Hormone receptor

Agonist & Antagonist

LIBERTAS
JUSTITIA
VERITAS

IIIIIIIIII
EEEEEEEEEEEEE



Hormone Receptor
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Nuclear receptor superfamily

o Estrogen, Androgen, Progestogen, Glucocorticoids, Thyroxin,
Vitamin A & D
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The Receptor Superfamily

Hinge

Hormaone binding
domain

Regulatory DNA
domain domain

>

Glucacorticoid receptor (777 amino acids)

AV

q Progesterone receptor (933 amino acids)

v

Aldosterone receptor (984 amino acids)

N

Estrogen receptor (595 amino acids)

~

Thyroid receptor (490 amino acids)

.
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Retinoic acid receptor (462 amino acids)
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The Estrogen Receptors

il
The Estrogen Receptor-Alpha
DNA binding
Regulatory domain domain Hinge Hormone binding domain
NH>— A/B C D E F |—cooH
1 180 263 302 595
Transcription activation DMNAbinding Muclear Heatshock protein binding Conformational
function-1 {TAF-1) dimerization localization  Hormone binding influence

Transcription activation function-2 (TAF-2)

The Estrogen Receptor-Beta

Regulatory DNA binding
domain domain Hinge Hormone binding domain
NHo— A/B C D = F [—cooH
1 104 485
DNAbinding MNuclear Heatshock protein binding Conformational
dimerization  localization  Hormone binding influence

Transcription activation function-2 (TAF-2)
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The Estrogen Receptor-Alpha

DNA bindil g
Regulatory domain domain Hinge Hormone binding domain
1 180 263 302 595
Transcription activation DMAbinding Muclsar Heatshock protein binding Confarmalional

function-1 (TAF-1) dimerization localization Hormone binding influence
Transcription activation funclion-2 (TAF-2)

<+ D Region, The Hinge

« Mmovement of the receptor to the nucleus following synthesis
In the cytoplasm

« site of rotation in achieving conformational change
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The Estrogen Receptor-Alpha

DNA binding

Regulatory domain domain Hir 3e Hormone binding domain
263 302 585
Transcription activation DMAbinding  Nuc sar Heatshock protein binding Con’ :r"'f'l ational
function-1 (TAF-1) dimerization loca ization Hormone binding influ.

Transcription activation funclion-2 (TAF-2)

<+ E Region, The Hormone-Binding Domain

o« TAF-2

12 helices with a folding pattern that forms a pocket

site for binding by heat shock proteins & cofactors

dimerization
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The Estroaen Receptor-Alpha

DNA binding

Regulatory dom in domain Hin e Hormone binding domain
NHo— A/B C E F |—cooH
1 180 263 302 595
Transcription activa on DMABInding Muc ar Heatshock protein binding Conformational
function-1 (TAF-1) dimerization local ation Hormone binding influence

Transcription activation function-2 (TAF-2)

<+ C Region, The DNA-Binding Domain

- Hormone binding induce conformational change which allow C
region to bind DNA.

o Very similar among superfamily but Zinc finger terminal.

« Specificity = Zinc finger Zine ingers on

DMNA domain

[ @:_
Hormone receptor \x

Gly © His Finger1 Finger 2 e Armg
® Tyr lle L ]
Ala Gly Lys ]
. val Asp Cys
Asp ™ lle Gin
Gly Thr .c . Ala
C ista @Cys  Lys
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The Estrogen Receptor-Alpha

I NA binding

MNHo—

Regulatory domain domain Hinge Hormone binding domain
A/B C D E F [—cooH
1 180 263 302 595
Transcription activation [ MNAbinding Muclear Heatshock protein binding Confarmational
function-1 (TAF-1) ¢ merization ocalization Hormone binding influence
Transcription aclivation function-2 {TAF-2)

<+ A/B Region, The Regulatory Domain
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Most variable in superfamily, 20 aa ~ 600aa

Transcription activation function called TAF-1,

absent activity in ER[3

TAF-1 can stimulate transcription without Hormone binding.

Timing issue.... Ligang binding



The Estrogen Receptor-Alpha

DNA binding

Regulatory domain domain Hinge Hormone binding domain
1 180 263 302 585
Transcription activation DMAbinding  Nuclear Heatshock protein binding Confarmalional
function-1 (TAF-1) dimerization localization Hormone binding influence

Transcription activalion function-2 (TAF-2

<+ F Region

« influences antiestrogen efficacy in suppressing estrogen-
stimulated transcription

« Conformational influence differ in cell type & protein context.

KOREA

UNIVERSITY
MEDICAL CENTER



Estrogen Receptor Mechanism of Action

< Ligand-Dependent Nuclear Activity

Cytoplasm

Mucleus

( Nurlemr‘ymplaqmw shuttling
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Estrogen Receptor Mechanism of Action

< Ligand-Dependent Nuclear Activity
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Cytoplasm

Nucleus

n

+ G strogen —=

Dimerization
DNAbinding

l

AF-1

!

\VB

|/ TAF- TAF-2
coactivators coactivators
COrepressors corepressors

coactivators foactivators
corepressors forepressors

Methylation, phosphorylation

Estrogen



Estrogen Receptor Mechanism of Action

< Ligand-Independent Nuclear Activity

I
Cytoplasm
Nucleus \

ATP
Flecopior Phosphorylation )
i P \

Protein <«—— cAMP

kinase
activity e -— Growth
factors

Ligand Synergism Phosphorylation
independent  with coactivator
activity agonists proteins

antagonists
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ER homodimer / heterodimer

< Cell express one receptor subtype, response
one homodimer

< Cell express both could respond to a
homodimer or heterodimer.
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Different Roles for ER-a and ER-f

Characteristics of ERKO and BERKO MICE

ERKO Mice BERKO Mice

Normal lifespan Normal lifespan

Anovulatory Oligovulatory

Absent breast resppnse at puberty Normal breast glands and function

Normal G-U development but no adult Normal G-U development and normal adult
response response

Increase in visceral adiposity and insulin Normal body fat distribution and insulin
resistance secretion

Infertile males and females Fertile males, subfertile females with reduced

follicular growth
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ER-a VS ER-f3

% ER-f lacks TAF-1.

<+ ER-fB dominant: some area of brain,
cardiovascular system

<+ ER-B only: granulosa cell, colon

<+ Decreased ER-f expression in EM, colon,
prostate cancer
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The ratio of estrogen receptor « to estrogen receptor
B in adipose tissue is associated with leptin
production and obesity

Jung-Ho Shin®, Jun-Young Hur*, Hong Seog Seo?, Yu-A Jeong®?, Jae Kwan Lee?,

Min-Jeong Oh*, Tak Kim“, Ho Suk Saw*®, Sun Haeng Kim*

2@ Department of Obstetrics and Gynecology, College of Medicine, Korea University, Seoul, Republic of Korea
b Department of Cardiology, College of Medicine, Korea University, Seoul, Republic of Korea

STEROIDS 72 (2007) 592-539
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ERRa, ERRB, ERRyY

< Orphan receptors

<+ EXxpressed in most tissues, action as typical
estrogenic activity

<+ Nevertheless, they don’'t combine with
Estrogen..., no endogenous ligand found yet.
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Estrogen Receptor Mechanism of Action

<+ Ligand—Cell Membrane Extranuclear Receptor Activity

- Rapid responses mediated by estrogen receptors in cell
membranes

< Ligand-Dependent, ERE-Independent Activity

« Negative feedback inhibition of LH secretion not through the
classical pathway
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The Progesterone Receptor

The Progesterone Receptor-A

DMA binding Hormaone binding
Regulatory domain domain  Hinge domain

TAF-1 MNuclear TAF-2
localization

The Progesterone Receptor-B

DNA binding Hormone binding
BUS Regulatory domain domain  Hinge domain

1 165 556 642 687 933

TAF-3 TAF-1 TAF-2
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The Androgen Receptor
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By intracellular conversion of testosterone to
Dihydrotestosterone(DHT), intracrine activity

By Testosterone itself, endocrine activity

By intracellular conversion of testosterone to
Estradiol(aromatization), intracrine activity



The Androgen Receptor

The Androgen Receptor

NH —
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DMNA
binding Hormone binding
Regulatory domain domain Hinge domain
558 625 671 919

<+ A & B subtypes

<+ Resembles PR,(>) MR, GR.



The tree of progestogens

Antiestrogenic
activity

LNG

Estrogenic

activity NETA

CMA = Chlormadinone acetate
MGA = Megestrol acetate MPA
CPA = Cyproterone acetate MGA
LNG = Levonorgestrel
DNG = Dienogest Glucocorticoid
MPA = Medroxyprogesterone acetate activity

DRSP = Drospirenone
DSG = Desogestrel
NETA = Norethisterone
GSD = Gestodene
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Pure
agonists

Progesterone

CPA
CMA Antiandrogenic
DNG activity

DRSP

LNG Androgenic
DSG activity
GSD

DRSS .. -
3 Antialdosteronic
activity



Comparison of Progestins

Progestogenic | Androgenic | Antiandrogenic | Antialdosterone | Glucocorti-

activity activity activity activity coid activity
Progesterone | + - (+) + -
Drospirenone  + _ + _
CPA + — + — (+)
Desogestrel + (+) — _ —
Dienogest + _ + — _
Gestodene + (+) — (+) —
Levonorgestrel | + (+) - - -
MPA + (+) - - (+)
Norethisterone | + (+) — — —
Norgestimate + (+) — - -
Tibolone + + — — —

+ relevant activity; (+) activity not clinically relevant; — no activity
CPA: cyproterone acetate; MPA: medroxy progesterone acetate

KOREA
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Agonists and Antagonists
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Short-Acting Antagonists

< Estriol
o Mixed combination of agonism and antagonism

[ Estriol + Nuclear receptor ]

[ short-lived |

Iong—term responses do not occur
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Long-Acting Antagonists

= Clomiphene and tamoxifen
. Mixed estrogen agonists and antagonists

= GnRH : a decapeptide
. antagonists : substitutions at multiple positions
. agonists : substitutions at the 6 or 10 positions
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Long-Acting Antagonists

T N

NRH agonist

NS
Cstimutate >

Pituitary gland mmmmd OOnadotropins
down regulation
& desensitization

Gonadotropin
secretion turn off
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Long-Acting Antagonists

" GnRH Antagonist
\ //

|

Bind to cell
membrane receptor

|

Fail to transmit =) Competitive
a message

Inhibitors
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Antiestrogens
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agonist—antagonist compounds

Triphenylethylene NEt> NMe;
derivatives QN ON
o -
Cl
Clomiphene Tamoxifen
NMe, NMez
I . i A R
HO
- b
Cl
Droloxifene Toremifene

clomiphene
and
tamoxifen
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Raloxifene

Raloxifene



Pure antiestrogens

Pure antiestrogens

n&ﬂ

(CH2)10 HO (CH,)gSO(CH,),CF,CF,

OH

Bu

ICl 164.384 Fulvestrant
(ICI 182,780)
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The Antiestrogen Tamoxifen

Sensitizes breast cells to

the apoptotic effects of
women’s own estrogen

level.

/ competitively
>

inhibit estrogen
binding

Tamoxifen

Bind to estrogen
receptor

N

/' estrogen receptor binding affinity

- 100-1,000 times greater than _concentration 100-1,000
tamoxifen times greater than estrogen
I = inhibit breast cancer

cells
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The Estrogenic action of Tamoxifen

Tamoxifen

e

Antithrombin [l l

cholesterol
LDL-cholesterol
SHBG 4
1. Stimulate progesterone
receptor synthesis
2. maintenance of bone
3. estrogenic effects on
the vaginal mucosa and
KOREA the endometrium

UNIVERSITY
MEDICAL CENTER

Daily 20 mg
- potent as 2 mg
estradiol
- lowering FSH
levels in
postmenopausal
women



Tamoxifen Mechanism of Action

Cytoplasm

Nucleus _ \

TAF-2 antagonism TAF-1 agonism

C|egge LS
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Tamoxifen Treatment of Breast Cancer

Tamaoxifen

Stimulatory
proteins
TGF-a
IGF
PDGF

Inhibitory Other

p.:_ﬂéel:if'; proteins

Protein kinase Antiestrogen
Calmodulin binding sites
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SUMMARY

Steps in the Steroid Hormone Receptor Mechanism

Binding of the hormone to the hormone-binding domain that
has been kept in an inactive state by various heat shock
proteins.

Activation of the hormone-receptor complex, by conformational
change, follows the dissociation of the heat shock proteins.

Dimerization of the complex.

Binding of the dimer to the hormone-responsive element on
DNA at the zinc finger area of the DNA-binding domain.

Stimulation of transcription, mediated by TAFs, and influenced
by the protein context of the cell, and by phosphorylation.



SUMMARY

Factors that Determine Biologic Activity

1. Affinity of the hormone for the hormone-binding domain of the
receptor

2. Target tissue differential expression of the receptor
subtypes (e.g., ER-a and ER-p)

3. The concept of conformational shape
. the structure of the ligand-receptor complex
. dimerization and the recruitment of regulating proteins

4. The concept of cellular context

. the differential expression of target tissue regulating proteins, coactivators
and corepressors, and phosphorylation, yielding various biological
responses
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