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Nuclear Receptor Super-Family

Distinction based to:

(a) Activating ligand

(B) Structure

(y) DNA binding domain

1. Steroid Nuclear Receptors
. ERs, PRs, ARs, GRs
. Homo-dimers
. DNA binding domain with reverse nucleotide sequence

2. Non-Steroid Nuclear Receptors
*  RARs, RXRs, TRs, VDRs, PPARs, FXRs
. Hetero-dimers (mainly with RXR)
DNA binding domain with continuous nucleotide sequence

3. “Orphan” Nuclear Receptors



Nuclear Receptor Super-Family

DNA Binding Domain (Hormone Response Element-HRE)
Receptor HRE

RAR ( Retinoic Acid Receptor) AGGTCAN,AGGTCA

VDR (Vitamin D Receptor) AGGTCAN,AGGTCA

TR (Thyroid Receptor) AGGTCAN,AGGTCA
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Retinoids’ mode of action
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Retinoids’ mode of action

=

Repeat sequence DR5 Repeat sequence
spacer

RAR (a, B, Y)
encoded by different genes
at least 2 isoforms for each isotype
RXR (a, B, Y) (differential usage of promoters and/or alternative splicing)
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EAAHNIKH AHMOKPATIA
Edvikév kat Kanodurprarsy

Steroid Nuclear Receptors

Serum binding protein Plasma
with bound hormone membrane

/

/
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Hormone

Hormone, carried to the target tissue on
serum binding proteins, diffuses across the
plasma membrane and binds to its specific
receptor protein in the nucleus.

Nucleus

__Nuclear
/)receptor

—

R @ Hormone binding changes the conformation
Altered cell polymerase :
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/ v:/,/,/ complexes and binds to specific regulatory
/j regions called hormone response elements

S
New & (HREs) in the DNA adjacent to specific genes.
protein

transcription e Receptor attracts coactivator or corepressor
protein(s) and, with them, regulates
transcription of the adjacent gene(s), increas-
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Transcription  binding
activation  (66-68
(variable  residues, Hormone binding
sequence highly (variable sequence
and length) conserved) and length)

Structure
Nuclear
Receptors
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FIGURE 28-34 Typical steroid hormone receptors. These receptor proteins have a binding site for the hormone, a

DNA-binding domain, and a region that activates transcription of the regulated gene. The highly conserved DNA-binding
domain has two zinc fingers. The sequence shown here is that for the estrogen receptor, but the residues in bold type are

common to all steroid hormone receptors
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https://www.youtube.com/watch?v=xGtF77c_
Ui4




. o Ve,
\\* 1 ?/’*
ot o Y114
Helix-turn-helix
Motif
| | (e.g. Oct-1)
Protein-binding DNA-binding
domain domain
/ ‘
) @ @ @ = Cysteine
\ Zn Zn = Histidine
! @ C) ( ) Zinc Finger
\' \ Motif
- N NG = (e.g. estrogen
Hormone-binding receptor)
I— DNA-binding —] domain

domain

,— Dimerization domain _l .‘ |
@ @ ©| @ (L/ = Leucine

/7 ANANRANANAN- a-helix
Y Leucine Zipper

N VVVVVVY Motif
(e.g. c-Jun)
l— DNA-binding 4'
domain
a-helix a-helix

AAAAANAN AAAAAAAA

Helix-loop-helix
VVVVVVV\ JVVVVV VY Motif

a.M
L onabinding —— (e.g. Myc)

domain

Specific
Transcription
Factors




Y Transactivation Dimerization DNA-binding | | 4 Small-molecule
v Domain Domain ey Drug

Specific
Transcription

e e el Factors
Carcinogenesis

Nucleus

L

Transcription
==

~— Mediator

Transcription

Degradation
R

Cytoplasm Cytoplasm




Action Model of Hormone Receptors
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Breast Cancer Treatment

1. Selective Modulators of Estrogen Receptors

Tamoxifen
Raloxifen

2. Estrogen Receptors Competitors
Fulvestrant

3. Aromatase Inhibitors
Anastrazole
Letrozole
Exemestane



EAAHNIKH AHMOKPATIA
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Breast Cancer Treatment

1. Selective Modulators of Estrogen Receptors

Tamoxifen
Raloxifen

2. Estrogen Receptors Competitors

Fulvestrant https://www.youtube.com/watch?v=-
hBIRXqGSAY

3. Aromatase Inhibitors
Anastrazole
Letrozole
Exemestane



Breast Cancer Treatment

Nonsteroidal
Aromatase Inhibitor Aromatase Inhibitor
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Aminoglutethimide
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Formestane

Cuzick J. J Clin Oncol,23:1636-1643, 2005
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Breast Cancer Treatment
Aromatase Inhibitors
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Johnston & Dowsett. Nat Rev Cancer,3:821-31, 2003



Breast Cancer Treatment
Aromatase Inhibitors vs Tamoxifen

More with tamoxifen

T Hot flushes
I Ischaemic cerebrovascular event

T Venous thromboemboiic event

T Endometrial cancer

L‘_Q}
’]
T Vaginal tleeding x

B
T Vaginal dgischarge

I. ] {4 More with anastrozole

T Bone fractures
T Musculoskeletal disorder

Johnston & Dowsett. Nat Rev Cancer,3:821-31, 2003



Nuclear Receptor Super-Family

Distinction based to:

(a) Activating ligand

(B) Structure

(y) DNA binding domain

1. Steroid Nuclear Receptors
. ERs, PRs, ARs, GRs
. Homo-dimers
. DNA binding domain with reverse nucleotide sequence

2. Non-Steroid Nuclear Receptors
*  RARs, RXRs, TRs, VDRs, PPARs, FXRs
. Hetero-dimers (mainly with RXR)
DNA binding domain with continuous nucleotide sequence

3. “Orphan” Nuclear Receptors



Resistance in Hormone Tx
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W= Action Model of Androgen Receptors
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EAAHNIKH AHMOKPATIA
Edvikév kat Kanodurprarsy

= Castration-Resistant Prostate Cancer
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Molecular Mechanisms of CRPC

“» AR-dependent pathways

“» AR-independent pathways
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AR amplification
overexpression

Participation of
GR

Androgen
production by
adrenal glands

and prostate
cancer cells

AR splice
variants

Over-function AR co-
transcription factors

Molecular Mechanisms of CRPC

AR
mutations

PIBK/AKT/ERK/mTOR

Alternative signal
transdunction
paths
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Molecular Mechanisms of CRPC

» Amplification of AR gene has
been identified in 50-85% of
CPRC patients

<+ AR over-expression results
in:

» Increased levels of AR
protein

» Enhanced response in low
concentration of androgens




» The incidence of AR mutations

L)

Molecular Mechanisms of CRPC

Increases with more advanced
disease stages

» Androgen deprivation enhances

the chance of AR mutations

» Almost 10% of CRPC have
mutations

Mutations in ligand-binding
domain of AR increases the
number of ligands that can

activate it

AR mutations may allow its’
activation also from anti-
androgen substances (agonist
action)!!!




Molecular Mechanisms of CRPC

“* Increased levels of AR splice
variants have been found in
CRPCs

“» AR splice variants do not
have ligand-binding domain
and can be constantly
activated AR splice variant

L)

ARIRI0S

% AR signal transduction is
active irrespective of
androgen serum levels

L)




Molecular Mechanisms of CRPC
AR-dependent pathways

Variant Protein Regions Activity

ARV7 (AR3) NTD, DBD Ligand-independent, Nuclear

ARv567es NTD, DBD, Hinge Ligand-independent, Nuclear

ARV12 NTD, DBD, Hinge Ligand-independent, Nuclear

AR1/2/2b (ARV3) NTD, partial DBD Ligand-independent

AR1/2/3/2b . .

(ARV4, ARS) NTD, DBD Ligand-independent

ARV1 (AR4) NTD, DBD LNCaP: L|gand-|ndependent, PC3: Inactive,
Cytoplasmic

ARV NTD, DBD LNCaP: L|gand-|ndependent, PC3: Inactive,
Cytoplasmic

A RAVA K] NTD, DBD, Hinge, partial LBD Inactive

ARV2 NTD, DBD Not determined

ARV5/V6 NTD, DBD Not determined

ARV8/10/11 NTD, DBD Not determined

ARV14 NTD, DBD, Hinge, partial LBD Not determined



AR Splice Variants

Androgen Receptor Variant 7 and Drug Resistance

Cell membrane

ZYTIGA
inhibits Androgen
production
XTANDI

inhibits Androgen
binding to AR

Nuclear membrane

O

f

|

Prostate Cancer Cell

Androgen

Androgen Receptor
(AR)

Nucleus

Proliferation

Z
S
E
>
o
0
=}
8
5
(=]

Increased PSA

Survival

e

4

Juapuadapul

uabospue si 7 Jueuep

¢ /

~

101daoey uabospuy




Molecular Mechanisms of CRPC

s Cross-talk between different
signhal transduction
pathways can activate AR

Receptor
tyrosine
kinase

PI3K/AKT/ERK/mTOR

*» Frequent involved pathways:
» MAP-kinases
» AKT - PI3BK - mTOR

AR08
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= Castration-Resistant Prostate Cancer
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Molecular Mechanisms of CRPC
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Molecular Characteristics of CRPC

clinical evolution
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| Next- generation
AR therapy
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Disease burden
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Clinical
relapse profile

Histological Adenocarcinoma

features

Molecular
features

* AR-activating mutations
* AR active splice variants
* Intratumoural DHT
synthesis from
adrenal precursors

AR bypass
signalling

* AR
e Rising PSA

Adenocarcinoma

GR upregulation

Castration
sensitive

— Castration
resistant

— Acquired
resistance

Complete AR
independence

e AR% or AR-
e Low PSA

* SCC/NEPC
* Novel subtypes?

* RB1 deletion

* TP53 deletion or
mutation

* MYCN gain

* AURKA gain
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