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Content of the presentation - 2023

« Section 1 - Slides in the beginning (No. 1-36)
were discussed during the lecture to illustrate

— Mechanism of action of NRs

— Effects of endocrine disrupters on various levels of
hormone action (synthesis, transport, action at
receptor, metabolism/clearance)

— Examples of the most studied and well recognized
outcomes related to ED - i.e. feminization (caused by
estrogens and antiandrogens)

 Section 2 - Other slides

— Not presented during the lecture but kept for
illustration of other examples




SECTION 1

SLIDES PRESENTED & DISCUSSED




Various signalling types ..
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. now focus on nuclear receptors
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NUCLEAR (Intracellular) RECEPTORS in summary

* Important physiological functions, and

* |Important roles in pathologies and chemical toxicity
— Endocrine disruption
— Dioxin-like toxicity,etc.

* All NRs share similar structure and mechanisms of action
— Act as direct transcription factors on DNA

* Natural ligands are small lipophilic hormones (steroids,
thyroids, retinoids)

— Role in toxicity — NR are modulated (activated/inhibited) by
structurally close xenobiotics




Natural ligands of NR

 Small, lipid-soluble molecules

— Diffuse through plasma and nuclear membranes and interact directly with the
transcription factors they control.

— STEROID HORMONES:

sex steroids (estrogen, progesterone, testosterone)
corticosteroids (glucocorticoids and mineralcorticoids)

— OTHER HORMONES and ligands

Thyroid hormone, vitamin D3, retinoic acid, ligands of AhR

— Small molecules - gases
e.g. NO (signaling for immune reactions)
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NR signalling is complex ... examples of complexity (1)

1. Receptor activation is dependent not only on ,ligand® (glucocorticoid) but also on
Jinhibitor protein (Heat Shock Proteints - HSPs)

2. Dimerization (after the activation) is often needed for proper action (binding to GREs —
glucocorticoid responsive elements)

3. Receptor with ligand can activate its own targets (GREs) as well as ,repress® other binding
sites (TFREs)

Glucocortiucolds .
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NR signalling is complex ... examples of complexity 2

4. ,,Co-activator” proteins 5. Nuclear receptor action are (also)
are needed for proper controlled - stimulated / suppressed -
action on DNA by other signalling pathways (e.g.

phosphorylation by protein kinases)

coactivator
proteins

EGFR or ERBE2

: SSSSESSBE 0SS
ligand = (RRORETORESREINI S LSBIRRNARRANRAnRnanniN WIIGR{!
ARR IR R LS RS byttt it LR R AR LIl R AR L R R
DNA
receptor-binding transcription of
element target genes

MWature Reviews | Cancer




NR signalling is complex ... examples of complexity 3

6. Interaction (crosstalk) among various NRs
«“antiestrogenicity” of AhR ligands
-fast clearance of retinoids after AhR activation
Immunosuprresions after ER activations




NR signalling is complex ... examples of complexity 4

* Regulation of transcription activity - mechanisms may vary

— Steroid receptors often dimerize with a partner to activate gene
transcription

— Receptors for vitamin D, retinoic acid and thyroid hormone form
heterodimers and then bind to responsive elements on DNA

» Second component of the heterodimer is RXR monomer (i.e, RXR-
RAR; RXR-VDR)

* NR dimers

— Heterodimeric receptors - exclusively nuclear;

. without)ligand represses transcription (by binding to their cognate sites
in DNA

— Homodimeric receptors

» mostly cytoplasmic without ligands - hormone binding leads to nuclear
translocation of receptors







 Interference of xenobiotics with normal

functioning of hormonal system

Known consequences
—> Disruption of homeostasis, reproduction,

viothalamu

GnRH

development, and/or behavior, and all other FSH. LH
hormone-controlled processes: y 3

— Shift in sex ratio, defective sexual development

— Low fecundity/fertility / \

— Hypo-immunity, carcinogenesis gametes  sex hormones
— Malformations

etc.




Synthesis

Transport

Interaction with receptors

Metabolization

Consequences (both negative!)

SuPpreSSK)n Possible mechanisms of endocrine disruption

- Disruption of the ,master” hormones (FSH/LH)

- Decrease of HR cellular levels

- Nonphysiological activation of hormone receptor (HR)
- Binding to HR without activation

- Changes in hormone metabolism (clearance)

Stimulation




e Circulation in the blood bound to transport proteins
* Dissociation from carrier at target cells
« Passing through cell membrane

« Binding to an intracellular receptor (either in the
cytoplasm or the nucleus)

 Hormone-receptor complex binds to hormone
responsive elements in DNA

- Regulation of gene expression

- De-regulation at any level described above = TOXICITY

© v .




Mechanisms
of toxicant effects
in detail

—> various MoAs
of endocrine disruption

biosynthesis and release of hormones || e.9. steroidogenesis

1 e.g. modulation of CYP11A and/or CYP19 activities

binding to plasmatic transport proteins

1 e.g. down-regulation of receptor levels

binding to nuclear hormonal receptor (HR)

1 Direct interference (activation / inhibition)

(dissociation of associated heat shock proteins, formation of homodimers)

activation of HR

e.g. modulation of other nuclear receptors
(PPAR/RXR, RXR/TR)

binding of the activated receptor complex to specific DNA motifs - HREs

!

chromatin rea

rrangement and transcription of estrogen-inducible genes

!

effects at the cellular, tissue, organ, organism, and/or population level




Endocrine disrupters in the
environment?

2,3,7,8-TCDD

EDCs...

 Persistent Organic Compounds mj@iomm
(POPs and their metabolites)

o steroid hormones and their i\

derivatives from contraception pills 0 OH
alkylphenols

organometallics (butyltins)
pharmaceuticals o

Pesticides WGD Lo

+ number of unknowns ... PN

ethinylestradiol

alkylphenols




Phytoestrogens promote synthesis of estrogens
-> feminization

Crosstalk with other

Conversion of circulating steroid precursors into oestrogens in human i i
breast carcinoma tissue Slgnalllng pathlways (SUCh
as cAMP), which can be
BmodG}sg And;ogens Oest;one sulphate) target to toxicants
/
A Oestrone sulphate o
Androgens EST t | ETS feminizati¢
Oestrone
Aromatase
178-HSD

Oestrone T7-HS Oesfr%diol@@

Flavones \
Red/yellow fruits Isoflavones

and vegetables Soy products,
extracts of red

clover

aromatase







Steroid hormones are denved from cholesteral metabolism in mitochondria

Cortisol H
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STEROID HORMONE
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ESTROGEN RECEPTOR - ER

the most studied target of EDCs

DNA-bind domain of the Oestrogen Receptor




« Synthesis in ovaries

OH

17-B-estradiol estriol

* Functions

key roles in female hormone regulation and signalling

responsible for metabolic, behavioural and morphologic changes occurring
during stages of reproduction

involved in the growth, development and homeostasis in a number of tissues

control the bone formation, regulation of homeostasis, cardiovascular system
and behaviour

regulate production, transport and concentration of testicular liquid and
anabolic activity of androgens in males

« DISRUPTION OF ESTROGEN SIGNALLING
- many documented effects in aquatic biota & laboratory organisms




>> Highly diverse group of substances
>> Do not necessarily share structural similarity to the prototypical estrogen 17p3-estradiol
>> may act as AGONISTS and/or ANTAGONISTS (depending on situation and concentration!)

Natural products Industrial chemicals CHs

e Bisphenol A @I @
enistein HO C OH
g \ Nonionic surfactants I
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REP — a measure of toxic potency of a compound (similar also at other NRs)

IChemical group Substance REP
Estradiol 1
Endogenous hormones Estriol 6,3.107
T estosteron 9,6.10°°
Phytoestrogens Cuomestrol 6,8.1 O'z
Genistein 49.10
Pesticides o,p-DDT 1,1.10°
2,4,6-trichlorbiphenyl-4"-ol 1.107
PCBs 2,5-dichlorobiphenyl-4-ol 6,2.107
3,37,5,5 tetrachlorobiphenyl-4,4"-diol [1,6.1 0*
alkylphenoles 4-tert-oktylphenol 3,6.10°
_phth alates butylbenzylphthalate 4.10°

REP (RElative Potencies) of selected compounds related to 17-B-estradiol derived from reporter
yeast assay







- Role of androgens in males is similar to that of estrogens in females

development of male sexual characteristics

stimulating protein synthesis, growth of bones

cell differenciation, spermatogenesis

male type of behaviour

@ ELSEVIER, INC_ - NETTERIMAGES.COM



Androgens — endogenous ligands

- testosterone (1)

- dihydrotestosterone (DHT)

 DHT

F

O
Dihydrotestosterone




1) Binding to AR
— Mostly competitive inhibition (xenobiotics mostly do not activate
AR-dependent transcription)

 Only few compounds able to activate AR in the absence of androgen
hormones but they are anti-androgenic in the presence of strong
androgens like T or DHT

- metabolites of fungicide vinclozoline K s

- some PAHs )\\
O
N
CHa
vinclozoline CH
Cl QO \\

CH,

2) FSH/LH (gonadotropins) signalling disruption — less explored
— FSH/LH expression - requlation via negative feedback by testosterone
— Suppression 2 alterations of spermatogenesis




3) Alterations of de novo testosterone synthesis

— Inhibition of P450scc needed for side chain cleavage of
cholesterol or inhibitions of 17-beta-hydroxylase and other CYPs

» fungicide ketoconazol N

(Y
07)
cccccccc - ,w STEROID HORMONE VAR \/ﬁ i
q q N M 0 0 Cl
. biosynthesis >*\ / e

A7-hydroxy GHa Dehydroepiandrosterone
pregnenolone —)

Aldosterone ?_:" = [ Maior progestagen
[ maior mineralocorticoid

[ maior glucocorticoid (species variation)
[ Msior gonadal estrogens
o7 [ Maior gonadal androgen




4) Testosterone metabolic clearance

— Chemicals inducing detoxification enzymes — for Testosteron — most
relevanat are UDP-glucuronosyltransferases (UGTSs)

» Documented e.g. for pesticides endosulfan, mirex, o-p-DDT
» (degradation 2 lower T concentrations = anti-androgenicity)

Testosterone

5ce Reductase |, I
(SRD5A1, 2, 3)
5 7,10 v HSD7

3o, 178 Andmstanedm! Dihydrotestosterone (DHT) ——> 3B, 178 Androstanediol
a-D I'-'i §E-DH
5 11

3
‘ B15, B/ \902 HSD2, 5. 8,10 T \uma B7,B15, B17 B?, B15
3-DH A

3o Androstanediol-Glucuronide  Androsterone *— Androstanedione  DHT-Glucuronide 3B Androstanediol-Glucuronide

.? B15, 31\
Androsterone-Glucuronide © 2017 Endocrins Reviews
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 Exposure during prenatal development:
— malformations of the reproductive tract

* reduced anogenital distance

* hypospadias (abnormal position of the urethral opening on the penis)

* vagina development
* undescendent ectopic testes

» atrophy of seminal vesicles and prostate gland

 Exposure in prepubertal age:
— delayed puberty
— reduced seminal vesicles
— reduced prostate

 Exposure in adult age:
— oligospermia
— azoospermia
— loss of sexual libido

Types of hypospadias

(shows where the urine comes out)

Royal Children's Hospital, Melbourne, Austra

Kids Health Info www.rch.org.aufkidsinfo

lia.

— Glanular
— Subcoronal
— Distal penile

Midshaft
Proximal penile

Penoscrotal

Scrotal

Perineal



Compound IC., (LM)
Benz[a]anthracene &2
Benzola]pyrene 3.9
Dimethylbenz[a]anthracene 10.4
Chrysene 10.3
Dibenzo[a,h]anthracene activation in range 0.1-10uM
Bisphenol A 5
vinclozolin metabolites 9.7
hydroxyflutamide 5

Aroclor typical values 0.25-1.11
Individual PCBs typical values 64 - 87
tris-(4-chlorophenyl)-methanol 0.2




* tris-(4-chlorophenyl)-methanol
— Ubiquitous contaminant of uncertain origin
— Probable metabolite of DD T-mixtures

— Levels in human blood serum cca. 50nM
(antiAR effective EC50 — cca. 200nM)

Cl




« SPECIFIC TRANSPORTERS in blood

— regulating free T4 and T3 levels

— 3types:
Thyroid-binding prealbunin (transthyretin) (20-25%)
Albumin (5-10%)
Thyroid binding globulin (TBP, 75%)

Hydroxylated PCB formation

) (A

« NUMBER OF EDCs - act on transport proteins

— OH-PCBs, brominated and chlorinated flame retardai «
DDT, dieldrin

— OH-PCBs — equal affinity to TBP as T4 and T3 (!!!)

Polybrominated diphenyl ethers
(PBDEs) — flame retardants

* Increased levels of “free T4” in blood

— negative feedback to TSH release

- increased depletion O
- increased weight, changes in thyroid gland Br-- O G —Br,

— Documented after exposures to POPs in vertebrates




 Polluted areas

— mostly decrease of retinoid levels
» Documented in aquatic birds, mammals and fish

* Disruption of retinoid transport: PCBs
« Effects on retinoid receptors: |
— RAR, RXR binding and/or transactivation

» pesticides (chlordane, dieldrin, methoprene, tributyltin...)
« Effect on ATRA mediated response — TCDD, PAHs

* Disruption of retinoid metabolism:
— PCDDJ/Fs, PAHs, PCBs, pesticides
— changes of serum concentrations of retinol and RA

— mobilization of hepatic storage forms ﬁu@:@\a l l

PCDD PCDF

Figure 1. General molecalar struetwre of pedyvehlorinated dibenzo-p-dioxin
(PCEER) and dibenzofurans (PCDE)




SECTION 2




ESTROGEN RECEPTOR - ER

the most studied target of EDCs

DNA-bind domain of the Oestrogen Receptor




« Synthesis in ovaries

OH

17-B-estradiol estriol

* Functions

key roles in female hormone regulation and signalling

responsible for metabolic, behavioural and morphologic changes occurring
during stages of reproduction

involved in the growth, development and homeostasis in a number of tissues

control the bone formation, regulation of homeostasis, cardiovascular system
and behaviour

regulate production, transport and concentration of testicular liquid and
anabolic activity of androgens in males

« DISRUPTION OF ESTROGEN SIGNALLING
- many documented effects in aquatic biota & laboratory organisms




Kidd, K.A. et al. 2007. Collapse of a fish population
following exposure to a synthetic estrogen. Proceedings of
the National Academy of Sciences 104(21):8897-8901
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ER-a (in breast, ovary, brain, liver, bone and cardiovascular system,
adrenals, testis and urogenital tract)
ER-B (in kidneys, prostate and gastrointestinal tract)

(ER-yin fish) Cmua‘!‘fms system: ERce, ERJ

Breast: ERae, ER




>> Highly diverse group of substances
>> Do not necessarily share structural similarity to the prototypical estrogen 17p3-estradiol
>> may act as AGONISTS and/or ANTAGONISTS (depending on situation and concentration!)

Natural products Industrial chemicals CHs
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REP — a measure of toxic potency of a compound (similar also at other NRs)

IChemical group Substance REP
Estradiol 1
Endogenous hormones Estriol 6,3.107
T estosteron 9,6.10°°
Phytoestrogens Cuomestrol 6,8.1 O'z
Genistein 49.10
Pesticides o,p-DDT 1,1.10°
2,4,6-trichlorbiphenyl-4"-ol 1.107
PCBs 2,5-dichlorobiphenyl-4-ol 6,2.107
3,37,5,5 tetrachlorobiphenyl-4,4"-diol [1,6.1 0*
alkylphenoles 4-tert-oktylphenol 3,6.10°
_phth alates butylbenzylphthalate 4.10°

REP (RElative Potencies) of selected compounds related to 17-B-estradiol derived from reporter
yeast assay




Number of in vivo and in vitro methods available

Detects Dretects non- Distinguishes Pharmacok inetic
ER-dependent ER-dependent A@ONISE versus and metabolism
Assay (ref.) Exposure type agents”? pgents? antagomist’? inchaded?
Receptor-based assays
Receptor binding assay (X7} Cell lysate Yes Mo Mo Mo
Receptor activatin assay (32-34) Cells i vitro Yes Nao Yies® Mo
In vitro estrogen-regulated response assays
MCF-T cell proliferation assay (415 Cells iy vitro Yes Limned Yes" Mo
Induction assavs (46,48) Cells o vitro Yes Limited Yes® M
DA :-i:.'ﬂﬂ'léﬁ.'ih LT R 147y Cells in vitro Wi Liwtited Yes® Mo
Im vive estrogen-regulated response assavs
LUterotrophic response assay (49) Whaole animal Yoes Limited Yes® Yes
Vaginal corniflcation assay (300 Whale animal Tes Limited Yes" Yes
Vaginal opening (11 Whale animal Yes Lamated Wes" Yes
Lterine flurd imbabition (1 1) Whaole animal Yex Limited Yes™ Yes
Ltenne epithehial hypertrophy (51} Whaole animal Yes Limited Yes* Yes
Inhibanien of steroid synthesis assavs
In vitro ovarian steroid assay (55 Minced rissue N Yes Tes Mo
Ex vivo ovarinn stercid mesny | 56) Whinle animul it = i e

.

"Detection of antagonius requires use of additional groups with test nuserial + estradiol.,

Janosek, J., Hilscherova, K., Blaha, L., and Holoubek, I. (2006). Environmental xenobiotics and
nuclear receptors-Interactions, effects and in vitro assessment. Toxicology in Vitro 20, 18-37.




Rat uterus

ute I’OtrOpiC assay Control Estrogen exposure

® vaginal cornification assay

® production of estrogen-inducible proteins
(e.g. vitellogenin and zona radiata protein)

—> also discussed at “biomarkers” part

® standard (in vivo) test procedures for reproductive and
developmental toxicity
® using mice, rats, fish, amphibians etc.




 Level 1 - interaction of toxicant with the protein (receptor)

— INTERACTION (BINDING) to the receptor
« competitive ligand binding assays

— Various variants (e.g. displacement of radioactive substrate, fluorescence resonance energy
transfer (FRET) techniques etc.

-> information only about “binding potency” but the effect remains unknown (? Activation /

suppression / no effect ?)

Tracer displaced
no FRET

binding
high FRET _ xonm 665 nm

340 nm

'

\ I ER . >\

| 1

> 1

/

GST « ER a agonist GST P

7 ~ ~ g
/ ~. s j Se e _~-=" recruitment

high FRET
495 nm No recruitment 495 nm 9

-(internal reference) he ERET (internal reference)




 Level 2 - effects at cellular level

—> interference with receptor biological activity

« Cell proliferation assays
— Estrogens induce proliferation

Normal ';'!_,J Estrogen and Cancer

DN A mutations
|.‘!".
Heredity or

Radiation or Chemicals o
Spontancous crrors during

DM A duplication




 Level 2 - effects at cellular level

—> interference with receptor biological activity

« Endogenous protein expression (or enzyme activity) assays
— reporter gene assays

. . Estrogen
Cell assays in vitro or xenoestrogen / ----------------------------- \
. v v "> W 4 T
*Cells (e.g. breast carcinoma) naturally vV - -

carrying functional ER. T S (@)Y derFactrs

*Genetic modification - stable
transfection with firefly luciferase gene:

under the control of ER Protein Phosphorylation of ER: %, DNA Binding —
Ligand-Independent Activation ™, IRNA'/

*Estrogens in media - light induction ) /

e
&“Esh‘ogﬂic Effects” | +—— ER-Responsive Genes //







- Role of androgens in males is similar to that of estrogens in females

development of male sexual characteristics

stimulating protein synthesis, growth of bones

cell differenciation, spermatogenesis

male type of behaviour

@ ELSEVIER, INC_ - NETTERIMAGES.COM



Androgens — endogenous ligands

- testosterone (1)

- dihydrotestosterone (DHT)

 DHT

F

O
Dihydrotestosterone




1) Binding to AR
— Mostly competitive inhibition (xenobiotics mostly do not activate
AR-dependent transcription)

 Only few compounds able to activate AR in the absence of androgen
hormones but they are anti-androgenic in the presence of strong
androgens like T or DHT

- metabolites of fungicide vinclozoline K s

- some PAHs )\\
O
N
CHa
vinclozoline CH
Cl QO \\

CH,

2) FSH/LH (gonadotropins) signalling disruption — less explored
— FSH/LH expression - requlation via negative feedback by testosterone
— Suppression 2 alterations of spermatogenesis




3) Alterations of de novo testosterone synthesis

— Inhibition of P450scc needed for side chain cleavage of
cholesterol or inhibitions of 17-beta-hydroxylase and other CYPs

» fungicide ketoconazol N
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A7-hydroxy GHa Dehydroepiandrosterone
pregnenolone —)

Aldosterone ?_:" = [ Maior progestagen
[ maior mineralocorticoid

[ maior glucocorticoid (species variation)
[ Msior gonadal estrogens
o7 [ Maior gonadal androgen




4) Testosterone metabolic clearance

— Chemicals inducing detoxification enzymes — for Testosteron — most
relevanat are UDP-glucuronosyltransferases (UGTSs)

» Documented e.g. for pesticides endosulfan, mirex, o-p-DDT
» (degradation 2 lower T concentrations = anti-androgenicity)

Testosterone

5ce Reductase |, I
(SRD5A1, 2, 3)
5 7,10 v HSD7

3o, 178 Andmstanedm! Dihydrotestosterone (DHT) ——> 3B, 178 Androstanediol
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 Exposure during prenatal development:
— malformations of the reproductive tract

* reduced anogenital distance

* hypospadias (abnormal position of the urethral opening on the penis)

* vagina development
* undescendent ectopic testes

» atrophy of seminal vesicles and prostate gland

 Exposure in prepubertal age:
— delayed puberty
— reduced seminal vesicles
— reduced prostate

 Exposure in adult age:
— oligospermia
— azoospermia
— loss of sexual libido

Types of hypospadias

(shows where the urine comes out)

Royal Children's Hospital, Melbourne, Austra

Kids Health Info www.rch.org.aufkidsinfo

lia.

— Glanular
— Subcoronal
— Distal penile

Midshaft
Proximal penile

Penoscrotal

Scrotal

Perineal



Compound IC., (LM)
Benz[a]anthracene &2
Benzola]pyrene 3.9
Dimethylbenz[a]anthracene 10.4
Chrysene 10.3
Dibenzo[a,h]anthracene activation in range 0.1-10uM
Bisphenol A 5
vinclozolin metabolites 9.7
hydroxyflutamide 5

Aroclor typical values 0.25-1.11
Individual PCBs typical values 64 - 87
tris-(4-chlorophenyl)-methanol 0.2




* tris-(4-chlorophenyl)-methanol
— Ubiquitous contaminant of uncertain origin
— Probable metabolite of DD T-mixtures

— Levels in human blood serum cca. 50nM
(antiAR effective EC50 — cca. 200nM)

Cl
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— Regulation of metabolism
* increasing oxygen consumption
* modulating levels of other hormones (insulin, glucagon, somatotropin, adrenalin)
— Important in cell differenciation

— Crucial role in development of CNS, gonads and bones
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HYPOTHYROIDISM

i ;
HYPERTHYROIDISM

EDC compounds interfering with thyroid signalling
“GOITROGENS”

Many food (vegetables) contain goitrogens

Vegetables

Arugula Kohlrabi

Broccoli* Leeks

Brussels Mustard
Sprouts® Greens™

Cabbage* Okra

Cassava Root Radish*
Cauliflower* Spinach
Collard Greens™  Squash
Eggplant Sweet Potato
Horseradish Tomato

Kale* Turnips™

Crucial roles in metabolism, development and maturation

Foods to Avoid/Reduce for Optimal Thyroid Health

Goitrogenic Foods

Foods rich in sulfur are generally goitrogenic.

Fruits
Figs*
Grapes
Peaches
Pears
Plums

Strawberries

Almonds*/Cashews
Peanuts*/Pine Nuts*

Walnuts

Flaxseeds*®

Hemp

Millet*

Pumpkin Seeds
Beans/Grains

Garbanzo Beans*

Soy Beans*

Wheat*/Kamut

Barley*/Spelt

Bulgur/Rye*



Thyroxine (T4) Triiodothyronine (T3)
Contains 3 iodide ions
Also called tetraiodothyronine M
_ R _ -Most T3 produced
Contains 4 iodide ions by deiodination
in target tissues (deiodinases)

OH OH
| I |
I I
I NH, I NH,
T4 — prohormone & “on g "on

5’-deiodination = active form, T3

Thyroxine (T,) 3,5,3’-Triiodothyronine (T;)




« Xenobiotics are known to affect

— Synthesis & activation Synthesis
(deiodinases) Transport

— Transport in blood Interaction with receptors

Metabolization
— (Direct effects on nuclear receptors
- ThR — less important)




Thyroid peroxidases
— iodination of tyrosyl residues
— coupling of iodinated tyrosyl residues

Thyroid deiodinases
— D1, D2 - activation of T4 into T3 via deiodination on ,outer” ring
— D83 - deactivation into rT3 via deiodination on ,inner” ring

Many goitrogens affect expression, activities and outcomes
of these key enzymes

— PTU - propylthiouracil

—>effect deiodinases o

— Thiocyanate ([SCN]") or perchlorate (NaClO,)
—>effect on iodine uptake

Thyroid
gland

PTU =1

D3 deiodinase
@_ T4

PTU =i D1/D2 deiodinase

D3 deiodinase
T3 — T2

Physiologicallelevated Reduced (hypothyroidism)
(hyperthyroidism) T3 level: T3 level:
Inhibits SC proliferation Promotes SC_ pro]lfe'ra‘Elon
Promotes SC differentiation Delays SC differentiation
Delays BTB assembly




« SPECIFIC TRANSPORTERS in blood

— regulating free T4 and T3 levels

— 3types:
Thyroid-binding prealbunin (transthyretin) (20-25%)
Albumin (5-10%)
Thyroid binding globulin (TBP, 75%)

Hydroxylated PCB formation

) (A

« NUMBER OF EDCs - act on transport proteins

— OH-PCBs, brominated and chlorinated flame retardai «
DDT, dieldrin

— OH-PCBs — equal affinity to TBP as T4 and T3 (!!!)

Polybrominated diphenyl ethers
(PBDEs) — flame retardants

* Increased levels of “free T4” in blood

— negative feedback to TSH release

- increased depletion O
- increased weight, changes in thyroid gland Br-- O G —Br,

— Documented after exposures to POPs in vertebrates




 Exposures to goitrogens during prenatal
stages

— severe damage of CNS (cretenism, delayed eye opening,
cognition)

— Megalotestis
— Histological changes in thyroid gland (goitre)

 Exposures during development

— nervous system fails to develop normally
— mental retardation
— skeletal development




embryo

maternal dietary intake o

mother

@ Rorgt expression

@ pro-inflammatory
cytokines and
chemokines

retinoic acid

@ Rorgt expression

@ pro-inflammatory
cytokines and
chemokines

@ differentiation to LTi,

retinoic acid



RETINOIDS

Sources: from diet - dietary hormones
Retinyl esters — animal sources
Plant carotenoids

B-karoten

Bond cleavage

Retinol (vitamin A)

atRA — all trans -
Retinoic Acid




* Regulation of development and homeostasis in
tissues of vertebrates and invertebrates

* Development of embryonic, epithelial cells
(gastrointestinal tract, skin, bones)

* Necessary for vision
* Suppressive effects in cancer development

» |mportant for cell growth, apoptosis and
differenciation

* Antioxidative agent
« Affect nervous and immune function




RE: Retinol-Ester

R: Retinol

RBP: Retinol Binding
Protein (LMW)

TTR: Transthyrethin
(HMW)

TTR

small intestine

CRBP lI-R —=R

Iymphatic system

blood vessel

=
TTR-RBP-R

liver

CRBP IR
“‘* Vi
RBP RE gpp RE

chylomicrons



() blood vessel excretion
TTR-RBP-R -
{,__
Y \ target tissue
CRBP I:R 4-OH RA
—Jﬂ« 4-oxo RA
CRBP I-RAL &
Y
AtRA ¢ Gene expression

&7 crase i\

13-cis RA -=> 9-cjs RA

Retinoid binding proteins CRBP - cellular retinol binding protein

- binding of retinol, immediate decrease of retinol concentration

CRBAP - cellular retinoic acid binding protein
- Controlling the ratio free retinol/free retinoic acid



* J|soforms of RAR a RXR

— Formation of homo- and heterodimers

— 48 possible RAR-RXR heterodimers a 3 =
—> sensitive regulation of gene expression O Padiae
CoOOH  Retinods acid

« RXR — heterodimers with other

receptors e e R
— VDR, TR, PPAR ... 2 see crosstalk b
T oy o
CioH
« RETINOIC ACID (RA) 13-cis RA
« 3 basic subtypes RS
— all-trans- (ATRA) =
— 9-cis- and 13-cis-retinoic acid 2
Boolm RA CaH

« All-trans RA (ATRA) binds selectively to RAR
» Cis RA bind to both receptor types




* Possible modes of action — disruption of retinoid signalling:
— Metabolization of retinoids by detoxication enzymes
— Disruption of binding retinoids to transport proteins

— Retinoids as antioxidants may be consumed by oxidative stress
induced by xenobiotics

— Interference during binding to RAR/RXR

 Effects

— Decreased retinoid levels in organisms

+ Downregulation of growth factors
Xerophtalmia, night blindness
Embryotoxicity, developmental abnormalities

— Increased ATRA concentration

» teratogenic effects




 Polluted areas

— mostly decrease of retinoid levels
» Documented in aquatic birds, mammals and fish

* Disruption of retinoid transport: PCBs
« Effects on retinoid receptors: |
— RAR, RXR binding and/or transactivation

» pesticides (chlordane, dieldrin, methoprene, tributyltin...)
« Effect on ATRA mediated response — TCDD, PAHs

* Disruption of retinoid metabolism:
— PCDDJ/Fs, PAHs, PCBs, pesticides
— changes of serum concentrations of retinol and RA

— mobilization of hepatic storage forms ﬁu@:@\a l l

PCDD PCDF

Figure 1. General molecalar struetwre of pedyvehlorinated dibenzo-p-dioxin
(PCEER) and dibenzofurans (PCDE)




