deficientnich pacientii odhalilo
zvySenou pulsatilni i celkovou sekreci ristového hormonu (Martinelli et al., 2011). Nase
data hovoii pro roli MC4R v regulaci somatotropni osy. Nositelky minoritni alely A mély
vys$$i hladinu leptinu ve srovndni s nenositelkami, ackoliv Zadny rozdil nebyl pozorovéan
v hodnot¢ BMI, WHR ani v mnozstvi télesného tuku, ze které¢ho je leptin uvoliiovan.
Vysvétlenim miize byt snizena schopnost leptinu vazat se ke svému receptoru, anebo
snizena funk¢nost receptoru MC4R ¢i leptinova rezistence, ¢asto pozorovand u obéznich
osob. V piipad¢é pacienti s mutacemi genu MC4R odpovidala hladina leptinu mnozstvi
jejich tukové hmoty (Farooqi et al., 2003); nicméné u obéznich hispanskych déti
s haploinsufienci MC4R byla pozorovana stiedné tézka leptinova rezistence (Cole et al.,
2010).

Nepotvrdili jsme sice asociaci polymorfismu rs12970134 s obezitou ani s zadnym
ze sledovanych antropometrickych parametri, nalezli jsme vSak asociaci alely A s lepSim
glukézovym metabolismem a s vys$§imi hladinami leptinu a rGstového hormonu. Nase
studie naznacuje, Ze variabilita MC4R se uplatiuje nejen v regulaci energetického
metabolismu, ale i v komplexnéjsich hypothalamickych regulacich.

V oblasti obezitologie byl dal§im z nejzajimavéjSich vysledkli celogenomovych
asociacnich studii silny asociacni signal v genu FTO s BMI a obezitou obecné. Funkce
FTO v organismu neni jeSté zcela objasnéna. Sekvenaéni analyzy ho zatazuji do rodiny
nehemovych dioxygenaz, spekuluje se o jeho mozném ovlivnéni methylaci DNA
u obéznich osob. Nasemu kolektivu se podafilo jiz diive zjistit, Ze polymorfismus
1s9939609 v genu pro FTO silné asociuje s BMI a dalSimi rysy obezity
1 v nasi populaci. Ve velké studii provedené u 1388 osob jsme jiz v roce 2008 zjistili, Ze
gen FTO je asociovan nejen s kvantitativnimi znaky charakterizujicimi obezitu (zejména
s BMI, hmotnosti a obvodem bficha), ale 1 s vys§imi hladinami glukézy a leptinu
v pribéhu OGTT, coz bylo nejvice patrné u Zzen (VEelak et al., 2008).

Zjistili jsme, Ze 1 mezi $tihlymi zenami jsou nositelky rizikovych alel genu FTO.
Zajimalo nas proto, jaké jsou antropometrické a metabolické konsekvence pro obezitu
rizikového haplotypu (CAGA) genu FTO u stihlych Zen a jak jsou jeho nositelky chranény
pied rozvojem obezity. Studovali jsme u téchto zen i pfipadnou interakci hormondlni
antikoncepce (HA) s genotypem FTO. Ve studii (p¥iloha 5.2) na Stihlych zenach

s primérnou hodnotou BMI 21,5+1,99 kg/m?, jsme zjistili asociaci rizikového CAGA
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haplotypu s vy$§im BMI, ale s dalSimi antropometrickymi parametry nikoliv. Nicméné
i u takto $tihlych Zen — nositelek CAGA haplotypu, byla pozorovana zvySena sekrece
B-bunék v pozdni fazi OGTT a sniZena hladina celkového a LDL cholesterolu. Nejsilngjsi
pozorovand asociace spojend s nositelstvim CAGA haplotypu u Stihlych Zen byla
s hladinami rtistového hormonu, a to jak laénymi, tak stimulovanymi gluk6ézou v rdmci
funk¢niho testu. Na zakladé popsanych uéinkt rastového hormonu (Rudling a Angelin,
2001; Freathy et al. 2008, Kokshoorn et al. 2011; Pena-Bello et al. 2015) je
pravdépodobné, Ze pravé zvySené hladiny ristového hormonu mohou ovlivnit hladiny
lipidii, sekreci inzulinu a ze chrani tyto zeny pied rozvojem obezity. Co je ale pfi¢inou
zvySenych hladin riistového hormonu u $tihlych Zen s rizikovym haplotypem genu FTO,
zustava neodhaleno. Hladiny IGF-1 u nositelek CAGA zvySené nebyly. U lidské obezity je
osa GH/IGF-1 alterovana. Zvysena adipozita je spojena s utlumem sekrece GH, pfitom
hladina IGF-1 mutze byt sniZzend, normalni nebo zvySena (Savastano et al., 2014;
Cordoba-Chacon et al., 2015; Pena-Bello et al., 2015). Hypotéza, ze osa GH/IGF-1 je
pravdépodobnym mediatorem vztahu mezi FTO a BMI, jiz byla publikovana (Rosskopf
et al., 2011). Piekvapilo nas, ze uzivani HA samo o sob¢ 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.

Ve studii (pfiloha 5.3) jsme sledovali efekt genetickych variant geni TMEM18, SH2B1,
KCTD15, PCSK1, BDNF, SEC16B, MC4R a FTO v souboru 1433 adolescenti ve véku
13-18 let. I v této studii byla potvrzena silna asociace polymorfismu rs9939609 genu FTO
s nadvahou a obezitou, podobné jako je popisovano v mnoha jinych populacich, véetné
studii provedenych na ¢eské dospélé 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 s abdominélni obezitou a s dal$imi antropometrickymi parametry. Tyto asociace v§ak
vymizely po adjustaci na BMI. Zda se proto, Ze variantni FTO ma obecné vzato vliv
na BMI, ale neovlivituje piimo distribuci tuku v té€le (Haupt et al., 2010). U ostatnich
studovanych variant jsme vliv na obezitu v naSem souboru nepotvrdili, 1 kdyZ studie
a metaanalyzy provedené u velkych kohort déti a adolescenti na BMI potvrdily
(Zhao et al., 2009; den Hoed et al., 2010). Vzhledem k velmi malym u¢inkiim téchto
variant na celkovou variabilitu Z-skore BMI jsme nemohli tyto slabé asociace v nasem
souboru prokazat. Minoritni alela genu TMEMI18 (rs7561317) naopak asociovala

s podvahou (OR=1,78), pficemz majoritni alela byla popsana v souvislosti s obezitou
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(Willer et al., 2009). Podle prace Jacquemonta et al. (2011) mohou protichiidné fenotypy
(tézka obezita a podvaha) sdilet geneticky podklad. Déle bylo zjisténo, Ze varianta v genu
FTO souvisi s abdominalni obezitou bez ohledu na pohlavi (OR=1,39) a Ze minoritni
varianty v genech BDNF (rs925946: OR=1,42) a MC4R (rs12970134: OR=1,39;
rs17782313: OR=1,40) souviseji se zvySenym rizikem vzniku abdominalni obezity, ovSem
pouze u chlapct.

Alarmujici je zjiSténi, Ze uZz u adolescenti ve véku mezi 13-18 lety je prevalence
metabolického syndromu 7,7 %. Metabolicky syndrom (MS) se ale vyskytoval pouze
ve skupinach adolescentti s nadvahou a obezitou, kde prevalence MS c¢inila 16,6 %. Vliv
variant FTO na metabolické parametry jsme neprokazali, podobn¢ jako napi. Miiller et al.
(2008). Nicmén¢ dvé provedené metaanalyzy (Wang et al., 2011; Zhou et al., 2012)
prokazaly asociaci variant FTO s metabolickym syndromem, kteréd ale zdvisela na pouzité
definici metabolického syndromu. Dle recentnich studii biologické funkce FTO se zd4, ze
nc¢které¢ jeho varianty ovliviuji diferenciaci a vlastnosti tukové tkan¢ a hraji roli
v ,.hnédnuti adipocyti” a bazalni termogenezi (Claussnitzer et al., 2015), Riziko vzniku
MS u chlapct zvySovala alela T polymorfismu rs925946 v genu BDNF (OR=1,77) a alela
C polymorfismu rs17782313 v MC4R (OR=1,56). Byla nalezena souvislost polymorfismt
v genech BDNF (rs925946) a MC4R (rs17782313) s metabolickym syndromem (OR=1,53;
resp. 1,51), coz podporuje zjisténi dalSich studii, pii kterych se ukdzala souvislost
polymorfismu rs17782313 se snizenou hladinou HDL cholesterolu (Kring et al., 2010)
a se zvySenym diastolickym krevnim tlakem (Vogel et al., 2011).

Kromé pozorovanych souvislosti sledovanych variant s fenotypem obezity bylo zjisténo,
ze variantni alela v genu PCSK1 (rs6235) negativné asociuje s vyssi hladinou glykémie
(OR 0,69) podobné jako ve studii Gjesinga et al. (2011), coz naznacuje protektivni tilohu
této varianty v rozvoji DM2.

Byla prokazéana souvislost polymorfisma rs12970134 a rs17782313 blizko genu MC4R
a rs925946 v genu BDNF s télesnou hmotnosti a obvodem bficha, a tedy i se zvySenym
rizikem rozvoje abdomindlni obezity a vzniku MS u chlapcii. U nich byla také zjisténa
vyssi frekvence MS ve srovnani s dévc€aty. Jak zndmo, abdomindlni obezita je klicovou
slozkou MS a vyskytuje se €astéji u muzl, narozdil od gynoidniho typu obezity, ktery je

charakteristicky pro Zeny.
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6.2 Bariatricka chirurgie v 1é¢bé obezity

Bariatrické operace jsou v soucasnosti nejefektivnéj$i nastrojem k 1é¢bé obezity, ale
1 komorbidit s ni spojenych. Ackoliv jsou k ni indikovani pacienti starsi 18 let s hodnotou
BMI nad 40 kg/m? nebo 35 kg/m? s ptitomnosti dal$i komplikace, stale vice je diskutovana
moznost provedeni zakroku i u osob s niz§i hodnotou BMI. V klinické praxi totiz vétSina
diabetikll 2. typu neni extrémné obéznich, ale jejich BMI se pohybuje obvykle mezi 25
a 35 kg/m?. Dale se uvazuje o operacich adolescentt, jelikoz obezita a DM2 se vyskytuje
stale Castéji 1 u nich.

Samotny chirurgicky vykon ovliviiuje homeostazu glukozy bez zavislosti na snizeni
télesné hmotnosti, protoze remise diabetu nastava jiz n¢kolik dni po vykonu. Vysvétlenim
muze byt tzv. inkretinovy efekt. K mechanismiim piimého antidiabetického vlivu operace
patii zvySeni stimulace uvolfiovani inkretinli Zivinami (napt. GLP-1), oslabeni sekrece
ghrelinu a zlepSeni inzulinové senzitivity v jatrech z divodu snizeni energetického piijmu
a zvyseni inzulinové senzitivity v perifernich tkanich v dtsledku poklesu télesné hmotnosti
(Thaler et al., 2009; Chiellini et al., 2009; Nannipieri et al., 2011). Uplatiuji se také zmény
rychlosti konzumace potravy a vyprazdiovani zaludku, doba priichodu potravy stfevem,

detekce a absorpce zivin a metabolismus zlu¢ovych kyselin (Laferrere et al., 2011).

Vysledek bariatrické operace zavisi na vstupnim BMI pacienta, délce trvani DM2 a zélezi
také na dalSich charakteristikdch samotného pacienta. Obecné lze ale fici, Ze ¢im vySsi
BMI pacient ma, tim vyraznéjSiho metabolického Gc¢inku operace 1ze dosdhnout. Ukéazalo
se totiz, ze pacienti s nadvahou dosahnou jeden rok po BPD remise DM2 pouze ve 40 %,
zatimco obézni pacienti I. stupné v 70 %, coZ naznaCuje, Ze operace sama O sobé
metabolicky Gc¢inek nema. Nicméné u extrémné obéznich dochazi k revitalizaci B-bungk,
takZze pii dostateném mnozstvi cirkulujiciho inzulinu a diky vyraznému sniZeni
potravinového piijmu dochazi k obnoveni inzulinové senzitivity (Scopinaro et al., 2011,

Cordera et al., 2016).

Velmi Zédouci jsou pii studiu efektu bariatrickych operaci dlouhodobé vysledky,
takovych je ale zatim poskromnu. V piipadé LGP mame k dispozici unikatni detailné
charakterizovany soubor s dlouhodobym sledovanim (4 roky).

Nase studie (priloha 5.4) popisuje dosazené vysledky 13 Zen pil roku po LGP. VSechny

doséhly vyznamného snizeni hmotnosti (30 % EWL), zlepseni gluk6zového metabolismu
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a postprandidlni triacylglycerolémie, pravdépodobné v dusledku omezeni potravinového
piijmu.

Zjistili jsme vyznamné zlepSeni lacné glykémie a inzulinémie v Sestém mésici
od operace. Doslo ke zlepSeni inzulinové rezistence (HOMA-IR; p<0,003). Vyrazné
poklesla i hladina glykovaného hemoglobinu (HbAlc; p<0,0001), pficemz pouze u jedné
pacientky nebylo dosazeno statistické vyznamnosti po Sesti mésicich.

Zajimalo nas, jak LGP ovlivni hladiny ghrelinu. Ghrelin je vyluCovan zaludecni sliznici.
Pti operaci je provedeno zmensSeni kapacity zaludku zavinutim velkého zaktiveni dovnitf
zaludku a zajisténim v nové poloze. Dochazi ke snizenému krevnimu zasobeni slizni¢nich
bun¢k a tak mize byt poskozena jejich endokrinni schopnost, vedouci ke snizené sekreci
ghrelinu. Po prvnim i po Sestém mésici od operace doslo k vyznamnému sniZeni
postprandidlnich hladin ghrelinu (p <0,0001), a tim jsme potvrdili nase domnénky.
Snizené hladiny ghrelinu mohou mit vliv na snizeni hmotnosti prostfednictvim potlaceni
chuti k jidlu. Bylo zjisténo, ze ghrelin ma diabetogenni G¢inky (Scott et al., 2011), a proto
sniZzené hladiny ghrelinu mohou pfispivat ke zlepSeni gluk6zové homeostazy po LGP.

Co se ty¢e hladin inkretinli, pozorovali jsme vyznamné zvySeni hladiny GIP uz prvni
mésic od operace a k dalSimu naristu doslo 1 pfi sledovani v 6. mésici od operace, pficemz
zlepSeni se projevilo 1 posunem vrcholu stimulované hladiny GIP do casnéjsi faze
(. z 60. na 30. minutu). Navic byl nasledujici pokles rychlejsi na zacatku sledovani
a po 1. mésici ve srovndni se stavem po pul roce. Vysvétlenim mulze byt rychlejsi
vyprazdinovani Zaludku a nadmérna stimulace K-bun¢k v tenkém stievu nedostateéné
natravenou potravou a jejim rychlej$im priachodem travicim traktem.

Hladina GLP-1 se po stimulaci proteinovym napojem v pribéhu MMTT signifikantné
nemeénila, zaznamenali jsme pouze vyrazné zvySeni hladin GLP-1 ve 30. minut¢ MMTT
jeden mésic po operaci, coz mohlo mit za nésledek i velmi vysokou hladinu inzulinu
v tomto ¢asovém bodé¢.

Nase vysledky potvrzuji, Ze LGP vede k vyznamnému hmotnostnimu ubytku, zlepSeni
glukozové homeostdzy a postprandialni hypertriacylglycerolémie, kterd je povazZovana
za rizikovy faktor pro rozvoj atheroskler6zy, ischemické choroby srde¢ni a infarktu
myokardu (Nordestgaard et al., 2007; Bansal et al., 2007). Hladiny ghrelinu se snizily,
podobné jako po LSG a BPD, zatimco po gastrické bandadzi a diet¢ samotné dochazi

ke zvySeni hladin ghrelinu (Chandarana et al., 2011; Scott et al., 2011; Kotidis et al.,
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2006). Podle nasich vysledkt se sekrece GIP po LGP zvysila, stejné jako v jinych studiich
po LSG a gastrickém bypassu (Scott et al., 2011; Laferrére et al., 2008).

Bohuzel se ale ukazuje, Zze po prvnich meésicich kompenzace po LGP dochazi
k opétovnému zhorSeni glukézového metabolismu. V posledni piedkladané studii jsou
hodnoceny remise DM2 po dvou letech od tii typt bariatrickych operaci (pfiloha 5.5).
BPD vedla k nejvyssimu poctu dosazenych remisi DM2 (7 z 8 pacientek), co do tispé$nosti
ji nasledovala LAGB (6 z 9 pacientek) a po LGP nedospéla ani jedna z 12 pacientek remise
DM2, ptfitom ale 7 z nich bylo 1é¢eno pouze metforminem.

Faktem je, ze obezita a DM2 jsou choroby ¢asto spojované s dyslipidémii a pozménénym
slozenim mastnych kyselin. SloZzeni mastnych kyselin obsazené v triacylglycerolech
tukové tkané odrazi nejen sloZeni tuki, ptijatych v potravé, ale 1 metabolické zpracovani
tukii organismem, jako je endogenni lipogeneze a oxidace lipidi. Mezi zastoupenim
mastnych kyselin (MK) v lipidech séra, membran a triacylglycerolech tukové tkané
a metabolickymi chorobami je uzky vztah. Charakteristicky je vysSi obsah nasycenych
mastnych kyselin a niz$i obsah polyenovych MK u osob s obezitou a DM2. Nejvice zmén
bylo pozorovano ve skupiné zen po BPD. U nich byla naméfena vysSi koncentrace
kyseliny laurové (12:0), myristolejové (14:1n-5) a palmitolejové (16:1n-7), dale byla
zjiSténa zvySena aktivita steroyl-CoA desaturazy 1 (SCD1), coZz naznacuje zvySenou
lipogenezi v subkutanni tukové tkani. Pfi¢inou mizZe byt adaptace organismu na zhorSenou
absorpci tukti ze stravy. Bylo zjisténo, Ze palmitolejova kyselina je spiSe uvoliiovana
z gluteofemoralniho podkozniho tuku, nezli z abdominalniho, pficemz tento rozdil je dan
zesilenou expresi delta-9 desaturazy v gluteofemoralni tukové tkani (Pinnick et al., 2012).
Metabolicky efekt BPD se tedy odrazi ve zvySeném =zastoupeni myristolejoveé
a palmitolejové kyseliny v triacylglycerolech tukové tkang.

Dalsim zajimavym zjisténim byla niz$i koncentrace dokosapentaenové kyseliny (22:5n-3)
v 6. mésici po BPD a LAGB, coZ znaci zvySenou oxidaci n-3 polynenasycenych MK nebo
jejich nizsi vstiebavani z divodu niz§iho potravinového piijmu ¢i jejich nizs§i absorpce

z traviciho traktu.
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7 Zavér

Souhrnnd forma dizertacni prace sestava z pécti impaktovanych publikaci. Prvni tii
se zabyvaji validaci nejzajimavéjSich vysledkii z celogenomovych asociac¢nich studii
a podrobnéjsi charakterizaci vlivu nalezenych variant na antropometricky a biochemicky
profil jedinct ve studovanych souborech, pficemz bylo objeveno mnoho novych poznatk.

Byla potvrzena asociace rizikové varianty 19939609 v genu FTO s obezitou u souboru
ceské déetské 1 dospélé populace. U stihlych Zen, nesoucich rizikovy haplotyp CAGA, byla
zjisténa zvysend hladina glykémie, inzulinu a C-peptidu pii zatézovém testu a piekvapiveé
1 vy$si hladina ristového hormonu, kterd tyto zeny ziejmé chrani pted obezitou a zlepSuje
1jejich lipidovy metabolismus. UZivani hormonalni antikoncepce tento efekt jesté zesililo.

Ackoliv nebyla pozorovéana souvislost variantni alely polymorfismu rs12970134 blizko
genu MC4R s obezitou ani s zadnym z antropometrickych parametrti, byla objevena
asociace alely A s glukézovym metabolismem a s vy$§imi hladinami leptinu
a ristového hormonu u normoglykemickych Zen, coz odpovidd komplexnimu piisobeni
MC4R v hypothalamu.

Dal§im zajimavym poznatkem je, ze polymorfismy blizko MC4R (rs12970134
a rs17782313) a v BDNF (rs925946) maji souvislost se vznikem metabolického syndromu
u adolescentli a navic u chlapcti souvisi s rozvojem abdominalni obezity. Naopak varianta
v genu pro TMEM18 souvisela s podvéhou a varianta v genu pro PCSK1 asociovala s niZsi
hladinou krevniho cukru, coz mize znamenat protektivni G¢inek genu PCSK1 v rozvoji
DM2.

Nasledujici dvé studie se zabyvaly 1écbou obezity bariatrickou operaci. Prvni z nich
potvrdila, Ze pll roku po LGP dochazi k vyznamnému poklesu hmotnosti, zlepSeni
metabolického profilu obéznich diabeticek 2. typu a odhalila, Ze po tomto zakroku dochazi
ke snizeni hladiny ghrelinu (hormonu hladu) a zvySeni hladiny GIP (inkretinu
s antidiabetogennim U¢inkem) pfi zatézovém MMT testu, jako nasledek plikovani zaludku
a rychlejSiho prichodu potravy Zaludkem.

V posledni studii byla porovnavana laparoskopicka gastrickd plikace (LGP)
s laparoskopickou gastrickou bandazi (LAGB) a biliopankreatickou diverzi (BPD).
Inzulinova senzitivita se vylepsila po vSech tfech typech operaci, ale pouze BPD vedla
k vyznamnému poklesu v celkové sekreci inzulinu a byla také ucinnéjsi pti 1écbeé DM2, nez

LAGB a LGP. Remise diabetu mellitu 2. typu u obéznich Zzen byla po 2 letech nejcastéjsi
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po BPD, k remisi doslo ve vétsiné ptipadd po LAGB, zatimco po LGP doslo z vétsi Casti
ptipadl ,,pouze” ke zlepSeni ukazateld diabetu 2. typu.

Velmi zajimavym poznatkem z hlediska adaptability organismu na bariatricky vykon
BPD byla zvysena lipogeneze v tukové tkani, charakterizovana vyznamné vySSim
zastoupenim nasycenych a mononenasycenych mastnych kyselin a delta-9 desaturdzy-1
ve srovnani s LAGB a LGP. Ke zvySeni syntézy mastnych kyselin dochazi ziejmé
v disledku nedostatecnosti pfijmu mastnych kyselin v potravé a/nebo v disledku
malabsorpéniho typu operace.

Z vysledkl je zcela ziejmé, Ze biliopankreatickd diverze je dlouhodobé nejucinnéjsi

bariatrickou operaci, po které doslo k nejvétsimu poctu remisi DM2.
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