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NUKLEARN| RECEPTORY

Sirokd rodina receptord, které se vazou na mnoho lipoidnich
hormonU a extraceluldrnich ligand.

PUsobi jako transkripcni faktory indukované ligandy, reguluji
expresi cilovych genU Ucastni se vyvoje, reprodukce a
metabolismu.

NRs vazou se na steroidy, tyreoidni hormony (TH) vitaminy a
metabolity FFA, cholesterolu a zluCovych kyselin

,Orphan receptory jsou funkéné vyznamné receptory, aniz je
dosud zndm jejich ligand. Maji role hlavné v infraceluldrnim
metabolismu

NRs jsou farmakologickym cile pro vyvoj lékU, zejména
selektivnich agonistO a antagonistU pro [éCbu rakoviny a
metabolickych onemocnéni.

U Cleveéka se vyvijeji také syndromy rezistence na danou l€Cbu,
ve kterych hragiji roli NRs, jejich izoformy i exprese fenotypu.



SUPERRODINA NUKLEARNICH RECEPTORU

Spolecnad struktura:

DNA vaznd doména (DBD)
vaznd domena pro ligand (LBD)
AP-1

AP-2

Typy nukldrnich receptoru

1. steroidni

2. nesteroidni (RXR heterodimer)
3. ERR



Endocrm -

estrogen bile acids
testosterone xenobiotics
progesterone oxysterols
glucocorticoid PXR/SXR xenobiotics
mineralocorticoid | RXR o3,y 9-cis-RA

PPAR o,d,y fatty acids
VDR vitamin D

EcR ecdysone
RAR «,p3,y retinoic acid
TR o,  thyroid hormone

AF2

LBD
AF1

DBD

Unknownligants

SHP
TLX
PNR

LRH-1
DAX-1

GCNF

HNF-4 o,y
TR2,4

ERR a,B,y
Rev-erb o,
ROR a,f,y
NGFI-B o3,y
COUP-TF o,y



http://www.ncbi.nlm.nih.gov/pmc/articles/PMC2831104/
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Nuclear Hormone Receptor Structure

Hinge
ZF1 ZF2 |/
DG I
B Homodimer Heterodimer Monomer
L]
RXR
Palindrome HRE Direct Repeat HRE Half Site HRE

Laszlo Nagy and Peter Tontonoz, 2008



K PREDCHOZIMU OBRAZKU

(A) Spolecnad struktura domén NR s aktivaci v
N-termindini oblasti (AF-1), DNA vazne domeény
s (DBD) skiadaijici se z dvou zinkovych prstu (ZF),
nekonzerované non-conserved zavesne oblasti
(Hinge), domény pro vazbu ligand (LBD), a C-
tferminalnino helixu AF-2.

(B) Dimerizace a DNA vazné sekvence.

-rom the left, homodimeric endocrine receptor
(Palindrome HRE), RXR heterodimers (Direct
Repeat HRE) and monomeric orphan receptor
(Halt Site HRE). Arrows: the consensus NR
recognition sequence AGGTCA or a variant.




Type | NRs

ERE: AGGTCANNNnTGACCT
GRE: AGAACANNNTGTTCT

Type Il NRs

- > -y 3

PPAR: AGGTCANAGGTCA
VDR: AGGTCANNnAGGTCA
TR: AGGTCANNnNnAGGTCA
RAR: AGGTCANNNnNnAGGTCA

Homodimerization of Type 1 NRs and heterodimerization of Type Il NRs on hormone response
elements (HREs). Symbols: red triangles-hormone; RXR: retinoid X receptor; NR: nuclear
receptor; far right arrow denotes transcriptional activation; arrows below HRE indicate orientation
of half site sequences that are shown below; and n: nucleotides in between half sites.



Regulatory Loops m Cholesterol Metabolism

~ SREBP

Cholesterol

LXRo

Bile Acids

Acetate

|

Cyp7a

v
. Oxysterols
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|

Recycling

FXR

FXR

Black arrows mdicate metabolic

pathways 1mvolving cholesterol
and bile acids.

The cholesterol 7o-hydroxylase
target gene (Cyp7a) 1s boxed. Green
arrows indicate positive regulation.
Red brakes mdicate negative
regulation.



Bilious Biochemical Pathways

A mumber of nuclear receptars are
mvolved mn the biochermcal pathways
that regulate cholesterol homeostasis.
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For example, FXR binds bile acids that
are important in the disposal of
cholesterol. When bound to bile acid,
FXR switches off (-) production of
cholesterol 7a-hydroxylase (which is
the rate-limiting step in bile acd
synthesis) and switches on (+) synthesis
of bile acid transporter proteins,

leading to a decrease in bile acid in the
gut and an increase in cholesterol levels
in the blood. Another nuclear receptor,
LXRa, which binds oxysterols, induces
the synthesis of bile acids by up-
regulating (+) cholesterol 7a
hydroxylase. In addition to the classical
pathway of bile acd synthesis, there 1s
an alternative pathway in which
oxyserol 7a-hydroxylase is the rate-
limiting enzyme.



SIGNALN| TRANSDUKCE

Ligandy jsou hydrofilni nebo hydrofobni
Receptor: povrchovy nebo intraceluldarni

ipofiini hormon-vdaze se na infraceluldrni
receptor-jaddro-DNA a reguluje expresi

hydrofilni liganda-povrchovy receptor

1.kindzovda signdini cesta-kindza vstupuje do
jadra (MAPK)

2 kindzovd cesta-uvolnéni inhibicniho proteinu-
transkripcni faktor vstupuje do jadra (NF- kB)

3.kindza-transkripéni  nebo regulacni  faktor
vstupuje do jadra (JAK-STAT a Smad).



Structure of Known Ligands for
Nuclear Hormone Receptors
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Orphan Receptors

Homodimeric Orphan Receptors Monomeric Orphan Receptor

LXR- liver X-receptor
FXR-farnesoid X receptor



KONTROLA CHOLESTEROLOVEHO KATABOLISMU
NUKLEARNIMI RECEPTORY TYPU ,,ORPHAN"

« Chenodeoxycholat, Zlucova kyselina derivovana
z cholesterolu, vstupuje do interakce s FXR a
suprimuje transkripci genu pro Cyp/a, jehoz
produkt katalyzuje rychlost limitujici krok v
syntéze zlucovych kyselin z cholesterolu.

« FXR aktivovany ligandem také indukuje
transkripci IBABP, genu kddujiciho transportni
protein, ktery podporuje zpétné vychytavani
Zlu€ovych kyselin v tenkém streve.

« Metabolity cholesterolu reguluji syntézu ZK v
jatrech prostiednictvim zpétnovazebné suprese

Cyp 7a a jejich transport pres stfevo indukci
IBABP.



GLUKOKORTIKOIDY

GR jsou schopny regulovat expresi genu procesem
zvanym transaktivace. Cilem jsou geny typickéeé pro
metabolismus cukru a tukU, napr. glukdzo-6-fosfatdza
a PEPCK v jatrech a FAS, ACC, SCD-1, SCD-2, SCD-3,
GPAT3, GPAT4 v adipocytech.

Zvysend exprese odpovidajich produktu
enzymatickych genu ovliviiuje organismus a pri
exogennim poddvani glukokortikoidu se rozviji tzv.
‘metabolic side effect profile’ .

Mnoho genu , které jsou upregulovdny pod vlivem
glukokortikoidU, maji jasné protizanétlivé Ucinky, napr.
GILZ a DUSP1 (MKP-1).



Glucocorticoid

: T %
Extracellular m ‘V E
Wely

Intracellular =
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@ ———  » Non-genomic mechanisms
Chaperones

Simple GRE Composite GRE Tethering Mediator-assisted
Transactivation tethering

nGRE Composite GRE Competitive GRE Tethering Mediator-assisted Squelching
tethering
Transrepression Transrepression Transrepression

Aktivované glukokortikoidni receptory (GR) pracuji nekolika mechanismy.
Glukokortikoidy mohou pusobit membranovou modulaci nezavislou na GR nebo
pomoci na mebranu vazanych nebo cytoplasmatické GR tzv. negenomickeée
efekty. Cytoplasmaticky GR méni po ligaci konformaci, zbavuje se Casti
chaperonového komplexu a je naveden do jadra. Zde ligandy obsazené GR
realizuji transkripCni pozitivni nebo negativni efekty cestou genomovych
mechanismu.

Abbreviations: GR, glucocorticoid receptor; GRE, glucocorticoid response
element; mGR, membrane glucocorticoid receptor; TF, transcription factor.



http://topics.sciencedirect.com/topics/page/Glucocorticoid_receptor
http://topics.sciencedirect.com/topics/page/Hormone_response_element
http://topics.sciencedirect.com/topics/page/Hormone_response_element
http://topics.sciencedirect.com/topics/page/Hormone_response_element
http://topics.sciencedirect.com/topics/page/Transcription_factor
http://topics.sciencedirect.com/topics/page/Transcription_factor

GLUKOKORTIKOIDY-MECHANISMUS PUSOBEN

Alternativnim mechanismem, kterym muoze
glukokortikoidni receptor inhibovat genovou expresi, je
transreprese. Ten je zalozen na interakci proteiny,
stethering”. GR pritom ovlivhuje genovou expresi
interakci s jinym transkripénim faktorem nebo faktory,
aniz sam vstupuje do kontaktu s DNA.

Transreprese predstavuje hlavni mechanismus, kterym
GR inhibuje aktivitu franskripcnich faktord
regulovanych imunitnim systémeme, jako jsou NF-kB,
AP-1, CREB, NF-AT, STATé, IRF3, STAT3, GATA-3 a i-Bet.



http://topics.sciencedirect.com/topics/page/NF-κB
http://topics.sciencedirect.com/topics/page/NF-κB
http://topics.sciencedirect.com/topics/page/NF-κB
http://topics.sciencedirect.com/topics/page/NFAT
http://topics.sciencedirect.com/topics/page/NFAT
http://topics.sciencedirect.com/topics/page/NFAT
http://topics.sciencedirect.com/topics/page/STAT6
http://topics.sciencedirect.com/topics/page/IRF3
http://topics.sciencedirect.com/topics/page/STAT3
http://topics.sciencedirect.com/topics/page/TBX21
http://topics.sciencedirect.com/topics/page/TBX21
http://topics.sciencedirect.com/topics/page/TBX21

Barnes and Adcock, 2009
P.J. Barnes, |I.M. Adcock
Glucocorticoid resistance in mfIammatory dlseases
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Figure 2: Glucocorticoid activation of anti-inflammatory gene expression
After ligand binding, activated glucocorticoid receptors (GRs) translocate to the nucleus where they bind to glucocorticoid response elements (GREs) in the
promoter region of glucocorticoid-responsive genes and also directly or indirectly to transcriptional coactivator molecules such as cyclic AMP response element
bmdmg protein (CBP). Coactivator molecules have intrinsic histone acetyltransferase (HAT) activity and cause acetylation of core histones, resulting in the

. activation of anti-inflammatory genes. GILZ=glucocorticoid-induced leucine zipper protein. MKP1=mitogen-activated protein kinase phosphatase 1.

SLPI=secretory leucoprotease inhibitor.



http://www.sciencedirect.com/science/article/pii/S0303720712005382#b0025
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Figure 3: Glucocorticoid suppression of activated inflammatory genes

Inflammatory stimuli activate inhibitor of nuclear factor kB (NF«B) kinase (IKKR), which therefore activates NF«B. A dimer of pS0 and p65 NFkB proteins translocates
to the nucleus and binds to specific kB recognition sites on the promoter regions of inflammatory genes and also to coactivators, such as cyclic AMP response
element binding protein (CBP). The coactivators cause acetylation of core histones, activating gene expression of inflammatory proteins. Activated glucocorticoid
receptors (GRs) bind to coactivators in the nucleus to inhibit histone acetyltransferase (HAT) activity directly. GRs also recruit histone deacetylase 2 (HDAC2), leading
to suppression of the activated inflammatory genes. TNFa=tumour necrosis factor a.

www.thelancet.com Vol 373 May 30, 2009




Panel 1: Molecular mechanisms ot glucocorticoid
resistance

« Familial glucocorticoid resistance
«  Glucocorticoid receptor modification
« Phosphorylation (see figure 4)
« Nitrosylation
« Ubiquitination
« Increased glucocorticoid receptor-8 expression
« Increased proinflammatory transcription factors
.« AP1,JNK
« STATS, JAK3
« Defective histone acetylation
« Reduced acetylation of lysine 5 on histone 4
« Reduced histone deacetylase 2
+ Increased oxidative stress

« Increased phosphoinositide-3-kinase-d activation

L

increased P-glycoprotein
+ Increased efflux of steroids

AP1=activator protein 1. ERK=extracellular signai-regulated kinase.
JNK=c-jun N-terminal kinase. MAP=mitogen-activated protein. MiF=macrophage

migration inhibitory factor. STAT=signal transduction-activated transcription factor.

Barnes and Adcock, 2009

P.J. Barnes, |.M. Adcock

Glucocorticoid resistance in inflammatory
diseases

Lancet, 373 (2009), pp. 1905-1917


http://www.sciencedirect.com/science/article/pii/S0303720712005382#b0025

ESTROGENY

Estrogens have physiological functions in almost
all tissues in the body in both males and females.

Estrogens, including the most abundant estrogen
17B-estradiol (E2), inferact with estrogen
receptors (ER) alpha and beta (ERa and ERB).
ERB is less well characterized.

ERa and ERP are highly conserved in the DNA
binding domain (95%) and ligand binding
domain (60%), but the NH2-terminal domains,
INncluding the transcriptional activation domain
AF-1, are only 20% conserved.



TYPICKA CESTA AKTIVACE NR

v nepritomnosti ligandu tvori NR represivni komplex s

HDAC (histon deacetyldzy) pres korepresor SMRT nebo
NCOR.

Vazba ligandu indukuje disociaci korepresoru o
povoldni koaktivatoru véetné HAT (histon acetyl-
transferdzy) a komplexu remodelujicich chromatin.

Neékteré NR jsou aktivovany na ligandu nezdvislou
vazbou koaktivatoru PGC-1 (= inducibilni koaktivator 1
alfa receptoru aktivovaného peroxisom proliferatorem)

a naslednym povolavanim dalSich koaktivatorovych
komplexU
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Laszlo Nagy and Peter Tontonoz, 2008




Physiological stimuli
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ESTROGENY A KOST

E2 je schopen nejenom
reprimovat proosteoklastické cytokiny, ale indukuje také

apoptozu v kosti, coz vede k resorpci osteoklastl. Mechanisticky E2,
via aktivace Era indukuje transkripci Fas ligandu (FaslL) na
osteoblastech. FasL je odstépen z povrchu bunky pomoci MMP3 a
solubilni FasL indukuje apoptozu osteoklastu.

reguluje pomeér RANKL/(OPG). Receptor activator of nuclear factor KB
ligand (RANKL) je podstatnym cytokinem v diferenciaci osteoklastu.
RANKL pathway je mozno inhibovat pomoci OPG. Pomér RANKL:OPG
ratio je kriticky pro osteoklastogenezi. E2 zvySuje transkripci OPG a
ovliviiuje umisténi RANKL na povrchu osteoblastu.

E2 ma proosteoblasticky efekt (antiapoptoza osteoblastu -BCL2).

E2 také indukuje transkripci alkalické fosfatazy, markeru
osteoblastické diferenciace.



SEZNAM ZNAMYCH FUNKCI| ERR A JEJICH

ASOCIOVANYCH GENU

Tissue Isoform Function Prototype target genes
Bone e Formation, OPN
differentiation
Breast cancer a,y Prognostic markers, Aromatase; TFF1
interfere with E2 response
Brown adipose a Adaptive thermogenesis, IDH3A, CPT-1b
mitochondrial biogenesis
Cartilage ¥l Formation and Sox9
maintenance
Heart Y Bioenergetics, Atp5b, Antl, Ckmt2
contraction Casq2, Ldb3, Teap
Inner ear B Epithelial cell fate, KCNQI, Scl26a4
inner ear fluid homeostasis
Intestine o Fat transport ApoAd
and absorption
Liver o Suppressing PEPCK
gluconeogenesis
Macrophages «a ROS production, Aco2
innate immunity
Placenta f Trophoblast ?

Skeletal muscle

White adipose

«a

@

differentiation

Mitochondria biogenesis,
OXPHOS

Lipid metabolism

Cycs, GABPA,
ESRRA

Fasn, Acadm




ANDROGENY

Testosteron muze byt konvertovdn do
biologicky aktivnéjsi formy
dihydrotestosteron (DHT) 5a reduktazou a
na estradiol aromatdzou. Testosteron a DHT
realizuji svUj UCinek via AR.

AR (androgennireceptory) se v rizném
rozsahu exprimuje ve tkanich, jako je kost,
sval, prostata, tukovd tkan, kardiovaskularni,
imunni, nervové a hematopoeticke tkani a
samozrejmé ve tkani reprodukeni.



ANDROGENN| RECEPTOR

Gen pro AR je lokalizovan na chromosomu X g11-12.
Cely receptor (full-length receptor (FL-AR) se sklada z 8
exonu. Byly objeveny také konstitutivné aktivni AR
varianty (AR-Vs), které obsahuji domény NTD a DBD,
ale nikoliv LBD. Protoze konvencni androgen
deprivacni terapie inhibuje androgen dependentni
aktivaci AR (ovlivhované z LBD), pritomnost AR-Vs
umoznuje bunkdm rakoviny prostaty teto lecbé
odoldavat. Zatim identifikovdno cca 20 ruznych AR-Vs.



ANDROGENN| RECEPTOR

Obsahuje konzervovanou DNA-binding doménu (DBD),
Ligand-Binding doménu (LBD), a N’-termindlni domenu
(NTD) a hinge region, kterd obsahuje nuklearni
lokalizacni sekvenci.

Doména AR-LBD je cilem terapie cilici na AR, bud
primo (antiandrogeny vazici LBD) nebo neprimo
redukci hladin cirkulujicich a tkdnovych androgenu |
analogy LHRH/GNRH a inhibitory CYP17). AR-LBD |e
epicentrem nekolika mutaci, které jsou zodpovedne za
rezistenci na endokrinni IECbu v rakoviny prostaty.



POLYMORFISMY A VZACNE ALELY NR

Mutace v zarodecnych bunkdch zpusobuji
dedicné syndromy rezistence na hormony,
casto spojené s kompenzacni zvysenou
sérovou hladinou prislusnych hormonu v
pripadé mutaci ,loss of function®.

Mutace byly u Clovéka popsany v AR, ER,
GR, MR, PPAR, TR a VDR.

Mnohé mutace se objevuji v LBD a
ZpUsobuiji redukci vazby ligandu no
recepfior.

Funk&né dulezité mutace typu ,.frameshift



POLYMORFISMY A VZACNE ALELY NR

U patientu s hereditdrni rezistenci na
vitamin D (rustovad retardace, kiivice,
alopecie) mohou mutace ve VDR
Zpusobit defekty ve vazbé na DNA, ve
vazbe ligandu, v heterodimerizaci s RXR v
interakci koaktivatoru.

» Jsou resistentnina 1, 25 vitamin D3 @
reaguji Casto az na extrémné vysoké
davky. Vétsinou autosomalné recesivni
dedicnost.



NR-MECHANISMUS AKCE

Nékteré NR typu Il nevazou hormony, ale

intraceluldarni metabolity.

« PPARa se vaze na MK a stimuluje jejich B-

oxidaci.

Na PPARa se vazou fibraty a snizuji serové

triglyceridy.

« PPARY se vaze na prostaglandin PGJ2 a zvysuje

citlivost tukové tkdné na inzu

Thiazolidinediony jsou agonis
pouzivany v lecbé DM typu

in.

ty PPARY a jsou

. PPARY agoniste

mayji také protizanétlivé a protinaddorovée ucinky.



NR - MECHANISMUS AKCE

LXRs (,liver") se vdzou na cholesterol a metabolity podobné cholesterolu.
Stimuluji syntézu MK a podporuji reverzni fransport cholesterolu stimulaci
vstupu cholesterolu do makrofagu, syntézou zlucovych kyselin @
poklesem strevni absorpce cholesterolu. Specificti agonisté LXR maiji
potencidl v antiaterosklerotickeé IEéCbé.

FXRs (,farnesoid”) byly “de-orphaned™ , kdyz byly jako ligandy
identifikovdny zlucove kyseliny. FXR mohou snizovat syntezu MK aktivaci
SHP (,,short heterodimer partner* pro LXR), ktery inhibuji franskripci
navozenou LXR. To vede k down regulaci SREBP1¢ jako klicoveho
stimulatory syntézy MK. FXR také snizuje produkci zlucovych kyselin down-
regulaci CYP7A (konvertuje cholesterol na zlucovou kyselinu). Agonisté
FXR k I€€bé cholestatické Zloutenky.

ERRa upreguluje PPARa a gen pro ,,middle chain acyl coenzyme A
dehydrogenase" , coz vede ke stimulaci oxidace MK a synergii s PGCla
pro zvyseni oxidativni fosforylace stimulaci oxiddzy MK a enzymu
dychaciho retézce. Podporuje také stimulaci nukledrnino respiracninho
faktoru 1 (NRF1) prostrednictvim PGC1a stimulaci mitochondridlni ATP
syntetazy. PGCla je povazovdana za proteinovou ligandu ERRa. Vyvijeji
se synteticke ligandy slioné pro I€€bu inzulinove rezistence.



NR - MECHANISMUS AKCE

Tyroxin hraje kritickou roli v produkci triglyceridu @
cholesterolu, v celkove spofrebé kysliku i v
metabolismu cukru a tuku.

Nedostatek nebo nadbytek TH ma hluboké
metabolické efekty. Je mozné, ze tkdnové
specifické rozdily v koncentraci TH, dané ruznym
membranovym vychytavanim TH pomoci TH
transportéru nebo ruznou deiodinézovou
aktivitou muUze vést k zdvaznym metabolickym
Zzmeéndam na celularni i systémove Urovni.
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Molecular mechanism of TR-mediated transcription on target gene promoters. In the absence of ligand, TR binds to
the HRE and recruits co-repressors such as SMRT or NCoR as well as HDAC 3, resulting in histone deacetylation and
transcriptional repression (B). In the presence of ligand, the co-repressor dissociates from ligand-bound TR and co-
activator complexes are recruited. This leads to histone acetylation, chromatin opening near the HRE and proximal
promoter region, and transcriptional activation (A). Many Type Il NRs have similar mechanisms of action as TR. Type |
NRs are bound to HSPs in the absence of ligand and do not exert transcriptional activation. Mediator complex, which
directly links to the liganded TR on the HRE and the basal transcriptional machinery, then is recruited by TRs to the
HRE after histone modifications by HATs. Abbreviations: TH: Thyroid hormone (T5); TR: Thyroid hormone receptor;
TRE: Thyroid hormone response element; RXR: Retinoid X Receptor; Co-Act: Co-activator; HATS: Histone acetyl
transferase complex; NCoR: Nuclear Co-repressor; and HDAC: Histone deacetylase.



NR - MECHANISMUS AKCE

+x CAR (androstane receptor) a PXR (nuclear
receptors pregnane X receptor) funguiji jako
senzory xenobiotickych [atek a indukuji expresi
enzymu zodpovédnych za metabolismus o
exkreci téchto Iatek. Cillovymi geny pro CAR
jsou Clenové podrodin CYP2B, CYP2C a
CYP3A, sulfotransferazy a glutathion-S-
transferdza.

Hlavnimi cili pro PXR jsou CYP3A4, glutathione-
S-transferdza a effluxni proteiny, jako je OATP2

a MDR1. CAR a PXR tak hraji podstatné role na
urovni detoxikace.
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°s

V naSem prostredi se vyskytuji prirozené i umélé Iatky, které jsou schopny vstupovat
do interakce s NR. Fytohormony jsou metabolity rostlin nebo vitaminy s obvykle
agonistickymi efekty na NR. Flavonoidy (séja, obilnd zrna) maiji slaby estrogenni vliv,
jiné latky jsou naopak antfiestrogenni. Tyto Iatky mohou mit efekt v dobé
téhotenstvi nebo kojeni a mohou meénit riziko rozvoje karcinomu prsu.

Existuji také umeélé |atky, které mohou pUsobit joko “endocrine simulators” nebo
“endocrine disruptors”. Casto vznikaji b&hem primyslové vyroby. Napf. nékteré
organochloridové pesticidy maiji antiandrogenni vliastnosti a mohou se vdazat na
AR (zvysujici se muzskd inferfilita). Polychlorované bifenyly (PCBs) a
polybromované difenyl étery (PBDEs) mohou blokovat aktivitu tyroxinu vazibou na
TR deficitem v prenatdinim a casné postnatdinim obdobi. Synteticky estrogen,
dietylstilbestral (DES) byl predepsdn cca 5 milionim t€hotnych Zen jako prevence
spontdnnich abortd v 70. letech 20. stoleti. Ukdzalo se, Ze dcery z téchto
teéhotenstvi mély abnormdalni vyvoj reprodukcniho systému béhem puberty a byla u
nich zvysena incidence vagindlni rakoviny. DES vdzany na ER zrejmé indukoval
aberantni dlouhodobou metylaci DNA, kterd se manifestovala o mnoho let
pozdeéji. Endokrinni stimulatory a disruptory tak predstavuiji velky problém pro
verejné zdravotnictvi, protoze nemdame dostateéné informace o jejich kvantité a
mnohé zUstavaiji nerozpoznany.
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