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Dva nadéjné kandidatni geny v etiopatogenezi
DM2 - PPARY2 a KCNJ11

Vejrazkova D., Bendlova B.
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SOUHRN

Diabetes mellitus 2. typu (DM2) je heterogenni onemocnéni, na jehoZ rozvoji se podileji genetické faktory i vnéjsi
prostiedi. Pfes znacné usili, které je mapovini genetického pozadi DM2 vénovéno, nejsou genetické priciny nejbéz-
néjsich forem diabetu objasnény. V poslednich letech je vénovdna velkd pozornost dvéma kandiddtnim geniim,
u nichZ jsou opakované popisované asociace s DM2. Jde o gen PPARY2 (peroxisome proliferator-activated receptor)
a KCNJTI (potassium channel inwardly rectifying). Rodina jadernych receptort, znamych jako receptory aktivované
peroxizomovymi proliferatory, hraje dileZitou tlohu v regulaci energetického metabolizmu a adipogeneze. Gen
KCNJI11 koduje podjednotku draselnych kandld pankreatickych beta bunék. Tyto kanaly se pfimo ucastni regulace
inzulinové sekrece. Prace shrnuje soucasné poznatky o zapojeni téchto gent a jejich polymorfizmii do sloZitych meta-
bolickych déji, zvlastni pozornost je vénovana metabolizmu glycidovému.

Klicova slova: diabetes mellitus 2. typu, inzulinova rezistence, gen PPARY2, gen KCNJ11, geneticky polymorfismus,
glukdzovy metabolizmus.

SUMMARY

VejraZkovd D.. Bendlovd B.: Two Promising Candidate Genes in the Ethiopathogenesis of DM2 -
KCNJT]

Type 2 DM represents a multifactorial disease - both genetic and environmental factors are implicated in the etiology.
In spite of an enormous ettort, unraveling the genetics of type 2 DM has proved problematic. A polygenic inheritance
is proposed for most cases. More than 250 candidate genes have been studied and increasing attention is being
directed at two of them: the PPARY2 gene (peroxisome proliferator-activated receptor gama2) and KCNJ11
(potassium channe! inwardly rectifying). The PPARY2 is a member of the nuclear hormone receptor subfamily of
transcription factors. [t plays a key role in regulation of adipocyte differentiation and energy balance. The KCNJ11
genc codes for a pore-forming subunit of the inwardly rectifying ATP sensitive K+ channel, which is involved in the
direct regulation of insulin secretion. Here, recent knowledge regarding involvement of these two genes in complex
metabolic pathways is summarized. In the whole review, we focus on the glucose homeostasis.

Key words: type 2 diabetes mellitus, insulin resistance, PPARY2 gene, KCNI11 gene, genetic polymorphism, glucose
balance. Ve.

PPARY2 and
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iabetes mellitus 2. typu (DM2) patii k nejroz§itené)§im civi-

lizaénim chorobam, v zapadnich stdatech postihuje okolo
3-5% populace. Vyskyt stoupd s vékem a se vzristajicim poctem
obéznich tidi. Jde o heterogenni onemocnéni, na jehoz rozvoji se
podileji genetické faktory i vn&jsi prostiedi. Genetické studie
DM2 se v soucasné dob€ zaméfuji na identifikaci tzv. kandidat-
nich gend. kter¢ ovliviiuji predispozici jednotlivee k DM2.
Jakmile je vybrdn kandidawni gen, jsou hledany jeho genetické
varianty, Casto jednonukleotidové polymorfizmy. 1 kdyzZ jiz bylo
ve vziahu k DM2 studovino vice nez 250 kandidatnich gend,
vysledky nejsou zatim prili§ povzbudivé. Opakované viak byla
potvrzena asociace DM2 s polymorfizmy dvou genil. Jde o gen
PPARg2. ktery je transkripénim faktorem s pfimym vlivem na
diferenciaci adipocyt, a gen KCNIJI1, ktery koduje jednu
2 bunéénych struktur nepostradatelnou pro spravnou regulaci
inzuiinové sekrece. tzv. Kir6.2 podjednotku draselnych kanald
pankreatickych beta bunék.
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RODINA JADERNYCH RECEPTORU
OZNACOVANYCH JAKO PPAR;

PPARs jsou obecné transkripéni faktory nepostradatelné pro
regulaci bunééného cyklu, uplatiuji se v zdnétlivém procesu
a v Fizeni imunitni odpovédi (1), v karcinogenezi (2) a v aterogene-
zi (3). Zijem diabetologl a obezitologh vzbudilo zejména zjisténi,
Ze PPARY hraje kli¢ovou roli v adipogenezi a dale Ze mezi jeho syn-
tetické ligandy patii thiazolidindiony (4), latky stale hojné&ji vyuZi-
vané ke zlepseni citlivosti na inzulin u diabetikd 2. typu.

KLASIFIKACE GENU PPAR; RODINY

Znamy jsou tii typy PPARs: @, B (zndm 1éZ pod nazvem ) a v,
kazdy je koédovan na jiném chromozému lidského genomu.

Gen pro PPAR je umistén v na 22. chromozdému v oblasti
22q13.31. U ¢lovéka je exprimovén pievazné v hnédé tukové tkani
a jatrech. dale v ledvindch, srdci a kosternim svalstvu. Cilovymi
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geny PPAR« jsou geny dcastnici se lipidového katabolizmu, tj.
transportu mastnych kyselin do bunék, jejich oxidace v mikrozo-
mech, peroxizémech a mitochondriich.

Gen pro PPARB je lokalizovan na 6. chromozému v oblasti
6p21.2-p21.1. Exprimovin je u ¢lovéka nejhojnéji v tiustém stevé
aplacenté, dile v ledvinach a srdci. Ovliviluje expresi acetyl-CoA
syntdzy 2 v mozku, je zapojen do procesu embryondlni implantace
adecidualizace, je prokazan vztah k rakoviné tlustého stieva.

Gen pro PPARY byl lokalizovan na 3. chromozému v oblasti
3p25 (5, 6). Existuji jeho 4 formy: PPARYl, PPARY2, PPARY3
aPPARY4. VSechny vznikaji alternativnim sestfihem a jsou fizeny
miznymi promotory. Gen pro PPARY! je exprimovdn v mnoha riz-
nych tkdnich (tukova tkan, slabé téZ v kostni dfeni, sleziné, ledvi-
nich, jatrech, testes, mozku, srdci, kosternich svalech). Gen pro
PPARY2 je exprimovan predevsim v tukové tkani. Gen pro PPARY3
jepodle dosavadnich znalosti exprimovén v tlustém stievé a tukové
kani. O tkanové distribuci exprese genu pro PPARY4 neni v sou-
¢asné dobé zatim mnoho znamo (7).

PPARY je aktivatorem bunééné diferenciace adipocyti. Ve spoje-
ni s transkripénimi faktory indukuje diferenciaci pre-adipocytd ve
malé tukové buiiky (8—11). U&inek je zprostiedkovén geny aktivni-
mi v tukové tkani. K nim patii geny pro proteiny uplatfiujicimi se
vregulaci mnoZstvi zasobniho tuku a v pfenosu signalt ovliviiuji-
cich inzulinovou senzitivitu jako napf. tumor nekrotizujici faktor o
(TNFa), lipoproteinovi lipaza (LPL), adipocyte fatty acid binding
potein 2 (aP2), acetyl-CoA syntaza, fatty acid transport protein
(FATP), karnitin palmitoyltransferaza (CPT) nebo fostoenol pyru-
vitkarboxykinaza (PEPCK).

PUSOBENI PPAR; A LATKY,
KTERE HO MODULUJI

PPARs funkéné aktivované nékterym z ligandd (viz niZe) se
viiou na specifickou oblast v promotoru cilovych gent (tzv. hor-
mone response element) a moduluji tak jejich transkripci. PPARs se
mohou na promotorovou oblast DNA vazat pouze ve formé hetero-
dimeru s retinovym receptorem X (RXR) (12).

Mezi piirozené ligandy a funkéni aktivatory PPARs patii mast-
it kyseliny a jejich derivity (leukotrieny, nékteré prostaglandiny),
piCemZ polynenasycené mastné kyseliny s dlouhym fetézcem
(napf. kyselina linolovd) se prednostné vdZou na PPARo.
Efektivnim funkénim aktivatorem PPARY byl shleddn prostaglan-
din 15-dPGJ2. Velmi potentnimi funkénimi aktivatory PPARY jsou
derivity produktli oxidace L.LDL: 9-hydroxy a 13-hydroxy octade-
kadienové kyseliny (HODE) a 15-hydroxyeicosatetracnova kyseli-
na(15-HETE). I inzulin potencuje u ¢lovéka expresi a adipogenni
&tivitu PPARY! 1 PPARY2. Zndma je nepiima negativni regulace
exprese PPARY plisobenim prostaglandinu F, (PGF,) prostiednic-
tvim MAP kindz.

Ksyntetickym ligandim PPAR, zejména PPARa, se fadi tzv. fib-
ritové hypolipidemické 1éky jako bezafibrit, fenofibrat, gemfibro-
alaklofibrt. K ligandiim PPARY se spiSe slabsi afinitou patii tzv.
mesteroidni antiinflamatorni léky (NSAIDs — nonsteroidal antiin-
flammatory drugs), napi. indomethacin, fenoprofen, ibuprofen, kys.
flufenamové). Selektivni afinitu k PPARY vykazuji tzv. tyrosine-
based agonists. Silnou afinitu vykazuji antidiabetika thiazolidindio-
nové fady (troglitazon, pioglitazon, rosiglitazon, ciglitazon, englita-
un). Vliv thiazolidindiond na PPAR o a B je vyrazné slabsi.
Pozornost zaslouZi poznatek. Ze thiazolidindiony stimuluji diferen-
daci preadipocytll, publikovany je§té pied znalosti souvislosti
s PPARY (13). V soucasnosti je znamo, 7e aktivace PPARY pro-
stfednictvim thiazolidindiond vyvoldva zvySeni poctu malych adi-
pocytd, které jsou v porovndni se star§imi tukovymi buiikami citli-
¥&j§i na inzulin, pfinejmensim hodnoti-1i se schopnost glukézového

transportu. Toto zji§téni piispiva k pochopeni mechanizmu u¢inku
thiazolidindionl jako farmak zlepSujicich inzulinovou senzitivitu.
Stimulace formace novych adipocytil spolu s posilenim distribuce
mastnych kyselin do adipocytl a syntézou triglyceridd (TG) objas-
fiuje i neblahy dusledek, ktery je popisovdn pii dlouhodobé lécbé
nékterymi farmaky z fady thiazolidindionu, a tim je hmotnostni pii-
rustek (14). Zlep3eni citlivosti na endogenni inzulin mizZe byt dosa-
Zeno téz pusobenim agonisti RXR, které s PPARY tvoii heterodi-
mery.

POPSANE POLYMORFIZMY V GENU
PRO PPARY2 A JEJICH ASOCIACE S OBEZITOU
A DM2

Protoze PPARY2 je transkripénim faktorem s pfimym vlivem na
diferenciaci adipocytq, bylo zjiStovdno, jakou spojitost maji mutace
a polymorfizmy v genu pro tento faktor s mnozstvim zisobniho
tuku a popfipadé s DM2.

Ve dvou studiich (15, 16) byla nalezena vzacnd mutace genu
PPARY2 ve 113. kodénu (substituce Prol13GlIn, v literatufe ¢asto
uvadéno téZ jako Prol15GIn). Mutace ma za nasledek zvySenou
aktivitu genu a nasledné zrychleni diferenciace adipocytii, nebot je
znemoznéna fosforylace serinu v pozici 112. Pravé tato fosforylace
vede za normalnich okolnosti k inhibici genové exprese. Mutace
byla v heterozygotnim stavu popsana u 4 z 358 vysetfovanych
nepfibuznych jedinci némecké narodnosti. VSichni nositelé byl
téZce obézni s body mass indexem (BMI) nad 37.9 kg/m2 ovsem se
zachovanou citlivosti k inzulinu (15). Jeden nositel této mutace byl
nalezen ve skupiné jedinc s vyraznou inzulinovou rezistenci (16).
jeho BMI bylo 28,5 kg/m?2. Sirdi vliv na prevalenci obezity v evrop-
ské populaci v8ak vylucuje extrémni vzdcnost mutace.

BéZny je oproti tomu polymorfizmus v pozici 12 (Prol2Ala) exo-
nu B genu PPARY2. Je nalézdin ve velmi rGzném frekvenénim
zastoupeni v zdvislosti na etnické pfislusnosti testovanych jedinct.
U hispanskych populaci je minoritni alela zastoupena az z 23%,
u evropské populace a u Ameri¢anii evropského piivodu asi ve 12%,
u mexickych Ameri¢an v 10%, u Americanii afrického plivodu
a u Japonct jen ve 2-3 %. Polymorfizmus sniZuje transaktivacni
kapacitu genu (17, 18), disledkem je podle nékterych studii nizii
BMI a vy3§§i inzulinovd senzitivita, v souladu s tim je popisovan téz
snizeny vyskyt minoritni alely 12Ala mezi diabetiky 2. typu (19,
20). Tato pozorovani vychazeji z tzv. asocia¢nich studii. Jedna se
o studie, které obecné sleduji vztah mezi uréitym polymortizmem
a fenotypickymi charakteristikami ur¢ité skupiny jedinc@. vyZaduyji
pro hodnotné statistické zpracovani s dostate¢nou silou testi pocet-
né velmi rozsahlé soubory. I pii splnéni tohoto piedpokladu neby-
vaji zavéry asociacnich studii vZdy jednoznacné. LiSi se napfiklad
v zdvislosti na etnické piislu§nosti testované populace, ale i v rim-
ci jednoho etnika mohou byt mezi studiemi zna¢né diskrepance.
Proto se pfistupuje k metaanalyzam. Uskalim metaanalyz je. Ze
pozitivni pozorovéni, kterd svéd¢i o asociaci zkoumaného genetic-
kého polymorfizmu s danym onemocnénim, maji vyssi publikacni
atraktivitu a jejich zastoupeni v kone¢ném hodnoceni metaanalyz
proto mlZe byt ve srovndni s pozorovdnimi, kterd asociace nepo-
tvrzuji, uméle vyssi (tzv. publikacni bias). S védomim nezbytnosti
opatrného pfistupu je presto velmi zajimavy zavér metaanalyzy
hodnotici asociaci polymortizmu Prol2Ala s DM2 (21). Potvrdila
s vysokou statistickou vyznamnosti protektivni vliv alely [12Ala.
Vyplyvé z ni, Ze kdyby celd populace byla sloZena jen z nositeld
alely 12Ala, prevalence DM?2 by se sniZila 0 25 %. Mnohé dil¢i aso-
ciacni studie v§ak protektivni vliv minoritni alely ve vztahu k DM2
nepotvrzuji. Pokud jde o asociaci polymorfizmu Prol2Ala s obezi-
tou, jsou zajimavé zavéry Eka et al. (22). ktery popisuje vySsi BMI
u homozygotnich nositelt alely 12Ala mezi 752 obéznimi muZi
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eviopského plivodu. av§ak mezi kontrolni neobézni skupinou 869
muzi vykazovali homozygotni nositelé alaninu BMI vyznamné
niz8i. Nékteré studie asociaci s BMI nepozorovaly vibec.

Nekolik dalSich polymorfizm( v genu pro PPARY2 (Pro495Leu,
Val318Met. Phe388Lcu, Argd25Cys) je asociovano s Cdsteénou
lipodystrofii. t€Zkou inzulinovou rezistenci, DM2 a také s hyper-
tenzi.

Na naSem pracovisti jsme polymorfizmus Prol2Ala genu
PPARY2 testovali u souboru 350 diabetikd 2. typu a 880 nediabe-
tickych jedincti. Srovnavali jsme parametry glukézového metabo-
fizmu u nositelt a nenositeld alely 12Ala. Vyssi inzulinovou senzi-
vitu v nositell alely 12Ala jsme potvrdili pouze v souboru
diabetik .

DRASELNE KANALY

ATP-senzitivni draselné kandly jsou pfitomné v membranach
mnoha typl bunék riznych tkani, napriklad v buiikdch kosterniho
asrde¢niho svalu, v hladkych svalech cév, neuronech ¢i v beta bun-
kich pankreatu. Radi se k $iroké skupiné membranovych iontovych
kandli, které koordinuji bunééné funkce, jako je neurotransmise,
kontrakce ¢i sekrece. Pro v§echny iontové kandly je charakteristic-
ki neustala fluktuace mezi otevienym a zavienym stavem. Aktualni
stav uréuje intraceluldrni ¢i extraceluldrni koncentrace latek, které
otevirdni stimuluji ¢1 inhibuji, nebo mohou kanély reagovat na zmé-
ny membrdnového potencidlu. ATP-senzitivni draseiné kanaly beta
bunék pankreatu umoziuji prevod vnitrobunéénych metabolickych
mmén ve zmény elektrické aktivity plazmatickych membran bunék
ajsou klicové pro regulaci inzulinové sekrece. Uzavfeni kandld je
dilezitym predpokladem pro spusténi sekrece inzulinu, zatimco
jejich otevieni vede k inhibici inzulinové sekrece (23).

STRUKTURA A FUNKCE DRASELNEHO
KANALU BETA BUNEK

Draselné kandly v beta bunikach pankreatu jsou komplexy tvore-
né rozsdhlou regulaéni ¢dsti a vlastnim pérem kandlu. Regulacni
tist je slozena ze sulfonylureovych receptora (SURT), pdr kandlu
sestavé z podjednotek nazyvanych Kir6.2 (potassium inward recti-
fier 6.2).

Jak SURT podjednotky, tak Kir6.2 podjednotky jsou nezbytné
pro spravnou regulaci metabolické funkce kanalu, pro kterou je sté-
iejni koncentrace ATP uvniti buiiky (pomér ATP/ADP). Je-li kon-
centrace. ATP nizkd, draselné kandly jsou pievainé oteviené
aumoZiiuji tok drasliku po sméru elektrochemického gradientu ven
rbuiky. membrinovy potencidl je tak udrzovan v hyperpolarizova-
ném stavu. Prijem glukozy a nasledny vzestup intraceluldrni kon-
centrace ATP vede k uzavieni kandlu vazbou ATP na Kir6.2 pod-
jednotky. co7 spousti kaskadu reakci umoZilyjicich zahdjeni
inzulinové sekrece: Draslik nemize uzavienymi kandly unikat
tbuitky. dochdzi k depolarizaci buné¢né membrany, tim jsou otevi-
riny napétove zavislé vapnikové kanaly a nasledny vzestup intrace-
llarniho vapniku proudiciho po koncentraénim spadu do bunék
vede k exocytoze inzulinovych granuli z beta bunék pankreatu.
Sulfonylurea a jeji derivaty stimuluji inzulinovou sekreci vazbou na
wij receptor, tedy na SUR! podjednotku. coZ vede k uzavieni dra-
selného kanalu a sekreci inzulinu nezavisle na koncentraci ATP
vbeta buiice (23). Tohoto efektu sulfonylurey a jejich derivati se
wyulivd pi 16¢bé DM2. Naopak ADP ve vazbé na hofecnaté ionty
(Mg-ADP) také interaguje se SURI podjednotkami draselného
kandlu. piisobi viak jejich otevieni a je tak vyraznym inhibitorem
inzulinové sekrece.

CHROMOZOMALNI LOKALIAZCE GENU PRO
DRASELNY KANAL

Gen kddujici SURI je nazyvan ABCCS8 (naleZi do tzv. ATP-bin-
ding casette rodiny, v jejim ramci do podrodiny C, ¢len 8), gen
koédujici Kir6.2 byl pojmenovan KCNIJ11 (patfi do rodiny zvané
potassium channel inwardly rectifying, podrodiny J, ¢len 11). Oba
leZi na kratkém raménku chromozoému 11 (prouzek 1ipl15.1).

POLYMORFIZMY A MUTACE SPOJENE SE
ZMENENOU FUNKCI DRASELNYCH KANALU

Jak jiz bylo uvedeno, pro spravnou regulaci funkce draselného
kandlu, a tedy 1 pro vyvédZenou regulaci sekrece inzulinu je
nezbytnd bezchybna funkce jak SURI, tak Kir6.2 podjednotek.
Dokladem tohoto tvrzeni je vrozend porucha glykoregulace
nazvana perzistentni hyperinzulinemickd hypoglykémie déti
(PHHI - persistent hyperinsulinemic hypoglycemia of infancy).
Jde o vzacnou metabolickou poruchu projevujici se jiz u novoro-
zenctl t€Zkymi stavy hypoglykémie s neschopnosti suprese inzuli-
nové sekrece. Postizenou molekulou maze byt napfiklad regulac-
ni SUR1 podjednotka kanédlu, ale téz poér formujici podjednotka
Kir6.2. Onemocnéni mohou navic zpusobit mutace 1 jinych mole-
kul zapojenych do glykoregula¢nich mechanizmi, napt. glukoki-
nazy (24), glutamindehydrogendzy (25) a dalSich. Ne vidy se
podaii odpovédnou mutaci detekovai a najit icinnou terapii, ve
vaznych pripadech je tfeba pro udrZeni pfijatelného rozmezi hod-
not glykémie a ochrang ditéte pfed mentdlini retardaci piistoupit
k ¢aste€né i subtotalni pankreatomii. S projevy PHHI byly popr-
vé spojeny mutace v genu pro SUR1 (26-28) a v soucasné dobé je
zndmo pres 20 riiznych substituci, inzerci a deleci v intronech
i exonech tohoto genu s riznym stupném zavaZnosti onemocnéni,
od mirnych farmakologicky zvladnutelnych projevi aZ po dplnou
absenci aktivity draselnych kanall v beta butikach. V podjednotce
Kir6.2 bylo popsano té% nékolik mutaci vedoucich k projevim
PHHI (29, 30). Na druhé strané jsou zndmy mutace a polymorfiz-
my, které vedou k vy$3i aktivité draselnych kandld v beta buf-
kéch, a tim ve svém dusledku sniZuji schopnost inzulinové sekre-
ce a mohou byt jednim z vyznamnych faktord predisponujicich ¢i
piimo vedoucich (31) k rozvoji DM2. Takové polymorfizmy budi
v poslednich letech veliky zajem védch 1 1ékar.

POLYMORFIZMUS E23K

K nej¢astéji diskutovanym genetickym variantdm tohoto typu
patii zaména obvyklé kyseliny glutamové ve 23. kodonu genu
kédujicim Kir6.2 podjednotku draselného kandlu za lysin, substitu-
ce je znaCena podle jednopismennych zkratek aminokyselin jako
polymorfizmus E23K. Substituce zvySuje prah koncentrace ATP,
ktery je nutny pro uzavieni drasclnych kanalt, a tim mirné sniZuje
inzulinovou sekreci (32). Vzhledem k tomu, Ze minoritni alela
K kédujici lysin je dosti hojné zastoupena (v zdvislosti na etnické
piisludnosti studované populace pfiblizné od 30 do 40 %), mhZe
i jeji relativné maly vliv na schopnost inzulinové sekrece piedsta-
vovat pro populaci velkou predispoziéni zatéZ.

Asocia¢ni studie, kterd zahrnovala 2036 jedinci (33), zkoumala
vztah polymorfizmu E23K k DM2. Byla porovndvina Cetnost
minoritni alely a genotypicka distribuce mezi skupinou diabetikli
2. typu a kontrolnimi zdravymi jedinci. U diabetikd byla hojnéji
zastoupena rizikova alela K (40 % oproti 36 % v kontrolni skupin¢)
a také genotypické srovnéni odhalilo vyssi procento rizikové kom-
binace alel KK mezi diabetiky (16 % oproti 13 % v kontrolni sku-
piné). U kontrolnich jedinct byla naopak ve srovnéni s diabetiky
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¢asté)si protektivni kombinace EE (42 % oproti 36 %). Studie uza-
vird, Ze polymorfizmus E23K je asociovan s lehce zvySenym rizi-
kem DM2. | ze studie provedené na naSem pracovisti u souboru 400
nediabeticych jedinct vyplyvd, Ze genotyp KK je asociovin s funk-
ci beta bungék pankreatu, konkrétné s nizsim inzulinogennim inde-
xem. Metaanalytické zpracovani studii publikovanych na toto téma
vedlo k zdvérim, Ze odhad populaéni zatéZe, jimz polymorfizmus
E23K prispivd, ¢ini v populaci kavkazského pivodu 15 % (34).
Znamenalo by to, Ze kdyby v evoluci nedoslo v genu pro Kir6.2 ve
23. kodénu k substituci glutamové kyseliny za lysin a vSichni lidé
by tedy byli nositeli genotypu EE, bylo by v kavkazské populaci
015 % diabetikd 2. typu méné. Pres vySe zminéné tskali metaana-
lytického pfistupu v hodnoceni rizikovosti urcitého polymorfizmu
pro dané onemocnéni patii v soucasné dobé polymorfizmus
E23K silou své asociace s DM2 k nejvyznamnéj$im.

Vyznam mapovani genetického pozadi polygennich chorob, jako
je DM2 ¢i obezita, spocivd zejména v tom, Ze odhaleni konkrétnich
polymorfizmi, urceni jejich ¢etnosti v populacich rizné etnické pii-
sludnosti, postupny odhad jejich rizikovosti pro danou populaci
a zeyména dikladné pozndni jejich funkce ve sloZité etiopatogene-
zi skytd pro postizené jedince, u nichZ ma na rozvoji onemocnéni
podil konkrétni genotyp, nadéji na velmi pfesné zacilenou 1é¢bu.
Farmaka by mohla plsobit pfimo na funkci pozménéného genu
a vyrazné€ tak sniZit zavaznost onemocnéni s minimalnimi vedlejsi-
mi u¢inky pro léceného Clovéka.

Zkratky
ABC - ATP-binding casette
aP2 - adipocyte fatty acid binding protein 2

BMI - body mass index

CPT - karnitin palmitoyltransferiza

DM2 - diabetes mellitus 2. typu

FATP - fatty acid transport protein

HODE - 9-hydroxy a 13-hydroxy octadekadienovi kyselina

IS-HETE - 15-hydroxyeicosatetraenova kyselina

KCNJ - potassium channel inwardly rectifying
Kir - potassium inward rectifier
LPL - lipoproteinova lipiza

NSAIDs - nesteroidni antiinflamatorni léky
(nonsteroidal antiinflammatory drugs)

PEPCK - fosfoenol pyruvidt karboxykinaza

PHHI ~ persistent hyperinsulinemic hypoglycemia of infancy
PPAR - peroxisome proliferator-activated receptor

RXR - retinovy receptor X

SUR - sulfonylureovy receptor

TG - triglyceridy
TNF - tumor nekrotizujici faktor
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Komentar k élanku autorek J. Vejrazkové a B. Bendlové

»Dva nadéjné kandidatni geny v etiopatogenezi
DM2 - PPARY2 a KCNJ11¢

Diabetes mellitus 2. typu je onemocnéni s velmi zajimavou interakci genetiky a prostiedi. Bez genetické zdtéZe nem0Ze toto onemocné-
ni prakticky vzniknout. Kdo md oba rodice diabetiky 2. typu, dostane diabetes skoro ve 100 %. Druhé monozygotni dvojce dostane cuk-
rovku také skoro urcité. Americké Pima indidny jezdi dnes zkoumat fada odbornikt a vyskyt diabetes mellitus je u nich skoro 100%. Pied
sto lety. kdyZ je zkoumal Cesky antropolog Ale§ Hrdli¢ka, neméli cukrovku asi vibec, a kdyzZ je ve 40. letech 20. stoleti zkoumal Joslin,
méli jen trochu vétsi vyskyt diabetu neZ ostatni populace. Podobné i na3i pfedkové netrpéli tolik cukrovkou, dokonce jesté v 70. letech
minulého stoleti bylo diabetik kolem 2 %. Dnes jich je vice, neZ uvadéji autorky — je to 7 %, a to u nas neexistuje celopopula¢ni skrinink
diabetu. V jedné skrininkové bavorské studii (a tato populace se stravou urcit€ nelisi a genetikou mozna jen trochu lisi od nés) by! vyskyt
diabetu 10 %. Tyto skuteCnosti naopak ukazuji, Ze diabetes mellitus je vyvolén prostiedim, ale na genetickém zdkladé. MoZnost moleku-
lirné genetické detekce osob s rizikem diabetu by byla velmi vyznamna. Geny pro diabetes a metabolicky syndrom hleda cely svét.

Cituji z mé dva roky staré knizky Prevence diabetu (1): ,,Molekularné geneticky byly prokazany 2 oblasti s vazbou na diabetes 2. typu
Jeto tzv. lokus NIDDM1 na chromozomu 2q shodny s tzv. genem pro calpain-10 a lokus NIDDM 2 na chromozému 12q, kde neni zndmo
ojaky gen se maZe jednat. Vynechdvime pfitom celou oblast MODY diabetu, kterd s touto stati a s diabetem 2. typu piimo nesouvisi.

Dulsi kandidawmi geny byly prokdzany ve vazbé na metabolicky syndrom a inzulinovou rezistenci. Inzulinorezistence je dédicna asi
2e 60 %. inzulinémie jen z 30 %. Jsou zndmy kandidétni geny pro obezitu, hypertriglyceridémii, hypertenzi, inzulinovou rezistenci. chut
k jidlu a energeticky vydej. Patii sem napfiklad geny pro IRS proteiny, amylin, inzulin, inzulinovy receptor, transportéry GLUT 1, 2, 4,
glykogen syntdzu, fatty acid binding globulin, CD36-FAT — soucasti LDL receptoru, PPA receptory a FOXC2 gen-transkripéni faktory.
U defektu tohoto faktoru 1ze u mysi snadno dietné indukovat inzulinorezistenci. Onemocnéni ma pak vyraznou podobu s lidskym metabo-
lickym syndromem. Zcela recentné byly popsany i nové mutace v oblasti PPA receptori gama s typickym ¢asnym rozvojem metabolické-
ho syndromu u ¢lovéka™ (1).

Na tyto véty odraZejici stav znalosti pfed dvéma lety prace autorek zcela logicky navazuje.

S kolegou M. Haluzikem jsme piedali v prosinci 2004 do tisku knihu o PPAR receptorech (2). O subtypech gama ve vztahu k diabetu
a metabolickému syndromu jsou zde pouhé necelé dvé stranky. Prace autorek je také vhodné dopliiuje a navic maji autorky vlastni data
2 teské populace, Skoda jen. Ze své vysledky necituji.

To. 7e v genetice diabetes mellitus 2. typu bude hrét roli struktura a funkce draselného kandlu beta bunék, je v podezfeni dévno.
Sulfonylureovd antidiabetika a piibuzné latky se u jednotlived v efektu velmi lidi. Pfed nékolika lety bylo definitivné uznano, ze cukrovka
2 typu je opravdu nemoc pankreatu a nejen nemoc vyvoland inzulinorezistenci. Mechanizmy sekrece inzulinu musi byt tedy gény ovliv-
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KORELACE LEPTINU S ANTROPOMETRICKYMI PARAMETRY
BEHEM REDUKCNI LECBY OBEZNICH DETI
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Correlation between leptin and the anthropometric parameters during the weight reduction process
in obese children. Sramkova D., Srajer J., Bléha P.

Sborn. 1ék., Vol. 103 (2002) No. 4, p. 487-494

ABSTRACT: At present, obesity is considered one of the major health problems. It is a predisposing factor
of several chronic diseases including non-insulin dependent diabetes mellitus (NIDDM) and coronary heart
disease (CHD). Leptin levels in humans have been found to be highly correlated with total adiposity. We
performed statistic analysis in order to identify linkage between leptin levels and anthropometric parameters
in a group of 285 Czech obese children (152 girls and 133 boys) aged 7 to 18 years. The children were
measured using the standard anthropometric technique according to MARTIN AND SALLER [16] at the begin-
ning and end of a five-week therapeutic weight reduction programme. The skin fold thickness at 14 sites
was assessed by means of Best calliper. The body composition was evaluated using Matiegka’s technique.
The leptin levels were investigated on the beginning and end of the reduction programme by direct enzyme
linked immunosorbent assay (ELISA). For the evaluation of the grade of obesity, body weight, BMI (body
mass index), RI (Rohrer’s index), FMI (fat mass index) and normalized body weight, normalized BMI
and RI were plotted. Correlation analysis shows relation between leptin concentration and FMI to be the
most significant. As to ponderal indexes, normalized RI shows the most significant positive correlation.
Leptin concentrations are negatively correlated with the proportion of the weight of skeletal muscles by
Matiegka both in girls and boys. Intersexual differences in correlations between leptin concentrations and
normalized circumferences are observed, as well as in correlations between leptin and particular skin fold
thickness. We also tested relations between the magnitude of leptin decreases and magnitude of decreases
of anthropometric parameters. There is a strong endorsement both in girls and boys of positive correlation
between decrease of leptin concentration and fat reduction. Interestingly, differences between boys and
girls in relations between leptin decrease and change in lean body mass had been observed.

Key words: Obesity — Leptin — Reduction programme — Body composition

ABSTRAKT: Obezita je v dne3ni dob& povazovéna za jeden z nejobtizngjsich zdravotnich problémt. Jde
o faktor predisponujici k fadé chronickych nemoci, jako napf. non-inzulin dependentni diabetes mellitus
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(NIDDM) a srde€ni poruchy. Leptin je proteohormon produkovany ptedevsim adipocyty. Hraje vyznamnou
roli v regulaci mnozstvi tukovych zasob v organismu. U ¢lovéka byla opakované potvrzena vyznamna
korelace mezi hladinou leptinu a celkovym obsahem tuku v téle. Zde predkladame nekteré zavéry statis-
tické analyzy, provedené metodou korela¢nich rovnic za Gi¢elem zhodnoceni vztahti mezi hladinami leptinu
a antropometrickymi daty u souboru 285 ¢eskych obéznich déti (152 divek a 133 chlapct) od 7 do 18 let.
Déti byly méfeny standardni antropometrickou metodou podle MARTINA A SALLERA [16] na zalatku a na
konci pétitydenniho lécebného redukéniho programu. Ctrnact koznich fas bylo mé&feno kaliperem typu Best.
SloZeni téla bylo po¢itdno metodou podle Matiegky. Vysc hladin leptinu byla vySetfovana na za¢atku a na
konct redukéniho programu enzymové sprazenou imunochemickou metodou (ELISA). Pro rozliseni stupné
obezity byl kromé télesné hmotnosti uzit BMI (body mass index), RI (Rohrertiv index), FMI (fat mass
index), dale byly zavedeny normované hodnoty télesné hmotnosti, normovany BMI a normovany RI. Z ko-
relacni analyzy antropometrickych a biochemickych dat vyplyva nasledujici pozorovani: Nejvyznamné;si
u obou pohlavi je pozitivni zavislost mezi koncentraci leptinu a FMI vypoctenym ze zastoupeni tuku podle
Matiegky. Z hmotnostnich indexd vykazuje nejvyznamné;jsi kladnou zavislost normovany RI. Negativni
je u chlapcti i divek korelace mezi koncentraci leptinu a procentudlnim zastoupenim svalové hmoty podle
Matiegky. U normovanych hodnot obvodi jsou ve vyznamnosti korelaci intersexualni rozdily. Odli§né je
u obou pohlavi také pofadi vyznamnosti u zavislosti koncentrace leptinu na tlou§t'’ce riznych koZnich fas.
Pokud jde o zavislost velikosti procentudlniho poklesu hladiny leptinu na poklesech antropometrickych
parametru, u chlapct i divek se jednozna¢né potvrzuje kladna zavislost na ubytku tuku. Zajimavé interse-
xualni rozdily se projevuji u zavislosti poklesu leptinu na zménach v zastoupeni aktivni télesné hmoty.

Klicova slova: Obezita — Leptin — Redukéni program — Télesné sloZeni

UvVoD

ato jiz v détském véku [11]. Incidence obezity u déti celosvétove vzriistd. Vzhledem ke zji3-
téni, ze 80% obéznich zistava obéznimi i v dospélosti [2], stava se kli€ovou problematika
prevence obezity. K metabolickym rizikim spojenych s obezitou patii poruchy lipidového
a glycidového metabolismu [5, 8] a hyperurikemie [6], ¢ast&jsi jsou u obéznich endokrinni
a kardiovaskularni poruchy[13, 15], nékteré typy nadorovych onemocnéni [18, 20], respiracni
potize [9, 19]. K ortopedickym komplikacim se fadi zejména osteoartrézy, ploché nohy, ver-
tebrogenni algicky syndrom.

Proteohormon leptin, kédovany ob-genem na 7. lidském chromozomu, sestadva ze 167 ami-
nokyselin [22]. Exprimovan je podle dosavadnich poznatk( pfevazné v tukové tkani adipocyty,
v mensi mife pak téz v epitelu Zaludku a v placenté [1, 17]. Za norméalnich okolnosti koreluje
vyde hladiny leptinu s mnoZstvim tukové tkané v organismu [4, 7]. Leptin v krvi cirkuluje
vézan na proteiny a pusobi na centralni nervovy systém, pfesnéji na hypotalamicka centra se
vztahem k regulaci energetické homeostazy. Mechanismus uéinku je u zdravych osob takovy,
ze dietou zplisobena redukce tukové hmoty se odrazi v poklesu hladiny leptinu, coz stimuluje
pfijem potravy a snizi energeticky vydej. Naopak zmnozeni tukové tkdné€ a nasledny vzestup
koncentrace leptinu v krvi vede u zdravych lidi k utlumu chuti k jidlu a ke zvySenému ener-
getickému vydeji [10]. Nutno ovSem upozornit na vysokou heterogenitu v koncentraci leptinu
u osob téze télesné konstituce, véku i pohlavi. Hladiny leptinu totiz do velké miry zaviseji na
aktudlni energetické bilanci [12]. Pokud je bilance vyrovnana, leptin odrazi celkové zastoupeni
tuku v organismu. Pfi negativni bilanci béhem redukéniho programu klesa hladina leptinu
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v predstihu pfed vlastnim ubytkem tukové tkané. Tento efekt se projevi jiz béhem 24 hodino-
vého hladovéni ¢i 12 hodinového piejidani [21].

V roce 1998 jsme zah4ajili vySetfovani obéznich déti podstupujicich pétitydenni redukéni
rezim v détské lé¢ebné v Podébradech. Slo o kompletni antropometrickou charakteristiku
a stanoveni koncentrace sérového leptinu, a to vzdy na zacatku a na konci redukéniho pobytu.
Cilem bylo posoudit vztah mezi hladinou leptinu a antropometrickymi daty, dale zhodnotit
zavislost velikosti zmén koncentrace leptinu na zménach jednotlivych antropometrickych
parametrit se zfetelem na intersexualni rozdily.

MATERIAL A METODA

Déti, u kterych byla zji§tovana antropometricka a biochemicka data, podstoupily pétitydenni redukéni
pobyt v l1é€ebné Dr. L. Filipa v Podébradech v ¢asovém obdobi od bfezna 1998 do unora 1999. Kompletni
antropometrické vySetieni bylo provadéno standardni technikou podle MARTINA A SALLERA [16]. Kromé
télesné hmotnosti a vySky bylo méfeno 11 délkovych a vy$kovych rozmért, 11 rozméri $itkovych, 13
obvodu a 14 koznich fas. Tloustka koznich fas byla méfena na zagatku i na konci pobytu tymz antropolo-
gem, pouzit byl kaliper typu Best.

Odbér zilni krve byl provadén mezi 8. a 10. hodinou dopoledni a vzorky byly transportovany v pfenosném
chladicim boxu do biochemického oddéleni Fakultni nemocnice v Motole k dal§imu zpracovani. Sérové
koncentrace leptinu byly stanoveny metodou ELISA na kitech firmy Bio Vendor-Laboratomi medicina,
s. 1. 0., Bno.

Do zpracovani bylo zahrnuto 285 déti, z toho 152 divek od 7 do 18 let (prmérny vék 12,6 roku,
SD+2,619) a 133 chlapct od 7 do 17 let (praimémy vék 12,0 let, SD£2,197).

Somatické charakteristiky byly zpracovany programem ANTROPOQO, jehoz vystup kompletné postihuje
télesny rozvoj jedince a umoziluje i vyhodnoceni celych souborti probandi podle fady volitelnych kritérii,
ktera je mozno volné kombinovat.

Pro spravné zhodnoceni zakladnich antropometrickych dat pii rizném véku déti byly vypoéteny nor-
mované hodnoty, tzv. Z-score. Jako referen¢ni soubory byly pouzity déti sledované v ramci projektu V.
CAV 1991 (V. celostatni antropologicky vyzkum déti a mladeze — Ceské zemé). Vyzkum sledoval 90 910
déti od 0 do 18 let [14].

Srovnani ndmi vysetfen¢ho souboru s referenénim umoznil program VYVOIJ DITETE. K vyjadieni
zavaznosti obezity bylo do zpracovani zafazeno, kromé télesné hmotnosti a jejich normovanych hodnot,
jesté neékolik dalSich charakteristik: BMI a jeho normované hodnoty, RI a jeho normované hodnoty, dale
zastoupeni tukové slozky vypoétené podle Matiegky a vyjadfené jednak v procentech celkové télesné
hmotnosti a také absolutné v kilogramech — od obou zpisobt byly opét vypoéteny normované hodnoty.
Dalsi zatazenou charakteristikou posuzujici stav tukové tkané je tzv. fat mass index — FMI: RozloZime-li
BMI na slozku tukovou a tukuprostou [3], je pro tukovou slozku uzito oznac¢eni FMI:

hmotnost tuku (kg)
FMI =

télesna vyska (m?)

Pri testovani vyznamnosti korelace proménnych bylo pouzito kromé linedrnich rovnic vzdy soucasné
nékolika transformaci, vybran byl vysledek rovnice vykazujici nejvyssi signifikanci.

VYSLEDKY

Z korelaci koncentrace leptinu (osa y na grafech) na antropometrickych parametrech (osa
x na grafech) ziskanych na za¢atku redukéniho rezimu vyplyva, Ze statisticky nejvyznamnéjsi
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je u obou pohlavi zavislost na FMI vypoétenym ze zastoupeni tuku podle Matiegky. U divek
1 chlapcii jde o vysoce vyznamnou zavislost mirmné zrychlené stoupajici (Graf 1, Graf 2).

LEPTIN N = 128, r = 0.536, p < 0.00001
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Graf 1 — Zavislost poéateénich hodnot leptinu na FMI podle Matiegky, divky.

LEPTIN N =104, r = 0.613, p < 0.00001
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Graf 2 - Zavislost poc¢ate¢nich hodnot leptinu na FMI podle Matiegky, chlapci.

Z hmotnostnich indexd vykazuje nejvyznamnéjsi kladnou zavislost normovany RI (Graf 3,
Graf 4).

Statisticky vysoce vyznamna, avSak negativni, je u divek i chlapci korelace mezi koncen-
traci leptinu a procentudlnim zastoupenim svalové hmoty podle Matiegky. Jde o ocekdvané
zji$téni, nebot’ ¢im mensi je procentudlni zastoupeni svalll, tim relativné vétsi je zastoupeni
tuku (podil kostni hmoty neni nutné v této souvislosti zohledrniovat).
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LEPTIN N =152, r = 0.577, p < 0.00001
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Graf 3 — Zavislost poc¢atecnich hodnot leptinu na Z-score Rohrerova indexu, divky.

LEPTIN N =133, r=0.377, p < 0.00006
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Graf 4 — Zavislost pocate¢nich hodnot leptinu na Z-score Rohrerova indexu, chlapci.

U normovanych hodnot té¢lesnych obvodu se ve vyznamnosti korelaci projevuji intersexu-
alni rozdily. Zatimco u divek je statisticky nejvyznamnéjsi zavislost koncentrace leptinu na
normovanych hodnotach obvodu relaxované paze (Graf 5), u chlapcti je nejvyznamné;si kore-
lace s normovanymi hodnotami obvodu bficha (Graf 6).

Odlisné potadi vyznamnosti je u obou pohlavi také u zavislosti koncentrace leptinu na
tloust'ce jednotlivych koznich fas. Shoda se v3ak projevila u fasy korelujici u chlapc i divek
statisticky nejvyznamnéji; jde o kozni fasu na stehné nad ¢tythlavym svalem. Dalsi v potadi
vyznamnosti je u divek koZni fasa na bfise, u chlapcli kozni fasa suprailiakalni.
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LEPTIN N =869, r=0.543, p < 0.00001
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Graf 5 — Zavislost po€ate¢nich hodnot leptinu na Z-score obvodu relaxované paze, divky.

LEPTIN N = 104, r = 0.438, p < 0.00003

e e e i e

\,
o

o =2
o o

H
o

LEPTIN [ng/ml]
(2]
o

i

v
20 | v v i
v v |
10 T i = ~-—¥"Z,,ff.i|
0 I A SR B
1 2 3 4 5 6 7 8

Z - score Circumference ABDOMINAL

Graf 6 — Zavislost poc¢ate¢nich hodnot leptinu na Z-score abdominalnim obvodu, chlapci.

Hodnoty statistické vyznamnosti vSech zde uvedenych a nékolika dal$ich veli¢in jsou uve-
deny v Tabulce 1.

Hodnoceni zavislosti procentudlniho poklesu koncentrace leptinu béhem 1é¢by na procen-
tudlnim poklesu ostatnich antropometrickych udajit potvrzuje jednozna¢né kladnou zavislost
na ubytku tuku (p=0,011 pro vztah poklesu koncentrace leptinu a poklesu FMI pro divky, pro
chlapce p=0,006).

Vyznamny intersexualni rozdil se projevil pii hodnoceni vztahu poklesu leptinu k poklesim
aktivni télesné hmoty. Zatimco u chlapct byla prokazana statisticky vyznamna negativni kore-
lace (p=0,028), u divek tato zavislost nevykazuje statistickou vyznamnost. Oproti tomu statis-
ticky vysoce vyznamna a negativni je u divek korelace s poklesem hodnot obvodu stfedniho
stehna (p=0,004), parametrem, ktery u chlapci vyznamné nekoreluje. Tato zjisténi predstavuji
zajimavé podklady pro diskusi.
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Tabulka | — Korelace koncentrace leptinu s proménnou X pfed redukci

Divky Chlapci

Proménna X
N r p N r p

Z-skore Rohreriv index 152 0,577 <10E-07 133 0,377 5,60E-05
Z-skére obvod relaxované paze 128 0,543 <10E-07 104 0,258 0,017
FMI-Matiegka (kg/m?) 128 0,536 <10E-07 104 0,613 <10E-07
Kozni fasa na stehné
nad ¢tyfhlavym svalem (mm) 128 0,511 <10E-07 104 0,582 <10E-07
Z-skore obvod hrudniku
pfes mezosternale 128 0,511 <10E-07 103 0,273 0,012
Z-skoére glutedlni obvod 128 0,501 <10E-07 104 0,402 1,21E-04
Kozni fasa na bfi§e (mm) 128 0,465 <10E-07 104 0,412 7,69E-05
Kozni fasa suprailiakalni (mm) 128 0,445 1,69E-06 104 0,516 <10E-07
Zastoupeni hmotnosti svalstva —
Matiegka (%) 128 -0,385 5,01E-05 104  -0,304 0,005
Z-skére glutealni obvod stehna 128 0,429 4,47E-06 104 0,363 5,96E-04
Z-skore obvod bficha 128 0,402 2,14E-05 104 0,438 2,18E-05
Kozni fasa nad patelou (mm) 128 0,353 2,27E-04 104 0,508 <10E-07

DISKUSE

Piedkladané vysledky potvrzuji silnou zévislost mezi koncentraci leptinu v séru a obsahem
celkového télesného tuku.

Poradi zavislosti mezi jednotlivymi normovanymi obvody a koncentraci leptinu je u divek
a chlapcu rozdilné. Normovany obvod relaxované paze u divek vykazuje v této studii jednu
z nejvyznamné;jSich zavislosti ve vztahu ke koncentraci leptinu.

Intersexualni rozdily u korelaci, vyjadfujicich zavislost poklesu koncentrace leptinu v séru
na redukci zpisobenych zménach antropometrickych parametr(i, l1ze interpretovat tak, Ze chla-
pecky a muZsky organismus ma silnou tendenci zachovavat aktivni t¢lesnou hmotu i b€hem
vyrazné redukce tuku, zde vyjadiené nepfimo ve formé poklesu koncentrace leptinu. Takova
reakce nebyla zaznamenana u divek, u nichz lze oproti tomu pozorovat silnou tendenci k ucho-
vavani tukové vrstvy v oblasti typické pro ukladani tuku u Zen. Dané pozorovani lze vysvétlit
rozdilnou hormonalni regulaci, kterd je v pfimém vztahu k biologické funkci (t€¢hotenstvi
u Zen a historicky podminéna vyhodnost fyzické zdatnosti u muzt).

Podékovani: Autofi dékuji vedeni Détské 1é¢ebny Dr. L. Filipa za umoznéni vyzkumu a za vstficnost
pti jeho realizaci.
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Abstract

Background and Aim: Adiponectin is regarded as a pos-
sible link between adiposity and insulin resistance. Ghre-
tin and leptin are considered as signals of energy status.
We evaluated the relationships between these peptides,
androgens and insulin sensitivity in women affected by
polycystic ovary syndrome. Methods: Thirty-six women
with PCOS were examined with euglycemic hyperinsu-
linemic clamp (to determine M/I, index of insulin sensi-
tivity). Leptin, ghrelin, adiponectin, androgens, and
SHBG were determined. Statistics was done using cor-
relation analysis and backward stepwise multiple regres-
sion. Results: The positive correlation of adiponectin
with testosterone remains significant even after adjust-
ment for BMI (p = 0.01), M/l (p = 0.009) and for both M/I
and BMI (p = 0.02). In multiple regression with testoster-
one, M/l, leptin and ghrelin as independent variables, the
model including testosterone (p = 0.03) and ghrelin (p =
0.002) explained 49% of the variability {p < 0.0012) of
adiponectin. Conclusions: Both adiponectin and ghrelin
canbeinvolved in the pathophysiology of PCOS but their
relation must be delineated further.

- Copyright ©: 2005 S. Karger AG, Base!

Introduction

Polycystic ovary syndrome (PCOS) is one of the most
commonly encountered endocrinopathies of women in
fertile age. Its exact pathogenesis remains unknown; the
complex interplay between ovarian and adrenal androgen
production, obesity and insulin sensitivity (IS) is in-
volved. Decreased insulin sensitivity is often considered
as a regular component of PCOS [1-3]. But, on the other
hand, there are studies which do not confirm differences
in IS, especially in nonobese PCOS [4-7]. In recent years,
considerable attention has been paid to adipocyto-
kines ~ factors produced by adipose tissue, which are in-
volved in maintaining insulin sensitivity.

Adiponectin is a matrix protein, which is induced dur-
ing adipogenesis, and is the only known protein produced
in adipose tissue that is decreased in obesity [8]. Its exact
physiological role 1s still not fully understood. Most stud-
ies show that adiponectin is closely correlated to IS and
that this relationship may be independent of obesity [9,
10]. On the other hand, adiponectin knockout mice have
been found to demonstrate no difference in IS when com-
pared to wild-type mice [11].

To date, data regarding adiponectin levels in PCOS
women in relation to obesity and insulin sensitivity has
indicated, in contrast to the studies cited above, that ad-
iponectin is more closely related to the fat mass than (if
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at all) to insulin sensitivity [12, 13]. These studies, how-
ever, have unfortunately not used methods other than
HOMA or the fasting insulin to glucose ratio for the mea-
surement of insulin sensitivity.

Similarly, there are discrepancies concerning the rela-
tionship of adiponectin to androgens. In some studies,
adiponectin levels have exhibited sexual dimorphism,
with lower concentrations in males than in females [14]
but this has not been confirmed by all authors [9]. No re-
lationship between adiponectin and androgens in healthy
females has been found [15]. In PCOS, the results pub-
lished to date are rather discrepant; a negative correlation
between adiponectin and androstenedione [12] or no re-
lationship between adiponectin and serum androgens
[13] has been found. Recently, an interaction between
steroid synthesis and adiponectin levels was supposed on
the basis of the difference between the genotype frequen-
cies of GG and TG genotypes in exon 2 (T45G polymor-
phism of the adiponectin gene) in PCOS patients with
high or low androstenedione levels [16].

Ghrelin 1s a peptide of 28 amino acids, produced pri-
marily by stomach, but also by many other tissues. Its role
in CNS 1s to signalize an energy balance. Ghrelin was
shown to be reduced in obese individuals [17, 18]. Low
ghrelin was shown to be independently associated with
type 2 diabetes mellitus [19]. In PCOS, fasting ghrelin was
found to be reduced by some [20-22], but not all studies
[23]. The relationship of ghrelin and insulin sensitivity is
not clear till now.

The aim of the present study was to examine relation-
ship between adipocytokines, androgens and insulin sen-
sitivity as measured by the euglycemic hyperinsulinemic
clamp in PCOS women.

Material and Methods

The study group consisted ot 36 oligo/amenorrheic women with
PCOS matching NIH criteria [24], all with the clinical manifesta-
tion of hyperandrogenemia as hirsutism and/or acne and with the
elevation of the free testosterone index and/or androstenedione (A)
above the upper limit of the normal range (e.g. 0.40-2.65 nmol/Il
for testosterone (T) and 1.6-5.4 nmol/l for A) or lower limit (43-
95 nmol/l) for sex hormone-binding globulin, SHBG [25]. All oth-
er causes of hyperandrogenemia were excluded appropriately. Vag-
inal ultrasonography was performed in all but 3 patients. In 28
subjects, PCO was found according to revised criteria of Rotterdam
consensus; in 4 women, ovaries had normal appearance and in |
muitifollicular ovaries were found not classified as PCO. Thus, all
of the selected patients fulfill both NIH and Rotterdam consensus
criteria [26]. None of the patients had taken oral contraceptives or
any other steroid medication during the preceding 3 months. The
local ethical committee of the Institute of Endocrinology in Prague
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approved the protocol for the study. The patients were evaluated
at the clinical department as outpatients, and after signing in-
formed written consent underwent blood sampling for hormonal
and biochemical examinations between days 3 and 6 of the men-
strual cycle or, in the case of secondary amenorrhea, at any time.

After collecting basal blood samples, a 2-hour euglycemic hy-
perinsulinemic (1 mIU-kg'-min~') clamp was performed as de-
scribed elsewhere [27]. Briefly. a cannula for blood sampling during
the clamp was inserted into the wrist vein and this arm was heated
to 60°C. A double-lumen catheter for the continuous infusion of
15% glucose with 7.5% KCl and for insulin infusion was inserted
into the cubital vein of the ipsilateral arm. During the clamp, blood
glucose levels were repeatedly determined by glucose analyzer and
blood glucose was maintained at the level of 5 mmol/l with the CV
of 5%. The following parameters were calculated based on the
clamp results: glucose disposal rate (M, mg-kg™'-min~!) was de-
fined as the amount of glucose supplied by the infusion to maintain
the desired blood glucose level and the insulin sensitivity index (ISI)
was defined as the ratio of the glucose disposal rate to the average
insulin concentration during the monitored period (M/I, mg-kg™'-
min~' per mU-1"" x 100).

Blood glucose was determined in the whole blood by the elec-
trochemical method (Super GL, Germany). Insulin was estimated
by IRMA kit from Immunotech (Marseilles, France), with interas-
say CV 5.3%. Testosterone (T), androstenedione (A), dehydroepi-
androsterone sulfate (DHEA-S) and sex hormone-binding globulin
(SHBG) were determined as described elsewhere [28]; with interas-
say coefficients of variation 10, 10.2, 10.6 and 4.8%, respectively.
Leptin was determined by RIA kit (Linco Research, St. Charles,
Miss., USA), with a sensitivity of 0.5 ng/ml and intra- and interas-
say coefficients of variations of 8.3 and 6.0%, respectively. Ghrelin
(total) was determined by RIA (Linco Research), with a sensitivity
of 100 pg/ml and intra- and interassay variations of 10 and 15%,
respectively. Adiponectin (Acrp30) was determined by ELISA kit
(Linco Research) with sensitivity 1.0 ng/ml and intra- and interas-
say variation 1.8-6.2 and 6.9-9.3%, respectively.

Statistical Analyses

Correlation analysis, including partial correlations adjusted to
constant testosterone, M/l and BMI, was used for the evaluation of
the relationships between adiponectin, other adipokines, BMI, in-
sulin sensitivity and androgens. To avoid non-Gaussian data dis-
tribution and non-constant variance, Spearman'’s correlations were
used. In addition, multiple regression analysis was used to find the
lincar combination of variables best predicting the adiponectin lev-
els. To approximate Gaussian data distribution and to straighten
the relationships between the variables, the data was transformed
by a power transformation to minimum skewness in individual
dimensions. To avoid the influence of univariate outliers all data
with absolute studentized values greater than 3 were excluded. The
proportion of outliers eliminated never exceeded 5% of the total.
Respecting the limited number of experiments, the correlation ma-
trix of the transformed variables was used for choosing the pre-
liminary set of predictors. These were further evaluated using back-
ward stepwise multiple regression with F-statistics less than 4 as
the exclusion criterion. Statistics was done using the software Stat-
graphics plus v.5.1 from Manugistics (Rockville, Md., USA).
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Table 1. Anthropometric and biochemical
parameters in PCOS women

Table 2. Spcarman’s correlations between
nsulin sensitivity, androgen levels and
adipocytokines in women affected with

PCOS

Results

Mean SD Median Range
(min-max)
Age, years 28.2 6.2 27 18-46
Body mass index, kg/m* 27.4 5.6 26.3 18.6-39.0
Testosterone, nmol/i 2.9 1.1 2.9 1.60-5.35
Dehydroepiandrosterone sulfate. pmol/l 5.6 2.9 5.1 0.80-11.5
Sex hormone-binding globulin. nmol/l 330 17.4 26.1 9.1-68.4
Leptin, ng/ml 13.9 6.8 12.3 3.6-32.5
Ghrelin, pg/ml 1,810.3 512.2 1.729.0 922-3.340
Adiponectin, pg/l 23.7 12.3 20.2 7.6-47.8
Insulin sensitivity index,
mg-kg'+min~!' per mU-1"' x 100 11.7 4.1 12.2 4.2-20.9
T DHEAS SHBG Ghrelin ~ Leptin Acrp30  M/I
DHEAS 0.1453
0.3977
36
SHBG 0.4714  -0.0389
0.0037 0.8219
36 36
Ghrelin 0.0862 0.2105 0.5497
0.6626 0.2823 0.0024
28 28 28
Leptin -0.2216  -0.1681  -0.5041 -0.7003
0.2308 0.3659  0.0038 0.0002
31 31 31 23
Acrp30 0.5843 0.0662 0.1912 0.1808 -0.3156
0.0022 0.7534 0.3599 0.4090 0.1635
25 25 25 23 21
M/1 0.3159 0.1478 0.5745 0.4932  -0.5059 0.4561
0.1327 0.4906 0.0033 0.0319 0.0138 0.0497
24 24 24 19 23 19
BMI -0.3422 -0.0529 -0.5795 -0.6116 0.7327 -0.4586 -0.3957
0.0410 0.7593 0.0002 0.0005 0.0000 0.0211  0.0556
36 36 36 28 31 25 24

T = Testosterone: DHEAS = dehydroepiandrosterone sulfate;: SHBG = sex hormone-
binding globulin; Acrp30 = adiponectin; M/I = index of insulin senstitivity. Bold numbers
denote statistical significance (p < 0.05).

The clinical and biochemical characteristics of the pa-
tients are shown in table 1. The correlations are demon-
strated in table 2. Adiponectin correlated negatively with

Adipocvtokines and PCOS

BMI, and positively with M/l and T. Leptin correlated
positively with BMI and negatively with M/I, ghrelin and
SHBG. Ghrelin correlated positively with SHBG and
M/I and negatively with leptin and BMI:

Gynecol Obstet Invest 2005:60:155~161
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Table 3. Multiple regression analysis of the relationship between
adiponectin (Acrp30) and testosterone, insulin sensitivity (M/I),
leptin and ghrelin in women with PCOS

Parameter Estimate SE T statistic p value

Dependent vartable: Acrp30 0

Constant -1.53 232 -0.66 0.5157
Testosterone3° 1.95 0.86 226 0.0321
log (M/1) 0.601 0.301 1.996 0.0565
Leptin®'? 2.19 1.39 1.57 0.1282
Ghrelin 0.00101  0.00101 0.00101  0.0021

R7=49%: p < 0.0012;n = 31.

Table 4. Multiple regression analysis of the relationship between
ghrelin, adiponectin (Acrp30) and insulin sensitivity (M/I) in wom-
en with PCOS

Parameter Estimate SE T statistic p value

Dependent variable: ghrelin

Constant 94.15 307.27 0.31 0.7615
Acrp30 266.99 75.90 3.52 0.0015
M/ 377.680 128.894  2.930 0.0065

R = 56%; p < 0.00001; n = 31.

After adjustment for BMI, in the case of adiponectin,
only positive correlation with T remained significant (r =
0.51: p=0.01). Leptin, after BMI adjustment, correlated
negatively with ghrelin (r = -0.47; p = 0.03).

After adjustment for M/I, the correlation between ad-
iponectin and T remained significant (r=0.52; p = 0.009).
Leptin correlated negatively with ghrelin (r = -0.60: p =
0.003) and with BMI (r = -0.60: p = 0.00005). Concern-
ing ghrelin, besides negative correlation with leptin, pos-
itive correlation with SHBG (r = 0.37; p = 0.05) and neg-
ative correlation with BMI (r=-0.52; p=0.005) remained
significant.

When adjusted for both BMI and M/I, the relationship
of leptin to ghrelin was no longer significant. In fact, only
positive correlation between adiponectin and testoster-
one remained significant (r = 0.48; p = 0.02).

Then, we applied multiple regression with adiponectin
as the dependent variable and T, M/], leptin and ghrelin
as independent variables. Testosterone (p = 0.03) and
ghrelin (p = 0.002) were significantly positively associated
with adiponectin levels. The association between M/l and
adiponectin only approached statistical significance. This
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model explained 49% of the variability of adiponectin
levels (p < 0.0012) (table 3).

When ghrelin was chosen as dependent variable, and
M/I, adiponectin, leptin and testosterone as independent
variables, a model comprising only adiponectin (p =
0.002) and M/I (p = 0.007) was built. The highly signifi-
cant model (p = 0.00001) explained 56% of the variabil-
ity of ghrelin levels (table 4).

Discussion

Insulin resistance is one of the key factors in the patho-
genesis of PCOS. Nevertheless, a significant phenotypic
variability in these women exists. There have been only
few studies [29, 30] conducted on larger groups of PCOS
women evaluating whether insulin resistance is invari-
ably connected with PCOS, and, consequently, whether
the majority of lean PCOS women is thus insulin resis-
tant, or whether insulin resistance is only an epiphenom-
enon related to body weight. Both of these studies found
hyperinsulinemia and increased insulin secretion in lean
PCOS. On the other hand, concerning the insulin resis-
tance it was consistently observed only in connection with
concomitant obesity.

Adiponectin has been shown to be the only adipocyte-
derived hormone that is decreased in obesity {9]. The
administration of adiponectin to normal, lipoatrophic or
obese mice has improved insulin sensitivity {31-33]. Fur-
ther, adiponectin levels predict insulin sensitivity inde-
pendently of the degree of the adiposity (BMI, percentage
of body fat) or body fat distribution (WHR) in the gen-
eral population [10]. Adiponectin is therefore probably a
potent insulin sensitizer.

In the present study, the authors have shown that adi-
ponectin in PCOS correlates positively with insulin sen-
sitivity, but that this correlation is dependent on BMI and
does not remain significant after adjustment for BMI.
Former studies of adiponectin levels in PCOS used glu-
cose to insulin ratio [12] or HOMA-R [13], i.e. methods,
which are prone to a great variability, particularly in
PCOS women [34]. Subsequently, it has been shown that
in PCOS women HOMA-R does not correlate with the
insulin sensitivity defined by the euglycemic clamp [35].
To the best of our knowledge, the presented study is the
first one in PCOS evaluating the relationship of insulin
sensitivity defined by a gold standard method-euglycemic
clamp with adipocytokines.

Our study has been limited by the fact that we did not
examine body composition. It thus remains to be estab-
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lished whether body fat distribution could be another
confounder of the complex relationship between adipos-
ity, insulin sensitivity and adipocytokines in PCOS.

Concerning androgens and adiponectin, positive cor-
relation of adiponectin and testosterone was revealed.
This result seems paradoxical, in comparison with data
in the literature regarding lower levels of adiponectin in
males than in females [14]. On the other hand, actually,
no relationship between adiponectin and androgens was
found in healthy women [15]. Latter, it was shown, that
estradiol suppresses adiponectin levels [36], and a more
complex regulation in adiponectin levels in PCOS could
therefore be involved. Estrogen balance in PCOS has not
been fully characterized to date [37]. The question thus
remains as to whether the estrogen/androgen balance
could play a role in the determination of adiponectin lev-
els in PCOS.

We constructed a regression model with adiponectin
as a dependent variable and ghrelin, leptin, testosterone
and insulin sensitivity as independent variables. The sig-
nificant positive associations between adiponectin and
ghrelin and between adiponectin and testosterone were
found. This is the first report concerning the mutual rela-
tionship of ghrelin and adiponectin in PCOS women.
However, on the basis of presented results, it is not pos-
sible to discern the causality, e.g. if adiponectin levels are
controlled directly by ghrelin or vice versa.

We demonstrated that ghrelin levels did not signifi-
cantly correlate with testosterone or DHEAS. These re-
sults are in accordance with some [21] but not with other
reports [22]. A negative correlation between ghrelin and
leptin was found and this was independent of either BMI
or insulin sensitivity. The finding is in accordance with
other studies [38] showing an inverse relationship be-
tween leptin and ghrelin [18]. The both hormones are
secreted in the opposite sides of energy balance.

The relationship of ghrelin and insulin sensitivity is
not clear till now. There are reports demonstrating a cor-
relation of ghrelin with insulin sensitivity as defined by
QUICKI in the random sample of population [19]. On
the other hand, in men, when the insulin sensitivity was
examined by euglycemic clamp and the data were ad-
justed for fat free mass, no correlation between ghrelin
and insulin sensitivity index was observed [39]. Insulin
acutely suppressed ghrelin [40] and ghrelin stimulated
secretion {41, 42] and inhibited [43] insulin secretion de-
pending on the dose and conditions (in vitro vs. in hu-

mans). We have demonstrated a positive correlation of

ghrelin with M/I; however, after adjustment for BMI, it
was no longer significant. When adjusted for M/I, the

Adipocytokines and PCOS

negative correlation of ghrelin and BMI remained sig-
nificant. This is in full agreement with the data showing
lower ghrelin levels in obese patients [17].

The observed relationship of adiponectin and ghrelin
is of interest, as the data concerning these two adipocyto-
kines in their balance is sparse. It was shown that adipo-
nectin and ghrelin did not correlate in a cohort of elderly
women [44]. On the other hand, ghrelin impaired strong-
ly the adiponectin gene expression in brown adipocytes
[45]. It is also suggested, that these hormones regulate in
concerted action the AMP-activated kinase (AMPK) in
hypothalamus and thus, they regulate food intake [46].

In conclusion, the authors have shown that the rela-
tionship between adiponectin, ghrelin and testosterone
do not depend on BMI and insulin sensitivity in PCOS.
In addition, ghrelin depends on both obesity and adipo-
nectin levels. The importance of the direct pathophysio-
logical impact of the relationships remains to be estab-
lished.
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REZISTIN - KLIC K INZULINOVE REZISTENCI?

RESISTIN — THE KEY TO INSULIN RESISTANCE?

DANIELA SRAMKOVA, BELA BENDLOVA

Endokrinologicky ustav v Praze

SOUHRN

Snaha o bliz§i pochopeni souvislosti mezi obezitou a inzulinovou rezistenci podnitila vyzkum gend, jejichZ exprese je

indukovana béhem diferenciace adipocytu. Tento vyzkum ved! v nedavné dobé k objevu proteinu, ktery nevykazoval
homologii s Zddnym zndmym hormonem, ani jinou signalni molekulou. U mysi tento protein snizoval G&inek inzulinu, proto
byl nazvan rezistin. Exprese rezistinu je ovlivnéna hladinou inzulinu, stimulaci sympatického nervového systému i agonisty
PPARy. Vysledky nékolika studii jsou bohuZzel kontroverzni. U lidi se zd4, Ze je rezistin spi3e neZ tukovou tkani exprimovan
mononuklearnimi burfikami. Posledni studie vSak potvrzuje zvy$enou expresi rezistinu v bfiSnim visceralnim i subkutannim

tuku. | kdyz je pravdépodobné, Ze je rezistin zapojen do regulaci glukézového a lipidového metabolismu, otazka jeho
skutecné fyziologické role v organismu a pfipadné patofyziologické role v rozvoji obezity a diabetu 2. typu stale Geka na své

zodpovézeni. Clanek poskytuje pfehled poznatk(, které byly na zvifecich modelech i na souborech lidskych jedincu

v souvislosti s rezistinem publikovany béhem poslednich dvou let.
Klicova slova: rezistin - obezita - inzulinova rezistence - diabetes mellitus 2. typu

SUMMARY

The precise mechanism linking increased adiposity to insulin resistance remains unknown. A search for genes that are

induced during adipocyte differentiation led to the identification of a unique protein with no homology to any known
hormone or other signaling molecule. Based on mice studies observations, the protein was named resistin because of its

antagonistic effect on insulin action. The expression of resistin is influenced by insulin, by stimulation of symphatetic
nervous system and by PPARy agonists. The results of these several studies are controversial. In men the resistin is expres-
sed more likely by mononuclear cells than by adipocytes. However, the most recent study confirmed the increased
expression in visceral and abdominal subcutaneous fat. It is probable that resistin is included in regulations of glucose and
lipid metabolism, the question regarding its physiological role in the organism as well as the pathophysiological role in the
development of obesity and diabetes type 2 remains to be answered. This review summarizes main conclusions of animal
and human studies performed on this topic in past two years.
Key words: resistin - obesity - insulin resistance - type 2 diabetes mellitus

Mechanismus, jimZ zvySené mnoZstvi télesného tuku
vede k rozvoji inzulinové rezistence, je nejasny. Snaha o
blizsi pochopeni této problematiky podnitila vyzkum gent,
které jsou indukované béhem diferenciace adipocytd. Tento
vyzkum vedl v neddvné dobé k objevu proteinu, ktery ne-
vykazoval homologii s Zadnym zndmym hormonem ani ji-
nou signalni molekulou (Steppan et al. 2001 b).

Jak se ukazalo, tento protein je u mysi exprimovan
v adipocytech a jimi je secernovan do krevniho obéhu.

Intraperitonealni podani proteinu normainim mysim
vedlo ke zvySeni hladiny krevni glukdzy, aniz by se snizila
hladina inzulinu. Imunoneutralizace tohoto proteinu anti-
imunoglobulinem y vedla u obéznich mysi ke zlepSeniin-
zulinového ucinku a ke snizeni glykémie (Steppan et al.
2001 a). V souladu s timto pozorovanim byly i zavéry po-
kust provedenych za podminek ..in vitro” (Steppan et al.
2001 a). Tento protein zptsobujici u mysi rezistenci
k inzulinu byl proto nazvan rezistin.

EXPRESE REZISTINU

Zkoumani rezistinu u mysi ukazalo, Ze exprese je vySsi
v bilém tuku v porovnani s tukem hnédym, déle
ze zastoupeni mMRNA vykazuje sexudlni dimorfismus
(u samic¢iho pohlavi je vy3si nez u samciho) a nejvyssimiru
exprese vykazuje samic¢i gonadalini tukova tkan (Steppan
etal. 2001 a). Prokazana byla také zavislost na nutricnim
stavu: pfi hladovéni poklesla exprese imunoreaktivniho
rezistinu do 48 hodin, k jeho opétovnému zvyseni doslo
po nasyceni nebo po podaniinzulinu (Kim et al. 2001).

Bylo pozorovano, ze hladiny rezistinu jsou vyrazné vys-
i u mysi obéznich, a to jak u genetickych modell obezity
(ob/ob a db/db mysi), tak u mySis obezitou indukovanou
nutriéné: poté, co byla mysim podavana vyZiva s vysokym
obsahem tuku po dobu osmi tydn(, byl zaznamenan roz-
voj obezity, vzestup sérovych hladin rezistinu a inzulinové
rezistence.
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U mysi bylo pozorovano, ze exprese mRNA pro rezistin
je v adipocytech vyrazné potlacena agonisty PPARy (Way
et al. 2001). S tim ve shodé je pozorovani, ze k inhibici
dochazi tézZ Ié¢bou antidiabetiky zvySujicimi inzulinovou
senzitivitu thiazolidindiony, konkrétné rosiglitazonem, pio-
glitazonem a troglitazonem (Steppan et al. 2001 a). Po
léCbé rosiglitazonem byla u mySi vyrazné sniZzena i sekre-
ce rezistinu adipocyty. Lze z toho usuzovat, ze antidiabe-
ticky efekt téchto léku je alespon Castecné zprostiedkovan
pravé timto mechanismem.

Na fizeni uvolfovani rezistinu adipocyty se podili i sym-
paticky nervovy systém prostfednictvim katecholamin.
Byla pozorovana inhibice exprese rezistinové mRNA
v adipocytech plsobenim B-adrenergniho agonisty isopro-
terenolu, zatimco k opétovnému zvysSeni exprese doslo po
podani B-adrenergniho antagonisty (Fasshauer et al.
2001).

Ve studiich provedenych za podminek .in vitro” i na Zi-
vych mysich .in vivo” bylo prokazano, Ze rezistin zhorsuje
schopnost tukové tkané reagovat na inzulin. Jak jiz bylo
uvedeno, spotieba glukézy stimulovana inzulinem je
v tukoveé tkani zeslabena podanim rezistinu a naopak zesi-
lena po jeho imunoneutralizaci (Steppan et al. 2001 a).
Predpoklada se tedy existence receptoru pro rezistin na
povrchu adipocytll. Otazkou zUstava, jak dllezity ve vzta-
hu k inzulinové senzitivité je vliv rezistinu na tkan svalo-
vou, na jatra ¢i na mozek (obr. 1).

STRUKTURA ReZISTINU A RELMs,
TKANOVE SPECIFICKA EXPRESE RELMs

Z imunohistochemické analyzy epididymalniho tuku
vyplynulo, Ze u mysi je rezistin hojny v cytoplazmé adipo-
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......... g Zvyseni inzul. rezistence VMK
Zvysené Zlepseni inzul. senzitivity
mnozstvi tuku 4 |- Thiazolidindion
Pokles rezistin — y

< - Beta adrenergni
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Obr. 1: Adipocyty secernuji mnoho pusobkd, které mohou ovliviio-
vat citlivost tkani va¢i pasobeni inzulinu (TNF a=tumor nekrotizuji-
ci faktor a, leptin, VMK=volné mastné kyseliny a dal$i). Nyni se
k nim fadi i rezistin. Nadmérna akumulace tuku v adipocytech sou-
visi se snizenou schopnosti tkani reagovat na inzulin. Jak bylo
prokazano ve studiich na mysich, také rezistin snizuje schopnost
reagovat na inzulin u tukové tkané, jeho vliv na tkan svalovou,
jaterni ¢i mozkovou zUstava zatim nejasny. K inhibici exprese re-
zistinu dochazi plsobenim antidiabetik thiazolidindienové fady nebo
pisobenim B-adrenergnich agonistl (upraveno podle Flier et al.
2001).

cytu (Steppan et al. 2001 a). V C-terminalni ¢asti proteinu
byla nalezena unikatni sekvence s bohatym zastoupenim
cysteinu a ukazalo se, Ze tato sekvence je konzervovana u
celé rodiny molekul podobnych rezistinu (resistin-like mo-
lecules, RELMs neboli téZ FIZZ rodina nazvana podle ang-
lického .found in inflammatory zone”, nebot byla témér
soubéZné detekovana u mysi trpicich plicnim zanétem i
tymem Holcomba et al.). U mysi byly nalezeny tfi rlizné
formy téchto molekul, kromé rezistinu (FIZZ 3) jeste REL-
Ma a 8. RELMa (FIZZ 1) je protein vyskytujici se u mysi
nejhojnéji v tukové tkani, v malé mire také v srdecnim sva-
lu, jazyku a plicich. RELM[ (FIZZ 2) je protein secernovany
gastrointestinalnim traktem, zejména tlustym stievem, a
to u mysiiu ¢lovéka (Steppan etal. 2001 b, Holcomb et al.
2000).

Pozoruhodna je struktura proteint této rodiny, vysoka
homologie a konzervace urcitych charakteristickych zna-
ki v savéim genomu. Jiz byla zminéna unikatni sekvence
v C-terminélni ¢asti proteinu. Jde o oblast bohatou na cys-
tein, jehoz umisténi je naprosto shodné jak u mysi, tak u
potkant i u Clovéka. Pfesna posloupnost je: C-X | ,-C-X-C-X-
C-X,-C-X, 7 C-X-C-X-C-X -CC-X, . (C=cystein, X=jind amino-
kyselina). Predpoklada se jejich uplatnéni ve formaci 5 in-
tramolekularnich disulfidickych mustka zajistujicich
strukturni usporadani molekuly, a tim jeji funkénost, napfi-
klad vazbu na receptor.

Zajimava je i N-terminaini ¢ast a zvlasté umisténi cys-
teinu v 26. pozici mysiho rezistinu. Jak ukazal Banerjee et
al., tato aminokyselina je pravé v této pozici nepostrada-
telna pro dimerizaci rezistinu prostfednictvim kovalentni
disulfidické vazby. Potvrdil, Ze proteiny z RELM rodiny ne-
souci tuto aminokyselinu, tj. rezistin a RELM, cirkuluji ve
formé homodimer(, kdeZzto RELMa, ktery tento cystein
postrada, je monomer. Pokud se zameérné u rezistinu nebo
RELMp substituuje cystein za jinou aminokyselinu (Baner-
jee pouzil alanin), schopnost dimerizace se tim rusi (Ba-
nerjee et al. 2001).

STUDIUM MECHANISMU PUSOBENI REZISTINU,
JEHO VLASTNOSTI A BIOLOGICKYCH UCINKU

Snaha o hlubsi poznani mechanism( plsobeni rezisti-
nu vedla mnoho védeckych tymu k rozsahlému vyzkumu.
Nékteré studie nepotvrzuji pdvodni nazory na biologické
ucinky rezistinu: Way et al. dospél ve studii na modelech
obéznich mysi (ob/ob, db/db, tub/tub a KKAY) ke zcela
opaénym zavérum, Ze hladiny rezistinu v bilém epididy-
malnim tuku jsou vyrazné nizsi u mysi obéznich nez
u neobéznich kontrol (15-50krat v zavislosti na typu mo-
delu). Snizeni exprese mRNA rezistinového genu v bilém
tuku bylo pozorovano i u mysi s nutricné indukovanou obe-
zitou {(Way et al. 2001).

Podobné rozporuplné jsou také zavéry z analyz sleduji-
cich vliv thiazolidindiond na miru exprese rezistinového
genu v bilém tuku mysi. Way et al. pozoroval po dodani
rosiglitazonu 3.4né&sobny vzestup exprese rezistinu u ob/
ob mysi. Stav byl doprovazen snizenim hladin glukézy v séru
0 50 % a zvysenim citlivosti na inzulin. Obdobna byla také
reakce na podavani rosiglitazonu ZDF potkan(m (Zucker
diabetic fatty rats). Z toho vyplyva, Ze u téchto modelt in-
zulinové rezistence neni dosazeni antidiabetického ucin-
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ku rostglitazonu podminéno pokiesem exprese rezistino-
vého genu (Way et al. 2001).

Byla zkoumana také otazka, zda je hladina rezistinové
mRNA pfimo ovliviiovana plisobenim inzulinu. Na diabe-
tickych mysich (diabetes navozeny streptozotocinem) byla
sledovana koncentrace rezistinové mRNA v tukové tkani
po podani inzulinu. Byl zaznamenan 23nasobny vzrist
obsahu rezistinové mRNA po 30 minutach (Kim et al.
2001). Obdobné bylo pozorovani Waye et al., ktery testo-
val vliv inzulinu na expresi rezistinu v bilém tuku u samcl
ZDF potkan(: po $esti hodinach zaznamenal vyznamné
vyseni exprese (Way etal. 2001).

Dalsi vyznamny poznatek pfinesl vyzkum provedeny na
lidskych izolovanych tukovych bunkéach, na vzorcich tuko-
vé a svalové tkané a na mononuklearnich leukocytech.
Jak uvadi Nagaev et al., rezistin neni exprimovan v lidské
svalové tkani, exprese v lidskych izolovanych adipocytech
abiopsiich bilé tukové tkané je extrémné nizka a méritel-
najen u nékterych jedinct z testovaného souboru. U vSech
jedinct vSak byla prokazana exprese v mononuklearnich
lymfocytech krve. Studie dale uvadi, ze v lidském produk-
turezistinového genu nic nenasvédcuje existenci variant
vznikajicich alternativnim sestfihem primarniho transkrip-
tu(Nagaev et al. 2001).

Dalsi studii, ktera pfili§ nepotvrzuje roli rezistinu jako
proteohormonu, ktery by byl u ¢lovéka secernovan prevaz-
nétukovou tkani, vypracoval Savage et al. Hladiny mRNA
rezistinu ve vzorcich tukové tkané byly sice detekovany u
morbidné obéznich jedinct, avSak u izolovanych lidskych
adipocytd byla rezistinovd mRNA témér nedetekovatelna
anevykazovala zadnou korelaci s BMI testovanych osob.
Detekovana nebyla v izolovanych preadipocytech. Napro-
titomu dobfe méfitelna byla v cirkulujicich mononuklear-
nich buinkach (monocyty, makrofagy, lymfocyty). MoZznym
vysvétlenim takového pozorovani je podle autora studie
vétsi zastoupeni mononuklearnich bunék v tukové tkani
morbidné obéznich osob (Savage et al. 2001).

Proto, Ze rezistin je hojnéji exprimovan v mononuklearnich
bunkach nezliv adipocytech, svédéiifakt, ze sekvence od-
povidajici rezistinu nebyla nalezena v zadné ze 17 cDNA
knihoven odvozenych z genu aktivnich v adipocytech, kte-
ré byly za timto Ucelem podrobeny zkoumani. Tato sekven-
ce byla nalezena v nékolika cDNA knihovnach odvozenych
od genl exprimovanych v monocytech (Savage et al.
2001).

Vysledky vyse zminénych studii nasvédcovaly tomu, Ze
poznatky o rezistinu ziskané z vyzkumu na mysSich nelze
vztahovat na ¢lovéka, nebot nepotvrdily vyznamnou se-
kreci rezistinu lidskou tukovou tkani. Proto cilem studii, které
vypracoval McTernan et al., bylo opétovné vysSetreni ex-
prese rezistinu ve vzorcich tuku, tentokrat z riznych casti
téla u osob Stihlych i obéznich, dale vySetreni exprese re-
zistinu v izolovanych lidskych adipocytech a preadipocy-
tech a pfedevsim spolehlivé ovéreni toho, zda skuteéné za
wyskyt rezistinové mRNA v tukové tkani ¢lovéka odpovida-
jimononuklearni buniky. Z vyzkumu vyplynulo, Ze rezisti-

novd mRNA je v lidské tukové tkani exprimovana, ze jeji
exprese Je 2,bkrat vy$siv tuku z brisSni oblasti v porovnani
stukem stehennim a 6,5krat vy§si v porovnani s tukem
prsnim. Mira exprese se vyznamné nelisila v bfisnim tuku
visceralnim a subkutannim. Pfi sledovani vztahu mezi kon-
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centraci rezistinové mRNA podkozniho abdominainiho
tuku a BMI vySetfovanych osob bylo zjisténo, Ze exprese
je vyssi u obéznich, statistické vyznamnosti véak dosaze-
no nebylo. Pfi analyze obsahu samotného proteinu rezisti-
nu bylo pozorovano v abdominalnim tuku {(visceralnim i
subkutannim) 2krat vy$si zastoupeni neZ v tuku stehen-
nim ¢i prsnim. V izolovanych lidskych preadipocytech byla
exprese 3krat vyssi nez v adipocytech. Toto proteinové
zastoupeni se dobfe shodovalo s namérenou koncentraci
rezistinové mRNA. Nebyly pozorovany zadné intersexual-
ni rozdily. Za pomoci markeru specifického pro mononuk-
learni krevni buniky (CD 45) bylo ovéfeno, Ze ziskané vy-
sledky nebyly ovlivhény kontaminaci témito bunikami. Autor
uzavira, Ze vzhledem k tomu, Ze tukova tkan u obéznich
tvoti az 50 % télesné hmotnosti, je pravdépodobné, Ze re-
prezentuje dllezity zdroj rezistinu v téle obéznich osob.
ZvySena exprese rezistinu v bfisnim visceralnim i subku-
tannim tuku muZe souviset se zvySenym rizikem diabetu
2. typu u centralni obezity (McTernan etal. 2002 a, b).

SEKVENCGNI VARIANTY V LIDSKEM GENU PRO REZISTIN

Uvedena posledni pozorovani tedy pfipoustéji moZnost,
Ze rezistin a mira jeho exprese muze i u ¢lovéka byt zapo-
jena do etiopatogeneze diabetu 2. typu a obezity.

Kodujici sekvence genu pro lidsky homolog rezistinu
byla lokalizovana do oblasti 19p 13.3.

Rezistin: 19p13.3
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Obr. 2: Jednonukleotidové polymorfismy (SNPs) identifikované v genu
pro rezistin u Clovéka. Gen pro rezistin je u Clovéka lokalizovan na
kratkém raménku chromozomu 19 a obsahuje ¢tyfi exony (uprave-
no podle Engert et al. 2002).

Hledani sekvencnich variant v genu pro rezistin vedlo
k identifikaci 9 jednonukleotidovych polymorfismt (SNPs, obr.
2).Vysetiovala se jejich pfipadna asociace s diabetem a obe-
zitou. U dvou z nich, které jsou v promotorové oblasti a na-
vzajem jsou v silné vazebné nerovnovaze, byla prokazana
asociace s BMI u populace z oblasti Quebecu (Engert et al.
2002). Pfi ovéfovani téchto SNPs ve skandinavské populaci
se asociace s BMI nepotvrdila (Engert etal. 2002). Recentni
data v8ak téZ naznacuji jisty synergicky efekt sekvenéniho
polymorfismu rezistinového genu a obezity na riziko vzniku
diabetu 2. typu(Ma etal. 2002). K podobnym zéavérim do-
spélii dal$i autofi, ktefi prokazali, Zze SNPs v nekodujici oblasti
genu determinuji index inzulinové senzitivity, ovSem také
pouze v interakci s obezitou (Wang et al. 2002).
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ZAVER

Pfedpoklada se, Ze rezistin ma receptory na povrchu
bunék cilovych tkani. V kterych tkanich jsou tyto receptory
pfitomny, v jakém zastoupeni, jaka je struktura téchto re-
ceptory, jak pfesné je signalizace inzulinu v tukové tkani
antagonizovana signalizaci rezistinu, jaka je fyziologicka
role rezistinu v organismu a ¢im je v téchto regulacich spe-
cificky organismus lidsky - to jsou otazky, které c¢ekaji na
zodpovézeni. Podle poslednich poznatkd je i u ¢lovéka re-
zistin secernovan adipocyty a u obéznich jedincl pfedsta-
vuje adipocytarni sekrece vyznamny zdroj rezistinu. Je velmi
pravdépodobné, Ze rezistin je zapojen do regulaci gluké-
zového metabolismu, a tim i do etiopatogeneze diabetu 2.
typu. Analyza geneticky podminéné variability populace
ve schopnosti rezistin produkovat a reagovat na jeho pu-
sobeni by méla pomoci pfi zodpovidani téchto otazek, ne-
bot jejich znalost je nezbytna pro pfipadné vyuziti rezisti-
nu a jeho funkce v organismu pro léc¢ebné zasahy u lidi
trpicich diabetem 2. typu.

Podporeno vyzkumnym zamérem MZ: 000000023761, IGA
MZ CR NB/5395-5.
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Dr Gustav Sindelka died in 2001,

METHODS: Sixty-nine young women with polycystic ovary syndrome (PCOS) [age 25.2 = 4.7 years, with body mass
index (BMI) 24.3 = 4.8 kg/mz; mean * SD] and 73 age-matched healthy females (BMI 22.3 = 3.3 kg/mz; mean = SD)
were evaluated for the occurrence of features of metabolic syndrome according to the Adult Treatment Panel III.
RESULTS: Overt metabolic syndrome (the presence of three and more risk factors) was not more common in PCOS
women (1/64, 1.6% ) than in healthy controls (0/73, 0%). On the other hand, in nearly 50% of PCOS women isolated
features of metabolic syndrome, most often a decrease in high-density lipoprotein (HDL) cholesterol, were found.
Women with at least one feature of metabolic syndrome were, in comparison with women without any of these
features, significantly more obese (P = 0.0001), with lower insulin sensitivity (P = 0.05). When comparing PCOS
women according to the degree of insulin sensitivity, as determined by euglycaemic clamp, isolated features of meta-
bolic syndrome were found in 8/17 women above the upper quartile, compared with 11/16 women below the lower
quartile of insulin sensitivity (P = 0.20). CONCLUSIONS: Overt metabolic syndrome is only rarely encountered in
young Czech females affected by PCOS but its isolated features are relatively frequent, both in young PCOS patients
and in age-matched control women.

Key words: euglycaemic clamp/insulin resistance/metabolic syndrome/polycystic ovary

Introduction whether PCOS itself could be another feature of syndrome X

Polycystic ovary syndrome (PCOS) scems to be the most  (Samand Dunaif, 2003).

common endocrine disease in women of reproductive age. with
the incidence reported to be about 4-6% in this age group for
white women (Knochenhauer et al.. 1998; Azziz et al., 2004).
In the last two decades of the 20th century, insulin resistance
(Dunaif er al., 1989; Diamanti-Kandarakis et al., 1995; Toprak
et al., 2001), dyslipidaemia (Wild er al., 1985; Talbott et al.,
1998; Legro er al., 1999, 2001; Dejager et al., 2001; Pirwany
et al., 2001) and obesity (Ehrmann et al., 1999; Legro et al.,
1999) began commonly to be described as associated with
PCOS. These disorders are also the features of the so-called
metabolic syndrome or syndrome X, as defined by either the
World Health Organization or the Adult Treatment Panel (ATP
IIT) (2001). Insulin resistance is thought to be a core defect in
metabolic syndrome, but assessments of neither insulin resist-
ance nor hyperinsulinaemia are among the diagnostic criteria
for the syndrome proposed by The National Cholesterol
Education Program (NCEP)YATP III (2001). The exact rela-
tionship between insulin resistance and different features of
syndrome X is unknown. There is also some discussion as to

On the other hand, a surprisingly low number of women with
metabolic syndrome have been shown to be affected by PCOS
(Korhonen et al., 2001). To date there are few data concerning
the prevalence of metabolic syndrome in PCOS women, and
these data are mainly derived from the US population (Glueck
et al., 2003; Apridonidze er al., 2005), where significantly more
women are obese in comparison with European studies.

The authors evaluated a group of young women with PCOS
in comparison with age-matched healthy women for the occur-
rence of various features of metabolic syndrome according to
ATP III. A second aim was to describe the mutual relationship
of different features of metabolic syndrome to insulin resistance,
as examined by euglycaemic hyperinsulinaemic clamp.

Materials and methods

Patients

The study group comprised 69 oligo/amenorrhoeic women with
PCOS. evaluated in the years 2001-2003 at either the Departiment of

© The Author 2005. Published by Oxford University Press on behalf of the European Sociery of Human Reproduction and Embryology. All rights reserved. 1
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Clinical Endocrinology of the Institute of Endocrinology, Prague,
Czech Republic or at the endocrine outpatient clinic of the Depart-
ment of Obstetrics and Gynaccology, Charles University, Prague, and
willing to undergo a cuglycacmic clamp. All of the subjects matched
the Rotterdam consensus criteria (2004), and all had a clinical mani-
festation of hyperandrogenaemia as hirsutism and/or acne, and an ele-
wation of the free testosterone index and/or androstenedione above the
gpper limit of the normal range. i.c. 0.40-2.65 nmol/l for testosterone
ad 1.6-5.4 nmol/l tor androstenedione (Vrbikova et al., 2004). Pelvic
rasound was done using the Siemens Sienna system, (Siemens
Medical Solutions, Ultrasound Division, Mountain View, CA, USA),
witha 5/7.5 MHz vaginal ultrasound probe. The women were other-
wise in good health, without any serious disorders. Women suffering
flom epilepsy or migraines were excluded, as these are contraindica-
tons for the euglycaemic clamp. In all patients 170H progesterone
was determined in the early follicular phase of their cycle, and if
kvels were between 5 and 10 nmol/l an adrenocorticotrophic hormone
st was performed to exclude late-onset congenital adrenal hyperplasia.
Hyperprolactinaemia (prolactin level >20 pg/l), hypercortisolism
[plasma cortisol >650 nmol/l and, if necessary, urinary free cortisol
weretion (normal 1f <280 nmol /24 h) or a short dexamethasone
sppression test with 1 mg of dexamethasone at 22.00-23.00 h and
absequent morning plasma cortisol (normal if <80 nmol/l)}, and
tyroid dysfunction (euthyroidism defined as both thyroid-stimulating
bormone and free thyroxine in normal range) were excluded. None of
the patients had taken oral contraceptives or any other medication
dfecting steroid or glucose metabolism during the preceding 3 months.

The control group consisted of 73 healthy, age-matched females
renuited by advertisement, all of whom were in good health with no
wrious disorders, with a regular menstrual cycle (21-35 days), with
w clinical signs of hyperandrogenism and with serum testosterone
lower than 2.65 nmol/l. Pelvic ultrasonography was not performed.
The patients used no medication.

The local ethics committee of the Institute of Endocrinology
pproved the protocol of the study and all the patients and controls
sgned informed consent before the examinations.

The patients and controls were evaluated at the clinical department of
te Institute of Endocrinology as outpatients. Two blood pressure
rafings were obtained in sitting patients after a 10-min rest; the mean
ws determined from two values and was used for further analysis. Waist
acumference was measured in the standing position, halfway between
te fower ribs and the crest of the pelvis. Blood sampling for hormonal
ad biochemical examination was done between days 3 and 6 of the
menstrual cycle or, in the case of secondary amenorrhoea, at any time.

Metabolic syndrome was defined using the ATP 111 criteria (1997),
sthe presence of three or more of the following features: (i) abdominal

obesity (waist circumference >88 cm); (ii) hypertriglyceridaemia
(>1.69 mmoVl); (iii) decrease in high-density lipoprotein (HDL)
cholesterol (<1.29 mmol/l); (iv) high blood pressure (2130/85 mmHg);
(v) high fasting blood glucose (26.1 mmol/l).

In PCOS patients, after basal blood samples were taken, a 2-h
euglycaemic hyperinsulinaemic (1 mIU kg' min?) clamp was
performed as described previously (DeFronzo er al., 1979). Insulin
sensitivity was determined from the values obtained during the
steady-state period. between the 100th and 120th minutes. The target
blood glucose level was 5.0 mmol/l, with the coefficient of variance
less than 5%. The glucose disposal rate, defined as the amount of
glucose supplied by the infusion to maintain the desired blood glucose
level (umol kg' min?), and the insulin sensitivity index (ISD),
defined as the ratio of the glucose disposal rate to the average insulin
concentration during the observed period (IS1, pmol kg™ min™ per
mlU 1" x 100), were calculated on the basis of the clamp results.

Blood glucose was determined in the whole blood by the electro-
chemical method (Super GL, Dr Muller Gerate Bau, GmBH, Freital
Germany). Insulin was estimated by immunoradiometric assay using
an immunoradiometric assay kit (Immunotech, Marseilles, France).
Total cholesterol, HDL cholesterol and triglycerides were assessed by
photometry (Ecoline 25; Merck Vitalab Eclipse, Darmstadt, Ger-
many). Testosterone, androstenedione, dehydroepiandrosterone, dehy-
droepiandrosterone sulphate, LH and sex hormone binding globulin
were determined as described previously (Vrbikova et al., 2001).

Statistical evaluation

After confirming a Gaussian distribution, Student’s r-test was used to
evaluate differences between the controls and the PCOS women.
Results are presented as mean = SD. The ¥° test or Fisher's exact test
was used to compare the frequencies of the particular features of
metabolic syndrome between PCOS women and controls.

Results
Clinical parameters

The demographic, anthropometric and biochemical parameters
of the healthy and PCOS women are given in Table I. Vaginal
pelvic ultrasonography was carried out in 58 PCOS patients.
Six showed a normal appearance of the ovaries and 52 had
polycystic ovaries (PCO) Five PCOS women had regular
menstrual cycles; in 50 women oligomenorrhoea and in 14
secondary amenorrhoea was observed. Body mass index (BMI)
in PCOS women was significantly higher than in the controls

Table . Basic demographic and metabolic parameters in healthy women and women with polycystic ovary syndrome (PCOS)

Controls (n =73) PCOS (n =69) P
Agetyears) 238 (21.8; 26.8) 24.0(22.0: 28.0) n.s.
8ady mass index (kg/m*) 21.9(20.2; 23.0) 23.0(21.0: 26.9) 0.0097
Waist (cm) 68.2(65.4,73.4) 74 (68.5; 80.0) 0.0009
Sstolic blood pressure (mmHg) 110.0 (103.3; 118) 118 (110.3; 127.5) 0.003
Dustolic blood pressure (mmHg) 70.0 (65.0; 76.0) 75(70,79) 0.02
(holesterol (mmoi/l) 4.08(3.75.4.51) 4.44 (4.08; 4.79) 0.01
Trglycerides (mmol/1) 0.79(0.61; 1.08) 0.86 (0.65; 1.19) ns.
HDL cholesterol (mmol/ty 1.48(1.29;1.64) 1.37(1.25; 1.62) 0.04
Fasting blood ¢lucose (mmol/t) 45¢.2:47) 4.6 (4.20.4.82) n.s.
Testesterone (nmol/1) 1.83(1.55:2.35) 3.38(242;427) 0.00001
Festing insulin (mIU/) 6.304.80:9.28) 8.24 (5.25; 10.05) n.s.

Vilues are median (lower quartile; upper quartile).
HDL cholesterol. high-density lipoprotein cholesterol.



(24.3 4.8 versus 22.3 £3.3 kg/m?, P = 0.001) and all other
variables were adjusted for BMI. After BMI adjustment,
significantly higher waist circumference (P = 0.0009), systolic
blood pressure (P = 0.003). diastolic blood pressure (P =0.02) and
cholesterol (= 0.01) and signiticantly lower HDL cholesterol
(P =0.04) were found in the PCOS women than in controls.

The occurrence of the individual features of metabolic syndrome
(according to NCEP/ATP HI) in PCOS and controls is given in
Table II. No significant difference in the occurrence of any of the
features of metabolic syndrome was found between Czech PCOS
wonen and the controls. In PCOS women the following combina-
tions were found: reduction of HDL cholesterol with an increase in
waist circumference (two patients), and reduction in HDL choles-
terol with elevation of triglycerides (two patients). Other possible
combinations were not encountered. Overt metabolic syndrome
(higher blood pressure with higher triglycerides and lower HDL
cholesterol) was found in only one patient.

To evaluate whether the occurrence of the individual fea-
tures of metabolic syndrome are different in insulin-sensitive
and insulin-resistant PCOS, women were compared on the
basis of the degree of insulin sensitivity. Initially, 17 women
with ISI below the lower quartile of insulin sensitivity (44.8
umol kg! min? per mIU 17 x 100) were compared with the
remaining 52 women. The occurrence of low HDL cholesterol
was not significantly different between the groups (33.3 versus
39%). as was also true of abdominal obesity (7 versus 10%.),
while arterial hypertension occurred in three women in the
lower quartile versus one in the rest. When comparing women
above the upper and below the lower quartiles of [SI (ISI >80.8
versus <44.8 pmol kg' min™ per mIU 17 x 100), isolated
features of metabolic syndrome were found in 8/17 women
above the upper quartile as opposed to 11/16 women below the
lower quartile (P = 0.20; xz = 1.59.). Women with at least one
feature of metabolic syndrome (n = 37) were, in comparison
with women free of any of these features (n = 32), significantly
more obese (BMI 26.0 £5.5 versus 22.3+2.4 kg/mz; P =0.0001),
with lower insulin sensitivity (52.7 £ 28.5 versus 69.6 +25.0
umol kg™ min per mIU I x 100: P = 0.05) and lower testo-
sterone (3.1 £ 1.1 versus 3.8 £ 1.3 nmnol/l; P = 0.03).

Discussion

In this study, isolated features of metabolic syndrome were
no more frequent in young Czech PCOS women than they
were in healthy females. The most common abnormality in
both groups was a decrease in HDL cholesterol to below 1.3
mmol/l.

Metabolic syndrome and polycystic ovary syndrome

In this study, isolated features of metabolic syndrome were
much less frequent in young Czech PCOS women than they
were in the US population. Czech PCOS data were compared
with recently published data from the USA (Apridonidze et al..
2005); it was found that all of the features of metabolic
syndrome (with the exception of elevated fasting blood
glucose) were significantly more common in the US popula-
tion than in Czech females.

There is a paucity of data concerning the occurence of
metabolic syndrome in PCOS. A study on the occurrence of meta-
bolic syndrome in women in the USA with PCOS was undertaken
in 2003 (Glueck er al., 2003), in which all of the features of meta-
bolic syndrome were found significantly more often in these
PCOS women than in the NHANES III white female population;,
metabolic syndrome was diagnosed in 46% of PCOS women.
Recently, a similar study in the US population has confirmed these
data; the authors described a prevalence of metabolic syndrome in
PCOS women twice as high as that in the general population data
(Apridonidze et al., 2005). These results are different from those
of the present study; the US population was slightly older (average
age 31 versus 24 years), but this is probably of no great import-
ance. Secondly, and more importantly, the US women were sig-
nificantly more obese (85% with a waist circumference of over 88
cm or BMI between 31.7 and 42 kg/mz),

Higher BMI, waist circumference and systolic and diastolic
blood pressures in PCOS women than in controls have already
been described; thus, these results accord with those of other
studies (Conway et al., 1992; Talbott er al., 1995, 199§,). On
the other hand, no elevation of any of these parameters above
the upper limit of the normal range (Author: as meant?) was
found in PCOS women compared with their healthy counter-
parts. It may thus be speculated that these ‘subclinical’ risks
worsen over time; contrary to this speculation, there are, how-
ever, data finding an equal metabolic risk profile between
PCOS and healthy women above 40 years (Talbott et al.,
1998). An alternative explanation might be that only some
PCOS women are susceptible to metabolic syndrome and car-
diovascular disease. The most significant difference between
PCOS women with and without some features of metabolic
syndrome was in the degree of obesity, compared with slight
differences in insulin sensitivity. Obesity might thus be con-
sidered the most important factor aggravating cardiovascular
risks in PCOS women, just as it is in the general population
(St-Onge et al., 2004). This speculation is also substantiated by
the comparison of data derived from Czech and US women
affected with PCOS. Recent studies on metabolic syndrome
derived from US data have comprised mostly women with a

‘Table 1. The prevalence of different features of metabolic syndrome in olycystic ovary syndrome in comparison with control, (Apridonidze er al., 2005)

Features of metabolic syndrome Prevalence: n (%)

P

Controls, Czech (n=73)

PCOS, Czech (n=69)

PCOS, USA (n=106) PCOS, USA versus

PCOS, Czech

Controls, Czech versus
PCOS, Czech

Blood pressure >130/85 mmHg 5(6.85) 9(13)
HDL cholestero! < 1.29 mmol/l 18 (24.6) 24 (34.8)
Waist circumference >88 cm 4(5.5) T
Triglycerides >1.69 mmol/l I(1.4) 4(5.8)
Fasting blood glucose > 6.1 mmol/l 1(1.4) 0

48 (45) 0.00001 n.s.
71 (68) 0.0001 n.s.
71(67) 0.00001 n.s.
37(35) 0.00001 n.s.

4(3.8) ns ns.
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significant degree of obesity, nearly all of whom have at least
one feature of metabolic syndrome, and of whom some
40-50% sutfered trom overt syndrome. By contrast, Czech
PCOS women were mostly lean or only slightly overweight.

In individuals participating in the third national health and
nutrition  examination survey, (NHANES 1II), the odds of
having metabolic syndrome increase with increasing BMI even
in the high-normal range (St-Onge er al., 2004). How this
ranslates to end-point cardiovascular events remains to be
verified by long-term prospective studies. In terms of the
conversion rate from normal glucose tolerance to diabetes,
imtial obesity (but not a moderate weight gain during the
period of a 4- to 7-year follow-up) was a significant determi-
nant of conversion (Wang and Norman, 2004).

There are some drawbacks to the present study. The control
goup was defined on the basis of self-reported regular
menstrual cyclicity, in connection with normal plasma testo-
serone and no chnical signs of hyperandrogenism, such as
hirsutism, acne or alopecta. Two of the three criteria of the
Rotterdam consensus were therefore excluded, but ovarian
morphology was not examined. A prevalence of as high as
0% PCO is detected among healthy females (Clayton et al.,
1992). On the other hand, females with PCO have been
reported as having higher serum testosterone than those with
normal ovarian morphology (Adams et al., 2005). The authors
detected no bimodal testosterone distribution, and do not there-
fore believe that there is a substantial proportion of unrecog-
nized PCOS in the control group. The second drawback lies in
the fact that the healthy controls were not taken from a random
population sample, but rather were recruited by advertisement.
Selection bias could therefore affect the results, and it is diffi-
alt to judge whether ‘healthier’ women are more likely to
respond to such an advertisement, or if the opposite is true.

In conclusion, overt metabolic syndrome as defined by
NCEP/ATP I is only rarely encountered in young Czech
females affected by PCOS. The occurrence of the different
features of this syndrome in PCOS is no more frequent than in
healthy controls, despite the fact that PCOS women have
higher average BMI, waist circumference and systolic and
diastolic blood pressures than controls. The most commonly
encountered abnormality is decreased HDL cholesterol.
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GEN PPAR vy VE STREDU ZAJMU
OBEZITOLOGU A DIABETOLOGU

GENE PPAR Yy ARROUSES INTEREST
OF OBESITOLOGISTS AND DIABETOLOGISTS

DANIELA SRAMKOVA'2, MARIE KUNESOVA3, VOJTECH HAINER?, BELA BENDLOVA!

'Endokrinologicky ustav, Praha,
?Katedra antropologie a genetiky éloveka PrF UK, Praha
3Centrum pro diagnostiku a Iécbu obezity VFN. Jll. interni klinika 1. LF UK. Praha

SOUHRN
Rodina jadernych receptord, znamych jako receptory aktivované peroxizomovymi proliferdtory (PPARs), hraje dulezitou
ulohu v regulaci energetického metabolismu a adipogeneze. Prace shrnuje soucasné poznatky o zapojeni téchto recepto-
rd, zejména typu gama. do slozitych metabolickych déju, zvlastni pozornost je vénovana glycidovémumetabolismu.
Uvedeny jsou popsané polymorfismy v genu typu gama a jejich pripadné souvislost s metabolickymi poruchami, jako je
obezita a diabetes mellitus 2. typu.
Klicova slova: peroxizomové proliferatory - PPARs - obezita u ¢lovéka - diabetes mellitus 2. typu - geneticky
polymorfismus - energeticky metabolismus

SUMMARY
The family of nuclear receptors, known as peroxisome proliferator-activated receptors (PPARs), plays a key role in energetic
metabolism and in a process of adipogenesis. This review summarizes current knowledge about involvement of these
receptors, especially the gamma form, in the complex metabolic pathways, with a special attention to carbohydrate
metabolism. Gene polymorphisms in gamma form and their possible association with metabolic disorders such as obesity
and type 2 diabetes mellitus are presented here.
Key words: peroxisome proliferators - PPARs - human obesity - type 2 diabetes mellitus - gene
polymorphism - energy balance

Obeazita je definovana jako stav patologické akumulace
tukové hmoty a v soucasné dobé predstavuje vzrlstajici
prevalenci jeden z nejzavaznéjsich zdravotnich problému
v rozvinutych zemich a stale Castéji i v rozvojovych sta-
tech. Obézni lidé maji zvySené riziko hyperinzulinémie, in-
zulinorezistence a rozvoje diabetu 2. typu, hypertenze,
hyperlipidémie, dyslipidémie, hyperurikémie - tedy kom-
plikaci popsanych jako Reaven(v metabolicky syndrom X.
Znama je i souvislost mezi otylosti a vyskytem nékterych
typU nddorovych onemocnéni.

Stav soucasného poznani zcela zménil pohled na tuko-
vou tkan. Role prevazné pasivni zasobarny energie byla
nahrazena nanejvy$ aktivni roli regulatoru energetické
homeostazy a télesného slozeni. Zacina se dokonce ho-
vorit o tukové tkani jako o metabolicky aktivnim organu.
Byly objeveny geny, jejichZ exprese je omezena témér vy-
hradné na tukovou tkan nebo je jejich exprese v adipocytech
nejvyraznéjsi. Studium téchto genl muze pfinéstinforma-
ce, které umoznilepsi pochopeni procest energetického
metabolismu a snad povede i k roz§iteni moznosti lécby
obezity a jejich metabolickych komplikaci.

K témto gentm patfiirodina jadernych receptort, ozna-
¢ovanych jako PPARs.

Receptory aktivované peroxizomovymi proliferatory
(peroxisome proliferator-activated receptors, PPARs) byly
poprvé klonovany jako jaderné receptory, které v procesu
genové transkripce prenaseji signal syntetickych chemic-
kych latek vedouci k proliferaci peroxizomu. Pokracujici
vyzkum vSak odhalil, Ze peroxizomové proliferatory jsou
pomeérné slabymi funkcénimi aktivatory PPARs v porovnani
s nové nalézanymiligandy (viz nize). U ¢lovéka navic neni
proliferace peroxizom fizena prostrednictvim PPARs, vzi-
té pojmenovani je tedy z medicinského hlediska nesprav-
né (Vamecq a Latruffe 1999). V soucasnosti patfi PPARs
k jedném z nejintenzivnéji studovanych jadernych recep-
tor(l. Zajem ze strany védcl a lékafd vzbudilo zejména
zjisténi, ze PPAR vy hraje kliCovou roli v adipogenezi a dale
Ze mezi jeho syntetické ligandy patfi thiazolidindiony, lat-
ky Uspésné vyuzivané ke zlepSeni citlivosti na inzulin
u diabetikd 2. typu.

Postupné se ukazalo, Ze PPARs jsou obecnymi tran-
skripénimi faktory nepostradatelnymi pro regulaci bunéc-
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ného cyklu, uplatiujicimi se v zanétlivém procesu a v fize-
niimunitni odpoveédi (He et al. 1999), v karcinogenezi (Sar-
raf etal. 1999) a v aterogenezi (Nagy et al. 1998).

KLASIFIKACE, BIOLOGICKA FUNKCE, TKANOVA A GENOMOVA LOKALIZACE

Znamy jsou tii typy PPARs: «, dale B (znam téZ pod
nazvem 6, NUC-1 ¢i FAAR) ay, kazdy je kddovan na jiném
chromozomu lidského genomu.

Gen pro PPAR o je umistén v na 22. chromozomu
v oblasti 22q13.31. U ¢lovéka je exprimovan prevazné
v hnédé tukové tkani a jatrech, dale v ledvinach, srdci
a kosternim svalstvu. Cilovymi geny PPAR o jsou geny Ucast-
nici se lipidového katabolismu, tj. transportu mastnych
kyselin do bunék, jejich oxidace v mikrozomech, peroxizo-
mech a mitochondriich apod. (Dreyer et al. 1992). Produk-
tem genu je u ¢lovéka protein sestavajici ze 468 aminoky-
selin.

Gen pro PPAR B je lokalizovan na 6. chromozomu
v oblasti 6p21.2-p21.1. Exprimovan je u ¢lovéka nejsilngji
v tlustém stieveé a placenté, dale v ledvinach a srdci. Ovliv-
nuje expresi acetyl-CoA syntazy 2 v mozku (Basu-Modak
etal. 1999), je zapojen do procesu embryonalni implanta-
ce a decidualizace (Lim et al. 1999), je prokazan vztah
k rakoviné tlustého stieva (He et al. 1999). Protein u ¢lové-
ka sestava z 441 aminokyselin.

Gen pro PPAR v je u ¢lovéka exprimovan pfedevsim
v tukové tkani, dale v tlustém strevé, v mensi mire také
v kosternich svalech, ledvinach, jatrech, tenkém stieve,
v bunkdch imunitniho systému véetné makrofagd péno-
vych bunék aterosklerotickych lézi a v retiné (Fajas et al.
1997). PPAR yje aktivatorem bunécné diferenciace adipo-
cytl. Ve spojeni s transkripénimi faktory C/EBPs (CCAAT/
enhancer binding proteins) indukuje PPAR ydiferenciaci
pre-adipocytl ve zralé tukové bunky (Rosen etal. 1999).
Uginek je zprostfedkovan geny aktivnimi v tukové tkani,
k nimz patfi geny pro proteiny, zapojenymi do regulace
mnozstvi zasobniho tuku a do prenosu signaitt ovliviuji-
cich inzulinovou senzitivitu jako napf. TNFa (tumor
nekrotizujici faktor o), LPL (lipoproteinova lipaza), aP2 (adi-
pocyte fatty acid binding protein 2), acetyl-CoA syntaza,
FATP (fatty acid transport protein), CPT {karnitin palmitoy-
itransferaza) nebo PEPCK (fosfoenol pyruvat karboxykina-
za) (Lowell 1999). Bylo prokazano, ze také PPAR oo muZe
indukovat adipogenezi po stimulaci silnymi aktivatory, za-
timco u PPAR 3 tato schopnost prokazéana nebyla (Brun et
al. 1996). Déle se ukazuje, Ze mutace spojené s poruchou
funkce PPAR ysouvisi s nadorovym bujenim tlustého stre-
va (Sarraf et al. 1999), mutace v ligand-dependentni do-
méné tohoto genu byla v heterozygotni formeé prokazana
u tfi diabetik( 2. typu, u nichZ se v neobvykle mladém véku
rozvinula hypertenze (Barroso et al. 1999). Pokusy na
mysich prokazaly nepostradatelnost PPAR ypro diferenci-
aci trofoblastu a pro placentarni vaskularizaci (Barak et al.
1999). PPAR ytéz moduluje diferenciaci makrofagt a ovliv-
fuje i produkci cytokini makrofagy (Nagy et al. 1998).

Metodou somatické hybridizace (Greene et al. 1995)
a metodou fluorescencni hybridizace in situ (Beamer et al.
1997) byl gen pro PPAR ylokalizovan na 3. chromozomu
v oblasti 3p25. Obsahuje 9 exon( a svou délkou pfesahu-

hPPAR Y1

ATG
Y2
At A2 1B 1.2 3 4 5 6
hPPAR y2 ATG

hPPAR v3

ATG

Legenda: VSechny tfi izoformy vznikaji alternativnim
sestfihem a jsou fizeny rliznymi promotory. Gen pro PPAR y1
je kédovan exony A1, A2, 1-6. Gen pro PPAR Y2 je kédovan
exony B, 1-6. Gen pro PPAR Y3 je kodovan exony A2, 1-6.
Protoze exony A1 a A2 nejsou translatovany, je protein
kodovany genem pro PPAR Y1 shodny s proteinem kédovanym
genem pro PPAR 73, protein je u ¢lovéka sloZzen z 477
aminokyselin. Protein kodovany genem pro PPAR y2 je slozen
z 505 aminokyselin. Na obrazku jsou oznaceny kodony
odpovidajici iniciaénim mistim translace jednotlivych

izoforem.

Obr. 1: Genomicka organizace izoforem lidského genu PPARY

je 100 kb. Klonovani cDNA pro PPAR yukazalo, Ze existuji
3 formy: PPAR y1, PPAR Y2 a PPAR ¥3. VSechny tfiizoformy
vznikaji alternativnim sestfihem, jsou fizeny rlznymi pro-
motory a maji ligand-dependentni a ligand-independentni
aktivacni domény. Gen pro PPAR 1 je kédovén exony A1,
A2 a dale exony 1 az 6. Forma PPAR Y2 je kdédovana 7
exony, které zahrnuji pro tuto formu unikatni exon B a dale
exony 1 az 6 spole¢né s PPAR y1. Transkript PPAR Y2 ma
oproti PPAR Y1 na 5" konci 84 nukleotid (28 aminokyse-
lin) navic, coz ¢ini ligand-independentni aktivacni doménu
této izoformy 5-10krat efektivnéjsiv porovnani s PPAR y1
(Werman et al. 1997). Gen pro PPAR v3 je kédovan kromé
exon( 1 az 6 exonem A2, dava vsak vznik proteinu shod-
nému s proteinem kdédovanym genem pro PPAR Y1, nebot
exony A1 a A2 nejsou translatovany, takze se uplatni pou-
ze exony 1 az 6, kodujici protein slozeny z 477 aminokyse-
lin (obr. 1).

Gen pro PPAR y1 je exprimovan v mnoha riznych tka-
nich (tukova tkan, slabé téz v kostni dreni, slezing, ledvi-
néch, jatrech, testes, mozku, srdci, kosternich svalech).

Gen pro PPAR Y2 je exprimovan piedevsim v tukove tka-
ni, ve slabsi mife téz v kosternich svalech a jatrech.
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Gen pro PPAR ¥3 je podle dosavadnich znalosti expri-
movan v tlustém stfevé a tukové tkani (Vidal-Puig et al.
1997).

SOUCASNE POZNATKY O MECHANISMU PUSOBENI PPARS

PPARs funkéné aktivované nékterym z ligand (viz nize)
se vaZzou na specifickou oblast (tzv. hormone response
element) v promotoru cilovych gent, a moduluji tak jejich
transkripci. Je velmi pravdépodobné, Ze rizné ligandy ve-
dou po vazbé na tyz nuklearnireceptor k odli§né prostoro-
vé konformaci celkového komplexu a pravé tato odliSnost
umoznuje rozdilnou reaktivitu s dal§imi kofaktory a ve
svém dusledku obrovskou komplexnost interakci v procesu
genové exprese pfi jejich soucasné vysoké specificité.
PPARs se mohou na promotorovou oblast DNA vazat pou-
ze ve formé heterodimeru s retinovym receptorem X (RXR).
Pro heterodimer plati, Ze je schopen spoustét genovou
transkripci po vazbé aktivujiciho ptisobku na PPAR nebo
na RXR, pfi soucasné vazbé obou je v§ak transkripce vy-
razné silnéjsi (Desvergene a Wahli 1999).

Ve stavu sytosti (u ¢lovéka do 4 hodin po vydatnéj§im
jidle) je velka ¢ast glukdzy vychytavana z krevniho obéhu
jatry, vyuzita k syntéze glykogenu a prebytky slouZzi jako
substratk lipogenezi. Po jidle byl pozorovan vzestup SREBP 1
(sterol response element binding protein 1, téZ ADD 1)
a PPAR yv tukové tkani. Vztah mezi geny je takovy, Ze pu-
sobenim SREBP 1 je indukovana transkripce PPAR ygenu
(Fajas et al. 1999). Dale SREBP 1 indukuje expresi nékoli-
ka gent zahrnutych do procesu lipogeneze a predpoklada
se, Ze dusledkem je vzestup produkce pfirozenych ligandi
PPAR Y, a tim zesileni funkZni aktivity genu (Kim et al. 1998)
(obr. 2).

presi genu pro PPAR Y1 a2, pfed podanim inzulinu u nich
byla exprese PPAR ¥1 snizena o 60-70 % a exprese genu
pro PPAR ¥2 dokonce o 80 % (Vidal-Puig et al. 1996). inhi-
biéni je naopak vliv inzulinu na expresi genu pro PPAR o
v jatrech (Steineger et al. 1994). Zda se tedy, Ze inzulin
hraje daleZitou roli v regulaci genové exprese jednotlivych
forem PPARs v konkrétnich tkanich: ve stavu sytosti je diky
vysokym hladindm inzulinu stimulovana exprese PPAR vy
v tukové tkani a zaroven inhibovana jaterni exprese PPAR
o.genu. Za podminek, kdy je hladina endogenniho inzuli-
nu z néjakého duvodu nizka (hladovéni, porucha sekrece
atp.), exprese PPAR ya SREBP 1 v adipocytech je slaba,
zatimco jatra prostfednictvim zvyseni exprese PPAR o genu
produkuji enzymy Ucastnici se oxidace mastnych kyselin
na acetyl-CoA a nasledné na ketolatky jako acetoacetat
a f-hydroxybutyrat, tedy na substrat vyuzitelny pro ostatni
tkané (Kersten et al. 1999).

Do téchto slozZitych regulaci vyznamné zasahuje nedav-
no objeveny proteohormon leptin. Mnoho védeckych pub-
likaci popisuje stimulac¢ni vliv inzulinu na sekreci tohoto
plsobku (Sinha a Caro 1998). Nové bylo v podminkach in
vivo potvrzeno, Ze fyziologicky vzestup koncentrace lepti-
nu vede k vyrazné inhibici inzulinové sekrece (Cases et al.
2000).

Leptin je kddovan ob-genem na 7. lidském chromozomu
a skladéa se ze 167 aminokyselin. Exprimovan je pfevainé
v tukové tkani adipocyty, v mensi mite téz epitelem zalud-
ku, placentou a dalSimi tkdnémi. Za normalnich okolnosti
koreluje vyse hladiny leptinu s mnozstvim tukové tkané
v organismu. Leptin v krvi cirkuluje z vétsi ¢asti vazan na
proteiny a ve volné formeé plsobi na hypotalamicka centra
regulujici prijem potravy. Mechanismus Gc¢inku je u zdravych
osob takovy, Ze zmnozZeni tukové tkdné se odrazi ve vzestu-

pu hladiny leptinu, coZ vede

T aktivita SREBP 1

. :

ligandy PPAR y

/V T exprese PPAR y \

Legenda: PGsobenim SREBP 1 je indukovana transkripce genu PPAR y. Zarovein byla popséna
zvySend produkce endogennich ligand( PPAR y. Dusledkem je zesileni aktivity genu.

k Gtlumu chutik jidlu a ke zvy-
Seni energetického vydeje.
Naopak pFipadna redukce tu-
kové hmoty a nasledny pokles
koncentrace leptinu v krvi p{-
sobi na pfijem potravy stimu-
laéné, energeticky vydej se
snizuje. Tento obecny popis
je pouze modelovy, nebot
existuje vysoka heterogenita
v koncentraci leptinu u osob

1
aktivita PPAR y
b 4

Obr. 2: Schéma shrnujici vztah mezi aktivitou SREBP 1 a PPAR y

Bylo prokazano, Ze transkripce SREBP 1 vede ke kon-
verzi glukdzy v acetyl-CoA a nasledné k syntéze mastnych
kyselin (Foretz et al. 1999). Mastné kyseliny se vdZzou na
glycerol a ve formé triacylglycerolu se stavaji soudasti
VLDL. Mnozstvi SREBP a PPAR yv tukové tkani se zvysuje
v postprandialnim stavu. Vzrast koncentrace proteinu PPAR
vajeho interakce s pfisluSnou promotorovou oblasti vede
kindukci LPL a FATP. Disledkem je posileni distribuce
mastnych kyselin do adipocytu. To pfispiva k syntéze TG
a jejich akumulaci v tukové tkani. Pfedpoklada se, ze mnoz-
stvi SREBP a PPAR yje v tukové tkani v postprandilnim
stavu zvySovano plsobenim inzulinu (Rieusset et al. 1999).
Podavani inzulinu diabetickym mysim normalizovalo ex-

téze télesné konstituce, véku
i pohlavi. Hladiny leptinu do
znadéné miry zavisi na aktudl-
ni energetické bilanci. Pouze v pfipadé, kdy je tato bilance
vyrovnana, odrazi leptin celkové zastoupenituku v organismu
{Levine a Billington 1998).

V souvislosti s tim je zajimavé pozorovani, Ze exprese
PPAR ydokaze udinné snizovat produkci leptinu (Wang et
al. 1999 a), a branit tak leptinem indukované supresi inzu-
linové sekrece a déle v souladu se svym adipogennim uéin-
kem zabraruje i zvySeni energetického vydeje, coz je pro-
ces leptinem stimulovany. SniZzeni exprese PPAR ¥, napft.
v dusledku mutace, mtzZe vést ke zvySeni hladin leptinu,
tim ke sniZeni potfeby energetického pfijmu a sniZzeni ten-
dence k ukladani tukovych zasob. Tento efekt maze byt
jesté posilen leptinem potlacenou sekreciinzulinu. U lidi,
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ktefijsou nositeli mutace v genu PPAR y(Pro 12 Ala), a maji
proto v heterozygotni formé méné aktivni alelu genu, byla
koncentrace leptinu skutecné statisticky vyznamneé vyssi
(Vendrell et al. 2000). Vzajemné vztahy mezi PPAR vy
a inzulinem osvétluji také studie na mysich, jimz byla ex-
prese genu pro PPAR yzdmérné snizena (Kubota et al.
1999, Barak et al. 1999): Heterozygotni PPAR y-deficient-
ni my3i vykazovaly hyperexpresi a hypersekreci leptinu,
a to navzdory mensi velikosti adipocyt( a snizenému mnoz-
stvi cetkového télesného tuku. U téchto mysi byla zjisténa
iochrana pfed rozvojem inzulinové rezistence pfi podava-
ni diety bohaté na tuky (Kubota et al. 1999). Jina studie na
mysSich heterozygotnich pro mutaci znemoznujici funkci
genu pro PPAR vy (homozygotni vyskyt mutace neni sluci-
telny se zivotem) ukazala snizeni hladin inzulinu u téchto
mysSi v porovnani s mySminormalnimiv 0., 15. a 30. minu-
té oGTT a navic exogennim inzulinem indukovany vzestup
utilizace glukézy béhem euglykemického clampu byl
u heterozygotnich mysi vyznamné zvySen. Také inzulinem
indukovana suprese jaterni produkce glukézy byla u hete-
rozygotnich mysi signifikantné vyraznéjsi (Miles et al.
2000). Tato pozorovani vedou k pfekvapivému zavéru:
Prestoze farmakologicky docilena funkéni aktivace genu
pro PPAR yzlep3uje inzulinovou senzitivitu, podobny efekt,
tedy zvySeni inzulinové senzitivity, je pozorovan téz
v pfipadech, kdy je aktivita genu pro tento jaderny recep-
tor v dasledku mutace omezena.

LATky ovuviudict akTiviTu PPARs

Mezi prirozené ligandy a funkéni aktivatory PPARs patfi
mastné kyseliny a jejich derivaty (leukotrieny, nékteré pro-
staglandiny), pficemz polynenasycené mastné kyseliny
s dlouhym fetézcem (napt. kyselina linolova) se pfednost-
né vazou na PPAR o, efektivnim funkénim aktivdtorem
PPAR v byl shledan prostaglandin 15-dPGJ2 (Forman et al.
1995, Kliewer et al. 1995). Velmi potentnimi funk&nimi
aktivatory PPAR vy jsou derivaty produktl oxidace LDL: 9-
hydroxy a 13-hydroxy oktadekadienové kyseliny (HODE)
a 15-hydroxyeikosatetraenova kyselina { 15-HETE) (Nagy
etal. 1998). Pokusy v podminkach in vitro prokazaly syn-
ergické stimulaéni plisobeniinzulinu a kortikosteroid( na
expresi PPAR yv kultufe izolovanych lidskych adipocytd
{(Vidal-Puig et al. 1997). Inzulin potencuje expresi a adipo-
genni aktivitu PPAR Y11 PPAR y2 u ¢lovéka pusobenim na
ligand-independentni aktivaéni doménu gent (Rieusset et
al. 1999). Znama je nepfima negativni regulace exprese
PPAR ypusobenim prostaglandinu F,(PGF,) prostfednic-
tvim MAP kinaz (Reginato et al. 1998). Mastné kyseliny
stimuluji expresi genu PPAR [, ktery ovliviiuje expresi dal-
ich gent, mezi nimi genu pro PPAR v. Ten navozuje dife-
renciaci adipocytt. PPAR [ tady zasahuje do proliferace
bunék navozené mastnymi kyselinami (Jehl-Pietri et al.
2000).

K syntetickym ligandlim PPAR, zejména PPAR ¢, se fadi
tzv. fibratové hypolipidemickeé |éky jako bezafibrat, fenofi-
brat, gemfibrozil a klofibrat. K ligandim PPAR v patfi anti-
diabetika thiazolidindienové fady (troglitazon, pioglitazon,
rosiglitazon, ciglitazon, englitazon), vliv téchto latek na
PPAR o.a B je vyrazné slabsi. Pozornost zaslouZi poznatek,
Ze thiazolidindiony stimuluji diferenciaci preadipocytd,

publikovany jesté pfed znalosti souvislosti s PPAR y(Klet-
zienetal. 1992).V soucasnosti je zndmo, ze aktivace PPAR
v prostrednictvim thiazolidindiond vyvolava zvyseni poctu
malych adipocyttl, o nichZ je zndmo, Ze jsou v porovnani
se star$imi tukovymi bunkami citlivéjsi na inzulin, pfi-
nejmensim hodnoti-li se schopnost glukdzového transpor-
tu. Toto zjisténi prispiva k pochopeni mechanismu tc¢inku
thiazolidindiont jako farmak zlep3sujicich inzulinovou sen-
zitivitu. Stimulace formace novych adipocytl spolu s jiz
vySe popsanym (kapitola o mechanismu ptisobeni PPARs)
posilenim distribuce mastnych kyselin do adipocyt(l a syn-
tézou TG objasnuje i neblahy dusledek, ktery je popisovan
pfi dlouhodobé lécbé nékterymi farmaky z fady thiazo-
lidindiond, a tim je hmotnostni prirastek. Zlep$eni citlivos-
tina endogenniinzulin mlze byt dosazeno téZ pasobenim
agonistd RXR, které s PPAR ytvofi heterodimery.

Funkéni aktivator, napf.: volné mastné kyseliny a jejich
derivaty; derivaty produkti oxidace LDL; antidiabetika

thiazolidindienové fady
A 2

CJ '\—7 Reguiace transkripce cilovych
5T genu, napf. TNF o
o« LPL
&
a aP2
PEPCK aj.
Promotorova
oblast

Legenda: Zakladni mechanismus uéinku nuklearniho receptoru
PPAR 7y ve spojeni s RXR. Dimer funk&né aktivovany nékterym
z ligandl se vaze na specifickou oblast v promotoru cilovych
genu a moduluje tak jejich transkripci. Je velmi pravdépodobné,
Ze rGizné ligandy vedou po vazbé na tyz receptor k odlisné
prostorové konformaci celkového komplexu a pravé tato
odliSnost umoznuje rozdilnou reaktivitu s dalsimi kofaktory a
ve svém dasledku obrovskou komplexnost interakci v procesu

genové exprese pii jejich soucasné vysoké specificité.

Obr. 3: Schéma funkce proteinu PPAR y

PopsaNE POLYMORFISMY v GENU PRO PPAR Y2 A JEJICH ASOCIACE
S OBEZITOU A DIABETEM 2. TYPU

Protoze PPAR Y2 je transkripénim faktorem s pfi-
mym vlivem na diferenciaci adipocytl a zaroven je expre-
se genu pro PPAR 2 ovliviiovana nutri¢nim sloZzenim, bylo
zjistovano, zda mutace v genu pro tento faktor maji u je-
jich nositela spojitost s mnozstvim zasobniho tuku.

Mezi obéznimi byla pozorovana vyznamné vyssi expre-
se PPAR 2, a to u obou pohlavi (Vidal-Puig et al. 1997).
V expresi genu pro PPAR y1 rozdily mezi obéznimi a stihly-
mi v téZe studii zjistény nebyly. Silnou pozitivni korelaci
vykazoval pomér PPAR y2/ PPAR y1 ve vztahu k BMI vy-
Setfovanych osob. U Zen byla zaznamenana vy$Si exprese
genu pro PPAR Y2 i PPAR Y1 v porovnani s muZi{Vidal-Puig
etal. 1997).
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V mnoha studiich byla testovana souvislost mezi vzac-
nym polymorfismem genu PPAR y2 ve 115. koddnu (Pro
115 GIn). Jde o oblast ligand-independentni aktivac¢ni do-
mény v 1. exonu genu. Mutace ma za nasledek neustalou
aktivitu genu a nasledné zrychleni diferenciace adipocyta,
nebot je znemoznéna fosforylace serinu v pozici 114. Pra-
vé tato fosforylace vede za normalnich okolnosti k inhibici
genové exprese.

Mutace byla v heterozygotnim stavu popsanau 4z 358
vy$etfovanych nepfibuznych jedinci némecké narodnos-
ti. VSichni nositelé byli téZce obézni s BMI (body massin-
dex) nad 37,9 (Ristow et al. 1998). Sir&i vliv na prevalenci
obezity v evropské populaci vSak vylucuje extrémni vzac-
nost popsané mutace. Studie Clementové et al. (2000)
nezachytila ani jednoho nositele tohoto polymorfismu
v souboru 1069 testovanych, z nichz 626 bylo obéznich.
nu B genu PPAR y2. Je nalézan ve velmi razném frekvend-
nim zastoupeni v zavislosti na etnické pfislu§nosti testo-
vanych jedincl, u evropské populace a u Ameri¢and
evropského puvodu asi ve 12 %, u mexickych Ameri¢ant
v 10 %, u Ameri¢ant afrického puvodu jen ve 3 %. Mutace
sniZzuje transaktivacéni kapacitu genu, disledkem je podle
nékterych studii niz§i BMI a vysSi inzulinova senzitivita
(Deeb et al.1998). Hara et al. (2000) popisuje snizeny
vyskyt mutace mezi diabetiky 2. typu japonské narodnosti
oproti kontrolni skupiné, navic mezi osobami s nadvahou
nebo obezitou pozoroval u nositelt mutace vy$si inzulino-
vou senzitivitu. Také Koch et al. (1999) uvadi vyssi citlivost
k inzulinu u nositell mutace ve skupiné silné obéznich osob.
U Ameri¢an( japonského pivodu byla pozorovana niz§i
prevalence diabetu 2. typu u nositeld mutace (Deeb et
al.1998). Nékteré studie vSak protektivni vliv mutace ne-
potvrzuji (Mori etal. 1998, Ringel et al. 1999, Mancini et
al. 1999, Clement et al. 2000). Beamer et al. (1998) do-
konce konstatuje pozitivni korelaci mezi mutaci a BMI.
Zajimavé jsou zaveéry Eka et al. (1999), ktery popisuje vys-
§i BMI u homozygotnich nositell mutace mezi 752 obéz-
nimi muzi evropského puvodu, aviak mezi kontrolni neo-
bézni skupinou 869 muzi vykazovali homozygotni nositelé
mutace BMI vyznamné nizsi.

Znama je déle néma mutace C1431—-T (His 478 His)
v exonu 6. Valve et al. (1999) udava jeji vyskyt mezi finsky-
mi zenamiv 19-21 %, popisuje jeji asociaci s vy3sim BMI
a dale uvadi, Ze ty z nositelek mutace, které zaroven maji
v pozici 12 aminokyselinu alanin misto bézného prolinu,
mutaci.

Wang et al. (1999 b) popisuje substituci C161->T
v exonu 6 genu PPAR Y2, jeji vliv na stupen obezity nebyl
pozorovan, mutace je v3ak asociovana s vy$sim vyskytem
srde¢né-cévnich onemocnéni.

ZAVER

PPARs je rodina jadernych receptort, které jsou
v soucasnosti intenzivné studovany. Jde o obecné transkripé-
ni faktory nepostradatelné pro regulaci bunééného cyklu,
vyznamné se uplatiuji v zanétlivém procesu a v fizeniimu-
nitni odpovédi, v karcinogenezi a v aterogenezi. Z hlediska
obezitologie a diabetologie je nejzajimavé;jsi gen pro PPAR

v, nebot ve spojeni's dalsimi transkripénimi faktory indukuje
diferenciaci preadipocytt ve zralé tukové buriky.

V klinickych studiich bylo prokazano, Ze thiazolidindio-
ny jsou léky, jejichZ podavani vede ke zlepSeni citlivosti na
inzulin u diabetikl 2. typu. Tyto latky byly identifikovany
jako vysoce afinitni ligandy nuklearniho receptoru PPAR
v. jehoz aktivace vede k indukci transkripce gen( kontrolu-
jicich glukézovy a lipidovy metabolismus. Omezeni aktivi-
ty PPAR yby tedy podle oekavani mélo vést ke zhorSeni
inzulinové citlivosti. Jak dokazuji studie na mysich, neni
tento predpokliad spravny, nebot mysi s pouze jednou
funkéni alelou genu vykazovaly vétsi citlivost k inzulinu nez
mys$i kontrolni, a to nejen v perifernich tkanich, ale
i v jatrech. Poznatky, ze thiazolidindiony mohou snizovat
expresi ob-genu v tukové tkani (Zhang et al. 1996), dale
Ze exprese PPAR ytlumi sekreci produktu ob-genu leptinu
(Wang et al. 1999a) a Ze exprese ob-genu, a tedy sekrece
leptinu je u lidi s mutovanou aleiou a u mysi s nefunkéni
alelou PPAR ygenu zesilena, nasvédcuji tomu, ze leptin je
zapojen do regulaci zajistujicich vyrovnanou hladinu glu-
kézy v krvi. Popsané studie na pfikladu genu PPAR ydoka-
zuji, Ze inzulinova senzitivita je regulovana mnoha vza-
jemné se ovliviujicimi geny, kdy nedostateéna exprese
jednoho z nich, zplisobena naptiklad mutaci, mize vést
ve svém dusledku k podobnému efektu, jako farmakolo-
gicky prostfednictvim ligandd stimulovana funkéni aktivita
téhoz genu.

Takové zjisténi dobfe ilustruje sloZitost déju vedoucich
k manifestaci multifaktoriadlné podminénych onemocnéni,
jimiz obezita i diabetes mellitus jsou. Jejich hlubsi pocho-
peni muze odhalit nové zplsoby, jak tyto regulace ovlivnit
a pribliZit se tak terapii, pusobici na jemnéjsich Grovnich,
fesici konkrétni zdravotni poruchu jednotlivce s jeho gene-
tickym vybavenim v danych Zivotnich podminkach.

Prace na této problematice je podporovana grantovy-
mi ukoly IGA MZ CR NB/5395-5, COSTOC. B17.10, MZ:
000000023761.
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ABSTRACT: The peroxisome proliferator-activated receptors (PPARs) are mem-
bers of the nuclear hormone receptor subfamily of transcription factors.
PPAR+2 plays a key role in regulation of adipocyte differentiation and energy
homeostasis. Recent studies provide evidence that the Prol12Ala polymorphism
is linked to obesity and type 2 diabetes mellitus, but the results are controversial
and depend on ethnicity. The aim of this study was to determine allele fre-
quencies and to study the influence of the polymorphism on biochemical and
anthropometric parameters in a Czech healthy adult population, in type 2 dia-
betics, and in a group of obese women. Results: The frequency of the Prol12Ala
PPAR<Y2 gene polymorphism in Czech probands is similar to other centrai
European populations. Frequency of the Prol2Ala substitution tends to be
higher in obese women and diabetics compared with controls. The fasting
insulin levels in the 12Ala carriers were significantly lower within the group of
diabetics even after adjustment for age, BMI, and the length of diabetes dura-
tion. In obese women, higher WHR was found in subjects with the 12Ala allele.
Conclusions: This study indicates that the substitution Prol2Ala is not associ-
ated with a decreased obesity or diabetes risk in the Czech population. How-
ever, the present data show that fasting insulin concentrations are lower in
diabetics with the 12Ala allele than in those without it. This finding provides
evidence that the polymorphism may influence glucose homeostasis.

KEYWORDS: obesity in humans; type 2 diabetes mellitus; PPARYy2 gene;
Prol12Ala polymorphism

The peroxisome proliferator-activated receptor (PPAR) vy is a member of the nuclear
hormone receptor family. This transcription factor has been identified as a functional
receptor for the thiazolidinedione class of insulin-sensitizing drugs.' The predomi-
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nantly adipose isoform of PPARYy, PPARY2, is expressed at a high level in adipose
tissue,2* where it modulates the expression of target genes implicated in adipocyte
differentiation>8 and glucose homeostasis. The PPARY2 is therefore a candidate
gene for obesity and type 2 diabetes mellitus.

The Pro12Ala polymorphism® was found to lower the transactivation capacity of
PPARY.!01! This polymorphism occurs with extremely variable frequencies in
populations of different ethnic origins.” It has been associated with lower body mass
index (BMI) and higher insulin sensitivity in two large Finnish studies and in a group
of second-generation Japanese-Americans, in which the 12Ala allele was also less
frequent among subjects with type 2 diabetes than among normal controls.!! A large
Japanese study suggests that the 12Ala allele may protect from type 2 diabetes
mellitus.'? On the contrary, one study found a positive association with higher BMI
in adult Caucasian subjects.!3 Some studies did not find an association with markers
of adiposity and insulin resistance.!4-16

The aim of this study was to determine allele frequencies of the polymorphism
and to study the association of allele variants with biochemical and anthropometric
parameters in a group of healthy Czech adults, in a group of type 2 diabetes mellitus
patients, and in a group of obese women.

METHODS

Study Subjects

We studied the frequency of the Prol12Ala polymorphism in the Czech population
in patients with type 2 diabetes mellitus (n = 183; age, 59.0+6.2 years; BMI,
30.1+4.8 kg/m?), in a group of obese women (n = 86; age, 44.1+11.4 years; BMI,
37.5+5.8 kg/m?), and in a group of healthy adult subjects (n = 69; age, 32.6+10.2
years; BMI, 23.9+3.7 kg/m?). (See TABLE 1.)

Type 2 diabetes mellitus patients were diagnosed by criteria of the World Health
Organization!” at the Institute of Endocrinology, Prague. The group of obese women
were recruited from the Prague Obesity Management Center. Control probands were
volunteers between 20 and 60 years of age without serious health problems. All
subjects gave their written informed consent to participate in the study.

Clinical and Anthropometric Characterization

Anthropometric data of the participants were obtained in the fasting state. Body
weight, height, and waist and hip circumferences were measured, and the indexes
WHR (waist-to-hip ratio) and BMI were calculated in all probands. In the control
group, 11 anthropometric height measures, 14 circumferences, 12 width measures,
and 14 skin folds were measured, and body composition (% fat mass, % muscles,
% bone mass) was calculated using the ANTROPO'8 program. Sitting systolic and
diastolic blood pressures were determined in a rest state.

After overnight fast, a venous blood sample was obtained for the determination
of a number of biochemical parameters. Blood glucose level was measured by the
glucose oxidase method (Beckman Glucose Analyzer 2), whereas glycosylated
hemoglobin (HPLC BioRad, Czech Republic) or glycosylated proteins (spectro-
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TABLE 1. Characteristics of the study subjects

Group Number Age (years) (£ SD) BMI (kg/mz) (£ SD)
Diabetics 183 59.0+6.2 30.1 £4.8
Obese 86 4412114 37.5+5.8
Controls 69 326+ 10.2 23.9+3.7
Total 338

photometric redox reaction using nitroblue tetrazolium as a sensitive redox indicator
for the specific quantification of fructosamine in alkaline solution) were determined.
Immunoreactive insulin (IRI) was assayed in probands not on insulin therapy using
an immunoradiometric assay kit (Immunotech IRMA, Czech Republic). Proinsulin
was analyzed using the ELISA kit (DRG Diagnostics, Germany). Serum levels of C-
peptide were evaluated by the immunoradiometric assay kit (Immunotech IRMA,
Czech Republic) and plasmatic glucagon levels were determined using the radio-
immunoassay kit (Euro-Diagnostica AB, Sweden). Serum concentrations of total
cholesterol (Merckotest, CHOD-PAP-Method), high-density lipoprotein (HDL)
cholesterol (Merck System Cholesterin, CHOD-PAP-Method), and triglycerides (TG)
(Merck System, GPO-PAP-Method) were measured using an automatic analyzer
(Merck, Vitalab Eclipse). Low-density lipoprotein (LDL) cholesterol concentrations
were calculated as [LDL = total cholesterol — (TG/5) — HDL]. Radioimmunoassays
were used for the determination of growth hormone (Immunotech IRMA, Czech
Republic), cortisol (our RIA method), SHBG (Immunotech kit, Czech Republic),
and DHEA and DHEA-sulfate (Immunotech kit, Czech Republic). The status of thy-
roid hormones TSH, free T3, and free T4 was measured using the automatic analyzer
Elecsys 2010 (Hitachi-Boehringer Mannheim, Germany). The whole subgroup of
control probands underwent 3-h oGTT (oral glucose tolerance test) with 75 g of
glucose and ivITT (intravenous insulin tolerance test) according to Young et al.’®

Detection of the Prol2Ala Polymorphism of the PPARY2
Using PCR and Hga I Restriction Endonuclease

DNA extracted from peripheral leukocytes was used to genotype for the two vari-
ants by the PCR-RFLP method. PCR amplification of the segment with the Prol2Ala
polymorphism was carried out in a volume of 15 pL, containing 15 ng of genomic
DNA, 0.5 pmol of each primer, 2 mM MgCl,, 0.2 mM dNTPs (Takara), and 10x
PCR buffer received together with Tag DNA polymerase (Top-Bio UNIS); 0.375 U
of the enzyme was used.

The PCR conditions were denaturation at 94°C for 2 min followed by 40 cycles
of denaturation for 40 s, annealing at 60°C for 40 s, extension at 72°C for | min, and
final extension at 72°C for 10 min. The following primers?® were used: forward
primer 5-GCCAATTCAAGCCCAGTC-3" and reverse primer 5'-CGTCCCCAAT-
AGCCGTATC-3".

The substitution of alanine for proline creates an Hga I restriction site. RFLPs
were detected after overnight digestion with 3 U of enzyme. The 12Pro allele gives
one 306-bp fragment, whereas the 12Ala allele gives 220-bp and 86-bp fragments.
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Statistical Analysis

The 2 test was used to assess differences in Prol2Ala frequencies between the
group of type 2 diabetes patients, obese women, and controls. For evaluation of the
differences in anthropometric and biochemical parameters between the 12Ala carriers
and noncarriers, the nonparametric Mann-Whitney test was used. Since there were
only four 12Ala homozygotes among all tested probands, they were added to 12Ala
heterozygotes and included in the statistical analyses. For evaluation of the differ-
ences with adjustment for constant age, BMI, and (in diabetics) the length of diabetes
duration, a two-factor ANOVA was used after power transformation of the original
data to approximate a Gaussian distribution. The differences were considered statis-
tically significant if p < 0.05. Two-tailed p values are reported. Odds ratio and 95%
CI were calculated to evaluate the risk of type 2 diabetes and obesity for the 12Ala
carriers. To assess insulin resistance and {3-cell function, we used the homeostasis
model assessment?! (HOMA-R and HOMA-F, respectively). Moreover, disposition
index22 (DI) was calculated as follows: DI = HOMA-F - (G/I), where Gy is fasting
serum blood glucose and I is fasting serum insulin.

The tests were done using statistic programs STATGRAPHIC Plus 3.0
(Manugistics, Rockville, MA) and NCSS 2000 (Statistical Solutions, Saugus, MA).

RESULTS

Frequency of the Prol12Ala Polymorphism in Czech Type 2 Diabetes
Mellitus Patients, Obese Women, and Controls

Detection of the Prol2Ala polymorphism using Hga I restriction endonuclease is
shown in FIGURE 1.

Taking all tested probands, the allele frequency of the Prol2Ala polymorphism
in the PPARY2 gene was similar to other central European populations.?3-2* However,

FIGURE 1. Detection of the Prol2Ala polymorphism in the PPARY2 gene using PCR
and Hga I restriction endonuclease.
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TABLE 2. Frequency of the Prol2Ala polymorphism in the PPARY2 gene in Czech
type 2 diabetes mellitus patients, obese women, and controls

Group Number 12Pro/12Ala 12Ala/12Ala  12Ala allele freq.
Diabetics 183 48 (26.23%) 2 (1.09%) 0.137
Obese 86 25 (29.07%) 1 (1.16%) 0.151
Controls 69 11 (15.94%) 1 (1.45%) 0.087
Total 338 84 (24.85%) 4 (1.18%) 0.130

12Ala tends to be higher in the group of diabetic patients (26.23% of heterozygotes
and 1.09% of homozygotes) and obese women (29.07% of heterozygotes and 1.16%
of homozygotes) compared with the control group (15.94% of heterozygotes and
1.45% of homozygotes). The difference between the group of diabetics and controls
did not reach statistical significance (2 = 2.92, p = 0.087), whereas the difference
between the obese and controls was stronger ()(2 =3.68, p=0.055). (See TABLE 2.)

Comparison of Phenotypic Features in Pro/Ala + Ala/Ala and Pro/Pro Genotypes
in Type 2 Diabetes Mellitus Patients, Obese Women, and Controls

The Mann-Whitney nonparametric test revealed significantly lower fasting insulin
and C-peptide levels among the 12Ala carriers compared with noncarriers in a group
of diabetics (12.98+9.12 vs. 17.16+11.15, p=0.007; and 0.90£0.91 vs. 0.9110.43,
p =0.037; respectively). This association between the polymorphism and lower fast-
ing insulin levels in diabetics was confirmed by ANOVA after adjustment for age,
BMI, and duration of diabetes (p = 0.004). In a group of diabetics, among 12Ala
carriers, lower fasting blood glucose levels were detected, although this association
disappeared when corrected for age, BMI, and diabetes duration. In terms of anthro-
pometric data, the only statistically significant difference between subjects carrying
the 12Ala allele and subjects without it was found in obese women: higher WHR was
found in 12Ala carriers (0.88+0.05 vs. 0.85£0.06, p = 0.014). No other differences
were found in body composition (BMI, % fat mass, % muscles, % bone mass), nor
were any significant differences found in plasmatic lipid levels or in other parameters
tested (0GTT and ivITT process, steroid hormone concentrations, etc.), with the only
exception being higher TSH levels among 12Ala carriers in comparison with non-
carriers in a group of obese women (3.70£2.64 vs. 2.58+1.78, p = 0.012). Odds
ratio, HOMA-R, HOMA-F, and DI were not significantly different between subjects
with and without the 12Ala allele within any of the diabetic, obese, or control
groups. (See TABLES 3 and 4.)

DISCUSSION

The aim of this study was to determine the frequency of the proline to alanine
substitution in the human PPARY2 gene in a Czech population and to investigate its
impact on glucose and lipid metabolism and susceptibility for type 2 diabetes mellitus
and obesity. According to allele frequencies, this study indicates that the substitution
is not associated with a decreased risk of type 2 diabetes or obesity. However, the
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present data show that insulin concentrations are lower in diabetic subjects with the
12Ala allele than in those without it. This finding became even more evident after
adjustment for age, BMI, and diabetes duration. These results may indicate that
diabetics carrying the 12Ala allele are more insulin-sensitive than those without it,
although this suggestion is not supported by significant difference in HOMA-R or
DI. Recently, Mori e al.?’ reported that the 12Ala variant is associated with a lower
level of insulin secretion in diabetic subjects and, consequently, with respect to other
observations, he concluded that this can be explained by a reduced capacity of
pancreas to secrete insulin. This is probably not the case in our study as fasting
glucose levels tended to be lower among 12Ala carriers within the diabetic group. It
is possible that genetic or environmental® factors causing diabetes interact with the
PPARY?2 gene, leading to the differences in insulin sensitivity between subjects with
and without Pro12Ala substitution in type 2 diabetes mellitus patients.

Increased insulin sensitivity might to some extent predispose subjects with the
12Ala variant to lipid accumulation under some environmental and genetic back-
grounds and our study supports this idea: the 12Ala variant is carried by nearly 30%
of individuals in the obese group compared with <16% of control individuals. More-
over, among the obese, the 12Ala carriers have higher WHR. However, we failed to
detect any other differences in body composition between subjects with 12Ala and
those without it.

In conclusion, the PPARY2 Prol2Ala polymorphism was found to be significantly
associated with lower fasting insulin levels among diabetic patients; thus, it is
possible that it has influence on insulin sensitivity. Therefore, this polymorphism
may have an important impact on glucose homeostasis.
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SUMMARY
Mitochondrial uncoupling contributes to the control of energy expenditure. The brown fat specific uncoupling
protein 1 (UCP1) mRNA was detected in intraperitoneal and extraperitoneal adipose tissue in adult humans. The A-
3826G polymorphism in the UCP1 gene promoter region was found to be associated with reduced mRNA
expression indicating that the polymorphism is of functional importance. Objective: To determine allelic frequencies
and genotypic distribution of the A-3826G polymorphism and to study its possible association with anthropometric
parameters and biochemical markers of glucose and lipid metabolism in type 2 diabetes mellitus (DM2) patients
(n=295), in offsprings of DM2 patients (n=113), and in healthy adults without family history of DM2 (n=120).
Results and discussion: In the whole cohort of 528 subjects, the G allele was observed with a frequency of 0.26.
Genotypic distribution did not differ between diabetics and controls. However, in the offsprings of DM2 patients,
significantly higher BMI and a trend towards higher waist to hip ratio, waist to height ratio, waist circumference,
and subcutaneous fat mass was observed in the AG genotype compared with the wild-type. Similar tendency was
evident in the control group. This indicates possible involvement of the A-3826G polymorphism in the regulation of

body composition.



INTRODUCTION

The gene for mitochondrial uncoupling protein 1 (UCP1) is expressed in brown fat (Cinti et al., 1989). It
belongs to the family of mitochondrial carrier proteins (Cassard et al., 1990). By decreasing the electrochemical
gradient over the inner mitochondrial membrane, UCP1 uncouples oxidative phosphorylation, which leads to the
production of heat instead of energy storage in the form of ATP (Klingenberg et al., 1990). The thermogenic
function of brown fat tissue is under the control of catecholamines acting through adrenoreceptors. As a
consequence of norepinephrine binding to the adipocyte plasma membrane, lipolysis is stimulated and non-esterified
fatty acids are released. These fatty acids serve as a substrate in the process of brown fat thermogenesis, but they
also act as the cytosolic second messengers activating UCP1 (Locke et al., 1982). Although a controversy exists
concerning the physiological significance of brown adipose tissue in adults and its possible contribution to body
weight control, genetic analysis of various human cohorts suggested a participation of UCP1 in fat tissue content
regulation (Fumeron et al., 1996, Heilbronn et al, 2000, Clement et al., 1996, Oppert et al, 1994, Esterbauer et al.,
1998). There is a large amount of evidence that brown adipocytes are present and activated in human adults in
common nonpathologic and certain pathologic situations (Garruti and Ricquier, 1992, Lean et al., 1986, Ricquier et
al., 1982, Zancanaro et al., 1994, Hany et al., 2002, Minotti et al., 2004, van Marken Lichtenbelt et al., 2003, Yang
et al, 2003). Hence, disturbed UCP1 function as a result of nucleotide substitution in the regulatory promoter region
could represent one of the mechanisms contributing to the complex control of adiposity in humans. A tight
functional relationship between central obesity and type 2 diabetes mellitus (DM2) is well established. Therefore,
the aim of our study was to determine allelic frequencies and genotypic distribution of the A-3826G polymorphism
in a group of Czech adult DM2 patients, offspring of DM2 patients, and in Czech adult healthy non-relative
population without family history of DM2. The possible association of the allelic variants with anthropometric
parameters and with biochemical markers of glucose tolerance, insulin sensitivity, lipid metabolism and other

biochemical features was studied.

STUDY SUBJECTS AND METHODS
We analysed the frequency of the A-3826G polymorphism in 528 adult (older than 20 years) subjects. This
cohort included healthy adult individuals without family history of DM2 (n=120, M/F=42/78,; age=32.5+11.0 years,
BMI]=23.3+3.8 kg/mz), DM2 patients (n=295, M/F=112/183; age=58.8+7.0 years, BMI=30.5+5.5 kg/m®), and
healthy direct offspring of type 2 diabetics (n=113, M/F=41/72; age=38.2+10.4 years, BMI=25.5+4.2 kg/m®). These
offspring were healthy volunteers who had diabetic one or both parents and were not relatives of DM2 patients
participating in our study. DM2 patients were diagnosed by criteria of the World Health Organization in the Institute

of Endocrinology, Prague. All of them were well compensated either by diet (41.6 %), or by diet and peroral



antidiabetic drugs (53.6 %), or by insulin (18.6 %). The study protocols were in accordance with institutional ethic
guidelines and national rules and all the subjects gave their written informed consent to participate in the study.

Anthropometric data were obtained in the fasting state. Body weight, height, waist and hip circumferences
were measured in all participants in order to calculate body mass index (BMI) and to evaluate visceral fat
accumulation by means of waist circumference, waist to hip ratio (WHR) and waist to height ratio (WHeR).
Furthermore, 14 skinfolds were measured in all offspring and controls and in subgroup of the diabetics. Body
composition (% of subcutaneous fat mass, % of muscle mass, and % of bone mass from the total body weight) was
then calculated using the ANTROPO program (Bldha, 1991).

After an overnight fast, a venous blood samples were obtained in order to determine biochemical
parameters. Glucose metabolism was characterized by blood glucose (Gy), glycosylated hemoglobin, glycosylated
proteins, proinsulin, C-peptide, and, in probands not on insulin therapy, also by immunoreactive insulin (I). Lipid
profile was assesed by total cholesterol, high-density lipoprotein cholesterol, triglyceride, and low-density
lipoprotein cholesterol concentrations. For more detailed subjects characterisation, the determination of leptin,
growth hormone, cortisol, sex hormone binding globulin, dehydroepiandrosterone, TSH, free T3, and free T4 were
performed. The 24-hour volume of urine was collected and epinephrine, norepinephrine, dopamine,
vanillylmandelic acid, homovanillic acid, and hydroxyindoleacetic acid were extracted from these samples and their
concentrations were evaluated. The group of offspring and controls underwent the three-hour oral glucose tolerance
test (0GTT) with 75g of glucose load and intravenous insulin tolerance test (ivITT) according to Young et al.
(Young et al., 1996). To assess insulin sensitivity and B-cell function of the subjects, we used the homeostasis
models HOMA R and HOMA F assessment (Matthews et al., 1985) (HOMA R=I[*Gy/22.5, HOMA F=20*I/(Gy-
3.5)). Moreover, disposition index (DI) was calculated as follows (Kahn et al., 1993): DI=HOMA F*(G/ly).

For detection of the A-3826G polymorphism, DNA was extracted from peripheral leucocytes and genotype
for the two restriction variants by PCR-RFLP method. PCR amplification of the segment with the A-3826G
polymorphism site was carried out in a volume of 12 pl, containing 20 ng of genomic DNA, 2.9 pmol of each
primer, 2.5 mM MgCl,, 2 mM dNTPs (Takara), 10x PCR Buffer received together with Taq DNA polymerase (Gold
5 U/ul, Perkin Elmer); 0.18 units of the enzyme was used.

The PCR conditions were: denaturation at 94°C for 12 min followed by 35 cycles of denaturation for 20
sec, annealing at 62°C for 30 sec, extension at 72°C for 1 min and final extension at 72°C for 10 min. Following
primers were used (Valve et al., 1998): forward primer 5-CCA GTG GTG GCT AAT GAG AGAA-3" and reverse

primer 5-GCA CAA AGA AGA AGC AGA GAGG-3".



The substitution of G for A abolishes a Bcl I restriction site. RFLPs were detected after Sh digestion in
55°C with 3 U of enzyme. The A allele gives two fragments (157 bp and 122 bp) whereas the G allele gives one 279

bp fragment.

Statistical data treatment: The y-test was used to assess differences in genotypic distribution between the
group of DM2 patients and controls and between the group of offspring and controls (Table 1). As the number of
GG homozygotes was not high enough for separate statistical analysis, they were added to heterozygotes and G-
allele carriers and non-carriers were compared. Odds ratio and the 95% confidence intervals were calculated to
evaluate the risk of DM2 for the G-allele carriers. For evaluation of the relations between G-allele presence and
anthropometric as well as biochemical characteristics, the non parametric Mann-Whitney robust test was used in
individual subgroups of subjects with different diabetes status. The differences were considered statistically
significant if p-level <0,05. Two-tailed p-level values are reported. (Table 2). In addition, the offspring and control
group were distributed into subgroups based on quartiles of BMI, WHR, waist circumference, WHeR, and also sc.
fat mass content, separately males and females. Then, with respect to the quartile distribution, both genders were
analysed together according to genotypic frequencies in the particular quartile subgroups (Table 3).

The statistical analyses were performed using NCSS 2001 software.

RESULTS
The allelic frequency of the A-3826G polymorphism was assessed in the whole cohort of participants. The
Hardy-Weinberg expectations were fulfilled in each group. The genotypic distribution was not significantly different
between the diabetic and the control group (x*=2.02; p=0.36) nor between the offspring and the control group

(x2=5.17; p=0.07), see Table 1. The occurrence of the G allele was not associated with increased risk of DM2.

m indication for Table 1 insertion

Relationships between phenotypic features and the G-allele carriership in the particular groups and genders
shows the Table 2. In the control group, slightly higher medians in almost all tested anthropometric parameters
(BMI, WHR, WHeR, waist circumference, and subcutaneous fat mass) are apparent in the G-allele carriers, both in
males and females. Analyses of biochemical markers of glucose and lipid metabolism revealed no association with
the polymorphism in this group.

In a group of offspring of DM2 patients, significantly higher BMI was observed in the G-allele carriers

compared with the wild-type, both in males and females. Furthermore, higher WHR, WHeR, waist circumference



and subcutaneous fat mass was evident in the G-allele carriers in both genders. In men these differences were
significant. No biochemical markers showed an association with the polymorphism in this group.

In diabetic patients, similarly to controls and offspring, no genotype-related association with any screened
biochemical parameter was observed. However, in diabetic women, lower WHR and WHeR were found in the G-
allele carriers compared with diabetic women with the AA genotype. The differences in waist circumference and

subcutaneous fat mass were also evident. No such a tendency was observed in diabetic men.

m indication for Table 2 insertion

To widen the analysis of the G-allele association with body composition, controls and offspring were
subdivided into subgroups based on quartiles of BMI, on quartiles of WHR, WHeR, and also on quartiles of waist
circumference and sc. fat mass content. Then, with respect to the different quartile distribution between genders,
men and women were analysed together. Percentage of the G-allele carriers were examined and compared in these
quartile subgroups, see Table 3. BMI higher than the 3 quartile was the most frequent in the G-allele carriers,
whereas BMI lower than the 1* quartile was abundant in the AA genotype. Similar genotypic distribution was
observed when WHR, waist circumference, WHeR, and sc. fat content was analysed, all ’-statistics were

significant or, in case of sc. fat content, of borderline significance.

m indication for Table 3 insertion

DISCUSSION

Recently, new discoveries about the significance of brown fat have sparked interest in this organ as a
potential tool in the fight against obesity in adult humans (Avram et al, 2005). UCP1 protein, exclusively expressed
in brown adipocytes, is the mediator of thermogenesis in response to adrenergic stimulation.

This study provided data on the relationship between the UCP1 gene A-3826G promoter region
polymorphism and body composition in Czech population. We determined the allelic frequencies and genotypic
distributions in 528 Czech probands, 295 of whom were DM2 patients, 113 were direct offspring of DM2 patients,
and 120 were healthy controls without family history of DM2. The allelic frequency of the polymorphism in the
whole cohort of participants was similar to other Caucasian populations (Oppert et al., 1994, Schaffler et al., 1999).
We investigated possible association of the polymorphism with markers of glucose and lipid metabolism and with

susceptibility to DM2. In literature, the G variant has been associated with reduced UCP1 mRNA expression
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indicating that the polymorphism is of functional importance (Esterbauer et al., 1998). In agreement with this
finding, several trials showed that obese women with the G variant were more likely to gain weight over time
(Clement et al., 1996, Oppert et al., 1994) and less likely to lose weight (Fumeron et al., 1996). In one study
conducted on Australian overweight women, the G variant was reported to increase the susceptibility to obesity
(Heilbronn et al., 2000). Furthermore, a greater frequency of the G variant was found in subjects with DM2 and an
association was observed between fasting glucose level and the G variant in women with DM2, independently of
increased BMI (Heilbronn et al., 2000). On the other hand, some studies did not confirm the association with insulin
resistance and DM2 (Schaffler et al., 1999). Thus, the functional impact of this substitution and its association with
DM?2 and obesity remains an open question deserving further investigation.

Genotypic distribution in our groups of probands demonstrated that the substitution is probably not
associated with increased DM2 risk in the Czech population. However, in nondiabetic subjects, G-allele carriers
occurred more frequently in the quartile groups with highest levels of BMI, WHR, waist circumference, and WHeR.
In support of this finding, in offspring of diabetics higher BMI was observed both in males and females carrying the
G-allele compared to the wild-type. Also other anthropometric parameters (WHR, WHeR, waist circumference,
subcutaneous fat mass) tended to be higher in offspring carrying the G-allele in comparison with the wild-type.
When the G-allele carriers were compared with the wild-type in the group of controls, slightly higher values in
anthropometric data were also evident. On the other hand, the G-allele carriers in the group of diabetics do not show
higher values in the measured anthropometric parameters. This might be, at least in part, a consequence of drug
treatment. A majority of drug-treated diabetics in our group was treated by derivatives of sulfonylurea (66%). It is
well known that this treatment can influence body composition (UKPDS 33, 1998). Thus, it is likely that
pharmacological intervention interfere with the eventual small effect of the G allele on body mass regulation.

The present findings should be interpreted within the context of their limitations. Our study population was
anthropometrically and biochemically well characterized but, for genetic studies, it was relatively small when
organised into three subgroups analysed separately: diabetics, offspring of diabetics, and controls. Despite this
known limitation, we have demonstrated that the G-allele carriers of the UCP1 gene promoter polymorphism A-
3826G are the most frequent in quartile groups with the highest BMI, WHR, waist circumference, and WHeR in the
offspring and control group. Furthermore, the G-allele carriers have significantly higher body mass index than the
wild-type in offspring group. This could indicate the possible impact of the polymorphism on body mass regulation.

This effect is more apparent in individuals exposed to genetic load predisposing to DM2.
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TABLE 1. Allelic Distribution and Frequency of the UCP1 gene A-3826G Polymorphism

in Controls, Offspring, and DM?2 Patients

Group A-3826A A-3826G G-3826G G allele freq.
Controls 61 (50.83%) 49 (40.83%) 10 (8.33%) 0.29
Offspring 60 (53.10%) 51 (45.13%) 2(1.77%) 0.24
Diabetics 157 (53.22%) 124 (42.03%) 14 (4.75%) 0.26
Total 278 (52.65%) 224 (42.42%) 26 (4.92%) 0.26




950 | 161 L9FE6T 01 |9LT 8SFFLI 819900 | 6€C 9SFE€E 9 | 1'9C THFS9T 9 (%1808
SST°0 {0901 YEIFL'90T SS [0°€0T SOIFI+0T €S[ISSO0|0°001 SPIFS00I 08 |0°SOT O TIFSHOI 66 [ (WINsTEMm mu
€61°0| 190 80°0%19°0 SS[6S0 900090 €Sli6b0°0 | 19°0 O1'0FZ90 08 [ €9°0 80'0FS90 L6 d°HM m
0SY'0| 86°0 90°0FL60 SS|96°0 80°0¥96°0 £S{1000°0 [ L8'0 800FS80 08680 800+FI60 66 ¥HM §
691°0] S6C PHFL'6C 9S | ¥'8C 8'€FL'8T €SJIT6L0[ €08 TLFEIE 0801t OCFIE L6 ANE\mvc:\am
8100 | L61 8LFL1T 81 [6€l L9¥T91 LIY8ET 0| 99T 99¥99T 0€ | v've SLFIST OF | (%)eddS
SP0°0 | 896 €EIF6S6 0T (898 OT1F8'L8 SI[6010| 96L STIFE08 I¢€| I'vL 66F€9L 1y | (woystem mm
ST0°0 | SS°O 80°0F¥S'0 0T | 840 90°0F8F0 81498070 L¥'O LOOFBY'O 1€ jS¥0 900¥9%0 Iv d°HM .m
LT00 | S6'0 80°0F€6'0 0T |98°0 LOOFLSO 8I||PLY'O| 9L°0 LOOFLLO 1€ |[SLO 90°0F9LO 1v dHM nm
PI0°0] 1'8C €¥FS'8C 0T |6ST €€F6'¥C 61[1T20°0| T9T THFO'9T 1€ |8TC L'EF6'CT 1v ANE\wv::Zm
9L0°0| 9Ll SLFLL OT|v€l 6vF6'€l IT|BLSO[OVT €8FEST 9€|8€T €LFC¥T Ov | (%)eddS
78€°0| S€8 L'8F6I8 0T |06L O8FI08 IT|T600|LTL TOIFSSL 9€|869 S6FICL Ov | (wopsiemy g
SIE0| 9¥'0 SO'0FSH0 0T | €¥'0 YOOFPP'0 ITYS80°0| vv'0 LOOFSYO 9¢ | I¥'0 90°0F¢v'0 OF dSHM m,
€LY0| T80 SO'0FE80 0T | 780 SO0FCSO ITYELOO| ¥L'O LOOFILO 9€ | TLO LOOFELO OF dHM &
GT80) €€C PEFOET 0T |9TC 9TFI'ET 1T||T0T 0| 6TC 9P*I'VT 9¢€ | €T 8€F6'TT OF ANE\wé:Zm
d LipIpow (JSFUBAW U [IRIpauw (JSFuUBSW U d eIpow (JSFUBAW U pRIpIW (JSFUBdW U

20U3S31J S]3[[B-D) pPue $INsLIvORIEY)) dLewodolyluy usamiaq sdiysuoneay 'z 3I19V.L




050°0=d %b6'V1 BLTI BLTI %98 DH 10DV (%)

6L L= %S6 %SEl %01 %91 vV 184 93
100°0=d %6°S1 %11 %<6 %6'L DD 10 DY
PHM
0€91=X %88 %011 %E9T %L 91 vV
w
610°0=d %091 %611 BL6 BL6 09 10 DY ()
L6°6=X %L8 BT %6'S1 %01 vV IEM
p10°0=d %81 %ETI %101 %8'8 0D 10 DY
JHM
29°01=X %6'8 BTET %0°S1 %6°S1 vV
910°0=d %0°b1 %9°€1 %811 %BS'L 00 10 DY (w/5)
ze01= %S0l %11 %9E1 %S'L1 vV INd
o[nrenb < a[nrenb 0:€7pul 9[ntenb o0l s[nrenb (1> diysiarues-n

$103{QNg O1IQRIPUON UI SSEIA] 8] "0S pue

‘oney WSIOY 0] ISIBA “9DUSISJWINOIY) ISTeAy “UHM ‘TINE Jo sdnoiSqng ajnieng) 01 uoneay ui diysioied-0 "¢ JIdV.L



PUBLIKACE 9

Sramkova D, Bendlova B. Alterované draselné kanaly beta bunék a jejich role

v patogenezi diabetes mellitus 2. typu. DMEV 2005;8(1):18-22.



diabetologie --—— - — - -

ALTEROVANE DRASELNE KANALY BETA
BUNEK A JEJICH ROLE V PATOGENEZI
DIABETES MELLITUS 2. TYPU

ALTERED BETA CELL POTASSIUM CHANNELS
AND THEIR ROLE IN TYPE 2 DIABETES MELLITUS

DANIELA SRAMKOVA, BELA BENDLOVA

Endokrinologicky ustav, Praha

SOUHRN
Diabetes mellitus 2. typu (DM2) je heterogenni onemocnéni, na jehoz rozvoji se podileji genetické faktory i vnéjsi prostie-
di. Pfes znac¢né usili, které je mapovani genetického pozadi DM2 vénovano, nejsou genetické pficiny nejbéznéjsich forem
diabetu objasnény. V posiednich letech je v souvislosti s DM2 vénovéana velka pozornost draselnym kanallm pankreatic-
kych beta bunék, nebot hraji stéZejni tlohu v regulaci inzulinové sekrece. Clanek shrnuje poznatky o struktufe a funkci
draselnych kanal( se zaméfenim na jejich zapojeni do etiopatogeneze DM2. Zvlastni pozornost je vénovana polymorfismu
E23K, ktery je povazovan za jeden z nejvyznamnéjsich genetickych rizikovych faktord,
které byly v souvislosti s DM2 dosud odhaleny.
Klicova slova: diabetes mellitus 2. typu, draselny kanal, polymorfismus E23K, pankreaticka beta burika

SUMMARY
Type 2 diabetes mellitus (DMZ2) is generally perceived as a heterogeneous polygenic disorder influenced by both here-
ditary and environmental factors. Despite intensive investigations, little progress has been made in identifying genes
that impart susceptibility to the common late-onset forms of the disease. Recently, genes encoding for components of
ATP-sensitive K+ channels in pancreatic beta cells have been widely considered as DM2 targets. These channels control
insulin secretion by coupling metabolism to membrane electrical activity. The article summarizes knowledge concerning
structure and function of the channels with respect to DM2. A common E23K polymorphism in the pore-forming subunit
of the channels, which belongs to the most important genetic risk factors for DM2 yet identified, is discussed here.
Key words: type 2 diabetes meliitus, inwardly rectifying potassium channel, E23K polymorphism, pancreatic beta cell

Uvob

Diabetes mellitus 2. typu {DM2) dnes patfi k nejroz-
$itenéjSim civilizaénim chorobam, v zadpadnich statech
postihuje okolo 3-4 % populace. Vyskyt tohoto onemoc-
néni stoupa s vékem a se vzrustajicim poctem obéznich
lidi. Jde o heterogenni onemocnéni, pfi némz dochazi
k poruse glukdzového metabolismu, jejimz dusledkem
je hyperglykemie. DM2 je silné geneticky podminén,
svédéi o tom jeho casty familiarni vyskyt ¢i studie mo-
nozygotnich dvojcat (Groop et al. 1996, Groop 1997).
Individualni riziko vzniku onemocnéni je dano interakci
genetickych faktor( a vlivu prosttedi. | pfes zna¢né usili,
které je této problematice vénovéano, nejsou geneticke

pric¢iny nejbéznéjdich forem diabetu objasnény (Mc-
Carthy et al. 1994). Obtize genetického vyzkumu DM2
plynou také z nejasné primarni pficiny hyperglykemie.
Mistem primarniho defektu muaze byt pfimo beta burika
a naru$ena je pak inzulinova sekrece, dale mGze byt pri-
marni porucha v pusobeni inzulinu (Turner et al. 1989,
DeFronzo et al. 1992, LeRoith 2002) nebo mdazZe byt
hyperglykemie zplsobena zvySenou produkci glukozy
jatry. DM2 propuka vétsinou tehdy, kdyz sekrecni ka-
pacita beta bunék jiz nesta¢i kompenzovat inzutinovou
rezistenci. Genetické studie DM2 se v souc¢asné dobé
zaméfuji na identifikaci tzv. kandidatnich gend, které
ovliviuji predispozici jednotlivce k DM2. Tyto geny lze
obvykle pfedpovédét na zakladé znamé biochemické
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funkce nebo jsou odvozeny ze zvifecich modell. Jakmile
je vybran kandidatni gen, jsou hledany jeho genetické
varianty, ¢asto jednonukleotidové polymorfismy. | kdyz
iz bylo ve vztahu k DM2 studovano vice nez 200 kandi-
datnich gend, vysledky nejsou zatim pfili§ povzbudivé.
Opakované vSak byla potvrzena asociace DM2 s poly-
morfismem genu, ktery koduje jednu z bunéénych struk-
tur nepostradateinou pro spravnou regulaci inzulinové
sekrece, tzv. Kir6.2 podjednotku bunéénych draselnych
kanall (Gloyn 2003a).

ATP-senzitivni draselné kanaly jsou pfitomné v mem-
branach mnoha typl bunék riznych tkani, napfiklad
v bunkach kosterniho a srde¢niho svalu, v hladkych
svalech cév, neuronech ¢i v beta bunkach pankreatu.
Radi se k $iroké skupiné membranovych iontovych
kanall, které koordinuji bunééné funkce, jako je neu-
rotransmise, kontrakce, sekrece &i regulace bunééného
objemu. Pfitomnost iontovych kanald neni omezena na
elektricky vzruSivé bunky. Jsou umistény v plazmatic-
kych membranach v3ech zivociSnych bunék, v burikach
mikroorganim i v bunkach rostlinnych. Kanély jsou ion-
toveé specifické, k nejbéznéjsim patfi sodikové, draselné,
vapnikové a chloridové. Pro vSechny iontové kandly je
charakteristickd neustala fluktuace mezi otevienym a za-
vienym stavem. Ktery stav bude v dané chvili pro bunku
pravdépodobnéjsi, urCuje intracelularni ¢i extracelularni
koncentrace latek, které otevirani stimuluji ¢i inhibuji,
nebo mohou kanaly reagovat na zmény membranového
potencialu. ATP-senzitivni draselné kanaly beta bunék
pankreatu umoznuji pfevod vnitrobunéénych metabolic-
kych zmén ve zmény elektrické aktivity plazmatickych
membran bunék a jsou kli€ové pro regulaci inzulinové
sekrece. Jejich pocet je v pfipadé pankreatu odhadovan
asi na 600-1200 na bunku (Ohno-Shosaku et al. 1987,
Schmid-Antomarchi et al. 1987). Uzavieni kanald je
dulezitym pfedpokladem pro spusténi sekrece inzulinu,
zatimco jejich otevieni vede k inhibici sekrece tohoto
hormonu (Gribble 2003).

STRUKTURA A FUNKCE DRASELNEHO KANALU BETA BUNEK

Draselné kanaly v beta bunkach pankreatu jsou
oktamerni komplexy tvorené rozsahlou regulaéni ¢asti
a vlastnim pérem kanalu. Regulaéni ¢ast je tetramer
slozeny ze sulfonylureovych receptort typu 1 (SURT,
OMIM 600509), por kandlu je opét tetramer sestavajici
z podjednotek nazyvanych Kir6.2 (potassium inward
rectifier 6.2, OMIM 600937) nebo také BIR (Beta-cell
inward rectifier) (Clement et al. 1997).

Jak SUR1 podjednotky, tak Kir6.2 podjednotky jsou
nezbytné pro spravnou regulaci metabolické funkce
kanalu: stéZzejni je koncentrace ATP uvnitf buniky (pomér
ATP/ADP). Je-li koncentrace ATP nizka, draselné kanély
jsou pfevazné oteviené a umoznuji tok drasliku po sméru
elektrochemického gradientu ven z buriky, membranovy
potencial je tak udrzovan v hyperpolarizovaném stavu.
Prijem glukdzy a nasledny vzestup intracelularni koncen-
trace ATP vede k uzavieni kanalu vazbou ATP na Kir6.2
podjednotky, coz spousti kaskadu reakci umoznujicich
zahajeniinzulinové sekrece: draslik nemuaze uzavienymi
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kanaly unikat z bunky, dochazi k depolarizaci bunécéné
membrany, tim jsou otevirany napétové zavislé vapniko-
vé kanaly a nasledny vzestup intracelularniho vapniku
proudiciho po koncentraénim spadu do bunék vede
k exocytdze inzulinovych granuli z beta bunék pankreatu
(obr. 1). Sulfonylurea a jeji derivaty (napf. tolbutamid,
glibenclamid, jodglibenclamid, azidojodglibenclamid)
stimuluje inzulinovou sekreci vazbou na svij receptor,
tedy na SUR1 podjednotku, coz vede k uzavieni dra-
selného kandlu a sekreci inzulinu nezavisle na koncen-
traci ATP v beta bunce (Gribble 2003). Tohoto efektu
sulfonylurey a jejich derivatt se vyuziva pfi 1écbé DM2.
Patrani po pfirozeném analogu sulfonylurey, ktery by mél
v oraganismu regulaéni funkci pro ¢innost draselnych
kanall beta bunék, vedlo k izolaci peptidd, tzv. endo-
sulfint (Virsolvy-Vergine 1996). Tyto molekuly vykazuji
vysokou afinitu k sulfonylureovym receptorim a u beta
bunék dokazi stimulovat sekreci inzulinu. Naopak ADP
ve vazbé na hofecnaté ionty (Mg-ADP) také interaguje
se SUR1 podjednotkami draseiného kanalu, pGsobi viak
jejich otevreni a je tak vyraznym inhibitorem inzulinové
sekrece (Dunne 1986, Misler et al. 1986, Weiss 1993).
Jsou znamy i mnohé dalsi latky, které podporuji otevieni
draselnych kanall nasledované hyperpolarizaci plazma-
tické membrany a inhibici inzulinové sekrece. Klinicky se
vyuzZivaji pfi lé¢bé hyperinzulinemickych stavl a jelikoz
pusobi relaxaéné na hladké svaly cév, uplatfiuji se téz
pfi lé¢bé hypertenznich stav(. Patfi k nim napf. diazoxid
a jeho derivat NN414 (Ritzel 2004), dale pinacidil nebo
cromakalim. Pfedpoklada se, Ze vazebné misto téchto
molekul se naléza také na SUR1 podjednotce, jeho pres-
né umisténi a struktura v§ak dosud zndma neni.

Beta bunka

Glukoza

metabolismus glukozy

o
Inzuline® o°

Ca?*

obr. 1

CHROMOZOMALNI LOKALIZACE

Gen kédujici SUR1 je nazyvan ABCCS8 (nélezi do tzv.
ATP-binding casette rodiny, v jejim ramci do podrodiny
C. ¢len 8), gen kddujici Kir6.2 byl pojmenovan KCNJ 11
(patfi do rodiny zvané Potassium channel inwardly
rectifying, podrodiny J, ¢len 11). Oba lezi na kratkém
raménku chromozomu 11 (prouzek 11p15.1), pficemz
stop kodon SUR1 a start kodon Kir6.2 jsou oddéleny |
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pouze 4900 bp (Inagaki et al. 95, Thomas et al. 1995a,
Ashfield 1998). Gen kodujici SUR1 obsahuje 39 exont
o velikosti pohybujici se od 33 do 243 bp, celkovy protein
SUR1 je slozen z 1582 aminokyselin. Gen pro Kir6.2
neobsahuje zadné introny a kéduje Usek skladajici se
z 390 aminokyselin (Inagaki et al. 95).

POLYMORFISMY A MUTACE SPOJENE SE ZMENENOU
FUNKCI DRASELNYCH KANALU

Jak jiz bylo uvedeno, pro spravnou regulaci funkce
draselného kanalu a tedy i pro vyvaZzenou regulaci se-
krece inzuiinu je nezbytna bezchybna funkce jak SUR1
tak Kir6.2 podjednotek. Smutnym dokladem tohoto
tvrzeni je vrozena porucha glykoregulace nazvana per-
zistentni hyperinzulinemicka hypoglykemie déti, PHHI
(persistent hyperinsulinemic hypoglycemia of infancy).
Jde o vzacnou metabolickou poruchu projevujici se jiz
u novorozencu tézkymi stavy hypoglykemie s neschop-
nosti suprese inzulinové sekrece. K udrzeni prijatelnych
hodnot glykemie je tfeba podavat témto détem infuze
glukdzy a zahajit vhodnou terapii, ktera se voli v zavislosti
muaze byt napfiklad prave regulaéni SUR1 podjednotka
kanalu, ale také pér formujici podjednotka Kir6.2. One-
mocnéni mohou navic zpGsobit mutace i jinych molekul
zapojenych do glykoregulacnich mechanism, napf.
glukokinazy (Glaser et al. 1998), glutamindehydroge-
nazy (Stanley et al. 1997) a dalSich. Ne vZdy se podari
odpovédnou mutaci detekovat a najit ucinnou terapii,
ve vaznych pfipadech je tfeba pro udrzeni prijatelného
rozmezi hodnot glykemie a ochrané ditéte pfed mentalni
retardaci pristoupit k ¢astec¢né ¢i subtotalni pankreato-
mii. S projevy PHHI byly poprvé spojeny mutace v genu
pro SUR1 (Glaser et al. 1994, Thomas et al. 1995a,
Thomas et al. 1995b) a v soucasné dobé je zndmo
pres 20 ruznych substituci, inzerci a deleci v intronech
i exonech tohoto genu s riznym stupném zavaznosti
onemocnéni, od mirnych farmakologicky zvliddnutelnych
projevy, az po Uplnou absenci aktivity draselnych kanala
v beta bunkach. V podjednotce Kir6.2 bylo popsano téz
nékolik mutaci vedoucich k projevim PHHI (Thomas
et al. 1996, Nestorowicz et al. 1997). Na druhé strane
jsou znamy mutace a polymorfismy, které vedou k vyssi
aktivité draselnych kanal( v beta burikach a tim ve svém
dusledku snizuji schopnost inzulinové sekrece a mohou
byt jednim z vyznamnych faktord predisponujicich &i
piimo vedoucich (Gloyn et al. 2004) k rozvoji DM2.
Takové polymorfismy budi v poslednich letech veliky
zajem védcu i Iékaru.

PoLymorrismus E2 3K

K nejcastéji diskutovanym genetickym variantam
tohoto typu patii zaména obvyklé kyseliny glutamové ve
23. kodonu genu kédujicim Kir6.2 podjednotku draselné-
ho kandlu za lysin, substituce je nejcastéji znacena podle
jednopismennych zkratek aminokyselin jako polymorfis-
mus E23K. Z elektrofyziologickych studii provedenych
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na tkanovych kulturach s vnesenymi lidskymi izoformami
genu vyplyva, Ze substituce zvySuje prah koncentrace
ATP, ktery je nutny pro uzavfeni draselnych kanald a tim
mirné snizuje inzulinovou sekreci {(Schwanstecher et al.
2002a). U heterozygotni konstelace EK byla citlivost
vaci ATP snizena 1,4krat, u homozygotni KK dokonce
2,2krat. Vzhledem k tomu, Ze minoritni alela K kodujici
lysin je dosti hojné zastoupena (v zavislosti na etnické
pfislu§nosti studované populace pfiblizné od 30 do 40
%), m(ze i jeji relativng maly vliv na schopnost inzulinové
sekrece predstavovat pro populaci velkou predispozi¢ni
zatéz. Ve vSech dosud testovanych etnickych skupinach
ma navic minoritni alela velmi podobnou ¢etnost. Vy-
vstava otazka, proc je v procesu evoluce alela, ktera se
zda byt z hlediska diabetu rizikova a pro svého nositele
nevyhodnd, udrZzovana v tak vysokém zastoupeni, zda
pFinasi i néjakou selekéni vyhodu. Jedno moZné vysvét-
leni je takové, Ze jeji nositelé maji vzhledem k mirné
snizené schopnostiinzulinové sekrece také odpovidajici
mérou snizenou spotfebu v krvi kolujici glukdzy tkanémi
na inzulinu zavislymi (svalova a tukova tkan) ve prospéch
tkani na inzulinu nezavislych (tkan mozkova). Jednalo
by se o evoluéni adaptaci na odlisné néaroky tkani na
dodavku energie (Schwanstecher 2002b).

Genetické asociaénich studie, které sleduji vztah mezi
uréitym polymorfismem a fenotypickymi charakteristika-
mi urcité skupiny jedincd, vyzaduji pro hodnotné statis-
tické zpracovani s dostate¢nou silou testd pocetné velmi
rozsahlé soubory. Studie, kterad zkoumala vztah polymor-
fismu E23K k DM2 a zahrnovala 2036 jedincl (Gloyn et
al. 2003b), dospéla k zavéram, které koresponduji s po-
zorovanimi u¢inénymi elektrofyziologickymi metodami
na bunéénych kulturach. Byla porovnavana ¢etnost mi-
noritni alely a genotypicka distribuce mezi skupinou dia-
betik( 2. typu a kontrolnimi zdravymi jedinci. U diabetik
byla hojnéji zasoupena rizikova alela K (40 % oproti 36 %
v kontrolni skupiné) a také genotypické srovnani odhalilo
vy§Si procento rizikové kombinace alel KK mezi diabetiky
(16 % oproti 13% v kontrolni skupiné). U kontrolnich
jedincl byla naopak ve srovnani s diabetiky Castéjsi
protektivni kombinace EE (42 % vs. 36 %). Studie uzavira,
Ze polymorfismus E23K je asociovan s lehce zvySenym
rizikem DM2. Zavéry asociaénich studii nebyvaji vzdy
jednoznacné. Lisi se napf. v zavislosti na etnické prislus-
nosti testované populace, ale i v ramci jednoho etnika
mohou byt mezi studiemi znaéné diskrepance. Proto se
nékdy pfistupuje k tzv. metaanalyzam (Hani et al. 1998,
Gloyn et al. 2003b, Nielsen et al. 2003, Love-Gregory
et al. 2003). Jde o projekty, které sleduji a shromazduji
pozorovani vyzkumnych tymu soustfedénych na jedno
spoledné téma u vymezené populace (napf. u jedincd
kavkazského pavodu) a ve svém koneéném zpracovani
z téchto piispévki vychazeji. Tento pfistup ved| k zaveé-
ram, Zze odhad zatéze, jimz polymorfismus E2 3K pfispiva
(tzv. population attributable proportion), ¢ini v populaci
kavkazského plvodu 15 % (Schawanstecher 2002b).
Znamenalo by to, ze kdyby v evoluci nedoslo v genu pro
Kir6.2 ve 23. koddnu k substituci glutamové kyseliny za
lysin a vSichnilidé by tedy byli nositeli genotypu EE, bylo
by v kavkazské populaci o 15 % diabetikd 2. typu méné.
Tak vysoké procento by cinilo z tohoto polymorfismu
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jeden z nejdilezitéjsich genetickych rizikovych markera,
které kdy byly ve vztahu k DM2 odhaleny.

Uskalim metaanalyz je, ze pozitivni pozorovani, ktera
svédci o asociaci zkoumaného genetického polymor-
fismu s danym onemocnénim, maji vyssi publikaéni
atraktivitu a jejich zastoupeni v kone¢ném hodnoceni
metaanalyz proto muzZe byt ve srovnani s pozorovanimi,
kterd asociace nepotvrzuji, uméle vyssi (tzv. publikaéni
bias). Pfesto patfi v souc¢asné dobé polymorfismus E23K
silou své asociace s DM2 k nejvyznamnéj§im a pro nosi-
tele rizikové alely K a zvlasté pro homozygoty genotypu
KK pfedstavuje uréitou genetickou zatéz. Vyznam této
genetické varianty spociva ale zejména v tom, ze odhale-
ni jeji dulezitosti a dakladné poznani jeji funkce ve slozité
etiopatogenezi DM2 skyta pravé pro diabetiky, u nichz
ma na rozvoji onemocnéni podil konkrétni genotyp, na-
déji na velmi presné zacilenou lé¢bu. Farmaka by mohla
pUsobit pfimo na funkci pozménéného genu a vyrazné
tak snizit zavaznost onemocnéni s minimalnimi vediej-
§imi ucinky pro lé¢eného Clovéka.
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7. PREZENTACE VYSLEDKU NA VEDECKYCH SYMPOSIICH

Dil¢i vysledky studii shrnutych v dizertatni praci byly prezentovany formou

piednasek ¢i posterovych sdéleni na nasledujicich ¢eskych i mezinarodnich symposiich:

Sramkova D., Blaha P., Lisa L., Srajer J., Malbohan I. Korelace leptinu s
antropometrickymi parametry béhem redukéni 1é¢by obéznich déti. 6. statni konference

,,Obezitologie 99%, Plzen 1999 — prednaska.

» Sramkova D. Gen PPARY: novinky v obezitologii a diabetologii. Symposium Prof. Jittho
Malého 2000, Narodni muzeum, Praha 2000 - pfednéska.

« Sramkova D., Kune$ova M., Hainer V., Véelék J., Bendlova B. Studium polymorfismu
Pro12Ala genu PPARY2 ve vztahu k obezité a diabetes mellitus 2. typu. 37. diabetologické
dny v Luhacovicich 19.-21. dubna 2001: DMEV 2001;4 (suppl. 1): 49 (76) - pfednéaska.

« Sramkova D., KuneSova M., Hainer V., Hill M., Velak J., Bendlova B. Is a Prol12Ala
Polymorphism of the PPARg2 Gene Related to Obesity and Type 2 Diabetes Mellitus in the
Czech Population? 4th International Smolenice Insulin Symposium on Lipids and Insulin
Resistance, August 29-September 2, 2001, Smolenice Castle, Slovak Republic. Sbornik
abstrakt:101 - pfednéaska.

« Sramkova D., Kunesova M., Hainer V., Hill M., V¢elak J., Bendlova B. The Prol2Ala
PPARg2 Gene Polymorphism in Czech Type 2 Diabetics and Obese Patients. European
Association for the Study of Diabetes, 37th Annual Meeting, 9-13 September 2001, Glasgow,
United Kingdom. Diabetologia 2001;44( suppl.1): 346, A91 - diskutovany poster.

« Sramkova D., Kunesova M., Hainer V., Hill M., V¢elak J., Bendlova B. Polymorfismus
Prol2Ala genu PPARgamma2 u &eskych diabetik 2. typu a u obéznich jedincd. 8. statni
konference ,,Obesitologie 2001 Dolni Lipova 8. ~10. 11. 2001 - pfednaska.

« Sramkovi D., Kune$ova M., Hainer V., Hill M., V¢eldk J., Bendlova B. Je polymorfismus
Pro12Ala genu PPAR gamma2 asociovén s obezitou a diabetem 2. typu u &eské populace?

Symposium Prof. Vojtécha Fettera, Narodni muzeum v Praze, 29.-30. 11. 2001 - prednaska.
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e Kunesova M., Hainer V., Mikulova R., Wagenknecht M., Patizkova J., Sramkova D.,
Bendlova B. Adipose tissue distribution in women: examination by computer tomography:
relations to hormonal and metabolic parameters. Evropska obezitologicka konference, Viden

2001, Int J Obesity 2001;25(suppl. 2): S 95 — poster.

« Kune$ova M., Hainer V., Obenberger J., Mikulova R., Wagenknecht M., Pafizkova J.,
Sramkova D., Bendlova B. Relations of hormonal and metabolic parameters to
intraabdominal and subcutaneous abdominal adipose tissue in obese women. Influence of
Prol2Ala PPAR gamma polymorphism on adipose tissue distribution. Obesity Research
2001;9(suppl. 3): 67S — poster.

« Sramkova D. Bendlovd B. Rezistin. Seminaf Endokrinologického tstavu konany
28.6.2002.

« Sramkova D., Kune$ova M., Hainer V., Hill M., V¢elak J., Bendlova B. The Prol2Ala
PPARgamma2 Gene Polymorphism in Czech Type 2 Diabetics and Obese Patients. COST
Action B17 Working Group 1: Genetic Aspects of Type 2 Diabetes Mellitus in Relation to
Ageing-induced Changes in Insulin Action and Secretion. Prague, 16. 2. 2002 - pfednaska.

« Sramkova D., Krejbichova S., Véeldk J., Bendlova B. Polymorfismus A-G (-3826) genu
UCP1 u souboru ¢eskych diabetikid 2. typu. XXXVIII. Diabetologické dny, Luhacovice, 18.-
20. dubna 2002. DMEV 2002;5(suppl. 1): A77, 50 - pfednéaska.

* Sramkova D., Krejbichova S., Vcelak J., Bendlova B. The A-3826G polymorphism of the
UCP1 gene promoter in Czech Type 2 diabetic patients. 38 th EASD Annual meeting,
Budapest 1-5 September 2002. Diabetologia 2002;45(suppl. 2): A123: 371 - diskutovany

poster.

« Sramkova D., Vaikovd M., Véelak J., Bendlova B. Prol2Ala polymorphism of the
PPARg2 gene is associated with lower insulinemia and HOMA-R in Czech DM2 patients.
European Science Foundation-Functional Genomics (ESFFG), 1st Conference, May 14-17,

2003, Prague Hilton Hotel, Czech Republic. Abstract;140:PD5/259 - poster.

« Sramkova D., Vaikkova M., Véeldk J ., Bendlova B. Polymorphism Prol2Ala of the
PPARg2 gene is associated with lower insulinemia and HOMA-R in Czech Type 2 diabetes
mellitus patients. 18th International Diabetes Federation Congress (IDF), August 24-29, 2003,
Paris, France: Diabetologia 2003;46(suppl. 2):A128:359 - diskutovany poster.
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« Vankova M., Sramkova D., Samalikova P., Vcelak J., Kvasnickova H., Vondra K.,
Bendlova B.. Beta cell function and insulin resistance in relation to candidate genes of
diabetes mellitus Type 2 in Czech population. The European Association for the Study of
Diabetes, the 40th Annual Meeting, Munich 5-9 September 2004. Diabetologia 2004; 47
(suppl. 1): A209: 572 - diskutovany poster.

e Vankova M., Sramkova D., Samalikova P., Véelak J., Kvasni¢kova H., Vondra K., Blaha
P., Bendlova B. Inzulinova rezistence a funkce beta-bunék ve vztahu ke kandidatnim gentim
DM2. XXVIIL. Endokrinologické dny s mezindrodni acasti v PieStanech 30.9.-2.10.2004.
Interna Medicina 2004;4(9), suppl. S3: 19S - pfednaska.

o Sramkova D., Vaikova M., Samalikova P., V&elak J., Vondra K., Bendlova B.
Polymorfismy E23K genu KCNJ11 a G-866A genu UCP2 ve vztahu k DM2 u ¢eské
populace. XXVII. Endokrinologické dni, Pie$tany, 29.9.-2.10. 2004., Internd Medicina
2004;4 (9), suppl. S3: 41S — poster.

* Bendlova B., Sramkova D., Vaiikova M., Samalikova P., Véelak J., Stanicka S., Dvotakova
K., Vondra K., Cibula D., Vrbikova J. Rizikové polymorfismy geni UCP1 a PPARgama?2
u pacientek se syndromem polycystickych ovarii. XXVII. Endokrinologické dny
s mezinarodni ucasti v Pie$tanech 30.9.-2.10.2004. Interna Medicina 2004;4 (9), suppl. S3:
33S - ptednaska.

e Vrbikova J., Vatikova M., Sramkova D., Dvotédkova K., Stanicka S., Hill M., Hainer V.,
Kvasni¢kova H., Vondra K., Bendlova, B. Inzulinova senzitivita, hladiny androgeni a
adipokinu u Zen se syndromem polycystickych ovarii. XXVII. Endokrinologické dni,
Piestany, 29.9.-2.10. 2004. Interna Medicina 2004;4(9), suppl. S3:41S - diskutovany poster.

« Véelak J., Sramkova D., Vaiikova M., Samalikova P., Kvasni¢kova H., Vondra K., Bladha
P., Bendlova B. Je somatotyp spojen s nékterym ze sedmi kandidatnich genil obezity a DM2?
XXVII. Endokrinologické dni , Piestany, 29.9.-2.10. 2004. Internd Medicina 2004;4(9),
suppl. S3: 198 - pfednaska.

* Aldhoon B., Hainer V., Bendlova B., Kunesova M., Patizkova J., Kabrova K., Braunerova
R., Wagenknecht M., Sramkova D., Hlavaty P. PPARgamma polymorphism in obesity:

weight-loss maintanace, psychobehavioral indexes and energy intake during 4-year follow-up.
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13th European Congress on Obesity, Prague, Czech Rep., 26.-29.2004. Int J Obesity 2004;28
(suppl. 1):T3: P3-001 - poster.

o Sramkova D., Varkova D., Samalikova P., V&elak J., Hainer V., Bendlova B. The Kir6.2
gene E23K SNP in relation to DM2 in Czech population. 13th European Congress on Obesity,
Prague, Czech Rep., 26.-29.2004. Int J Obesity 2004;28(suppl. 1):T3: P3-025 - poster.

e Bendlova B., V¢elak J., Vaikova M., Sramkova D., Samalikova P., Kvasni¢kova H.,
Vondra K. Study of the genetic background of the glucose curve types in Czech population.
40th EASD Munchen, 6-9 September 2004. Diabetologia 2004;47(suppl. 1):A189:517 -

diskutovany poster.

e Vaikova M., Sramkova D., Samalikova P., Vé&elak J., Kvasni¢kovd H., Vondra K.
Bendlova B. Beta-cell function and insulin resistance in relation to candidate genes of
diabetes mellitus type 2 in Czech population. 40th EASD Munchen, 6-9 September 2004.
Diabetologia 2004;47(suppl. 1):A209: 572 - diskutovany poster.

* Bendlova B., Sramkova D., Varikova M., Samalikova P., Véelak J., Stanicka S., Dvotakova
K., Vondra K., Cibula D., Vrbikova J. The risk polymorphisms of UCP1 and PPARG2 genes
in patients with polycystic ovary syndrome. Carotenoids and Dietary Lipids in Health and
Disease and COST B17 WG1 Action. Krakow 9.-12.12.2004. Acta Angiologica 2004;10:35 -

vyzvana piednaska.

« Varikovd M., Sramkova D., Samalikova P., Véelak J., Kvasnickovd H., Vondra K.,
Bendlova B. Insulin resistance and the beta cell function in relation to selected DM2
candidate genes. Carotenoids and Dietary Lipids in Health and Disease and COST B17 WG1
Action. Krakow 9.-12.12.2004. Acta Angiologica 2004;10:35-36 — kratka prezentace.

« Sramkova D., Varikova M., Samalikova P., Vé&elak J., Hainer V., Bendlova B.: The KCNJI
I gene polymorphism E23K in relation to DM2 in Czech population. Carotenoids and Dietary
Lipids in Health and Disease and COST B17 WG1 Action. Krakow 9.-12.12.2004. Acta
Angiologica 2004;10:36 — kratka prezentace.

o Sramkova D., Vaikova M., Samalikova P., Véeldk J., Hainer V., Bendlova B.
Polymorfismus E23K genu KIR6.2 ve vztahu k diabete mellitus 2. typu v Ceské republice.
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XL. Diabetologické dny v Luhacovicich, 22.4.-24.4.2004. DMEV 2004;7(suppl. 1):44:A55-

diskutovany poster.

« Vaiikova M., Sramkova D., LukéaSova D., Velak J., Stanicka S., Dvofakova K., Vondra K.,
Cibula D., Vrbikova J.,, Bendlova B. UCP1 (A-3826G) and PPARgamma2(Prol2Ala)
polymorphisms in women with polycystic ovary syndrome. 24th Joint Meeting of the British
Endocrine Society, April 4-6, 2005, Herrogate, UK. Endocrine Abstracts 2005;9:P77-

diskutovany poster.

* Bendlova B,, Sramkova D., Burkoriova D., Vaitkkova M., Lukasova P., V¢elak J., Vondra K.
Free fatty acids concentration and composition is associated with family history of diabetes
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1. INTRODUCTION

The human body requires nutrients sufficient to provide free energy to manufacture
the daily requirement of high energy phosphate (mainly ATP, adenosine triphosphate) and
reducing equivalents needed to power all body functions. Energy-yelding nutrients are
provided by dietary carbohydrate, fat, and protein in varying proportions among different
human populations. Under conditions of caloric balance, energy intake equals energy
expenditure. Dietary excess has been associated with obesity, type 2 diabetes mellitus (DM?2),
metabolic syndrome and polycystic ovary syndrome (PCOS). These complex metabolic

disorders form the main subject fields discussed in the submitted Ph.D. thesis.

1.1 Type 2 diabetes mellitus

At present, the type 2 diabetes mellitus (DM?2) is the most common type of diabetes.
The pathophysiology of glucose intolerance in DM2 involves both genetic and environmental
factors (DeFronzo 1997), especially weight control (Kelley 1995) and physical activity
(Schneider, Morgado 1995). Before the onset of postprandial and fasting hyperglycemia,
individuals genetically predisposed to develop DM2 are known to be resistant to the action of
insulin (Pratipanawatr et al. 2001, Tripathy et al. 2000, Jackson et al. 2000, Gulli et al. 1992).
Nevertheless, glucose level remains normal because of a marked increase in insulin secretion
by pancreatic beta cells (Pratipanawatr et al. 2001, Tripathy et al. 2000, Jackson et al. 2000,
Diamond et al. 1993). The progression from impaired glucose tolerance to overt DM2 is

associated with the inability of the pancreas to maintain its high insulin secretory rate (Kahn

2001, Weyer et al. 1999, Polonsky et al. 1996, Saad et al. 1989).

In the submitted work, genetic components of DM2 are studied, in particular three
candidate genes that have been repeatedly described as most promising: PPARgamma?2
(peroxisome proliferator-activated receptor gamma 2), KCNJ11 (Potassium inwardly

rectifying channel), and UCP1 (uncoupling protein 1).

Furthermore, the Ph.D. thesis deals with adipocytokines, hormonal factors produced
by adipose tissue, which are involved in maintaining energy balance and insulin sensitivity

and which have drawn a considerable interest in recent years. Adipocytokines resistin,



adiponectin, and leptin together with gastric peptide ghrelin are discussed in the submitted

work in connection with DM?2.

1.2 Obesity and metabolic syndrome

The combination of the modern diet and sedentary lifestyle has resulted in an increase
in obesity, insulin resistance, and dyslipidaemia, disorders that are features of the so-called
metabolic syndrome or syndrome X, as defined by the Adult Treatment Panel (ATP III,
2001). Insulin resistance is thought to be a core defect in metabolic syndrome, but the exact
relationship between insulin resistance and different features of syndrome X is unknown.
Obesity, and in particular abdominal obesity, is a known risk factor for the development of
abnormal glucose tolerance and symptoms of matabolic syndrome. Obesity has been
considered to have a major genetic component. The high heritability for BMI (body mass
index) and absolute weight as well as somewhat lower heritability for WHR (waist to hip
ratio) are in accordance with this assumption (Cardon et al. 1994, Bouchard et al. 1990, Selby

et al. 1990).

In the submitted Ph.D. thesis three candidate obesity genes, UCP1 (uncoupling protein
1), PPARgamma2 (peroxisome proliferator-activated receptor gamma 2), and KCNIJ11
(Potassium inwardly rectifying channel), as well as four adipocytokines (leptin, resistin,
adiponectin and gastric peptide ghrelin) are discussed in relation with obesity and metabolic

syndrome.

1.3 Polycystic ovary syndrome

Polycystic ovary syndrome (PCOS) is one of the most commonly encountered
endocrinopathies of women in fertile age with the incidence reported to be about 4-6% in
white women (Azziz et al. 2004). Its exact pathogenesis remains unknown; the complex
interplay between ovarian and adrenal androgen production, obesity, and insulin sensitivity is
involved (Toprak et al. 2001, Dunaif, Finegood 1996, Dunaif et al. 1989). But, on the other
hand, some studies do not confirm differences in insulin sensitivity in nonobese PCOS
patients (Vrbikova et al. 2004, Morin-Papunen et al. 2000, Holte 1996, Ovesen et al. 1993). It
has been also discussed whether PCOS itself could be another feature of syndrome X (Sam,
Dunaif 2003). However, a suprisingly low number of women with metabolic syndrome have

been shown to be affected by PCOS (Korhonen et al. 2001).



In the submitted work data regarding the levels of adipocytokines adiponectin, leptin,
and gastric ghrelin in PCOS women are discussed in relation with obesity, insulin sensitivity,

and metabolic syndrome.

2. AIMS AND CONCEPTION

The main aim of the submitted Ph.D. thesis is to contribute to the understanding of
energy metabolism control in humans. A special attention is directed to the metabolism of

glucose.

Several genetic and hormonal factors that, as to the current knowledge, play a key role
in the control of human energy metabolism were selected and were studied in connection with

metabolic disorders such as obesity, DM2, metabolic syndrome and PCOS.

Based on an international research, genes PPARgamma2, UCPI, and KCNIJ11
represent the most promising candidate obesity and DM2 genes. Polymorphisms in these
genes were genotyped and possible associations with anthropometric and biochemical

parameters in the Czech population were investigated.

Hormonal factors such as leptin, resistin, and adiponectin belong to the family of the
fat tissue hormones called adipocytokines. These hormones, together with the gastric enzyme
ghrelin, play a crucial role in the neurohormonal regulation of the food intake and body

weight.

The submitted Ph.D. thesis represents a set of nine publications provided with a
detailed introduction, clinical and methodical part, and final conclusions. The enclosed
publications consist of five original studies, four of them are published in international

impacted journals. Four publications represent reviews that summarise current knowledge in

the field.



Assumptions to fulfill the aims:

Y]

2)

3)

4)

5)

6)

7)

To complete large cohorts of DM2 patients, direct offspring of DM2 patients, obese
subjects, group of women suffering from PCOS, and a sufficiently lagre group of

control subjects
a. DNA bank completion
b. Detailed anthropometric and biochemical characterization of all subjects
To establish an electronic database
To establish and optimize molecular-genetic methodology of DNA analysis
a. PCR (polymerase chain reaction) method
b. RFLP (restriction fragment length polymorphism) method
c. SSCP (single strand conformational polymorphism) method
To genotype selected polymorphisms in candidate genes

Association analysis of genetic polymorphisms and /or studied enzyme concentrations

with phenotypic features of the studied cohort of subjects
Statistical analysis of the obtained data

Publication of the results, conclusions, and interpretations



3. ABSTRACTS OF PUBLICATIONS 1-9

Publication 1. Sramkova D et al. [Gen PPARY ve stiedu zdjmu obezitologli a diabetolog).

DMEV 2001;4(4):278-286. Czech.

Gene PPARY arrouses interest of obesitologists and diabetologists.

"Daniela Sramkova, “Béla Bendlova, *Marie KuneSova, 3Vojtéch Hainer

IDeparlmenz of Anthropology and Human Genetics, Faculty of Science, Charles University,
Prague, Czech Republic ’Institute of Endocrinology, Prague, Czech Republic I Obesity
Management Center, General Teaching Hospital, 3" Medical Department, I*' Faculty of

Medicine, Charles University, Prague, Czech Republic

Key words: peroxisome proliferators, PPARs, human obesity, type 2 diabetes mellitus, gene

polymorphism, energy balance

Summary

The family of nuclear receptors, known as peroxisome proliferator-activated receptors
(PPARs), plays a key role in energetic metabolism and in a process of adipogenesis. This
review summarizes current knowledge about involvement of these receptors, especially the
gamma form, in the complex metabolic pathways, with a special attention to carbohydrate
metabolism. Gene polymorphisms in gamma form and their possible association with

metabolic disorders such as obesity and type 2 diabetes mellitus are presented here.



Publication 2. Sramkova D et al. [Correlation of leptin and anthropometric parameters during

weight reduction therapy in obese children]. Sb Lek 2002;103(4):487-94. Czech.

Correlation of leptin and anthropometric parameters during weight reduction therapy

in obese children.

Daniela Sramkova, Jifi Srajer, Pavel Bliha

Department of Anthropology and Human Genetics, Faculty of Science, Charles University,

Prague, Czech Republic

Key words: obesity, leptin, reduction programme, body composition

Summary

At present, obesity is considered one of the major health problems. It is a predisposing factor
of several chronic diseases including non-insulin dependent diabetes mellitus (NIDDM) and
coronary heart disease (CHD). Leptin levels in humans have been found to be highly
correlated with total adiposity. We performed statistic analysis in order to identify linkage
between leptin levels and anthropometric parameters in a group of 285 Czech obese children
(152 girls and 133 boys) aged 7 to 18 years. The children were measured using the standard
anthropometric technique according to Martin and Saller at the beginning and end of a five-
week therapeutic weight reduction programme. The skin fold thickness at 14 sites was
assessed by means of Best calliper. The body composition was evaluated using Matiegka‘s
technique. The leptin levels were investigated at the beginning and end of the reduction
programme by direct enzyme linked immunosorbent assay (ELISA). For the evaluation of the
grade of obesity, body weight, BMI (body mass index), RI (Rohrer‘s index), FMI (fat mass
index) and normalized body weight, normalized BMI a RI were plotted. Correlation analysis
shows relation between leptin concentration and FMI to be the most significant. As to
ponderal indexes, normalized RI shows the most significant positive correlation. Leptin
concentrations are negatively correlated with the proportion of the weight of skeletal muscles
by Matiegka both in girls and boys. Intersexual differences in correlations between leptin
concentrations and normalized circumferences are observed, as well as in correlations

between leptin and particular skin fold thickness. We also tested relations between the



magnitude of leptin decreases and magnitude of decreases of anthropometric parameters.
There is a strong endorsement both in girls and boys of positive correlation between decrease
of leptin concentration and fat reduction. Interestingly, differences between boys and girls in

relations between leptin decrease and change in lean body mass had been observed.
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Publication 3. Sramkovd D et al. Is a Prol2Ala polymorphism of the PPARgamma2 gene
related to obesity and type 2 diabetes mellitus in the Czech population? Ann N 'Y Acad Sci (IF
1.971) 2002 Jun;967:265-73.

Is a Prol2Ala polymorphism of the PPARgamma2 gene related to obesity and type 2

diabetes mellitus in the Czech population?

1,2 . % . , . v . opw . w 72 v ,
Daniela Sramkova, SMarie KuneSova, 3Vo.]tech Hainer, Josef Velak, Béla Bendlova

'Institute of Endocrinology, Prague, Czech Republic *Department of Anthropology and
Human Genetics, Faculty of Science, Charles University, Prague, Czech Republic Obesity
Management Center, General Teaching Hospital, 3" Medical Department, I* Faculty of

Medicine, Charles University, Prague, Czech Republic

Key words: obesity in humans, type 2 diabetes mellitus, PPARYy2 gene, Prol2Ala

polymorphism

Summary

The peroxisome proliferator-activated receptors (PPARs) are member of the nuclear hormone
receptor subfamily of transcription factors. PPAR y2 plays a key role in regulation of
adipocyte differentiation and energy homeostasis. Numerous recent studies provide the
evidence that the Prol12Ala polymorphism is linked to obesity and type 2 diabetes mellitus but
the results are controversial and depend on the ethnicity. Objectives: The aim of this study
was to determine allele frequencies and to study the influence of the polymorphism on
biochemical and anthropometric parameters in healthy Czech adult population, in a group of
type 2 diabetics and in a group of obese women. Methods: The Prol2Ala substitution was
detected by PCR-RFLP method (Hgal). For statistical analyses, the NCSS 2000 program was
used. Results: xz test did not reveal significant differences in Prol2Ala frequency between the
group of diabetic patients and controls. However, the occurrence of Prol2Ala tended to be
higher in a group of obese women in comparison to the controls. The Mann-Whitney test
revealed significantly lower fasting insulin and C-peptide levels in the Prol2Ala carriers in a

group of diabetics even after adjustment for age, body mass index (BMI), and duration of

11



DM2. In obese women, higher waist to hip ratio (WHR) was found in subjects with the 12Ala
allele. Taken all probands together, there were no differences in body constitution (BMI,
WHR), body composition (%fat mass, %muscles, %bone mass), lipid levels or in other tested
parameters between the Prol2Ala carriers and non-carriers. Conclusions: The frequency of
the Prol2Ala PPAR y2 gene polymorphism in Czech probands is similar to other Central
European populations. Frequency of the Prol2Ala substitution tends to be higher in obese
women compared to the controls. The fasting insulin and C-peptide levels in the Prol2Ala
carriers were significantly lower in the group of diabetic women. This finding provides

evidence that polymorphism may influence glucose metabolism.
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Publication 4. Sramkovd D, Bendlov4 B. [Rezistin-kli¢ k inzulinové rezistenci?] DMEV

2002;5(4):225-228. Czech.

Resistin-the key to insulin resistance?

Daniela Srémkové, Béla Bendlova

Institute of Endocrinology, Prague, Czech Republic

Key words: resistin, obesity, insulin resistance, type 2 diabetes mellitus

Summary

The precise mechanism linking increased adiposity to insulin resistance remains unknown. A
search for genes that are induced during adipocyte differentiation led to the identification of a
unige protein with no homology to any known hormone or other signaling molecule. Based on
mice studies observations, the protein was named resistin because of its antagonistic effect on
insulin action. The expression of resistin is influenced by insulin, by stimulation of
sympathetic nervous system and by PPARy agonists. The results of these several studies are
controversal. In men the resistin is expressed more likely by mononuclear cells than by
adipocytes. However, the most recent study confirmed the increased expression in visceral
and abdominal subcutaneous fat. It is probable that resistin is included in regulations of
glucose and lipid metabolism, the question regarding its physiological role in the organism as
well as the pathophysiological role in the development of obesity and diabetes type 2 remains
to be answered. This review summarizes main conclusions of animal and human studies

performed on this topic in past two years.
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Publication 5. Vrbikova J et al. Determinants of circulating adiponectin in women with

polycystic ovary syndrome. Gynecol Obstet Invest (IF 0.810) 2005;60(3):155-61.

Determinants of circulating adiponectin in women with polycystic ovary syndrome.

Jana Vrbikova, Katefina Dvorakova, Martin Hill, Josef Véeldk, Sona Stanick4, Markéta

Vaiikova, Daniela Sramkova, Karel Vondra, Béla Bendlova, Luboslav Starka

Institute of Endocrinology, Prague, Czech Republic

Key words: polycystic ovary, adiponectin, ghrelin, androgen, insulin resistance, euglycemic

clamp

Summary

Background and aim: Adiponectin is regarded as a possible link between adiposity and
insulin resistance. Ghrelin and leptin are considered as signals of energy status. We evaluated
the relationships between these peptides, androgens and insulin sensitivity in women affected
by polycystic ovary syndrome. Methods: Thirty-six women with PCOS were examined with
euglycemic hyperinsulinemic clamp (to determine M/I, index of insulin sensitivity). Leptin,
ghrelin, adiponectin, androgens, and SHBG were determined. Statistics was done using
correlation analysis and backward stepwise multiple regression. Results: The positive
correlation of adiponectin with testosterone remains significant even after adjustment for BMI
(p = 0.01), M/T (p = 0.009) and for both M/l and BMI (p = 0.02). In multiple regression with
testosterone, M/I, leptin and ghrelin as independent variables, the model including
testosterone (p = 0.03) and ghrelin (p = 0.002) explained 49% of the variability (p < 0.0012)
of adiponectin. Conclusions: Both adiponectin and ghrelin can be involved in the

pathophysiology of PCOS but their relation must be delineated further.
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Publication 6. Vrbikova J et al. Metabolic syndrome in young Czech women with polycystic

ovary syndrome. Hum Reprod (IF 3.669) 2005 Dec;20(12):3328-32.

Metabolic syndrome in young Czech women with polycystic ovary syndrome.

!Jana Vrbikova, 'Karel Vondra, *David Cibula, 'Katefina Dvoidkova, 'Sofia Stanicka,

'Daniela Sramkova, *Gustav Sindelka, 'Martin Hill, 'B&la Bendlov4, *Jan Skrha

!Institute of Endocrinology, Prague, Czech Republic, *Department of Obstetrics and
Gynecology, Charles University, Prague, Czech Republic, 3Department of Internal Medicine,

Charles University, Prague, Czech Republic

Key words: euglycaemic clamp, insulin resistance, metabolic syndrome, polycystic ovary

Summary
Methods: Sixty-nine young women with polycystic ovary syndrome (PCOS) [age 25.2+/- 4.7

years, with body mass index (BMI) 24.3 +/- 4.8 kg/m2; mean 6 SD] and 73 age-matched
healthy females (BMI 22.3 +/- 3.3 kg/m2; mean +/- SD) were evaluated for the occurrence of
features of metabolic syndrome according to the Adult Treatment Panel III. Results: Overt
metabolic syndrome (the presence of three and more risk factors) was not more common in
PCOS women (1/64, 1.6%) than in healthy controls (0/73, 0%). On the other hand, in nearly
50% of PCOS women isolated features of metabolic syndrome, most often a decrease in high-
density lipoprotein (HDL) cholesterol, were found. Women with at least one feature of
metabolic syndrome were, in comparison with women without any of these features,
significantly more obese (P = 0.0001), with lower insulin sensitivity (P = 0.05). When
comparing PCOS women according to the degree of insulin sensitivity, as determined by
euglycaemic clamp, isolated features of metabolic syndrome were found in 8/17 women
above the upper quartile, compared with 11/16 women below the lower quartile of insulin
sensitivity (P = 0.20). Conclusions: Overt metabolic syndrome is only rarely encountered in
young Czech females affected by PCOS but its isolated features are relatively frequent, both

in young PCOS patients and in age-matched control women.
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Publication 7. Sramkovéd D, Bendlové B. [Alterované draselné kanély beta bunék a jejich role

v patogenezi diabetes mellitus 2. typu]. DMEV 2005;8(1):18-22. Czech.

Altered beta cell potassium channels and their role in type 2 diabetes mellitus.

Daniela Sramkova, Béla Bendlova

Institute of Endocrinology, Prague, Czech Republic

Key words: type 2 diabetes mellitus, inwardly rectifying potassium channel, E23K

polymorphism, pancreatic beta cell

Summary

Type 2 diabetes mellitus (DM?2) is generally perceived as a heterogeneous polygenic disorder
influenced by both hereditary and environmental factors. Despite intensive investigations,
little progress has been made in identifying genes that impart susceptibility to the common
late-onset forms of the disease. Recently, genes encoding for components of ATP-sensitive
K" channels in pancreatic beta cells have been widely considered as DM2 targets. These
channels control insulin secretion by coupling metabolism to membrane electrical activity.
The article summarizes knowledge concerning structure and function of the channels with
respect to DM2. A common E23K polymorphism in the pore-forming subunit of the channels,
which belongs to the most important genetic risk factors for DM2 yet identified, is discussed

here.
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Publication 8. Vejrazkovd D, Bendlovd B. [Two promising candidate genes in the
ethiopathogenesis of DM2 - PPARgamma2 and KCNJ11]. Cas Lek Cesk 2005;144(11):721-5.
Czech.

Two promising candidate genes in the ethiopathogenesis of DM2:

PPARgamma?2 and KCNJ11.

Daniela Vejrazkova, Béla Bendlova

Institute of Endocrinology, Prague, Czech Republic

Key words: type 2 diabetes mellitus, insulin resistance, PPARY2 gene, KCNJ11 gene, genetic

polymorphism, glucose balance

Summary

Type 2 diabetes mellitus (DM?2) represents a multifactorial disease — both genetic
and environmental factors are implicated in its aetiology. In spite of the enormous effort
that has been applied to the task, unravelling the genetics of DM?2 has been problematic. A
polygenic inheritance is proposed for most cases and more than 250 candidate genes have
been studied. Recently increasing attention has been directed to two genes that have been
repeatedly described in association with DM2: the PPARY2 gene (peroxisome proliferator-
activated receptor gama2) and KCNJ11 (potassium channel inwardly rectifying). The
PPARY2 is a member of the nuclear hormone receptor subfamily of transcription factors. It
plays a key role in regulation of adipocyte differentiation and energy balance. The KCNJ11
gene codes for a pore-forming subunit of the inwardly rectifying ATP sensitive K+
channel, which is involved in the direct regulation of insulin secretion. Here, recent
knowledge regarding involvement of these two genes in complex metabolic pathways is

summarized. In the whole review, we focus on the glucose homeostasis.
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Publication 9. Sramkova D et al. The UCPI gene polymorphism A-3826G in relation to
DM2 and body composition in Czech population. Exp Clin Endocrinol Diabetes (IF 1.196)
2007, Issue 2, in print.

The UCP1 gene polymorphism A-3826G in relation to DM2 and body

composition in Czech population.

Daniela Sramkova, Sarka Krejbichova, Josef Véelak, Markéta Varikova, Petra
Samalikova, Martin Hill, Hana Kvasnickova, Katerina Dvorakova, Karel Vondra,

Vojtéch Hainer, Béla Bendlova

Institute of Endocrinology, Prague, Czech Republic

Key words: type 2 diabetes mellitus, uncoupling protein 1, A-3826G polymorphism, insulin

sensitivity, obesity in humans

Summary

Mitochondrial uncoupling contributes to the control of energy expenditure. The brown fat
specific uncoupling protein 1 (UCPl) mRNA was detected in intraperitoneal and
extraperitoneal adipose tissue in adult humans. The A-3826G polymorphism in the UCP1
gene promoter region was found to be associated with reduced mRNA expression indicating
that the polymorphism is of functional importance. Objective: To determine allelic
frequencies and genotypic distribution of the A-3826G polymorphism and to study its
possible association with anthropometric parameters and biochemical markers of glucose and
lipid metabolism in type 2 diabetes mellitus (DM2) patients (n=295), in offsprings of DM2
patients (n=113), and in healthy adults without family history of DM2 (n=120). Results and
discussion: In the whole cohort of 528 subjects, the G allele was observed with a frequency
of 0.26. Genotypic distribution did not differ between diabetics and controls. However, in the
offsprings of DM2 patients, significantly higher BMI and a trend towards higher waist to hip
ratio, waist to height ratio, waist circumference, and subcutaneous fat mass was observed in
the AG genotype compared with the wild-type. Similar tendency was evident in the control
group. This indicates possible involvement of the A-3826G polymorphism in the regulation of

body composition.
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1y

2)
3)
4)

5)

6)

7)

4. CONCLUSIONS

The postulated aim of the work was fulfilled:

Quite a large cohorts of DM2 patients, direct offspring of DM2 patients, and obese
subjects as well as a group of women suffering from PCOS, and sufficiently large
group of control subjects were completed

a. All the probands underwent a detailed anthropometric and biochemical

characeterization

b. The DNA bank was established and completed
An electronic database was established
Molecular genetic methods PCR, RFLP, and SSCP were established and optimized
Specific polymorphisms in the selected candidate genes were genotyped and unique
data regarding genotypic frequencies of these polymorphisms in Czech population
were obtained
Genetic, biochemical and anthropometric data underwent statistical analysis.
Especially associations between genetic polymorphisms/adipocytokine concentrations
and anthropometric/biochemical parameters were tested
Final results were evaluated and possible effect of the studied genetic polymorphisms
and/or adipocytokines on body composition and/or biochemical status was assessed.
Also an eventual involvement of the studied genetic and hormonal factors in
aethiopathogenesis of obesity, DM2, metabolic syndrome, and PCOS was considered
Main results and conclusions of the research were published in scientific journals. The

publications represent the pivotal part of the submitted Ph.D. thesis.

During the six years of research, interesting new observations were made regarding

selected adipocytokines and their relations to biochemical metabolic markers and certain
somatometric parameters. In case of leptin, its reaction to the intense changes in energy
balance was followed. Furthermore, an association of several studied polymorphisms in
candidate genes PPARgamma2, UCP1, and KCNJ11 with some anthropometric and

clinical/biochemical parameters were described in Czech population.
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These results indicate that selected genetic polymorphisms play a minor role in the
acthiopathogenesis of DM2, obesity, and metabolic syndrome in the Czech population.
Nevertheless, these observations contribute to a better understanding of the complex
pathogenesis of these disorders, where genetic as well as environmental factors are involved.
A lot of patience and time is needed to uncover a little part of so-called ,,genetic background*
of these complex metabolic disorders. Because the effect of a particular genetic
polymorphism on biochemical markers and/or on body composition is usually weak, very

large cohorts of subjects are necessary to prove statistical significance.

In spite of the relatively slow progress, it is essential to map genetic factors involved
in pathogenesis of diseases such as obesity, DM2, and metabolic syndrome, that are
increasing world-wide and have reached epidemic proportions in both developed and
developing countries. Better understanding of genetic background may lead to a development
of more effective and accurately targeted drugs (pharmacogenomic). Pharmacotherapy should
be an integral part of the comprehensive management of these disorders together with diet,
physical activity, and cognitive behavioral modification of lifestyle. Identification of genetic
predisposing markers could increase a chance of successful prevention, since motivation and
ability of the informed high risk subjects to follow the advised changes in lifestyle could

strengthen.
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