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Abstrakt

Alzheimerova nemoc (Alzheimer’s disease, AD) je neurodegenerativni onemocnéni,
na jehoz vzniku a rozvoji se podileji faktory genetické, biochemické i1 faktory vnéjsiho
prostiedi. AD postihuje pfevazné osoby starsi 60 let, ale mize se vyskytovat i v ¢asné formé,
kognitivnich  funkci, na histologické urovni pak ptritomnost senilnich plakl
a neurofibrilarnich klubek. Diagnostika AD je velmi problematicka, s jistotou lze toto
onemocnéni prokazat az po smrti pacienta. Jedinym znamym genem, ktery souvisi s rizikem
rozvoje AD je gen pro Apolipoprotein E a jeho rizikova alela 4. Z celogenomovych
asociacnich studii vzeSlo dal§i mnozstvi kandidatnich geni pro AD, které by s timto
onemocnénim mohly souviset. Kromé genetického pozadi se na vzniku AD podileji i zmény

v nékterych biochemickych parametrech véetné steroidnich hormont.

Disertacni prace je rozdelena na dvé Casti — ¢ast genetickou a ¢ast biochemickou.
Geneticka Cast prace je zaméfena na vybrané polymorfismy v kandidatnich genech pro AD
a na jejich pfipadnou souvislost s poruchami gluk6zového metabolismu. Celkem bylo
vySetteno 2172 osob (550 pacientek s gestacnim diabetem, 391 pacienti s diabetem
2. typu, 116 jedinct s porusenou glukézovou toleranci a 1115 odpovidajicich zdravych
kontrol). Metodou Real-Time PCR byly detekovany vybrané polymorfismy v genech BIN/,
CLU, CRI a PICALM. Vysledky ukézaly, ze varianta rs3851179 v genu PICALM je
asociovana se zvySenym rizikem rozvoje gestacniho diabetu, a Ze souvisi s poruSenou
gluk6zovou toleranci. Ddale se tato cast prace zaméifila na hledani novych
variant v nékterych exonech vybranych kandidatnich genil pro AD. Celkem bylo vysetieno
173 osob (97 pacienti s AD a 76 seniorskych kontrol). Metodou masivné paralelniho
sekvenovani byly vySetfeny vybrané exony v genech APOE, BINI, CLU a CRI. Vsechny
varianty nalezené v této ¢asti prace byly jiz popsany. V rdmci této studie nebyla nalezena

Zadna nova varianta, kterd by mohla mit souvislost s AD.

Biochemicka ¢ast prace se zameétila na spektrum vybranych adipokind, cytokind,
inkretinli a parametrii spojenych s neurodegeneraci. Celkem bylo vySetifeno 163 osob
(87 pacienti s AD a 76 kontrolnich seniorll). Vysetieni byla provedena pomoci multiplexové
ELISA metody. Vysledky ukazaly vyssi hladiny visfatinu, resistinu, GLP-1, sCD40L a

enolasy-2 u pacientl s AD oproti kontrolnim seniorim. Déle byly u pacienti s AD nalezeny



mnohonasobné vyssi hladiny chemokinu RANTES ve srovnani s kontrolnim souborem.
Dale se tato ¢ast prace zaméfila na hladiny steroidnich hormonil a na ptfipadnou asociaci
mezi pomeéry jejich konjugovanych a nekonjugovanych forem s AD. VySetfeni byla
provedena metodou plynové chromatografie s hmotnostnim spektrometrem. Vysledky
ukazaly snizené hladiny C19 steroidii u pacienti s AD, které ukazuji na sniZzenou aktivitu
enzymu v zona reticularis nadledviny. Dale byly u pacientti s AD nalezeny vyssi hladiny
C21 steroidil ve srovnani s kontrolnim souborem, které ukazuji na zvySenou aktivitu enzymu
v zona fasciculata nadledviny. U pacienti s AD byly nalezeny niz§i poméry mezi
konjugovanymi a nekonjugovanymi C19 steroidy. Tento vysledek opét ukazuje na nizsi
aktivitu enzymi v zona reticularis, konkrétné na utlumenou sulfonaci téchto steroidi

pomoci enzymu sulfotransferase family 24 member 1 (SULT2A1).

Disertacni prace pomohla ptispet k poodhaleni genetického 1 biochemického pozadi
AD, které je velmi komplikované. Spole¢né s dalSimi studiemi, které se problematikou AD

zabyvaji, by v budoucnu mohla ptispét k vytvoieni modelu pro lepsi diagnostiku AD.



Abstract

Alzheimer’'s disease (AD) is a neurodegenerative disorder where genetic,
biochemical and environmental factors are involved. AD mainly affects individuals over 60
years of age, but an early form of AD which is both more progressive and more serious also
exists. The loss of cognitive function is typical for AD, on histological level senile plaques
and neurofibrillary tangles are typically present. Diagnostics of AD is very problematic and
accurate diagnosis is only possible post mortem. The only known gene that is associated with
the risk of AD is Apolipoprotein E, respectively its allele é4. Genome-wide association
studies revealed more candidate genes for AD that have a connection with the disease.
Except genetics background, there are some changes in biochemical markers including

steroid hormones that can contribute to AD development.

This thesis has two parts — a genetic and a biochemical one. The genetic part focuses
on selected polymorphisms in candidate genes for AD and on its eventual connection with
disorders of glucose metabolism. In total there were 2172 persons (550 women with
gestational diabetes, 391 patients with type 2 diabetes mellitus, 116 persons with impaired
glucose tolerance and 1115 appropriate healthy controls) examined. Using Real-Time PCR,
polymorphisms in BINI, CLU, CRI and PICALM genes were detected. Our results show that
variant rs3851179 in PICALM gene is associated with higher risk of gestational diabetes and
that it has a connection with impaired glucose tolerance. This part of thesis also focuses on
searching for new variants in some exones in selected candidate genes for AD. In total there
were 173 persons (97 patients with AD and 76 healthy senior controls) examined. Thanks to
massive parallel sequencing selected exones in APOE, BINI, CLU and CRI genes were
examined. All variants found in our study have already been discovered and described. No

new variants which could be associated with AD were found.

The biochemical part of this thesis focuses on the spectrum of adipokines, cytokines,
incretines and neurodegenerative parameters. In total there were 163 persons (87 patients
with AD and 76 healthy seniors) examined. The analysis was performed
by multiplex ELISA method. Our results show elevated levels of visfatin, resistin, GLP-1,
sCD40L and enolase-2 in AD patients compared to senior controls. In AD patients we also
detected manifold increased levels of chemokine RANTES compared to controls. Further,
this part of thesis focuses on steroid hormone levels and its potential association of their

conjugated and unconjugated ratios with AD. The analysis was done using a gas



chromatography-mass spectrometry method. The results show lower levels of C19 steroids
in AD patients that show reduced enzyme activity in adrenal zona reticularis. Furthermore,
patients with AD have higher levels of C21 steroids compared to controls that show
increased enzyme activity in adrenal zona fasciculata. We found lower ratios between
conjugated and unconjugated C19 steroids in AD patients. This result shows again a lower
enzyme activity in adrenal zona reticularis, specifically an attenuated sulfonation of these

steroids by enzyme sulfotransferase family 24 member 1 (SULT2AT).

This Ph.D. thesis contributes to the elucidation of genetic and biochemical
background of AD which is very complex. Together with other studies involved in AD
problematics it could contribute to the creation of a model to improve the diagnostics

of AD.
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1. Uvod

Vroce 1907 bylo poprvé popsdno onemocnéni, které je dnes znamé jako
Alzheimerova nemoc (Alzheimer’s disease, AD). Svij ndzev dostalo po némeckém
neuropatologovi Aloisi Alzheimerovi, ktery jako prvni popsal vyskyt ,,zvlastnich
nedobytnych bunék®, kterd dnes zname pod nazvem neurofibrildrni klubka. Tento
neuropatolog dale popsal formovani plakl v superiorni vrstvé mozkové kiry. V dobé, kdy
Alois Alzheimer toto onemocnéni popsal, vSak jiz byla neurofibrildrni klubka znama a byla
spojovana se stafeckou demenci. Vztah mezi tzv. senilnimi plaky a demenci byl také popsan
o par let diive, nicméné Alois Alzheimer je povazovan za objevitele klinicko-patologickych
zmén, kterd souviseji s timto onemocnénim, a tedy i za objevitele Alzheimerovy nemoci

(Ramirez-Bermudez, 2012).

AD je stile castéji se vyskytujici neurodegenerativni onemocnéni postihujici
prevazné star§i Cast Ceské 1 svétové populace. Jedna se o multifaktoridlni onemocnéni,
na jehoz vzniku a rozvoji se podileji faktory genetické, biochemické i faktory vnéjSiho
prostiedi. Diagnostika AD je velmi problematicka. Béhem Zivota pacienta lze pfitomnost
AD ptedpokladat na zaklad€ rodinné anamnézy, fyzickych, kognitivnich a psychologickych
testd, diky vySetieni magnetickou rezonanci a vySetieni cerebrospinalni tekutiny. S urcitosti
Ize toto onemocnéni diagnostikovat az po smrti pacienta histologickym vySetfenim mozkové

tkané.

Prevalence AD zacina byt alarmujici a neustale stoupd. Zprava o stavu demence
z roku 2016 uvadi, Ze v roce 2015 bylo v CR skoro 156 tisic osob s demenci a je odhadovano,

ze v roce 2020 stoupne tento pocet na 183 tisic a v roce 2050 na 383 tisic (Matl et al., 2016).

AD zatézuje nejen samotného pacienta, ale 1 jeho okoli, na které byva pacient velmi
Casto zcela odkazan. Kromé fyzické a psychické zatéze se jedna i o zatéz ekonomickou.
V roce 2008 byly v Evropé€ naklady spojené s lécbou AD vyssi nez 177 bilionil euro (Wimo
et al., 2011). Vlastni lécba AD by m¢la v idedlnim piipadé zahrnovat farmakoterapii
(kognitivnich 1 nekognitivnich poruch) i psychosociologickou terapii (trénink paméti,

sobéstacnosti atd.).

Z vyse uvedeného vyplyva, ze je potieba co nejvice poodhalit pozadi AD, které by

prispélo k v€asnéjsi a presnéjsi diagnostice. Jakykoliv novy geneticky nebo biochemicky
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marker, ktery mizZe souviset se vznikem a rozvojem AD je dileZity a spolu s jiz zndmymi

rizikovymi faktory miize ptispét k lepsi diagnostice tohoto onemocnéni.

Tato prace vznikla v Endokrinologickém ustavu v Praze na Oddé€leni molekularni
endokrinologie mezi lety 2014—2018 a navazuje na vyzkumny projekt a diplomovou praci,
ktera se tématem AD zabyvala (VACINOVA, Gabriela. Diabetes mellitus 2. typu
a Alzheimerova demence: studium spolecnych patogenetickych faktorii. Praha, 2014.
Diplomova prace. Univerzita Karlova v Praze. Pfirodovédecka fakulta. Katedra antropologie

a genetiky Cloveka.).
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2. Literarni prehled

2.1. Epidemiologie Alzheimerovy nemoci

Prevalence AD (tj. pocet jedincli s onemocnénim v populaci) je velmi vysoka
a neustale stoupa. Nartst poctu pacientti s AD je davan do souvislosti se starnutim populace.
V roce 2000 bylo na svété okolo 420 milionti osob starSich 65 let. Podle odhadl stoupne
tento pocet v roce 2030 na 973 miliond. V rdmci Evropy se pocet osob starSich 65 let zvysi
z16% na 24 %, vramci Severni Ameriky z 13 % na 20 % (The Centers

for Disease Control and Prevention, 2003).

V roce 2001 bylo na svété pres 24 miliond osob starSich 60 let s demenci, z toho
70 % byli pacienti s AD (Ferri et al, 2005). Vroce 2015 se tento pocet zvysil
na 46 miliont (www.alz.co.uk, 8. 9. 2018). Vzhledem k tomu, jak rychle pocet pacientli
narustd, se odhaduje, Ze vroce 2030 se tento pocet zdvojnasobi a v roce 2050 stoupne

dokonce na 135 miliona.

Incidence AD (tj. pocet jedinct v populaci, u kterych se toto onemocnéni rozvine
za urCité ¢asové obdobi) roste umérné s vékem. U Zen se AD vyskytuje Castéji nez u muza

(Azad et al., 2007), coz pravdépodobné souvisi s vyssi vékovou hranici doziti u zen.

Zprava o stavu demence z roku 2016 uvadi, Zze v Ceské republice bylo v roce 2015
témef 156 tisic pacientll s AD. Tento pocet je pouze piedpokladdany, protoze ne vSichni
pacienti jsou spravné diagnostikovani. Dvé tetiny pacientii v Ceské republice jsou Zeny

(Matl et al., 2016).

2.2. Patofyziologie Alzheimerovy nemoci

Pro AD je typické tvorba tzv. senilnich plakii, tvofenych nadmérnym uklddanim
B-amyloidnich peptidii v extracelularnim prostoru mozkové tkané. B-amyloidni peptidy
vznikaji S$tépenim amyloidového prekurzorového proteinu (APP) a jsou slozeny
z 39-42 aminokyselin. Za fyziologickych podminek je APP $tépen enzymem a-sekretazou
na krat$i fragmenty, které jsou rozpustné a pravdépodobné mohou ptisobit neuroprotektivné
(Morley and Farr, 2014) — tzv. non-amyloidni zptsob $tépeni APP. V piipad¢ patologie je
APP $té€pen pomoci enzymt B- a y-sekretazy na fragmenty del$i nez 42 aminokyselin. Tyto
formy jsou nerozpustné, tvoii shluky neurotoxickych oligomert a jsou typické pro AD — tzv.
amyloidni hypotéza (Sorrentino et al., 2014). Nadprodukce

B-amyloidnich peptidi zhorSuje kognitivni funkce, zptisobuje oxidativni poSkozeni tkani,
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vede k naruSeni hematoencefalické bariéry a k formovani pro AD typickych senilnich plakt
(Morley and Farr, 2014). Kromée toho dochézi k naruseni intraceluldrni homeostazy vapniku,
ke zvySeni produkce volnych radikalt diky ovlivnéni mitochondridlni redoxni aktivity i k

prohloubeni ucinka jinych toxickych latek (Sorrentino et al., 2014).

Dal§im charakteristickym znakem AD je pfitomnost tzv. intracelularnich
neurofibrilarnich klubek, ktera vznikaji nadmérnou fosforylaci tau proteinu (Pimplikar,
2009). Tau protein je protein asociovany s mikrotubuly a je exprimovan pievazné
v nervovych bunkach. Za fyziologickych podminek hraje zésadni roli ve stabilizaci
cytoskeletu neuroni. Za patologickych podminek dochazi k hyperfosforylaci tau proteinu
a k nasledné¢ agregaci do parovych helikdlnich filament, ktera vedou k tvorbé
neurofibrilarnich klubek (Martin et al., 2013). Hyperfosforylovany tau protein spousti
neurotoxické pochody, které maji vliv na fyziologickou strukturu neuronalniho cytoskeletu.
Ptitomnost neurofibrilarnich klubek tedy vede k poskozeni stavby neuronu, k naslednému

zhorSeni komunikace s ostatnimi nervovymi bunikami a k apoptoze (Maeda et al., 2007).

AD je n¢kdy oznacovana jako diabetes mellitus 3. typu (de la Monte and Wands,
2008). Divodem je piitomnost inzulinové rezistence nervové tkan¢ (nebo mozku) u pacienti
s AD. Na rozdil od periferni inzulinové rezistence u pacientl s diabetem 2. typu se u AD
jedna o inzulinovou rezistenci mozkové tkan¢. Puvodné se predpokladalo,
ze mozek je orgédn necitlivy k u¢inkiim inzulinu. Pozdéji bylo zjisténo, Ze nekteré oblasti
(¢ichova oblast, cerebralni kortex, hippocampus, hypothalamus, amygdala, medialni
temporalni kortex) obsahuji receptory pro inzulin (Craft, 2009), a Ze inzulin prochazi ptes
hematoencefalickou bariéru pomoci specifickych prenasect (Poduslo et al., 2001). Inzulin
mé v mozkové tkani zachovanou funkci riistového faktoru véetné vlivu na synaptogenezi
arist nervovych bunék. V pfipadé nefunkCénosti inzulinovych receptori dochazi
k inzulinové rezistenci mozkové tkan¢ a k naslednému zhorSeni kognitivnich funkci

spojenych s AD (Craft and Watson, 2004).

2.3. Genetika Alzheimerovy nemoci

AD je heterogenni onemocnéni, které¢ se z hlediska nastupu klinickych ptiznakt
rozdé€luje do dvou skupin. Zhruba v 5 % ptipadi se AD manifestuje okolo 40. nebo 50. roku
Zivota a ve vetSiné piipadi se jednd o Casnou familidrni formu AD (early onset AD).
U 95 % ptipadt se AD za¢ne manifestovat az po 65. roce Zivota, jedna se o tzv. pozdni formu

AD (late onset AD). Z klinického hlediska jsou obé& tyto formy tézko rozliSitelné. Casna

16



[ 24

onemocnéni. Na rozdil od klinického je genetické pozadi jednotlivych forem AD odlisné

(Reitz et al., 2011).

2.3.1. Casna forma Alzheimerovy nemoci

Casna forma AD se vétsinou dédi klasickym mendelovskym zptisobem, nicméné
muze vzniknout 1 sporadicky. U této ¢asné formy AD se uplatiuji tii geny: amyloidovy
prekurzorovy protein (APP), presenilin 1 (PSENI) a presenilin 2 (PSEN2). Mutace v téchto
genech vedou ke zvySené produkci B-amyloidnich peptidl a k ndsledné apoptdze neuronii

a rozvoji demence (Tanzi, 2012).

APP je gen lokalizovany na 21. chromozomu. Diky tomu muize byt jednim
z rizikovych faktorti pro rozvoj AD i Downlv syndrom. Diky trisomii 21. chromozomu
muze dochazet ke zvySené expresi APP a k nasledné akumulaci B-amyloidu (Bagyinszky
et al., 2014). Je znamo vice jak 30 mutaci v APP genu, z toho ~ 25 je klasifikovano jako
patogenni a ve vétSin¢ pripadl vedou k autozomalné dominantné dédéné casné¢ formeé AD

(Alonso-Vilatela et al., 2012).

Struktura gentt PSENI a PSEN? je velmi podobnd, geny jsou homologni v 67 %. Oba
geny obsahuji 12 exond, z toho proteiny PS1 a PS2 jsou kddovany 3-12 exonem. PSENI gen
je lokalizovan na 14. chromozomu. Ve spojitosti s ¢asnou formou AD bylo nalezeno ptes
180 mutaci, které mohou byt zapojeny i do patologie pozdni formy AD (Cruts et al., 2012).
Z klinického hlediska se mutace v PSENI genu projevuji progresivni demenci a
parkinsonismem, nicméné je zde zna¢na variabilita mezi jednotlivymi pacienty. Mohou se

objevit poruchy feci, zhorSena chiize i zména reflexti (Alonso-Vilatela et al., 2012).

PSEN 2 gen se nachazi na 1. chromozomu. Mutace v tomto genu jsou vzacné€jsi
pfi¢inou casné formy AD a vétSinou mivaji niz8i penetranci nez mutace v genu PSEN]
(Alonso-Vilatela et al., 2012). Klinické projevy byvaji riznorodé¢ a Casto atypické (Binetti
et al., 2003).

2.3.2. Pozdni forma Alzheimerovy nemoci

Genetické pozadi pozdni formy AD je mnohem komplexnéjsi. Za vznik této formy
je zodpovédna fada genii (polygenni onemocnéni), jejich vzdjemné interakce (gen-gen)
1 interakce genl s prostfedim (gen-prostiedi). VétSina ptipadli pozdni formy AD vznika

sporadicky bez nutného zatizeni v rodinné anamnéze (Alonso-Vilatela et al., 2012).

17



Nicméné riziko vzniku AD stoupd u jedincii s piimymi postizenymi piibuznymi.
Z celogenomovych asocia¢nich studii (genome-wide association study GWAS) vzesla fada
kandidétnich gent pro AD. Tyto studie porovndvaji relativni zastoupeni jednotlivych variant
genu mezi pacienty a kontrolni skupinou. V piipad€ nalezené asociace lze predpokladat, ze
gen s danou nemoci souvisi. Tato prace se zameéfila na vybrané kandidatni geny — APOE,

BINI, CLU, CRI a PICALM.

Gen pro Apolipoprotein E

Nejvyznamngj$im a dosud jedinym zndmym rizikovym genem souvisejicim s pozdni
formou AD je gen pro Apolipoprotein E (APOE). APOE se nachazi
na 19. chromozomu a obsahuje 4 kodujici oblasti. Protein APOE je sloZeny
z 229 aminokyselin a je exprimovan v mnoha organech. V mozkové tkani je produkovan
pfevazné astrocyty, o néco mén¢ mikrogliovymi buiikami a za urcitych podminek
i neurony (Kim et al., 2009). APOE je hlavnim transportérem cholesterolu v mozkové tkani,
ktery je dualezity pro ochranu a pfipadnou opravu nervovych buncék. Vaze se
na prislusné receptory na povrchu bunék, které se ucastni ptrenosu lipidi, glukézového
metabolismu, neurondlni signalizace a mitochondrialni aktivity. Za fyziologickych

podminek se APOE vaze na -amyloidni peptidy a zabranuje jejich hromadéni (Bu, 2009).

V APOE genu byly popsény dva polymorfismy lokalizované v kodonu 130 a 176
(podle transkriptu NM _000041.3). V zévislosti na ptitomnosti alely (€2, €3 nebo €4) byly
identifikovany tfi moZzné varianty tohoto genu — APOE2, APOE3 a APOE4. Jednotlivé
varianty se li$i podle pfitomnych aminokyselin v danych lokusech. Varianta APOE3, ktera
je definovéna jako nejb&znéjsi varianta, ma v pozici 130 cystein a v pozici 176 arginin.
Varianta APOE2 ma v obou pozicich cystein, varianta APOE4 ma v obou pozicich arginin.
Vzhledem k tomu, Ze kazdy jedinec ma v daném lokusu dvé alely (od otce a od matky),

muze vzniknout 6 moznych genotypt (Tab.1).
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Tab. 1 Varianty v genu APOE

Alely Piitomna aminokyselina

kodon 130 kodon 176
€2/€2 Cys Cys
€2/€3 Cys Cys, Arg
€2/e4 Cys, Arg Cys, Arg
€3/€3 Cys Arg
€3/e4 Cys, Arg Arg
ed/e4 Arg Arg

Alela €4 je rizikova pro vznik a rozvoj AD. Jeji patogenni povaha muize byt
asociovana se strukturnimi zménami APOE proteinu. APOE protein ma dvé hlavni funkéni
domény — N-termindlni doménu velkou 22 kDA a C-terminédlni doménu velkou 10 kDa.
Alela ¢4 mlze podporovat interakce mezi témito doménami diky zméné orientace Arg6l
v N-doménég. Arg 112 (podle transkriptu NM_000041.3 Arg 130) poté interaguje s Glu255
v C-terminalni doméné, coZ vede ke strukturnim zméndm APOE proteinu, apoptoze

nervovych buné€k a k nasledné neurodegeneraci (Bagyinszky et al., 2014).

Frekvence jednotlivych alel v populaci se 1i§i v zavislosti na jednotlivych studiich
s rozmezim 6,7-10 % pro €2, 75-82,8 % pro €3 a 7,5-15,6 % pro ¢4 (McKay et al., 2011).
U pacientil s pozdni formou AD se alela €4 vyskytuje v 50 % ptipadl ve srovnani s kontrolni
skupinou, kde se vyskytuje s frekvenci 20-25 %. Nositel¢ jedné alely &4 maji
3x vyssi riziko rozvoje AD, homozygoti pro alelu €4 maji riziko zvySené az 12x (Alonso-
Vilatela et al., 2012). Samotna pfitomnost rizikové alely €4 vSak pro rozvoj AD nestaci,
pouze zvysuje pravdépodobnost rozvoje tohoto onemocnéni. Samotné vySetfeni genu pro

APOE proto nelze pouZzit pro diagnostiku AD.

Gen pro Bridging Integrator 1

Bridging Integrator 1 (BINI) je tumor supresorovy gen lokalizovany
na 2.chromozomu. Protein BIN1 je exprimovan pfedevSim v kosternim svalstvu
a mozkové tkani. BINT1 je klicovym regulatorem bunécné endocytozy, regulace cytoskeletu,
ucastni se oprav DNA, progrese bunééného cyklu i bunééné apoptézy. Modifikace tohoto
proteinu jsou davany do souvislosti s progresi rakoviny, né€kterymi druhy myopatii,

srde¢nim selhdnim a s pozdni formou AD (Prokic et al., 2014).

Studie provadéné na had’atku obecném ukazaly, Ze BIN1 hraje roli v navadéni APP,

APOE a B-amyloidnich peptidii béhem endolysozomalniho procesu (Hu et al., 2011). Diky
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schopnosti regulovat cytoskelet miize BIN1 také interagovat s mikrotubuly tau proteinu
(Chapuis et al., 2013). V ramci regulace endocytdzy je BIN1 dilezity pro intracelularni
navadéni velkych molekul zahrnujicich proteiny a lipidy. V souvislosti se zdnétem se BIN1
podili na fagocytéze makrofagy. Ma schopnost regulovat expresi indolamin-2,3-
dioxygendzy, coz je enzym dilezity v obranném mechanismu proti patogeniim
a parazitim. Exprese tohoto enzymu byla prokdzana v amyloidovych placich

a neurofibrilarnich klubkach v mozkové tkani AD (Tan et al., 2013).

Podle celogenomovych asociacnich studii a genovych databazi je BINI po APOE
druhym nejdilezitéjSim rizikovym genem tucastnicim se patologie AD. Vysledky téchto

studii, konkrétn¢ vysledky pro polymorfismus rs744373, shrnuje Obr. 1.

AlzGene meta-analysis for BIN1 (rs744373): G vs. A

OR 95% CI I?

Seshadri, 2010 [C] £
Seshadri, 2010 [C] 1
Seshadri, 2010 [C] £ —
Seshadri, 2010 [C] § - -
Seshadri, 2010 [C] 1 - -
Seshadri, 2010, Spain (ACE) [C] 1.17 [1.03,1.33] _—
Harold, 2009 [C] * £ = =
Harold, 2009 [C] » t —~ —
Harold, 2009 [C] * ¢ - -

All studies o 1.17 [1.13,1.20] ©

Study specific ORs

Naj, 2011, USA (ADGC-REP) [C] 1.14 [1.06,1.23] .
Naj, 2011, USA (ADGC-GWAS) [C] T 1.19 [1.13,1.26] ——
Hollingworth, 2011, ADNI [C] £ - -

Hollingworth, 2011, TGEN [C] £ - -

Hollingworth, 2011, REP (AD-IG) [C] T 1.39 [1121.72]

Hollingworth, 2011, REP (deCODE) [C] 1.13 [0.951.35]

Hollingworth, 2011, REP (GERAD2) [C]]  1.14 [1.03,1.26] —
Hollingworth, 2011, GWAS (EADI)[C]  1.15 [1.06,1.24] —-
Hollingworth, 2011, GWAS (GERAD1) [C] T 1.16 [1.09,1.23] —a—
Hu, 2011, Canada (Genizon-REP) [C] 1.16 [0.99,1.35) -

Hu, 2011, GenADA [C] £ - -

Hu, 2011, USA (Pfizer-GWAS) [C] T 1.16 [0.99,1.36]

I T T 1
1.0 1.2 14 1.6

All control populations in HWE (P>0.05)

* Initial study 1 Overlap Y Published OR and 95% Cl @ Meta-analysis after excluding initial study n.a.
C Caucasian

Obr. 1 Vysledky celogenomovych asociacnich studii pro polymorfismus rs744373 v genu
BINI (http://www.alzgene.org/meta.asp?genelD=708)

Gen pro Clusterin

Clusterin (CLU) je dalsi rizikovy gen asociovany s pozdni formou AD.

CLU se nachazina 8. chromozomu a obsahuje 9 exont. Lidsky gen CLU se miize vyskytovat
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ve tfech riznych transkripénich izoformach. Kazdy z téchto transkriptl maé unikatni

fragment prvniho exonu a zbylé exony 2-9 maji shodné (Yu and Tan, 2012).

Produkt tohoto genu, lipoprotein CLU, je exprimovany pievazné¢ v mozkové tkani,
ale také v ovariich, varlatech a jatrech. Ucastni se mnoha fyziologickych procest, jako jsou
zmény v synaptickych spojich, apoptéza, recyklace membran béhem vyvoje nebo
v odpovédi na poranéni (Guerreiro et al., 2010). CLU interaguje s lipidy, amyloidovymi
proteiny a imunoglobuliny (Jones and Jomary, 2002). Je jednim z proteinii nalézanych
v amyloidnich placich. CLU véze rozpustny B-amyloidni peptid v cerebrospinalni tekutiné
a formuje ho tak, aby byl schopny prochéazet ptfes hematoencefalickou bariéru (Zlokovic,

1996).

U pacientd s AD byly nalezeny zvysené hladiny CLU v mozku a v cerebrospinalni
tekutiné. Podle studii koncentrace CLU v periferii pravdépodobné odrdzi koncentraci tohoto
proteinu v centralni nervové soustavé. Diky tomu jsou hladiny plazmatického CLU dévany
do asociace s atrofii mozkové tkan¢€, progresi AD a s mirou zavaznosti tohoto onemocnéni
(Thambisetty et al., 2010). Vysledky GWAS zaméfenych na gen CLU, které ukazuji asociaci
polymorfismu rs11136000 s AD, shrnuje Obr. 2.
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AlzGene meta-analysis for CLU (rs11136000): A vs. G

OR 95%Cl I

All studies 0.89 [0.86,0.91] 15

All excl initial 0.89 [0.86,0.91] 18

Caucasian studies 0.88 [0.86,0.90] O

Caucasian excl initial 0.88 [0.86,0.90] O

Study specific ORs

Hu, 2011, GenADA [C] T 0.98 [0.851.14] _—
Hu, 2011, ADNI [C] T 0.96 [0.74,1.26]

Hu, 2011, USA (Pfizer-GWAS) [C] ] 0.87 [0.76,1.01] - -
Lee, 2011 [H] £ - -

Jun, 2010, USA (ADGC-AA) [D] 1 1.06 [0.89,1.28]

Jun, 2010, USA (ADGC-C) [C]11 0.91 [0.85,0.96] ——

Jun, 2010, USA (ADGC-H) [H11 1.10 [0.91,1.32)

Jun, 2010, Israel (ADGC-Wadi Ara) [C] T 0.96 [0.69,1.32]

Yu, 2010a [A] 0.83 [0.64,1.10]

Kamboh, 2010 [C) 0.94 [0.84,1.05) —
Biffi, 2010 [C] - -

Carrasquillo, 2010 [C] 0.85 [0.77,0.92] ——

Corneveaux, 2010 [C] § -
Seshadri, 2010 [C] T -
Seshadri, 2010, GERAD1; Stage 1 [C] £ -
Seshadri, 2010, GERAD1; Stage 3 [C] -
Seshadri, 2010, EADI1; Stage2 [C] -

Seshadri, 2010, Spain (ACE) [C] 0.88 [0.78,0.99] —_—
Seshadri, 2010, Europe (CHARGE: GWAS) [C] { 0.90 [0.83,0.97] ——
Lambert, 2009, Belgium (Stage 2) [C] 0.89 [0.76,1.04] .
Lambert, 2009, Finland {Stage 2) [C] 0.88 [0.75,1.03] —_—
Lambert, 2009, France (Stage 1) [C] 0.83 [0.77,0.89) —a—

Lambert, 2009, ltaly (Stage 2) [C] 0.88 [0.79,0.99] _—
Lambert, 2009, Spain (Stage 2) [C] 0.93 [0.81,1.08] _—
Harold, 2009, Germany (Stage 1) [C] 0.76 [0.65,0.89] —_—-

Harold, 2009, Germany (Stage 2) [C] T - -
Harold, 2009, Greece (Stage 2) [C] T - -
Harold, 2009, Belgium [C] £ - -
Harold, 2008, UK, Ireland (Stage 1) [C] 0.86 [0.80,0.92] —a—
Harold, 2009, UK, Ireland (Stage 2) [C] T - -

Harold, 2009, UK-ART (Stage 2) [C] T - -

Harold, 2009, USA (Stage 1) [C] 0.86 [0.77,0.95] —
Giedraitis, 2009 [C] + 0.99 [0.69,1.41]

T T T T 1
o7 0.8 1.0 1.2 14

All control populations in HWE (P=>0.05)

* |nitial study 1 No data provided, or data not eligible forinclusion  § Overlap Y Published OR and 95% CI
A Asian C Caucasian D African-descent H Hispanic

Obr. 2 Vysledky celogenomovych asociacnich studii pro polymorfismus rs11136000
v genu CLU (http://www.alzgene.org/meta.asp?genelD=323)

Gen pro Complement Receptor 1

Complement receptor 1 (CRI) je gen nachézejici se na dlouhém raménku
1. chromozomu. Kdduje transmembranovy glykoprotein CR1, ktery hraje vyznamnou roli
v adaptivni imunitni odpovédi. Tento protein patii do skupiny negativnich regulatort
aktivace komplementu (regulators of complement activation), kde inhibuje klasické
1 alternativni drdhy tohoto procesu (Karch et al., 2012). CR1 je nejcastéji exprimovan
v erytrocytech, kde zprostfedkovava vazbu bunck na Castice a imunitni komplex, a je

zapojen do imunologické likvidace patogenti na povrchu téchto bunék (Li et al., 2010a).

22



Nekteti autofi uvadi, Ze za formovani AD nemiZe stupeii akumulace -amyloidniho
peptidu, ale jak moc je tento peptid odstranovan (Mawuenyega et al., 2010).
Za tyziologickych podminek je ,,bunéény odpad® odstraiiovan pomoci mikroglii, které se
na tomto procesu aktivné podileji a tim podporuji regeneraci a opravu poskozenych nebo
odumfelych bun&k ve svém okoli (Fetler et al.,, 2005). Bylo zaznamenano, ze CR1 je
ptitomen na povrchu téchto mikroglii, kde je zapojen do odstranovani f-amyloidu (Crehan

etal., 2013).

CRI1 dale hraje roli v neurozanétu. Jak bylo zminéno vyse, CR1 miize regulovat
kaskadu komplementu na vice trovnich. Systém komplementu je klicovy inicidtor zanétu
(Song et al., 2000), a mtze tedy byt obzvlasté dilezity v patologii AD. CR1 byl davan
i do souvislosti s tau proteinem, nicméné jsou tfeba jeste¢ dalsi studie, které by toto spojeni
vice objasnily. Vysledky GWAS pro gen CR1 a asociaci polymorfismu rs3818361 s AD
shrnuje Obr. 3.

AlzGene meta-analysis for CR1 (rs3818361): Tvs.C

OR 95%Cl P

All studies o 115 [1.11,1.20] 28

Caucasian studies 147 [1.141.21] 0

Study specific ORs

Naj, 2011, USA (ADGC-REP) [C] 1 1.13 [1.04,1.23] ——

Naj, 2011, USA (ADGC-GWAS) [C] T 1.19 [1.12,1.26] |
Hollingworth, 2011, ADNI [C] £ - -

Hollingworth, 2011, TGEN [C] = -
Hollingworth, 2011, REP (AD-IG) [C] 1 1.26 [1.00,1.59]

Hollingworth, 2011, REP (deCODE) [C]]  1.05 [0.86,1.28] E———
Hollingworth, 2011, REP (GERAD2) [C]]  1.14 [1.03.1.26] N
Hollingworth, 2011, GWAS (EADI1) [C]]  1.28 [1.16,1.41] —
Hollingworth, 2011, GWAS (GERAD1) [C] ] 1.16 [1.07,1.25] — -

Hu, 2011, GenADA [C] T - s
Hu, 2011, ADNI [C] £ -
Hu, 2011, USA (Pfizer-GWAS) [C] 1 1.4
Jun, 2010, USA (ADGC-AA) [D] 1 ]
Jun, 2010, ADGC [C]

Jun, 2010, USA (ADGC-H) [H] |

Jun, 2010, Israel (ADGC-Wadi Ara) [C] 1
Kambah, 2010 [C] £

Zhang, 2010 [A]

Carrasquillo, 2010 [C]

Lambert, 2009, GERADZ [C] £

Lambert, 2009, EADIZ [C] £

Lambert, 2009, EADI1 [C] 1

Lambert, 2009, EADIZ [C] 1

Lambert, 2009, EADIZ [C] 1

Harold, 2009, GERAD1 [C] * £

Harold, 2009, GERAD1 [C] + £

Harold, 2009, GERAD1 [C] + £

B

[0.96,1.36] e
[0.79,1.11] B —

2

[0.82,1.24] —

[0.71,1.81]

-
O

_L
(N T T T O T P
-

[0.98,1.58]

All control populations in HWE (P>0.05)
* Initial study  § Overlap  § Published OR and 95% C| o Meta-analysis after excluding initial study n.a.
A Asian C Caucasian D African-descent H Hispanic

Obr. 3 Vysledky celogenomovych asocia¢nich studii pro polymorfismus rs3818361 v genu
CRI (http://www .alzgene.org/meta.asp?genelD=635)

23


http://www.alzgene.org/meta.asp?geneID=635

Gen pro Phosphatidylinositol binding clathrin assembly protein

PICALM, diive oznaCovan jako clathrin assembly lymphoid myeloid leukemia
(CALM), je dalsim rizikovym genem pro AD vzeSlym z celogenomovych asociac¢nich studii.
PICALM je lokalizovany na dlouhém raménku 11. chromozomu. Produkt tohoto genu,
phosphatidylinositol binding clathrin assembly protein (PICALM), je exprimovan v mnoha
tkanich a bunkach. V centralni nervové soustavé se PICALM nachazi v neuronech,
astrocytech, oligodendrocytech (Tebar et al., 1999; Yao et al., 2003), ale i v endotelialnich
bunikach mozkové tkané (Baig et al., 2010).

PICALM se ucastni metabolismu cholesterolu a homeostéaze lipida. Defekty v tomto
proteinu vedou k odliSné expresi genil zapojenych do biosyntézy cholesterolu a jeho
nefunkcnost prispiva ke zvysené expresi LDL receptorti na povrchu bunék a ke zvyseni

mnozstvi celkového cholesterolu (Mercer et al., 2015).

PICALM ma dale potencidlni ulohu v ristu, krvetvorbé a metabolismu zeleza
(Klebig et al., 2003). Hraje kli¢ovou ulohu v endocytoze zprostiedkované clathrinem, ktera
je dulezita pro regulaci receptorti, synapticky pienos a pro odstraiiovani bunék po apoptoze.
PICALM ,,verbuje* clathrin a adaptorovy protein 2 (AP-2) na plazmatickou membranu kde
spolecné s AP-2 rozpoznava cilové proteiny. Pfitomnost clathrinu zptsobuje deformaci
membrany v okoli cilovych proteinil, obaluje je do vacki pokrytych clathrinem a dochazi
ke zpracovani v lysozomech (misto pro degradaci cilovych proteini) nebo v endozomech
(proteiny jsou zde modifikovany nebo recyklovany a vraceny zpét na plazmatickou
membranu) (Wu et al., 2009). Nadmérna exprese, ale i degradace proteinu PICALM, vede
k naruSeni této endocytické drahy (Baig et al., 2010).

U pacienti s AD byla nalezena zvysena exprese genu PICALM v oblasti frontalniho
kortexu. Studie uvadi, ze je to mozna odpovéd’ na zvysené hladiny B-amyloidnich peptida.
Autofi se domnivaji, ze specifita jednotlivych regioni mozku a biochemické zmény
souvisejici s hyperfosforylaci tau proteinu mohou upravovat vliv B-amyloidnich peptidi
na expresi genu PICALM (Baig et al., 2010). Asociace mezi genem PICALM a rizikem pro
rozvoj AD byla prokdzdna v mnoha studiich (Harold et al., 2009; Carrasquillo et al., 2010;
Kamboh et al., 2010). Na druhou stranu, nékteré studie zddnou vyznamnou asociaci
nenalezly (Li et al., 2008; Jun et al., 2010). Vysledky GWAS pro gen PICALM, konkrétné
pro polymorfismus rs3851179, shrnuje Obr. 4.

24



AlzGene meta-analysis for PICALM (rs3851179): Avs. G

OR 95% Cl 1

All studies 0.88 [0.86,0.91] 14

All excl initial 0.89 [0.86,092] 6
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Obr 4 Vysledky celogenomovych asociacnich studii pro polymorfismus rs3851179 v genu
PICALM (http://www.alzgene.org/meta.asp?geneID=636)

2.4. Biochemické pozadi Alzheimerovy nemoci

S pribyvajicim vékem roste riziko vzniku metabolickych onemocnéni, mezi ktera
patfi napf. diabetes 2. typu, hyperlipoproteinemie nebo dna. Tato onemocnéni vznikaji
dasledkem poruchy tvorby, ukladani, latkové premény nebo vylucovani urcitych latek
v organismu, které jsou u zdravych jedincii v rovnovaze. V piipad€ pfitomnosti alespoii tii
nasledujicich poruch — vysoky krevni tlak, vysoké hladina HDL cholesterolu, vysoka hladina
triacylglycerolti, porusend glukézova tolerance, obezita — mluvime o pfitomnosti
metabolického syndromu (podle NCEP ATP III, revize 2005). Prevalence metabolického
syndromu, stejné¢ jako jinych metabolickych onemocnéni, roste imérné s piibyvajicim
vékem. Dostupnd data ukazuji, ze metabolickym syndromem trpi zhruba 7 % osob ve véku
20 let, zatimco u osob starSich 60 let se metabolicky syndrom vyskytuje ve 42 % (Ford et
al., 2002).
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Metabolické poruchy mohou souviset se zménami nékterych parametrli, mezi které
pati adipokiny, cytokiny nebo steroidni latky. Vzhledem k tomu, Zze velka ¢ast pacienti
s AD ma zaroven i nékterou z vySe uvedenych poruch tvorici metabolicky syndrom, by tyto
parametry mohly souviset i s AD. Tato prace se zam¢ftila na vybrané adipokiny, cytokiny,
biomarkery spojené s neurodegeneraci a steroidni hormony, které jsou popsany

v nasledujicich oddélenich.

2.4.1. Alzheimerova nemoc a adipokiny

Adipokiny jsou proteiny produkované tukovou tkani. Jedna se o pleiotropni
molekuly, které ptispivaji k zanétlivému stavu u obéznich jedincti. Diky tomu mohou
vzniknout rtizné metabolické poruchy vcetné autoimunitnich a zanétlivych onemocnéni

(Abella et al., 2014).

Adipokiny maji autokrinni, parakrinni i endokrinni mechanismy U¢inku a mnoho
znich ovliviiuje procesy jak v periferii, tak v centralni nervové soustavé. Adipokiny
prochazeji pies hematoencefalickou bariéru, ptisobi v hypotalamu, kde pomahaji regulovat
rovnovahu mezi pocitem sytosti a hladu. Hraji klicovou ulohu v regulaci energetického
metabolismu. Mimo jiné maji i specifickou tlohu v imunitni odpovédi, inzulinové

senzitivité, lipidovém a gluk6zovém metabolismu a v zanétu (Kiliaan et al., 2014).

Neurodegenerativni a vaskularni procesy, které pii rozvoji demence muzeme
pozorovat, ovliviiuji rtizné oblasti mozkové tkan¢ (Wenk, 2003). Béhem téchto procest
miiZze pravdépodobné dojit ke zméné piisobeni adipokind, které mohou néaslednou zpétnou

vazbou samy pfispét k neurodegeneraci (Kiliaan et al., 2014).

Asociace mezi vybranymi adipokiny a AD jsou podrobnéji popsany v naSem

piehledovém ¢lanku:

Gabriela Vacinova, Markéta Vankova. Adipokiny a jejich tloha v patologii Alzheimerovy
nemoci.DMEYV. (2016), 3:125-130.
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ADIPOKINY A JEJICH ULOHA
V PATOLOGII ALZHEIMEROVY NEMOCI

ADIPOKINES AND THEIR ROLE IN THE PATHOLOGY OF
ALZHEIMER'S DISEASE

GABRIELA VACINOVA'2, MARKETA VANKOVA!

'Endokrinologicky ustav, Praha
‘Katedra antropologie a genetiky clovéka UK, Praha

SOUHRN
Alzheimerova nemoc je progresivni neurodegenerativni onemocnéni charakterizované ukladanim B-amyloidu a hyperfosforylaci
T-proteinu v postizeném mozku. Jedna se o multifaktorialni onemocnéni, na jehoz patologii se podileji jak faktory geneticke, tak
faktory vnéjiiho prostiedi. Kromé genetického pozadi Alzheimerovy nemoci se stale castéji diskutuje o pozadi biochemickém.
Mezi jedny z biochemickych markeri, které mohou ovliviiovat Alzheimerovu nemoc, patfi adipokiny. Adipokiny jsou
bilkoviny produkované tukovou tkani, které po vyplaveni do krevniho fecisté ovliviuji fadu procesil. Vliv adipokinii na rozvoj
Alzheimerovy nemaoci je patrny, aviak ne zcela jednoznacny. Tento prehled popisuje roli vybranych adipokind pfi vzniku a rozvoji
Alzheimerovy nemodi.
Klicova slova: adipokiny, Alzheimerova nemoc, tukova tkan, zanét

SUMMARY
Alzheimer's disease is a progressive neurodegenerative disorder characterized by the deposition of B-amyloid and

hyperphosphorylation of T-protein in a brain. The pathology of this multifactorial disease is influenced by genetic as well as
environmental factors. In addition to the genetic background of Alzheimer's disease, there are increasingly discussed biochemical

background. Among some of the biochemical markers that can affect the Alzheimer's disease are adipokines. Adipokines are

proteins secreted by adipose tissue, which after flooding to the bloodstream affect a variety of processes. The influence of
adipokines in development of Alzheimer's disease is evident, however not entirely clear. This review describes the role of selected
adipokines in the creation and development of Alzheimer's disease.
Key words: adipokines, Alzheimer’s disease, adipose tissue, inflammation

Uvop

Alzheimerova nemoc (AD) je heterogenni multifaktorialni
onemocnéni, na jehoz patologii se podilsji faktory genetic-
ké i faktory vnéjiiho prostiedi. Jedna se o progresivni neuro-
degenerativni onemocnéni charakterizované patologickym
ukladanim f-amyloidnich peptidd v mozku. B-amyloid vzni-
ké z amyloidového prekurzorového proteinu, ktery je fyzio-
logickou soucédsti bunééné membrany. Nadmérné shlukova-
ni p-amyloidnich peptidia v extracelularnim prostoru a jejich
nedostatecné odbourdvani vede k tvorbé tzv. senilnich
plaki. B-amyloidni peptidy jsou toxické pro nervové buriky
a zpusobuiji jejich smrt. AD je také charakterizovana nad-
mérnou fosforylaci T-proteinu. T-protein je bé&Znou slozkou
cytoskeletu nervowych bunék. Nadmérna fosforylace T-pro-
teinu vede k poskozeni stavby mikrotubuld neuroni, naru-
Suje axonalni transport a zplsobuje nefunkénost nervovych
bunék. Hyperfosforylovany t-protein se u pacientd s AD
shlukuje do tzv. neurofibrilarnich klubek. AD patii mezi nej-
£ast&jii typ demence. Postihuje predeviim populaci starsi

65 let. Ceska alzheimerovska spoleénost uvadi, ze v Ceské re-
publice je vice ne# 143 tisic pacientd s AD (www.alzheimer.cz,
22.10. 2015) a tento poéet neustale stoupa. Evropska asocia-
ce EPAD (European prevention of Alzheimer’s dementia con-
sortium) odhaduje, Ze do roku 2050 bude na svété vice nez
100 miliont osob s AD (http://www.imi.europa.eu/content/
epad, 3. 11.2015).

Zhoriena inzulinova signalizace a inzulinova rezistence
mozkovych bunék je charakteristickym patogenetickym
znakem pro AD. Inzulinova rezistence perifernich tkani je
klicové pro vznik diabetes mellitus 2. typu. Pro fadu spole¢-
nych patogenetickych ryst byva AD nékdy ozna¢ovana jako
Jdiabetes 3. typu” (Starka, 2009).

AD je v posledni dobé spojovana i s nékterymi hormony
vyluéovanymi tukovou tkani — adipokiny. Adipokiny jsou bil-
koviny, které se aktivné dcastni metabolickych procesi v or-
ganismu. Tyto hormony snadno pfechazeji z krve do moz-
kové tkané pfes hematoencefalickou barigru. Cilem jejich
plsobeni je hypotalamus, kde se Gcastni requlace rovno-
vahy mezi pocitem sytosti a hladu. Adipokiny maji kli¢ovou
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ulohu v regulaci energetického metabolismu, hraji specific-
kou roli v imunitni odpovédi, inzulinové senzitivité, hyper-
tenzi, zénétu, glukézovém a lipidovém metabolismu a v dal-
sich biclogickych procesech. Tyto latky maji velky potencial
v l&¢bé obezity, metabolickych peruch nebo kardiovaskular-
nich onemocnéni. Mohou byt vyuZity jako biomarkery po-
ukazujici na progresi onemocnéni a nasledné pro GUspé&inou
individualni lé¢bu. Mezi €asto studované adipokiny patfi:
leptin, adiponektin, adipsin, resistin a visfatin. Dysregulace
adipokind je popsana u fady metabolickych onemocnéni,
nicméné nezanedbatelnou roli by mohla mit i u neurodege-
nerativnich onemocnéni, véetné AD. Jak velkou mérou se
adipokiny podileji na vzniku a progresi AD, viak neni zatim
zcela zigjmé.
LepTin

V roce 1994 byl objeven adipokin leptin (Zhang
et al., 1994). Leptin je hormon tvofeny 167 aminokyselina-
mi, ktery hraje klicovou alohu v regulaci t&lesné hmotnosti.
Je dilezitym regulatorem mezi pfijmem a wydejem ener-
gie, slouzi jako velmi citlivy marker obsahu t&lesného tuku
a metabolické aktivity (Haluzik et al,, 1999a, b; Havel 2002).
Je produkovan tukovymi burikami, v mensi mife i tkani Za-
ludku, kosternim svalstvem, jatry nebo placentou (Barrata,
2002). Kromé ovliviiovani piijmu potravy leptin stimuluje
proliferaci bunék pankreatu, reguluje hladinu ristového
hormonu, imunologickou rovnovahu, krvetvorbu a funkci
gastrointestinalniho traktu {Fantuzzi a Faggioni, 2000). Lep-
tin ovliviiuje i vy3si nervové funkce, jako jsou procesy uceni
a paméti, a ma vliv na synaptickou plasticitu hippocampu
(Oomura et al., 2008).

MnoZstvi leptinu je zavislé na mnoZstvi tukové tkané
a hodnoté BMI. Jedinci s centralni obezitou maji nizsi hla-
diny leptinu, protoZe visceralni tukova tkan produkuje vy-
znamné méné leptinu neZ podkoZzni tukové tkan (Poldk et
al., 2006). V noci jsou hladiny leptinu o 30-100% vy33i nez
hodnoty naméfené rano nebo brzy odpoledne. B&éhem jid-
la dochazi k pfechodnému zvydeni hladin leptinu, zatimco
k poklesu dochazi behem hladovéni {Al-Suhaimi etal., 2013).
Dfive se uvazovalo o mozZnostech wvyuziti leptinu v léché
obezity. Obéznim pacientiim byl podévan leptin, aby dolo
ke snizeni obsahu tuku v téle (Farooqi et al., 2002). Pozdéji
se zjistilo, Ze se u obéznich jedinch €asem vyviji rezistence
k G¢inkim podavaného leptinu. Leptin se dnes k 1é¢bé béz-
né obezity nepouziva.

Hladiny cirkulujiciho leptinu souvisi i s AD. Pacienti s AD
maji snizené hladiny leptinu oproti zdravym jedincdm.
Studie in vivo i in vitro ukazaly, Ze leptin redukuje produk-
ci f-amyloidu (Fewlass et al,, 2004). Tato redukce je patmé
zpusobena diky lipolytické aktivité leptinu, kterda méni slo-
Zeni lipidowyich pfenasedl na membrané. Tento proces vede
k omezeni aktivity f-sekretdzy, ktera $tépi amyloidovy pre-
kurzorovy protein. V koneéném disledku dochazi ke snize-
né produkci p-amyloidu v mozkovych burikach (Fewlass et
al., 2004).

Studie in vitro ukéazaly, Zze leptin také redukuje nadmér-
nou fosforylaci T-proteinu (Greco et al., 2008) a je zapojen
do regulace fungovani hlavnich kinaz, které se na fosforylaci
podileji. Mezi tyto kinazy patii AMP aktivovana proteinkina-
za (AMPK), p38 MAP kindza a proteinkinaza B (Greco et al,

2009). Leptin aktivuje AMPK, jez ma vliv na fosforylaci v-pro-
teinu i na vychytavani B-amyloidu. Signalni drahy leptinu
ukazuji rozdilnou odpovéd AMPK, kterd je tkarové a neuro-
nové specificka (Park et al., 2005). Bylo napfiklad prokazano,
ze leptin aktivuje AMPK v kosternim svalstvu, ale naopak
v hypotalamu ji inhibuje (Minokoshi et al., 2002). U nervo-
vych bunék v hippocampu mize leptin plsobit i nezavisle
na AMPK, a to prostiednictvim fosfatidylinositol-3-kinazy
(Harvey, 2007). Hladiny leptinu v séru negativné koreluji se
stupném poskozeni zphsobeného AD (Khemka et al, 2014).

Dodavani leptinu  mysim se zwySenou expresi
B-amyloidu zlepsilo jejich kognitivni funkce (Tezapsidis et
al,, 2009). U pacientd s AD viak jednoznacné vysledky proka-
zany nebyly. Nekteré studie ukazaly protektivni efekt vy3sich
hladin leptinu na kognitivni funkce (Holden et al,, 2009), jiné
zadnou souvislost neprokazaly (Warren et al,, 2012).

ADIPONEKTIN

Adiponektin je adipokin, ktery byl objeven v roce 1995,
tedy kratce po objeveni leptinu (Scherer et al,, 1995). Je to
protein slozeny z 247 aminokyselin, ktery maze zaujimat
rizné konformace. Koncentrace adiponektinu v plazmé je
vysokd — tvori asi 0,01% z celkového mnozstvi plazmatic-
kych proteind (Bliher et al, 2015).

Hladiny adiponektinu zaviseji na distribuci télesného
tuku, kterd byva ovlivnéna pohlavnimi hormony. Zeny maji
vyznamné vyssi hladiny adiponektinu nez muzi (Staiger et
al., 2003). U obéznich jedinci jsou hladiny adiponektinu niz-
5i nez u stihlych jedincd. Syntéza a sekrece tohoto adipokinu
je snizena v pfipadé nadbytku kalorii. Obecné se uvadi, ze
5 narlstajici mirou obezity se hladiny adiponektinu snizuji
(Ryan et al, 2003), ackoliv nékteré studie vyznamnou aso-
ciaci mezi hodnotou BMI a hladinami adiponektinu nenasly
(Skurk et al,, 2002).

Adiponektin vzbudil velky zajem diky potenciaci senziti-
mi uginky na fadu bunék (Turer et al., 2012). Adiponektin re-
guluje metabolismus triacylglycerol(, snizuje syntézu lipida
a produkci glukozy v jatrech. Pozitivné asociuje s hladinami
HDL-cholesterclu, pravdépodobné diky schopnosti akti-
vovat lipoproteinovou lipazu (Tschritter et al,, 2003). Zpi-
sobuje pokles hladiny glukézy a volnych mastnych kyselin
v krvi. Po aplikaci adiponektinu necbéznim mysim s dia-
betem 2. typu doslo k poklesu koncentrace glukézy v krvi
(Berg et al., 2002). Adiponektin zvy3uje citlivost jaterni tkané
na inzulin a tuto citlivost miZe zvysovat bud pfimo, nebo
nepfimo snizovanim koncentrace lipida (Meier et al.,, 2004).
U pacientii s diabetem 2. typu byla popsana nizsi hladina
cirkulujiciho adiponektinu oproti zdravym jedincim (Spran-
ger et al., 2003). Navzdory pfiznivym Géinkim vyssich hladin
adiponektinu na inzulinovou signalizaci a diabetes 2. typu
bylo zvyiené mnoZstvi tohoto adipokinu déno do souvis-
losti s wyssim rizikem Gmrti u pacienti s kardiovaskularnimi
onemocnénimi (Wu et al,, 2014).

Receptory pro adiponektin (AdipoR1 a AdipoR2) jsou
rozsifeny i v CNS — v mozkovych cévach, hippocampu, hy-
potalamu i v mozkovém kmeni. Aktivace téchto recepto-
ri stimuluje fosforylaci acetyl-koenzymu-A-karboxylazy
a zvyiuje mnozstvi AMPK v kosternim svalstvu a v jatrech
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(Villarreal-Molina et al., 2012). Adiponektin souvisi i s imunit-
nim systémem. MNa rozdil od leptinu a resistinu pasobi pro-
zanétlivé, Snizuje aktivaci a proliferaci T-lymfocytl, phsobi
proti prozanétlivym u¢inkiim TNF-a a naopak zvysuje expre-
si protizanétlivych molekul IL-10 a IL-TRA (Guzik et al., 2006).

Adiponektin maé i neuroprotektivni funkei. Snizené hladi-
ny adiponektinu v mozku zvysuiji riziko mozkowych mrtvic
[Nishimura etal., 2008). Souvislost mezi adiponektinem a AD
je nicméné kontroverzni. N&které studie zddné vyznamné
rozdily v hladinach adiponektinu mezi pacienty s AD a kont-
rolnimi jedinci nenasly (Dukic et al,, 2015), jiné naily vyznam-
né zvyieni hladin adiponektinu u pacientti s AD (Khemka et
al., 2014). Zvysené hladiny adiponektinu v cerebrospinalni
tekuting byly zjistény i u osob s mirmou kognitivni poruchou
oproti kontrolnim jedincim (Une et al., 2011). MoZnym wy-
svétlenim pro tyto kontroverzni vysledky muze byt fakt, ze
rizné studie detekuji odlizné formy adiponektinu (celkovy
adiponektin nebo vysokomolekuldrni formy adiponektinu),
a proto je ve studiich tfeba uvadét, o jakou formu adiponek-
tinu se jednd. Vysledky Framinghamské studie ukazuji, Ze
zvyiené hladiny adiponektinu souviseji se zvyienym rizikem
vzniku demence a AD, ale pouze u Zzen. Po piekroceni praho-
vych hodnot, kterych lze u Zen dosdhnout, se adiponektin
stava rizikowvym faktorem pro vznik a rozvoj neurodegenera-
tivnich onemocnéni (van Himbergen et al,, 2012).

ApipsiN

Adipsin byl poprvé popsan jiz v roce 1987 (Cook et al,
1987). O dva roky pozdéji byl popsan pod jinym nazvem —
komplement-faktor D (Rosen et al, 1989). Adipsin je expri-
movan prevazné tukowvymi burikami, v mensi mife monocy-
ty a makrofagy (White et al,, 1992). Adipsin je soufasti drahy
adipsin-acylation-stimulating protein, kterd reguluje synté-
zu triacylglyceroli (Cianflone et al., 2003). Hladiny adipsinu
se pfirozené zvysuji s vékem.

Adipsin je daleZitym pojitkem mezi tukovymi burikami,
obezitou a funkci B-bunék pankreatu. Obézni jedinci maji
zvysené hladiny adipsinu oproti stihlym jedincim (Derosa
etal, 2013). Hladiny adipsinu v sérui v cerebrospinalni teku-
tiné jsou zvysené u pacientd s diabetem 1. 2. typu a u osob
s hypertenzi (Schmid et al.,, 2015). U pacienta s diabetem
2. typu, ktefi maji ji potkozené P-bunky pankreatu, jsou
viak hladiny adipsinu v tukové tkani i v séru naopak nizsi
nez u diabetikd s normalni funkci p-bunék (Lo et al., 2014).
Adipsin tedy pravdépodobné pomahé ke spravné sekreci
p-bunék pankreatu. Pokud dojde k poskozeni jater toxickymi
latkami, adipsin podporuje regeneraci jaterni tkané {Cresci
etal, 2015). Nedostatek adipsinu byl mimo jiné popsaniuli-
podystrofii, tzn. u poruchy metabolismu a rozlozeni tukové
tkéang v téle (Sprong et al., 2006).

Koncentrace adipsinu v séru a v cerebrospinélni tekuting
pozitivné koreluje s parametry zanétu (CRP, imunoglobuli-
ny, laktat apod.). Adipsin prochazi pfes hematoencefalickou
bariéru a jeho zvyiené hladiny v cerebrospinalni tekuting
mohou poukazovat na patologicky stav a pfitomnost neuro-
logického onemocnéni. Koncentrace adipsinu v cerebrospi-
nalni tekuting je vyznamné vyidi i u pacientd s infekénimi
chorobami {Schmid, et al., 2015), napf. u pacienti s opaku-
jicimi se meningokokovymi infekcemi {Sprong et al., 2006).

Zda se tedy, Ze vyssi koncentrace cirkulujiciho adipsinu
muze vypovidat o lokalnim a systémovém zanétu (Schmid
et al, 2015).

Jak pfesné pasobi v patogenezi AD, neni zatim Gplné jas-
né. Soucasné studie viak naznacuji, ze by adipsin mohl byt
jednim z potencialnich prediktivnich faktorl neurodegene-
rativniho onemocnéni, véetné AD.

REesisTin

Resistin je adipokin tvofeny 114 aminokyselinami, ktery
byl poprvé identifikovan u obéznich mysi. U mysi je hlavnim
mistem produkce resistinu tukova tkan. U lidi jsou hlavnim
mistem produkce makrofagy. Kromé tukové tkiné byl re-
sistin objeven i v kosternim svalstvy, placentd, pankreatu,
zaludku, tenkém stfevé, thymu nebo ve &titné zlaze (Nohi-
ra et al, 2004). Obecné Iz fici, Ze u mysi je resistin hormonem
tukowvé tkané, kdezto u lidi plsobi spide jako cytokin, ktery je
produkovan bunkami imunitniho systému (Haluzik et al., 2010).

Hladiny resistinu jsou zvyiené u obéznich jedinci. Resis-
tin je zapojen do proliferace adipocyt( a do angiogeneze
{Mu et al., 2006). Prvni funkéni studie ukazala, Ze resistin je
dulezity spojovaci éldnek mezi obezitou a diabetem 2. typu
(Steppan et al., 2001). Hladiny resistinu se zvy3uiji s pfibyvaji-
cim vékem, u Zen jsou vy$si nez u muzt. Naopak u hlodavch
jsou vyiEi hladiny resistinu u samcil nez u samic (Yannakou-
lia et al,, 2003). Tento rozdil ukazuje, ze pohlavi mize byt jed-
nim z faktor(, které ovliviuji expresi resistinu.

Studie na hlodavcich ukézaly, Ze resistin zvySuje hladiny
glukozy v krvi, koncentraci inzulinu a podporuje inzulinovou
rezistenci (Shuldiner et al,, 2001). Déle bylo u hledavci pro-
kazéano, Ze protilatky proti resistinu snizuji hladinu glukézy
a zlepiuji inzulinovou senzitivitu (Ukkola et al,, 2002).

Resistin souvisi se zanétem. Jedinci s klinicky zévainym
zané&tem maji vyrazné vyisi koncentrace resistinu oproti zdra-
vym jedinctim (Stejskal et al., 2003). N&ktere zanétlive markery
(napf. TNF-g, IL-6) mohou regulovat genovou expresi resistinu
a mohou ho davat do souvislosti se zanétlivymi onemocnéni-
mi, napf. s aterosklerézou nebo artritidou. Kromé zanétlivych
onemocnéni byly nalezeny zvyiené hladiny resistinu i u paci-
entl se spankovou apnoe [Pang et al., 2006).

V souvislosti s AD mizZe mit resistin neuroprotektivni
efekt. Bylo zjisténo, e resistin mize zlepiovat funkénost mi-
tochondrii (mitochondrialni dysfunkce je jednim z pfiznaka
rozvoje AD) a branit odumirani nervowych bunék (Zhu et
al., 2006). SniZzeny mitochondrialni membrénovy potencial
{MMP) je jednim ze zakladnich pficin dysfunkce mitochodrii.
Studie Liu et al. ukazala, ze u bunék N2a/D9 (N2a neuroblas-
tomova bunééna linie u mysi obsahujici velké mnoZstvi
neuront a neurofilament pouzivana ke studiu neurotoxicity
a AD; D9 s mutaci v APP a A9 deletovanym presenilinem-1)
je oproti kontrolnim N2a/Wt bufikam (Wt s prazdnym vek-
torem) vyznamné snizeny MMP, zvyseny oxidacni stres, vice
reaktivnich forem kysliku (ROS) a dusiku (RNS). Oxidaéni
stres ma vliv na neurotoxicitu f-amyloidu v mozkové tka-
ni pacientti s AD. Resistin muze pusobit jako ochrana proti
ucinkim tohoto amyloidu (Liu et al, 2013). Zvysené ROS
spolu se snizenym energetickym metabolismem jsou jed-
ny z nejlépe zdokumentovanych ¢asnych abnormalit u AD
(Blass, 2000). Nadprodukce ROS vede k interakci volnych
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radikal s membranovymi fosfolipidy a ke kolapsu MMP.
Nasledné dochazi k translokaci cytochromu C z vnitfni mem-
brany do cytosolu a tim k aktivaci kaspazy-3, ktera vyvola-
va apoptozu (Green a Reed, 1998). Viechny tyto d&je mohou
byt ¢asteéné redukovany pisobenim resistinu. Protektivni
efekt resistinu proti cytotoxicité u N2a/D9 bunék mlze mit
antioxidaéni uginky. Diky zminénym vlastnostem by resistin
mohl byt potencidlnim faktorem vyuzivanym v [é¢bé AD.

VISFATIN

Visfatin byl jako adipokin popsan v roce 2005 (Fukuhara
et al., 2005). Pozdéji se ukazalo, Ze tento protein byl popsan
jiZ v roce 1994 jako pre-8 cell colony-enhancing factor (Samal
stal,, 1994). Dnes je visfatin znam také pod nazvem nikotin-
amid fosforibosyltransferaza (NAMPT). Pivodni studie pfed-
pokladaly, ze jedinym mistem sekrece visfatinu je visceralni
tukova tkan. Pozdéji se ukazalo, ze kromé tukové tkané je
visfatin exprimovan v mnoha dalich tkanich a organech -
v mozku, jatrech, kostni dfeni a v kosternim svalstvu. Visfatin
se mize nachazet ve dvou odlidnych formach - jako intrace-
lularni forma, kterd ma pfedeviim funkci enzymu, nebo jako
extraceluldrni forma s funkci prozanétlivého cytokinu.

Asociace visfatinu s obezitou je kontroverzni. Byly pu-
blikovéany studie, které u obéznich jedinch zjistily jak wyi-
i hladiny visfatinu v plazmé (Mercader et al,, 2008), tak
i snizené hladiny (Li et al., 2006). Zvysené hladiny visfatinu
byly zaznamendény u pacient( s metabolickym syndromem
a s diabetem 2. typu (Chen et al., 2006). U pacientd s dia-
betem 2. typu koncentrace visfatinu pozitivng koreluje
s vaskularnim poskozenim a endotelialni dysfunkci (Yil-
maz, 2008). Ze studii vyplyva (Chan et al,, 2007; Shen et al,,
2010), 2e visfatin hraje ddlezitou roli ve vyvoji folikuld, ma
vliv na ovarialni funkci a kvalitu cocytd. Studie Sramkové
et al. zabyvajici se hladinami visfatinu v prib&hu menstru-
aéniho cyklu viak zadné vyznamné zmény nezaznamenala
(Sramkova et al., 2015).

Visfatin ma schopnost napodobovat funkci inzulinu, tedy
schopnost snizovat hladinu glukdzy v krvi. Vaze se na in-
zulinovy receptor, ktery nasledné aktivuje (Fukuhara et al,,
2005). Nicméné souvislost mezi visfatinem a inzulinovou
senzitivitou méfenou z laénych hodnot inzulinu a glukézy
ani euglykemickym hyperinzulinemickym clampem nebyla
prokazana (Al-Suhaimi et al,, 2013).

Visfatin souvisi i s imunitnim systémem, kde pusobi jako
prozanétlivy marker. Hladiny intracelularniho visfatinu jsou
zvysené v pfitomnosti zanétlivich molekul (TNF-a, IL-1p,
Ang ) a extracelularni visfatin mizZe vyvolavat zvyienou
proliferaci a zanét vaskularnich bunék. Visfatin by proto
mohl byt potencialné wyuzity pro farmakoterapii (Romacho
etal, 2013).

Hladiny visfatinu se b&hem pfirozengho starnuti zvysu-
ji. Visfatin plsobi toxicky v mozkové kife, v hippocampu
i v daldich ¢astech mozku (Adams, 2008). Visfatin/NAMPT
vytvafi nikotinamid mononukleotid (NMN) z nikotinamidu
(Nam) a ATP. Plazmaticky NMN je pomoci CD38, NAD py-
rofosfatdzy a daldich enzymd pfeménén na nikotinamid-
adenindinukleotid (NAD). NAD mze byt pomoci extrace-
lulérnich dehydrogenaz redukovan na NADH - na zakladni
substrat NADH oxidazy. Tento enzym se nachazi na povrchu

endotelidlnich bunék, monocytt, makrofagq, ale i na povr-
chu leukocytd. NADH oxidaza produkuje volné kyslikové ra-
dikaly. Diky tomuto redoxnimu déji mohou abnormalng vy-
soké hladiny visfatinu vést k poskozeni hematoencefalicke
bariéry, k akumulaci f-amyloidu a k naslednému pozkozeni
mozku (Adams, 2008). Viechny tyto faktory hraji dilezitou
roli ve vzniku a rozvoji AD.

ZAVER

Jak ukazuji epidemioclogické studie, adipokiny hraji diile-
zitou tlohu v mnoha biologickych procesech. Svoji specific-
kou roli maji v obezité, lipidovém a glukézovém metaboli-
smu, inzulinové senzitivitd, hypertenzi, imunitni odpovédi
ivzanétu. Kromé vyse zminéného jsou adipokiny spojovany
i s moznym wznikem neurcdegenerativnich onemocnéni
vietné Alzheimerovy nemoci. Znalost mechanismu pasobe-
ni adipokind mize pfispét ke zlepieni diagnostiky a v nékte-
rych pfipadech i terapie tohoto onemocnéni.
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2.4.2. Alzheimerova nemoc a cytokiny

Cytokiny jsou glykoproteiny, které¢ reguluji funkce imunitniho systému. Jedna
se o velkou skupinu mediatort, do které patii interleukiny (ILs), tzv. colony-stimulating
faktory (CSFs), interferony (IFNs), tumor nekrozové faktory (TNFs) a ristové faktory.
Cytokiny jsou produkovany imunitnimi buinkami, tukovou tkédni, Zirnymi buinkami,

fibroblasty, buiikami endotelu i1 keratinocyty (Szalecki et al., 2018).

Cytokiny mohou ptisobit autokrinné, parakrinné i endokrinn¢. Ovliviiuji prezivani,
proliferaci, diferenciaci a homeostazu lymfoidnich bun€k. Jejich hlavni funkci je iniciace
a regulace imunologické odpovédi a zanétu (Pagani et al., 2005). Cytokiny mohou mit
prozanétlivé (navozuji nebo posiluji zanétlivou odpovéd’) nebo protizanétlivé ucinky (tlumi
zanétlivou odpovéd). Na cilovych bunkach plisobi prostiednictvim specifickych

membréanovych receptort.

Interleukiny jsou cytokiny vyluCované leukocyty a makrofagy. Jsou zapojeny
do komunikace mezi leukocyty, které reguluji velké mnozstvi biologickych procest
a imunitnich odpovédi. Interakce interleukini a jejich receptorti s endotelialnimi bunkami

moduluje proces angiogeneze (Ribatti, 2009).

Mezi cytokiny s prozanétlivym uUCinkem patii interleukin-6 (IL-6). IL-6 je
produkovan hlavné monocyty a makrofagy, ale mize byt produkovén i T a B lymfocyty,
fibroblasty nebo adipocyty. VétSina cirkulujiciho IL-6 je pak produkovéna tukovou tkani.
IL-6 ptsobi prostfednictvim svého receptoru IL-6R, ktery mé tyrosin-kindzovou aktivitu
a je ptfitomen bud’ na bunéénych membranach, nebo v rozpustné forme. IL-6 se podili
na regulaci imunitni odpovédi, a to jak jeji iniciaci, tak i jejim udrZenim. Déle tidi navadéni

a aktivaci leukocyti (Akdis et al., 2011).

U pacienti s AD byly zjiStény vysSi hladiny IL-6 v periferii oproti zdravym
kontrolam. IL-6 hraje dulezitou roli v zanétlivé kaskadé¢ a mulze klinicky korelovat
se stupném AD (Swardfager et al., 2010; Leung et al., 2013). N¢které studie uvadéji, ze AD
je primarné imunologicky fizeny proces, a ze IL-6 je asociovan se zménou metabolismu
amyloidového prekursorového proteinu (Cojocaru et al., 2011). Vzhledem k tomu,
ze se zjistilo, ze hladiny IL-6 v séru koreluji s jeho hladinami v cerebrospinalni tekutiné (Sun
et al., 2003), periferni hladiny IL-6 mohou byt vyuzity jako jeden z markerti pro urceni
progrese AD.
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je dulezitym regulatorem nékolika aspektli imunitni odpovédi. IL-10 je sekretovan jako
homodimer sloZzeny ze dvou podjednotek. Tento cytokin piimo ovliviiuje funkci antigen-

prezentujicich bunék (Akdis et al., 2009).

IL-10 inhibuje syntézu a uvoliiovani mnoha prozanétlivych cytokint (IL-1, IL-6,
IL-8, IL-12 a TNF-a), chemokinti a jejich receptorii. Zprosttedkovava toleranci na alergeny
v alergeno-specifické imunoterapii a po expozici vysokych davek alergenu (Meiler et al.,
2008). IL-10 tlumi expresi prozanétlivych cytokind, kterd je indukovana lipopolysaharidy.
Diky inhibici aktivity NADPH oxiddzy redukuje neurotoxicitu indukovanou témito
lipopolysacharidy (Qian et al., 2006) a potlacuje apoptézu neuronii zprostiedkovanou

kaspazou 3 (Lynch et al., 2004).

Studie na hlodavcich ukéazala, ze mySi s deficitem IL-10 maji pfi periferni
lipopolysacharidové infekci vyrazné zhorSené kognitivni funkce oproti wild-type jedincim
(Richwine et al., 2009). To podporuje myslenku, ze IL-10 mé terapeuticky potencial

pro zlepSovani neurozanétu a pro zmirnéni kognitivni dysfunkce a neurodegenerace.

Tumor nekrézové faktory tvori rodinu transmembranovych proteini, kterd je
produkovana makrofdgy, a to nejcastéji v reakci na pfitomnost infekce nebo zanétu.
Nejznaméjsi je tumor necrosis factor o (TNF-a). Jednd se o glykoprotein tvoreny 157
aminokyselinami. Tento cytokin je vyluCovdn aktivovanymi monocyty a makrofagy,
v men$i mife pak adipocyty, keratinocyty, fibroblasty, n¢kterymi lymfocyty atd. Plsobi
prostrednictvim svych receptorit (TNF-R1 a TNF-R2). Je jednim z hlavnich cytokint, které
se ucastni zanétlivé odpovédi — podili se na odpovéedi pii akutni fazi zanétu. TNF-a aktivuje
(Shoelson et al., 2007). Svoji Glohu hraje také v inhibici vyvoje neoplastickych nadort
a inhibici replikace vird. V periferii TNF-a zvySuje inzulinovou rezistenci (Szalecki et al.,

2018).

Studie zjistily, ze vysoké koncentrace TNF-a u chronickych onemocnéni zhorsuji
rustové procesy (Gaspari et al., 2011). Zda se, ze TNF-a dale snizuje koncentraci IGF-1
a naruSuje expresi receptorti pro rustovy hormon v jatrech. Rastové desticky jsou poté

k IGF-1 rezistentni, sniZzuje se diferenciace chondrocytii a dochazi k jejich Castéjsi apoptoze
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(Choukair et al.,, 2014). V neposledni fadé¢ TNF-a inhibuje produkci testosteronu
v Leydigovych bunkach a ovarialni steroidogenezi (Wong et al., 2006).

U pacientd s AD byly zjistény vyssi koncentrace TNF-a v periferii oproti kontrolnim
jedincaim (Swardfager et al., 2010). Ze studii vyplyva, Ze hladiny tohoto cytokinu
se pravdépodobné zvysuji sice mirné, ale neptetrzité po celou dobu onemocnéni (Brosseron

et al., 2014).

Mezi cytokiny patii 1 rozpustny CD40 ligand (sCD40L). Jedna
se o transmembranovou molekulu zapojenou do bunétné signalizace vrozené 1 adaptivni
imunity. sCD40L je exprimovan mnoha druhy tkéani, nejvice T-lymfocyty a krevnimi
destickami. Tento rozpustny ligand ma cytokinovou aktivitu. VaZe se na specificky receptor
CDA40, ktery patii do velké rodiny receptori tumor nekrézovych faktorii. Interakce mezi
CD40 a sCD40L vyvolava aktivaci, diferenciaci a proliferaci imunitnich bungk, stejné tak
jako up-regulaci nekterych cytokini (Chen et al., 2006a). Dale dochazi k produkci
vaskularniho endotelového rtstového faktoru, ktery je zapojen do procesu angiogeneze

a remodelace cév (Yu et al.,, 2016).

V souvislosti s AD bylo zjisténo, ze interakce sCD40L s CD40 miiZze spoustét
produkci B-amyloidnich peptida. Pacienti s AD méli vyssi hladiny tohoto ligandu v periferii
oproti zdravym seniorim (Volmar et al., 2009). Diky tomu by sCD40L mohl byt jednim

z dulezitych biomarkertt AD s vysokou specifitou.

Dalsi studie provadéné post-mortem uvadéji, ze i signalizace receptoru CD40 hraje
roli v patogenezi AD. Inhibice CD40L vede ke snizeni -amyloidni produkce a k aktivaci
mikroglii u mySich modeld AD (Calingasan et al., 2002). Tato aktivace mikroglii
indukovana B-amyloidnimi peptidy a fosforylace tau proteinu jsou zavislé na interakci
CD40-CD40L. Bylo zjisténo, ze rozpustny CD40 receptor koreluje s APP-a a s APP-f,
coz naznacuje, ze signalizace CD40 receptoru je asociovana se St€épenim APP pomoci
a- a B-sekretaz (Buchhave et al., 2009). Ze studii vyplyva, Ze vztah mezi hladinami sCD40L
a stupném zavaznosti AD, stejn¢ tak jako schopnost sCD40L ptedpovidat dalsi rozvoj AD,
poukazuje na patogenetickou roli tohoto zanétlivého biomarkeru (Desideri et al., 2008).

sCD40L muze byt podle téchto studii pfimo zapojen do riiznych forem patofyziologie AD.

Obecné¢ byly cytokiny zkoumany i z hlediska kontextu s neurozanétem, tedy

procesem piedchdzejicim rozvoji neurodegenerativnich onemocnéni véetné AD. Jedna
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z hlavnich funkci neurozanétu je aktivace mikroglii, ktera zahrnuje lok4lni zmény v expresi
cytokinti (Rao et al., 2012). Hladiny cytokinii poté mohou stoupat v odpovédi na starnuti
a stres. Chronicky zanét a systémova infekce byly prokazany jako jedny z rizikovych faktort
pro rozvoj AD ve stafi. Naopak mnohé rizikové faktory pro AD jsou spoustéci systémového

zénétu (Perry, 2010).

2.4.3. Alzheimerova nemoc a parametry neurodegenerace

Kromé nékterych adipokintl a cytokint se na rozvoji AD podileji i biomarkery, které
pifimo souviseji s degeneraci nervovych bunck. Mezi vySetfeni neurodegenerativnich
parametrl, kterd souviseji s AD, patii nejCastéji stanoveni mnozstvi tau proteinu
a B-amyloidniho peptidu v cerebrospinalni tekuting. Odbér cerebrospindlni tekutiny je vSak
invazivni vySetfeni. Oproti tomu odbér periferni krve je vySetfeni snadno proveditelné. Diky
Castecné propustnosti hematoencefalické bariéry mohou nékteré¢ latky souvisejici
s neurodegeneraci piechazet do periferie, kde by mohly vypovidat o zménach souvisejicich

s ptitomnosti AD.

Mezi parametry souvisejicimi s neurodegeneraci patii cystatin C. Cystatin C je
endogenni inhibitor cysteinovych proteindz, slozeny ze 120 aminokyselin. Reguluje
intra- a extracelularni aktivitu lysosomalnich katepsind. Jeho sekrece probihd ve vsech
télesnych tkéanich a je dostupny ve vSech télesnych tekutinach. Cystatin C moduluje rizné
fyziologické procesy. Bylo prokézéano, ze hraje klicovou roli v ochrané pied poranénim
tkani, které je zplisobeno uvoliiovanim cysteinovych peptidaz béhem procesu poskozeni.
Celkové lze tedy fici, Ze cystatin C pfimo inhibuje endo- a exogenni cysteinové peptidazy,
ucastni se modulace imunitniho systému, ma antibakteridlni a antiviralni aktivitu a piispiva

k odpovédi na poskozeni mozkové tkané (Mussap and Plebani, 2004).

Studie in vitro 1 in vivo ukazuji neuroprotektivni roli cystatinu C v patogenezi AD.
Cystatin C vaze f-amyloidni peptid a inhibuje shlukovani a ukladani jeho vlaken v zavislosti
na koncentraci, ¢imz chrani mozkovou tkan proti toxickym ucinkiim B-amyloidt (Sastre et
al., 2004). Studie provadéné na mysich modelech ukazaly, ze nadmérna exprese cystatinu C
redukuje hromadéni B-amyloidii pfimou interferenci mezi monomernim cystatinem C

a monomernim f-amyloidem (Mi et al., 2007).

V souvislosti s tau proteinem byla naopak nalezena pozitivni korelace — zvySené

hladiny tau proteinu byly asociovany se zvySenymi hladinami cystatinu C v cerebrospinalni

36



tekutiné (CSF). Tato pozitivni korelace je pravdépodobné zplsobena tim, ze exprese
a sekrece cystatinu C stoupd v reakci na progresi neurodegenerace. Tato studie vSak nenasla
rozdily v hladindch cystatinu C mezi pacienty s AD azdravymi kontrolami
v cerebrospindlni tekutiné (Sundelof et al., 2010). To nemusi nutné znamenat, ze cystatin C
se neucastni patogeneze AD, ale otdzkou zlstavd, zda miize byt pouZzit jako biomarker

pro AD.

Mezi dalsi latky, které souviseji s neurodegeneraci, patii neurotropni faktory. Tyto
proteiny hraji klicovou tillohu v pfezivani nervovych bunék. V ptipade poSkozeni nervovych
bunék se Ucastni jejich regenerace. Jednim z té€chto faktort je brain-derived neurotrophic
factor (BDNF). BDNF je hojn¢ ptitomen v CNS (hlavné v oblasti hippokampu, mozkové
kiry a v amygdale) a je dostupny pro nékteré neurony periferniho nervového systému, které
vychytavaji neurotrophin produkovany tkdnémi periferie. BDNF podporuje piezivani
a diferenciaci nékterych nervovych bunc¢k béhem jejich vyvoje. V dospélosti je dilezity pro
synaptickou plasticitu. Je zapojen do mechanismii hippokampu pro uéeni a utvafeni paméti

a do spinalnich mechanismu souvisejicich s bolesti (Pezet and Malcangio, 2004).

U AD byla zaznamenana snizenda mRNA exprese BDNF v hippokampu a parietalni
mozkové kife (Garzon et al., 2002). Genetické studie ukéazaly, ze polymorfismus v genu,
ktery kdéduje BDNF, koreluje s pozdni formou AD, a Ze zvySuje riziko vzniku této formy
AD (Kunugi et al., 2001). Lokalni podani exogenniho BDNF muze mit pozitivni t¢inek
na ochranu pied AD, a to hlavné v ranych stadiich. Podanim BDNF mtize dojit k zastaveni
progrese, k mensi ztrat¢ neurond a ke zlepSeni nasledného kognitivnimu poklesu. Studie
ukdzaly, Ze BDNF ma prospeéSny efekt na uceni a pamét’ u zvifecich modell (Ando et al.,

2002).

BDNF prochazi ptes hematoencefalickou bariéru (Pan et al., 1998), jeho hladiny
v séru jsou vsak v souvislosti s AD kontroverzni. Nékteré studie zjistily snizené hladiny
v séru u pacientli s AD oproti zdravym kontroldm (Laske et al., 2007), jiné zjistily vyznamné
zvySené serologické koncentrace BDNF u AD pacienti (Angelucci et al., 2010). Studie
Platenika et al. zjistila sniZené hladiny BDNF v plazmé bohaté na krevni desti¢ky. Autofi
této studie se domnivaji, ze snizené hladiny BDNF v plazmé odrazeji snizené hladiny BDNF
v mozkové tkéni, a proto je tento faktor dilezitym ukazatelem v patofyziologii AD (Platenik

et al., 2014).
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Mezi dalsi parametry souvisejicimi s neurodegeneraci patii ristové faktory. Tyto
latky jsou nejcastéji bilkovinné povahy a indukuji bunéénou proliferaci. Do této skupiny
patii platelet-derived growth factor (PDGF). PDGF tvoii skupinu ristovych faktort, ktera
je mimo jiné syntetizovana buiikami mozkové tkané, a to konkrétné¢ neurondlnimi
progenitory, neurony, astrocyty a oligodendrocyty. PDGF plsobi autokrinné 1 parakrinné
a svoji ulohu hraje béhem celého vyvoje jedince (Sil et al., 2018). PDGF se déli do péti
funk¢nich podskupin. Kazda skupina je tvoiena polypeptidovymi fetézci A-, B-, C- nebo
D-, které tvoii homo- nebo heterodimery spojené disulfidickou vazbou (Kazlauskas, 2017).
Tyto podjednotky ptlisobi prostfednictvim svych receptord (PDGFR) pies receptorovou

tyrosinkinadzovou aktivitu.

Signalizace zprostiedkovana PDGF reguluje déje v centrdlni nervové soustave,
jako jsou neurogeneze, synaptogeneze, bunécné piezivani nebo vyvoj specifickych typa
neurontl. Spole¢né pisobeni PDGF a PGDFR miiZze vyvolat odliSné az paradoxni situace
v centrdlni nervové soustavé v zavislosti na bunééném typu a na aktivacnich podnétech.
Napt. vpfipad¢ endotelidlnich bunék indukce PDGF miZze vést k poruseni
hematoencefalické bariéry a néslednému neurozanétu. Na druhou stranu PDGF mize
neuronim poskytovat trofickou podporu proti celé¢ fadé neurotoxickych agens, a to jak

bunécného, tak i virového ptivodu (Sil et al., 2018).

Mezi neurodegenerativni parametry mohou patfit i chemokiny. Chemokiny jsou
podskupinou cytokinii, které maji chemotakticky ucinek. Jednim z téchto chemokinl je
regulated upon activation normal T cell expressed and secreted (RANTES). RANTES
znamy také jako CCLS5 (C-C chemokin ligand 5) je protein slozeny z 68 AK. Patii do rodiny
chemokind, kterd reguluje pohyb bunck. Zprostfedkovava pohyb a navigaci T-lymfocytd,
monocytl, basofilnich a eozinofilnich buné€k, natural killer buné€k, dendritickych a Zirnych
bunék (Appay and Rowland-Jones, 2001). Vyvoldvd migraci mononukledrnich
fagocytujicich bunék pfes hematoencefalickou bariéru do oblasti zanétu (Ubogu et al.,
2006a). RANTES ptisobi prostiednictvim svych specifickych receptori CCRS5, CCR3
a CCRI1.

V CNS je RANTES exprimovan mikrogliovymi buitkami a astrocyty v zavislosti na
pritomnosti zanétu (Stuart and Baune, 2014). Ma potencialni roli v myelinizaci, protoze
je schopny prosttednictvim receptoru CCR1 indukovat proliferaci oligodendrocytt, které

jsou diilezité pro piesné shlukovani myelinu v CNS (Kadi et al., 2006).
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RANTES spole¢né s receptorem CCRS jsou zapojeny do signalizace metabolické
regulace, gluk6zové intolerance a inzulinové resistence v hypotalamu. (Chou et al., 2016).
Zmény v hladinach RANTES jsou davany do souvislosti s poranénim mozku (Lumpkins at
al., 2008), posttraumatickym stresem (Oglodek et al., 2015) a neurodegenerativnimi

onemocnénimi véetné¢ AD (Marksteiner et al., 2011; Liu et al., 2014; Azizi et al., 2014).

2.4.4. Alzheimerova nemoc a steroidni hormony

Steroidni hormony jsou efektivni reguldtory mnoha fyziologickych procest véetné
téch, které probihaji v mozkové tkani. Steroidy hraji svoji roli v protektivnich
a reparativnich procesech, apoptoéze, podporuji neurogenezi a myelinizaci a pfispivaji
k redukci neurozanétu (Hampl and Bic¢ikova, 2010). Mohou se vyskytovat v konjugované
(ve vazbé¢ se sulfatem nebo kys. glukuronovu) nebo nekonjugované formé, jako volné nebo
navéazané na transportni bilkoviny (albumin, SHBG). Podle poc¢tu atomu uhlikll je miZzeme
rozdelit do tii nasledujicich skupin — C21, C19 a C18. C21 steroidy maji dvouuhlikovy
postranni fetézec na pozici C17 a methylové skupiny na pozicich C10 a C13; C19 steroidy
maji keto- nebo hydroxyskupinu na pozici C17 a methylové skupiny na pozicich C10 a C13;
C18 steroidy maji hydroxyskupinu na pozici C3 a aromatizovany prvni kruh, keto- nebo

hydroxyskupinu na pozici C17 a methylovou skupinu na pozici C13.

V CNS jsou steroidni hormony a jejich metabolity obvykle definovany jako
neuroaktivni steroidy (pusobi v CNS, ale vznikaji mimo jeji oblast) nebo neurosteroidy
(vznikaji i ptisobi v CNS). Jejich syntéza mtze probihat bud’ de novo z cholesterolu gliovymi
buitkami a neurony, nebo mohou byt syntetizovany v periferii gonddami (u Zen pouze
v reprodukénim obdobi) a nadledvinami (hlavni zdroj u Zen po menopauze) (Mellon and
Griffin, 2002). Do CNS jsou pak transportovany pfes hematoencefalickou bariéru. Transport
muZe probihat bud’ ptimo, nebo ve formé prekurzorii. Mezi hlavni neuroaktivni steroidy
patii pregnenolon, dehydroepiandrosteron (DHEA), progesteron, Sa-dihydroprogesteron,
allopregnanolon, deoxykortikosteron, tetrahydrodeoxykortikosteron
a estradiol. Neuroaktivni steroidy hraji dalezitou roli jako rychlé endogenni modulatory

drazdivosti nervovych bun¢k (Carta et al., 2012).

Koncentrace steroidi v mozkové tkani je diky lipofilni povaze téchto hormont
obvykle nékolikrat vyssi nez jejich koncentrace v periferii nebo CSF. Nicméné steroidy
mohou prostupovat pies hematoencefalickou membranu a ve vétSin€ ptipadl jejich hladiny

v periferii  koreluji s hladinami v CSF. Diky tomuto pasivnimu transportu pomoci

39



transmembréanové difuze dochazi k rovnovaze mezi periferii a CSF (Kancheva et al., 2011).
Bylo zjisténo, Ze periferni aplikace estradiolu a progesteronu ukazuje srovnatelné
koncentrace v plazmé a CSF s maximem 15 minut po aplikaci (van den Berg et al., 2004).
Z toho vyplyva, ze presun steroidii z periferic do oblasti CNS je dulezity, a ze zmény

v periferni steroidogenezi mohou ovlivilovat neuronalni aktivitu v mozkové tkani.

Ztrata steroidnich hormonti v prib¢hu starnuti je davdna do souvislosti s riznymi
zménami a onemocnénimi, jako jsou tkanova atrofie, zhorSeny stav kosti, akumulace tuku,
diabetes 2. typu, ale také s kognitivnimi problémy, ztratou paméti a pravdépodobné i s AD.
Studie ukézaly, Ze zmény v biosyntéze steroidnich hormonti mohou pfispivat k patologii AD

(Liu et al., 2013; Winkler and Fox, 2013).

Steroidni hormony pfimo ovliviiuji formovani B-amyloidniho peptidu a fosforylaci
tau proteinu. (Hampl and Bic¢ikova, 2010). Produkce B-amyloidnich peptidii vyzaduje dvé
nasledna stépeni APP indukovand pomoci enzymu - a y-sekretdzy. Alternativni Sté€peni je
zpusobené a-sekretdzou — tzv. non-amyloidogenni hypotéza (viz kapitola 2.2.). Bylo
prokazano, ze cholesterol (prekurzor steroidnich hormontl) zlstdvd v mozkové tkani
pacienti s AD. V ptipadé¢ poskozeni jeho metabolismu dochazi ke zméné aktivit
B- a y-sekretdz (Xiong et al., 2008). Kromé toho steroidy ovliviiuji imunitni systém a zda se,
ze by mohly mit potencidlni vyuziti v 1écbé AD (Alvarez-de-la-Rosa et al., 2005; Cherrier,
2009; Hampl and Bic¢ikova, 2010).

Mezi rizikové faktory AD patii naruSeni fungovani osy hypotalamus-hypofyza-
nadledviny. Napft. zvySené hladiny kortizolu mohou zvySovat riziko vzniku AD. Kortizol
patii mezi glukokortikoidy a je produkovan kirou nadledvin. Studie in vitro 1 in vivo
provadéné na zviratech ukézaly, ze podavani glukokortikoidi pfi stresovych podminkach
zvysuje tvorbu B-amyloidu tim, Ze dojde ke zvySeni hladin APP a BACE1 (beta-site APP
cleaving enzyme 1), ktery vyvolava formovani B-amyloidi. To naznacuje, ze zvySené
hladiny glukokortikoidi u pacientd s AD nejsou pouze disledkem tohoto onemocnéni,

ale ze spiSe hraji dillezitou roli ve vyvoji a progresi tohoto onemocnéni (Green et al., 2006).

DHEA je steroidni hormon, ktery je schopny tlumit expresi a aktivitu enzymu
BACE]I, a tim branit §tépeni APP B-sekretazou — tedy St€peni APP na delSi nerozpustné
fragmenty (Tamagno et al., 2003). Studie ukazaly, ze DHEA, ktery mize byt v mozkové

tkani lokalné transformovan na estrogeny (DHEA je prekurzorem androgentl a estrogentl),
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zlepSuje pamét’ a procesy spojené s u¢enim (Vallee et al., 2001). Diky imunoprotektivnim
vlastnostem a piiznivému vlivu na apoptotickou kaskadu, patti DHEA mezi perspektivni

slozky vyuzitelné pti lécbé AD.

Obecn¢ Ize fici, Ze terapeuticky potencial steroidnich hormonti spoc¢iva v ptiznivém
ovlivnéni enzymt ucastnicich se buné¢ného cyklu nebo jednotlivych krokii tohoto procesu.
V souvislosti s patologickymi u¢inky tau proteinu bylo prokézano, ze estradiol ptisobi proti
hyperfosforylaci tau proteinu (Alvarez-de-la-Rosa et al., 2005). Estradiol dale snizuje
aktivitu protein kinazy A, které je zapojena do patologie tohoto proteinu (Liu et al., 2008).
Na druhou stranu nepfiznivé efekty na enzymy, které jsou zodpovédné za hyperfosforylaci
tau proteinu, byvaji zptisobeny glukokortikoidy. Lze tedy fici, Ze glukokortikoidy

umociiuji hromadéni tau proteinu (Green et al., 2006).

Role steroidnich hormonil v patogenezi a 1écbé AD je davana i do souvislosti s jejich
vlivem na pfezivani neurontll, respektive na jejich apoptézu. Steroidy, a to predevsim
glukokortikoidy, DHEA a jejich metabolity a prekurzory, jsou zapojeny do rtiznych
signalizanich drah souvisejicich s pfezivanim a apoptézou. Dlouhodobé plisobeni
glukokortikoidl spojené s nadmérnou aktivitou osy hypotalamus-hypofyza-nadledviny vede
ke zhorSeni kognitivnich funkci (Herman and Seroogy, 2006). Studie na krysich modelech
ukazaly, Ze glukokortikoidy mohou piedchdzet, ale zaroveil také urychlovat
neurodegeneraci v hippokampu. Tento rozdilny efekt je vysvétlovan adaptivnimi
mechanismy zapojenymi do signaliza¢nich drah (Charalampopoulos et al., 2006). DHEA
ajeho aktivni metabolity ve vétSin¢ piipadit funguji v mozkové tkani jako Cinitelé
zabranujici apoptoze. V nékterych ptipadech miize DHEA naopak podporovat apoptdzu
nervovych bunék (Lin et al., 2004).
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3. Hypotézy a cile prace

3.1. Geneticka cast

Hlavnim spolecnym patogenetickym faktorem mezi pacienty s AD a pacienty
s diabetem mellitem 2. typu (DM2) je inzulinova rezistence (Han and Li, 2010), ktera je
kli¢ovym faktorem pro vznik DM2 a je jednim z rizikovych faktort, které ovliviiuji zhorSeni
kognitivnich funkci. Inzulinova rezistence je porucha v G¢inku inzulinu a je definovédna
jako stav, pfi kterém normdlni hladiny inzulinu v plazmé vyvoldvaji niz§i odpovéd’
organismu, tj. dochazi k nedostate¢nému poklesu hladiny glukézy v krvi. Pfi inzulinové
rezistenci je proto pro zajisténi spravné biologické odpovédi organismu nutnd vyssi hladina
inzulinu. Tato kompenzace vSak po urcité dobé miize vést k vycerpani pankreatu a hladina
glukézy v krvi se zacne zvySovat. V organismu dochézi k relativnimu nedostatku inzulinu

a vznika DM2.

Inzulinové rezistence se netykd pouze perifernich tkéni. Pfitomnost inzulinu
a inzulinovych receptort je dnes prokdzand i v fadé oblasti centrdlni nervové soustavy.
Inzulin prochazi ptfes hematoencefalickou bariéru a je vychytavan pomoci specifickych
receptortl, jejichz koncentrace s vékem klesa. Na rozdil od perifernich tkani si inzulin
v centralni nervové soustaveé zachoval funkei rtistového faktoru a mé vliv na synaptogenezi
a rist nervovych bun€k. Pfitomnost inzulinu v mozkové tkani brani nasedani oligomert
na povrch neurond, které zpisobuji jejich apoptozu. V piipadé inzulinové rezistence
mozkové tkané mize dochéazet ke zhorseni kognitivniho chovani. Tato rezistence mize vést
k inhibici degradace B-amyloidniho peptidu nebo ke zvySeni fosforylace tau proteinu
(Li et al.,, 2010b). Otdzkou zlstava, zda periferni inzulinova rezistence a rezistence
v mozkové tkani spolu souvisi nebo zda se jedna o dva nezavislé procesy. Pacienti
s diabetem maji 1,5-4x vyssi riziko vzniku AD i vaskularni demence (Takeda et al., 2010),

ktera se Casto vyskytuje spolecné s AD, ale mtliZze byt pfitomna i samostatn¢.

Vzhledem k prokazané souvislosti diabetu s poruchami kognitivnich funkei, které
jsou Casto patrné 1 u mladsich diabetik, je asociaci AD s DM2 vénovana znacna pozornost.
Pravdépodobny spolecny patogeneticky faktor — inzulinova rezistence, je klicovy jak pro
vznik DM2, tak je i rizikem pro zhorSeni kognitivnich funkci u AD. Otdzkou je, zda geny
kandidatni pro vznik a rozvoj AD mohou souviset s inzulinovou rezistenci obecné

a zda zjisténi frekvenci vybranych rizikovych polymorfismt kandidatnich geniti pro AD
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v Ceské populaci s riznym stupném glukézové tolerance prokaze vyznamny vliv ve vztahu

genotyp — fenotyp.

Tato prace se proto zamétila na vybrané polymorfismy kandidatnich genti pro AD
BINI, CLU, CRI a PICALM u pacientti s DM2, pacientek s gestacnim diabetem (GDM)
v anamnéze a u osob s porusenou glukézovou toleranci (PGT). Dale se zaméftila na hledani

novych variant ve vybranych exonech téchto genti a ve v§ech exonech genu APOE.
Cile genetické ¢asti prace jsou nasledujici:

1) Detekovat jednotlivé varianty ve vybranych polymorfismech kandidatnich genti pro
AD (rs744373 v genu BINI, rs11136000 v genu CLU, 1s381361 v genu CRI,
rs3851179 v genu PICALM) u pacienti s DM2, GDM, osob s PGT a u kontrolnich
jedincu a zjistit, zda tyto varianty souvisi s poruchami glukozového metabolismu.

2) Pomoci masivné paralelniho sekvenovani najit nové varianty ve vybranych exonech
kandidatnich gentt APOE, BIN1, CLU, CRI u pacientii s AD a kontrolnich seniort

a najit ptipadnou souvislost téchto variant s AD.

3.2. Biochemicka ¢ast

I kdyZ je znama jiz fada patobiochemickych a neurochemickych zmén, které vedou
k morfologickym alteracim charakteristickym pro AD, mechanismy, které jsou jejich
priCinou, zatim zcela objasnény nebyly. Z biochemického hlediska je typickym rysem AD
celkova porucha oxidativniho metabolismu v mozkové tkani, coz vede k nedostatecnému
piivodu energie a k postupné neurodegeneraci. K dalSim charakteristickym zménam pro AD
patii poruchy imunitniho systému nebo dysregulace metabolismu steroidnich hormond,
které zasahuji do mnoha signdlnich cest. Zajimavé se jevi 1 propojeni AD a DM2 zalozené
na metabolickych poruchach tukové tkané, kterd je zdrojem celé tady latek klicovych pro
ob¢ onemocnéni. Mezi latky, které tukova tkan produkuje, patii adipokiny a nékteré

cytokiny.
Cile biochemické ¢asti prace jsou nasledujici:

3) Zjistit hladiny vybranych adipokinti a inkretini (GIP, GLP-1, leptin, resistin,
visfatin, adipsin a adiponektin), cytokint (IL-1f, IL-4, IL-6, IL-10, IL-17A, IL-17F,
IL-21, IL-22, IL-23, 1L-25, 1L-31, IL-33, IFN-y, sCD40L a TNF-0) a parametra
spojenych s neurodegeneraci (BDNF, MPO, NCAM, PDGF-AA, PDGF-AB/BB,
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RANTES, sICAM-1 a sVCAM-1, cystatin C, enolasa-2) upacienti s AD
a kontrolnich seniori a najit jejich pfipadnou souvislost s AD.

4) Zjistit hladiny roz$iten¢ho spektra cirkulujicich steroidnich hormonti a aktivitu
enzymu steroidogeneze predikovanou na zakladé pomért produktti k prekurzorim
(4. konjugovanych/nekonjugovanych steroidll) u pacientii s AD a porovnat vysledky

se skupinou kontrolnich seniort.
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4. Soubory a metodika

Sbér  biologického  materidlu  probihal  kontinudlné¢ jiz od  roku
1999 v Endokrinologickém tstavu v Praze. V ramci riznych studii byli vySetfovani pacienti
s diabetem 2. typu (DM2), pacientky s gestacnim diabetem (GDM) v anamnéze, jedinci
s poruSenou glukoézovou toleranci (PGT) a zdravé kontroly bez zatizeni nékteré z vysSe

uvedenych poruch glukézové tolerance.

Mezi lety 2012-2015 byli ve spolupraci s Thomayerovou nemocnici v Praze
vySetfovani pacienti s AD. Kritéria pro pfijeti pacientii do studie byla nasledujici: mirna
nebo stiedné pokrocila faze onemocnéni (schopnost pochopit podminky tcasti ve studii
a podepsat informovany souhlas), vék nad 65 let. Pacienti s AD byli diagnostikovani
na zaklad€ mezinarodnich kritérii NINCDS-ADRA (National Institute of Neurological and
Communicative Disorders and Stroke and the Alzheimer's Disease and Related Disorders
Association). U pacientii byla provedena neuropsychologickd vySetieni, magneticka
rezonance hlavy a vySetfeni cerebrospindlni tekutiny. Neuropsychologickd vySetfeni
zahrnovala nasledujici tfi testy: RBANS (Repeatable Battery for the Assessment of
Neuropsychological Status), MoCA (Montreal Cognitive Assessment) a GDS (Global
Deterioration Scale). Déale bylo provedeno antropometrické méteni, kdy byly pacientim
zméteny nasledujici parametry: télesnd vyska, vaha, obvody pasu, bficha, bokl a paze.
Z namétenych hodnot byl vypocitdin BAI index a hodnota BMI (Tab. 2). VySetieni
kontrolnich seniori probihala ve stejném obdobi v Endokrinologickém ustavu v Praze.
Kritéria pro pfijeti do studie byla nésledujici: negativni neuropsychologicka vySetieni,
negativni nalez na MRI, souhlas se studii potvrzeny podpisem informovaného souhlasu, vék
nad 60 let. Kontrolni seniofi absolvovali stejny protokol vysetfeni jako pacienti s AD kromé
odbéru cerebrospinalni tekutiny. Kromé vlastniho vySetfeni dale vypliovali dotazniky
zaméfené na osobni irodinnou anamnézu metabolickych a neurodegenerativnich

onemocnéeni.

45


https://en.wikipedia.org/wiki/National_Institute_of_Neurological_and_Communicative_Disorders_and_Stroke
https://en.wikipedia.org/wiki/National_Institute_of_Neurological_and_Communicative_Disorders_and_Stroke
https://en.wikipedia.org/wiki/Alzheimer's_Disease_and_Related_Disorders_Association
https://en.wikipedia.org/wiki/Alzheimer's_Disease_and_Related_Disorders_Association

i onuod addn “THN I (01U MO “TDT ‘onel sdiy 01 3sTeM YHM SXopurl Ausodipe Apoq - [y ‘Xdpul ssewt Apoq TINF ‘1I0TUdS
uonuoy AV ‘v s nuatded ‘qQv 1591 VAONYVY ABA-UQ SI[[EA\-[BSNIY {1souwreuzAa eurpely ‘d 5007 SSON weidord Ayonsnels

860 £8°0 6L°0 780 $8°0 6L°0 780 [wo] YHM
LLO 6°¢cE 0¢€ 1°c¢ %3 6°8¢ LTE [%] 1vd
8€°0 VLT vy 9t L'LT €T §‘st [;w/3y] ING
TON%S6  TOT%S6 ugIpaw TON%S6 10T %S6 uerpout
(gs=u) Audz (9p=u) Audz
S0°0 L6°0 6°0 S6°0 €6°0 88°0 16°0 [wo] YHM
66°0 6°¢€ 0t 1°c¢ 8°9¢ vy €9T [%] 1vd
€0 9°6¢ ST €9¢ vLT e €9t [;w/33] NG
10N %S6  TOT%S6 ugIpaw TON%S6 10T %S6 ugrpout
ejoupoy d (gz=u) 1Znw (6€=u) 1Znw
Mav av

MHM 100wod e [vg ® [INF nxopul 1owod yoAudpaAn 1IOIuds Yorujonuoy e (v s muaroed n ruadu yoiornadwodonue AYPISAA "7 qelL

46



Tab. 3 shrnuje lécbu u souboru pacienti s AD. Tab. 4 shrnuje lé€bu metabolickych

a hormondlnich onemocnéni u souboru pacienti s AD a u kontrolniho souboru (ADK).

U provadénych biochemickych analyz jsme brali v ivahu mozny vliv 1écby a jednotlivych

farmak na vysledné hodnoty sledovanych parametrt.

VSsichni jedinci uvedeni v této praci byli podrobné seznameni s pribéhem studie.

Podepsanim informovaného souhlasu schvaleného Etickou komisi Endokrinologického

ustavu v Praze souhlasili se zafazenim do studie.

Tab. 3 Lécba pacient s AD

1é¢ba

antidepresiva — selektivni inhibitory zpétného vychytavani serotoninu

ebixa antagonista N-methyl-D-aspartatovych receptorit (NMDA) - memantin

cipralex, citalex, lenuxin, seropram, zoloft, miraklide, sertralin, asentra, 25,8 %
citalopram
antidepresiva — jina antidepresiva
: o o 8,2 %
argofan, coaxil, efectin, mirtazapin, trittico, mirzaten, olwexya
antipsychotika (neuroleptika) — benzamidy 310
s 0
dogmatil, tiapridal
antipsychotika (neuroleptika) — derivaty butyrofenonu 510
,1 70
buronil, haloperidol
antipsychotika (neuroleptika) — jina antipsychotika 410
,1 70
rispen
antipsychotika (neuroleptika) — benzodiazepinové derivaty Lo,
0
grandaxin
antiparkinzonika — dopa a jeji derivaty
.. ) 8,2 %
isicom, nacom, nakom mite
psychostimulancia — anticholinesterazy
o 53,6 %
alzil, aricept, exelon, yasnal
psychostimulancia — jina psychostimulancia a nootropika 410,
, 0
pirabene, geratam piracetam
psychostimulancia — ostatni lé¢iva proti demenci 1759
, (V
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Tab. 4 Lécba metabolickych a hormondlnich onemocnéni u pacientii s AD a kontrolnich

senioru

1é¢ba

AD (n=97)

ADK (n=65)

hypolipidemika — inhibitory HMG CoA reduktazy

atoris, atorvastatin, apo-simva, lescol, simgal,
simvacard, coralip, sortis, tulip, torvacard, rosucard,
gensi, zocor

21,6 %

15,4 %

hypolipidemika — fibraty
lipanthyl, lipirex, suprelip

1%

3,1 %

hypotenziva — ACE inhibitory

amprilan, accupro, gleperil, gopten, perinalon, piramil,
prenessa, prestarium, ramil, inhibace, tritace, dapril,
enap, accuzide, quinapril, prestance, tarka, tonarssa

29,9 %

10,8 %

hypotenziva — beta-blokatory selektivni

acecor, emzok, betaloc, betaxa, egilok, lokren, sectral,
apo-acebutol

21,6 %

4,6 %

hypotenziva — ostatni

cynt, rilmenidin, tenaxum, lorista, lozap, kylotan,
twynstra, telmisartan, Blessin plus H, micardis,
unipres, lusopress, cardura, kamiren

20,6 %

15,4 %

vazodilatancia (vSechna)

betahistin, cinarizin, apo-amlo, agen, zorem, orcal
neo, enelbin, cavinton, pentomer retard, sorbimon,
mono mack depot, sermion

21,6 %

12,3 %

anxiolytika — benzodiazepinové derivaty

lexaurin, neurol, oxazepam

3,1%

0 %

hypnotika, sedativa — 1é¢iva podobna
bezodiazepinim
hypnogen, zolpidem

1%

1,5 %

antidiabetika (vSechna)

glimepirid, diaprel, oltar, glyclada, glucobene,
glucophage, siofor, eucreas

10,3 %

0 %

antidiabetika — inzuliny a analogy dlouze pisobici

levemir

1%

0 %

hormony — glukokortikoidy

prednison

1%

0 %

hormony — hormony S$titné Zlazy

euthyrox, letrox, thyreotom

6,2 %

6,2 %

AD, pacienti s AD; ADK, kontrolni seniofi
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4.1. Geneticka cast

Geneticka cast predkladané prace obsahuje vySetfeni 2345 jedinct. Tento pocetny
soubor zahrnuje skupinu pacienti s AD (97) a knim vékem odpovidajici skupinu
kontrolnich seniorii (76), pacientky s GDM v anamnéze (550), pacienty s DM2 (392),
jedince s PGT (117) a odpovidajici zdravé kontroly k jednotlivym skupinam bez poruchy

gluk6zového metabolismu (1113).

U vSech jedincti byla provedena izolace DNA z plné krve. Pro izolaci na pfistroji
QuickGene 610L (FujiFilm Life Science, Japonsko) byl pouZzit QuickGene DNA whole
blood kit L (KURABO Industries, Japonsko). Po zméfeni koncentrace a Cistoty byla ziskana

DNA natedéna na pracovni koncentraci 10 ng/ul a uchovavana pti -20°C.

U 2172 jedinct (pacientky s GDM, pacienti s DM2, jedinci s PGT a odpovidajici
zdravé kontroly) byly zjistovany frekvence jednotlivych variant ve vybranych
polymorfismech kandidatnich genii pro AD. Konkrétné byly vySetfovany tyto polymorfismy
— 15744373 v genu BINI, rs11136000 v genu CLU, rs3818361 v genu CR/ a rs3851179
v genu PICALM.

Vysetieni byla provedena metodou Real-Time PCR na pfistroji LightCycler 480
(Roche, Mannheim, Némecko). Pro genotypizaci jednotlivych polymorfismi byly pouZity
komeréné¢ navrzené specifické sondy (TagMan SNP Genotyping Assays, Applied

Biosystems).

U pacienti s AD a skupiny kontrolnich seniori byla v ramci diplomové prace,
na které tato studie navazuje (Vacinova, 2014) provedena analyza lokusu ve 4. exonu genu
APOE na zjisténi pfitomnosti/nepfitomnosti rizikové alely €4. Toto vySetfeni bylo
provedeno nejprve pomoci klasické PCR, kdy za pomoci specifickych primert byla
namnoZena konkrétni oblast genu. Dale byla pouZita metoda restrik¢éni analyzy (RFLP)

za pouziti restrikéni endonukledzy Hha I (Thermo Scientific).

Pro amplifikaci APOE lokusu byly pouzity nasledujici primery:
FWD: GCACGGCTGTCCAAGGAGCTGCAGGC
REV: GGCGCTCGCGGATGGCGCTGAG

Dale byla u pacienti s AD a skupiny kontrolnich seniorii provedena analyza

vybranych exonti (uréeny na zakladé odborné literatury — Bettens et al., 2012; Harold et al.,
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2009; Hu et al., 2011; Kamboh et al., 2012; Ma et al., 2014) kandidatnich genti pro AD — 1.,
2.,3.a4. exon genu APOE, 6. exon genu BIN1, 5., 6.,7.a 8. exon genu CLU, 38. a 39. exon

genu CRI. Vybrané oblasti jednotlivych gent byly nejprve namnozeny metodou PCR a poté

analyzovany za pomoci masivné paralelniho sekvenovani na piistroji MiSeq (Illumina,

Kalifornie, USA). Pro sekvenovani byla pouzita platforma Nextera XT. Pro vyhodnoceni

byl pouzit program Integrative Genomics Viewer (IGV). Pouzité primery pro amplifikaci

vybranych exona shrnuje Tab. 5.

Tab. 5 Seznam primert pouzitych pro amplifikaci vybranych exonii kandidatnich genli pro

AD

Gen

Exon

Primery

APOE

1

FWD: AACAGCCCACCTCGTGACTG

REV: CTAGCTACCGTGTCGCTGCC

FWD: CTGAGATGGAACCGGCGGTG

REV: GGAGGTTGAGGTGAGGATGAGAG

FWD: GATTAAACCGACTCCCCCCTCA

REV: AATTCCAGAGAGCTAAAGCCAGGA

FWD: CTCTTGGGTCTCTCTGGCTCAT

REV: CTGCCCATCTCCTCCATCCG

FWD: ATGCCGATGACCTGCAGAAG

REV: TAAACTAGGGTCCACCCCAGGAG

FWD: CCTGGACGAGGTGAAGGAGCA

REV: AAGGGCAGAGAGAAAGATACACACA

BINI

FWD: CAGGAGGAAGCCTCCACCCTC

REV: GTTGGTGGCTGTGGAGATGAGAAG

CLU

FWD: AGCTTCACCCCTTCTCACCTC

REV: TGACTGTTACAGCCATGGGCAG

Intron 5

FWD: CCAGCCATGCAGAGATGGACTC

REV: CCATGTTCCAGCCCTTCCTTG

FWD: ATCTCTAACGACATCTCACCGA

REV: TCAGTCGAGTCCATCTCTGCAT

FWD: AATGCTCAGTCAAAAGCACACATG

REV: CAGTTTGTGGCCCTTCCCTTAG

FWD: GGGCTGCAGCTCATCTTGGG

REV: GGGTCAGCTCTCTAGGTTTCCTTGG

CRI

38,39

FWD: AGCCCTCTGGTAAGCATAAGATAT

REV: CCCCTGATCTCAAGAGAGTGATTC
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4.2. Biochemicka ¢ast

Biochemicka c¢ast predkladané prace obsahuje vySetfeni 163 jedinc. Soubor
zahrnuje 87 pacienti s AD a 76 zdravych kontrolnich seniorii. VySetieni byla provedena
z periferni krve a nasledné ziskané plazmy nebo séra. Plazma i sérum byly uchovavany pii
-80°C az do jednotlivych analyz. Do dil¢ich studii byli zafazeni pouze jedinci spliujici

stanovena kritéria pro danou analyzu.

U pacientl s AD a kontrolnich jedincii byla provedena analyza parametri spojenych
s neurodegeneraci v ramci multiplexové ELISA metody na pfistroji BioPlex 200 (Bio-Rad,
Kalifornie, USA). Tato metoda funguje na principu navazani protiladtek na rizné barevné
polystyrenové kulicky s magnetickym jadrem, kdy kazdy odstin odpovidé4 jednomu analytu.
V ramci této analyzy byly vySetfovany nasledujici parametry: BDNF, MPO, NCAM, PDGF-
AA, PDGF-AB/BB, RANTES, sICAM-1 a sVCAM-1 (HNDG3MAG-36K Human
Neurodegenerative Disease Magnetic Bead Panel 3, Millipore). Déle byla provedena analyza
parametrii enolasa-2 (Human Enolase 2/Neuron-specific Enolase Quantikine ELISA Kit,

R&D Systems) a cystatin C (Human Cystatin C Quantikine ELISA Kit, R&D Systems).

Za pouziti stejné metody byla provedena analyza vybranych adipokint a inkretinti
v rdmci multiplexového panelu obsahujicim nésledujici parametry: C-peptid, ghrelin, GIP,
GLP-1, glukagon, inzulin, leptin, PAI-1, resistin a visfatin (Bio-Plex Pro Human Diabetes
10-Plex Assay, Bio-Rad). VySetieni bylo doplnéno o dalsi dva adipokiny — adipsin
a adiponektin (Bio-Plex Pro Human Diabetes Adipsin and Adiponectin Assays, Bio-Rad),

které byly diky nutnosti odliSného fedéni analyzovany zvIast.

Na pristroji Bio-Plex byla dale provedena analyza vybranych cytokinl
multiplexovym panelem obsahujicim nasledujici parametry: IL-1B, IL-4, IL-6, IL-10,
IL-17A, IL-17F, IL-21, IL-22, 1L-23, IL-25, IL-31, IL-33, IFN-y, sCD40L a TNF-a
(Bio-Plex Pro Human Th17 Cytokine Assays, Bio-Rad). U vSech vySetfeni provadénych

na pfistroji Bio-Plex byla jako vstupni material pouzita krevni plazma.

U vybranych pacienti s AD a kontrolnich seniori byla provedena analyza
steroidnich hormonii. Celkem bylo stanoveno 44 steroidi a jejich polarnich konjugati
(Tab. 6). Vysetfeni bylo provedeno pomoci metody plynové chromatografie s hmotnostnim

spektrometrem (GC-MS) na piistroji GCMS-QP2010 Plus (Schimadzu, Kyoto, Japonsko).
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Tab. 6 Steroidy a jejich polarni konjugaty stanovené metodou GC-MS

Steroid [nmo/l]

Pregnenolon / pregnenolon sulfat

16a-Hydroxypregnenolon

200-Dihydropregnenolon / 20a-dihydropregnenolon sulfat

Progesteron

16a-Hydroxyprogesteron

200-Dihydroprogesteron

Allopregnanolon / allopregnanolon sulfat

Isopregnanolon / isopregnanolon sulfat

Pregnanolon / konjugovany pregnanolon

Konjugovany Sa-pregnan-3f3,20a-diol

Konjugovany 5B-pregnan-3a,20a-diol

Dehydroepiandrosteron (DHEA) / DHEA sulfat (DHEAS)

7o-Hydroxy-DHEA

7B-hydroxy-DHEA

160a-Hydroxy-DHEA / 16a-hydroxy-DHEAS

Androstenediol / androstenediol sulfat

5-Androsten-3f,7a,17p-triol

5-Androsten-3f3,783,17p-triol

Androstenedion

Testosteron

Sa-Dihydrotestosteron

Androsteron / androsteron sulfat

Epiandrosteron / epiandrosteron sulfat

Etiocholanolon / konjugovany etiocholanolon

Epietiocholanolon / konjugovany epietiocholanolon

Sa-Androstan-3a,17p-diol / konjugovany Sa-androstan-3a,17p-diol

50-Androstan-3f,17B-diol / konjugovany Sa-androstan-3f3,17-diol

Konjugovany 5B-androstan-3a,17p-diol

Estron

Estradiol
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4.3. Statistické analyzy

Statistické analyzy byly provedeny a hodnoceny v programech NCSS 2004 a 2007
(Kaysville, Utah, USA), Statgraphics Centurion verze XV (Herdon, Virginia, USA)
a SIMCA-P verze 12.0 (Umea, Svédsko) a v piipadé potieby konzultovany se statistikem

Endokrinologického ustavu v Praze.

K vyhodnoceni frekvencniho zastoupeni jednotlivych alel u stanovovanych
polymorfismi byly sestrojeny frekven¢ni tabulky testované v prvni fazi Fisherovym
exaktnim testem nebo chi kvadrat testem. Zarovenl byla ovéfena Hardy-Weinbergova

rovnovaha.

Metrickd data byla nejprve podrobena exploratorni a konfirmatorni analyze
a v pripadé vaznych odchylek od distribu¢ni symetrie a v ptipad¢ nekonstantniho rozptylu
byla data transformovana do Gaussovského rozdéleni. Ve studii byly pouzity metody,
jako jsou linedrni modely vcetné vicefaktorové ANOVA/ANCOVA, vicenasobna regrese
(v ptfipad¢ vicerozmérné regrese byly vyuzity metody ortogonalnich projekci do latentni
struktury OPLS) atd., které umoziuji adjustaci biochemickych parametrii na vék, BMI,
pohlavi apod., ¢imz jsme zaroven vySetfovali zavislost sledovanych proménnych na téchto
parametrech. V pfipadé nelGspéchu transformaci byly pouzity robustni alternativy
parametrickych testii. Konkrétni statistické analyzy jsou popsany v jednotlivych publikacich
(viz Ptiloha 1-3).
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5. Vysledky a diskuze

5.1. Detekce variant ve vybranych polymorfismech kandidatnich genii pro AD
u pacientii s DM2, GDM a u osob s PGT

5.1.1. Vysledky

U 2172 jedinct (pacientky s GDM a k nim odpovidajici kontroly, pacienti s DM2
a k nim odpovidajici kontroly, jedinci s porusenou glukézovou toleranci) byly stanoveny
genotypické a alelické frekvence vybranych polymorfismi: rs744373 v genu BINI,
rs11136000 v genu CLU, rs3818361 v genu CR/ a rs3851179 v genu PICALM. Vysledky
analyzy a zastoupeni jednotlivych genotypi shrnuje Tab. 7 (viz Ptiloha) a Obr. 5-8 (viz
Ptiloha).

U genetickych variant rs744373 v genu BINI, rs11136000 v genu CLU a rs3818361
v genu CR/ nebyla nalezena z4dnd vyznamna asociace s GDM, DM2 nebo PGT. Varianta
rs3851179 v genu PICALM byla asociovana se zvySenym rizikem GDM. Frekvence alely C
(pravdépodobna asociace s rizikem rozvojem AD) byla vyznamné vyS$si u skupiny pacientek
s GDM ve srovnani s kontrolni skupinou: OR 1.21; 95% CI (1.03-1.44). Tento trend jsme
nepozorovali u pacientll s DM2 ani PGT, naopak alela C v polymorfismu rs3851179 v genu
PICALM se u skupiny s PGT vyskytovala s niz$i frekvenci oproti kontrolnimu souboru: OR
0.67; 95% CI (0.51-0.89).

5.1.2. Diskuze

Tato prace zamétila na nékteré kandidatni geny, které vzeSly z celogenomovych
asociacnich studii (Harold et al., 2009; Hu et al., 2011; Kamboh et al., 2012). Krom¢ genu
APOE, ktery je prokazatelné spjat s AD, jsme si vybrali geny BINI, CLU, CRI a PICALM.
Vzhledem k mozné souvislosti AD s periferni inzulinovou rezistenci, a tedy i s poruchami
glukézového metabolismu, jsme se zaméfili na pacienty s DM2, pacientky s GDM a osoby
s PGT. U vybranych polymorfismt rs744373(BINI), rs11136000(CLU), rs3818361(CRI)
ars3851179(PICALM) jsme pomoci RealTime PCR detekovali jednotlivé varianty a hledali

jsme souvislost téchto variant s vySe uvedenymi poruchami glukézového metabolismu.

U vybranych polymorfismt rs744373(BINI), rs11136000(CLU) a rs3818361(CRI)
tato prace nenasla zadnou souvislost s DM2, GDM nebo PGT. Ve studiich bylo prokéazano,
ze minoritni alela G polymorfismu rs744373 (BINI) koreluje s mirou progrese AD

(Tan et al.,, 2013). Souvislost tohoto polymorfismu s poruchami metabolismu nebo
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s pritomnosti DM2 se v dostupné literatuie neuvadi. Ani naSe studie zddnou asociaci mezi
1s744373(BIN1) a jedinci s poruchou glukézového metabolismu nenalezla. Produkt genu
CLU se podili na transportu cholesterolu, vaze velké mnozstvi ligandi vcetné lipidi,
komplementarnich faktordt a p-amyloidnich peptidi (Ferrari et al., 2012). Asociace
polymorfismu rs11136000 (CLU) s AD byla nalezena pomoci GWAS, souvislost tohoto
polymorfismu s metabolickymi poruchami vSak dostupné studie neuvadi. V naSich
sledovanych souborech nebyla nalezena zadna souvislost mezi jedinci s poruchou
glukézového metabolismu a timto polymorfismem. Z GWAS vzesel i dalsi gen CRI, ktery
je kliCovym inicidtorem zanétu a muize mit souvislost s rizikem vzniku AD (Song et al.,
2000). Polymorfismus rs3818361 (CR/) ma podle studii silnou asociaci s AD. Jeho vztah
k metabolickym porucham a k DM2 neni zatim objasnén. V této studii jsme souvislost mezi

timto polymorfismem a jedinci s poruchou glukdzového metabolismu nenalezli.

U polymorfismu rs3851179 (PICALM) byla nalezena asociace s GDM a PGT. Podle
studii je u pacientd s AD zastoupeni jednotlivych genotypti CC 45 %, CT 41 % a TT 14 %,
alelicka frekvence je C 66 %, T 34 % (Harold et al., 2009). Frekvence jednotlivych genotypt
u naseho souboru pacientek s GDM je CC 49 %, CT 42 %, TT 9 %, alelicka frekvence je
C 70 %, T 30 % (Tab. 7, viz Ptiloha). Zastoupeni jednotlivych genotypii mezi pacienty s AD
a zenami s GDM ukazuje podobny trend. Frekvence alely C, kterd je asociovana s vysS$im
rizikem rozvoje AD, je u pacientek s GDM vyznamné vyssi oproti kontrolnimu souboru.
U jedincti s PGT je oproti kontrolnim jedinciim alela C naopak zastoupena s vyznamné nizsi
frekvenci. Mezi pacienty s DM2 a kontrolnimi jedinci nebyly ve frekvenci alely C nalezeny
z4dné¢ vyznamné rozdily. ,Protektivni“ alela T byla u pacientek s GDM zastoupena
s vyznamn¢ niz§i frekvenci nez u kontrolniho souboru, a dokonce i s nizsi frekvenci nez
u souboru pacientll s AD. Pacienti s DM2 i jedinci s PGT méli vyssi frekvenci alely T oproti
kontrolnim soubortim. Tyto vysledky naznacuji, ze patogeneze GDM je odlisnd od DM2
i od PGT, a Ze polymorfismus rs3851179 v genu PICALM miZe mit svou roli.

Asociace genu PICALM s vys$§im rizikem rozvoje AD byla v nékterych studiich
prokazana (Harald et al., 2009; Carrasquillo et al., 2010; Kamboh et al., 2010), nékteré jiné
studie (Lietal., 2008; Jun et al., 2010) zddnou vyznamnou asociaci nenalezly. O roli proteinu
PICALM v DM2 v soucasné dobé nejsou zadné udaje. V souvislosti s moznou tlohou

v patofyziologii GDM je tomu podobné.
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Studie ukazuji, ze PICALM muze hrat dtlezitou tlohu v rovnovaze zeleza. Prenos
zeleza do bungk je zavisly na endocytéze zprostiedkované clathrinem, které se PICALM
ucastni. Jedna se o vezikuldrni transport, ktery usnadniuje prichod a recyklaci receptord,
které se ucastni celé¢ fady procest véetné vychytavani zivin (Takei and Haucke, 2001).
V piipadé nadprodukce proteinu PICALM dochazi k naruseni mechanismu tohoto druhu

endocytdzy a dojde k naruSeni schopnosti bunék importovat zelezo (Scotland et al., 2012).

Rovnovéha Zeleza je v pfipadé AD naruSena. Koncentrace Zeleza v séru, stejné tak
jako koncentrace transferinu (transportni bilkovina pro Zelezo) a feritinu (zadsobni bilkovina
obsahujici Zelezo), jsou u pacientii s AD niz§i neZ u kontrolnich jedincii (Crespo et al., 2014).
V nékterych oblastech mozkové tkané, konkrétné v bazalnich gangliich, je u pacientli s AD
naopak zvySend koncentrace Zeleza oproti zdravym jedincim (Bartzokis et al., 2000).
V ptipadé GDM je rovnovaha Zeleza také narusena. Na rozdil od AD maji pacientky s GDM
vys$i koncentrace zeleza 1 feritinu v séru ve srovnani s kontrolnim souborem Zen. Transport

Zeleza u nich probih4 aktivnéji oproti Zenam bez GDM (Amiri et al., 2013).

Kromé& rovnovahy Zzeleza, hraje PICALM svoji roli i v lipidové rovnovaze
a v metabolismu cholesterolu, ktery je v pfipad¢ pfitomnosti AD nebo DM2 narusen.
V ptipadé¢ poruchy proteinu PICALM dojde k odlisné expresi geni zapojenych
do biosyntézy cholesterolu a jeho ztrata miize ptispivat k nartistajici expresi LDL receptorii
na povrchu buné¢k a ke zvyseni celkového mnozstvi cholesterolu. PICALM mtize byt jednim
z nezbytnych faktorti, ktery se podili na spravném navadéni cholesterolu uvniti bunék

(Mercer et al., 2015).

5.1.3. Shrnuti

Z vysledkt nasi studie vyplyva, ze polymorfismus rs3851179 v genu PICALM ma
souvislost nejen s AD, ale i se specifickou formou poruchy gluk6zového metabolismu —
s GDM. V nasi studii frekvence tohoto polymorfismu u zen s GDM odpovidaji spise
frekvencim u pacientli s AD neZ u pacientd s DM2. Tato podobnost sice nevysvétluje piimé
spojeni obou téchto onemocnéni, nicméné by stialo za uvahu provétit tuto skuteénost

v nezavislé studii.

Vysledky byly publikovany v zahrani¢nim impaktovaném casopise (Ptiloha 1).
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5.2. Detekce novych variant ve vybranych exonech kandidatnich genu APOE,
BIN1, CLU, CRI1 u pacienti s AD

Masivné paralelni sekvenovani (dfive oznaCovano jako sekvenovani nové generace)
je stale Castéji vyuzivand metoda umoznujici sekvenovat tisice az miliony sekvenci béhem
jedné analyzy. Touto metodou je mozné sekvenovat cely genom nebo jen vybrané oblasti
zajmu. Jednotlivé vzorky je nutné spravné oznacit pomoci unikatnich sekvenci, aby byly
pfi ndsledném vyhodnocovani rozliSitelné. Tato metoda je vhodnd nejen pro detekci
znamych a popsanych variant, ale i pro hleddni novych variant, které¢ by mohly

souviset s AD.

5.2.1. Vysledky

U 97 pacienti s AD a 76 kontrolnich seniort bylo provedeno vySetieni vybranych
exonu kandidatnich genti pro AD. Pfitomnost rizikové alely €4 ve 4. exonu genu APOE byla
vySetfena pomoci restrikéni analyzy v ramci piedchozi studie. V ramci této prace byl
vySetiten cely gen APOE za pomoci masivné paralelniho sekvenovani. Frekvenci

jednotlivych alel v genu APOE u pacientil s AD a kontrolnich seniorii shrnuje Tab. 8.

Tab. 8 Frekvence alel € v genu APOE u pacienti s AD a kontrolnich seniord

Soubor ADn=97 | ADKn=76
P hodnota
Alela Frekvence (%)
€2 2,1 7,9 0.02
€3 76,6 79,7 0.53
&4 21,3 12,4 0.03

Statisticky program NCSS 2004; AD, pacienti s AD; ADK, kontrolni seniofi; P, hladina
vyznamnosti chi-kvadrat test

Z vysledku je patrné, Ze u pacientll s AD se alela ¢4 vyskytuje s vyssi frekvenci ve
srovnani s kontrolnim souborem. Naopak alela €2 se u pacienti s AD ve srovnani

s kontrolnimi jedinci vyskytuje s nizsi frekvenci.

Tato prace se zamétila na hledani novych variant ve vybranych exonech genu 4APOE,
BIN1, CLU a CRI pomoci masivné paralelniho sekvenovani. Vyhodnocovaci program IGV
(Integrative Genomics Viewer) nam zobrazi referen¢ni sekvenci daného genu a kolikrat byl
nas usek pfecten. OdliSnost naSeho vzorku od referencni sekvence je pak znazornéna

barevné, je zobrazena pozice a pokud je znam tak i rs kod jednotlivé diference. Program
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vyhodnoti, k jaké zdméné nukleotidu doSlo a zda se jedna o homo- nebo heterozygota.
Vystup z analyzy popisuje Obr. 9.
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Obr. 9 Vystup z analyzy masivné paralelniho sekvenovani v programu IGV (Integrative
Genomics Viewer). Obr. zobrazuje dvé zamény ve 4. exonu genu APOE — rs429358
(odpovida alele €4) a rs7412 (odpovida alele €2). V obou piipadech se jedna o heterozygota
— vysledek tedy odpovida genotypu €2/e4.

Vysledky nalezenych genotypii u vybranych exonll kandidatnich geni pro AD
shrnuje Tab. 9 (viz Ptiloha). Z vysledkt je patrné, Ze jsme nenasli Zadnou novou variantu,
ktera by dosud nebyla popsana (vSechny varianty mély jiz ptidéleny rs kod). V genu APOE
byla krom¢ variant odpovidajicich jednotlivym aleldm €2 (rs7412) a €4 (rs429358) nalezena
jedna substituéni varianta rs769452 ve 3. exonu, a to pouze u tii jedincl. U varianty rs7412,
ktera odpovida alele €2, byla zaznamenéna vyssi frekvence u kontrolnich seniorii. Varianta
rs429358, kterd odpovida alele €4, byla v homozygotnim stavu nalezena pouze u pacientil
s AD, v heterozygotnim stavu byla u pacienti s AD nalezena s vyssi frekvenci ve srovnani
s kontrolnimi jedinci. V genu BIN/ byla nalezena jedna substituce (rs1060743) v 6. exonu.
V genu CLU byla nalezena jedna substituce (rs7982) v 5. exonu, dvé substituce (rs9331916,
1s28541694) v 5. intronu a jedna delece (rs3216167) v 6. intronu. Analyza 38. a 39. exonu

v genu CR/ nenasla zadnou variantu odliSnou od referen¢ni sekvence.
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Z vysledki dale vyplyva, Ze u nalezenych variant (krom¢& variant ve 4. exonu genu
APOE) neni rozdil ve frekvenci jednotlivych genotypli mezi pacienty s AD a kontrolnimi

seniory a je tedy pravdépodobné, Ze tyto varianty nemaji souvislost s pfitomnosti AD.

5.2.2. Diskuze

DalSim cilem genetické casti disertacni prace bylo hledani novych variant
ve vybranych exonech kandidatnich genti (APOE — 1., 2., 3. a 4 exon; BINI — 6. exon; CLU
— 5., 6., 7. a 8. exon; CRI — 38. a 39. exon) pro AD za pomoci masivné¢ paralelniho

sekvenovani.

Masivné paralelni sekvenovani je metoda, kterd umoznuje rychle a relativné levné
sekvenovat kompletni lidsky genom. V piipad€ této analyzy je nutné nejprve vytvorit
tzv. amplikonovou knihovnu, poté vzorky sekvenovat a na zavér data vyhodnotit a spravné
interpretovat (Koubkova et al., 2014). V ptipad¢ pozitivniho zachytu mutace je potieba nalez
overit z nezavislého vzorku jinou metodou — nejcastéji pomoci Sangerova sekvenovani.
Tato technologie je vhodna jak pro cilené sekvenovani, tak pro hledani novych mutaci
a polymorfismi, a tim mize pomoci charakterizovat molekularni podstatu jednotlivych

onemocnéni véetné AD.

V genu APOFE byly nalezeny varianty, které se nachazeji ve 4. exonu a odpovidaji
jednotlivym aleldm €2 (Argl76Cys) a €4 (Cys130Arg). Souvislost alely ¢4 s AD byla jiz
nékolikrat popsana a mechanismus jejiho u¢inku je stile predmétem soucasnych studii
(Corder et al., 1993; Bussy et al., 2018). V nasi studii je frekvence alely €4 vyssi u pacienti
s AD ve srovnani s kontrolnim souborem, coZ potvrzuje jeji asociaci s timto onemocnénim.
Dale byla vgenu APOE ve 3. exonu nalezena jedna substituéni varianta rs769452
(Leud46Pro). Tato varianta byla nalezena pouze u tii jedincti. Podle databazi a dostupné
literatury je tato varianta nejasného vyznamu (Masoodi et al., 2012) a pravdépodobné nema

na vznik a rozvoj AD vliv.

Sekvenace 6. exonu v genu BIN nalezla pouze jednu variantu rs1060743 (Thr162=).
Jedna se o synonymni variantu, u které nedochazi ke zmén¢ pritomné aminokyseliny. Podle
dostupné literatury, vSak mize tato varianta zvySovat riziko vzniku pozdni formy AD
(Tan et al., 2014). V nasi studii se frekvence této varianty mezi pacienty s AD a kontrolnimi

seniory vyznamn¢ neliSila.
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V genu CLU jsme v nasi studii nalezli 4 varianty. Varianta rs7982 (p.His263=), ktera
se nachazi v 5. exonu, ma podle studii vyznamnou asociaci s ukladanim B-amyloidnich
peptidi v mozkové tkani (Tan et al, 2016). Frekvence této varianty se mezi naSimi
sledovanymi soubory nijak vyznamné neliSila. Dale jsme nalezli varianty rs9331916
ars28541694, které se nachazeji v oblasti 5. intronu. V dostupnych databazich a odborné
literatute nebyl zatim klinicky vyznam téchto variant popsan. Frekvence obou téchto variant
se v nasi studii mezi sledovanymi soubory vyznamné neliSila. Kromé substitu¢nich variant
jsme vgenu CLU nalezli i jednu jednonukleotidovou deleci rs3216167 (6316delT).
Tato varianta se nachazi v oblasti 6. intronu. Varianta byla jiz v literatufe popsana (Bettens
et al., 2012), jeji asociace s AD vsSak neni v soucasné¢ dob¢é znama. V nasi studii nebyly

nalezeny rozdily ve frekvenci této delece mezi sledovanymi soubory.

Analyza 38. a 39. exonu genu CR/ nenaSla Zadnou variantu, ktera by se liSila

od referenéni sekvence.

5.2.3. Shrnuti

Z vyse uvedeného vyplyva, ze tato Cast disertacni prace nasla pomoci masivné
paralelniho sekvenovani varianty ve vybranych tusecich kandidatnich genti pro AD, vSechny
nalezené varianty viak jiz byly v databazich nebo v odborné literatufe popsany. Zadna
z téchto variant, krom¢ varianty odpovidajici alele €4 v genu 4POE, neni popsana jako
patogenni. Nékteré varianty v§ak maji podle dostupné literatury asociaci s AD. V ramci nasi

studie se nepodatilo najit Zddnou novou variantu, ktera by mohla souviset s AD.
Vysledky této ¢asti studie byly prezentovany na domaci konferenci (Ptiloha 11).

5.3. Stanoveni vybranych adipokini, inkretini, cytokini a parametri spojenych
s neurodegeneraci u pacientii s AD a kontrolnich seniori

Tato €ast prace se zaméftila na studium vybranych adipokini, inkretinil, cytokinii
a parametrl spojenych s neurodegeneraci. VSechny vybrané analyty byly stanoveny pomoci

komer¢né navrzenych multiplexovych kit na ptistroji Bio-Plex.

5.3.1. Vysledky

V ramci analyzy vybranych adipokinli a inkretini byly stanoveny nasledujici
parametry: leptin, resistin, visfatin, adipsin, adiponektin, GIP, GLP-1. Vysledky naméfenych
hodnot shrnuje Tab. 10 (viz Pfiloha). U parametrt leptin, adipsin, adiponectin a GIP jsme

v periferni cirkulaci nena$li Zadné vyznamné rozdily mezi pacienty s AD a souborem
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kontrolnich seniori. Muzi s AD méli vyssi hladiny resistinu ve srovnani s kontrolnimi
seniory. Zeny s AD mély také vyssi hladiny resistinu oproti Zenam v kontrolnim souboru,
rozdily v namétenych hladinach vSak byly na hranici statistické vyznamnosti. Pacienti s AD
méli dale vyssi hladiny visfatinu oproti kontrolnim seniorim. Tento rozdil byl vice patrny
u zen s AD, které mély hladiny 2x vys§i ve srovnani se Zenami v kontrolnim souboru.

Pacienti s AD méli vyssi hladiny GLP-1 oproti kontrolnimu souboru.

V ramci analyzy vybranych cytokinil byly stanoveny nasledujici parametry: IL-1§,
IL-4, IL-6, IL-10, IL-17A, IL-17F, IL-21, IL-22, IL-23, IL-25, IL-31, IL-33, IFN-y, sCD40L
a TNF-a. Pouze tii parametry (sCD40L, TNF-a a IL-6) byly v plazmé pacienti s AD
a kontrolnich seniorit méfitelné. Zbylé parametry byly pod mezi detekce a nemohly byt
pro dal$i zpracovani dale vyuzity. Vysledky méfitelnych parametrti shrnuje Tab. 11
(viz Ptiloha).

Z vysledkt je patrné, ze v hladinach IL-6 nejsou vyznamné rozdily mezi pacienty
s AD a kontrolnimi seniory. Muzi s AD maji nizsi hladiny TNF-a ve srovnani s kontrolni
skupinou, u Zen nebyl vyznamny rozdil pozorovan. Hladiny sCD40L byly vyznamné vyssi

u pacienti s AD oproti kontrolnim seniorim. Tento rozdil byl vyraznéjsi u Zen.

V ramci analyzy markerti spojenych s neurodegeneraci byly stanoveny nasledujici
parametry: BDNF, MPO, NCAM, PDGF-AA, PDGF-AB/BB, RANTES, sICAM-1
asVCAM-1, enolasa-2 a cystatin C. Nameéfené hodnoty jednotlivych parametrii

spojenych s neurodegeneraci shrnuje Tab. 12 (viz Ptiloha).

Analyty BDNF, PDGF-AA a PDGF-AA/BB byly u velké ¢asti jedincti v kontrolnim
souboru pod hladinou detekce. Ve statistickych analyzach jsme se zaméfili na parametry
detekovatelné u obou soubort. Hladiny parametrit NCAM, sICAM-1, sVCAM-1 a cystatin
C se mezi pacienty s AD a kontrolnimi seniory vyznamné neliSily. Hladiny analytu MPO
se mezi muzi s AD a muzi v kontrolni skupiné vyznamné neliSily, Zeny s AD mély oproti
zenam v kontrolni skupiné vys$s$i hladiny MPO. Hladiny chemokinu RANTES byly
mnohonésobné vyssi u pacientll s AD oproti kontrolnim senioriim. Hladiny enolasy 2 byly
také vysSi u pacientl s AD ve srovnani s kontrolni skupinou, ale rozdily nebyly

tak markantni, jako v ptipadé RANTES.

61



5.3.2. Diskuze

Adipokiny jsou latky produkované tukovou tkani, které se aktivné tucastni
metabolickych procesti v organismu. Svoji ulohu hraji i v zanétlivych procesech, inzulinové
senzitivit¢ nebo imunitni odpovédi (Kiliaan et al., 2014). Mezi adipokiny patii leptin, ktery
ma mimo jiné vliv na uceni, pamét’ a synaptickou plasticitu hippokampu (Oomura et al.,
2006). Studie ukazaly, ze hladiny cirkulujiciho leptinu souviseji s pritomnosti AD. Bylo
zjisténo, ze pacienti s AD maji snizené hladiny tohoto adipokinu ve srovnani s kontrolnimi
jedinci, a ze leptin redukuje produkci B-amyloidi (Fewlass et al., 2004) i nadmérnou
fosforylaci tau proteinu (Greco et al., 2008). NasSe studie vSak rozdily v hladinach leptinu

mezi pacienty s AD a kontrolnimi seniory nenalezla.

Dalsi adipokin resistin miZze mit v souvislosti s AD neuroprotektivni efekt. Resistin
pomaha zlepSovat funkénost mitochondrii a branit odumirani nervovych bunék (Zhu et al.,
2006). V séru byly u pacienti s AD naméfeny vysSi hladiny resistinu oproti zdravym
jedincim (Demirci et al., 2017). Tato studie nasla korelaci resistinu se zanétlivymi markery
pfitomnymi u AD, a proto se autoii domnivaji, Ze resistin mize hrat ulohu v zanétlivém
procesu charakteristickém pro AD. V nasi studii jsme nasli zvySené plazmatické hladiny
resistinu u pacientli s AD, ale pouze u muzl. U Zen nebyly v namétenych hladinach nalezeny

#4dné rozdily.

Pacienti s AD méli v nasi studii vyssi hladiny visfatinu ve srovnani s kontrolnim
souborem. Tento rozdil byl markantnéji pozorovatelny u Zen, kde byl rozdil mezi
namétenymi hladinami dvojnasobny. Visfatin méa schopnost napodobovat funkci inzulinu
(Fukuhara et al., 2005), v souvislosti s imunitnim systémem plisobi jako prozanétlivy marker
(Romacho et al., 2013). Jeho hladiny se zvySuji béhem pfirozeného starnuti a v ptipadé
abnormalniho zvySeni mize dojit k poSkozeni hematoencefalické bariéry, k akumulaci
B-amyloidii a k naslednému poskozeni mozkové tkané (Adams, 2008). Studie nasly zvySené

hladiny visfatinu u pacientti s metabolickym syndromem a s DM2 (Chen et al., 2006b).

Adiponektin je dal$i ze skupiny adipokint, ktery ma mimo jiné neuroprotektivni
funkci. Jeho souvislost s AD je kontroverzni. Nékteré studie zadné rozdily mezi pacienty
s AD a kontrolnimi jedinci nenasly (Dukic et al., 2015), jiné nasly zvySené hladiny
u pacientii s AD (Khemka et al., 2014). Nase studie zadné vyznamné rozdily mezi pacienty
a kontrolami nenalezla. Koncentrace dal$iho adipokinu adipsinu v séru i v cerebrospinalni

tekutin€ pozitivné koreluje s parametry zanétu. Diky prichodnosti pies hematoencefalickou
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bariéru se zda, Ze by jeho vyS$i koncentrace v periferii mohly vypovidat o lokalnim
a systémovém zancétu (Schmid et al., 2016). V nasi studii nebyly nalezeny zadné rozdily

v namétenych hladinéch adipsinu mezi sledovanymi soubory.

Nekteré vysledky nasi studie tykajici se adipokinti se shoduji s vysledky studii jinych
autortl, nékteré vysledky jsou kontroverzni. Z toho lze usuzovat, ze vySetfeni samotnych
adipokinti pro diagnostiku AD neni vhodné, ale v kombinaci s dal$imi vySetfenimi, jsou

nékteré adipokiny potencidlné vhodné pro doplnéni celkového obrazu stavu pacienta.

Jak ukézaly studie na zvifecich modelech, inkretiny GIP a GLP-1 mohou hrat
neuroprotektivni roli v mozkové tkani (Liet al., 2010b; McClean et al., 2011). Studie uvadi,
ze GLP-1 dokaZe redukovat aktivaci mikroglii a chranit neurony proti oxidativnimu stresu
(Bae and Song, 2017). V nasi studii m¢li pacienti s AD vyss$i hladiny GLP-1 ve srovnani

s kontrolnim souborem. Hladiny GIP se mezi sledovanymi soubory nijak vyznamné nelisily.

.....

a zanét (Pagani et al., 2005). Mohou mit prozanétlivé i protizdnétlivé ucinky, na cilovych
buiikach plsobi prostfednictvim specifickych membranovych receptort. Hladiny cytokina
se méni v zavislosti na pfitomnosti zanétu. V souvislosti s AD bylo zjisténo, Ze nékteré
cytokiny mohou stimulovat sekreci dalSich proteint, které se nachazeji v senilnich placich
(Rubio-Perez and Morillas-Ruitz, 2012). NaSe studie se zaméfila na prozanétlivé
studii hodnoceny, byly pouze tfi parametry v plazmé méfitelné. Hladiny prozanétlivého
IL-6 se v na$i studii mezi pacienty s AD a kontrolnimi seniory nijak vyznamné neliSily.
Tento vysledek je rozdilny od pfedchozich studii, které u pacientii s AD zjistily vyssi hladiny
IL-6 oproti kontrolam (Leung et al., 2010) a jejich korelaci s hladinami v cerebrospinalni

tekutin€ (Sun et al., 2003). Nase studie tyto vysledky nepotvrdila.

Dalsi prozanétlivy cytokin, ktery je ddvan do souvislosti s AD je TNF-a. Podle studii
maji pacienti s AD vyS$$i koncentrace tohoto cytokinu ve srovnani s kontrolnimi jedinci
(Swardfager et al., 2010). NaSe studie zjistila opacny trend — pacientky s AD mély nizsi
hladiny TNF-a oproti Zendm z kontrolniho souboru. Mezi muzi s AD a zdravymi seniory
nebyly zjiStény zadné rozdily v naméfenych hladinach. U pacientii s AD byly zjistény vyssi
koncentrace sCD40L. Tyto vysledky jsou v souladu s pfedchozimi studiemi, které dosly

ke stejnému zaveéru (Volmar et al., 2009). Podle studii sCD40L miize spole¢né se svym
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receptorem spoustét produkci B-amyloidnich peptidi a mubze byt pifimo zapojen
do patofyziologie AD (Desideri et al., 2008). Podle n¢kterych studii (Yu et al., 2016)
by sCD40L mohl byt jednim z markert vhodnym pro diagnostiku AD. Tuto myslenku
podporuji i vysledky nasi studie.

V ramci této studie byly ddle méfeny hladiny parametrti, které maji souvislost
s neurodegeneraci. Mezi tyto parametry patii neurotropni faktory, ristové faktory,
chemokiny a dalsi latky. Tyto markery jsou zapojeny do obrannych mechanismi imunitniho
systétmu, de€ji v centralni nervové soustaveé, uCastni se synaptogeneze, neurogeneze
a podporuji ptezivani nervovych bunék. Tti ze zkoumanych parametri (BDNF, PDGF-AA,
PDGF-AA/BB) musely byt ze studie vytazeny, protoze jejich hladiny byly u velké ¢asti
jedinci v kontrolni skupiné pod mezi detekce. Déle byly vramci panelu
pro neurodegenerativni onemocnéni stanoveny hladiny adhezivnich molekul NCAM,
sICAM-1 a VCAM-1. Tyto molekuly jsou biomarkery mikrovaskularnich poruch a studie
uvadéji, Ze u pacienti s AD jsou hladiny ICAM-1 a VCAM-1 vplazmé zvySené
(Ewers et al., 2010). NaSe studie nenasla Zadné rozdily v hladindch téchto parametrii mezi

sledovanymi soubory a pro ¢asnou diagnostiku AD se proto nezdaji byt vhodnymi markery.

Cystatin C je dalSim ze stanovenych neuroparametrii. Jedna se o inhibitor
cysteinovych peptiddz, ktery se ucastni procesti imunitniho systému, ma antivirdlni
a antibakteridlni aktivitu a ptispiva k obranné odpovédi pti poSkozeni mozkové tkané
(Mussap and Plebani, 2004). V souvislosti s AD se uvadi, ze mé& neuroprotektivni roli,
protoze inhibuje ukladdni B-amyloidii (Sastre et al, 2004). Hladiny cystatinu C
v cerebrospindlni tekuting pozitivné koreluji se zvySenymi hladinami tau proteinu (Sundelof
et al., 2010). V plazmé byly zjiStény u pacientli s AD niz$i hladiny tohoto parametru (Chuo
et al., 2007), jina studie se zabyvala hladinami cystatinu C v séru a zadné rozdily mezi
pacienty s AD a kontrolami nenalezla (Kalmén et al., 2000). Ani v nasi studii jsme mezi

pacienty s AD a kontrolnimi seniory Zadné vyznamné rozdily nenasli.

Enolasa 2 (znamé také jako neuron-specifickd enolasa) je enzym nachézejici
se v nervovych bunkach. Vysoké hladiny enolasy 2 v centralni nervové soustavé mohou
slouzit jako marker neuronového posSkozeni. ZvySené hladiny enolasy 2 v séru
a v cerebrospinalni tekutin¢ byly zvySené v piipad¢ pfitomnosti nervového poskozeni,
napft. v pripad¢ cévni mozkové ptihody (Chekhonin et al., 2002). V souvislosti s AD byly

nalezeny zvysSené hladiny enolasy 2 u pacientti s AD v cerebrospindlni tekutiné (Palumbo et
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al., 2008). Podle této studie se jedna o specificky marker pro neurondlni poSkozeni u AD,
protoze hladiny této elonasy byly zvySené pouze ve skupiné pacientll s AD ve srovnani se
skupinou jedincl s mirnou kognitivni poruchou nebo fronto-temporalni demenci. V nasi
studii jsme potvrdili tyto vysledky i pfes to, ze hladiny enolasy 2 byly méfeny v plazmé,
a nikoliv v cerebrospindlni tekutin€. Pacienti s AD méli 3x vyssi hladiny tohoto parametru
oproti kontrolnimu souboru a tento marker se zda byt vhodnym ukazatelem pro doplnéni

diagnostickych vysetieni.

Poslednim vySetfovanym parametrem spojenym s neurodegeneraci byl chemokin
RANTES, ktery hraje dulezitou tlohu v navadéni leukocyti do CNS za patologickych
podminek, zejména v piipad¢ vyskytu neurozanétu (Ubogu et al., 2006b). U pacientii s AD
byla nalezena zvySend exprese RANTES v cerebralni mikrocirkulaci (Tripathy et al., 2010).
V periferii pacientii s AD byla nalezena jak snizena exprese RANTES na trovni mRNA
(Kester et al., 2012), tak i zvySend koncentrace v plazmé (Marksteiner et al., 2011). N&které
studie zadné rozdily mezi pacienty s AD a kontrolnimi seniory nenaSly (Soares et al., 2009;
Julian et al., 2015). V na$i studii jsme nalezli mnohonasobné vy$si hladiny RANTES

v plazmé u pacienti s AD oproti kontrolnim seniortim.

Zmény v hladinach RANTES byly zaznamenany také v souvislosti Parkinsonovou
nemoci (Tang et al., 2014) nebo roztrousenou skler6zou (Mori et al., 2016). V ptipade
posttraumatické stresové poruchy, kdy pacienti méli vyssi hladiny RANTES v plazmé
ve srovnani s kontrolni skupinou, zeny mély vyssi hladiny nez muzi (Oglodek et al., 2015).
Nase vysledky ukazaly opacny trend — muZzi maji vice jak 2x vyssi hladiny neZ zeny,
ale pouze ve skupin¢ kontrolnich seniorti. U pacienti s AD jsme zadné rozdily mezi
pohlavimi nenasli. Rozdil v hladindch mezi pohlavimi u kontrolni skupiny pravdépodobné

odrazi chovani RANTES béhem starnuti za fyziologickych podminek.

Dale byly zmény v hladinaich RANTES zaznamenany v souvislosti s obezitou
a s pritomnosti metabolického syndromu (Wu et al., 2007; Ueba et al., 2014). U obéznich
jedinct byla nalezena zvySend exprese RANTES v subkutanni tukové tkani ve srovnani
s kontrolnim souborem (Baturcam et al., 2014). V na$i studii jsme piredpokladali,
ze pritomnost obezity nebo metabolického syndromu bude mit vliv na hladiny RANTES.
Nicméné protoze jedinci ve sledovanych souborech (pacienti s AD, kontrolni senioii)
se z hlediska obezity vyrazné neliSili (méfeno na zakladé hodnot BMI), dosli jsme k zavéru,

ze obezita neméla na hladiny RANTES v nasi studii zadny vliv. Rozdily v pfitomnosti
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metabolického syndromu, respektive procentualni zastoupeni jednotlivych slozek tvoticich
metabolicky syndrom, byly mezi sledovanymi soubory nevyznamné. Nékteré hodnoty
jednotlivych komponent metabolického syndromu byly u pacienti s AD o néco nizsi,
coz bylo pravdépodobné zpiisobeno castéjsi pfitomnosti medikace u tohoto souboru.

Metabolicky syndrom tedy v nasi studii nemél na plazmatické hladiny RANTES zadny vliv.

V mozkové tkani se RANTES chova jinak nez jen jako typicky prozanétlivy cytokin.
Je schopny indukovat proliferaci oligodendrocytli a tim pfispivat k procesu myelinizace
(Kadi et al., 2006). Pokusy in vitro ukazaly, ze RANTES podporuje migraci ganglii (Bolin
et al., 1998), reguluje diferenciaci a zvysSuje proliferaci astrocytll v ¢elni oblasti lidského
mozku (Bakhiet et al., 2001). M4 neuroprotektivni roli proti riznym neurotoxinim, véetné

B-amyloidniho peptidu (Ignatov et al., 2006).

Vzhledem ktomu, Ze obezita ani metabolicky syndrom nemély v nasi studii
na hladiny RANTES vliv, se domnivame, Ze rozdily mezi pacienty s AD a kontrolnimi
seniory jsou zpusobeny pfitomnosti neurozanétu v mozkové tkani pacienti s AD. Divodem
by mohla byt snaha mozkové tkané se branit proti pfitomnému zanétu zvySenim produkce
RANTES. Ten poté prochazi ptes hematoencefalickou bariéru do periferni cirkulace. Toto
vysvétleni by vSak potirebovalo dal§i nezavislé studie. Nabizi se otdzka, zda se hladiny
RANTES nezvysuji ptirozen¢ béhem procesu starnuti. Studie Alberta et al. (Albert et al.,
2017) naméfila u kontrolnich jedinct niz$i periferni hladiny RANTES oproti pacientim
s poranénim mozku (stejny trend jsme pozorovali i v nasi studii). Tyto zdravé mladé
kontroly (vek ~30 let) mély 2x niz8i hladiny RANTES ve srovnani s naS§imi seniorskymi
kontrolami. Z vysledkil 1ze usuzovat, zZe se hladiny RANTES v periferii zvySuji pfirozené
s pribyvajicim vékem. Z vySe uvedeného vyplyva, ze RANTES je potencidln¢ vhodny
marker vyuzitelny v diagnostice AD, nicméné je nutné piihlédnout 1 k ostatnim

souvislostem.

5.3.3. Shrnuti

U pacienti s AD jsme oproti kontrolnim seniortim nasli zvySené hladiny resistinu,
visfatinu a GLP-1. U ostatnich adipokinil a inkretinii jsme Zadné rozdily nenalezli. V rdmci
analyzy cytokinli jsme nasli zvySené hladiny sCD40L u pacientii s AD, a naopak nizsi
hladiny TNF-a u Zzen s AD. V hladinach IL-6 nebyly nalezeny zadné rozdily, ostatni
cytokiny nebyly v plazmé méfitelné. U pacientli s AD jsme nasSli n€kolikanasobné vyssi

hladiny chemokinu RANTES v periferii ve srovnani se souborem kontrolnich seniort.
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Vzhledem k tomu, Ze v nasi studii nebyl patrny vliv obezity ani metabolického syndromu,
je pravdépodobné, Ze je tento rozdil zptisoben pritomnosti zanétu v mozkové tkani pacientti
s AD. Vliv pohlavi byl patrny pouze ve skupiné kontrolnich seniorit (muzi méli vyznamné
vys$$i hladiny nez zeny). U pacientll s AD jsme zadny vyznamny rozdil mezi pohlavimi
nepozorovali. Dale jsme zjistili trojndsobné vyssi hladiny enolasy 2 u pacienti s AD
a zvySené hladiny MPO u zen s AD. U ostatnich parametrti jsme zadné rozdily mezi pacienty

a kontrolnimi seniory nezaznamenali.

Vysledky na$i studie naznacuji, ze parametry visfatin, resistin, GLP-1, sCDA40l,
RANTES a enolasa 2 jsou potencidlné¢ vhodné pro vyuziti v diagnostice AD. Ostatni
parametry, kterymi se tato studie zabyvala, maji i1 v literatufe kontroverzni vysledky a jejich

vyuziti v diagnostice AD je sporné a pravdépodobné se pro diagnostiku AD vyuzit nedaji.

Cast vysledkii tohoto oddilu studie byla prezentovana na doméaci konferenci (Piiloha

13).
5.4. Stanoveni vybranych cirkulujicich steroidnich hormont u pacienti s AD

Steroidni hormony jsou latky lipofilni povahy, které wvznikaji procesem
steroidogeneze. Prekurzorem pro vznik vSech steroidnich hormont je cholesterol. Jedna se
o regulatory mnoha fyziologickych procest véetné téch, které probihaji v mozkové tkani.
Zde maji regula¢ni tlohu, ovliviiuji plasticitu neuronti, odpovéd’ na stres, uceni a pamét.
Nékteré mohou mit neuroprotektivni Gi€inek. V rdmci této studie byly stanoveny vybrané

steroidy a jejich polarni konjugaty.

Dale jsme se zaméfili na enzym SULT2AI1 (sulfotransferase family 2A,
dehydroepiandrosterone-preferring, member 1), ktery katalyzuje sulfonaci androgenti
a ktery je exprimovan v nadledvinach v zona retikularis. Steroidni sulfaty jsou dulezitymi
prekurzory pro dal$i biologicky aktivni steroidy a maji odliSné fyziologické funkce
ve srovnani s jejich nekonjugovanymi protéjsky. Procesem konjugace dochézi k vyznamné
zméné biologické aktivity. Hladiny cirkulujicich konjugovanych steroidii jsou mnohem
vy$$i nez jejich nekonjugovanych forem. Pro hodnoceni role SULT2A1 v patofyziologii AD
jsme analyzovaly steroidy, u kterych pievazuje sulfonace katalyzovand SULT2AI1
nad glukuronidaci (konjugace -COOH nebo -OH skupiny s kyselinou glukuronovou).
Pro odhad aktivity SULT2A1 byly pouzity pomeéry steroidnich konjugati a jejich

nekonjugovanych proté;jski.
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5.4.1. Vysledky

Ze studie byli vyfazeni pacienti, kteti uzivaji nasledujici 1éc¢iva: kortikoidy,
inhibitory vstfebavani serotoninu, hormondlni terapie, estrogeny a/nebo nesteroidni
antirevmatika. Hladiny nékterych namétenych steroidnich hormont, u pacienti s AD a
kontrolni skupiny seniori jsou uvedeny v Tab. 13. Zjistili jsme vyznamné rozdily
v pomérech produkt/prekurzor cirkulujicich steroidi. Na zékladé toho mizeme odvozovat
vyznamné zmény ve steroidogenezi, resp. snizenou ¢i zvysenou aktivitu klicovych enzymi
steroidogeneze u pacientll s AD ve srovnani s kontrolnim souborem. Hladiny C21 steroidt
byly konzistentné vyssi u pacienti s AD ve srovnani s kontrolnim souborem, coz ukazuje
na zvysenou aktivitu enzyma v zona fasciculata nadledviny u pacienti s AD. Naopak
hladiny stabilnich 50/p redukovanych kataboliti C19 steroidii, zvIaste jejich sulfatd, byly
u pacientd s AD konzistentné snizeny. Tento vysledek ukazuje na redukovanou aktivitu
enzymi v zona reticularis nadledviny a dale sniZenou produkci neuroexcitaénich A> steroida
u pacienti s AD oproti kontrolnim seniorim, a to u obou pohlavi. U muzi pak byla
pozorovana sniZena konverze androstendiolu na testosteron. Vysledky této analyzy byly déale
hodnoceny ve vztahu s gluk6zovou toleranci. Naméfené hodnoty glukdézového metabolismu
u sledovanych soubort jsou uvedeny v Ptiloze 3. Vztah mezi steroidnim metabolomem

a glukdzovou toleranci nebyl v nasi studii prokazan.

Vramci odhadovani  aktivity enzymu SULT2A1 jsme u  pomérl
konjugovanych/nekonjugovanych C21 steroidii nezjistili zadné vyznamné rozdily mezi
pacienty s AD a kontrolnimi seniory. Naopak vyznamné rozdily jsme nalezli u poméri
konjugovanych/nekonjugovanych C19 steroidii. Pacienti s AD méli vyznamné nizs$i poméry
konjugati k volnym formam steroidi. Studie prokazala snizenou sulfonaci C19 steroida,
tedy nizsi aktivitu SULT2A1 enzymu v zona reticularis v nadledviné u pacientd s AD.
Jednotlivé poméry mezi konjugovanymi a nekonjugovanymi steroidy jsou uvedeny

v Tab. 14.

5.4.2. Diskuze

Steroidni latky hraji diilezitou tlohu v procesu patofyziologie AD. Jejich souvislost
s AD byla jiz n€kolikrat studovana, nicméné metabolomicka data jsou omezena. U pacienti
s AD byly popsany zmény v hladindch neuroaktivnich steroidu, ale jejich vztah ke vzniku

a rozvoji tohoto onemocnéni neni dosud pfili$ jasny.
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Studie uvadéji, ze 17p-estradiol mlize pusobit protektivné proti AD, a Ze jeho pokles
v priabéhu starnuti mize zvysovat riziko rozvoje tohoto onemocnéni (Pike et al., 2009).
U Zen s AD byly naméfeny nizs$i hladiny 17B-estradiolu v mozkové tkdni ve srovnani se
stejné starymi kontrolami (Rosario et al., 2011). Podobné jako v pifipad¢ estrogent
1 testosteron muze pusobit protektivné proti AD. Nékteré studie uvadeji, Ze postupna ztrata
tohoto hormonu béhem procesu starnuti miize zvySovat riziko rozvoje AD (Moffat et al.,
2004), jiné studie to vSak nepotvrdily (Pennanen et al., 2004). Nizké hladiny testosteronu
v mozkové tkani negativné koreluji s hladinami B-amyloidu u muz sranou fazi AD
(Rosario et al., 2011). Obecné Ize tedy fici, ze postupna ztrata pohlavnich steroidnich
hormontl béhem starnuti je asociovdna se zvySenim hladin f-amyloidnich peptidu, a tedy
1 s vy$§im rizikem vzniku AD, a to jak u muzq, tak i u zZen. V nasi studii méli muzi s AD

snizenou konverzi androstendiolu na testosteron oproti kontrolnim seniorm.

SULT2ALI je enzym ktery je béhem vyvoje exprimovan pievazné ve fetalni zoné
nadledvin (Barker et al., 1994), v dospélosti pak v zona reticularis nadledvin. V men8i mife
je exprimovan v ledvinach, vaje¢nicich, prostaté, Zzaludku nebo v tlustém stievé (Barker et
al., 1994; Javitt et al., 2001). SULT2Al katalyzuje sulfonaci androgenii a jejich
5a/B-redukovanych katabolitd, pregnenolonu, 5o/B-redukovanych izomerii pregnanolonu,
ale také zlucovych kyselin (Thomae et al., 2002). Snizeny pomér konjugovanych sulfati
(ve vazb¢ se sulfatem nebo kys. glukuronovou) k nekonjugovanym formam steroida C/U

(conjugated/unconjugated) mize indikovat snizenou aktivitu SULT2A1.

Vysledky nasi studie ukdzaly snizeni pomér C/U C19 steroidd u pacienti s AD,
a tedy asociaci mezi utlumenou sulfonaci C19 steroidl v zona reticularis a patofyziologii
AD. Drivejsi studie ukézaly, ze s ptibyvajicim veékem klesa produkce adrenalnich
androgenti, podobné jako klesa produkce v zona reticularis (Dharia and Parker, 2004).
Ackoliv se zda, Ze DHEA nema u lidi vliv na kognitivni funkce u pacientl s AD (Maggio et
al., 2015), nékteré studie ukazaly neuroprotektivni efekt DHEA/DHEAS (Traish et al.,
2011). NaSe data ukazuji podobné jako jiné studie (Aldred and Mecocci, 2010) snizenou

aktivitu zona reticularis u pacientii s AD.

V nasi studii jsme u sledovanych soubort nezjistili vyznamné rozdily v poméru C/U
C21 steroidi. Tento trend by pravdépodobné mohl byt zptsobeny nizsi stabilitou C21 A
steroidii. Tyto steroidy maji vysoké individualni vykyvy v jednotlivych metabolickych

procesech. Naproti tomu sulfaty C19 steroidii jsou mnohem vice stabilni. Poméry C/U

69



nékterych steroidil jsou vy$s$i u muzl oproti Zenam, coZ je pravdépodobné zpisobeno vlivem
testikularni steroidogeneze. Pomér C/U steroidii nebyl zéavisly na veku s vyjimkou
androsteronu. Hodnota BMI neméla na pomér C/U steroidii u nasich sledovanych souborti
zadny vliv.
5.4.3. Shrnuti

NaSe studie zjistila odliSnou adrendlni steroidogenezi u pacienti s AD oproti
zdravym seniorim. Vysledky ukazaly asociaci mezi snizenou sulfonaci C19 steroidii v zona
reticularis a patofyziologii AD. Déle ukazaly, Ze u pacienti s AD se vyskytuji vyssi hladiny
C21 steroidl, maji tedy zvySenou ¢innost zona fasciculata nadledviny. Tento vysledek je

v souladu s modelem tzv. stars$i zony reticularis nadledviny vyskytujici se u pacientii s AD.

Vysledky byly publikovdny v zahrani¢nich  impaktovanych casopisech
(Priloha 2 a Priloha 3).
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6. Zavér

Predkladana disertatni prace navazuje na vyzkumny projekt, ktery probihal
v Endokrinologickém tstavu v Praze, a na moji diplomovou préci, kterd se zabyvala studiem
spole¢nych patogenetickych faktori AD a DM2. Disertacni prace je zaméfena na vyzkum
genetickych a biochemickych zmén v souvislosti s AD, jejichZz objasnéni by pftispélo

k poodhaleni pozadi vzniku a rozvoje tohoto onemocnéni.

U pacientii s AD se velmi Casto vyskytuje inzulinova rezistence mozkové tkane.
Otéazkou zlstava, zda inzulinova rezistence v CNS ma souvislost s periferni inzulinovou
rezistenci. Geneticka ¢ast studie byla zaméfena na nékteré polymorfismy kandidatnich genti
pro AD, u kterych byla ukézana souvislost s touto nemoci. U téchto polymorfismii jsme
chtéli zjistit, zda maji i souvislost s poruchami glukézového metabolismu. Vysledky studie
ukazaly asociaci polymorfismu rs3851179 v genu PICALM s gestatnim diabetem
a s porusenou glukoézovou toleranci. U ostatnich polymorfismi nebyla Zadna asociace

s poruchami glukézového metabolismu prokazana.

Dale byla genetickd ¢ast prace zaméfena na hleddni novych variant v nékterych
exonech vybranych kandidatnich genti pro AD a na jejich pfipadnou souvislost s rizikem
vzniku a rozvoje tohoto onemocnéni. Ve sledovanych souborech nebyla nalezena zadna

dosud nepopsana varianta.

Biochemicka ¢ést prace byla zaméfena na hledani rozdild v perifernich hladindch
vybranych adipokintl, inkretinl, cytokinl a neurodegenerativnich parametrii mezi pacienty
s AD a zdravymi seniory. Vysledky ukazaly zvySené hladiny resistinu, visfatinu, GLP-1,
sCD40L, MPO (pouze u zen) a enolasy-2 u pacientd s AD oproti kontrolnim seniortim.
Velmi vyznamny rozdil byl nalezen u chemokinu RANTES, jehoz hladiny byly

nékolikanasobné vyssi u pacientit s AD ve srovnani s kontrolnim souborem.

Dale byla tato ¢ast prdce zaméfena na steroidni hormony a na poméry jejich
konjugovanych a nekonjugovanych forem. Vysledky ukdzaly odliSnou adrenalni
steroidogenezi u pacientd s AD. Ve srovnadni s kontrolnimi seniory byly u pacienti s AD
nalezeny vys$i hladiny C21 steroidl, a naopak nizS$i hladiny C19 steroidii. Tato data
poukazuji na zvySenou ¢innost zona fasciculata nadledvin a zaroven na utlumenou aktivitu

zona reticularis nadledvin u pacienti s AD.

71



Tato disertacni prace ptispéla k poodhaleni genetického a biochemického pozadi
AD, kter¢ je velmi komplikované. Byla nalezena asociace rizikového polymorfismu pro AD
se skupinou jedincti, kteti maji poruchu gluk6zového metabolismu. Déle byla zjiSténa
souvislost mezi zménami v mnozstvi nebo aktivité né¢kterych biochemickych parametrti
a pritomnosti AD. Spole¢n¢ s dal§imi studiemi, které se problematikou AD zabyvaji, by tato

prace mohla v budoucnu ptispét k vytvoreni modelu pro lepsi diagnostiku AD.
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Tab. 9 Frekvence genotypl nalezenych variant u vybranych exont kandidatnich gent pro
AD

Gen Genotyp Frekvence (n) Frekvence (%) p hodnota
AD ADK AD ADK
(n=97) (n=76) n=97)  (n=76)

APOE 15429358

TT 62 58 64,6 76,3 0,13

CT 27 18 28,1 23,7 0,63

CcC 7 0 7,3 0 0,09
rs7412

CcC 92 64 95,8 84,2 0,02

CT 4 12 4,2 15,8 0,02

TT 0 0 0 0 0,58
rs769452

TT 95 75 97,9 98,7 0,83

CT 2 1 2,1 1,3 0,83

CcC 0 0 0 0 0,59

BINI 151060743

TT 46 43 47,4 55,2 0,38

CT 44 30 45,4 39,5 0,53

CC 7 4 7,2 5,3 0,83

CLU 157982

CcC 40 32 41,2 42,7 0,97

CT 46 28 47,4 37,3 0,24

TT 11 15 11,4 20,0 0,17
rs9331916

GG 58 46 59,8 63,9 0,70

AG 34 23 35,1 31,9 0,80

AA 5 2 5,1 4,2 0,95
rs28541694

GG 58 47 59.8 65,3 0,57

CG 31 22 32,0 30,5 0,98

CC 8 3 8,2 4,2 0,45
1s3216167

TT 47 35 48,5 448 0,74

T- 42 31 43,3 40,8 0,86

-- 8 11 8,2 14,4 0,29

CRI —

Statisticky program NCSS 2004; p, hladina vyznamnosti chi-kvadrat test; AD, pacienti
s AD; ADK, kontrolni seniofi
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Tab. 13 Hladiny steroidnich hormont u pacientii s AD a kontrolnich seniort (uvedeny jsou
pouze analyty, které se mezi sledovanymi soubory vyznamné lisily)

AD ADK
muZi (n=18) muZi (n=11) p hodnota
pramér [nmol/I] =  primér [nmol/I]

SD + SD
Pregnanolon 0.07+0.034 0.04 = 0.0304 0.01
5B-Pregnan-3a,20a-diol C 22.9+13.21 10.8 +4.17 0.006
16a-hydroxy-
dehydroepiandrosteron 0.06 = 0.0444 0.03 +£0.0226 0.03
Sa-Androstan-3f3,17p-diol C 81.1 +56.82 137.4+61.54 0.02

AD ADK

Zeny (n=30) Zeny (n=22) p hodnota
pramér [nmol/I] =  primér [nmol/I]

SD + SD
Pregnenolon 1.6 +1.38 0.9+£0.48 0.03
160-hydroxy-pregnenolon 0.2+0.15 0.1£0.11 0.02
16a-hydroxy-progesterone 0.7+0.54 0.5+0.72 0.02
5B-Pregnan-3a,20a-diol C 13.5+7.15 8.6 £3.71 0.005
Androsteron C 220.2 £201.1 403.5 +£227.87 0.001
Epiandrosteron C 77.6 £55.23 152.2 + 85.52 0.001
Epietiocholanolon C 8.9+7.26 16.5+11.55 0.003
Sa-Androstan-3f3,17p-diol C 159+11.61 484 +44.71 0.0001
5B-Androstan-3a,17B-diol C 3.3+1.88 4.6+2.35 0.05

Statisticky program NCSS 2004; Two-Sample test; SD, smérodatna odchylka; AD,
pacienti s AD; ADK, kontrolni seniofi; p, hladina vyznamnosti; C, konjugovana forma
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Prilohy — obrazky

rs7443373 v genu BIN1

||

kontroly kontroly kontroly

60

55.6
50
40 37.6
30
20
10 6
0
GDM

Obr. 5 Zastoupeni polymorfismu rs7443373 v genu BINI u pacientek s GDM, pacientl
s DM2, jedinct s PGT a jednotlivych kontrolnich soubort
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Obr. 6 Zastoupeni polymorfismu rs11136000 v genu CLU u pacientek s GDM, pacientl
s DM2, jedinct s PGT a jednotlivych kontrolnich soubort
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rs3818361 v genu CR1
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Obr. 7 Zastoupeni polymorfismu rs3818361 v genu CR/ u pacientek s GDM, pacientii
s DM2, jedinct s PGT a jednotlivych kontrolnich souborti
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Obr. 8 Zastoupeni polymorfismu rs3851179 v genu PICALM u pacientek s GDM, pacientd
s DM2, jedinct s PGT a jednotlivych kontrolnich souborti
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Abstract Alzheimer’s disease (AD) is the most com-
mon type of dementia, with a prevalence that is rising
every vear. AD is associated with type 2 diabetes mellitus
(T2DM) and insulin resistance, and is therefore sometimes
called “type 3 diabetes mellitus”. The aim of this study
was to examine whether the variants of some candidate
genes involved in the development of AD, namely BINI
(rs744373), CLU (rs11136000). CRI (rs3818361). and
PICALM (rs3851179), are related to several disorders of
glucose metabolism—agestational diabetes (GDM). T2DM
and impaired glucose tolerance (IGT). Our study included
550 women with former GDM and 717 control women,
392 patients with T2DM and 180 non-diabetic controls,
and 117 patients with IGT and 630 controls with normal
glucose tolerance. Genotyping analysis was performed
using specially-designed TagMan assays. No significant
associations of the genetic variants rs744373 in BINI,
rs11136000 in CLU, or rs3818361 in CRI were found with
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GDM, T2DM or IGT, but rs3851179 in PICALM was asso-
ciated with an increased risk of GDM. The frequency of
the AD risk-associated C allele was significantly higher in
the GDM group compared to controls: OR 1.21; 95% CI
(1.03-1.44). This finding was not apparent in T2DM and
IGT: conversely, the C allele of the PICALM SNP was pro-
tective for IGT: OR 0.67: 95% CI (0.51-0.89). This study
demonstrates an association between PICALM rs3851179
and GDM as well as IGT. However, elucidation of the pos-
sible role of this gene in the pathogenesis of GDM requires
further independent studies.

Keywords Alzheimer's disease - Glucose metabolism -
Gestational diabetes mellitus - Type 2 diabetes mellitus -
Impaired glucose tolerance - Polymorphisms

Introduction

Alzheimer’s disease (AD) is a progressive neurodegenera-
tive disorder, with a prevalence that is rising every vear.
There are about 44 million people with AD worldwide and
it is estimated that this number will double by 2030 [1].
AD is characterized by the deposition of f-amyloid in
the brain, which leads to the formation of “senile plaques”.
B-amyloid is toxic to neurons, and excessive accumulation
in the extracellular space leads to neuronal apoptosis [2].
AD is also characterized by the excessive deposition of
intracellular hyperphosphorylated t-protein. t-protein clus-
ters into “neurofibrillary tangles”. with excessive phospho-
rylation leading to the structural damage of neurons [3].
AD has also sometimes been described as “brain diabe-
tes”, or “type 3 diabetes mellitus™ [4]. The role of insulin
and insulin-like growth factor I (IGF-I) in the pathogen-
esis of AD and their connection with glucose metabolism

@ Springer
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is clear. In the brains of patients with AD, lower levels of
insulin, IGF-I and other elements like insulin receptor sub-
strate have been found. while levels of amyloid-precursor
protein (APP) are elevated [3]. Furthermore. lower expres-
sions of insulin and IGF-I receptors, as well as damage
to the signal transmission of these mediators, have been
described [6. 7). Subsequent brain insulin resistance 1s one
of many factors that can influence the development of AD.

The gene that is most commonly associated with AD
is apolipoprotein E (APOE) and its risk-associated allele
e4. In recent years, genome-wide association studies
(GWAS) have revealed 9 candidate genes (BINI, CRI,
CLU, PICALM, MS4A4/MS4AGE, CD2AP, CD33, EPHAL,
and ABCA7) that are associated with AD or can influence
the development of AD [8-11]. Due to these connections
between AD and type 2 diabetes mellitus (T2DM), we
wanted to know if candidate genes for AD may play a role
in another type of diabetes—gestational diabetes melli-
tus (GDM)—or in people with impaired glucose tolerance
(IGT).

For this study, four genes associated with AD were
selected: BINI, CLU, CRI. and PICALM. In order to detect
relationships between these genes and the disorders of glu-
cose metabolism analysed here, we genotyped the following
polymorphisms in all our participants: rs744373 in BINI,
rs11136000 in CLU. rs381361 in CRI, and rs3851179 in
PICALM.

Materials and methods
Study participants

The study consisted of 2172 participants. divided into
three groups with associated controls. We examined 350
women with former GDM and 717 healthy control women,
392 patients with T2DM and 180 healthy controls, and
117 subjects with IGT and 630 healthy controls (Table 1).
Patients with former GDM were women without AD,
T2DM or IGT. Controls for the GDM group were women

without GDM. AD, T2DM or IGT. Subjects in both groups
were older than 20 years. Patients with T2DM were sub-
jects without AD, IGT or GDM. Healthy controls for the
T2DM patients were without T2DM, AD. IGT, or GDM,
and were older than 40 years. Participants with IGT were
subjects with impaired glucose tolerance (fasting glycemia
of 3,6-7 mmol/l or glycemia at 120 min of the oral glu-
cose tolerance test of 7.8-11 mmol/l) without AD, T2DM,
or GDM. and were over 20 years of age. Healthy controls
were subjects over 23 years without IGT, AD, T2DM or
GDM. All members of this study were unrelated. No par-
ticipants mentioned a family history of AD in a question-
naire. Each subject signed a written informed consent for
participation in this study.

Genotyping analysis

DNA was extracted from peripheral blood and stored at
—20°C until analysis. Samples were genotyped by End-
point Genotyping with TagMan assays (Applied Biosys-
tems, Foster City, CA, USA) using Real-Time PCR.

Statistical analysis

Statistical analysis was done using the program NCSS
2004. For the evaluation of statistical differences between
cases and controls. the Chi square test was used. Each
studied polymorphism was evaluated in controls using the
Hardy-Weinberg equilibrium (HWE) in an online HWE
calculator. Odds ratios (OR) and 95% confidence intervals
(93% CI) were used to assess associations between selected
genes and the risk of GDM, T2DM and IGT.

Results

The genotypic and allelic frequencies of rs744373 in BINI.
rs11136000 in CLU, rs381361 in CRI, and rs38351179 in
PICALM are given in Table 2. There was no statistically
significant difference between the groups in the genotypic

Table 1 Characteristics of GDM and T2DM patients, IGT subjects and controls

GDM T2DM IGT

Cases Controls Cases Controls (n) Cases Controls (n)
Number 550 717 392 180 117 630
Men (%) 0 0 40 28 33 22
Age (years) 34.6 (34-35) 28.8 (28-29.56) 62 (60.3-62) 51.4(49.2-53.3)  49.3(44.9-54.3)  33.1(32.3-34.3)
BMI (kg/m?) women  23.2(22.6-23.7)  23.7(23.3-24.2)  28.7(27.7-29.9)  26.3(25.3-27.5) 28.1(26.5-29.9)  24.9 (24.4-25.6)

BMI (kg/m?) men

31.1(30.3-31.9)

258(24.7-26.7)  294(269-31.5) 24.7(24-254)

Median, 95% LCL-95% UCL

GDM gestational diabetes mellitus, T2DM type 2 diabetes mellitus, /IGT impaired glucose tolerance
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and allelic frequencies of the polymorphisms rs744373,
rs11136000, and rs3818361. The C allele (AD risk-associ-
ated allele) frequency of rs3851179 was significantly higher
in the GDM group than in controls, and was associated
with an increased risk of GDM (p=0.027; OR 1.21; 95%
CI 1.03-1.44). On the other hand, the C allele frequency
of rs3851179 was significantly lower in the IGT group
than in controls (p=0.007; OR 0.67; 93% CI 0.51-0.89).
This trend was also apparent in the group of patients with
T2DM. but was not statistically significant.

Discussion

AD is a complex multifactorial disease. with genetic as
well as environmental factors playing a role in its patho-
genesis. AD is sometimes called “type 3 diabetes™ because
lower levels of insulin and IGF-I and lower expression of
the receptors of these hormones have been found in the
brains of AD patients compared to healthy controls [3, 6].
The most well-known high-risk gene associated with AD
is APOE, namely the allele e4, that plays a role in lipid
metabolism [12]. Recently, GWAS [9, 11, 13] found a
strong association between AD and the genes BINI, CLU,
CRI, PICALM. among others. However. there is little
known about their (patho) physiological functions. To our
knowledge, there is no published data regarding possible
associations between these AD risk genes and disorders of
glucose metabolism or insulin resistance. In this study, we
evaluated whether genes involved in the development of
AD have any relation to three disorders of glucose metabo-
lism—GDM, T2DM and IGT.

The genotypic and allelic frequencies of BINI
(rs744373). CLU (rs11136000) and CRI (rs3818361) did
not differ between the groups of patients and their respec-
tive control groups. The only significant finding was the
association of the PICALM (rs3851179) C/T variant with
GDM and IGT. Our results show that the distribution of
genotypic and allelic frequencies in PICALM (rs3851179)
found in a relatively large group of GDM patients are
similar to the genotypic and allelic frequencies of AD
patients published in the literature (AD patients: CC 43%,
CT 41%. TT 14%: allelic frequencies: C 66%. T 34%)
[13]. The presence of the AD risk-conferring C allele was
associated with an increased risk of GDM, Paradoxically,
our GDM patients have a significantly lower frequency
of the minor AD “protective™ allele T compared to con-
trols. and even have a less frequent allele T than patients
with AD. The T allele frequency was also significantly
higher in the group of our IGT subjects compared to their

@ Springer

controls. A higher T allele frequency was also found in
T2DM patients and their controls compared to AD. These
results indicate that GDM pathogenesis is different from
T2DM and IGT, and that PICALM (rs3851179) could
play an important role.

There is little known about the role of PICALM in AD
and T2DM, and even less is known about its possible
role in GDM pathophysiology. In fact, there is just scarce
information on associations of this gene with any specific
diseases. Studies have shown that PICALM plays a criti-
cal role in iron homeostasis. Cellular iron import is influ-
enced by the transferrin receptor (TfR) and is depend-
ent on clathrin-mediated endocytosis. Overexpression of
PICALM impairs TfR endocytosis, which impacts the
ability of cells to import iron. In addition, PICALM plays
a key role in cell proliferation [14].

Iron homeostasis is disrupted in AD. Peripheral blood
iron metabolism markers are impaired in AD, with serum
iron concentrations in particular as well as transferrin
and ferritin (an iron stores biomarker) levels significantly
decreased in patients with AD compared with controls
[13]. On the other hand, in specific brain areas. e.g. the
basal ganglia, iron concentrations are increased in AD
compared with controls [16].

Iron homeostasis is also disrupted in GDM. In contrast
to AD. recent studies have shown that women with GDM
have higher concetrations of serum ferritin and higher
concentrations of serum iron compared to pregnant con-
trols [17, 18]. These women transport iron more actively
than those without GDM. Levels of TfR are also elevated
in women with GDM compared with non-GDM pregnant
controls [19]. These indicate that increased concentra-
tions of ferritin, iron and TfR are associated with a higher
risk of GDM development.

PICALM plays a further role in cellular cholesterol
metabolism, which is disrupted in AD and T2DM. and in
cellular lipid homeostasis. Defects in PICALM result in
the altered expression of genes in the cholesterol biosyn-
thesis pathway, and its loss contributes to increasing LDL
receptor expression at the cell surface, enhanced choles-
terol uptake and increased total cellular cholesterol. How-
ever. PICALM does not play an essential role in LDL
receptor internalization. but may be necessary for the
proper intracellular trafficking of cholesterol [20]. In con-
nection with T2DM, another polymorphism (rs341458)
in PICALM was associated with a steeper longitudinal
decline in neurocognitive speed [21].

Thus. impaired endocytosis could influence proper
lipid metabolism, insulin receptor downregulation and
many other important metabolic processes whose dysreg-
ulation is or could be associated with GDM.
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Conclusion

In conclusion, this study demonstrates an association
between the PICALM SNP rs3851179 and two types of dis-
turbed glucose metabolism, GDM and IGT. Elucidation of
the possible role of this gene in the pathogenesis of GDM
requires further idependent studies.
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ARTICLE INFO ABSTRACT
Article history: Alzheimer's disease (AD) represents more than half of total dementias. Various factors including altered
Received 9 July 2015 steroid biosynthesis may participate in its pathophysiology. We investigated how the circulating steroids
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(measured by GC-MS and RIA) may be altered in the presence of AD. Sixteen women with AD and 22 age-
and BMI-corresponding controls aged over 65 years were enrolled in the study. The steroid levels (47
steroids and steroid polar conjugates) and their ratios in AD female patients indicated increased CYP11A1
activity, weakened activity of the CYP17A1C17,20 lyase metabolic step and attenuated sulfotransferase
SULT2A1 activity at higher activity of the CYP17A1 17-hydroxylase step. The patients showed diminished
HSD3B2 activity for C21 steroids, abated conversion of 17-hydroxyprogesterone to cortisol, and
significantly elevated cortisol. The women with AD had also attenuated steroid 7a-hydroxylation

Keywords:
Alzheimer’s disease
Steroid metabolome
Women

GC-MS forming immunoprotective A°-C19 steroids, attenuated aromatase activity forming estradiol that
RIA induces autoimmunity and a shift from the 3B-hydroxy-5a/B-reduced C19 steroids to their
Multivariate statistics neuroinhibitory and antiinflammatory GABAergic 3a-hydroxy- counterparts and showed higher levels

of the 3a-hydroxy-5a/B-reduced C21 steroids and pregnenolone sulfate (improves cognitive abilities but
may be both protective and excitotoxic). Our preliminary data indicated functioning of alternative
“backdoor” pathway in women with AD showing higher levels of both 5a/B-reduced C21 steroids but
reduced levels of both 5wa/B-reduced C21 steroids, which implied that the alternative “backdoor”
pathway might include both 5«- and 5B-reduced steroids. Our study suggested relationships between
AD status in women based on the age of subjects and levels of 10 steroids measured by GC-MS.

@ 2015 Elsevier Ltd. All rights reserved.

1. Introduction

Alzheimer’s disease (AD) is responsible for up to 60% of
dementia cases in older adults. Dementia remains one of the
biggest global public health challenges facing our generation. The

_— number of people living with dementia worldwide today is
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B-amyloid protein into neuritic plaques, aggregation of hyper-
phosphorylated T-protein with formation of intraneuronal neuro-
fibrillary tangles and progressive neuronal cell loss affecting in
particular acetylcholinergic, monoaminergic, and peptidergic
neurons, activation of microglia with inflammatory reactions
and destructive actions of free oxygen radicals.

Definite diagnosis of AD requires neuropathological confirma-
tion from autopsy or brain biopsy tissue samples, but biopsy is only
rarely performed in patients with neurodegenerative dementia.
Current diagnostic criteria for probable AD are based on clinical
and neuropsychological assessment, mesial temporal atrophy on
MRI, and cerebrospinal fluid (CSF) analyses with increased total
T-protein, phosphorylated t-protein, and low B-amyloid protein
levels [1]. Due to considerable variability between laboratories
analyzing CSF and the absence of reliable and widely accepted MRI
volumetric protocols, the role of biomarkers in early AD remains
still controversial [1].

There is increasing evidence that pathological processes in the
brain of AD patients may begin even 10-20 years before the first
disease symptoms appear [2], therefore, the need for early
diagnosis is essential and other biomarkers may be helpful. From
a variety of factors participating in the pathophysiology of AD the
alterations in steroid and particularly neurosteroid biosynthesis
have been discussed in the literature in association with the
disease [3-8].

Steroid hormones are effective regulators of many physiological
processes, including those in the brain. Steroid hormones
participate in brain glucoregulation, affect the formation and
removal of ROS (reactive oxygen species). Steroids play a role in the
protective or reparative processes leading to cell death, promote
neurogenesis and myelination and also reduce neuroinflamma-
tion. They also directly influence the formation of B-amyloid
protein and t-protein phosphorylation. Steroid hormones also
affect the immune system and are therefore of potential use in the
treatment of AD (see review [9]). Some authors using rat models
suggested that B-amyloid induced cognitive insufficiency may
follow a reduction of certain neuroactive steroids such as
pregnenolone and progesterone and elevation of estradiol in brain
tissues. Moreover, the expression of inflammatory mediators
stimulated by B-amyloid may be dose dependently reversed by
progesterone with simultaneous improvement of cognitive abili-
ties [4].

Various steroidogenic enzymes are expressed in the brain tissue
but their activity may substantially differ from the one in periphery
[3]. Most probably, the absence of key mRNAs and absence of
corresponding enzyme activities rule out the de novo synthesis of
most corticoids and sex steroids in important brain tissues [3,10].
On the other hand, some steroids such as pregnenolone and 11-
deoxycorticosterone may be synthesized de novo in human central
and peripheral nervous systems and steroids of peripheral origin
may be further metabolized in the brain [3-11].

The de novo pregnenolone brain synthesis is indicated by
strikingly higher pregnenolone levels in brain when compared to
the circulating levels [ 12-16]. Furthermore, non-pregnant subjects
[17] and fetuses have comparable pregnenolone levels in brain [ 18]
but fetuses have exceedingly elevated circulating pregnenolone
levels when compared to non-pregnant subjects [17].

Due to the lipophilic nature of steroids their concentrations in
brain tissues (containing high amounts of lipophilic substances)
are commonly several times higher in comparison with their
concentrations in circulation and cerebrospinal fluid [14]. Levels of
numerous steroids in periphery, however, correlate with those in
cerebrospinal fluid and may penetrate across the blood-brain
barrier (BBB). Steroid passive transport across the BBB by
transmembrane diffusion, non-saturable process inversely related
to the steroid polarity. Steroids rapidly penetrate across the BBB

establishing a balance, which directly mirrors the circulating levels
|19-24]. Furthermore, peripheral application of estradiol and
progesterone (such as intravenous infusion or application through
a nasal route) shows comparable plasma and CSF concentration-
time profiles with a maximum at 15min after application and
AUCcsp/AUCp asma Tatios 2.0 + 0.6% and 2.2 +0.8% (AUC represents
area under the curve) for estradiol and progesterone, respectively
after intravenous infusion. Similar results were found after
intranasal application [25]. Therefore, the contribution of periph-
eral steroids to the steroid milieu in the CNS is important and
alterations in the peripheral steroidogenesis may influence
neuronal activity in the brain.

Although the steroid transport between the brain and
periphery may be slowed by globulin binding, the steroid-
globulin complex decreases the steroid clearance and has little
influence on the total steroid amount transported to the brain
[19,24]. In spite of the substantially higher circulating levels of
steroid sulfates when compared to their unconjugated counter-
parts, the levels of sulfated steroids in brain tissues are lower
when compared with their unconjugated analogues [13,18,26]
most probably due to their less polarity and the efflux transport
via organic anion transporting polypeptide. The efflux transport is
a saturable process that may be inhibited by other steroid sulfates
and further endogenous substances [27]. For instance in
dehydroepiandrosterone sulfate (DHEAS), the apparent efflux
clearance across the BBB was about 10 fold greater than its influx
one [28]. Furthermore, the brain tissues of primates exhibit
relatively high activity of steroid sulfatase, which readily hydro-
lyzes the steroid sulfates [29].

The adrenal biosynthesis in human is profoundly different
from the biosynthesis of the most commonly used laboratory
animals like mice, rats and pigs, which do not synthesize greater
amounts of adrenal androgens [30] and do not exhibit higher
adrenal expression of SULT2A1 [31]. Rodents and pigs are able to
synthesize the corticosteroids and another A? steroids via both A*
and A® metabolic pathways [32], while other mammals as
primates and ruminants synthesize the A* steroids through A®
metabolism [32]. In addition, marsupials and some other species
including human [33-36] may convert the (21 S5w-reduced
precursors to the 5a-reduced C19 equivalents. This conversion is
subsequently catalyzed by CYP17A1C17-hydroxylase and C17,
20-lyase steps. Although in most of Old world primates the fetal
zone of the fetal adrenal and adult adrenal zona reticularis produce
large amounts of C19 steroids, the age, gender and social status
differences in these species are different from the C19 steroid
levels in human [37]. Even the great apes show some differences in
adrenal androgen production. For instance the female chimpan-
zees show about three time lower levels of DHEAS and less sharp
decline with age in comparison with women [38]. Therefore, the
use of laboratory animals as models for alterations in human
steroidogenesis is mostly inadequate, particularly as concerns zona
reticularis and including mammalian species as cattle and great
apes may not reflect the steroid biosynthesis in human. As the
adrenal steroidogenesis and namely the activity of the zona
reticularis, which produces several neuroactive steroids may be
important in the pathophysiology of AD, an evaluation of the
steroid metabolome in the circulation of AD patients and age- and
gender corresponding controls may be the method of choice. On
the other hand, the animal models may be more appropriate for
investigation of steroid effects in the pathophysiology of AD,
however some authors suggest that even the triple transgenic
mice mimicking AD-like pathology may not be the best model for
studying the effects of sex steroids in the pathophysiology of AD
[39].

This study primarily maps the steroid metabolome in the
circulation of female patients with AD and corresponding controls
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to detect alterations in AD group, to interpret these alterations
regarding the human steroidogenesis and then to build a
multivariate model based on relevant steroids measured by GC-
MS in a single aliquot evaluating the relationships between the
steroids and AD.

2. Materials and methods
2.1. Subjects

Atotal of 16 female AD patients over 65 years fulfilling National
Institute of Neurological and Communicative Disorders and Stroke
and the Alzheimer's Disease and Related Disorders Association
(NINCDS-ADRDA) criteria for probable Alzheimer's disease and 22
female healthy controls over 65 years participated in the study
(Table 1). The majority of AD patients were examined at the time of
AD diagnosis (14 patients), 1 AD patient was treated for less than
one year and only 1 patient was treated for more than one year (33
months). Among AD patients were 5 women with type 2 diabetes
mellitus treated with oral antidiabetic agents, 10 patients with
treated hypertension, 2 patients treated for dyslipidemia, and 2
patients with hypothyroidism. Treatment with selective serotonin
reuptake inhibitors was an exclusion criterion for this study.

None of the controls included in our study had type 2 diabetes
mellitus, any immunological disease or depression. Five controls
had dyslipidemia, and 6 were treated for hypertension.

The patients and controls did not use any drug known to
interfere with the steroid biosynthesis and catabolism, especially
corticoids, selective serotonin reuptake inhibitors, estrogens,
hormone replacement therapy, and nonsteroidal anti-inflamma-
tory drugs.

Diagnosis of AD was confirmed by neuropsychological tests,
cerebrospinal fluid analysis, and MRI. Neuropsychological exami-
nation included three tests (1) the repeatable battery for the
assessment of neuropsychological status (RBANS), (2) the montreal
cognitive assessment (MoCA), and (3) geriatric depression scale
(GDS).

In our cohort 14 patients had AD, one patient had possible
dementia with Lewy bodies in comorbidity, and one patient had
AD and significant subcortical ischemic white matter lesions
consistent with the diagnosis of mixed dementia. Controls were
examined with the same tests and had MRI but lumbar puncture
was not performed in these subjects.

Participants were examined after signing an informed consent
approved by the Ethics Committee of the Institute of Endocrinolo-
gy. For the evaluation of basic biochemical parameters and steroid
metabolom, 10mL of blood was withdrawn on fasting in the
morning. Blood samples were centrifuged and stored at —80°C
until analyzed.

2.2. Anthropometric measurements

Anthropometric data were obtained on fasting. Waist circum-
ference was measured halfway between the rib cage and the pelvic
bone. Hip circumference was measured at the maximal circumfer-
ence of the hips. The waist to hip ratio (WHR) was calculated from
these measurements. Body mass index (BMI) was calculated as the
weight in kilograms divided by the square of the height in meters.
Body adiposity index (BAl), a surrogate measure of body fat, was
calculated as hip circumference divided by height 1.5 minus 18.

2.3. Chemicals

Steroids were purchased from Steraloids (Newport, RI, USA),
Sylon B from Supelco (Bellefonte, PA, USA), methoxylamine
hydrochloride from Sigma (St. Louis, MO, USA) and solvents from
Merck (Darmstadt, Germany).

2.4. Instruments

The GCMS-QP2010 Plus system from Shimadzu (Kyoto, Japan)
consisted of a gas chromatograph equipped with automatic flow
control, AOC-20s autosampler and a single quadrupole detector
with an adjustable electron voltage of 10-195V was utilized. A
capillary column with a medium polarity RESTEK Rxi (diameter
0.25mm, length 15m, film thickness 0.1 wm) was used for
analyses. Electron-impact ionization with electron voltage fixed
at 70V and emission current set to 160 pA was used for the
measurements. The temperature of the injection port, ion source
and interface was maintained at 220, 300, and 310 °C, respectively.
Analyses were carried out in the splitless mode with a constant
linear velocity of the carrier gas (He) which was maintained at
60cm/s. The septum purge flow was set up to 3 mL/min. The
samples were injected using the high pressure mode which was
applied at 200 kPa and this pressure was maintained for 1 min. The
detector voltage was set to 1.4 kV.

2.5. Analytical methods

In total, the levels of 30 circulating unconjugated steroids such
as pregnenolone, 17-hydroxypregnenolone, 16a-hydroxypregne-
nolone, 20w«-dihydropregnenolone, dehydroepiandrosterone
(DHEA), 7a-hydroxy-DHEA, 7@-hydroxy-DHEA, 16a-hydroxy-
DHEA, androstenediol, 5-androstene-3[3,7¢,173-triol, 5-andros-
tene-3[3,73,173-triol, progesterone, 17-hydroxyprogesterone, 160~
hydroxyprogesterone, 20«-dihydroprogesterone, cortisol, andro-
stenedione, testosterone, 5a-dihydrotestosterone, estrone, estra-
diol, allopregnanolone, isopregnanolone,  pregnanolone,
androsterone, epiandrosterone, etiocholanolone, epietiocholano-

lone, 5a-androstane-3a,17B3-diol, 5a-androstane-3[3,173-diol
Table 1
Chachacterization of women with Alzheimer's disease (AD) and controls.
Mean (95% confidence interval) ANOVA
Variable AD (n=16) Controls (n=22) F P
Age [year] 748 (721, 77.7) 66.9 (65.1, 68.8) 123 0.001
BMI [kg/m?] 27.7 (25.8, 29.8) 24.9(23.6, 26.4) 25 0123
WHR 0.843 (0.819, 0.868) 0.811 (0.793, 0.83) 19 0172
BAI [%] 31.7 (2958, 33.7) 32.3 (30.7, 34.1) 0.1 0.758
HbA1c [mmol/mol] 35.2 (334, 36.9) 39.3 (37.9, 40.7) 6.4 0.016
Total cholesterol [nmol/l] 5.55(5.19, 5.97) 5.03 (4.77, 5.31) 24 0.134
HDL-cholesterol [nmol/l] 1.75 (158, 1.94) 1.53 (14, 1.66) 1.9 0179
LDL-cholesterol [nmol/l] 3.25(29, 3.63) 2.89 (2.6, 3.19) 11 0.295
Triacylglyceroles [nmol/l] 1.08 (0.945, 1.26) 114 (1.01,1.3) 0.1 0.743

BMI—body mass index; WHR—waist to hip ratio; BAl—body adiposity index; HbAlc—glycated hemoglobin; HDL—high density lipoprotein; LDL—low density lipoprotein.
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were measured. In addition, the levels of 17 conjugated steroids in
the circulation were also assessed and they were: pregnenolone
sulfate, 20a-dihydropregnenolone sulfate, DHEAS, 16a-hydroxy-
DHEA sulfate, androstenediol sulfate, allopregnanolone sulfate,
isopregnanolone sulfate, conjugated pregnanolone, conjugated
Sa-pregnane-3[3,20a-diol, conjugated 53-pregnane-3o,20c-diol,
androsterone sulfate, epiandrosterone sulfate, etiocholanolone
sulfate, epietiocholanolone sulfate, conjugated 5a-androstane-
3a,173-diol, conjugated Sa-androstane-3[3,173-diol, conjugated
5@-androstane-3a,173-diol. The aforementioned steroids were
simultaneously measured by GC-MS using our previously pub-
lished method (for details see [40-42]). The steroid conjugates
were measured in a polar layer after diethyl-ether extraction after
hydrolysis according to Dehennin and Peres [43].

The sample preparation for GC-MS analysis was as follows:
unconjugated steroids were extracted from 1 mL of serum fluid
with diethyl-ether (3 mL). The diethyl-ether extract was dried in
the block heater at 37°C. The lipids in the dry residue of the
diethyl-ether extract were separated by partitioning between a
mixture of methanol and water 4:1 (1 mL) and pentane (1 mL). The
pentane phase was discarded and the polar phase was dried in the
vacuum centrifuge at 60°C (2 h). The dry residue from the polar
phase was derivatized first with methoxylamine hydrochloride
solution in pyridine (2%) on oxo-groups (60°C, 1 h). The mixture
after the first derivatization was dried in the flow of nitrogen and
the dry residue was treated with the reagent Sylon B (99% of bis
(trimethylsilyl)-trifluoroacetamide and 1% of trimethylchlorosi-
lane) forming trimethylsilyl derivatives on hydroxy-groups (TMS-
MOX derivatives) (90°C, 1 h). Finally, the mixture after the second
derivatization step was dried in the flow of nitrogen, the dry
residue was dissolved in 20 p.L of isooctane and 1 p.L of the solution
was used for GC-MS analysis. Steroid conjugates remaining in the
polar residues after diethyl ether extraction were analyzed as
follows: the polar residues were dried in the vacuum centrifuge at
37°C (5h) and the dry residues were hydrolyzed as described
elsewhere [43]. The hydrolyzed samples were again dried in the
vacuum centrifuge at 37°C (5h). The dried residues were
reconstituted with 1mL of chromatographic water and then
further processed in the same way as the free steroids. In contrast
to the sample preparation of free steroids, the dry residue after the
second derivatization step was dissolved in 200 pL of isooctane
instead of the 20 pL of isooctane. Prior to further processing, the
original samples and the polar phases after diethyl-ether extrac-
tion, which were used for the quantification of the steroid
conjugates, were spiked with 17a-estradiol (as an internal
standard) to attain a concentration of 1 and 10 ng/mL, respectively.
The internal standard was recorded at effective masses m/z =231,
285 and 416. The addition of internal standard to body fluid before
sample preparation (free steroids) and to polar phase after diethyl-
ether extraction (conjugated steroids) assured that the losses
during the sample processing were not critical for the steroid
quantification.

The levels of 17-hydroxypregnenolone were measured by our
specific radioimmunoassay [44] and the 17-hydroxyprogesterone
and cortisol levels were estimated using a RIA kits from
Immunotech (Marseilles, France).

2.6. Terminology of steroid polar conjugates

Concerning the terminology of the steroid polar conjugates,
which were used in the text, the term steroid sulfate was used in
the case of dominance of 3a/B-monosulfate over other forms of
steroid conjugates, while the term conjugated steroid was used in
case of comparable amounts of conjugate forms (sulfates,
disulfates, and glucuronides). The above mentioned terminology
was based on the knowledge from the literature and the

corresponding citations were amended to each steroid in the
following list: pregnenolone sulfate [45,46], 20-dihydropregne-
nolone sulfate, DHEAS [46-48], 16a-hydroxy-DHEA sulfate
|46,49], androstenediol sulfate [46,47], allopregnanolone sulfate
|50], isopregnanolone sulfate [51], conjugated pregnanolone
(sulfate + glucuronide [50]), S5«-pregnane-3[3,20ca-diol sulfate
(3B,20a-disulfate + 33-sulfate) [50], conjugated 5B-pregnane-
3a,20a-diol (3(,20«-disulfate + 3B-sulfate + glucuronide) [50],
androsterone sulfate [46,47), epiandrosterone sulfate [46,47],
etiocholanolone sulfate [49], epietiocholanolone sulfate, conju-
gated S5a-androstane-3«,173-diol (glucuronide + sulfate[47]), con-
jugated 5wa-androstane-3[3,173-diol (sulfate+glucuronide [47]),
conjugated 5B-androstane-3a,17p3-diol.

2.7. Product to precursor ratios

To evaluate the balances between the steroids in reversible
metabolic steps or activities of steroidogenic enzymes, we used
product to precursor ratios (PPRs), which were also previously
used in other studies including ours and were constructed on the
basis of common steps of the steroid metabolism (the correspond-
ing references were mentioned further in the text).

2.7.1. The ratios of steroid conjugates to unconjugated steroids (C/U)

These ratios mostly reflect the activity of dominant steroid
sulfotransferase SULT2A1 possessing wide substrate specificity
|52]. SULT2A1 is highly expressed in the adrenal zona reticularis
and liver [31]. In this study we used these ratios and the recent
available knowledge on steroid conjugation in the literature, which
is as follows: pregnenolone C/U [17-46], 20a-dihydropregneno-
lone C/U [17,52], DHEA C/U [17,46-48,52-59], androstenediol C/U
[17-47,52], allopregnanoclone C/U [17,50,52], isopregnanolone C/U
[17-52], androsterone C[U [17-47,52], epiandrosterone C/U
|46,47,52], etiocholanolone C/U [17,49,52], epietiocholanolone
C/U |52], 5a-androstane-3a,17B-diol C/U [47,52], Sa-andros-
tane-3[3,173-diol C/U [47,52].

2.7.2. The balance between hydroxy-steroids and their oxo-
counterparts in C3, C17 and C20 positions

This balance is regulated by the reductive and oxidative
isoforms of 17B3-hydroxysteroid dehydrogenases (HSD17Bs) and
by the aldoketoreductases of subfamily 1C (AKR1Cs) (the
corresponding references can be found further in the text).

2.7.2.1. Balance between 3a-hydroxy-5u/f-reduced steroids and their
3-ox0- counterparts. This balance is regulated by the
aldoketoreductases of subfamily 1C (AKR1Cs) of types 4, 2, 3,
and 1 (the order is according to their physiological importance) in
the 3a-direction and by type 6HSD17B in the 3-oxo-one [55,60].
The 5a-androstane-3a,17p-diol/5a-dihydrotestosterone ratio
|55,60] reflects this balance.

2.7.2.2. Balance between 3a-hydroxy-5a/B-reduced steroids and their
3p-hydroxy- counterparts. In this case, the balance is also
regulated by AKR1C of types 4, 2, 3, and 1 in the 3«-direction
and by HSD17B6 in the 3B-one [55,60]. For evaluation of
this balance, the steroid ratios were wused as follows:
allopregnanolone/isopregnanolone [55-61], allopregnanolonef
isopregnanolone, sulfates [55,60], androsterone/epiandrosterone
[55,60], androsterone/epiandrosterone, sulfates [55,60,62],
etiocholanolone/epietiocholanolone  [55,60], etiocholanolonef
epietiocholanolone, conjugates [55,60], 5wa-androstane-3e,
17B3-diol/5a-androstane-33,173-diol  [55,60], S5a-androstane-
3a,173-diol/5a-androstane-3[3,173-diol, conjugates [55,60].
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2.7.2.3. Balance between 3 -hydroxy-5a/p-reduced steroids and their
3-oxo0- counterparts. This balance is regulated by type 6
173-hydroxysteroid dehydrogenase (HSD17B6), which is capable
to convert the 3-oxo-steroids to their 3B-counterparts (besides the
oxidation of 3a-hydroxy-steroids to the 3-oxo-ones). To
evaluate this balance, the 5a-androstane-3(3,173-diol/5a-
dihydrotestosterone ratio [55,60] was utilized.

2.7.2.4. Balance between 17 8-hydroxy-C19 steroids and their 17-oxo-
counterparts. The balance between 17B-hydroxy-C19 steroids
and their 17-oxo- counterparts may differ from steroid to steroid as
concerns the importance of individual HSD17Bs and AKRI1Cs
isoforms. Therefore, the corresponding enzymes pointed to the
individual PPRs in the text. The PPRs reflecting the balance
between 173-hydroxy-C19 steroids and their 17-oxo- counterparts
in A® C19 steroids were as follows: androstenediol/DHEA,
androstenediol ~ sulfate/DHEAS,  5a-androstane-3a,173-diol/
androsterone, 5a-conjugated androstane-3a,173-diol/
androsterone sulfate, conjugated 5@-androstane-3a,173-diol/
etiocholanolone sulfate, 5a-androstane-3(3,173-diol/
epiandrosterone, conjugated Sa-androstane-3f3,173-diol/
epiandrosterone sulfate [55,60,63], 5-androstene-3(3,7c,173-
triol/7a-hydroxy-DHEA, and 5-androstene-3[3,7(3,173-triol/73-
hydroxy-DHEA  [55-64]. The enzymes regulating the
aforementioned balances are HSD17Bs of types 3, 1, 7 and
AKR1Cs of types 3 and 1 towards the 173-hydroxy-C19 steroids
and HSD17Bs of types 6 and 2 towards the 17-0x0-C19 steroids.
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The balance between testosterone and androstenedione
reflected by testosterone/androstenedione ratio is regulated by
HSD17Bs of types 3, 1, 7 and AKR1Cs of types 3 and 1 towards the
17[3-hydroxy-steroids and by HSD17Bs of types 6, 2 and 4 towards
the 17-oxo-steroids [55-66]. The balance between estradiol and
estrone reflected by estradiol/estrone ratio is regulated by
HSD17Bs of types 1, 3, 7 and AKR1Cs of types 3 and 1 towards
the 17B-hydroxy-steroids and by HSD17Bs of types 2 and 6
towards the 17-oxo-steroids.

2.7.2.5. Balance between 20c-hydroxy-5c/f-reduced C21 steroids
and their 20-oxo- counterparts. The balance between 20a-
hydroxy-C19 steroids and their 20-oxo- counterparts is
regulated by AKR1C1 towards the 20a-hydroxy C21 steroids and
by HSD17B2 towards their 20-oxo-counterparts. The PPRs
reflecting  this balance  were as  follows: 200~
dihydropregnenolone/pregnenolone [55,60], 20c-
dihydropregnenolone/pregnenclone, sulfates [55,60|, 20a-
dihydroprogesterone/progesterone  [55,60], conjugated 5a-
pregnane-3[3,20a-diol/isopregnanolone sulfate [55,60], and
conjugated 5B3-pregnane-3w,20a-diol/conjugated pregnanolone
[55,60].

2.7.3. The balance between 7 p-hydroxy-A5-C19 steroids and their
7ae-hydroxy- counterparts

This balance is regulated by type 1 11B-hydroxysteroid
dehydrogenase (HSD11B1), which is capable to convert the 7a-
hydroxy-A°-C19 steroids to their 7B3-hydroxy- counterparts (in
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addition to catalyzing the conversion of inactive cortisone to
bioactive cortisol) [67]. The PPRs reflecting this balance were as
follows: 7(3-hydroxy-DHEA[7«-hydroxy-DHEA  [54,64,68], 5-
androstene-3[3,73,17 3-triol/5-androstene-33, 7,17 3-triol [64].

2.7.4. Product to precursor ratios reflecting activities of steroidogenic
enzymes

Like above, we used these ratios together with the correspond-
ing citations of publications including these ratios and/or the
knowledge on the corresponding metabolic steps.
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2.74.1. CYP17A1 (17-hydroxylase). We evaluated the ratios
reflecting activity of C17-hydroxylase-C17,20 lyase in the
17-hydroxylation step as follows: 17-hydroxypregnenolone/
pregnenolone [17,69-73], 17-hydroxyprogesterone/progesterone
169,71,74], 16a-hydroxyprogesterone/progesterone [55,69,71,74]
(Fig. 1).

2.7.4.2. CYPI7A1 (C17,20-lyase). The following ratios reflecting
the activity of C17-hydroxylase-C17,20 lyase in the C17.20
lyase were selected: DHEA/17-hydroxypregnenolone [68-73],
androstenedione/17-hydroxyprogesterone [69-75] (Fig. 1).
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2.7.4.3. CYP17A1 (17-hydroxylase +C17,20-lyase). To evaluate the
proportion of the primary precursors pregnenolone and
pregnenolone sulfate for CYP17A1 converted to DHEA and
DHEAS, respectively, we also evaluated the DHEA/pregnenolone,
DHEAS/pregnenolone sulfate (CYP17A1 converts also the 3B-
sulfates of C21 A® steroids [76]), 16a-hydroxy-DHEA/16a-
hydroxypregnenolone [77], and androstenedione/progesterone
ratios (Fig. 1).

2.74.4. Type 2 3B-hydroxysteroid dehydrogenase (HSD3B2). The
following ratios reflecting the activity of HSD3B2 were selected:
progesterone/pregnenolone [17,69,71], 17-hydroxyprogesterone/
17-hydroxypregnenolone [17,69,71,78-81], androstenedione/
DHEA [17-69,71], testosterone/androstenediol [17,82] (Fig. 1).

2.7.4.5. Aromatase (CYP19A1). The ratios reflecting the CYP19A1
activity were selected as follows: estrone/androstenedione
[17,68,73,83-87], estradiol/testosterone [84,85].

2.7.4.6. Cortisol formation, 21-hydroxylase (CYP21A2) and 11f8-
hydroxylase (CYP11B1). The cortisol formation from 17-
hydroxyprogesterone (catalyzed by CYP21A2 and CYP11B1
enzymes in sequence) was reflected by cortisol/17-
hydroxyprogesterone ratio [56,88-91].

2.74.7.  16u-Hydroxylase  (CYP3A7, CYP3A4). The 16a«-
hydroxylation catalyzed by CYP3A7 and CYP3A4 enzymes was
reflected by the following ratios: 16a-hydroxypregnenolone/
pregnenolone [17], 16a-hydroxy-DHEA/DHEA [17,54,68,92], 16~
hydroxy-DHEAS/DHEAS [17,54.68,92| (Fig. 1).

2.74.8. 5a-Reductases (SRD5As). The activity of SRD5As was

reflected by the ratios as follows:
(allopregnanoclone +isopregnanolone)/progesterone [73],
Sa-dihydrotestosterone/testosterone [66,73],

snusy
CH,

CHs

o}

H
So-Androstane-3,17-dione

J N

o]

CHy

CHy

o

HO H

Androsterone Epiandrosterone

(androsterone +epiandrosterone)/androstenedione [73] (Figs. 2
and 3).

2.7.4.9. Ratio of 5a-reductase (SRD5As) to 5f8-reductase activities
(AKR1D1). The ratio of SRD5As to AKR1D1 activities was reflected
by the steroid ratios as follows: allopregnanolone/pregnanolone,
conjugates  [60,66,73,93-95], androsterone/etiocholanolone,
conjugates [60,66,73,86,93-95] (Figs. 2 and 3).

2.7.4.10. 5B-Reductase (AKR1D1). The AKRI1D1 activity was
reflected by (etiocholanolone +epietiocholanolone)/
androstenedione [60,73,93-95] ratio (Figs. 2 and 3).

2.7.4.11. 7a-Hydroxylase (CYP7B1). The activity of CYP7B1 was
reflected by the ratios as follows: 7a-hydroxy-DHEA/DHEA
[54-97], 5-androstene-3[3,7a,17[3-triol/androstenediol [64-97]
(Fig. 4).

2.7.4.12. 7B-Hydroxylase  (CYP3A4, CYP3A7). The 78
-hydroxylation catalyzed by CYP3A4 and CYP3A7 enzymes was
reflected by the following ratios: 7[3-hydroxy-DHEA/DHEA
[54,64,92,98], 5-Androstene-3[3,7[3,17B-triol/androstenediol
[64,98] (Fig. 4).

2.8. Statistical analysis

To correctly explain the relationships between steroids, PPRs,
and presence of AD in women, we used three independent
statistical approaches. The first one compared steroid levels and
PPRs in AD and age- corresponding controls. In spite of comparable
age of both groups, we used age-adjusted ANCOVA to separate the
variability in dependent variable shared with age from that one
explained by status of the subjects (AD vs. controls). Respecting the
skewed distribution and non-constant variance in most dependent
variables, these were transformed by power transformations to
data symmetry and homoscedasticity prior further processing
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Fig. 3. Simplified scheme of androstenedione 5a/B-reductive catabolism by the classical “frontdoor” pathway for synthesis of 5«/B-reduced C19 steroids.
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[99]. The homogeneity and distribution of the transformed
data was checked by residual analysis as described elsewhere
[100,101]. Statistical software Statgraphics Centurion, version XV
from Statpoint Inc. (Herndon, Virginia, USA) was used for ANCOVA.
The second method used for data evaluation was the analysis using
receiver operating characteristics (ROC) as explained elsewhere
[102,103]. This method enables the finding of optimum
cut-off values from individual dependent variables to differentiate
between patients and controls [102,104]. The positivity of
pathology may be detected at values higher or below this cut-
off value. The optimum cut-off value was found using a maximum
of Youden's index for rating diagnostic tests [105]. The effective-
ness of individual variables for assessment of AD was estimated
using area under curve (AUC) in the plot of sensitivity vs.
1-specificity and the significance of AUC in this plot was evaluated
by two-sided test (null hypothesis is that the AUC is equal to 0.5).
Statistical software NCSS 2007 from Number Cruncher
Statistical Systems (Kaysville, Utah, USA) was used for the ROC
analysis.

The third and most efficient method was a simultaneous
evaluation of relationships between steroids or PPRs and the

5-Androsten-3[3,7[3,173-triol

metabolites of C19 A® steroids. The attenuated metabolic step is labeled by (—).

presence of AD by multivariate regression with a reduction of
dimensionality known as orthogonal projections to latent struc-
ture (OPLS)[103,106-108], which is capable to cope with a problem
of severe multicollinearity (high intercorrelations) in the matrix of
predictors, whilst the ordinary multiple regression fails to
correctly evaluate such data. The multicollinearity in OPLS is
favorable as it enhances a predictivity of the model. In our OPLS
models, the logarithm of the ratio of probability that the subject is
a patient to probability that the subject is a control (logarithm of
the likelihood ratio, LLR), was chosen as a single dependent
variable, while the age of the subject and steroid levels or PPRs
represented the predictors.

The variability in predictors was separated into two indepen-
dent components. The first one contained the variability pre-
dictors, which was shared with probability of the pathology (the
predictive component) while the orthogonal components
explained the variability shared within the highly intercorrelated
predictors.

The OPLS identified the best predictors as well as the best
combination of predictors to estimate the probability of the
pathology presence. After standardization of the variables, the
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OPLS model can be expressed as follows:

X =T,P, +ToPj +E

Y =T,P] +F

where X is the matrix with predictors and subjects, Y is the vector
of dependent variable and subjects. T, represents the vector of
component scores from the single predictive component and
subjects extracted from Y, T ,, is the vector of component scores
from the single orthogonal component and subjects extracted from
X, P, represents the vector of component loadings for the
predictive component extracted from Y. P, represents the vector
of component loadings for the orthogonal component extracted
from X and independent variables, while E and F are the error
terms.

The relevant predictors have been chosen using variable
importance (VIP) statistics. The statistical software SIMCA-P
v.12.0 from Umetrics AB (Umed, Sweden), which was used for
OPLS analysis, enabled to find the number of relevant components,
the detection of multivariate non-homogeneities and testing the
multivariate normal distribution and homoscedasticity (constant
variance).

The algorithm for obtaining the predictions is as follows:

« Transformation of the original data to obtain the values with
symmetric distribution and constant variance.

Checking the data homogeneity in predictors using Hotelling's
statistics and eventual elimination of non-homogeneities.

» Testing the relevance of predictors using the Variable impor-
tance statistics and elimination of irrelevant predictors.
Calculation of component loadings for individual variables to
evaluate their correlations with predictive component.
Calculation of regression coefficients for the multiple regression
model to evaluate mutual independence of predictors after
comparison with the corresponding component loadings from
the OPLS model.

Calculation of predicted values of logarithm of the ratio of
probability of pathology presence to probability of pathology
absence (LLR).

Calculation of probability of the pathology presence for
individual subjects.

« Calculation of sensitivity and specificity of the prediction.

Table 2

3. Results
3.1. Steroid levels

3.1.1. ANCOVA

The steroid levels with significant differences between female
patients with AD and age- corresponding controls are shown in
Table 2. These data indicate a trend to increased levels of some C21
steroids and androstenedione in AD patients reaching significance
for pregnenolone sulfate, 17-hydroxypregnenolone, 17-hydroxy-
progesterone, 20a-dihydroprogesterone, allopregnanolone, allo-
pregnanolone sulfate, isopregnanolone, pregnanolone, conjugated
pregnenolone and conjugated 5B3-pregnane-3a,20a-diol. On the
other side, the levels of conjugated 5a-androstane-3[3,173-diol in
AD group were two times lower in AD patients.

3.1.2. ROC analysis

As shown in Table 3, some C21 steroids such as pregnenolone,
pregnenolone sulfate, 17-hydroxypregnenolone, 16a-hydroxy-
pregnenolone, cortisol, allopregnanolone, isopregnanolone, preg-
nanolone, conjugated pregnanolone, and conjugated 5p-
pregnane-3a,20a-diol exhibited significant AUCs in the ROC
analysis with higher levels of these substances in AD patients.
Alternatively, some conjugated 5ot/B-reduced C19 steroids such as
androsterone sulfate, epiandrosterone sulfate, epietiocholanolone
sulfate, conjugated 5a-androstane-3[3,17[3-diol were lower in AD
patients.

3.1.3. OPLS and multiple regression model for evaluation of
relationships between status (patients vs. controls) and steroids
measured by GC-MS and RIA

For the correct explanation of the alterations in the adrenal
steroid synthesis taking into account the AD pathophysiology we
firstly build the model including the steroids measured by both
GC-MS and RIA. Table 4 shows the results from the corresponding
OPLS and multiple regression (MR) models. The OPLS model
explained 62.4% of the total variability in predicted variable. The
predicted variable was in the form of logarithm of the ratio of
probability of AD presence to probability of AD absence (logarithm
of likelihood ratio, LLR of AD presence). Age and some steroids
were relevant for building of the OPLS model (as irrelevant
predictors were removed from this model as well as from the
subsequent multivariate regression). From these predictors the

Differences between women with Alzheimer's disease (AD) and gender- and age-corresponding controls in the levels of relevant circulating steroids measured by GC-MS or
RIA (only the steroid levels with significant differences between patients and controls are shown).

Mean (95% confidence interval) ANCOVA"

(nmol/L) Factor AD
Steroid AD Controls F p
Pregnenolone sulfate (1) 64.6 (51.9, 81.2) 40,7 (34.3, 48.3) 5 0.031
17-Hydroxypregnenolone” (1) 3.24(1.79,6.1) 0.537 (0.336, 0.849) 10.7 0.002
17-Hydroxyprogesterone” (1) 1.85 (1.46, 2.38) 1.13 (0.946, 1.35) 5 0.032
20«-Dihydroprogesterone (1) 0.287 (0.232, 0.358) 0.184 (0.155, 0.218) 438 0.036
Androstenedione (1) 218 (1.74, 2.77) 119 (1.01, 1.41) 83 0.007
Allopregnanolone (1) 0.119 (0.103, 0.135) 0.0876 (0.0758, 0.1) 4.4 0.043
Allopregnanolone sulfate () 2.8(2.32,3.44) 1.88 (1.64, 2.17) 52 0.029
Isopregnanolone (1) 0.0963 (0.0845, 0.109) 0.066 (0.0579, 0.0744) 8.2 0.007
Pregnanolone (1) 0.0883 (0.0681, 0.111) 0.0511 (0.0386, 0.0654) 42 0.049
Conjugated pregnanolone (1) 12.3(9.87,15.4) 7.98 (6.62, 9.6) 41 0.051
Conjugated 5[3-pregnane-3a,20a-diol (1) 133 (11.2, 16.1) 7.96 (6.95, 9.14) 96 0.004
Conjugated 5a-androstane-3[3,173-diol () 16.1 (12.3, 21.1) 33.4 (26.5, 42.2) 7.5 0.01

? Measured by RIA; 7 and | represent increased and decreased values in AD patients, respectively.

b pge-adjusted ANCOVA.
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Table 3
Discrimination between women with Alzheimer’s disease and age- and gender-corresponding controls on the basis of circulating steroids measured by GC-MS or RIA as
evaluated by receiver operating characteristics (ROC).

Steroid Cut-off value(patients)” Sensitivity Specificity Youden's index AUC” p-Value (2-sided)
Pregnenolone >0.89 813 68.2 0.494 0.736 0.011
Pregnenolone sulfate >58.2 G8.8 773 0.46 0.705 0.031
17-Hydroxypregnenolone® »2.7 75.0 86.4 0.614 0.795 <0.001
16ce-Hydroxypregnenolone >0.14 813 68.2 0.494 0.724 0.012
17-Hydroxyprogesterone® >1.22 875 72.7 0.602 0.781 <0.001
16cc-Hydroxyprogesterone >0.33 875 54.5 0.420 0.73 0.006
Cortisol' >587 68.8 68.2 0.369 0.702 0.023
Allopregnanolone >0.13 56.3 95.5 0517 0.699 0.039
[sopregnanolone >0.07 75.0 63.6 0.386 0.705 0.024
Pregnanolone >0.12 50.0 100 0.500 0.719 0.019
Conjugated pregnanolone >6.53 938 45.5 0.392 0.719 0.012
Conjugated 5@3-pregnane-3a,20a-diol >8.49 100 54.5 0.545 0.810 <0.001
Androsterone sulfate <462 938 40.9 0.347 0.682 0.045
Epiandrosterone sulfate <531 375 100 0.375 0.722 0.009
Epietiocholanolone sulfate <123 81.3 54.5 0.358 0.699 0.025
Conjugated 5«-androstane-33,173-diol <225 68.8 818 0.506 0.787 <0.001

* Measured by RIA.
© Area under curve, null hypothesis is that AUC=0.5 . . . no discrimination, AUC=1. . . absolute discrimination, respectively.
¢ Criterion for finding optimum cut-off value (at maximum of Youden's index), for details see Section 2.8.

Table 4
Discrimination between women with Alzheimer's disease (AD) and age- and gender-corresponding controls on the basis of age of subjects and relevant circulating steroids
measured by GC-MS or RIA and analysis of the relationships between AD and the predictors using OPLS model and multiple regression.

Variable OPLS, predictive component Multiple regression
Component loading t- R Regression t-Statistic
Statistic coefficient
Relevant predictors Age (1) 0.310 4.30 06327 0153 1.83
Pregnenolone () 0.276 3.67 05637 0029 0.58
Pregnenolone sulfate 0.187 1.58 0.381 0.057 1.65
17-Hydroxypregnenolone” (1) 0.303 3.71 0618 0118 1.55
16c-Hydroxypregnenolone (1) 0.236 295 0481 0.035 0.63
17-Hydroxyprogesterane” (1) 0.249 3.76 0508 0.063 225
16a-Hydroxyprogesterone (1) 0.242 3.00 0493 0.028 0.61
20a-Dihydroprogesterone 0.132 1.27 0.268 0.096 173
Cortisol® (1) 0.256 323 05217 0050 095
Conjugated pregnanclone 0.182 162 0.372 0.102 1.51
Conjugated 5p-pregnane-3c.,20c- 0273 298 0556 0152 416"
diol (1)
Epiandrosterone sulfate (|) ~0.281 ~196  -0572° 0178 263
Epietiocholanolone sulfate () ~0.298 ~-213 ~0.608 0127 —4.14"
Conjugated 5w«-androstane-33,178-  ~0.371 -371 -0.756 -0.168 ~-6.96"
diol ()
Conjugated 5B-androstane-3,178- -0.220 248 0.448° -0.087 235
diol ()
Predicted variable AD, LLR 1.000 9.17 0.790"
Explained variability 62.4% (47.9% after cross-
validation)
Discrimination between women with AD and Sensitivity = 0.875 (0.640,
controls 0.965)
(estimates with 95% confidence limits) Specificity =0.955 (0.782,
0.992)
" p<0.05.
" p<001

* Measured by RIA, 7and | represent increased and decreased values in AD patients, respectively.
" R...Component loadings expressed as a correlation coefficients with predictive component.
© Logarithm of the ratio of probability of AD presence to probability of AD absence.

C21 steroids such as pregnenolone, 17-hydroxypregnenolone, sensitivity (0.875 (0.640, 0.965)) and specificity (0.955 (0.782,
16a-hydroxypregnenolone, 17-hydroxyprogesterone, 16a-hydrox- 0.992)) (shown as estimates with 95% confidence limits).

yprogesterone, cortisol, and conjugated 53-pregnane-3a,20a-diol The corresponding multiple regression model indicated that
positively correlated with the presence of AD, while four age and some C21-steroids were not independent predictors due to
conjugated 5a/B-reduced C19 steroids which were epiandroster- strong mutual intercorrelations as age, pregnenolone, 17-hydrox-
one sulfate, epietiocholanolone sulfate, conjugated 5a-andros- ypregnenolone, 16a-hydroxypregnenolone, 16a-hydroxyproges-

tane-33,173-diol, and conjugated 5B-androstane-3a,17B-diol terone lost significance in this model. On the other hand, 17-
showed the negative correlations. The OPLS model showed high hydroxyprogesterone, conjugated 5B-pregnane-3«,20e-diol and
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all of the above mentioned conjugated 5a/(3-reduced C19 steroids
significantly correlated with AD presence even in the MR model.
Therefore, the latter mentioned steroids were significantly (either
positively or negatively) associated with AD presence indepen-
dently of other predictors.

3.1.4. OPLS and multiple regression model for evaluation of
relationships between status (patients vs. controls) and steroids
measured by GC-MS

To suggest a simple model evaluating the relationships between
steroids and AD, in the next step we included only the steroids
measured by GC-MS in a single sample aliquot. Table 5 shows the
results from the corresponding OPLS and MR models. The OPLS
model explained 60.6% of the total variability in predicted variable,
which was LLR of AD presence. Like in the previous OPLS model
(including the steroids measured by both GC-MS and RIA), the GC-
MS model gave a similar result. Age and several steroids were
relevant for building the OPLS model and from these predictors the
C21 steroids such as pregnenolone, pregnenolone sulfate, 16c-
hydroxypregnenolone, 16a-hydroxyprogesterone, conjugated
pregnanolone and conjugated 53-pregnane-3«,20w-diol positive-
ly correlated with the presence of AD. The conjugated S5«
B-reduced C19 steroids such as conjugated Sa-androstane-
3B,17B-diol, and conjugated 5B-androstane-3c,173-diol showed
the negative correlations. The sensitivity of the OPLS model was
0.875 (0.640, 0.965) and specificity was 0.909 (0.713, 0.975) (see
Fig. 5).

The corresponding MR model indicated that age and most of the
C21-steroids were not independent predictors due to strong
mutual intercorrelations as age, pregnenolone, pregnenolone
sulfate, 16a-hydroxypregnenolone, 16a-hydroxyprogesterone
and conjugated pregnanolone lost significance in this model. On
the other hand, conjugated 5B-pregnane-3c,20a-diol, and two
aforementioned conjugated 5a/B-reduced C19 steroids signifi-
cantly correlated with AD presence even in the MR model. In

Table 5

167

addition, further 5a/B-reduced androstane epiandrosterone sul-
fate reached significance in the MR model. Therefore, the
aforementioned steroids were significantly (either positively or
negatively) associated with AD presence independently of other
predictors.

3.2, Product to precursor ratios (PPRs) reflecting enzyme activities

3.2.1. ANCOVA

Table 6 shows statistically significant differences between
women with AD and age- corresponding controls in some PPRs
reflecting balances between steroids and/or activities of steroido-
genic enzymes.

These data show lower androstenediol C/U ratio possibly due to
lower sulfotransferase SULT2A1 activity. Also the DHEA/17-
hydroxypregnenolone ratio reflecting the activity of C17,20-lyase
step of CYP17A1 and to a less extent the DHEAS/pregnenolone
sulfate ratio reflecting the overall activity of both C17-hydroxylase
and C17,20-lyase steps of CYP17A1 were lower in the patients'
group. On the other hand, the 17-hydroxypregnenolone/pregnen-
olone ratio, reflecting the activity of the C17-hydroxylase step was
higher in the AD group. However, the patients had lower values of
progesterone/pregnenolone ratio and 17-hydroxyprogesterone/
17-hydroxypregnenolone ratios both reflecting the HSD3B2
activity, and pronouncedly lower values of cortisol/17-hydrox-
yprogesterone ratio reflecting the 17-hydroxyprogesterone con-
version to cortisol (catalyzed by CYP21A2 and CYP11B1 in
sequence).

The patients also showed lower estrone/androstenedione ratio
reflecting the CYP19A1 activity in the key metabolic pathway of
estrogen synthesis. In addition, the patients had lower values of
two ratios reflecting a shift from the 17-oxo-5a/B-reduced
C19 steroids to their 17@-hydroxy-counterparts such as the
conjugated 5B3-androstane-3a,173-diol/conjugated etiocholano-
lone ratio and conjugated 5a-androstane-33,173-diol/conjugated

Discrimination between women with Alzheimer’s disease (AD) and age- and gender-corresponding controls on the basis of age of subjects and relevant circulating steroids
measured by GC-MS only and analysis of the relationships between AD and the predictors using OPLS model and multiple regression.

OPLS, predictive component Multiple regression

Variable Component loading t- R Regression t-Statistic
Statistic coefficient

Relevant predictors Age (1) 0.376 4.39 0.659 0.185 2.60°
Pregnenolone (1) 0.343 4.57 0.601° 0.064 1.04
Pregnenolone sulfate (1) 0.247 212 0.433 0.066 1.59
16e-Hydroxypregnenolone (1) 0271 3.70 0.475 0.086 142
16w-Hydroxyprogesterone (1) 0.282 3.52 0494 0087 1.76
20a-Dihydroprogesterone 0,188 1.66 0.329 0.090 1.79
Conjugated pregnanolone (1) 0.246 2.42 0432 0.102 1.49
Conjugated 5B-pregnane-3a,20a-  0.347 422 0609 0171 557
diol (1)
Epiandrosterone sulfate (|) —0.304 ~186  -0533 0221 -331
Sa-Androstane-3@,17B-diol sulfate  —0.417 3.29 0.731 0.218 690"
(1)
5B-Androstane-3c,173-diol sulfate —0.234 -2.24 -0410 -0.a22 -2.77
(1)

Predicted variable AD, LLR” 1.000 7.82 0.778

Explained variability 60.6% (49.4% after cross-

validation)
Discrimination between women with AD and Sensitivity =0.875 (0.640,
controls 0.965)
(estimates with 95% confidence limits) Specificity =0.909 (0.713,
0.975)

1and | represent increased and decreased values in AD patients, respectively.
T p<0.05.
“ p<001.

“ R...Component loadings expressed as a correlation coefficients with predictive component.

P Logarithm of the ratio of probability of AD presence to probability of AD absence.
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Fig. 5. Discrimination of women with Alzheimer's disease (AD) from age-and
gender-related controls (C) on the basis of circulating steroids measured by GC-MS
and using orthogonal projections to latent structures for the evaluation. Panel A
illustrates the comparison of probability of pathology presence with the actual
state, while in Panel B there are logarithms of the ratios of probability that the
subject is a patient to probability that the subject is a control (logarithm of the
likelihood ratio, LLR). Both panels show a good discrimination of patients from
controls and good agreement between predictions and actual values in both
patients (actual probability of AD=1, LLR=~c) and controls (actual probability of
AD=0, LLR = —c). Only 4 subjects from 38 were falsely predicted (2 controls and 2
patients). Sensitivity of the model was 0.875 (0.640, 0.965) and specificity
was =0.909 (0.722, 0.975) (shown as estimates with 95% confidence limits).

epiandrosterone ratio. The aforementioned shift is catalyzed by
HSD17Bs types 3,1,7,and AKR1Cs type 3 and 1 in the 173-direction
and by HSD17Bs types 6 and 2 in the 17-oxo-direction.

Three ratios reflecting a shift from the 3B-hydroxy-5a/
B-reduced C19 steroids to their 3a-hydroxy-counterparts (cata-
lyzed by AKR1C4,2,3,1 in the 3a-direction and by HSD17B6 in the
3B-direction) such as the etiocholanolone sulfate/epietiocholano-
lone sulfate ratio, 5a-androstane-3o,17B-diol/5a-androstane-
3(3,17B3-diol ratio, and conjugated S5c-androstane-3a,173-diol/
Sa-conjugated androstane-3[3,173-diol ratio were higher in the
patients.

The results were not consistent in the ratios reflecting a shift
from the 20-oxo-5a/B-reduced C21 steroids to their 20a-hydroxy-
counterparts catalyzed by AKR1C1 in the 20w«-direction and by
HSD17B2 in the 20-oxo-direction. While the of 20«-dihydropreg-
nenolone sulfate/pregnenolone sulfate ratio showed higher values
in patients, the 20«-dihydroprogesterone/progesterone ratio and
conjugated 5[B-pregnane-3o,20c-diol/conjugated pregnanolone
ratio were lower in the AD group.

The female AD patients showed lower values of 5-androstene-
3PB.7a,17B-triol/androstenediol ratio reflecting the CYP7B1 activi-
ty.

3.2.2. ROC analysis

Table 7 shows significant AUCs between women with AD and
age- corresponding controls in some PPRs reflecting balances
between steroids and/or activities of steroidogenic enzymes even if
the predictive value of the respective cut-off values were not so
high ranging from 0.676 to 0.795. Some C/U ratios such as
epiandrosterone C/U, androstenediol C/U, and 5a-androstane-
3a,173-diol C/U were lower in the patients as well as the DHEA/17-
hydroxypregnenolone ratio reflecting the activity of C17,20-lyase
and DHEAS/pregnenolone sulfate ratio reflecting the overall
activity of both 17-hydroxylase and C17,20-lyase. On the other
hand, the values of 17-hydroxypregnenolone/pregnenolone ratio
reflecting the 17-hydroxylase activity were higher in AD group but
the ratios reflecting HSD3B2 activity such progesterone/pregnen-
olone ratio and 17-hydroxyprogesterone/17-hydroxypregnenolone
were lower in the AD patients.

The AD patients had also significantly lower androsterone
sulfate/etiocholanolone sulfates ratio reflecting the balance
between SRD5As and AKR1D1 activities but the ratios reflecting
a balance between 3a- and 3B-hydroxy-5c/B-reduced C19
steroids such as etiocholanolone sulfate/epietiocholanolone sul-
fate ratio and conjugated 5a-androstane-3c,173-diol/conjugated
5ac-androstane-33,173-diol (in MR model only) ratio were lower
in the AD group. Alternatively, there was lower 5-Androstene-
3B,7a,17B-triol/7a-hydroxy-DHEA ratio reflecting the balance
between 17@3-hydroxy and 17-oxo C19 steroids. Contradictory
results were noted concerning ratios reflecting the balance
between 20a-hydroxy and 20-oxo pregnane steroids with lower
20w-dihydropregnenolone sulfate/pregnenolone sulfate ratio but
higher 20a-dihydroprogesterone/progesterone ratio in the AD
patients.

In the AD patients, we also recorded lower 5-androstene-
3B,7c,17B-triol/androstenediol ratio reflecting CYP7B1 activity as
well as lower ratio of 5-androstene-3[3,7[3,173-triol/androstene-
diol reflecting the activities of 73-hydroxylating enzymes CYP3A4
and CYP3A7.

3.2.3. OPLS and multiple regression model

As expected, the highest number of significant results
concerning the relationships between PPRs and AD presence were
obtained using the OPLS model and multiple regression (Table 8).
The presence of AD was positively correlated with age, negatively
with C/U ratios of various C19 steroids such as DHEA, androsterone,
epiandrosterone, androstenediol, 5a-androstane-3a,17p3-diol, and
5a-androstane-3[3,17(3-diol. Furthermore, the presence of AD
negatively correlated with DHEA/17-hydroxypregnenolone ratio
reflecting the activity of C17,20-lyase and DHEA/pregnenolone (in
the OPLS model only), 16a-hydroxy-DHEA/16a-hydroxypregne-
nolone (in MR model only), and DHEAS/pregnenolone sulfate
ratios reflecting the overall activities of both 17-hydroxylase and
C17,20-lyase. On the other hand, there was a positive correlation of
17-hydroxypregnenolone/pregnenolone ratio reflecting the 17-
hydroxylase activity with the presence of AD. The progesterone/
pregnenolone and 17-Hydroxyprogesterone/17-hydroxypregne-
nolone ratios reflecting HSD3B2 activity were negatively correlat-
ed with AD presence.

Concerning the PPRs reflecting the associations of SRD5As with
AD, there were contradictory results showing negative correlation
of AD presence with androsterone sulfate/etiocholanolone sulfate
ratio. This steroid ratio, reflecting the balance between SRD5As and
AKRI1D1 activities was significant in both OPLS and MR models.
Alternatively, there was a positive association between 5a-
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Table 6

169

Differences between women with Alzheimer's disease (AD) and gender- and age-corresponding controls in the relevant steroid product to precursor ratios of circulating
steroids measured by GC-MS or RIA (only the ratios with significant differences between AD patients and controls are shown).

Product to precursor ratios Mean (95% confidence interval) AD*
AD Controls F P Enzyme
Androstenediol C/U (1) 250 (177, 349) 559 (430, 724) 66 0015 SULT2A1
17-Hydroxypregnenolone/pregnenoclone (1) 2.43 (1.46, 4.12) 0.661 (0.434,1) 71 0.011 CYP17A1 (17-hydroxylase)
DHEA/17-hydroxypregnenolone (|) 1.51 (0.971, 2.33)  9.62 (6.65, 14.1) 19.5 <0.001 CYP17A1 (C17,20-lyase)
DHEA/pregnenolone, sulfates () 10.4 (8.23,12.7) 16 (13.8, 18.2) 54 0.026 CYP17A1 (17-hydroxylase, C17,20-lyase)
Progesterone/pregnenolone (|) 0.243 (0.19, 0.314) 0.434 (0.346, 51 0.03 HSD3B2
0.551)
17-Hydroxyprogesterone/17-hydroxypregnenolone (| ) 0.592 (0.342, 1.01) 2.29 (1.48, 3.54) 7 0.012  HSD3B2
Estrone/androstenedione (|) 0.039(0.03,0.049) 0.080 (0.068, 111 0.002  CYP19A1
0.095)
Etiocholanolone/epietiocholanolone, sulfates (1) 2.77(2.25,343) 1.71 (1.45, 2.03) 5.8 0.022 AKR1C4,23,1/HSD17B6 3leB"
5a-Androstane-3a,173-diol/5a-androstane-3[3,17B-diol (1) 1.48 (0.884, 2.38) 0.481 (0.289, 47 0038 AKR1C4,2,3,1/HSD17B6 3u/B"
0.771)
5c-Androstane-3c,173-diol/5cc-androstane-3p,17B-diol, 0.471(0.33,0.641) 0179(0.113,0.263) 61 0.019 AKR1C4,23,1/HSD17B6 3a/B"
conjugates (1)
5B-Androstane-3«,173-diol/etiocholanolone, conjugates (|) 0.136 (0.117,0159) 0.194 (0.171, 0.22) 5.8 0.022 HSD17B3,1,7, AKR1C3,1/HSD17B6.2 173/
ﬂ)(ﬂh
5cc-Androstane-3[3,173-diol/epiandrosterone, conjugates (|) 0.192 (0.157, 0.291 (0.246, 45 0.041 HSD17B3,1.7, AKR1C3,1/HSD17B6.2 173/
0.235) 0.345) oxa”
20a-Dihydropregnenolone/pregnenolone, sulfates (|) 5.29 (4,61, 6.02) 7.3 (6.61, 8.04) 71  0.012  AKR1C1/HSD17B2 20c/oxo”
20a-Dihydroprogesterone/progesterone (1) 0.961 (0.732, 1.26) 0.461 (0.363, 7.5 0.01 AKR1C1/HSD17B2 20c/oxo”
0.583)
5B-Pregnane-3a,20a-diol/pregnanolone, conjugates () 13.3 (11.2,16.1) 7.96 (6.95, 9.14) 96 0.004 AKR1C1/HSD17B2 20c/oxo”
5-Androstene-3[,7c.17 3-triol /androstenediol (|) 0.076 (0.062, 0117 (0.103,0131) 76 0.009 CYP7B1
0.091)
Cortisol{17-hydroxyprogesterone (|) 198 (107, 352) 991 (630, 1550) 89 0.005 CYP21A2, CYP11B1

1 and | represent increased and decreased values in AD patients, respectively. The steroid ratios were computed as previously illustrated elsewhere and/or on the basis of
major steroid metabolic pathways as found in the literature and documented in the text of the manuscript. CfU represents the ratio of conjugated to unconjugated steroid.

* Factor presence of AD as evaluated by age-adjusted ANCOVA.

® Isoform shifting the balance towards the reductive and oxidative forms of steroids are before and after the slash, respectively.

dihydrotestosterone/testosterone ratio (in MR model only) reflect-
ing the SRD5As activities and AD.

The ratios reflecting the balance between 3a- and 3B-hydroxy-
Sa/B-reduced C19 steroids such as etiocholanolone sulfate/
epietiocholanolone sulfate ratio and conjugated 5a-androstane-
3a,17B-diol/conjugated Sa-androstane-3[3,173-diol ratio were
positively correlated with AD presence. On the other hand the
Sa-androstane-33,173-diol/5«-dihydrotestosterone ratio (in the
MR model only) reflecting the balance between the 33-hydroxy
and 3-oxo-5a/B-reduced C19 steroids showed negative correlation
with AD presence in the MR model.

Positive correlation was found between AD presence and the 5-
androstene-3 3,7, 173-triol/7a-hydroxy-DHEA ratio reflecting the
balance between 17B-hydroxy and 17-o0x0-C19 steroids.

Concerning the ratios reflecting the balance between 20a-
hydroxy- and 20-oxo- pregnane steroids we found negative
correlation between 20«-dihydropregnenolone sulfate/pregneno-
lone sulfate ratio and AD presence.

In the MR model we also recorded negative correlation of AD
presence with 5-androstene-3[3,7a,173-triol/androstenediol ratio
reflecting CYP7B1 activity and negative correlation with cortisol/
17-hydroxyprogesterone ratio reflecting the activities of enzymes
CYP21A2 and CYP11B1 converting 17-hydroxyprogesterone to
cortisol. The model explained 62.4% of variability in LLR of AD and
the correlation between the status (patients vs. controls) and
steroids in this model was slightly lower than the previous one
with sensitivity =0.813 (0.570, 0.934) and specificity=0.909
(0.722, 0.975).

4. Discussion
The main outcome of the study was finding an attenuated

activity of adrenal zona reticularis in women with AD involving
substantially weakened activity of CYP17A1C17,20 lyase metabolic

step, attenuated sulfotransferase SULT2A1 activity at considerably
higher activity of the CYP17A1 17-hydroxylase step. Nevertheless,
the stimulation of the C17-hydroxylase results in only moderately
elevated cortisol levels due to evident attenuation of HSD3B2
activity as well as markedly abated conversion of 17-hydroxypro-
gesterone to cortisol, which is catalyzed by CYP21A2 and CYP11B1.
Our data also indicated attenuated aromatase activity, shifts
from the 3p-hydroxy-5a/B3-reduced C19 steroids to their 3a-
hydroxy- counterparts, from 33-hydroxy-5a/B-reduced C19
steroids to their 3-oxo- equivalents and from the 17B-hydroxy-
to 17-0x0-C19 steroids, and perhaps altered SRD5As, AKR1Cs, and
HSD17Bs activities in the AD patients. In addition, the attenuated
7o-hydroxylation of A>-C19 steroids was recorded.

4.1. Adrenal steroidogenesis

Transcriptome profiling quantitative RT-PCR (qPCR) demon-
strated that human adrenal zona fasciculata exhibited significantly
lower expression of AKR1C3, SULT2A1, and CYB5 but significantly
higher expression of HSD3B2 when compared to adrenal zona
reticularis (ratios of expression in zona fasciculata to expression in
zona reticularis for important enzymes of adrenal steroidogenesis
were as follows StAR=1.0 + 0.04, CYP11A1=0.7 + 0.04, HSD3B2=
6.21+21, CYP21A2=13+0.2, CYP11B1=13+0.2, CYP17A1=09
+0.1, POR=10+0.03, CYB5=0.1+0.02, AKR1C3=0.5+0.1,
SULT2A1=04+0.1) [109]. As documented further in the text,
our data in AD patients showed pronouncedly elevated CYP17A1
activity in the C17-hydroxylase step, but suppressed CYP17A1
activity in the C17,20-lyase step, which is in line with the
suppressed production of CYB5 in the zona reticularis as the
attenuation of CYB5 activity probably induces a shrinking of zona
reticularis with increasing age [110]. This finding is also in
agreement with the results of Ueshiba et al. reported for patients
with type 2 diabetes [69]. We also found a shift from conjugated to
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Table 8

Discrimination between women with Alzheimer's disease (AD) and age- and gender-corresponding controls on the basis of age of subjects and steroid product to precursor
ratios of circulating steroids measured by GC-MS or RIA and analysis of the relationships between AD and the predictors using OPLS model and multiple regression.

Variable QOPLS, predictive component Multiple regression
Component t- I's Regression - Enzyme
loading Statistic coefficient statistic
Relevant Age (1) 0.214 4.59 0525  0.084 259
predictors
DHEA, C/U (]} -0.209 -2.58 ~0513° 0,048 ~1.85  SULT2A1
Androsterone, C/U (1) -0.273 -347 -0670" -0.061 -317°  SULT2A1
Epiandrosterone, C/U (|) -0.274 -6.42 -0.673° -0.075 -4,58"  SULT2A1
Androstenediol, C/U (|) -0.190 -21 -0.465 -0.059 251" SULT2A1
Sa-Androstane-3a,17B-diol, C/U (1) ~0.162 -259 -0397 -0.042 -1.90  SULT2A1
Sa-Androstane-3[3,17 3-diol, C/U () 0.232 498 0569 -0.054 3217 SULT2A1
17-Hydroxypregnenolone/pregnenolone ([) 0.272 5.8 0.667° 0.072 3.64 CYP17A1, 17-hydroxylase
DHEA/17-hydroxypregnenolone (|) -0.326 780 0799 -0.091 ~4.60° CYP17A1, C17,20-lyase
DHEA/pregnenolone () -0.180 -343  -04437 -0.047 ~2.75  CYP17A1, 17-hydroxylase,
C17.20-lyase
DHEAS/pregnenolone, sulfates () —-0.260 -315  -06377 -0.081 —3.50" CYP17A1, 17-hydroxylase,
C17.20-lyase
16c-Hydroxy-DHEA/16a-hydroxypregnenolone (|) —0.091 -1.27 -0.223  -0.029 —-2.04" CYP17A1, 17-hydroxylase,
C17.20-lyase
Progesterone/pregnenolone -0.230 -232 -0563 -0.069 ~1.90° HSD3B2
17-Hydroxyprogesterone/17-hydroxypregnenolone  -0.294 ~4.55 ~0722" -0.073 ~308" HSD3B2
(1)
(3a/B-Hydroxy-5a-pregnane-20-ones)/ 0.099 1.03 0.243 0.052 163 SRD5As
progesterone
5a-Dihydrotestosterone/testosterone () 0.083 118 0.205 0.046 248 SRD5As
Androsterone/etiocholanolone, sulfates (|) 0177 -2.29 0435 0.050 199"  SRD5As/AKR1D1
Etiocholanolone/epietiocholanolone, sulfates (1) 0.227 436 0557 0.084 3.68 AKR1C4,2,3,1/HSD17B6 3o /3’
Sa-Androstane-3a,17 B-diol/5a-androstane- 0.104 142 0.254 0.058 237 AKR1C4,2,3,1/HSD17B6 3a/f°
3B.17p-diol, conjugates (1)
Sa-Androstane-3[3,17B-diol (5~ —-0.110 -1.82 —-0.269 -0.046 ~303" HSD17B6 3 /oxo"
dihydrotestosterone (1)
5-Androstene-3,70.17B-triol [ 7a-hydroxy-DHEA -0177 -296 -0434 -0.067 —-244  HSD17B3,1.7. AKR1C3,1/
(1) HSD17B6.2 173/oxo’
20a-Dihydroprogesterone/progesterone 0.083 0.88 0.203 0.064 1.87 AKR1C1/HSD17B2 20ai/oxo”
20«-Dihydropregnenolone/pregnenolone, sulfates  —0.185 -226 -0453 -0.069 -3.247  AKRIC1/HSD17B2 20« /oxo"
(1)
5-Androstene-33,7a,173-triol/androstenediol (|) -0.101 -119 -0.248 -0.065 -1.90 CYP7B1
Cortisol/17-hydroxyprogesterone () 0.294 ~5.43 0722" -0.078 -301"  CYP21A2, CYP11B1
Predicted AD, LLR" 1.000 11.96 0.790
variable
1 and | represent increased and decreased values in AD patients, respectively. C/U represents the ratio of conjugated to unconjugated steroid.
" p<0.05.
" p<001

2 R...Component loadings expressed as a correlation coefficients with predictive component.

" Logarithm of the ratio of probability of AD presence to probability of AD absence.

© 1soform shifting the balance towards the reductive and oxidative forms of steroids are before and after the slash, respectively.

free steroids in AD patients most probably due to reduced SULT2A1
activity. A reduced activity of HSD3B2 for the C21 steroids and
suppressed conversion of 17-hydroxyprogesterone to cortisol were
observed in the AD patients.

4.1.1. Zona fasciculata

The data of the current study indicated intensified synthesis of
cortisol precursors in the primary A® steroidogenic pathway,
particularly in the C17-hydroxylase step but markedly reduced
activities of HSB3B2 and further enzymes metabolizing the
abundant 17-hydroxypregnenolone to cortisol. Cortisol levels
significantly positively correlated with AD presence but they were
only slightly higher in AD group (598 (530, 676) nmol/L) when
compared with controls (503 (456, 556) nmol/L, mean with 95%
confidence limits). This difference reached significance when using
ROC analysis but not ANCOVA (Tables 2-4). The above mentioned
results are in accordance with the data from other authors who
also reported elevated cortisol levels in serum [111,112] and
cerebrospinal fluid [103] of patients with AD (Fig. 1).

4.1.1.1. Higher CYP11A1 activity in women with AD. Higher levels of
circulating pregnenolone, pregnenolone sulfate (the first steroids
in the steroidogenic cascade) and 17-hydroxypregnenolone
(pregnenolone direct metabolite) may indicate augmented
adrenal cholesterol desmolase (CYP11A1) activity in zona
fasciculata of the AD patients (see Tables 2-5) in spite of less
active pregnenolone sulfation in zona reticularis of the AD group
[109,113].

4.1.1.2. Pronouncedly higher CYP17A1, steroid C17-hydroxylase
activity in women with AD. Adrenal zona fasciculata expresses
substantially less cytochrome b5 than zona reticularis and
therefore primarily favors the C17-hydroxylase step in CYP17A1
converting the pregnenolone (and its sulfate) to 17-
hydroxypregnenolone (and its sulfate) [76,109,113]. The AD
patients had several times higher 17-hydroxypregnenolone
levels (Tables 2-4) as well as the 17-hydroxypregnenoclone/
pregnenolone ratio reflecting the activity of CYP17A1C17-
hydroxylase. Besides the alterations in the A® steroidogenic
pathway (which is dominant in human [73]) also the levels of
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17-hydroxypregnenolone metabolite 17-hydroxyprogesterone
(the A* pathway) were significantly elevated in the AD patients
(Fig. 1).

4.1.1.3. Markedly lower HSD3B2 activity for C21 steroids but not for
C19 steroids in women with AD. In contrast to the higher C17-
hydroxylase activity, the AD patients exhibited markedly lower
HSD3B2 activity as documented by markedly higher 17-
hydroxypregnenoclone but only slightly (but still significantly)
higher 17-hydroxyprogesterone levels (Tables 2-4). This was also
supported by the lower progesterone/pregnenolone and 17-
hydroxyprogesterone/17-hydroxypregnenolone ratios (Tables 6-
8).0n the other hand, the corresponding PPRs for C19 steroids such
as androstenedione/DHEA ratio (0.287 (0.236, 0.358) nmol/L in AD
female group (displayed as mean with 95% confidence limits) and
0.245 (0.212, 0.287) in controls) and (testosterone/androstenediol
ratio 0.675 (0.472, 0.944) nmol/L in AD group and 0.839 (0.64, 1.09)
in controls) did not significantly differ between the AD patients
and controls. The finding of the attenuated HSD3B2 activity in C21
steroids might be associated with a deficiency in the functioning of
the farnesoid X receptor, which increases the transcription and
expression of HSD3B2 and consequently the capacity of the adrenal
gland to produce corticosteroids [114].

4.1.1.4. Manifestly suppressed conversion of 17-hydroxyprogesterone
to cortisol in wemen with AD. In addition to the lower HSD3B2
activity, the female patients with AD exhibited manifestly lower
values of cortisol/17-hydroxyprogesterone ratio, reflecting the
activities of enzymes CYP21A2 and CYP11B1, which subsequently
convert the 17-hydroxyprogesterone to cortisol (Tables 6 and 8).

4.1.2. Attenuated activity of zona reticularis in women with AD

As documented, the activities of key steroidogenic enzymes of
adrenal zona reticularis are attenuated in the AD group, which
indicates that the patients have even “older” zona reticularis than
the age- and gender corresponding controls as the human exhibits
shrinking zona reticularis with increasing age probably due to a
reduction in the proportion of the adrenal cortex that expresses
cytochrome B5 (CYB5) [110] (Fig. 1).

4.1.2.1. Lower C17,20-lyase activity in women with AD. The
alterations in steroid biosynthesis in zona reticularis differed
from that in zona fasciculata in women with AD. Although the levels
of DHEA, androstenediol and their sulfates did not significantly
differ between patients and controls (data not shown), the former
did not follow the elevated levels of pregnenolone, its sulfate and
17-hydroxypregnenolone (Tables 2-4). Therefore, the DHEA/17-
hydroxypregnenolone ratio reflecting the dominant C17,20 lyase
activity as well as the ratios reflecting the overall conversion of 17-
deoxy- C21 precursors to C19 steroids (DHEA/pregnenolone, 16a-
hydroxy-DHEA/16a-hydroxypregnenolone, DHEA/pregnenolone
sulfate) were lower in the AD patients (Tables 6-8). So, despite
the absence of significant differences between C19 A® steroids the
above mentioned data demonstrating attenuated activity of zona
reticularis in patients confirmed our previous results [54] and data
from other studies reporting lower levels of C19 A3 steroids in body
fluids of AD patients [111,115-117] (Fig. 1). In addition, our patients
were in initial stages of the disease and therefore the alterations in
peripheral steroidogenesis might be less pronounced than in more
developed pathology.

The lower C17,20-lyase activity is also in line with the general
trend to higher levels of 5a/p-reduced C21 steroids (allopreg-
nanolone, allopregnanolone sulfate, isopregnanolone, pregnano-
lone, conjugated pregnanolone, and conjugated 5pB-pregnane-
3o, 20a-diol) and lower levels of their C19 equivalents (androster-
one sulfate, epiandrosterone sulfate, epietiocholanolone sulfate,

conjugated 5a-androstane-3(3,17B3-diol, and conjugated 5P-
androstane-3a,173-diol) in AD group. Besides the effect of low
C17,20 lyase activity in the classical A3 steroid pathway, these
findings are in line with the concept of alternative “backdoor”
pathway, the physiological importance of which was suggested not
only for marsupials but also for human. The important metabolic
step in this pathway is the conversion of 5a-reduced C21 steroids
to their C19 5a-reduced equivalents, which is catalyzed by
CYP17A1C17,20-lyase [35,36]. Our results showing higher levels
of both 5a- and 5B-reduced C21 steroids and at the same time
reduced levels of both 5a- and 5B-reduced C21 steroids indicate
that the alternative “backdoor” pathway may include not only the
S5a-reduced steroids but also their 5B3-reduced equivalents. The
absence of differences between levels of C19 A’ steroids but
significant differences in C19 5a/B-reduced steroids may be
ascribed to the higher stability of the latter substances in the
organism (Tables 2-4, Figs. 3 and 4)

4.1.2.2. Lower steroid conjugation in women with AD. In spite of the
insignificant differences in the levels of conjugated C19 A® steroids
between AD group and controls, our results showed lower steroid
conjugation in the patients most probably due to attenuated
activity of SULT2A1, as documented by lower C/U ratios in the
patients (Tables 6-8). SULT2A1 is dominantly expressed in zona
reticularis and exhibits also about three times lower expression in
liver [31] (Fig. 1).

Our data are in accordance with the results from Yanase et al .
[53] who found lower DHEAS/DHEA ratio in the cerebrospinal fluid
of AD patients. Furthermore, the stable sulfates of 5at/B-reduced
catabolites of the C19 A® steroids such as androsterone sulfate,
epiandrosterone sulfate, epietiocholanolone sulfate, conjugated
5a-androstane-33,173-diol, conjugated 5@3-androstane-3c.,17[3-
diol exhibited lower values in AD group compared to controls
(Tables 3-5).

Nevertheless, despite the reduced SULT2AT1 activity, the relative
overproduction of C21 steroids is sufficient to maintain higher
levels of C21 sulfates such as pregnenolone sulfate, allopregna-
nolone sulfate, conjugated pregnanolone, conjugated 5B-preg-
nane-3a,20a-diol in AD group (Tables 2-5). The balance between
unconjugated and conjugated steroids is also of interest in
GABAergic steroids as at least C21 3a-hydroxy-5a/B-reduced
steroids exhibit a turnaround of their GABAergic effect by sulfation
[118] and lower SULT2A1 activity shifts a balance from negative
modulators of GABAAR to the neuroinhibitory positive ones.

4.1.2.3. Importance of A5 steroids in human physiology and
pathophysiology. DHEA sulfate and further A® steroids, which
are primarily produced in the zona reticularis are considered as
“favorable” substances regarding the pathophysiology of AD.
Besides the neuro-stimulatory, memory-, and learning
enhancing actions, the A5 steroids and their 7a/B- and 16a-
hydroxy-metabolites are also known as neuroprotective and
immunoprotective substances [67,98,119-122]. In the CRH test,
DHEA sulfate exhibits lower response in AD patients when
compared to controls [111]. The authors of the aforementioned
study suggest an association of higher DHEA sulfate levels in these
patients with a decreased phosphorylation of hypothalamic
T-proteins. Pre-administration of DHEA, DHEA sulfate and
pregnenolone sulfate decelerates the increase of [B-amyloid
peptide induced by intracellular calcium [Caz+]; [15].
Furthermore, pregnenolone sulfate levels negatively correlate
with the concentrations of B-amyloid peptide in the striatum and
cerebellum. Additionally, AD patients with higher circulating
DHEA show better score in the Rivermead Behavioural Memory
Test [123]. However, besides the mostly negative associations of
low DHEA sulfate and DHEA levels with the manifestation of AD,
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the DHEA treatment does not improve cognitive ability in AD
patients [ 124] and there is also a study reporting higher levels of A’
steroids in brain tissues collected post-mortem from the patients
[125].

The levels of pregnenolone sulfate are higher in the patients
which might have physiological and pathophysiological conse-
quences as this steroid conjugate is a recognized neuroactive
steroid. Pregnenolone sulfate is even more potent neuroexcitatory
positive modulator of NMDA receptors than the DHEAS but might
be excitotoxic on NMDA receptors [126]. On the other hand,
pregnenolone sulfate may be also neuroprotective as it attenuates
the activity of AMPA/kainate receptors [127], which participate in
the pathophysiology of some CNS disturbances including AD
[128,129].

4.2. Elevated levels of androstenedione but not testosterone in women
with AD

Although the synthesis of the C19 A® steroids in zona reticularis
is probably hindered and HSD3B2 activity in C21 steroids is
suppressed, the levels of the important A* androgen androstene-
dione are surprisingly elevated in the patients (Table 2). This
finding is in line with the data from other authors who reported
higher androstenedione (but not testosterone) levels in women
with AD [130] and higher response of androstenedione to ACTH
(1 pg) in AD patients [131]. Nevertheless, the higher androstene-
dione levels are in contradiction with the lower levels of its
catabolites, conjugated C19 5«/B-reduced steroids. However, this
discrepancy might be associated with low CYP17A1C17-hydroxy-
lase activity in “backdoor” pathway from 5«/ reduced C21
steroids to their C19 counterparts [3536] (Figs. 1-4). The
significant difference for androstenedione and its absence for
testosterone might be also ascribed to attenuated activity of
AKR1C3.This enzyme is expressed in both zona fasciculata and zona
reticularis but exhibits twice as high expression in the latter
adrenal zone [109].

4.3. Elevated levels of neuroprotective pregnane steroids in wemen
with AD

Our data showed that there is unfavorable attenuation of zona
reticularis at intensification of zona fasciculata activity. On the other
hand, the raised CYP17A1C17-hydroxylase activity and reduced
CYP17A1C17,20 lyase activity probably stimulate the synthesis of
neuroprotective GABAergic steroids allopregnanolone and preg-
nanolone [132] and further 3a/B-hydroxy-5c/B-reduced C21
steroids (allopregnanolone sulfate, isopregnanolone, conjugated
pregnanolone, conjugated 5B-pregnane-3a,20a-diol) (Tables 2-5,
Figs. 1 and 2). From these steroids the pregnanolone sulfate
represents the most abundant conjugated pregnanolone isomer
[133] operating as a neuroinhibitory substance on NMDA and
AMPA/[kainate receptors [134]. In addition, the sulfated 3a-
hydroxy-5a/(-reduced pregnane steroids pregnanolone and
particularly allopregnanolone (which is effective at pharmacologi-
cally relevant concentrations) might mitigate inflammatory and
neuropathic pain via inhibition of the voltage-gated sodium
channels [135].

Allopregnanolone also promoted regeneration and reduced
B-amyloid negative effect in a preclinical model of AD [136] and
withdrew neurogenic and cognitive deficits in mouse model of AD
[137].

Although Bernardi et al. [111] reported reduced circulating
allopregnanolone in AD patients, our results demonstrated
consistently increased levels of C21 steroids including their
GABAergic C21 5a/B-reduced catabolites in AD group.

4.4. Lower CYP19A1 (aromatase) activity in women with AD

Various studies reported low circulating levels of estradiol in
women with AD (see review [138]). Although we did not find
significant differences in estradiol and estrone levels between the
AD group and controls our results indicated reduced aromatase
activity in the AD group (Table 6) as the estrone/androstenedione
ratio reflecting the CYP19A1 activity was lower in the AD patients.
Concerning the estradiol but not estrone, our data are in line with
the study from Cunningham et al. [ 130], who reported significantly
higher levels for estrone but not estradiol in women with AD.

Estradiol levels in human female brain mirror circulating
estradiol levels [20,23] and therefore, the loss of neuroprotective
estradiol after menopause may increase the risk of AD [138].
Estradiol upregulates the formation of insulin degrading enzyme
(IDE). The activity of IDE (decreasing with age) is negatively
associated with the formation of B-amyloid plaques [139].
Furthermore, estradiol depletion leads to increased production
of B-amyloid and T-phosphorylation, decreased dendritic spine
density, and protection of the hippocampal neurons from kainate-
induced excitotoxicity [138]. More recent data [140] showed a
variety of positive estradiol effects such as stimulation of
mitochondrial aerobic glycolysis, protection against free radicals,
and increase of B-amyloid protein clearance. In addition, the
ovariectomy in adult female 3xTg-AD mice induced an accumula-
tion of B-amyloid and suppressed memory performance. Pretreat-
ment with estradiol prevented these effects [141]. However, the
long-term effect of estradiol in the pathophysiology of AD seems to
be negative [142] particularly in senescence as estradiol may
increase the leakiness of the blood-brain barrier [138].

Taken together, estradiol is a favorable substance in the healthy
neurons but an undesirable one in the neurons impaired by AD,
and therefore the reduced aromatase activity may be considered as
a protective factor in subjects with manifested AD. Moreover,
estradiol stimulates autoimmunity via estrogen receptors o (ERat)
and B (ERP) [96,97,143]. As the process of aging is associated with
increased inflammation at concomitant immunodeficiency and
autoimmunity status (autoimmunity plays an important role in the
pathophysiology of AD | 144]), the reduced aromatase activity may
be favorable for the patients.

4.5. Alterations in SRD5As and AKR1D1 activities

AKR1D1 and SRD5As are involved in the formation of neuro-
protective GABAergic steroids and the sulfated 5a- and 5B-
reduced C21 steroids are either positive or negative modulators of
glutamate responses on neuroexcitatory NMDA and AMPA/kainate
receptors [145-147]. Therefore, the balance between the 5a- and
5B-epimers may be of importance as regards the pathophysiology
of AD. However, the data concerning the alterations in SRD5As and
AKR1D1 activities in were ambiguous. Although both 5«- and 503-
reduced C21 steroids in the AD patients consistently tended to
higher circulating levels, both 5a- and 5@3-reduces C19 steroids
consistently exhibited the opposite trend (Tables 2-5). Therefore,
only the appropriate product to precursor ratios may demonstrate
possible alterations in SRD5As and AKR1D1 activities of patients
with AD. The differences in PPRs between patients and controls did
not reach significance in the ANOVA testing but the androsterone
sulfate/etiocholanolone sulfate ratio (reflecting the relation
between SRD5As activities and AKR1D1 activity) was significantly
lower in AD group when using ROC analysis as well as OPLS and MR
models (Tables 7 and 8, Figs. 2 and 3). While there was no
significant difference in the (etiocholanolone +epietiocholano-
lone)/androstenedione ratio reflecting the AKR1D1 activity (data
not shown) the former PPRs might indicate attenuated SRD5As
activities in the AD group. However, the 5a-dihydrotestosteronef
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testosterone ratio also reflecting the SRD5As activities was higher
in the MR model and indicated the opposite trend (Table 8).
However, these findings need further confirmation.

4.6. Balances between AKR1Cs, reductive HSD17Bs isoforms and
oxidative HSD17Bs isoforms

4.6.1. The balance between 3w-hydroxy- and 3 -hydroxy-epimers of
5w/ B-reduced steroids is shifted towards the 3a-hydroxy-epimers in
women with AD

The balance between 3a-hydroxy- and 33-hydroxy-epimers of
S5ae/B-reduced steroids is important for the biological activity of
these substances because the 3a-hydroxy-epimers are neuro-
inhibitory and neuroprotective positive modulators of type A GABA
receptors, while the 33-ones are either inactive or function as
negative modulators of these receptors in unconjugated [148] and
even more in sulfated form [118,149]. Thus, the balance between
3a-hydroxy- and 3B3-hydroxy-epimers may have pathophysiologi-
cal importance in both CNS [150] and periphery [151,152]. As
mentioned, the sulfated C21 3a-hydroxy-5a/B-reduced steroids
but not their sulfated 3f-equivalents may alleviate inflammation
and neuropathic pain via inhibition of the voltage-gated sodium
channels [135]. The C19 3«-hydroxy-5a/B-reduced steroids exert
antiepileptic effect inducing an expression of Calbindin-D28k
protein, which modulates the intracellular Ca®* in the nervous
system. Three PPRs reflecting the balance between 3a-hydroxy-
and 3B-hydroxy-epimers of C19 5a/B-reduced steroids (etiocho-
lanolone sulfate/epietiocholanolone sulfate, 5a-androstane-
3a,173-diol/5a-androstane-3(3,173-diol ratio, and conjugated
Sec-androstane-3e,173-diol/conjugated  Sec-androstane-33,173-
diol) showed a shift towards the 3a-hydroxy-epimers in AD
group, which might be favorable for the patients. However, an
analogy with this finding in C21 5a/B3-reduced steroids was not
observed (Tables 6-8).

4.6.2. The balance between 17 8-hydroxy and 17-oxo steroids in
women with AD is shifted towards 17-oxo-steroids

We did not find significant differences in estradiol/estrone ratio
between AD patients and controls. Although we recorded steroid
ratios (conjugated 5B-androstane-3«,173-diol/conjugated etio-
cholanolone and conjugated 5c-androstane-3[3,173-diol/conju-
gated epiandrosterone) indicating a slight shift from the C19 173-
hydroxy-5ce/3-reduced steroids towards their 17-oxo-counter-
parts (Table 6) the physiological interpretation of this finding
needs further investigation (Figs. 2 and 3).

4.6.3. The balance between 20«-hydroxy and 20-oxo-steroids

As mentioned the results were not consistent in the ratios
reflecting a shift from the 20-oxo-5a/B-reduced steroids to their
200-hydroxy-counterparts. The higher 20c-dihydroprogesterone/
progesterone ratio (Tables 6 and 7) indicated a shift from
neuroprotective progestogen progesterone [153] towards its
inactive metabolite 20«-dihydroprogesterone in patients. Con-
cerning the lower 20a-dihydropregnenolone sulfate/pregneno-
lone sulfate ratio in AD group, the shift from pregnenolone sulfate
(active on GABAAR and NMDAR) towards its less active 20a-
dihydro-metabolite in AD patients might be of physiological
importance [118,154]. NMDAR is a therapeutic target for AD
treatment [155]. Alzheimer's disease is also characterized by
decreased AMPA activation and synapse loss [129]. The augmen-
tation of AMPA receptors at the synapses by transmembrane AMPA
receptor regulatory proteins (TARPs) alleviate the symptoms of AD
and pregnenolone sulfate is the AMPA receptor antagonist, its
catabolism to 20«-hydroxy-counterpart might be favorable for AD
patients [129].

4.7. Reduced activities of CYP7B1 catalyzing the formation of
immunomodulatory 7a-hydroxy-metabolite of androstenediol in
women with AD

Concerning the specific role of enzymes catalyzing the
formation of immunomodulatory metabolites of A® steroids in
the pathophysiology of AD, the expression of CYP7B1 mRNA in the
hippocampi of AD patients is reduced by 50% [156]. A number of
studies from Morfin's group and other researchers demonstrated
that 7a/B-hydroxy-C19 A® steroids may compete for the active
sites on type 1 113-hydroxysteroid dehydrogenase (HSD11B1), the
enzyme catalyzing the conversion of inactive 11-oxo-glucocorti-
coids to immunosuppressive 11B-hydroxy-glucocorticoids
[67,119-122]. Interestingly, besides various tissues, also human
lymphocytes express the HSD11B1 [157]. Moreover, CYP7B1
enzyme rapidly catabolizes C19 estrogen precursors such as DHEA,
androstenediol, and 5a-androstane-33,173-diol (the latter ste-
roids are also estrogenic) to their corresponding 7-oxygenated and
160-hydroxylated catabolites, which cannot be further converted
to autoimmunity-inducing estradiol [96,97,143]. Even low andros-
tenediol concentrations are effective on both ERa and ER[ and
therefore the conversion of androstenediol into 5-androstene-
3P,7¢,17B-triol results in loss of estrogenic action. More recent
studies showed that there is no influence of DHEA to 7a-hydroxy-
DHEA conversion on the function of ER-mediated response as
previously indicated but the conversion of androstenediol to 5-
androstene-3[3,7,173-triol is effective [97]. The 5-androstene-
3[.7,173-triol epimer 5-androstene-33,7(,17(3-triol (which may
be either formed by interconversion from the former steroid or
directly from androstenediol by the catalytic action of CYP3A4) is
highly immunoprotective despite its rapid catabolism and high
clearance from human circulation [98].

Our data showed decreased 5-androstene-3[3,7¢,173-triol/
androstenediol ratio (controls: 0.0757 (0.0616, 0.0905) nmol/L,
AD patients: 0.117 (0.103, 0.131) nmol/L, mean with 95% confidence
limits) and 7a-hydroxy-DHEA/DHEA ratio (controls: 0.0491
(0.0431, 0.0556) nmol/L, patients: 0.0599 (0.0541, 0.0661) nmol/
L) reflecting the activity of CYP7B1 enzyme even if the second one
did not reach significance (Tables 6-8). Therefore, our findings and
data from others [156] indicated that the attenuated CYP7B1
activity may also participate in the pathophysiology of AD (Fig. 4).

5. Conclusions

Our preliminary data indicated substantially altered adrenal
steroidogenesis in women with AD. The female patients had
increased cholesterol desmolase CYP11A1 activity, substantially
weakened activity of CYP17A1C17,20 lyase metabolic step and
attenuated sulfotransferase SULT2A1 activity at considerably
higher activity of the CYP17A1 17-hydroxylase step. On the other
hand, the patients showed diminished HSD3B2 activity for C21
steroids and markedly abated conversion of 17-hydroxyprogester-
one to cortisol and therefore only slightly elevated cortisol levels.

The women with AD had also attenuated steroid 7a-hydroxyl-
ation (CYP7B1) catalyzing the formation of immunoprotective A®-
C19 steroids and attenuated aromatase activity (which forms
estradiol that induces autoimmunity) and a shift from the 3p3-
hydroxy-5a«/3-reduced C19 steroids to their neuroinhibitory and
antiinflammatory GABAergic 3a-hydroxy- counterparts. The
patients' population showed higher levels of the 3a-hydroxy-
5c/B-reduced C21 steroids and pregnenolone sulfate, which
improves cognitive abilities and at the same time may act as a
protective substance on AMPA/kainate receptors but may be
excitotoxic via stimulation of NMDAR.

Furthermore, our data indicated functioning of an alternative
“backdoor” pathway, the physiological importance of which was
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suggested not only in marsupials but also in humans. The
important metabolic step in this pathway is the conversion of
Sa-reduced C21 steroids to their C19 5a-reduced equivalents
catalyzed by CYP17A1C17,20-lyase. Our results showing higher
levels of both 5«- and 5B-reduced C21 steroids and at the same
time reduced levels of both 5a- and 5B-reduced C21 steroids
indicated that the alternative “backdoor” pathway may include not
only the 5a-reduced steroids but also their 5B-reduced equiv-
alents. Although the absence of a direct experiment is a limitation
of our study, we believe that our results support the conclusions
mentioned above.
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Summary

Steroids are important components in the pathophysiology of
Alzheimer’s disease (AD). Although their role has been studied,
the corresponding metabolomic data is limited. In the present
study we evaluate the role of steroid sulfotransferase SULT2A1 in
the pathophysiology of AD on the basis of circulating steroids
(measured by GC-MS), in which the sulfation catalyzed by
SULT2A1 dominates over glucuronidation (pregnenolone/sulfate,
DHEA/sulfate, androstenediol/sulfate and 5a-reduced pregnane
and androstane catabolites). To estimate a general trend of
SUL2A1 activity in AD patients we compared the ratios of steroid
conjugates to their unconjugated counterparts (C/U) in controls
(11 men and 22 women) and AD patients (18 men and
16 women) for individual circulating steroids after adjustment for
age and BMI using ANCOVA model including the factors AD
status and gender. Decreased C/U ratio for the C19 steroids
demonstrate an association between attenuated sulfation of
C19 steroids in adrenal zena reticularis and the pathophysiclogy
of AD.
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Introduction

Alzheimer’s disease (AD) represents more than
one half of total dementias in seniors. The number of
people living with dementia worldwide today is estimated
at 44 million, set to almost double by 2030 and more than
triple by 2050 (Prince et al. 2014).

AD is
progressive decline of episodic memory and impairment

a neurodegenerative disease with

in other cognitive domains leading to dementia with loss
of AD requires
neuropathological confirmation from autopsy. Current
diagnostic criteria for AD are mainly based on clinical

of autonomy. Definite diagnosis

and neuropsychological assessment (McKhann er al.
2011).

There is increasing evidence that pathological
processes in the brain of AD patients may begin even
10-20 years before the first symptoms appear (Holtzman
et al. 2011), therefore, the need for early diagnosis is
important and other biomarkers may be useful.

Various factors including altered steroid
biosynthesis may participate in the pathophysiology of
AD. Steroid hormones are effective regulators of many
physiological processes, including those in the brain
(Hampl and Bicikova 2010). Steroid hormones active in
neural tissue are neuroactive steroids, which arise in the
gonads (in women only in the reproductive period) and in
the adrenal glands (the main source of postmenopausal
women) and into

the central nervous system are
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transported across the blood-brain barrier directly or in
the form of precursors. However, a small portion of
steroids, called neurosteroids, are produced directly in
nervous tissue. The peripheral steroidogenesis may
substantially influence neuronal activity in the brain.
Age-related deficit of sex steroid hormones
increases the risk of dysfunction in hormone-responsive

tissues, including brain. Age-dependent hormone
depletion in the brain may result in diminished
neuroprotection,  which  increases a risk  of

neurodegenerative diseases such as AD (Rosario and Pike
2008). AD is more prevalent in women, which may be
explained by differences in life expectancy in women
compared to men. However, incidence of AD is also
higher in women (Ruitenberg et al. 2001). Nevertheless,
the basis of higher vulnerability for females to AD
remains unclear.

From the menopause, dehydroepiandrosterone
(DHEA) remains the exclusive and adrenal tissue-specific
source of sex steroids in women while in (65-75 year-old)
men, the contribution of adrenal DHEA to the total
androgens is approximately 40 % (Labrie 2010). Sex
steroid hormones derived from DHEA show a similar
decline from the age of 30 years in both genders, but
there is a continuous supply of testosterone, estrone and
estradiol from testes in men. The ovarian estradiol
secretion in women ends at the menopause.

Age-related loss of sex steroid hormones is
associated with numerous diseases such as tissue atrophy,
bone loss, fat accumulation, type 2 diabetes mellitus, and
also with cognition problems, memory loss and perhaps
with  AD (Labrie 2007).
biosynthesis may contribute to the pathology of AD (Liu
et al. 2013, Napolitano et al. 2014, Schumacher et al.
2014, Winkler and Fox 2013).

The
androgens, and progesterone, have effects on the brain,

Alterations in steroid

endogenous sex steroids, estrogens,
especially in perimenopausal and postmenopausal women
(Yaffe et al. 2000). DHEA, which may be converted to
estrogens locally in the brain, have been shown to
enhance memory and learning functions (Vallee et al.
2001). Similarly, DHEA sulfate (DHEAS) influences
brain function and affects memory capacity (Hunt er al.
2000). DHEA acting in the brain is either of peripheral
origin, or may be synthesized directly in the brain and
may be also converted into estrogens or androgens in
brain tissues. Various brain areas express nuclear
receptors for estrogens, androgens and progesterone.

Besides the nuclear receptors, both androstane and

pregnane steroids may also modulate the permeability of
various ion channels such as excitatory glutamate
receptors on one hand or inhibitory gamma-aminobutyric
acid (GABA) receptors on the other hand (Bergeron er al.
1996, Majewska et al. 1990, Hill et al. 2015, Starka er al.
2015).

Steroid sulfates having distinct physiological
role compared with their unconjugated counterparts are
important precursors of further bioactive steroids (Strott
2002). The circulating levels of conjugated steroids are
usually much higher than in their non-conjugated forms.
The steroid conjugates are frequently metabolic end-
products with excellent water solubility enabling their
uncomplicated excretion into the urine. The conjugation
generally alters biological activity (Strott 1996) and may
even convert the unconjugated steroids to their biological
antagonists (Park-Chung et al. 1997, 1999). Even though
the sulfotransferase activity in primate brain is low (Kriz
et al. 2005), the sulfation of brain neurosteroids might
participate on the maintenance of brain function. Steroid
sulfates are bound to serum proteins such as albumin,
corticosteroid binding globulin (CBG), and sex hormone
binding globulin (SHBG), and serve as circulating
reservoir, while non-conjugated forms are more active at
the tissue level.

Human SULT2AI (sulfotransferase family 2A,
dehydroepiandrosterone-preferring, member 1) is enzyme
strongly expressed in fetal zone of the fetal adrenal gland
(Barker et al. 1994), and in the zona reticularis of the
mature adrenal gland. Besides the primary source of
sulfotransferase adrenal

steroid activity in

reticularis, also the kidneys and small intestine exhibit

Zona

significant sulfotransferase activities (Barker et al. 1994,
Otterness et al. 1992). SULT2A1 expression is also
detectable in ovary and prostate, in stomach and colon
(Javitt er al. 2001), but these tissues produce the enzyme
at a lower levels (Shimada et al. 2001). Besides the
DHEA, the SULT2AI catalyzes the sulfation of further
androgens, their 5a/p-reduced catabolites, pregnenolone,
Sa/p-reduced pregnanolone isomers and pregnanediols,
and also the bile acids. Whereas the lower ratio of
circulating sulfates to unconjugated form of steroids may
indicate the lower overall SULT2AI1
attempted to investigate whether the reduced ratios of

activity, we

steroid sulfates to their unconjugated counterparts are
consistently lower in the AD and if so, whether these
ratios may be used as markers of AD.
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Materials and Methods

Subjects

A total of 34 patients with AD (16 women and
18 men) fulfilling NINCDS-ADRDA criteria (National
Institute of Neurological Communicative Disorders and
Stroke — Alzheimer's disease and Related Disorders
Association) for probable Alzheimer's disease and
33 controls of similar age as the patients (22 women and
11 men) participated in the study (Table 1).

Diagnosis  of AD was confirmed by
neuropsychological tests (Repeatable Battery for the
Assessment of Neuropsychological Status, Montreal

Cognitive Assessment, and Geriatric Depression Scale),
biochemical examination of cerebrospinal  fluid
(B-amyloid peptides, total and phosphorylated t-proteins)
and magnetic resonance imaging of the brain. In our
cohort of patients, 25 patients had AD, 3 patients had
possible dementia with Lewy bodies in comorbidity and
6 patients had AD and significant subcortical ischemic
white matter lesions consistent with the diagnosis of
mixed dementia. Controls were examined with the same
neuropsychological battery and had magnetic resonance
imaging of the brain but lumbar puncture was not
performed in these subjects.

Table 1. Comparison of anthropometric and biochemical characteristics in controls and in patients with Alzheimer s disease (AD).

i Mean (95% confidence limits) ANOVA
Variable
Controls AD patients 4

Women n=22 n=16

Age (vears) 66.9 (65.1, 68.8) 74.8(72.1,77.7) 0.001
BMI (kg/m’) 24.9(23.6,26.4) 27.7(25.8, 29.8) 0.123
WHR 0.81(0.79, 0.83) 0.84 (0.82, 0.87) 0.172
BAI 32.3(30.7, 34.1) 31.7 (29.8,33.7) 0.758
HbAlc (%) 39.3(37.9,40.7) 35.2(33.4,36.9) 0.016
Total cholesterol (mmol/l) 5.03(4.77,5.31) 5.55(5.19,5.97) 0.134
HDL-cholesterol (mmol/l) 1.53 (1.4, 1.66) 1.75 (1.58, 1.94) 0.179
LDL-cholesterol (mmol/l) 2.89(2.6,3.19) 3.25(2.9,3.63) 0.295
Triacylglycerols (mmol/l) 1.14(1.01, 1.3) 1.08 (0.945, 1.26) 0.743
Men n=11 n=18

Age (vears) 68.8 (64.5, 73.1) 72.5(69.2, 75.8) 0.327
BMI (kg/m’) 27.2(25.7, 28.8) 26.1 (25,27.2) 0.393
WHR 0.95 (0.92, 0.99) 0.93 (0.91, 0.96) 0.457
BAI 26:2(251,27:3) 26.3 (25.4,27.2) 0914
HbAlc (%) 38 (36.3, 39.6) 38.1(36.8, 39.5) 0.904
Total cholesterol (mmol/l) 4.58(4.13,5.11) 4.55(4.2,4.95) 0.94
HDL-cholesterol (mmol/l) 1.42 (1.32, 1.52) 1.31(1.23, 1.39) 0.24
LDL-cholesterol (mmol/l) 2.57(2.21,3.02) 2.68(2.37,3.04) 0.771
Triacyiglveerols (mmol/l) 1.11(0.911, 1.34) 1.17 (1, 1.36) 0.756

The study subjects, patients as well as controls,
did not use any drug known to interfere with the steroid
biosynthesis and catabolism, especially corticoids,
selective  serotonin  reuptake inhibitors, estrogens,
hormone replacement therapy and nonsteroidal anti-
inflammatory drugs.

Participants were examined after signing an
informed consent approved by the Ethics Committee of

the Institute of Endocrinology. For the evaluation of basic
biochemical parameters and steroid metabolome, 10 ml
of blood was withdrawn on fasting in the morning. Blood
samples were centrifuged and stored at —80°C until
analyzed.

Anthropometric measurements
The waist to hip ratio (WHR) and body mass
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index (BMI) were calculated. Body adiposity index
(BAI), a surrogate measure of body fat, was calculated as
described elsewhere (Freedman ef al. 2012).

Analytical methods

The circulating levels of steroids and their polar
conjugates were simultaneously measured using the
previously  described gas  chromatography-mass
spectrometry (GC-MS) method (Hill ef al. 2010). In brief,
the 1 ml of serum was extracted by 3 ml of diethyl-ether.
The dry residue from the organic layer was partitioned
between | ml of pentane and 1 ml of 80 % methanol-water
mixture and the dry residue from the methanol-water layer
was derivatized by 2 % of methoxylamine-hydrochloride
in  pyridine then  silylated by  N,O-
Bis(trimethylsilyl)trifluoroacetamide ~ with 1%  of
trimethylchlorosilane. The polar layer from the diethyl-

and

cther extraction was hydrolyzed using the method by
Dehennin et al. (1996) and then processed like the
unconjugated steroids. Steroid polar conjugates contain
mainly sulfates and glucuronides. In this study, we focused
on the steroids in which the sulfates dominate over
glucuronides such as A’ steroids (adrenal gland pathway)
and Sa-reduced C21 and C19 steroid metabolites.
Triacylglycerols, total cholesterol, and HDL-
cholesterol were assayed by enzymatic colorimetric test,
glycated hemoglobin Alc (HbAlc) was assayed by
turbidimetric inhibition method (Roche, Cobas 6000).
LDL-cholesterol was calculated as total cholesterol minus
(triacylglycerols divided by 2.2) minus HDL-cholesterol.

Statistical analysis

Respecting the skewed distribution and non-
constant variance in most dependent variables, these were
transformed by power transformations to data symmetry
and homoscedasticity prior further processing (Meloun et
al. 2000). The homogeneity and distribution of the
transformed data was checked by residual analysis as
described elsewhere (Meloun et al. 2002).

To correctly explain the relationships between
steroids, than product to precursor ratio (sulfates to
unconjugated steroids ratio) and presence of AD for both
genders, we used age- and BMI-adjusted ANCOVA with
factors AD and gender. Anthropometric characteristics
were cvaluated using one-way ANOVA. Statistical
software Statgraphics Centurion, version XV from
Statpoint Inc. (Herndon, Virginia, USA) was used for
ANOVA and ANCOVA testing.

Results

The differences between the ratios of conjugated
to unconjugated steroids (C/U) in AD patients and
controls with respect to gender are shown in Table 2.

As illustrated in Table 2, the C/U of the C21
steroids do not exhibit significant alterations in AD
patients. On the other hand, the C/U of the A® C19 steroid
DHEA and its Se-reduced metabolites with a dominance
over  the

of  sulfates glucuronides  (androste-

rone, epiandrosterone, Sa-androstane-3a,17p-diol,
Sa-androstane-3f,17p-diol) are consistently lower in
AD patients. Some C/U are significantly higher in men
(pregnenolone, isopregnanolone, DHEA, epiandro-
sterone, Sa-androstane-3a,17B-diol) and the C/U in the
androsterone negatively correlate with age. BMI do not

significantly influence the values of C/U.
Discussion

Steroids are recognized as important components
in the pathophysiology of AD. Although their role has
been widely studied, the corresponding metabolomic data
are limited (Maggio et al. 2015). To our knowledge, this
study is the first attempt to evaluate the role of steroid
sulfotransferase SULT2AI in the pathophysiology of AD
on the basis of steroid metabolome in the circulation. For
this purpose we have selected the unconjugated steroids
and their conjugated counterparts in which the sulfation
catalyzed by SULT2A1 dominates over glucuronidation.
Therefore we omit the 5p-reduced steroids, in which the
glucuronidation is comparable with sulfation (Brochu and
Belanger 1987). Furthermore, estrogens, which are
extensively  sulfated by  estrogen  preferring
sulfotransferase SULTI1EL, are also omitted (Tibbs ef al.
2015). To estimate a general trend of SULT2AI activity
in AD patients, we have compared the ratios of steroid
conjugates to their unconjugated counterparts (C/U) in
controls and AD patients for individual circulating
steroids after adjustment for age and BMI using the
ANCOVA model.

Our results showing decreased C/U in the C19
steroids demonstrate at least an association between
attenuated sulfation of C19 steroids in adrenal zona
reticularis and the pathophysiology of AD. These data
are compatible with the concept of “older” zona
reticularis in AD patients compared with controls.
Numerous

studies demonstrate decline in adrenal

androgen production with advancing age and an
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analogous diminution in the area represented by the zona

reticularis, which is regulated by extra-adrenal
modulators such as corticoliberin, adrenocorticotropic
hormone, insulin, and transforming growth factor 3
(Auchus 2004, Dharia and Parker 2004, Ibanez et al.
1999, Sulcova et al. 1997). Although the DHEA is
unlikely to have influence on the cognitive abilities in AD
patients (Maggio ef al. 2015), a variety of studies
demonstrate higher prevalence of degenerative disorders,
including AD, and other report neuro-protective and anti-
aging effects of DHEA/DHEAS
corresponding mechanisms of DHEA/DHEAS actions
(Hildreth er al. 2013, Lu er al. 2003, Traish er al. 2011,
Hill et al. 2014a, Maggio et al. 2015, Starka ef al. 2015).
Furthermore, adrenal androgens serve as precursors of
potent androgens or estrogens in target tissues (Labrie

2003).

and  possible

Our results are in accordance with previous data
indicating attenuated activity of zona reticularis in AD
(Aldred and Mecocei 2010, Bernardi et al. 2000, Hillen et
al. 2000, Kim et al. 2003, Nasman et al. 1991, Weill-
Engerer et al. 2002). Furthermore, some authors report
attenuated levels of adrenal androgens in C19 steroids
and particularly their sulfates in body fluids and brain
tissues of AD patients (Yanase et al. 1996) and others
report lower DHEAS levels in subjects in which the AD
developed during the prospective study. The latter
authors also suggest the attenuated activity of zona
reticularis as an important factor in the pathophysiology
of AD (Ponholzer et al. 2009).

Concerning the extra-adrenal factors influencing
the balance between sulfated and unconjugated steroids,
SULT2AL is also highly expressed in the liver and have
an important detoxification function in the liver
metabolism. Patients suffering from some liver disorders
such as alcohol cirrhosis exhibit suppressed SULT2AL
activity (Yalcin er al. 2013). Decreased SULT2AI
activity was also described in human with acute sepsis
(Kim et al. 2004). However, none of volunteers included
in our study suffered from these pathologies. Regarding
the effect of polymorphisms in SULT2A! gene on the
balance between sulfated and unconjugated steroids,
some studies report no such association in healthy
subjects from the general population (Goodarzi er al.
2007, Haring et al. 2013).

The certain contradiction of the study is the
absence of analogous significant between group
differences in the C/U of C21 steroids, which might be
ascribed to lower stability in the case of C21 A’ steroids

as the pregnenolone and its sulfate are the precursors of
all remaining steroids and undergo a rapid metabolism
with  high
metabolic steps, while the sulfates of C19-steroids and

inter-individual variation in individual
particularly of their So-reduced catabolites are more
stable. The absence of significant between group
differences in the C/U of 5a-reduced pregnanolone
isomers and allopregnanolone of AD may be explained
by an effect of inter-individual variability in further
metabolism of these steroids to the corresponding
sulfated pregnanediols, which are end products of
progesterone catabolism.
Some steroid

DHEA,
Sa-androstane-3a,17B-diol) are higher in men, perhaps
due to influence of testicular steroidogenesis on the

C/u
epiandrosterone

(pregnenolone,

isopregnanolone, and

balance between sulfated and unconjugated forms of the
steroids. The C/U investigated mostly do not correlate
with age except the C/U for androsterone, which may be
ascribed to relative homogeneity of the sample as
concerns the age. This may be also the reason why BMI
does not significantly influence the values of the steroid
C/u.

In conclusion, the present study demonstrating
an association between attenuated sulfation of C19
and the
pathophysiology of AD is compatible with the concept of

steroids in adrenal zona reticularis
“older” zona reticularis in AD patients compared with

controls.

Conflict of Interest
There is no conflict of interest.

Acknowledgements
This study was supported by the Grant IGA NT/13543-4
of the Czech Ministry of Health.

Abbreviations

AD, Alzheimer's disease; ANCOVA, analysis of
covariance; ANOVA, analysis of variance; BAI, body
BMI, CBG,
corticosteroid binding globulin; C/U, conjugates to
unconjugated counterparts ratio; C19, C21, carbon

adiposity index; body mass index;

number of steroid; DHEA, dehydroepiandrosterone;
DHEAS, dehydroepiandrosterone  sulfate; GABA,
gamma-aminobutyric acid; GC-MS, gas chromatography-
mass spectrometry: HbAlc, glycated hemoglobin (Alc);
LDL, low density
lipoprotein; SHBG, sex hormone binding globulin;

HDL, high density lipoprotein;

134



2015 Reduced SULT2A1 Activity in Alzheimer’s Disease 8271

SULT2AI, sulfotransferase family 2A, SULTIEI, sulfotransferase family 1E, estrogen-
dehydroepiandrosterone  preferring,  member 1:  preferring, member 1; WHR, waist to hip ratio.
References

ALDRED S, MECOCCI P: Decreased dehydroepiandrosterone (DHEA) and dehydroepiandrosterone sulfate (DHEAS)
concentrations in plasma of Alzheimer's disease (AD) patients. Arch Gerontol Geriatr 51: el6-¢18, 2010.

AUCHUS RJ: Overview of dehydroepiandrosterone biosynthesis. Semin Reprod Med 22: 281-288, 2004.

BARKER EV, HUME R, HALLAS A, COUGHTRIE WH: Dehydroepiandrosterone sulfotransferase in the developing
human fetus: quantitative biochemical and immunological characterization of the hepatic, renal, and adrenal
enzymes. Endocrinology 134: 982-989, 1994,

BERGERON R, DE MONTIGNY C, DEBONNEL G: Potentiation of neuronal NMDA response induced by
dehydroepiandrosterone and its suppression by progesterone: effects mediated via sigma receptors. J Neurosci
16: 1193-1202, 1996.

BERNARDI F, LANZONE A, CENTO RM, SPADA RS, PEZZANI I, GENAZZANI AD, LUISI S, LUISI M,
PETRAGLIA F, GENAZZANI AR: Allopregnanolone and dehydroepiandrosterone response to corticotropin-
releasing factor in patients suffering from Alzheimer's disease and vascular dementia. Eur J Endocrinol 142:
466-471, 2000.

BROCHU M, BELANGER A: Increase in plasma steroid glucuronide levels in men from infancy to adulthood. J Clin
Endocrinol Metab 64: 1283-1287, 1987.

DEHENNIN L, LAFARGE P, DAILLY P, BAILLOUX D, LAFARGE JP: Combined profile of androgen glucuro- and
sulfoconjugates in post-competition urine of sportsmen: a simple screening procedure using gas
chromatography-mass spectrometry. J Chromatogr B Biomed Appl 687: 85-91, 1996.

DHARIA S, PARKER CR JR: Adrenal androgens and aging. Semin Reprod Med 22: 361-368, 2004.

FREEDMAN DS, THORNTON JC, PI-SUNYER FX, HEYMSFIELD SB, WANG J, PIERSON RN JR, BLANCK
HM, GALLAGHER D: The body adiposity index (hip circumference/height(1.5)) is not a more accurate
measure of adiposity than is BMI, waist circumference, or hip circumference. Obesity (Silver Spring) 20: 2438-
2444, 2012.

GOODARZI MO, ANTOINE HJ, AZZIZ R: Genes for enzymes regulating dehydroepiandrosterone sulfonation are
associated with levels of dehydroepiandrosterone sulfate in polycystic ovary syndrome. J Clin Endocrinol
Metab 92: 2659-2664, 2007.

HAMPL R, BICIKOVA M: Neuroimmunomodulatory steroids in Alzheimer dementia. J Steroid Biochem Mol Biol
119: 97-104, 2010.

HARING R, WALLASCHOFSKI H, TEUMER A, KROEMER H, TAYLOR AE, SHACKLETON CH, NAUCK M,
VOLKER U, HOMUTH G, ARLT W: A SULT2AI genetic variant identified by GWAS as associated with
low serum DHEAS does not impact on the actual DHEA/DHEAS ratio. J Mol Endocrinol 50: 73-77, 2013.

HILDRETH KL, GOZANSKY WS, JANKOWSKI CM, GRIGSBY J, WOLFE P, KOHRT WM: Association of serum
dehydroepiandrosterone sulfate and cognition in older adults: sex steroid, inflammatory, and metabolic
mechanisms. Neuropsychology 27: 356-363, 2013.

HILL M, PARIZEK A, KANCHEVA R, DUSKOVA M, VELIKOVA M, KRIZ L, KLIMKOVA M, PASKOVA A,
Z1ZKA Z, MATUCHA P, MELOUN M, STARKA L: Steroid metabolome in plasma from the umbilical
artery, umbilical vein, maternal cubital vein and in amniotic fluid in normal and preterm labor. J Steroid
Biochem Mol Biol 121: 594-610, 2010.

HILL M, DUSKOVA M, STARKA L: Dehydroepiandrosterone, its metabolites and ion channels. J Steroid Biochem
Mol Biol 145: 293-314, 2015.

HILLEN T, LUN A, REISCHIES FM, BORCHELT M, STEINHAGEN-THIESSEN E, SCHAUB RT: DHEA-S
plasma levels and incidence of Alzheimer's disease. Biol Psychiatry 47: 161-163, 2000,

HOLTZMAN DM, MORRIS JC, GOATE AM: Alzheimer's disease: the challenge of the second century. Sei Trans!
Med 3: 77sr1, 2011.

135



S272 vaiikovi et al. Vol. 64

HUNT PJ, GURNELL EM, HUPPERT FA, RICHARDS C, PREVOST AT, WASS JA, HERBERT J, CHATTERJEE
VK: Improvement in mood and fatigue after dehydroepiandrosterone replacement in Addison's disease in
a randomized, double blind trial. J Clin Endocrinol Metab 85: 4650-4656, 2000,

IBANEZ L, POTAU N, MARCOS MV, DE ZEGHER F: Corticotropin-releasing hormone as adrenal androgen
secretagogue. Pediatr Res 46: 351-353, 1999.

JAVITT NB, LEE YC, SHIMIZU C, FUDA H, STROTT CA: Cholesterol and hydroxycholesterol sulfotransferases:
identification, distinction from dehydroepiandrosterone sulfotransferase, and differential tissue expression.
Endocrinology 142: 2978-2984, 2001.

KIM SB, HILL M, KWAK YT, HAMPL R, JO DH, MORFIN R: Neurosteroids: Cerebrospinal fluid levels for
Alzheimer's disease and vascular dementia diagnostics. J Clin Endocrinol Metab 88: 5199-5206, 2003.

KIM MS, SHIGENAGA J, MOSER A, GRUNFELD C, FEINGOLD KR: Suppression of DHEA sulfotransferase
(Sult2A1) during the acute-phase response. Am J Physiol Endocrinol Metab 287: E731-E738, 2004.

KRIZ L, BICIKOVA M, HILL M, HAMPL R: Steroid sulfatase and sulfuryl transferase activity in monkey brain tissue.
Steroids 70: 960-969, 2005.

LABRIE F: Extragonadal synthesis of sex steroids: intracrinology. Ann Endocrinol (Paris) 64: 95-107, 2003.

LABRIE F: Drug insight: breast cancer prevention and tissue-targeted hormone replacement therapy. Nat Clin Pract
Endocrinol Metab 3: 584-593, 2007.

LABRIE F: DHEA, important source of sex steroids in men and even more in women. Prog Brain Res 182: 97-148,
2010.

LIU S, WU H, XUE G, MA X, WU J, QIN Y, HOU Y: Metabolic alteration of neuroactive steroids and protective
effect of progesterone in Alzheimer's disease-like rats. Neural Regen Res 8: 2800-2810, 2013.

LU SF, MO Q, HU S, GARIPPA C, SIMON NG: Dehydroepiandrosterone upregulates neural androgen receptor level
and transcriptional activity. J Neurobiol 57: 163-171, 2003.

MAGGIO M, DE VITA F, FISICHELLA A, COLIZZI E, PROVENZANO S, LAURETANI F, LUCI M, CERESINI G,
DALL'AGLIO E, CAFFARRA P, VALENTI G, CEDA GP: DHEA and cognitive function in the elderly.
J Steroid Biochem Mol Biol 145: 281-292, 2015.

MAJEWSKA MD, DEMIRGOREN S, SPIVAK CE, LONDON ED: The neurosteroid dehydroepiandrosterone sulfate
is an allosteric antagonist of the GABAA receptor. Brain Res 526: 143-146, 1990.

MCKHANN GM, KNOPMAN DS, CHERTKOW H, HYMAN BT, JACK CR JR, KAWAS CH, KLUNK WE,
KOROSHETZ WJ, MANLY JJ, MAYEUX R, MOHS RC, MORRIS IC, ROSSOR MN, SCHELTENS P,
CARRILLO MC, THIES B, WEINTRAUB S, PHELPS CH: The diagnosis of dementia due to Alzheimer's
disease: recommendations from the National Institute on Aging-Alzheimer's Association workgroups on
diagnostic guidelines for Alzheimer's disease. Alzheimers Dement 7: 263-269, 2011.

MELOUN M, HILL M, MILITKY J, KUPKA K: Transformation in the PC-aided biochemical data analysis. Clin Chem
Lab Med 38: 553-559, 2000.

MELOUN M, MILITKY J, HILL M, BRERETON RG: Crucial problems in regression modelling and their solutions.
Analyst 127: 433-450, 2002.

NAPOLITANO M, COSTA L, PIACENTINI R, GRASSI C, LANZONE A, GULINO A: 17beta-estradiol protects
cerebellar granule cells against beta-amyloid-induced toxicity via the apoptotic mitochondrial pathway.
Neurosci Lett 561: 134-139, 2014,

NASMAN B, OLSSON T, BACKSTROM T, ERIKSSON S, GRANKVIST K, VIITANEN M, BUCHT G: Serum
dehydroepiandrosterone sulfate in Alzheimer's disease and in multi-infarct dementia. Biol Psychiatry 30:
684-690, 1991.

OTTERNESS DM, WIEBEN ED, WOOD TC, WATSON WG, MADDEN BJ, MCCORMICK DJ, WEINSHILBOUM
RM: Human liver dehydroepiandrosterone sulfotransferase: molecular cloning and expression of cDNA. Mol
Pharmacol 41: 865-872, 1992,

PARK-CHUNG M. WU FS, PURDY RH, MALAYEV AA, GIBBS TT, FARB DH: Distinct sites for inverse
modulation of N-methyl-D-aspartate receptors by sulfated steroids. Mol Pharmacol 52: 1113-1123, 1997.

PARK-CHUNG M, MALAYEV A, PURDY RH, GIBBS TT, FARB DH: Sulfated and unsulfated steroids modulate
gamma-aminobutyric acidA receptor function through distinct sites. Brain Res 830: 72-87, 1999.

136



2015 Reduced SULT2A1 Activity in Alzheimer’s Disease 8273

PONHOLZER A, MADERSBACHER S, RAUCHENWALD M, JUNGWIRTH S, FISCHER P, TRAGL KH: Serum
androgen levels and their association to depression and Alzheimer dementia in a cohort of 75-year-old men
over 5 years: results of the VITA study. Int J Impot Res 21: 187-191, 2009,

PRINCE M, ALBANESE E, GUERCHET M, PRINA M: World Alzheimer Report 2014. Alzheimer's Disease
International, London, UK, 2014, pp 1-99.

ROSARIO ER, PIKE CJ: Androgen regulation of beta-amyloid protein and the risk of Alzheimer's disease. Brain Res
Rev 57: 444-453, 2008.

RUITENBERG A, OTT A, VAN SWIETEN JC, HOFMAN A, BRETELER MM: Incidence of dementia: does gender
make a difference? Neurobiol Aging 22: 575-580, 2001.

SCHUMACHER M, MATTERN C, GHOUMARI A, OUDINET JP, LIERE P, LABOMBARDA F, SITRUK-WARE
R, DE NICOLA AF, GUENNOUN R: Revisiting the roles of progesterone and allopregnanolone in the nervous
system: resurgence of the progesterone receptors. Prog Neurobiol 113: 6-39, 2014,

SHIMADA M, YOSHINARI K, TANABE E, SHIMAKAWA E, KOBASHI M, NAGATA K, YAMAZOE Y:
Identification of ST2A1 as a rat brain neurosteroid sulfotransferase mRNA. Brain Res 920: 222-225, 2001.

STARKA L, DUSKOVA M, HILL M: Dehydroepiandrosterone: a neuroactive steroid. J Steroid Biochem Mol Biol
145: 254-260, 2015.

STROTT CA: Steroid sulfotransferases. Endocr Rev 17: 670-697, 1996.

STROTT CA: Sulfonation and molecular action. Endocr Rev 23: 703-732, 2002.

SULCOVA I, HILL M, HAMPL R, STARKA L: Age and sex related differences in serum levels of unconjugated
dehydroepiandrosterone and its sulphate in normal subjects. J Endocrinol 154: 57-62, 1997.

TIBBS ZE, ROHN-GLOWACKI KJ, CRITTENDEN F, GUIDRY AL, FALANY CN: Structural plasticity in the
human cytosolic sulfotransferase dimer and its role in substrate selectivity and catalysis. Drug Metab
Pharmacokinet 30: 3-20, 2015.

TRAISH AM, KANG HP, SAAD F, GUAY AT: Dehydroepiandrosterone (DHEA) - a precursor steroid or an active
hormone in human physiology. J Sex Med 8: 2960-2982; quiz 2983, 201 1.

VALLEE M, MAYO W, LE MOAL M: Role of pregnenolone, dehydroepiandrosterone and their sulfate esters on
learning and memory in cognitive aging. Brain Res Brain Res Rev 37: 301-312, 2001.

WEILL-ENGERER S, DAVID JP, SAZDOVITCH V, LIERE P, EYCHENNE B, PIANOS A, SCHUMACHER M,
DELACOURTE A, BAULIEU EE, AKWA Y: Neurosteroid quantification in human brain regions:
comparison between Alzheimer's and nondemented patients. J Clin Endocrinol Metab 87: 5138-5143, 2002.

WINKLER JM, FOX HS: Transcriptome meta-analysis reveals a central role for sex steroids in the degeneration of
hippocampal neurons in Alzheimer's disease. BMC Syst Biol 7: 51, 2013.

YAFFE K, LUI LY, GRADY D, CAULEY J, KRAMER J, CUMMINGS SR: Cognitive decline in women in relation
to non-protein-bound oestradiol concentrations. Lancet 356: 708-712, 2000.

YALCIN EB, MORE V, NEIRA KL, LU ZJ, CHERRINGTON NI, SLITT AL, KING RS: Downregulation of
sulfotransferase expression and activity in diseased human livers. Drug Metab Dispos 41: 1642-1650, 2013.

YANASE T, FUKAHORI M, TANIGUCHI S, NISHI Y, SAKAI Y, TAKAYANAGI R, HAJI M, NAWATA H:
Serum dehydroepiandrosterone (DHEA) and DHEA-sulfate (DHEA-S) in Alzheimer's disease and in
cerebrovascular dementia. Endocr J 43: 119-123, 1996.

137



Prilohy — prezentace

Prezentace na mezinarodnich konferencich

4. B. Bendlova, J. V¢eldk, D. Vejrazkova, P. LukaSova, G. Vacinova, O. Bradnova, K.
Dvorakova, M. Vankova, R. Rusina, I. Holmerova. (2014): The plasma levels of
adipokines and incretins in patients with Alzheimer's disease. 50th EASD. Viden,
Rakousko. Diabetologia 57: (Suppl 1) S249. Poster

5. Vcelak J., Vejrazkova D., Lukasova P., Bradnova O., Vacinova G., Dvorakova K.,
Bendlova B., Vaikova M. (2014): Hladiny adipokinii a inkretinii u nemocnych
s Alzheimerovou demenci. XXXVII. Endokrinologické dni. Zilina, Slovensko.
Interna medicina 14: (Suplement) 21-22. Predndska

6. Vankova M., Vcelak J., Vejrazkova D., Lukasova P., Bradnova O., Vacinova G.,
Bendlova B., M. Hill. (2014): Prediktivita cirkulujicich steroidii v diagnostice
Alzheimerovy nemoci. XXXVII. Endokrinologické dni. Zilina, Slovensko. Internd
medicina 14: (Suplement) 27-28. Predndska

7. Bendlova B., Vejrazkova D., Lukasova P., Bradnova O., Vacinova G., Dvorakova
K., Hill H., Vcelak J., Rusina R., Holmerova 1., Vankova M. (2015): Neuroactive
steroids as predictive markers for Alzheimer’s disease. /7th European Congress of

Endocrinology. Dublin, Ireland. Poster
Prezentace na domacich konferencich

8. Vankova M., Vejrazkova D., LukaSova P., Bradnova O., Vacinova G., Dvoidkova
K., Hill M., Vcelak J., Bendlova B. (2014): Vztah neuroaktivnich steroidi a
glukézové tolerance u pacientll s Alzheimerovou chorobou a zdravych seniort. L.
Diabetologické dny. Luhacovice. DMEV 17: (suppll) 24. Predndska

9. Vacinova G., Vaitkkova M., Bradnova O., Vejrazkova D., Bestédk J., Lukasova P.,
Vceldk J., Rusina R., Bendlova B. (2015): Spektrum volnych mastnych kyselin u
pacientll s Alzheimerovou nemoci a u zdravych seniord v zavislosti na pfitomnosti
diabetu 2. typu. LI. Diabetologické dny. Luhacovice. DMEV 18: (suppll) 49. Poster

10. Vankkova M., Vejrazkova D., LukdSova P., Bradnové O., Vacinovad G., Dvotakova
K., V¢elak J., Rusina R., Vankova H., Holmerova I., Bendlova B. (2015) Gluk6zova
tolerance a metabolicky profil u pacienti s Alzheimerovou nemoci. LI

Diabetologické dny. Luhacovice. DMEV 18: (suppll) 39. Predndska

138



11. Vacinova G., Vc¢elak J., Vejrazkova D., LukéSova P., Bradnova O., Bendlova B.,

Vankova M. (2015): Sekvenovani nové generace v genetice Alzheimerovy nemoci.
XXXVIII. Endokrinologické dny. Spindleritv Mlyn. Poster

12. Vankova M., Hill M., Velikova M., V¢elak J., Vacinova G., Lukasova P., Vejrazkova
D., Dvorakova K., Rusina R., Holmerova 1., Vailkkova H., Bendlova B. (2015):
Snizena aktivita enzymu SULT2A1 u pacienti s Alzheimerovou nemoci. XXXVIII.
Endokrinologické dny. Spindlerivv Mlyn. Predndska

13. Vacinova G., V¢eldk J., Vejrazkova D., Lukasova P., Bendlova B., Vailkkova M.
Hladiny CCL5/RANTES u pacientti s Alzheimerovou nemoci a u zdravych seniort.
40. Endokrinologické dny. Praha. Poster

139



Diabetologia (2014) 57:[Suppl1]51-58564
DOI 10.1007/s00125-014-3355-0

Priloha 4

S1

MINUTES OF THE 49th GENERAL ASSEMBLY OF THE EUROPE-
AN ASSOCIATION FOR THE STUDY OF DIABETES

held in the Pi i Sunyer Hall, Fira de Barcelona, Barcelona, Spain on Thursday 26 September, 2013 at 18:30

Present: Dr. Andrew J.M. Boulton (President)
Dr. Stefano Del Prato (Vice President)
Dr. Bernard Thorens (Vice President)
Dr. Michael Roden (Honorary Treasurer)
Dr. Mark Walker (Honorary Secretary)
Dr. Cees J. Tack (Chair, PGEC)
Dr.Viktor Jiorgens (Executive Director)
Dr. Monika Griisser (Vice Director)

and 51 members

The President, Dr. Boulton, welcomed everyone to the
49th General Assembly. He asked those present to stand in
memory of the following members, who had passed away:
Drs. Georg Eisenbarth, John Hutton, Harry Keen, Carol
Lurie, Irina G. Obrosova, Samuel Rahbar, Jean-Louis
Richard, Richard Rubin and Patrick Vexiau.

1. MINUTES 48th GENERAL ASSEMBLY 2012

Since there were no comments, the minutes were unani-
mously approved and officially signed as a correct re-
cord.

2. REPORTS

a) President

The President’s report to the members on the activities
of EASD was given in the President’s Address before the
Minkowski Lecture, It is available under: http://www.eas-
dvirtualmeeting.org/resources/6926 :

The President announced the Claude Bernard Lecturer
2014: Dr. Domenico Accili.

The President announced the Medical Devices in Diabe-
tology meeting on 26/27 February 2014. He said better
post-marketing surveillance was required and the Swedish
project of regulating pumps would be looked at.

The President expressed his thanks to all partners. Dr.
Boulton reported that as expected the EASD Annual Meet-
ing in Barcelona was doing very well and the number of
delcgates attending had slightly increased. Dr. Boulton

thanked all members of the EASD Office and the Execu-
tive Committee for their commitment and hard work.

b) Honorary Treasurer

1) Result of tax audit 2008-2010/actions to be taken

In autumn 2012 for the second time, a control of the EASD
by the Inland Revenue took place. These controls will al-
ways occur every three years due to the large tumover
of the Association. In August 2013, EASD received the
draft conclusion of this tax control. The non-profit status
of the EASD is beyond all question; the main issue is the
question of the taxation of the income from industry ex-
hibition and symposia. EASD itself does not handle the
industry exhibition and the symposia organized by third
parties; these activities are taken care of by a professional
congress organizer which is actually Interplan in Munich.
In common with other medical associations in Germany,
EASD has a contract, in our case with Interplan, giving
them permission to organize these activities on their own
responsibility without interfering with EASD concerning
the organization and the fund raising. The basis of this col-
laboration is a loan contract and the income from such a
loan contract is considered to be tax free. This legal and
taxation construction is the basis of a healthy financial
situation of German academic medical societies. The Diis-
seldorf tax authorities questioned this regulation and even
asked their superiors for comments. In August 2013, they
came up with the opinion that all incomes of EASD from
these loan contracts, starting with 2008, are considered by
the Inland Revenue as a taxable income. Taking into ac-
count corporation and local business tax, the result is that
a total of Euro 5.4 million will likely have to be paid at
the beginning of 2014. Following the advice of legal and

@ Springer
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with HOMA-IR was abolished (-0.077, p=0.121). Furthermore, when HO-
MA-IR was corrected for, the inverse association between android % fat and
IGFBP1 was retained (-0.241, p=9.2x107). By contrast, gynoid % fat was in-
versely associated with HOMA-IR after controlling for total fat mass (-0.154,
p=1.8x10"") and the association with IGFBP1 was abolished (0.095, p=0.054).
These findings could not be replicated using anthropometric measures of
regional fat depots. For example, after adjusting for total fat mass, waist cir-
cumference was equally associated with HOMA-IR (0.116, p=1.9x10?) and
IGFBP1 (-0.113, p=2.3x107?). In females, after controlling for total fat mass,
android and gynoid % fat also displayed opposite directions of association
with HOMA-IR (android: 0.124, p=1.4x10% gynoid: -0.197, p=9.0x10") and
IGFBP1 (android: -0.145, p=4.2x10""; gynoid: 0.161, p=1.4x10"*) however the
strength of association was similar for both depots.

Conclusion: Our findings highlight the advantage of quantifying specific fat
depots by DXA over anthropometric measures when assessing insulin resist-
ance. In males, hepatic insulin resistance (assessed by IGFBP1) was inde-
pendently associated with greater android fat content whereas whole-body
insulin resistance (HOMA-IR) was associaled with diminished gynoid fat
content. These findings lend further support to the paradoxical relationship
between diabetes risk and body fat distribution.

Supported by: NIHR Biomedical Research Centre
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A study of the mechanisms through which the biogenesis of adiponectin
is regulated in white adipose tissue

L. Zhang', M.M. Li', M. Corcoran', 8. Zhang', G.].5. Cooper';

'School of Biological Sciences, University of Auckland, New Zealand,
*Manchester Biomedical Research Centre, University of Manchester, UK,

Background and aims: Adiponectin is an adipose tissue-derived hormone
with anti-diabetic, anti-atherogenic and anti-inflammatory functions. De-
fects in adiponectin multimerization are associated with decreased adiponec-
tin levels, obesity and insulin resistance. In this study, we investigated the en-
zyme systems responsible for adiponectin multimerization and production,
and other factors also contributing to this process.

Materials and methods: OB mice (10- or 27-week) and age-matched C57
controls were used in this study. Fully differentiated 3T3-L1 adipocytes were
also used. Quantitative real time-PCR was performed to measure the mRNA
expression levels of a number of genes in white lipid tissue (WAT) from mice
and 3T3-L1 adipocytes. ELISA/western blots were used to measure the ex-
pression of relative protein levels. Statistical analysis was performed by f-test
or analysis of variance (ANOVA) with appropriate post-hoc tests.

Results: In fully-differentiated 3T3-L1 adipocytes, we observed that de-
creased insulin signalling caused by blocking the insulin receptor (InsR)
with a blocking anti-InsR antibody, increased extracellular adiponectin lev-
els, whereas coexisting hyperinsulinaemia counteracted this effect. Blocking
the adenosine monophosphate-activated protein kinase (AMPK) pathway
by using an inhibitor (compound C) significantly decreased extracellular
adiponectin levels. Furthermore, we demonstrated the expression of ly-
syl hydroxylases (LHs), prolyl hydroxylases (PHs) and glycosyltransferase
25-domain-containing proteins 1&2 (Glt25D18&2) in the WAT of mice. Ex-
pression of LH3 was markedly increased in the WAT of OB mice compared
with contrals, In differentiated 3T3-L1 adipocytes, non-specific inhibition of
LHs and PHs by the hydroxylase inhibitor, dipyridyl markedly suppressed
adiponectin production, particularly of the higher molecular-weight iso-
forms, bul increased the low molecular-weight isoform. Specific inhibition
of prolyl-4-hydroxylase (P4H) with ethyl-3,4-dihydroxybenzoate had effects
comparable to dipyridyl: however, it had different effects on the intracellular
composition of adiponectin isoforms. Specific inhibition of LHs with minoxi-
dil also suppressed adiponectin production, especially of the high molecular-
weight (HWM) isoform. In addition, transient gene knock-down of LH3
(Plod3) suppressed adiponectin production, especially of the HMW isoform.
Conclusion: Our results indicate that: hyperinsulinacmia and decreased
insulin signalling exert countervailing effects on adiponectin production;
AMPK pathway signalling also regulates adiponectin production; both PHs
and LHs are required for adiponectin production; and the hydroxylation/gly-
cosylation of lysyl residues and hydroxylation of prolyl residues are essential
for formation and secretion of higher-order adiponectin isoforms.
Supported by: Health Research Council of New Zealand
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‘The plasma levels of adipokines and incretins in patients with
Alzheimer’s disease

B. Bendlovid!, ]. Vcelak', D. Vejrazkova', P. Lukasova', O, Bradnova',
K. Dvorakova', G. Vacinova', R. Rusina?, I. Holmerova®, M. Vankova';
"Molecular Endocrinology, Institute of Endocrinology,

*Neurology, Thomayer Hospital,

*Faculty of Humanities, Charles University, Prague, Czech Republic.

Background and aims: Alzheimer’s disease (AD) is linked to type 2 diabe-
tes (T2D). T2D is a risk factor for vascular dementia but also for a progres-
sive neuron damage, which is probably associated with insulin resistance in
central nervous system. AD s therefore sometimes called “diabetes of the
brain”. The aim of the study was to compare the plasma levels of adipokines,
incretins and other biomarkers associated with T2D in AD patients and in
non-diabetic subjects without pathological changes in the brain.

Materials and methods: The study included 38 females (19 age and BMI
matched pairs AD patient and control; age 70£8 years and BMI 264 kg/m?)
and 24 males (12 age and BMI matched pairs AD patient and control; age
67+7 years and BMI 2743 kg/m?) who underwent neuropsychological ex-
amination and magnetic resonance imaging of the brain. ‘The characteristics
of fasting glucose and lipid metabolism and parameters of body composition
including body adiposily index (BAI) were determined. Multiplex methods
for evaluation of fasting plasma biomarkers were used: Bio-Plex ProHuman
Diabetes 10-Plex Assay - C-peptide, ghrelin, GIP, GLP-1, glucagon, insulin,
leptin, total PAI-1, resistin, visfatin and Bio-Plex ProHuman Diabetes Adip-
sin and Adiponectin Assays (Bio-Rad). Statistical analyses were performed
using NCSS 2004 software (ANOVA),

Results: Compared groups of AD patients and controls (men/women sepa-
ratelly) did not differ in either age, BMI, WHR, waist and abdomen circuin-
ferences, body adiposity index (BAI) or insulin resistance (HOMAR). In
women, AD patients had significantly higher levels of visfatin (p=0.0006),
ghrelin (p=0.03), GLP-1 (p=0.006) and glucagon (p=0.00002) compared with
control women. Similar results were found in men, they had higher levels of
visfatin (p=0.02) and ghrelin (p=0.02) compared with control men, GLP-1
and glucagon did not reach statistical significance.

Conclusion: Alzheimer’s disease is associated with increased levels of plas-
ma visfatin, ghrelin, GLP-1 and glucagon. Plasma visfatin is a pro-inflamma-
tory cytokine that increases risk of endothelial cell deterioration due to the
inflammation and oxidative stress. Visfatin is a marker of ageing and age-de-
pendent diseases, Ghrelin, GLP-1 and glucagon are considered as neuropro-
tective hormones. Dysregulation of these hormones in AD could be caused
by impaired secretion/degradation and/or resistance of the target tissues,
Supported by: IGA MH CZ NT/13543/4, NT/13544/4, MH CZ 00023761
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Anti-TNF therapy has a possible favorable effect on insulin sensitivity in
non-diabetic, non-obese patients with infl y bowel disease

S.A. Paschou’, F. Kothonas?, A. Myroforidis®, V. Loi', T. Terzi',

O. Karagianni', A. Poulow?, K. Goumas?, A. Vryonidou'’;

'Department of Diabetes and Endocrinology, *Department of
Gastroenterology, Hellenic Red Cross Hospital, Athens, Greece.

Background and aims: Insulin resistance is very common in autoimmune
systemic diseases and recently it was also found in children and adults with
inflammatory bowel discase (IBD). Inflammation and insulin resistance are
closely linked, and inflammatory cytokines such as tumor necrosis factor al-
pha (TNFa) may inhibit insulin signaling and promote insulin resistance. The
aim of this study was to investigate the effect of anti-TNF therapy on glucose
and lipid metabolism in non-diabetic, non-obese patients with [BD.
Materials and methods: We studied 41 patients with IBD (25M/16F, 36.4
+ 11 (19-64) years old, 28 with Crohn's disease and 13 with ulcerative co-
litis), without known history of diabetes. Eighteen patients (9M/9F, 33.6 +
8.8 years) were on anti-TNF therapy for more than 1 year, while the other
23 patients (16M/7F, 38.7 + 12,5 years) were treated with azathioprine and
mesalazine (Aza/Mes). Nine of the patients from the second group were then
treated with anti-TNF and studied again 6 months after, Fasting glucose, in-
sulin, c-peptide, HbAlc, lipids, and CRP levels were determined and HOMA-
IR index was calculated, in all patients. Statistical analysis of the data was
performed using SPSS 16.00.

Results: Three of the patients were diagnosed with overt diabetes and were
excluded from the analysis. Patients from the two therapy groups were

@ Springer
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alné provadi plasticka rekonstrukéni chirurgicka iprava (augmenta-
ce prsi, penis, larynx).

Hormonalni substituéni lééba s cilem zmény postavy, hlasu, se-
kundérnich pohlavnich charakteristik (u muZ( vousy) do vysledné
premény probihd 2-3 roky, trva viak celoZivotné.

U transsexudlnich jedincl s pldnovanou pfeménou fena -mui
(F-M) je zahdjena lécba androgeny, k dosaZeni plné virilizace, uéin-
kem na supresi gonadotropinii vede k zdstavé menstruace a atrofii
prsou, Nasleduje chirurgicka lé¢ba s odnétim gonad, rekonstrukéni
chirurgické operace. Pooperaéni obdobi je i pFes podavani androge-
nli provazeno klasickymi vypadovymi jevy z deficitu estrogeni. Pa-
rametry kostniho metabolismu se posunuji na hranici osteopenie.
Pfi dlouhodobé 1é€bé androgeny viak dochézi do 1-2 let k zasadni-
mu ovlivnéni spokojenosti pacienta (well-beeing) a poZzadovanym kli-
nickym i biochemickym zménam, Nastup téchto zmén je z ¢asového
hlediska individualni a zavisi na toleranci hormonalni 1ééby.

GENETIKA I1

IDENTIFIKACIA GENU ZODPOYEDNEHO ZA SYNDROM
MEHMO

Stanik J.', Skopkovi M.!, Stanikova D.*, Ukropec J.!, Danis D.",

Kurdiovd T, Ukropeovd B., Ticha L.*, Klimes 1., Gasperikovd D."*

'DIABGENE a laboratorium diabetu a portich metabolizmu, UEE
SAV, Bratislava

?].detska klinika LFUK a DFNSsP, Bratislava

"Molekularne medicinske centrum SAV, Bratislava

Syndréom MEHMO je vzacnou poruchou, ktori charakterizu-
je X-viazana dedi¢nost, mikrocefalia, epilepsia, hypogenitalizmus,
mentéalna retardacia, obezita a viaceré daliie endokrinné poruchy
(hypopituitarizmus, diabetes). Doteraz boli opisané len 2 rodiny
s touto poruchou, pricom sa identifikovala oblast na chromozome
X, pravdepodobne zodpovedna za tonto syndrom. Konkrétny gén
doposial identifikovany nebol.

Ciefom price bolo u pacienta s klinicky diagnostikovanym
syndromom MEHMO identifikovat geneticku pri¢inu ochorenia.

Pacienti a metody: U 3,5-roéného chlapca so syndromom MEH-
MO, diabetom a hypopituitarizmom sa vykonala DNA analyza celé-
ho exdému (vietkych kodujucich usekov celej jadrovej DNA) metédou
sekvenovania novej generacie. Nasledna analyza zistenych variantov
sa sustredila na chromozom X, Nalez variantov sa overil aj pomocou
priameho sekvenovania podla Sangera.

Vysledky: DNA analyzou exdomu sa identifikovalo 23 nepopisa-
nych variantov na chromozome X. Haplotypova analyza ukazala, Ze
len 3 z nich sa nachddzaji aj u matky a matkinej matky a len jeden
z nich - v géne EIF253 - sa nachadzal v oblasti pévodne asociovanej
50 syndromom MEHMO. E/F253 koduje y podjednotku eukaryotic-
kého iniciaéného faktora translacie 2 (eIF2), ktory sa podiel'a na syn-
téze proteinov. Bodové mutécie v tomto géne boli v minulosti identi-
fikované u niekolkych rodin s mikrocefaliou a poruchou intelektu.
U nagho pacienta, jeho matky a starej matky sa nasla mutdcia spaso-
bujica posun ¢itacieho ramca, ktory ovplyviuje poslednych 8 ami-
nokyselin a zavadza predcasny stop-kodon, ¢im sa vysledny prote-
in skrati o 5 aminokyselin. In-sillico analyzy potvrdili moZny vplyv
mutacie na fenotyp. V sic¢asnosti prebiehaju funkéné analyzy muto-
vaného proteinu.

Zaver: Podl'a nasich vysledkov je syndrom MEHMO u nigho pa-
cienta sposobeny mutaciou génu EIF283. Ide o prvu identifikaciu gé-
nu sposobujiiceho syndrom MEHMO

Podporené grantom APVY 0187-12 a APVV 0107-12.
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ULOHA TRH V REGULACII SEKRECIE INZULINU

Strbdk V. Bacovi Z.
Ustav experimentalnej endokrinologie SAV a Ustav patologickej
fyziologie, LF SZU, Bratislava

Tyreoliberin (L-pyroglutamyl-Histidyl-L-Prolineamide, TRH)
bol pévodne izolovany ako hypotalamicky hormén regulujuci sek-
réciu tyreotropného hormodnu. Postupne sa ukazali dalsie zdroje
a uéinky TRH v CNS, prostate, srdci, §titnej Zlaze, GIT. 10 rokov
po objaveni Struktury TRH bola v pankrease popisana TRH imuno-
reaktivita. V roku 1987 sme s pracoviskom v Marseille popisali peri-
natilny vyvoj expresie génu pre TRH a koncentracie TRH u potka-
na v pankrease. Vysokd koncentracia tychto parametrov predchadza
fyziologickej maturdcii sekrecnej odpovede inzulinu na glukézu.
Podanie streptozotocinu (STZ) vyvola destrukciu pankreatickych
P buniek. Perinatalne podanie je po po¢iatoénej destrukeii sledova-
né regeneraciou inzulin secernujiuceho systému, TRH sa neobnovuje.
Pankreaticka odpoved' na glukozu v8ak ostiva poskodend, pouziva
sa ako model na diabetes mellitus I1. typu. Knock out TRH génu
u mysi ma za nasledok hyperglykémiu napriek tomu, Ze inzulinu
maji dostatok. Chyba adekvatna sekreéna odpoved na stimulaciu
glukoézou.

SnaZili sme sa bliZie charakterizovat vyznam TRH pre sekréé-
nu odpoved inzulinu. Zistili sme, Ze sekrécia pankreatického TRH je
stimulované glukézou a inhibovana inzulinom. Fyziologicka davka
TRH (1 nM) neovplyvnila bazalnu ani stimulovani sekréciu inzuli-
nu zdravych potkanov. U dospelych zvierat sme inhibovali biosynté-
zu TRH podévanim disulfiramu (inhibitor PAM - enzym posled-
ného kroku syntézy amidovanych peptidov - peptid a-amidécie) po
dobu 5 dni. Izolované pankreatické ostrovéeky tychto potkanov ma-
li veImi nizku PAM aktivitu, vysoky obsah a bazalnu sekréciu inzuli-
nu a neboli schopné reagovat na stimulaciu glukézou. Pridanie 1 nM
TRH do média normalizovalo obsah inzulinu v ostrovéekoch, jeho
bazalnu sekréciu aj odpoved na stimuldciu glukozou.

Zaver: Predpokladame, Ze pri chybani TRH je vysokd bazdlna
sekrécia inzulinu a chybanie odpovede na stimulaciu vysledkom pre-
smerovania inzulinu z regulovanej sekreénej cesty do konstituénej.
Pridanie TRH obnovilo regulovani sekréciu. Tieto vysledky spolu
s udajmi o uéinkoch TRH podporujucich regeneraciu B buniek uka-
zuju nadejni moZnost jeho klinického vyuZitia.

Prica bola podporend projektami APVV 0486-10, VEGA 2/0132/12
a Chicago Diabetes Project.

HLADINY ADIPOKINU A INKRETINU UNEMOCNYCH § AL-
ZHEIMEROVOU DEMENCI

Veeldak J., Vejrazkovd D., Lukd$ovd P, Bradnovd 0., Vacinovd G.,
Dvordkovd K., Bendlovd B., Vankovd M.
Oddéleni molekularni endokrinologie, Endokrinologicky tistav, Praha

Alzheimerova demence (AD) ma pfimou souvislost s diabetem
2. typu (DM2). DM2 je rizikovym faktorem vaskuldrni demence, tj.
degenerativnich zmén cévniho systému mozku popisovanych ¢asto
iuAD. U nemocnych s AD dochazi vsak zdroven k postupnému po-
§kozeni nervovych bunék, které pravdépodobné souvisi s inzulino-
vou rezistenci nervové tkané. AD je proto nékdy nazyvéana ,.diabe-
tem mozku".

Cilem studie bylo porovnat plazmatické hladiny adipokint, inkre-
tinh a dalsich biomarker( spojenych s DM2 u pacientli s AD a u kon-
trolnich nediabetickych jedincil bez patologickych zmén v mozku.

Metodika: Do studie bylo zafazeno 38 Zen (19 parh pacient -
kontrola odpovidajiciho véku a BMI) a 24 muzi (12 par( pacient -
kontrola odpovidajiciho véku a BMI). U viech bylo provedeno neu-
ropsychologické vysetfeni a magneticka rezonance hlavy k potvrzeni
(pacienti) i vylouceni (kontroly) neurologické diagnozy.

(2014
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Multiplexovymi kity Bio-Plex ProHuman Diabetes 10-Plex Assay
byly hodnoceny laéné hormonalni plazmatické hladiny vybranych
parametrii (C-peptid, ghrelin, GIP, GLP-1, glukagon, inzulin, leptin,
celkovy PAI-1, rezistin, visfatin) a Bio-Plex ProHuman Diabetes Adi-
psin and Adiponectin Assays (adipsin, adiponektin) (Bio-Rad). Dile
byla méfena bazalni glykémie, lipidova spektra, byly stanoveny hor-
mony $titné Zlazy, jaterni enzymy a antropometrické parametry véet-
né indexu adipozity (BAI).

Vysledky: Srovnavané skupiny nemocnych a kontrol se u Zen ani
u muzd neliSily ve véku, BMI, obvodu pasu. bficha. WHR, indexu
adipozity BAI ani v inzulinové senzitivité méfené prostfednictvim
HOMA-R. Ve skupiné Zen mély pacientky s AD ve srovnani s kon-
trolami vyznamné vy38i koncentraci visfatinu (p < 0,001), ghrelinu
(p=0.03), GLPI (p <0,01) a glukagonu (p < 0,01). Ve skupiné muzi
bylo pozorovani téméf shodné, pacienti s AD méli oproti kontrolam
vyssi hladiny visfatinu (p = 0,02), ghrelinu (p = 0,02), na hranici v§-
znamnosti byla vyssi hladina GLP1 (p = 0,05) a tésné pod hranici vy-
znamnosti se pohybovala koncentrace glukagonu (p = 0,07). U ostat-
nich méfenych hladin adipokind a inkretind nebyl zji$tén rozdil mezi
pacienty a kontrolami.

Ziavéry: 1) Pacienti s Alzheimerovou chorobou maji vyssi hladi-
ny plazmatického visfatinu, ghrelinu, GLP-1 a glukagonu. 2) Plazma-
ticky visfatin je prozanétlivy cytokin, ktery zvySuje riziko poskozeni
endotelidlnich bunék diky zanétu a oxidativaimu stresu. 3) Ghrelin,
GLP-1 a glukagon jsou znamé neuroprotektivni hormony, jejich dys-
regulace u AD mizZe byt zpiisobena bud’ porusenou sekreci nebo de-
gradaci a/nebo rezistenci cilovych tkani k jejich uginku.

Grantovd podpora IGA MZ CR NT/13543/4, MZ CR 00023761,

POLYMORFISMUS RS10830963 GENU MTNR1B
SE UPLATNUJE V ROZVOJI GESTACNIHO DIABETU
CESKYCH ZEN

Vejrazkovd D.", Lukdsovd P.', Vaiikovd M.", Bradnovd 0., Vceldk J, Cir-

manovd V., Andélovd K., Krej¢i H., Bendlovd B.

'Oddéleni molekularni endokrinologie, Endokrinologicky ustav,
Praha

*Ustav pro pééi o matku a dité, Praha

'Gynekologicko-porodnicka klinika 1. LF UK a VFN, Praha

Uvod: Gen MTNRI1B koduje receptor pro melatonin, hormon
produkovany $idinkou a fidici spankovy a cirkadianni rytmus. Ex-
prese MTNRIB je znama pfedeviim v mozku, ale popséna je i ex-
prese v lidskych pankreatickych bufikdach. Recentni genetické studie
svéd&i o tom, Ze variabilita v genu MTNRIB je daliim z hledanych
faktor, které maji viiv na patofyziologii diabetu 2. typu (DM2)
a gestaéniho diabetu (GDM). Nejsilnéjsi asociaci s diabetem vyka-
zuje jednonukleotidovy polymorfismus rs10830963.

Cil: Porovnat zastoupeni genetické varianty rs10830963 v genu
MTNRIB mezi gestatnimi diabetickami a kontrolnim souborem
Zen s normalni laénou glykémii a bez anamnézy gestaéniho diabetu.
Zhodnotit pfipadné asociace polymorfismu s biochemickymi a an-
tropometrickymi markery inzulinové senzitivity (IS) v obou skupi-
néch Zen.

Metodika: Do studie bylo zafazeno celkem 880 Zen, 458 gestac-
nich diabeticek s pilroénim az dvouletym odstupem od porodu (vék
34,1 £ 6,1 let, BMI = 24,3 + 4,9kg/m?) a 422 kontrolnich Zen srov-
natelného véku a BMI (vék 34,8 + 15,1 let, BMI=23.7 £ 4,2 kg/m?).
Vsechny uéastnice byly podrobné biochemicky i antropometricky vy-
Setfeny a podstoupily i 3-h glukézotoleranéni test (0GTT). Genotypi-
zace probihala za pouziti pristroje TagMan (LC480, Roche), ke sta-
tistickému zhodnoceni byl pouZit program NCSS 2004.

Vysledky: Srovnanim genotypového rozloZeni i alelickych frek-
venci varianty rs|0830963 mezi soubory byla zjiSténa vyznamneé vys-
§i Getnost minoritni a ve vztahu k diabetu rizikové alely G u gestag-
nich diabeti¢ek (frekvence alely G 38,3 % u GDM vs. 29,4 % u kontrol;
p < 0,001, sila testu 0.96; OR 1,49 s C1 95% [1,22; 1,82] p = 0,0001).

V souboru kontrol, nikoliv viak v souboru gestaénich diabeticek, byl
polymorfismus vyznamné asociovan s hodnotami laéné i stimulova-
né glykémie: homozygotni nositelé alely G vykazuji vyssi hladiny ba-
zalni glykémie ve srovnani s béZnymi homozygoty (p < 0,001) i ve
srovnani s heterozygoty (p = 0,002). Pokud jde o stimulované hod-
noty glykémie v pribéhu oGTT, asociace alely G je vyznamna aZ do
90. minuty testu, poté se rozdily mezi genotypy stiraji. V hodnotach
bazalni ani stimulované inzulinémie nebyly mezi genotypy vyznam-
né rozdily v Zadné z obou skupin. Genotypy se v Zadné ze skupin vy-
znamné nelidily ani v ostatnich biochemicych parametrech (lipidy,
hormony ititné Zlazy, steroidni hormony) ani v antropometrickych
datech (obvody pasu, bficha, boki, procento télesného tuku).

Zavér: Potvrzujeme u souboru &eské populace asociaci alely G
polymorfismu rs10830963 v genu MTNRIB s gestaénim diabetem.
Souvislost s hladinou bazélni glykémie, ktera je v nasi studii zfejma
u souboru kontrolnich normoglykemickych Zen, neni patrna u Zen
s anamnézou gestaéniho diabetu.

Granty: IGA MZ CR NT/13544-4, IGA MZ CR NT/13543-4, MZ CR
RVO EU00023761.

ENDOKRINO 1 i A DORAST

SPECIFIKA STAROSTLIVOSTI O PACIENTKY S TURNERO-
VYM SYNDROMOM

Kostdlova L, Pribilincovd Z.', Bielkovd S.°, Ferenczova J.*, Sandrikovd V*
'11. detska klinika LF UK a DFNsP, Bratislava

*Nestatna detska endokrinologickd ambulancia, Banska Bystrica
*Klinika deti a dorastu, DFN, Kosice

*Nestatna detska endokrinologicka ambulancia, Prievidza

Zvysena starostlivost zo strany pediatrov a endokrinoldgov o pa-
cientky s Turnerovym syndromom (TS) zadina v ase diagnostiky
syndromu. Pacientky s monozomiou 45X0 s klasickou symptomato-
légiou sa daji zdiagnostikoval uz v novorodeneckom veku. V cen-
tre zaujmu lekdrov je zistenie vrodeny chyb, najmi srdca, kedy neraz
tazku koarktaciu aorty treba ihned’ operovat. V dojéeneckom veku
pacientky trpia na ¢asté zipaly ucha a zaéinaji postupne retardo-
vat v raste. Pri spomaleni rastovej rychlosti a zvyrazneni rastové-
ho deficitu, pacientky dostanu lieébu rastovym horménom. S vekom
narasta vyskyt autoimunitnych ochoreni §titnej Zlazy, éo vyzaduje
pravidelné monitorovanie hladin FT4, TSH, aTPO a aTg. V obdobi
puberty, zvi&ia podla suCasnej vysky, pacientky zacinaju s lieckou
estrogénmi za ucelom vyvoja sekundarnych pohlavnych znakov ako
aj vyvoja vnutornych ogranov (uterusu). Pacientky v obdobi ukon-
¢enia sledovania u detského endokrinologa mavaji hormonalne na-
vodeny pravidelny menstruény cyklus, ukonéeny rast, korigované
ochorenie 8titnej Ziazy a pravidelne robené kardiologické vysetre-
nie. Pacientky, u ktorych je v karyotype mozaika TS, su diagnosti-
kované v neskorSom veku, najcastejsie pre problémy s rastom alebo
nastupom puberty. Autorky v praci predkladaju zhodnotenie pacien-
tiek s TS zo 4 ambulancii detskych endokrinologiéiek - venuju sa ve-
ku, kedy bol TS diagnostikovany. zaciatku lieéby rastovym hormo-
nom, odozve na lieébu rastovym hormoénom v prvom roku liecby ako
aj koneénej vyike. Porovnavaju vplyv karyotypu na vysledni koneé-
ni vySku, V zdvere prace uvadzaju doporuéenia pre sledovanie pa-
cientiek s TS v dospelosti.

IZOLOVANE ZVYSENIE TSH U OBEZNEHO DIETATA
-COSTYM?

Vitariusovd E., Bednaréikova M.
I1. detska klinika LF UK a DFNsP, Bratislava

Exogénna obezita a vyskyt jej pridruZenych ochoreni sa v posled-
nych rokoch stévaju celosvetovym problémom hlavne v pediatrickej
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ni cilové davky 6,5-7 MBg/g u malych Zlaz s malou aktivitou one-
mocnéni.

Podpoieno projektem IGA MZ CR NT 13535-3/2012.

NAJCASTEJSIE TYREOPATIE V GRAVIDITE - UNIVEZALNY
ALEBO CIELENY SKRINING?

Harédrovd L.
Presov

Ochorenia §titnej Zlazy patria medzi najéastejsie endokrinopa-
tie s prevazujicim postihnutim Zien. Specifickym obdobim v Zivo-
te Zeny je gravidita, pocas ktorej prebiehaju fyziologické hormonal-
ne zmeny a zvysené metabolické naroky. Tieto vedu k Specifickym
zmenam funkénych parametrov a objemu stitnej Zlazy. Neliecené ty-
reopatie pocas gravidity predstavuji zavazné riziko pre vyvoj plo-
du a novorodenca, preto je doleZita ich véasnda a adekvétna liecba.
V Slovenskej republike od roku 2009 prebieha skrining tyreopatii
v gravidite v ramei Odborného usmernenia MZ SR pre diagnostiku
a liebu autoimunitnych ochoreni 3titnej Zlazy u Zien v obdobi teho-
tenstva. Cielom mojej prace bolo potvrdif na mengom sibore tehot-
nych Zien prinos celoplo§ného skriningu tyreopatii v gravidite opro-
ti cielenému skriningu.

KTluéové slova: titna Zlaza, gravidita, plod, poruchy funkcie 32,
skrining

VARIA

HYPONATREMIA AKO RIZIKOVY PREDIKTOR MORTALITY
HOSPITALIZOVANYCH PACIENTOV

Sturdik I, Adameovd M., Kollerovd J, Koller T, Zelinkovd Z., Payer J.
V.interna kiinika LF UK a UN Bratislava

Uvod a ciele priace: Hyponatrémia je najéastej§ou elektrolytovou
odchylkou, ktora zvySuje morbiditu aj mortalitu pacientov, hoci nie
je jasné, Ci je nezavislym faktorom. Cielom nasej studie bolo zhod-
notit vplyv hyponatrémie na mortalitu pacientov hospitalizovanych
na internom oddeleni a uréif jej prediktivne faktory.

Pacienti a metody: Retrospektivne sme analyzovali vietkych pa-
cientov hospitalizovanych na V. internej klinike UN Bratislava od
1. januara 2012 do 31. augusta 2012, ktori v den prijatia na oddele-
nie mali sérovi hladinu sodika menej ako 135 mmol/l. U pacientov
sme sledovali demografické iidaje, pridruZené ochorenia, pri¢iny hy-
ponatrémie a pripadné umrtie v nemocnici. Kontrolna skupina po-
zostédvala z pacientov s normonatrémiou, ktori boli hospitalizovani
v rovnakom obdobi na naSej klinike, sparovani pomerom 1:1 podla
pohlavia, veku a pridruZenych ochoreni. Rozdiel medzi nemocnié-
nou mortalitou §tudovanej a kontrolnej skupiny sme testovali Pear-
sonovym testom. Zakladna demografia, pridruZené choroby, priéi-
ny hyponatrémie a ispesnost v korekeii hyponatrémie boli testované
multivariantnou analyzou ako moZné rizikové faktory mortality aso-
ciovanej s hyponatrémiou.

Vysledky: Celkovo bole v danom obdobi hospitalizovanych na na-
som oddeleni 2171 pacientov Hyponatrémiu sme zistili u 278 (13%)
pacientov (160 Zien a 118 muZov). Najéastejsie pri¢iny hyponatrié-
mie boli straty pri ochoreniach gastrointestindlneho traktu (52 pa-
cientov), zniZeny peroralny prijem tekutin a potravy (47 pacientov)
a diluéné pri¢ina (45 pacientov). Mortalita hospitalizovanych pa-
cientov s hyponatrémiou bola v porovnani s kontrolnou skupinou
signifikantne vy3Sia (22% vs. 7%, respektivne; OR 3.75, 95% CI
2.17-6.48, p < 0,0001). Multivariantnou analyzou sme dokazali, Ze
vek nad 65 rokov, neaspeina korekcia hyponatrémie, dilucia a zni-
Zeny peroralny prijem ako pri¢iny hyponatrémie si nezévislymi fak-
tormi zvyienej mortality.

Zaver: Hyponatrémia je nezévislym faktorom mortality u hospi-
talizovanych pacientov. Vek nad 65 rokov, nedostatoéna korekcia hy-
ponatrémie a niektoré §pecifické etiologické faktory hyponatrémie
Zvysuji tito mortalitu.

Kl'ucové slova: Hyponatrémia, hospitalizacia, mortalita

Referencie: Sturdik |, Adamcova M, Kollerova J, Koller T, Zelinkova Z, Payer J. Hyponatrae-
mia is an independent predictor of in-hospital mortality. Eur J intern Med 2014 Apr; 25(4):
379-382.

ODPOVE!) KATECHOLAMINOV NA STROOPOV TEST
U MLADYCH PACIENTOV S HYPERTENZIOU

Penesovi A.!, Garafovd A.!, Cizmdrovd E.°, Holiibkovd A", Vicek M,

Imrich R.", JeZovd D.

'Ustav experimentélnej endokrinologie, Slovenska akadémia vied.

Bratislava

?Kardiologick4 ambulancia pre deti a dorast, Karlova Ves, Bratislava

*Molekularno - medicinske centrum. Slovenska akadémia vied,
Bratislava

Dysfunkciou autonémneho nervového systému (ANS) zohrava
vyznamnu ulohu v patogenéze hypertenzie i obezity. Cielom nasej
stadie bolo sledovanie kardiovaskularnej odpovede a odpovede kate-
cholaminov na mentalny stres u mladych pacientov so zaéinajicou
hypertenziou (HT) a BMI1 < 25kg/m? (HT): u pacientov so zaéinaji-
cou HT a BMI > 30kg/m? (HT OB); u obéznych inak zdravych je-
dincov (OB), v porovnani so zdravymi normotenznymi kontrolami
s BMI < 25kg/m* (K) podobného veku.

Metodika: VySeirované osoby podstipili mentélny stresovy pod-
net (Stroopov test), pocas ktorého sa hodnotila aktivita ANS mera-
nim tlaku krvi (TK) a pulzovej frekvencie, variability srdcovej frek-
vencie (HRV) a hladin katecholaminov vo venéznej krvi.

Vysledky: V3etky sledované osoby reagovali na stresovy podnet
zvysenim systolického TK (STK; p = 0,0001), avsak vzostup STK
bol najnizsi u jedincov z OB skupiny (p < 0,05). Tato zmena STK ne-
gativne korelovala s BMI (r=0,311; p=0,04). Pacienti s HT mali zvy-
Sené koncentracie adrenalinu za bazalnych podmienok (t.j. v kl'ude;
p = 0,006), a najvyssiu odpoved' adrenalinu a noradrenalinu poéas
mentalneho testu v porovnani s kontrolami (p < 0,05). Nezazname-
nali sme signifikantné zvysenie frekvencie srdca poéas Stroopovho
testu u Ziadnej sledovanej skupiny, aj ked HT pacienti mali vyisie
hodnoty pred aj pocas testu. Parametre HRV neboli signifikantne
zmenené pocas mentalneho stresu u ani jednej skupiny.

Zaver: Mladi pacienti s HT s obezitou alebo bez nej vykazuji
zvysenu sympatoadrenalnu reaktivitu na mentalny stresovy podnet.
Obézni inak zdravi jedinci maju tendenciu k vy3Siemu normalnemu
TK v pokoji, okrem toho reagovali najnizsim vzostupom STK a ad-
renalinu v porovnani s ostatnymi skupinami. Otazkou zostava &i to
mdZe zohravat patogeneticku ilohu pri vzniku a rozvoji obezity. Zvy-
Send sympatoadrenalna reaktivita na mentalny stres predstavuje rizi-
ko rozvoja kardiovaskularnych ochoreni v neskorSom veku.

Podporené grantom APVV-0028-10.

PREDIKTIVITA CIRKULUJICICH STEROIDU V DIAGNOSTICE
ALZHEIMEROYY NEMOCI

Vaiikovd M., Véeldk J., Vejratkovd D., Lukdsovd P, Bradnovd 0.
Vacinova G., Bendlova B., Hilla M.
Oddéleni molekuldrni endokrinologie. Endokrinologicky tstav, Praha

Alzheimerova choroba (AD) je neurodegenerativni onemocnéni,
které se projevuje progresivni ztratou kognitivnich funkci. Steroidy
vykazuji vyznamné zmény u pacientdi s AD a to jak v CNS tak i v pe-
riferii, nicméné kauzalni vztah ke vzniku a rozvoji onemocnéni ne-
ni dosud zcela objasnény.
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Cilem price je nalezeni predikéniho modelu pro klasifikaci pa-
cientli s AD pro obé pohlavi proti vékové odpovidajicim kontrolam
na zakladé hladin cirkulujicich steroidd a jejich polarnich konjuga-
1 (sulfaty + glukuronidy).

Metodika: Celkem bylo vysetfeno 52 Zen ve véku 72,3 (64.0;
76,7) let (vyjadreno jako medidn s kvartily), z toho 22 kontrol a 30
pacientek s AD a 29 muzi ve véku 71,5 (66,5; 76.6) let, z toho 11 kon-
trol a 18 pacientd. U vSech bylo provedeno neuropsychologické vyset-
feni a magnetickd rezonance hlavy k potvrzeni (pacienti) i vylouce-
ni (kontroly) neurologické diagnoézy.

Bylo stanoveno 50 steroidl a jejich polarnich konjugétd
(GC-MS), dale byly vySetieny parametry glukézového a lipidového
metabolizmu. Data byla zpracovana vicerozmérnou regresi s reduk-
ci dimenzionality (metoda ortogonélnich projekei do latentni struk-
tury - O2PLS. software SIMCA v. 12.0).

Jako zavisle proménné byly zvoleny, s ohledem na pohlavni roz-
dily ve hladindch steroidii, pohlavi a dale status (kontrola vs. AD).
Jako nezavisle proménné byly zvoleny hladiny steroidi, jejich polar-
nich konjugati a dalsich laboratornich, antropometrickych a klinic-
kych ukazatelii. z nichZ byly na zakladé statistického kritéria VIP
(variable importance) vybrany jen relevantni parametry. Data byla
nasledné podrobena analyze s vyuZitim modelu O2PLS.

Vysledky: Z analyzy vyplynuly 2 relevantni vzajemné nezavislé
prediktivni komponenty obsahujici variabilitu sdilenou mezi zavis-
le a nezavisle promé&nnymi, z nichZ prvni (PC1) byla interpretova-
na, jako Komponenta pohlavi. Tato komponenta vysvétlovala 45,9
(41,4) % celkové variability zavisle proménnych (v zavorce je hodno-
ta po cross-validaci). Druha komponenta (PC2) byla interpretova-
na jako Komponenta Alzheimerovy choroby (kontroly = 0, pacienti
= 1). Tato komponenta vysvétlovala 35,0 (28,1) % celkové variabili-
ty zavisle proménnych. Komponenty byly faktorové ¢isté tj. prvni za-
visle proménna korelovala s PC1 a téméf nekorelovala s PC2 adruha
zéavisle proménna korelovala s PC2 a téméf nekorelovala s PC1. Mo-
del O2PLS klasifikoval s absolutni predikéni iéinnosti pohlavi (nu-
lovy piekryv, senzitivita = 1; specificita = 1) a s velmi vysokou G¢in-
nosti pritomnost AD (chybna klasifikace 4 subjekty z 81, senzitivita
= 0,938; specificita = 0,970).

Zavér: AD pozitivné korelovala s vékem, skupinou C21 AS-steroi-
dii (pregnenolon, pregnenolonsulfit, 16a-hydroxypregnenolon) dale
s 16a-hydroxy-DHEAS, skupinou Ad-steroidil (progesteron, 17-hyd-
roxyprogesteron, l6a-hydroxyprogesteron, androstendion), skupi-
nou Sf-redukovanych metabolitd progesteronu (volny i konjugova-
ny pregnanolon, konjugovany 5f-pregnan-3a., 20a-diol), kortizolem
a SHBG. Negativné pak AD korelovala s HbAlc, Sa-redukovanymi
polarnimi konjugaty C19 17-oxo steroidil (androsteron, epiandroste-
ron), volnym i konjugovanym Sa-androstan-3f, 17p-diolem, s hladi-
nou fT3 (odrazi aktivitu Stitné zlazy) a s pomérem fT3/{T4 (odrazi
aktivitu dejodaz), s tukovou hmotou, HDL cholesterolem, hodnota-
mi jaternich testli ALT a AST, a vitaminem D.

Grantovd podpora 1GA MZ CR NT13543-4, MZ CR 00023761.
NEUROENDOKRINNI NADORY - DIAGNOSTIKA A LECBA

Svébisovd H.!, Koranda P°, Frviak Z°, Stasek M., Virdskovd D.!
'Onkologicka klinika Fakultni nemocnice Olomouc

*Klinika nukle4rni mediciny Fakultni nemocnice Olomouc
*111. Interni klinika Fakultni nemocnice Olomouc

“I. Chirurgicka klinika Fakultni nemocnice Olomouc

Uvod: Neuroendokrinni nadory jsou relativné novou histopato-
logickou diagn6zou. Jsou fazeny ke vzacnym onemocnénim. Pfes
zlepsovani vySetfovacich postupll na poli nuklearni mediciny a en-
dokrinologie mizZe byt uzavreni této diagnozy a naplanovini lécby
problém.

Metody a vysledky: Zhodnotili jsme soubor nemocnych s neu-
roendokrinnimi nadory v KOC Olomouc od roku 2008. Z celého
souboru jsme vybrali nemoené, na jejichz pfipadech demonstruje-

XXXVII. ENDOKRINOLOGICKE DNI S MEDZINARODNOU UCASTOU N
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me obtiznost diagnostiky téchto typd nadoril. Uspésna lécba téchto
nemocnych je i vysledkem kvalitné stanovené diagnozy a dobré me-
zioborové spoluprice.

Zavery: Prinosem tohoto sdéleni je zdraznit vyznam meziobo-
rové spoluprace pfi zjisfovani a nasledném Iéceni neuroendokrin-
nich nadora.

Kli¢ova slova: Neuroendokrinni nadory, mezioborova spolupra-
ce, kazuistiky

Backround: Neuroendocrine tumors are relatively new his-
topathological diagnosis. They arranged for a rare disease. Despite
the improvement of investigative procedures in the field of nuclear
medicine and endocrinology may be the conclusion of the diagnosis
and treatment planning problem.

Methods and Results: We evaluated a group of patients with neu-
roendocrine tumors in KOC Olomouc since 2008. From the entire
group, we selected patients, whose cases demonstrate the difficulty
of diagnosing these types of tumors. Successful treatment of these
patients is the result of a successful diagnosis and good interdisci-
plinary cooperation

Conclusions: The benefit of this communication is to emphasize
the importance of interdisciplinary collaboration in the identifica-
tion and subsequent treatment of neuroendocrine tumors.

Key words: Neuroendocrine tumors, interdisciplinary collabora-
tion, case reports

STITNA ZIAZA 111

ELASTOGRAFIE V DIAGNOSTICE TYREOIDALNICH UZLU
- PRVNI VYSLEDKY V CESKE REPUBLICE

Jiskra J., Krdtky J.
3. Interni klinika 1. LF UK a VFN, Praha

Uvod: Elastosonografie byla vyvinuta Ophirem et al. v r. 19911,
Principem je stanoveni stlaitelnosti vySetfované tkané s pfedpokla-
dem, Ze pravdépodobnost malignity je vy3si v tuZich lézich. Existuji
dva elastografické principy: ,strain® elastografie (SE) a elastografie
razovou vinou (,shear wave"), se kterou je dosud malo zkusenos-
ti¥. Pfi SE dochazi pfi stlatovani k rozdilné kompresi jednotlivych
tkéni (uzel vs. okolni tkan), ktera je pfimo umérna elasticité tkane.
Rozdil rychlosti pohybil tkani vii¢i sondé je sniman pomoci tkafo-
vé dopplerovské sonografie. Hodnoceni miiZe byt kvalitativni jako
elastografické skore (obvykle 1-5, | - nejmékéi, 5 - nejtuzsi) nebo
kvantitativni jako pomér elasticity vySetfované tkané (uzlu) vici
okoli. Starsi klinické studie dosahovaly u tyreoidalnich uzla senzi-
tivity 80-97 % a specificity 79- 100 % v detekci malignity'™*. Dvé re-
centni prace'™® potvrdily vysokou negativni prediktivni hodnotu SE
(99,1 % resp. 97.2%).

Metody: Do pilotni studie bylo zafazeno 35 uzll od 35 pacient(,
z toho 10 karcinomi (9 papilarnich a | folikularni) a 25 benignich
uzld (13 histologicky verifikovanych a 12 s benigni FNAC a nejméné
3 roky stabilnim USG nalezem). Pristrojem Logiq GE byla u kazdé-
ho uzlu provedena strain elastografie, ktera se hodnotila kvantitativ-
né (elastografickeé skore 1-5) a kvalitativné jako strain/ratio [pomér
elasticity uzlu k okolnimu parenchymu 3titné zlazy (SR-T), karotidé
(SR-C) a krénimu svalu SR-M)].

Vysledky: Median SR-T byl 2,65 u karcinomi a 1,05 u benignich
uzli (P = 0,005), median SR-C byl 0,88 u karcinomi a 0.5 u benig-
nich uzld (P =0,002) a median SR-M byl 1,15 u karcinomii a 0,7 u be-
nignich uzli (0,009).

Zavér: Vysledky ukazaly, ze pfi hodnoceni tuhosti tyreoidalnich
uzli jako pomér stlaéitelnosti viiéi okolnim strukturam byly karci-
nomy §titné Zlazy vyznamné tuZsi oproti benignim uzlim. Vysoka
negativni prediktivni hodnota elastografie ¢ini tuto metodu perspek-
tivni ke sniZeni poétu uzld indikovanych k punkci, event. sniZeni po-
étu operaci u pacientd s neuréitym vysledkem cytologie. Potencialni
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Chimeric somatostatin (SST)/dopamine (DA) compounds, termed dopastatins,
such as BIM-23A760, an agonist for SST (sst2 and ss5) and DA (D2) receptors,
are emerging as promising new approaches to treat pituitary adenomas. However,
their actions and mechanisms on the different types of pituitary tumours are still
incompletely understood. Thus, the aim of this study was to analyse a set of kcy
functional parameters (slgnnlmg pathways, hormonal expressmn and secretion,
cell viability, and apoptosis), in response to BIM-23A760 in a series of 74 human
pituitary tumors: 22 somatotropinomas, five mixed GH/PRL-secreting adenomas,
11 corticotropinomas, 26 NFPAs, six prolactinomas, one FSH-secreting
gonadotropinoma and three TSH-omas; and in five normal human pituitaries
end pituitary samples derived from three female olive baboons (Papio anubis).
Although, BIM-23A760 has recenily been withdrawn from clinical development
after finding that a dopaminergic metabolite accumulates and interferes with the
activity of the parent compound in vivo, it is still considered a good prototype
molecule for dopastatins, and the results generated herein might be indeed useful
in understanding and predicting the response to this type of compounds, which
may be used for clinical purposes in the future. Our results demonstrate that BIM-
23A760 differentially impacted all functional parameters analysed, with most
Tesponses being clearly inhibilory for cell signalling, hormone secretion and cell
survival. Yet, interestingly, certain pituitary adenomas displayed distinct, even
opposite responses to BIM-23A760 (i.e. paradoxical stimulatory responses),
which were associated with the relative cxpression levels of SST- and
DA-receptors. In particular, alterations on the expression of sst5 and its truncated
vmant. serTMD4 might represent potentml molecular signatures cnmrlhuung to
the diff inhibitory/s P to BIM-23A760 in GH- and
ACTH-secreting adenomas. Almgcl.her our results reinforce the notion that
chimeric dopastatins (e.g. BIM-23A760) can affect multiple, clinically relevant
paramelers on mosi types of pituitary adenomas and may represent new
therapeutic tools to treat pituitary tumours, wherein the relative SST/DA receptor
expression profile might provide useful molecular markers to predict the ultimate
response of these tumours to BIM-23A760.

Disclosure

This work was supported by Junta de Andalucia (CTS-1406, BIO-0139, PI-0639-
2012) Ministerio de Economia y Competitividad, Gobierno de Espafia (BFU2013-
43282-R), Instituto de Salud Carlos III (PI13/00651), Centro de Investigacién
Biomédica en Red de la Fisiopatologia de la Obesidad y Nutricién (CIBERobn) and
Ayuda Merck Serono 2013. M D Culler is an employee of IPSEN,
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Chronic stress decreases circulating endocannabinoid
Z-nradnldnnoylglyeeml in haalthy human uub,lecli

Buging Yi', Igor Nlchlpm'uk Maithias Feuerecker', Gustav Schelling' &
Alexander Chouker'

"Hospital of the University of Munich (LMU), Munich, Germany; “Institute
for Biomedical Problems, Moscow, Russia.

i N
I ind

ge ic stress plays an important role in a variety of
health pmblcms such as the development of autoimmune disease, and the results
from mice studies suggest that the central endocannabinoid (eCB) system
regulates endocrine and neuronal responses (o stress, However, it is unclear how
the eCB system responds to chronic stress in healthy humans. A 520-day
isolation-and-confinement study simulating an interplanetary spaceflight mission
to Mars provided an extraordinary chance to study the effects of chronic stress
imposed by prolonged isolation. Six healthy males participated in this mission
and stayed in the simulated spacecraft for 520 days. The current study aimed to
investigate the effects of chronic stress on circulating concentrations of ¢CBs in
these healthy subjects. Blood samples for eCBs were obtained
before and at regular intervals during the isolation period. Salivary samples were
takcn for cortisol assay. 24 h urine samples were collected for catecholamines

Blood ions of the eCBs, N-arachidonylethanolamine
(anmdnmlde, AEA) and 2-arachidonoylglycerol (2-AQ), were determined.

17th European Congress of Endocrinology 2015

Compared with the baseline level, stress hormone cortisol levels and urine
norepinephrine secretions were mgmﬁcnntly increased during the isolation period,
indicating a d c ingly, stress d d blood concen-
trations of 2-AG, but not AEA. Furthermore, 2-AG concentrations were
negatively correlated with salivary cortisol levels. These results indicate that
chronic stress decreases circulating 2-AG in healthy human subjects, suggesting
dysregulation of 2-AG signalling is specifically implicated in humans under
chronic stress.

Disclosure

This study was supported by grants from the German Ministry of Technology and
Economics (BMWi as handled by DLR) (grant numbers 50WB0919 and
S50WBI1317).
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GP.18.
Neuroactive stemid.s as predictive markers for Alzheimer's disease
Marketa Vanknva Daniela Vejm.ko\ra‘ Petra Lukasova'
Olga Hmdnova Gabricla V&cmova Katerina Dvorakova', Martin Hill',
Josef Vcelak', Robert Rusina’, Iva Huhnerova & Bela Bendlova’
'Institute of Endocrmoloq ngue. Czech Republic; “Thomayer Hospital,
Prague, Czech Republic; “Faculty of Humanities, Charles University,
Prague, Czech Republic.

Background and aims

Neuroactive steroids and their mcmboh:es piay an important regulatory role in the
nervous system affecting the ity, stress resp lurmng. and
memory. The aim of the study was to oompare the steroid mewbolume in AD
patients and controls.

Materials and methods

The study comprised of 48 AD patients (30 women and 18 men; age 73.8 +9.54
years) and 33 matched controls (22 women and 11 men; age 68.2 1 5.94 years),
All subjects underwent neuropsychological ination and magnetic resonance
imaging of the brain. Biochemical ch isation included ination of
fasting glucose and lipid metabolism and the determination of extended spectrum
of steroid hormones by GC-MS method (38 steroids and their sulfates). Statistical
analyzes were performed using Statgraphics Centurion XVI 16.0.07 Software.
Results

AD patients had significantly higher insulin secretion (fasting insulin, HOMAF)
and lower C peptide/insulin ratio compared to controls which indicates the
decreased hepatic insulin extraction. AD patients had higher C21 steroids (5p-
pregnane-3a, 20a-diol conjugate, women in addition pregnenolone, 16a-
hydroxy-pregnenolone, 16a-hydroxy-progesterone, men in addition 16a-
hydroxy-DHEA, and pregnanolone) and lower C19 steroids (Sa-androstan-3p,
17p-diol conjugate, women in addition conjugates of androsterone, epiandroster-
one, epietiocholanolon, and 5B-androstane-3f, 17f-diol) compared to controls.
Neither in AD nor in controls a direct relationship of steroids with fasting glucose,
insulin and HOMAR was found.

Conclusion

C21 steroid levels were consistently higher in AD, suggesting an increased
activity of the zona fasciculata of adrenal gland. Conversely, levels of stable 5o/
reduced catabolites of C19 steroids, particularly their sulfates, are consistently
reduced in AD (unlike insignificantly different unreduced androgenic precursors
showing a diurnal variation). This indicates a decrease in the activity of the
adrenal zona reticularis in AD. AD patients have higher levels of insulin in the
periphery, however, the direct relationship between glucose tolerance and steroid
metabolome was not confirmed.

Disclosure

This work was supported by grant IGA MH CR NT13543-4, MH CR 00023761,
DOI: 10.1530/endoabs.GP.18.02
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Neuroactive steroids as predictive markers for Alzheimer “s disease

B, Bendlova', M, Hill', J. Véelak', D. Vejrazkova', P. LukaSova', G. Vacinova', O. Bradnovd', K. Dvordkové', R. Rusina’, I. Holmerova’, M. Vaitkové'
'Institute od Endocrinology, Prague; *Thomayer Hospital, Prague; ’Faculty of Humanities, Charles University, Prague

Many studies have demonstrated a link between Alzheimer's disease (AD) and type 2 diabetes (T2D), but the connection underlying this
relationship is not completely clear. Diabetic pathologies may lead to both AD and vascular damage. Neuroactive steroids and their metabolites
play an important regulatory role in the nervous system affecting the neuronal plasticity, stress response, learning and memory.

The aim of the study was to compare the steroid metabolome
in AD patients and controls, to evaluate its possible relation to
glucose metabolism and to propose the predictive model for AD.

Subjects:

AD (n=48) Controls (n=33)
.Mer-l IWomen. 18730 g_ imi
Age (vears) |72.3:10.42/74.429.1 69.6+ 4,44 / 67.5 2 6.5
BMI (kg/m?) |26.3:3.61/25.7+4.08 | 27.6+3.28/27.925.71

Methods:

* Neuropsychological examination and brain MRI for exclusion/confirmation
of neurological diagnosis

» Glucose and lipid metabolism, anthropometric examination

« Extended spectrum of sterofd h (GC-MS): 38 + their conjugates

+ Statistical software NCSS 2004, Statgraphics Centurion XVI 16.0.07, SIMCA-P

* Kruskal-Wallis One-Way ANOVA on Ranks, multivariate regression with reduction
of dimensionality (O2PLS), predictive model for AD

+ Patients taking corticosteroids, fluoxetine (an inhibitor of serotonin uptake),
HRT, estrogenes, NSAIDs were excluded
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o

Danydresplanirtarons

wasdit FA .
1aebryorea ety o apiand oo ter e i
rres—— [ Betricd
Bdndrostene I Hetial

Sischalanalsns
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Results:
Glucose metabolism

Normal glucose

AD (n=32)

Controls (n=14 )

P‘

HbA1c [mmol/mol]
glyceamia [mmol/I]
proinsulin [mmel/1]
insulin [miu/]
C-peptide [nmol/1]
HOMAF
HOMAR

37.5:2.48
49021
3.9+ 4.66
10.1 £ 4.61
0.8 £ 0.02
149 = 60.9
2.2£1.07

37.7:3.38
5.2:0.22
2.222.1

7.2:3.23
0.7+0.23
84+ 36.2

1.6+0.78

0.09
0.001
0.09
0.02

Mean = 50, Kruskal. Wallis One-Whay ANOVA on Ranks (NCSS 2004)

Impaired glucose
tolerance

‘HbA1c [mmﬂ'ml} i

glyceamia [mmol/I]
proinsulin [mmol/l]
insulin [mIU/]
C-peptide [nmol/1]
HOMAF
HOMAR

AD (n=16)

Controls (n=19 )

39.8:2.92
59:2.28
5923
17 £ 6,14
1.3 £ 0.49
145 £ 52,6
4.421.63

Steroids

Women

AD (n=30)

373253
6+0.37
5.9+ 4,82
12.3£5.24
140,29
99 + 42.42

3.3:1.47

Controls (n=22)

p*

Pregnenclone
16a-hydraxy-pregnenclone
16a-hydroxy-progesterone
5B-Pregnan-3a,20a-diol C

1.6+1.38
0.2+0.15
0.7 £ 0.54
13.5+7.15

0.9+0.48
0.1:0.11
05+0.72
8.63.71

0.03
0.02
0.02
0.005

Androsterone C
Epiandrosterone C

Epietiocholanolon C

5a-Androstan-38,178-diol C
58-Androstan-18,178-diol C

220.2 = 2011
77.6 £55.23
8.9+7.26

15.9 = 11.61
3.3+1.88

403.5 = 227.87
152.2  85.52
16.5 £ 11,55
48,4 + 44,71

4.6 +2.35

0.001
0.001
0.003
0.0001
0.049

Men
Pregnanolone
58-Pregnan-3a,20a-diol C

AD (n=18)
0.07 + 0.034
22.9+13.21
16a-hydroxy-dehydroepiandrosterone (0,06 + 0,0444

Controls (n=11)
0.04 + 0.030
10.8 £ 4.17
0.03 £ 0.026

p*
0.01
0.006
0.03

5a-Androstan-38,178-diol C

81.1 + 56.82

137.4 + 61.54

0.02

Menn + 5D, Kruskal-Wallis One-Way ANOVA on Ranks. (NCSS 2004); C conjugated forms [nmel/1]

Iy
Sngnonis of AD

e
o i
correctly determined controls

vs. observation

Confidence intervals for sensitivity, specificity, two-level likelihood ratios
and diagnostic odds ratio

2 Supportad by grants IGA MH CT NT/LIS41/4, NT/LIS44/4, MH CZ (0023761 |
{ ? } Contact: bbendlovs endo cr|
s
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BILATERALNI OVAREKTOMIE MUZE NEPRIZNIVE OVLIV-
NIT SACHARIDOVY METABOLISMUS VE SROVNANI S PRI-
ROZENYM PRUBEHEM MENOPAUZY

Lejskova M.'3, Pitha J.2, Adamkové S.?, Auzky 0.2, Ad4-
mek T.', Babkova E.', Alugik §.°

'Interni oddéleni TN, Praha

?IKEM Praha

3IPVZ Praha

Uvod: Vyskyt diabetu celosvétové prudce stoupa. Ke kligo-
vym momentim pfi rozvoji diabetu 2. typu patfi porucha funk-
ce beta-bunék pankreatu. Beta-bufiky maji nékolik typt estro-
genovych receptort, které mohou napomaéhat, aby fyziologic-
ky kolisajici hladiny estrogent hrély roli v ochrané beta-bunék
pfi zvySenych néarocich na sekreci inzulinu. V prospektivni $es-
tileté epidemiologické studii jsme sledovali zmény funkce be-
ta-bunék parametrem HOMA-B = 20x laény inzulin/(laéna glu-
kéza - 3,5) béhem pfirozené i umélé menopauzy. V pfedchozi
analyze (Luhacovice 2012) jsme ukazali rychle stoupajici vy-
skyt (pre)diabetu kolem pfirozené menopauzy a vztah zhor-
Seni funkce beta-bunék k mife premenopauzalni manifestace
metabolického syndromu. Cilem této prace bylo sledovat pa-
rametry sacharidového metabolismu v podskupiné zen, které
prodélaly pfed vstupem bilateréini ovarektomii.

Metodika: Mezi 606 opakované vySetfenymi Zenami s vé-
kem vstupu 45-55 let, bylo postupné vyélenéno Sest skupin
Zen: Zeny s hormondalni terapii (HR, n = 92), Zeny po bilateralni
ovarektomii (OO, n = 43), po hysterektomii (HY, n = 64); zbyva-
jici skupina s pfirozenym priib&hem obdobi kolem menopauzy
(NAT, n = 387) byla rozdélena na 3 skupiny podle menopau-
zélniho statusu pfi vstupu: premenopauzalni (PRE, n = 252),
perimenopauzalni (PERI, n = 43), postmenopauzalni (POST, n
= 92). P¥i vstupu a po 6 letech byly stanoveny potiebné para-
metry véetné inzulinémie, HOMA-B. Ke statistickému hodno-
ceni byl uZit t-test.

Vysledky: BEhem 6 let stoupl vyrazné vyskyt prediabetic-
kych+diabetickych hodnot laéné glykémie (PRE 17 % =» 28 %;
PERI 21 % =» 28 %; POST 25 % =» 40 %; HR 18 % = 26 %; HY
15 % =2 34 %; 00 21 % <> 38 %). Vyskyt diabetickych hodnot
stoupl celkové na trojnasobek (1,2 % = 3,6 %), nejvyrazngji
ve skuping POST (2,2 % =2 6,5 %), ale nejcast&jsi byl mezi 00
(7.0 % =» 9,6 %). Pfitom OO Zeny bez diabetu mély primérny
Sestilety narist glykémie 0,43 mmol/L - vy88i neZ NAT (p <
0,01)inez POST (p <0,05). Rovné# u dalSich parametri meta-
bolického syndromu byly Sestileté zmé&ny méné pfiznivé u 00
nez u NAT; vyznamnosti (p < 0,05) viak dosahl pouze Sestilety
pokles HDL-C, rist celkového cholesterolu i HOMA-IR, nikoliv
vBak zmény BMI, hladiny inzulinu ani dal3ich sledovanych pa-
rametrd MS. Funkce beta-bunék podle parametru HOMA-B po
6 letech, nikoliv jeji zhorSeni, byla u 00 vyznamné niz$l pou-
ze pfi zapoéitani Zen s diabetem, ale po jejich vyfazeni se pri-
mér 00 nelisil od ostatnich skupin.

Zavér: Bilateralni ovarektomie muiZe nepfiznivé ovlivnit sa-
charidovy metabolismus ve srovnani s pfirozenym pribé&hem
menopauzy.

Studie byla podpofena grantem NS10511-3/2009
1GA MZCR.

24

VZTAH NEUROAKTIVNICH STEROIDU A GLUKOZOVE TO-
LERANCE U PACIENTU S ALZHEIMEROVOU CHOROBOU
A ZDRAVYCH SENIORU

Varikova M., Vejrazkova D., Luka3ova P., Bradnova 0., Vaci-
nova G., Dvorékova K., Hill M., Véelak J., Bendlova B.
Endokrinologicky ustav, Praha

Uved: Alzheimerova choroba (AD) je neurodegenerativni
onemocnéni, které se projevuje progresivni ztratou kognitiv-
nich funkci. Neuroaktivni steroidy a jejich metabolity maji di-
leZitou regula&ni Glohu v nervovém systému, ovliviuji plasti-
citu neurond, odpovéd' na stres, uéeni a paméf a maji neuro-
protektivni G¢inek. U AD jsou popisované zmény v hladinach
neuroaktivnich steroidd, ale kauzalni vztah ke vzniku a rozvo-
ji onemocnéni neni dosud zcela objasnény. Daldim ne zcela
jasnym rizikovym faktorem pro AD je porudena glukézova to-
lerance a diabetes 2. typu. NaSe pilotni studie prokazala vliv
glukézového toleranéniho testu na hladiny nékterych neuro-
aktivnich steroid(.

Cilem studie bylo porovnat steroidni metabolom 1) u pa-
cientll s AD a vékové odpovidajicich kontrol a 2) ve vztahu
ke glukézové toleranci.

Metodika: VySetfeno bylo 48 pacient(i s AD (30 Zen a 18
muzi; vék 73,8 + 9,54 let) a 33 zdravych senioril (22 Zen
a 11 muil; vék 68,2 + 5,94 let). U viech bylo provedeno
neuropsychologické vySetfeni a magneticka rezonance hlavy
k potvrzeni (pacienti) & vylou&eni (kontroly) neurologické dia-
gnozy. Biochemicka charakterizace zahrnovala vy3etieni laé-
ného glukdzového a lipidového metabolismu a stanoveni roz-
Sifeného spektra steroidnich hormon( (GC-MS).

Vysledky: Ve skupiné pacienti s AD bylo 32 normogly-
kemickych osob (67 %), 6 s porusenou glukézovou toleranci
(12 %) a 10 diabetikti (21 %). V kontrolni skupiné bylo 14 nor-
moglykemickych osob (42 %) a 19 osob s porusenou gluké-
zovou toleranci (568 %).

V normoglykemické skupiné méli pacienti s AD oproti kont-
rolam vyssi sekreci inzulinu (laény inzulin, HOMAF) a vy33i po-
mér inzulin/C peptid.

Pacienti s AD méli oproti konroldam vy3si C21 steroidy
(5B-pregnan-3c,20a-diol konjugét, Zeny navic pregnenolon,
16a-hydroxy-pregnenolon, 16a-hydroxy-progesteron, muzi na-
vic 16a-hydroxy-dehydroepiandrosteron, pregnanolon) a nizsi
C19 steroidy (5a-androstan-3f,17f-diol konjugat, Zeny navic
androsteron konjugat, epiandrosteron konjugét, epietiochola-
nolon konjugat, 6B-androstan-3f,17B-diol konjugat).

Ve skupiné AD ani u kontrol jsme nepotvrdili vliv glukézo-
vé tolerance na hladiny steroidd.

Zavér: Hladiny C21 steroidd byly konzistentn& vy$si u AD,
coZ ukazuje na zvy3enou &innost zona fasciculata nadledviny.
Naopak hladiny stabilnich 5ct/B redukovanych kataboliti C19
steroid(, zvlasté jejich sulfatd, jsou konzistentnd snizeny u AD
(na rozdil od nevyznamné rozdilnych neredukovanych androgen-
nich prekurzorll vykazujicich diurnalini variace). To ukazuje na
snizenou aktivitu zona reticularis nadledviny u AD. Vztah gluké-
zove tolerance se steroidnim metabolomem jsme neprokazali.

IGA MZ CR NT13543-4, MZ CR 00023761.
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snizenym ukladanim ve tkanich. Mechanismus téchto Géinkl
nebyl dosud objasnén. Jednou z moznosti pozitivniho viivu
metforminu na dyslipidemii by mohlo byt zvySeni aktivity hnédé
tukové tkané (HTT), ktera spotrebovava velké mnoZstvi ener-
getickych substratd, prevazné TAG z intracelularné uloZenych
lipid(i nebo z cirkulace. Recentni studie ukéazaly, Ze aktivni HTT
se vyskytuje i u dospélych jedinci a Ze jeji mnoZstvi negativné
koreluje se stupném obezity.

Cilem této studie bylo zjistit, zda metformin zvySuje aktivitu
HTT a zda se spole&né s tim zlep3uji parametry metabolického
syndromu.

Metodika: Potkanim kmene Wistar (vék: 8 mésici, pocet
zvitat ve skupiné: 6) byla podavana standardni dieta (SD) bez
pfidavku nebo s pfidavkem metforminu (300 mg metformi-
nu/ 1 kg télesné hmotnosti) po dobu 4 tydn(.

Aktivita HTT byla stanovena ex vivo pfi inkubaci tkané 2 hod
pfi 37 °C podle inkorporace “C-U-glukozy, resp. '*C-U-palmitové
kyseliny do lipidi HTT a podle oxidace “C-U-glukézy, resp.
"*C-U-palmitove kyseliny na CO,. Koncentrace vybranych pa-
rametr(l v plazmé byly méfeny pomoci komeréné dostupnych
kit: TAG (Erba-Lachema, CR). inzulin (Mercodia. Sweden),
vysokomolekularni (HMW) adiponektin (Shibayagi Co., Japan),
C-reaktivni protein (CRP) (AlphaDiagnostic, USA).

Vysledky: Podavani metforminu vedlo ke sniZeni télesné
hmotnosti (-25 %, p < 0,001) a mnozstvi epididymalni a perire-
nalni tukové tkané, (-61 %, p < 0,002). Metformin snizil mnoZstvi
triacylglycerol( v plazmé (-48 %, p < 0,03) a jejich ektopickou
akumulaci v jatrech (=72 %, p < 0,02), srdci (-66 %, p < 0,03).
aorté (-48 %, p<0,01) a branici (-80 %, p<0,01). VHTT metfor-
min zvy3il inkorporaci "“C-U-palmitové kyseliny do lipidt (+26 %,
p < 0.01) a jeji oxidaci méfenou podle produkce CO, (+45 %,
p <0.03). Lécba metforminem v HTT rovnéZ vyrazné zvysila jak
bazélni (+61 %, p < 0,01) tak inzulinem stimulovanou (+60 %,
p < 0,01) inkorporaci "“C-U-glukozy do lipidu, zatimco oxidace
"“C-U-glukdzy nebyla metforminem ovlivnéna. Metformin také
snizil sérové koncentrace inzulinu (-61 %, p < 0,001), mél pozi-
tivni vliv na koncentrace HMW adiponektinu (+43 %, p < 0,05)
a snizil sérové koncentrace CRP (-53 %, p < 0,02).

Zéavér: Vysledky ukazuji, Ze protektivni uéinky metfarminu
na dyslipidemii, ektopické ukladani lipida a daldi parametry
metabolického syndromu mohou byt alespon zéasti zpro-
stiedkovany zvy$enou utilizaci energetickych substrat v HTT.

Studie byla podpofena grantem GACR P305/13-044208.

P14

SPEKTRUM VOLNYCH MASTNYCH KYSELIN U PACIENTU
S ALZHEIMEROVOU NEMOCI A U ZDRAVYCH SENIORU
V ZAVISLOSTI NA PRITOMNOSTI DIABETU 2. TYPU
Vacinova G.'?, Vaiikova M.!, Bradnova O.!, Vejrazkova D.,
Bestak J.', Lukasova P, Véelak J.', Bendlova B.!
'Endokrinologicky ustav, Praha

“Prirodovédeckd fakulta UK, Katedra antropologie a genetiky
Elovéka, Praha

Uvod: Diabetes mellitus 2. typu (DM2) je rizikovym faktorem
pro Alzheimerovu nemoc (AD). Inzulinova rezistence, ktera
je spojovana se zménénou skladbou mastnych kyselin, je
vyznamnym faktorem v rozvoji DM2 i1 AD a miZe propojovat
patologii obou onemocnéni.

VoIné mastné kyseliny jsou vyznamnym faktorem, ktery
ovliviiuje inzulinovou senzitivitu a funkci beta-bunék pankreatu.
Avsak nejen absolutni koncentrace volnych mastnych kyselin
v séru, ale také relativni zastoupeni nebo vzajemny pomér nasy-
cenych mastnych kyselin (SFA), mononenasycenych mastnych
kyselin (MUFA) a polynenasycenych mastnych kyselin (PUFA)
muZe vypovidat o patologickém stavu.

Cilem studie bylo porovnat spektra volnych mastnych
kyselin u pacientl s AD a u zdravych seniorl bez porusenych
kongnitivnich funkci v souvislosti s pFfitomnosti & nepfitom-
nosti DM2.

Metodika: Celkem bylo vySetfeno 100 jedincd, z toho12
pacientl s AD a DM2 (4 muzi a 8 Zen; vék 78 £ 6,7 let), 27
pacientli s AD bez DM2 (11 muZii a 16 Zen; vék 72 £ 9,6 let),
24 kontrolnich seniorii s DM2 (14 muzt a 10 Zzen; vék 62+ 7.9
let) a 37 seniorli bez DM2 (10 muzi a 27 zen; vék 56 + 6,6
let). Byly stanoveny parametry laéného glukézového a lipido-
vého metabolismu, véetné spektra volnych mastnych kyselin
(stanoveno metodou HPLC). Statisticka analyza byla provedena
pomoci Kruskalova-Wallisova testu s mnohonasobnym porov-
nanim (NCSS 2004).

Vysledky: Hodnota BMI je nejvy$si u diabetik( bez AD,
v ostatnich skupinach je podobna. BAl (body adiposity index)
je srovnatelny ve vSech sledovanych skupinach.

Pacientis DM2 bez AD maji vyznamné nizsi hladinu HDL-cho-
lesterolu a vy8si hladinu triacylglycerol neZ ostatni skupiny,
celkovy cholesterol a LDL-cholesterol je ve viech skupinach
stejny, stejné jako celkova koncentrace mastnych kyselin
v plazmé.

Vyznamné rozdily jsme zjistili v procentualnim zastoupeni
MUFA a PUFA u pacient(i s AD ve srovnani se zdravymi seniory
s normalnimi kognitivnimi funkcemi. Pacienti s AD méli vy3ssi
relativni zastoupeni MUFA (p < 0,001) a niz3i zastoupeni PUFA
(p < 0,001). Pomér omega-6 mastnych kyselin k omega-3
mastnym kyselindm byl také vyznamné vy33i u pacientli s AD
oproti kontrolnim seniortim (p < 0,001). Relativni zastoupeni
SFA bylo ve v3ech sledovanych skupinach stejné. V nasem
souboru jsme nezaznamenali vyznamny vliv DM2 na sloZeni
volnych mastnych kyselin.

Zdvér: V souvislosti s diabetem 2. typu jsme v nasem
souboru seniord neprokazali signifikantné odlisné spektrum
volnych mastnych kyselin mezi pacienty s diabetem 2. typu
a nediabetiky, nicméné vyznamné rozdily jsme potvrdili v sou-
vislosti s pfitomnosti Alzheimerovy nemoci.

IGA MZ CR NT/ 135434, MZ CR 00023761.

P15

VZTAH FGF-21 A A-FABP K UKAZATELUM INZULINOVE
REZISTENCE A ENDOTELOVE DYSFUNKCE U JEDINCU
S DYSLIPIDEMIi

Karasek D!, Novotny D.2, Vaverkova H.', Orsag J., Cibitkova L,
Gajdova J!'

"I, interni klinika - nefrologie, revmatologie a endokrinologie
LF UP a FN Olomouc

20ddéleni klinické biochemie FN Olomouc

Uvod: Fibroblastovy rastovy faktor 21 (FGF 21) ma fadu pozi-
tivnich metabolickych Géinkd a podle nékterych i ochranny viiv
na kardiovaskularni buiiky. Naopak adipocytarni protein vazajici
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Spektrum volnych mastnych kyselin u pacienti
s Alzheimerovou nemoci a u zdravych seniori
v zdvislosti na pritomnosti diabetu 2. typu

vacinowva G2 varikova M1, Bradnova 0.1, Vigjrazkowa D1, Bestak . 1, Lukasova P 1 viEelak
J.1, Bendiova B!
! Endovrinoiogichy Ustay, Praba
2 Prirogovedecka faluifa UK, Kaledra Anfropoiogie a genetify: Siovela, Praha
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Uvod:

Diabetes mellitus 2. typu (DM2) je rizikawvymn faktorem pro vznik AZheimercvy nemoci (A0). Inzulinova rezistence, kiera je
spojovana se zménénou skadbou mastrych kyseling je wyznamnym faktorem v rozvoji DM 2 | AD a miZe propojovat patologii
obou téchto onemocnéni. Walngé mastne kyseliny (FFA) jsou wznammym fakiorem, ktery ovliviiuie inzulinovou serzitivitu a
funkei beta bunék pankreatu. AvSak nejen absolutni koncentrace volmech mastrych kyselin v seru, ale take relativini Zastoupeni
nebo vzajemmy pomer nasycenyth mastrych kyselin (SFA), mononenasycemych mastrych kyselin (MUFA) a palynenasycenych
rmastnych kyselin (PURAY miZe wypovidat o patologickém stavu,

Cil:

Cilem studie wlo porovnat spektra wolnych mastrych kyselin u paciertd s AD a U Zdrawych seniord bez poru$enych
koanitivnich funkci v sowvislosti s pfitormnosti & nepfitomnosti D2,

Soubory: Metodika:
skupina n (muZi‘Zeny) | vék (roky ¥ stanoveni parametrd ladného glukdzového a lipidového metabolizmu, vistng
padienti AD+ DM 2+ 12 (445 7846 7 spektra valnych mastnych kyselin — metoda HPLC
pacient AD+/DM 2- 27 (11416) 7269 5 ;Dgtf;[mlcka analyza — Kruzskal-wallisuy test s mnohongdsobnym porownanim (MCSS
kontrolni seniofi AD-Dk 2+ 24 (1410 E2+7 9
kontralni seniof AD-DM2- 3710627 266 6 .
*primér +50 vvs'edky:
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skuping
® 1 BMI U kontralnich seniord s D2 oproti ostatnim soubordim

- » | HDL-cholesterol a 1 tiacylglyceroly U kontrolnich seniorll s DM2 oproti
B ostatnim souborum

o _—

3 relativng 1 zastoupeni MUFA U pacientl s AD (obr 1) oproti kortrolnim seniorim
0] » relativng | Zastoupeni PUFA u pacientl s AD (obr.2) oproti kontrolnim seniorim
® | hladiny OMEGA 3 MK U pacient(l s AD (obr.3) oproti kontrolnim seniorim

# 1 pomér OMEGA B/OMEGA 3 mastrym kyselinam u paciertt s AD (obrd) oproti
kontralnim seniardim

= DM 2 nemél v nadi studi viiv na slofeni FEA

¢o —_———— # ostatni méfene parametry (BAI, celkovy cholesteral, LOL-chalesterol, celkova
e koncentrace M, relativii Zastoupeni SFA) se mezi jednotlivymi skupinami neligily

=kiping

Zavér:
% s0Wvislosti 5 AlZheimerovou nemoci bylo prok&zano signifikantné odidng spekirum volnych mastnych kyselin mezi pacienty
5AD a kontrolnimi seniory. & souvislosti s diabetem 2. typu jsm e wwznamné rozdily mezi jednotlivymi soubory neprokazali.

IGAMZ CR MTI13543-4 M Z CR 00023761
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jednotlivé polozky hospitalizaci - pramérné délky hospitaliza-
ci, relativni vahy {RV), celkové néklady i jednotlivé nékladové
polozky a vynosy. Tyto Udaje byly porovnany s rokem 2012
a zménami po pouiti koeficientl specializace.

Vysledky: Celkové byli pacienti hospitalizovani pro SDN
12,6 * 7,6 dne, primérnéd RV byla 2,4 + 1,3, primérné vyno-
sy 70 361 + 37 667 K& (median 59 844 K&), naklady Cinily
129 085 + 78 987 K& (median 110 068 K&), pfitemi naklady
prevysily vynosy primérné o 55 694KE (79,6 %). Z nakladi
na hospitalizaci tvofily nejvyssi polozky oSetfovaci liZkodny
(51 863 + 30 182Ké& median 47 234 KE&) a laboratorni vy-
Setfenl (17 467 £ 12 388BKE, median 14 242 K&), nejnizsi
poloZku operaéni vykony (1674 + 3210 K¢&). Nejkratéi hospi-
talizace byly nalezeny ve skupiné 3 (6,2 + 3,9 dne), nejdelsi
ve skupiné 6 (25,5 + 7.5 dne), RV se pohybovaly primérné
od 0,89 do 4,98. Tém&F véechny hospitalizace (89,9 %) skon-
&ily negativni bilanci, procentuéiné nejniz8i financni ztraty
byly zaznamenény ve skuping 3 (-42 %; -43 952 K&), nejvy&si
ve skuping 1 (-154 %; -40 419 K¢&). V porovnani s rokem 2012
nebyly nalezeny signifikantni rozdily v ekonomické bilanci
[(naklady-vynosy)/vynosy], jelikoz jak naklady (p = 0,0052),
tak vynosy byly za rok 2013 niz3i (p = 0,0016). Byl nalezen
trend ve zkracovani hospitalizaci (primérné -3,8 dne; p=0,14)
av poklesu RV (primérné -0,27; p=0,171). Efekt plodného za-
vedeni koeficientii specializace, které mély vyrovnat negativni
bilance, se v globdle v tercialnim centru neprojevil (p=0,0798,
zaznamenano pouze zlepdeni ve skupinach s revaskularizaci
2-4; p=0,0017 az 0,0001), jelikoZ byl negovan sniZzenim RV
a zékladnich tarif( za hospitalizaci.

Z4vér: | pres snizeni naklad( zkracenim hospitalizaci a efek-
tivnéjsi lékovou politikou a zavedeni koeficientl specializace
nedoslo ke zlep3eni finan&ni bilance hospitalizaci pro SDN
vroce 2013 v porovnani s pfedchozim rokem. Trvalé finanéni
ztraty za hospitalizace pacientl se SDN mohou vést k vyraz-
nému zhoreni kvality péce a nasledné i prognézy pacienti.
Moznym fedenim do budoucna by bylo zavedeni novych DRG
skupin pro SDN podobnych némeckému modelu a umoziiu-
jicich adekvatni uplatnéni zasad podiatrické péte podle NDP.

Podporfeno projektem (Ministerstva zdravotnietvl] rozvoje
vyzkumné organizace 00023001 (IKEM) - Institucionalni
podpora.

GLUKOZOVA TOLERANCE A METABOLICKY PROFIL U PA-
CIENTU S ALZHEIMEROVOU NEMOCI

Vaiikova M., Vejrazkova D.!, LukaSova P!, Bradnova 0.,
Vacinova G.', Dvofakova K, VEelak J, Rusina R.2, Vaitkova H.%,
Holmerova 1%, Bendlova B.'

'Endokrinologicky tstav, Praha

?Thomayerova nemocnice, Praha

IFakulta humanitnich studii Univerzity Karlovy, Praha

Uvod: Alzheimerova nemoc {AD) je neurodegenerativni
onemocn&ni mozku, pfi kterém dochazi k postupné demenci.
V soucasné dobé neni zndma pfi¢ina vzniku AD, ale z neuro-
patologickych nalezi se vi, jak nemoc probiha. Existuje fada
rizikowvych faktort pro AD, mezi které patii i metabolické a hor-
monalni dysregulace organismu.

Cllem studie bylo zmapovat metabolické a hormondlni
parametry u pacientli s AD ve srovnani se zdravymi seniory.
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Metodika: VySetfeno bylo celkem 164 nediabetickych
jedinct, 65 pacienti s AD (35 Zen a 30 muZzl; vék 76 + 7,7
let) a 99 neurologicky zdravych seniord (71 Zen a 28 muid;
vék 67 £ 5.3 let).

Biochemicka charakterizace zahrnovala vySetieni lacéné-
ho glukézového a lipidového metabolismu, vypocet indext
inzulinové rezistence (HOMA R) a sekrece inzulinu (HOMA F)
a dalsi metabolické a hormonéini parametry (funkce ledvin
a jater, kostni metabolismus, funkce §titné Zlazy). Statisticka
analyza byla provedena pomoci Kruskalova-Wallisova testu
(NCSS 2004).

Vysledky: Pacienti s AD maijl oproti zdravym senior(im,
pfi stejné hodnoté indexu inzulinové rezistence (HOMA R),
zvySenou sekreci inzulinu (HOMA F; p = 0,02) a nizsi hladinu
laéné glykemie (p = 0,008). Pacienti s AD maji vy33i hladinu
glukagonu neZ kontroly {p = 0,02), pfestoZe hladina glukagonu
ve stafi klesa.

Subklinicka hypotyredza se vyskytuje rovhomérné u paci-
entll i kontrol, ale pacienti s AD maji oproti zdravym seniorim
vyrazné nizsi hladinu fT3 (p <0,0001); plati to pro obé pohlavi,
nicméné vyraznajsi je rozdil u Zen,

Parametry funkce ledvin (urea, kreatinin) maji pacienti s AD
oproti zdravym seniorim vy3si (p = 0,009, resp. p < 0,001),
jaterni enzymy (ALT, AST) naopak ni2si {p < 0,001, resp. p =
0,001).

Homocystein, ktery mize vypovidat o oxidacnim stresu, je
u pacientl s AD vy3§i oproti kontrolam (p < 0,0001), naopak
25-hydroxy vitamin D, ktery ma mimo jiné vliv i na imunitu ¢i
sekreci inzulinu, je u pacientd s AD niZsi (p = 0,002). Pacienti
s AD maijl také vy55i hladinu osteokalcinu (p = 0,01), ktery se
podili na mineralizaci kosti, ale plsobi také jako hormon sti-
mulujici vy&si produkei inzulinu. Prolaktin, hormon vylucovany
pfi psychickém stresu, je vy$8i u pacientl s AD (p < 0,001).
Nadmérna produkce prolaktinu viak miZe byt zpGsobena
nékterymi léky.

Zavér: Nejvyznamnéjdim rizikovym faktorem pro AD je
pokrogily vék. Starnuti samo o sobé nenf onemocnénf a de-
finice ,zdravého stafi” je komplikované vztahem pfirozeného
starnuti a patologickych procest, které starnuti doprovézi
a ovliviiuji. Dysfunkce v metabolickych a hormonalnich po-
chodech ve vy§sim véku mize vést k fadé onemocnéni, kterd
zvy5uji biologicky vék na tikor véku kalendéafniho a mohou tak
predstavovat vyznamné riziko pro dalsi onemocnéni souvisejici
s vékem, véetné Alzheimerovy nemaci.

IGA MZCR NT/13543-4, MZCR 00023761,

MIR-192, MIR-21 A MIR-200: NOVE MARKERY KARCINO-
MU PANKREATU U DIABETIKU?

Skrha P, Hofinek A2, Fri& P2, Andél M.", Skrha J.?

"I, interni klinika 3. LF UK a FNKV, Praha

2l interni klinika 1. LF UK a VFN. Praha

SInterni kiinika 1. LF UK a UVN, Praha

Uved: U osob stfedniho a star§iho véku miZe byt nové dia-
gnostikovany diabetes mellitus (DM) jiz prvnim symptomem
karcinomu pankreatu (PC). Tento typ sekundarniho diabetu
(T3c) prakticky nelze odliit od DM 2. typu. Dostatecné citlivé
markery PC stale chybl. Zaéinaji se ale objevovat slibné vysled-
ky z oblasti molekularni genetiky v podobé microRNA (miRNA),
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XXXVIII. ENDOKRINOLOGICKE DNY
S MEZINARODNI UCASTI

Sbornik abstrakt
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SEKVENOVANI NOVE GENERACE V GENETICE

ALZHEIMEROVY NEMOCI

G. Vacinovad, ]. Véeldk, D. Vejrazkovd, P. Lukdsovd, O. Bradnovd, B. Bendlovd,
M. Varikovd
Oddéleni molekuldrni endokrinologie, Endokrinologicky tistav, Praha

Uvod: Genetické pozadi Alzheimerovy nemoci (AD) je velmi komplexni. Nejvice
je s AD spojovana rizikové alela e4 v genu APOE. Pomoci celogenomovych asoci-
acnich studii bylo identifikovano dalsich minimélné 10 gend, které asociuji s AD.
Ve studii jsme se s pomoci sekvenovani nové generace kromé genu APOE zamétili
na gen CRI spojovanym s imunitni odpovédi, gen CLU spojovanym s metabolis-
mem cholesterolu a na gen BIN1I spojovanym se synaptickou funkci.

Metodika: Celkem bylo vysetfeno 78 pacientti s AD a 38 kontrol. U souborti
byl sekvenovan 4. exon APOE. Vysledky sekvenovani byly porovnény s vysledky
analyzy RFLP. Dile byly vysetfeny 1., 2. a 3. exon APOE, 38. a 39. exon CR1, 5., 6.,
7.a8. exon CLU a 6. exon BINI. Analyza probihala pomoci sekvenatoru nové ge-
nerace MiSeq (Illumina). Nalezené varianty byly porovnany s referenéni sekvenci
hg19 a vyhodnoceny pomoci programu Integrative Genomics Viewer.

Vysledky: Sekvenace 4. exonu APOE potvrdila vysledky zjiiténé metodou
RFLP. Sekvenace ostatnich exont vybranych genti objevila nékteré genetické va-
rianty, které se nachdzely u obou souborii a v rozvoji AD pravdépodobné nemaji
vyznam. Zadn4 dosud nepopsana varianta nebyla v nasem souboru nalezena.

Zavér: Sekvenovani nové generace zjednodu$uje analyzu genti spojovanych
s AD, umoznuje sekvenovat mnoho genii béhem jedné analyzy a usnadnuje vyhle-
davani novych variant v kandidatnich genech, které by se mohly podilet na pato-
genezi onemocnéni.

Podporovino IGA MZ CR NT/13543-4, MZ CR - RVO (EU, 00023761)

oS D e R e R L S
PILOTNI ANALYZA GENU ZBTB16 PRO STUDIUM
ASOCIACE S METABOLICKYM SYNDROMEM

I. Véeldk', B. Bendlovd', M. Varikovd', P. Lukdsovd’, D. VejraZkovd', O. Bradnovd',
0. Seda’

'Endokrinologicky tistav, Praha, *Ustav biologie a lékai'ské genetiky, 1. lékatska fakulta
Univerzity Karlovy a Vieobecnd fakultni nemocnice, Praha

Uvod: Metabolicky syndrom (MS) je charakterizovany sou¢asnou manifestaci dys-
lipidémie, inzulinové rezistence, obezity, hypertenze a souvisejicich metabolickych
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LLI ENDOKRINOLOGICKY
U Ostav

Uvod:

Genetické pozadi Alzheimerovy nemoci (AD) je velmi komplexni. Nejvice je s AD spojovana rizikova alela €4 v genu APOE. Pomoci celogenomovych
asociacénich studii bylo identifikovano dal$ich minimainé 10 gent (BIN1, CR1, CLU, PICALM, MS4A4/MS4A6E, CD2AP, CD33, EPHA1 a ABCA7),
které asociuji s AD. Nase studie se zaméfila na nasledujici geny: gen APOE nejcastéji spojovany s AD, gen CR1 spojovany s imunitni odpovédi, gen
CLU spojovany s metabolismem cholesterolu a gen BIN7 spojovany se synaptickou funkci. Cilem studie bylo zjistit moznosti vyuziti sekvenovani
nové generace v diagnostice AD.

Metodika:

Sekvenovani nové generace (NGS) je metoda umoziiujici sekvenovat tisice az miliony sekvenci béhem jedné analyzy. Sekvenovani probihd podle
nasledujiciho schématu:

fragmentace DNA — hybridizace s adaptory — priprava knihoven — tvorba klastr a jejich ukotveni — sekvenovani — analyza dat

f '!, b

h
7

3

Celkem bylo vysSetfeno 78 pacientd s AD a 38 kontrolnich seniorli. Analyza probihala pomoci sekvenatoru nové generace MiSeq (lllumina).
Nalezené varianty byly porovnany s referencni sekvenci hg19 a vyhodnoceny pomoci programu Integrative Genomics Viewer. Vysledky
sekvenovani 4. exonu APOE byly porovnany s vysledky analyzy RFLP. Dale byly vysetfeny 1., 2. a 3. exon APOE, 38. a 39. exon CR1, 5.,6., 7.,
a 8. exon CLU a 6. exon BIN1.

Obr. 1: Vysiedky metody RFLP

»sekvenace 4. exonu APOE pomoci NGS potvrdila vysledky zjisténé metodou RFLP (Obr.1 a 2a-f):

Obr.2a-f: Vysledky metody NGS
a 1906 v sz anmoma o)

——————— "””””""""'"”””.””'t';)“'.'"”"“"""":

» metoda NGS objevila v tomto exonu i vzacnou variantu alely €3 — €3* (Obr. 3a-b):

Obr.3a: Metoda RFLP Obr.3b: Metoda NGS

»Sekvenace ostatnich exonl vybranych gent nasla nasledujici varianty (Tab.1):

CR1 CLU

a varianta - rs9331916 - intron | rs28541694 - intron
CIT CIG

Tab. 1: Zachycené varianty pomoci NGS

BIN1
rs1060743 - 6. exon
AIG

rs7982 - 5. exon
AIG

rs3216167 - intron
Al-

A

vyznam v AD

synonymni varianta ? ? ?

zvySuje riziko rozvoje AD

pacienti AD

78/69*

78/28*

78/24*

78/41*

78/35*

kontrolni seniofi

38/28*

38/10*

38/13*

38/19*

38/13*

“celkemijedinci s nalezenou variantou

Zdavér:
Sekvenovani nové generace zjednodusuje analyzu gend spojovanych s AD, umoziuje sekvenovat mnoho genti béhem jedné analyzy a usnadriuje
vyhledavani novych variant v kandidatnich genech, které by se mohly podilet na patogenezi tohoto onemocnéni.
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zena, bylo analyzovano 94 gent spojovanych s nidorovymi onemocnénimi pomo-
ci NGS za pouziti panelu Trusight Cancer Sequencing (Illumina). Po odfiltrovani
polymorfismi jsme se zaméfili na nové ¢i vzacné varianty v kodujicich sekvencich,
jejichz mozna patogenita byla testovana in silico (SIFT, PolyPhen). Detekované va-
rianty byly ovéfeny na kapildrnim sekvenatoru CEQ8000 a zjifovany u rodinnych
prislusnikd.

Vysledky: V kazdé rodiné bylo detekovano nékolik slibnych variant v genech
CHEK2, MET, APC, RHBDF2 a XPA, které jsou zaclenény do klicovych procesi
vedoucich k tumorigenezi, jako repara¢ni geny, tumor supresorové geny atd.

Zavér: Nové kandidatni geny mohou reprezentovat genetické modifika¢ni fak-
tory ¢i kli¢ové geny v kazdé rodiné. Nalezené mutace je nutné déle studovat, zapo-
téebi je ale dobra charakterizace rodin, tedy zapojeni vét§iho mnozstvi rodinnych
ptisludnika véetné podrobnych klinickych dat.

Podporeno IGA MZCR NT13901-4 a MZCR - RVO 00023761

R TR R S S R R R S SRR et
SNIZENA AKTIVITA ENZYMU SULT2A1 U PACIENTU
S ALZHEIMEROVOU NEMOCI

M. Varikovd', M. Hill', M. Velikovd', J. Veldk', G. Vacinovd’, P. Lukdsovd’,

D. Vejrazkovd', K. Dvofdkovd’, R. Rusina?, 1. Holmerovd®, H. Varikovd’, B. Bendlovd'
'Endokrinologicky ustav, Praha, *Thomayerova nemocnice, Praha,

*Fakulta humanitnich studii Univerzity Karlovy, Praha

Sulfotransferazy jsou enzymy zapojené do biotransformace léki, xenobiotik a en-
dogennich latek, véetné steroidnich hormoni. Lidska izoforma SULT2AL1 je expri-
movana piedevéim v nadledvinach. Enzym je zodpovédny za sulfataci hydroxyste-
roidd, véetné DHEA, androgent, pregnenolonu a Zlucovych kyselin.

Alzheimerova nemoc (AD) je neurodegenerativni onemocnéni mozku a pfed-
stavuje vice nez polovinu viech demenci u seniori. Snizené hladiny sulféti DHEA
a pregnenolonu v cirkulaci jsou u lidi spojované se snizenou kognitivni funkei.
Nizké hladiny DHEA sulfétu jsou popisovany i u pacienti s AD.

Cilem nasi studie bylo zjistit, zda je aktivita SULT2A1, predikovand na za-
kladé pomérti produktd k prekurzorim (sulfit/nekonjugovany steroid), odlisna
u pacientti s AD ve srovnéni se zdravymi seniory.

Metodika: Studie se ucastnilo 34 pacienti s AD a 33 kontrol odpovidajiciho
véku. Hladiny cirkulujicich steroidi a jejich sulftii byly stanoveny metodou GC-
-MS.

Vysledky: Pacienti s AD maji snizené poméry sulfati k nekonjugovanym for-
mam u C19 steroidi. Pacienti maji niz$i poméry u steroidi, které jsou sulfatova-
ny hojné v nadledviné (DHEA, p = 0,04; androsteron, p = 0,03; epiandrosteron,
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p = 0,01). Zatimco poméry u androstendionu, etiocholanolonu a epietiocholanolo-
nu, u kterych dochdzi k sulfataci mimo nadledvinu, se mezi pacienty a kontrolami
nelisi.

Zavér: Poméry sulfatt k nekonjugovanym formam cirkulujicich steroidti mo-
hou vypovidat o aktivité perifernich enzymii. Vzhledem k tomu, Ze periferni ste-
roidogeneze miize podstatné ovliviiovat aktivitu neuronti v mozku, je pravdépo-
dobné, Ze zjisténd snizend aktivita SULT2A1 muzZe ptispivat k patologii AD.

IGA MZ CR NT/13543-4, MZ CR 00023761 (Endokrinologicky tistav)

TR S R R R R T e
SUCASNE MOZNOSTI LIECBY AKROMEGALIE

NA SLOVENSKU

P. Variuga
Narodny endokrinologicky a diabetologicky ustav, n.o., Lubochna,
Slovenska republika

Akromegdlia (AM) patri k mdlo ¢astym endokrinopatidm, preto manazment liec-
by tohto ochorenia by mal prebiehat v Specializovanych centréich so skisenosta-
mi v danej oblasti. Prvou liniou lie¢cby AM je opera¢né rieSenie zndmeho adeno-
mu hypofyzy. Liecba analogmi somatostatinu (SSA) je povaZovand $tandardne
za druh volnu (pri nespechu operac¢nej intervencie) avak podla konsenzu o AM
z 11/2007 (Miami, USA) méze byt pouzita v prvej linii u vybranych pacientov.
Do tvahy pripada aj oZiarenie rezidua adenému hypofyzy Lekselovym gamano-
Zom, alebo LINAC-om, pri tejto modalite je potrebna aj dlhodoba medikamen-
tézna liecba.

V medikamentéznej liecbe AM st na Slovensku dlhodobo pouzivané 2 typy
SSA octreotid a lanreotide v depotnych forméch. Intervaly podévania SSA sa po-
hybuji v rozmedzi 28 az 56 dni. KedZe uc¢innost liecby SSA sa pohybuje v rozmedzi
50-80 %, nedostatocny efekt liecby moézeme potencovat priradenim dopaminerg-
nych agonistov (kabergolin) alebo blokatoru receptora rastového horménu (pegvi-
somant). Posledne menovany preparat je mozné podavat aj samostatne, aviak
v nadej klinickej praxi je pouzivany len v kombinacii so SSA, a to aj z dévodu fi-
nan¢nej narocnosti. V mdji 2015 pribudla moznost liecby AM novym typom SSA -
pasireotidom, ktory je vyhradeny pre pacientov so zlyhanim lie¢by inym typu SSA.
Dostupny je v depotnej forme v dvoch silach (40 mg a 60 mg) s podavanim 1” za 4
tyzdne intra-muskuldrne. Skusenosti s tymto preparatom na nas este len ¢akaju.
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Klinické pt{znaky CS jsou obecné dobie zndmé a relativné
ndpadné. Pfesto je medidn mezi vznikem onemocnéni a sta-
novenim spravné diagnézy velmi dlouhy a mnoho nositel
CS neni béhem svého Zivota diagnostikovdno viibec. Typické
je rozlozeni tuku v oblasti obli¢eje (mésicovity oblicej), v nad-
klickovych krajinach a v oblasti krku, centrdlni typ obezity,
tenké konéetiny a ndpadné strie zbarvené do tmavé Cervena.
Pacienti maji ¢asto sekunddrni hypertenzi, mezi dal§i kompli-
kace patii diabetes mellitus a osteoporéza. Pacienti s CS maji
obecné ndsobné vy$si morbiditu i mortalitu proti zdravé po-
pulaci.

Pro diagnostiku je kromé anamnézy a kliniky zcela zdsadni
laboratorni vy3etfeni. Zvysené hladina sérového kortisolu, plo-
chd kivka cirkadidnniho rytmu a dexamethazonovy supresni
test jsou pro dignostiku CS zasadni. Dale jsou typické zmény
v mineralogramu, vysoké odpady kortisolu do mo¢i a fada
dalsich vice ¢i méné specifickych laboratornich zmén. Hladi-
na ACTH ur¢f, zda uvaZzovat o onemocnéni nadledvin nebo se
jednd o ACTH dependentni CS.

Samostatnou problematiku tvofi subklinickd forma CS,
neni ndplnf tohoto sdélent.

V kazuistice budu prezentovat pfipad muze (66 let) s CS,
u néhoz byla k diagnostice diileZité interpretace dlouhého de-
xamethazonového supresniho testu. Kauzalni souvislost s po-
kro¢ilym neuroendokrinnim nddorem jejuna prokazuje i tstup
projevia CS pii efektivni protinadorové léché.

PACIENTI S IGA NEFROPATIi LECENi PREDNI-
SOLONEM MAJi ZMENENE HLADINY IMMUNO-
MODULACNICH €19 STEROIDU. JE VHODNE
LECBU KORTIKOIDY DOPLNIT NADLEDVINOVY-
MI ANDROGENY?

I Sterzl, M. Hill*, L. Stdrka, M. Velikovd, R. Kanceva,

I. Jemelkovd', L. Czernekovd', P. Kozstyu', J. Zadrazil',

K. Matousovic’, K. Vondrdk®, M. Raska'

Endokrinologicky dstav, Praha; 'Lékarskd fakulta Univerzity
Palackého a Fakultni nemocnice, Olomouc; *2. lékaiskd fakulta
Univerzity Karlovy a Fakultni nemocnice v Motole, Praha

Terapie autoimunitnich onemocnéni glukokortikoidy (GC)
sebou nese fadu vedlejiich ucinki, jako je omezena funkce
gondd, poruchy v oblasti gastrointestindlniho traktu a naruse-
nf hypothalamo-hypofyzirné-nadledvinové osy atd. Nejznd-
méjéimi antagonisty GC jsou androgeny. Adrenélni androge-
ny jsou imunoprotektivni diky pfevaZujiciho vlivu na aktivaci
Thl lymfocytd oproti lymfocytim Th2. Jejich hladiny véetné
prekurzori a metaboliti jsme sledovali u pacientii s IgA
nefropatif lé¢enych prednisolonem.

Metodika: Porovnévali jsme skupiny 1. zdravych jedinct,
2. pacientii lé¢enych GC pro jiné autoimunitni onemocnéni
a 3. pacientl lé¢enych GC s IgA neuropatii. Skupina IgAN
byla sledovana na zacitku lécby prednisolonem (NO) po jed-
nom tydnu (N1) a po jednom mésici (N2) terapie. Rozdily
mezi skupinami byly hodnoceny jednofaktorovou metodou
ANOVA, zatimco zmény béhem lécby prednisolonem mode-
lem ANOVA s opakovénim a faktorem s opakovénim lécba.
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Vysledky: Primérné, pacienti s IgGN a pacienti a s jinymi
autoimunitnimi chorobami méli zna¢ny nedostatek imuno-
protektivnich androgenti pravdépodobné z diivodu oslabeni
aktivity ,,zény retikuldris“ a navic jejich nizké hladiny a hladi-
ny jejich aéinnych 7alfa, 7beta a 16alfa-hydroxy-metaboliti
byly ddle sniZeny béhem terapie GC.

Ziveér: Na zdkladé vyse uvedenych vysledk a udajt z lite-
ratury jsme si polozili otazku, zda by nebyla vhodnéjsi pfi te-
rapii GC, kombinace GC lé¢by s imunoprotektivnimi A5 ste-
roidy, jejich 7alfa, 7beta a l6alfa-hydroxy metabolity nebo
jejich stabilnimi syntetickymi derivity. Tato kombinace by
mohla byt vyhodnd obecné pro lé¢bu autoimunitnich one-
mocnéni zprostfedkovanych protildtkami oproti lé¢bé samot-
nymi GC.

Prdce byla podpofena projektern MZ CR koncepéniho rozvoje
vyzkumné organizace 0023761

HLADINY CCL5/RANTES U PAGIENTI?I S ALZHEI-
MEROVOU NEMOCI A U ZDRAVYCH SENIOR{

G. Vacinovd™, J. Véeldk', D. Vejrazkovd', P. Lukdsovd', B.
Bendlovd', M. Vaiikovd'

'Oddéleni molekuldrni endokrinologie, Endokrinologicky tista,
Praha; *Katedra antropologie a genetiky clovéka, Pfirodovédeckd
fakulta Univerzity Karlovy, Praha

Uvod: Alzheimerova nemoc (AD) je neurodegenerativni one-
mocnéni, jehoZ prevalence neustdle stoupé a zacind byt alar-
mujici. Kromé genetického pozadi (nejvyznamnéji je zapojen
gen APOE a jeho rizikova alela £4) se na vzniku a rozvoji AD
podili i pozadi biochemické. C-C chemokin ligand 5 (CCL5)
zndmy té7 jako RANTES (regulated upon activation normal T
cell expressed and secreted) je protein indukujici migraci T bu-
nék a monocytl, podili se na pohybu natural killer bunék,
dendritickych a Zirnych bunék atd. Zvy$ena produkce CCL5
je specifickym ukazatelem zdnétu a jeho zvysené hladiny v pe-
riferni cirkulaci jsou asociovény s fadou zanétlivych a neuro-
logickych onemocnéni véetné AD. Cilem studie bylo zjistit,
zda jsou mezi pacienty s AD a zdravymi seniory rozdily v hla-
dindch cirkulujictho CCL5.

Metodika: Celkem bylo vySetfeno 147 jedinci, z toho 85
pacientii s AD (39 muzii a 46 Zen; vék 76 + 8,8 let) a 62 senio-
rit bez zatizeni AD nebo jinym neurologickym onemocnénim
(20 muzii a 42 Zen; vek 68 + 5,6 let). Hladina cirkulujiciho
chemokinu CCLS5 byla stanovena v rdmci multiplexového kitu
(HNDG3MAG-36K Human Neurodegenerative Disease Mag-
netic Bead Panel 3, Millipore) na pfistroji Bio-Plex 200. Pro
statistickou analyzu byla pouZita neparametrickdi ANOVA
(NCSS 2004).

Vysledky: Pacienti s AD maji vyznamné vy$$i hladiny cir-
kulujiciho CCL5 oproti zdravym senioriim (AD pacienti: me-
dién 75539 pg/ml (LCL 64598; UCL 87490); zdravi seniofi:
medidn 746 pg/ml (LCL 477; UCL 937); p < 0,05). U pacientti
s AD jsme nezaznamenali vliv pohlavi na cirkulujici hladiny
CCLS5, u zdravych seniori jsme zaznamenali vy$§i hladiny cir-
kulujiciho CCL5 u muzi oproti Zenam (muzi: medidn 1363 pg/
ml (LCL 854; UCL 3095); Zeny: medién 562 pg/ml (LCL 462;
UCL 775); p < 0,05)).
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Zivér: V této studii jsme zjistili viyznamné rozdily v hladi-
néch cirkulujictho CCL5 u souboru pacientit s AD oproti
zdravym seniortim. Vysoké hladiny CCL5 u pacientii s AD
pravdépodobné souviseji se zanétem, ktery byva u pacienti
s AD ¢asto popisovan.

MZ CR RVO EU 00023761, MEYS CR (OP RDE, Excellent
Research - ENDO.CZ)

ASOCIUJi SOMATICKE ALTERACE V GENECH
RET A RAS U PACIENTU SE SPORADICKYM
MEDULARNIM KARCINOMEM STIiTNE ZLAZY
§ Eansmu KLINICKYMI PROJEVY ONEMOC-
NENi?

E. Viclavikovd, $. Dvofikovd, V. Sykorovd, . Veeldk, P. Vgek!,

B. Bendlovd

Oddeleni molekuldrni endokrinologie, Endokrinologicky tistav, Praha;
'Klinika nukledrni mediciny a endokrinologie, lékaiskd fakulta
Univerzity Karlovy a Fakultni nemocnice v Motole, Praha

Uvod: Aktivujici somatické mutace v RET proto-onkogenu
jsou pfi¢inou vzniku sporadické formy meduldrniho karcino-
mu $titné Zlizy (MTC). Ve vydetfenych vzorcich nidorové
tkdné byly odhaleny také mutace v genech RAS. Na§im cilem
bylo u ¢eskych pacientt se sporadickym MTC analyzovat so-
matické alterace v genech RET, H-RAS, K-RAS a N-RAS a za-
métit se na korelaci detekovanych mutaci a klinické manifes-
taci onemocnéni.

Metodika: Vysetieno bylo 128 vzorkit DNA pacientti se spo-
radickym MTC, izolovanych z 64 Cerstvé zamraZenych tkéni
a 64 parafinovych blo¢ki. Analyza mutaci v RET proto-onko-
genu byla provedena pfimou sekvenaci Sangerovou metodou
na kapildrnim sekvenatoru CEQ8000 (Beckman Coulter),
aviak vétdina vzorki byla dodateéné verifikovina amplikono-
vym sekvenovanim nové generace (NGS) na sekvenitoru Mi-
Seq (Illumina), jimz byly ndsledné vySetfeny také mutace
v genech RAS.

Vysledky: Somatické mutace v RET proto-onkogenu byly
detekovany u 57 pacientii (44,5 %). Nejvice zastoupend byla
mutace Met918Thr lokalizovana v 16. exonu, a to u 28,1% pa-
cientit. Casto nalezené byly také 6bp & 15bp delece v 11, exo-
nu RET proto-onkogenu. Mutace v genech RAS byly zjistény
pouze u pacientii, ktef{ neméli detekovanou mutaci v RET
proto-onkogenu (37,8% RET-negativnich pacientt). Pfeva-
Zovaly mutace v genu H-RAS (GIn61Arg, Glyl3Arg), naopak
v genu N-RAS nebyla u MTC objevena Z4dnd mutace.

Statistické vyhodnoceni odhalilo signifikantni rozdily (p <
0,05) pti porovnani souboru pacientt se somatickou mutaci
v RET proto-onkogenu s pacienty bez somatické mutace. Od-
lisnosti byly zjistény ve vyhodnoceni postoperaénich hladin
kalcitoninu, TNM Klasifikace (velikost tumoru, lokdlni a vzda-
lené metastdzy) a recidivy onemocnéni, kdy pacienti s mutaci
v RET proto-onkogenu méli vyznamné vy$3i hladiny kalcito-
ninu po operaci, hor$i TNM klasifikaci tumoru a astéji se
u nich objevila recidiva onemocnéni. Naproti tomu u pacien-
th s mutaci v genech RAS nebyly zaznamendny vyznamné
rozdily od pacientii bez mutace.

Zavér: Analyza potvrdila, Ze prevalence mutaci v RET pro-
to-onkogenu je u ¢eskych pacientii srovnatelna s jinymi zemé-
mi. Statistické vyhodnoceni prokazalo, Ze jejich ptitomnost je
vyznamné asociovdna s horsimi klinicko-patologickymi zna-
ky onemocnéni. U RAS mutaci Zadn4 asociace se zavaznéjsi-
mi projevy nemoci zji§téna nebyla. Také z metodického hle-
diska ptinesla studie pozitivni zjiSténi. Pii porovnini obou
technik sekvenovini se sekvenovani nové generace projevilo
jako metoda piinosnd pro snazii vyhodnoceni deleci ¢ in-
sercl. A co je podstatnéjsi, sekvenovini nové generace zvysuje
zéchyt somatickych mutaci, jelikoz je oproti klasickému sek-
venovani schopné odhalit mutaci i ve vzorku s velmi malym
zastoupenim nadorovych bunék.

Price byla podpofena grantovymi projekty AZV 16-32665A,
MZCR RVO EU 00023761, MEYS CR (OP RDE, Excellent
Research - ENDO.CZ)

ZBTB16 - NOVY KANDIDATN{ GEN PRO OBEZI-
TU U CESKYCH ADOLESCENTU

M. Vasikovd, B. Bendlovd, D. Vejrazkovd, P. LukdSovd,

H. Zamrazilovd, M. Kunesovd, V. Hainer, L. Sedovd, O. Seda,
J. Véeldk

Endokrinologicky tistav, Praha; Ustav biologie a lékai'ské genetiky,
1. lékatskd fakulta Univerzity Karlovy a Vieobecnd fakultni
nemocnice, Praha

Uvod: Gen ZBTBI16 byl u ¢lovéka ptivodné objeven v souvislos-
ti s akutni leukémii. Nicméné na krysich modelech se podafi-
lo prokdzat souvislost s obezitou, srde¢ni hypertrofii, inzuli-
novou senzitivitou a hladinou krevnich lipidi. Metabolick4
role ZBTBI6 u ¢lovéka neni zatim objasnéna a ovéreni vlivu
genetickych variant genu pro ZBTB16 na metabolické funkce
u ¢lovéka je predmétem soucasného vyzkumu,

Cilem této studie bylo zjistit asociaci variant v genu pro
ZBTBI6 s nadvdhou a obezitou a s dal§imi parametry meta-
bolického syndromu u ¢eskych adolescenti.

Metodika: Do studie bylo zarazeno celkem 1984 ado-
lescentit ve véku 13-19 let (1075 divek a 909 chlapci), kteti se
Gcastnili projektu COPAT (Czech Childhood Obesity Preva-
lence And Treatment) zaméfeného na sledovani rizikovych
faktord pro obezitu a metabolicky syndrom, Metabolicky syn-
drom dle kritérii IDF (2005) spliovalo 7,8 % adolescentd. Pfi-
tomnost obezity je povinnym kritériem metabolického syn-
dromu dle IDE, ze zbyvajicich kritérii byl nejeastéji zastoupeny
vyséi krevni tlak (35,5 %), nizky HDL-cholesterol (30,7 %)
a déle vy3si triacylglyceroly (10,3%) a vy3ii laéna glykémie
(8,4 %). Divek s nadvéhou a obezitou (BMI = 90 percentil)
bylo 510 (SDS BMI 2,4 + 0,65), z toho obéznich (BMI = 97
percentil) bylo 430 (SDS BMI 2,6 + 0,51). Chlapcti s nadva-
hou a obezitou bylo 395 (SDS BMI 2,4 + 0,7), z toho obéznich
bylo 332 (SDS BMI 2,7 + 0,55).

Genotypizace 9 polymorfizmi v genu pro ZBTBI6
(rs11214863, rs593731, rs763857, rs2846027, rs681200,
rs686989, rs661223, rs675044, rs567057) byla provedena tech-
nologii TagMan SNP genotyping assays na pfistroji Biomark
(Fluidigm) a RealTime L.C480 (Roche). Haplotypové a statis-
tickd analyza byly provedeny programy HaploView a Phase.

164



s

 doksinologicky Hladiny CCL5/RANTES u pacienti]
: s Alzheimerovou nemoci a u zdraviych seniori

Vacinova G.12, véelak 1.1, Vejradova D.), Lukisova P.}, Bendlova B.1, Varikoua M.1
T Endinkrinologicky datav, Oddélenl molkekildrni endokrinologie, Praha

2piim oy Edechd fa i da UK, K atedra Antropalogie 2 genetity Slovéka, Praka

Uvod:

Alzheimerova nemoc (AD) je neurodegenerativai onemocnéni, které pfevaZné postihuje populaci stardi 649 let. Na vzniku a rozvoji
pozdni forrmy AD se podileji faktory genetické i faktory wnéjdiho prostiedi. Spolu s témito faktory pfispivaji k rozvoj AD
i biochemické markery v éetnd markerd souvisejicich se vznikem zanétu,

C-C chemaokin ligand 5 (CCLS) znamy té2 jako RANTES (reguiated upon achivation hormal T cell expressed and secreted) je
protein indukujicl migraci T bunék a monocytd do oblasti Z4néty, podill se na pohwbu natues! Kiter bunék, dendriticky ch a Zitnich
hunék atd. Pdsobi prostfednictyim receptord (CCR1, CCR3, CCR4 a CCRS) a jeho zvy Send produkee je specifickym ukaz stelem
zanétu. Zvysené hlading CCLA v periferni cirkulaci jsou asociovany s Fadou zanétlivich a neurologickych onermocnéni.

Cilem studie bylo zZjistit, zda jsou mezi pacienty s AD a zdravymi seniory rozdily v hladindch cirkulujiciho CCL5 a zda mife CCLS
wypovidat o pfitomnosti zanétu,

Soubor:

> celkem bylo vy3etfeno 147 jedincd (2D 85, zdravi seniofi 62) # kontralni seniofi absakvavall stejny protokel wysSetfeni
jako pacienti s AD kromé@ odbéru cerebrospinaini

» pacienti 5 AD byli diaonostikovani dle mezinarodnich kritéril tekutiny

NINCDS-ADRDA, soufasti vy Setfeni byly neuropsychologic ké
testy (RBAMS, MoCA, GDS), analyza cerebrospinani tekutiny
a magnetické rezonance hlavy

kupina n (i fary )
pacientis AD S5 (39746
zdrawiseniofi 52 (20743

" rumer iz0

Metodika:

B wydetfeni bylo provedeno z krev ni plazmy

» hladina cirkuluiiciho  ©CLS  byla  stanovena v ramci - -
multiplexového kitu Mewodegenerative Diseass MWagnetic e e
Bead Pahal 3 na pfistroji Bio-Plex 200 i

1w i e B T

» statisticka analyza - neparametricka ANOWA (NCSS 2004)

Vysledky:
w pacienti sAD maji vwznamne wy &S hladiny cirkulujiciho CCLS oproti zdravym seniordm
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gy S <0,000001
Zdravi seniori 748 477 937

% wliv pohlavina hladiny cirkulujiciho CCLS u pacientd s AD neby | patrny, u zdravy ch seniord by by hlading cirkulujiciho ©CLS
wy &S U muZ O oproti Zenam
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Zavér:

Ve studii jsme zjistili viznamné rozdily v hladinach cirkulujiciho CCLS U soubaoru pacientd s AD oproti z drawym seniorlm. Vysoké
hladiny CCLA U pacientd s AD pravdépodobné souviseji se zanétem, kery byvad u pacientd s AD fasto popisovan, Viiv pohlayi
na hlading CCLS u pacientd s AD nebyl patry. U kontralni skupiny zdravich seniord jsme zaznamenali vy&si hlading CCLS
umiZu oproti 2 enam.

kowikbladre£a: quac houa@endo.cz 1 ZR Ry EQ 023751, MEYSCR @P RDE, Evcelk it Reseanch - ENDD S
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